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Acute craniocerebral injury is a common traumatic disease in clinical practice,

characterized by rapid changes in condition and a high rate of death and disability.

Early and effective emergency care throughout the pre-hospital and in-hospital period

is the key to reducing the rate of death and disability and promoting the recovery

of patients. In this study, we conducted an observational study of 130 patients with

acute craniocerebral injury admitted between May 2020 and May 2021. Patients were

randomly divided into a regular group and an optimization group of 65 patients each,

with patients in the regular group receiving the conventional emergency care model

and patients in the optimization group receiving the pre-hospital and in-hospital optimal

emergency care process for intervention. In this study, we observed and compared the

time taken to arrive at the scene, assess the condition, attend to the patient and provide

emergency care, the success rate of emergency care within 48 h, the interleukin-6

(IL-6), interleukin-8 (IL-8), and intercellular adhesion molecule-1 (ICAM-1) after admission

and 1 day before discharge, the National Institute of Health Stroke Scale (NIHSS) and

the Short Form 36-item Health Survey (SF-36) after resuscitation and 1 day before

discharge, and the complications of infection, brain herniation, central hyperthermia,

and electrolyte disturbances in both groups. We collected and statistically analyzed the

recorded data. The results showed that the time taken to arrive at the consultation site,

assess the condition, receive the consultation, provide first aid was significantly lower in

the optimized group than in the regular group (P < 0.05); the success rate of treatment

was significantly higher in the optimized group than in the regular group (P< 0.05). In both

groups, IL-6, IL-8, and ICAM-1 decreased on the day before discharge compared with

the day of rescue, with the levels of each index lower in the optimization group than in the

regular group (P < 0.05); the NIHSS scores decreased and the SF-36 scores increased

on the day before discharge compared with the successful rescue in both groups, with

the NIHSS scores in the optimization group lower than in the regular group and the

SF-36 scores higher than in the control group (P < 0.05). The overall complication rate in

the optimization group was significantly lower than that in the regular group (P < 0.05).
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This shows that optimizing pre-hospital and in-hospital emergency care procedures can

significantly shorten the time to emergency care for patients with acute craniocerebral

injury, increase the success rate, reduce inflammation, improve neurological function and

quality of life, reduce the occurrence of complications, and improve patient prognosis.

Keywords: acute craniocerebral injury, pre-hospital and in-hospital full optimization, emergency care,

inflammatory factors, quality of life

INTRODUCTION

Acute craniocerebral injuries are mainly caused by traffic
accidents, accidental injuries and violence. With the
contemporary development of industry, construction and
transportation in China, the incidence of acute craniocerebral
injury has increased significantly, and traumatic acute
craniocerebral injury is the most common (1, 2). Epidemiological
studies have shown that in recent years about 28.7% (about 370
million) of the population in China has been affected each year,
and the incidence of acute craniocerebral injury has continued
to increase, with heavy craniocerebral injury accounting for
about 20% and death in nearly 10% of patients with the disease
(3, 4). In acute craniocerebral injury, if the injury involves
only the scalp and skull alone, the patient’s prognosis is more
likely to be good after aggressive treatment (5). In contrast, the
condition of patients with brain injury is often complex and
rapidly developing, and if the injury is not treated promptly and
effectively, it often leads to more serious adverse consequences,
threatening the life of the patient and causing injury-related
death and permanent disability (6, 7).

The key to the treatment of acute craniocerebral injury
is timing. Taking effective emergency measures as early as
possible, making the chain of pre-hospital resuscitation, in-
hospital emergency care, and surgical implementation more
compact, with a clearer division of labor and more orderly
steps, is the key to improving the effectiveness of emergency
care (8, 9). The traditional emergency method for patients
with acute severe craniocerebral injury is to consult and
treat them in separate departments, which cannot achieve
good articulation between various departments and delays the
treatment time, which is not conducive to improving the survival
rate of patients (10). Pre-hospital and in-hospital whole process
optimization care further evolves on the traditional emergency
mode, effectively perfecting the pre-hospital rescue network and
trauma rescue mode, and making the whole emergency process
procedural and standardized (11, 12). Currently this model of
care has been widely used clinically in the emergency care
of acute cerebral infarction (13), acute myocardial infarction
(14) and other clinical emergencies, and good results have
been achieved. In view of this, the present study applied
the pre-hospital and in-hospital optimal nursing procedure to
the emergency treatment of patients with acute craniocerebral
injury, and used the emergency-related indexes, the success
rate of treatment, the level of inflammatory factors in different
periods, the neurological function and quality of life in different
periods, and the occurrence of complications as the observation

indexes to explore the effect of the pre-hospital and in-
hospital optimal nursing procedure in the application of acute
craniocerebral injury.

MATERIALS AND METHODS

Materials
One hundred and thirty cases of acute craniocerebral injury
admitted to our hospital from May 2020 to May 2021 were
selected as the study subjects. Patients were coded in order of
admission for patients sorted from 1 to 130, and the enrolled
patients were randomly divided into 65 cases each in the
regular group and the optimized group according to the random
number table method. Patients in the regular group received
the conventional emergency care model and patients in the
optimization group received the pre-hospital and in-hospital
full optimization of emergency care procedures for intervention.
General data such as age, gender, cause of injury, type of cranial
injury and degree of injury [assessed according to the Glasgow
Coma Scale (15), where 3–8 were classified as severe, 9–12 as
moderate, and 13–15 as mild] were collected and compared
between the two groups, and the differences were not statistically
significant (P > 0.05, Table 1) and were comparable.

Inclusion Criteria
1. Age >18 years; 2. admission within 24 h of injury onset; 3. a
clear history of trauma and a clear diagnosis of traumatic brain
injury. 4. Patient and family understood the content of this study
and voluntarily signed an informed consent form.

Exclusion Criteria
1. Patients who died in pre-hospital emergencies; 2. patients
with other serious injuries in combination; 3. patients with
previous neurological or limb movement dysfunction; 4. patients
with a combined history of psychiatric disorders, hematological
disorders and cancer in various organ systems. 5.Multiple trauma
such as combined organ damage, fractures in other areas, severe
shock, etc.

Care Methods
Patients in the regular group adopted the traditional emergency
care model, as follows: after patients were transferred to the
hospital by family members or lower hospitals, or by emergency
vehicles, health care workers promptly assessed the patients’
clinical symptoms, signs and past history to understand them.
Patients were resuscitated according to the acute craniocerebral
injury emergency procedures, including active management
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TABLE 1 | Comparison of baseline demographic information for the regular group and optimization group.

Data Regular group (n = 65) Optimization group (n = 65) χ
2 value P-value

Gender (n, %) Male 39 (60.00) 41 (63.08) 0.130 0.718

Female 26 (40.00) 24 (36.92)

Age (n, %) 18∼25 years 12 (18.46) 14 (21.54) 0.648 0.885

25∼40 years 24 (36.93) 25 (38.46)

40∼55 years 18 (27.69) 18 (27.69)

55∼65 years 11 (16.92) 8 (12.31)

Causes of injury (n, %) Traffic accidents 27 (41.53) 25 (38.46) 0.301 0.960

Drop 16 (24.62) 15 (23.08)

Hitting 15 (23.08) 17 (26.15)

Crush 7 (10.77) 8 (12.31)

Degree of damage (n, %) Mild 28 (43.08) 26 (40.00) 1.184 0.553

Moderate 26 (40.00) 23 (35.38)

Severe 11 (16.92) 16 (24.62)

Types (n, %) Brain contusion and laceration 25 (38.46) 26 (40.00) 0.448 0.930

Intracranial hematoma 20 (30.77) 18 (27.69)

Concussion 14 (21.54) 13 (20.00)

Skull base fracture 6 (9.23) 8 (12.31)

of trauma, routine oxygenation, monitoring of signs, and
symptomatic treatment, while the imaging department was
contacted to improve imaging and assess the condition. Patients
who required surgical treatment were treated preoperatively and
finally admitted to the clinical operating theater or ward, and
their families were contacted afterwards to educate them on the
precautions to take in their daily self-care.

Patients in the optimization group adopted a pre-hospital
and in-hospital whole process of optimizing emergency care,
with the following details: 1. Construct a care pathway team
consisting of senior emergency department nurses, emergency
physicians and 3–4 paramedics. Develop optimal emergency care
protocols throughout the process by searching the literature and
seeking input from primary care providers. All members of the
Emergency Department were trained by members of the team
to regularly check and ensure that emergency equipment was
in good standby condition. 2. Pre-departure optimization: the
ambulance was dispatched within 3–5min after receiving the
call for dispatch. The experienced and professional ambulance
driver will try to reach the scene of resuscitation in the shortest
possible time according to the precise navigation system. The
ambulance attendant keeps in touch with the patient’s family
or personnel at the scene by telephone to guide pre-hospital
emergency care (16, 17). 3. On-site emergency optimization: On
arrival, a brief assessment of the patient’s condition was carried
out and appropriate care measures were quickly developed
and tailored to the patient’s specific situation. Ensure that the
head, trunk and limbs were at the same level during transport.
4. Optimization of transfer rescue: healthcare workers should
maintain gentle movements during transport and monitor the
patient’s vital signs such as mental state, respiratory rate, and
blood pressure in real time during transport. Communicate
with the escort to understand the basic situation of the patient,
as well as informing the escort of the treatment and care

after admission. After a thorough assessment of the patient’s
condition, the hospital departments were contacted in a timely
manner according to their specific conditions, and urged them
to make various emergency preparations. 5. Optimization of
in-hospital emergency care: patients were admitted to hospital
and a simple and rapid initial judgement was made by the
emergency physician, with nursing staff completing a series of
procedures such as placement, administering oxygen, advising
on intravenous circulation, retaining blood specimens, assisting
with electrocardiography, and taking medical histories according
to medical advice. The first aid measures were tailored to the
patient’s specific situation. If patients show symptoms such as
headache, restlessness or high fever, the health care provider
should analyse the cause of the symptoms and take different
measures to treat them. Patients who required emergency surgery
should be assisted in their preoperative preparation (18–20). 6.
Optimize health education: After the completion of emergency
treatment, nursing staff explained in detail to the patient’s family
about health knowledge such as nursing precautions and self-care
capabilities, and instructed the family to help the patient carry
out neurological function rehabilitation exercises and motor
rehabilitation training.

Observation Indicators
Emergency Treatment Time
The indicators related to emergency care such as arrival time (the
time between receiving the emergency call and the arrival of the
emergency vehicle at the scene), assessment time (the time taken
by the medical personnel to make a preliminary judgment on the
patient’s condition after reaching the emergency scene), receiving
time (the time between arriving at the emergency scene and
taking the patient to the hospital), emergency treatment time (the
time between arriving at the emergency room of the emergency
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department and the end of resuscitation) were counted and
compared between the two groups.

Resuscitation Within 48 h
The success rate of emergency treatment within 48 h (21) was
assessed in both groups, and the effect of treatment was classified
into four grades: success, markedly effective, valid, and invalid,
which was assessed according to the National Institute of Health
Stroke Scale (NIHSS). Success was defined as patients with stable
vital signs and complete resolution of clinical symptoms after
resuscitation, with a reduction in NIHSS score of more than 90%.
Markedly effective was defined as the patient’s vital signs were
stable after resuscitation, clinical symptoms were significantly
improved and NIHSS scores were reduced by 51–90%. Valid
means that the patient’s vital signs were generally stable after
resuscitation, and the patient’s condition has improved, and the
NIHSS score has been reduced by 21–50%. Invalid means that
the patient’s vital signs remained unstable after resuscitation,
and his condition did not improve or even worsened, and the
NIHSS score was reduced by no more than 20%. Resuscitation
success rate = number of cases (success + markedly effective +
valid)/total number of effective cases× 100%.

Serum Inflammatory Factor Levels
Five milliliter of fasting venous blood was collected from patients
1 day after admission and 1 day before discharge, and the
supernatant was centrifuged at 3,000 r/min for 10min and
placed at −80◦C for testing. The serum levels of inflammatory
factors such as interleukin-6 (IL-6), interleukin-8 (IL-8), and
intercellular adhesion molecule-1 (ICAM-1) were measured
using an enzyme-linked immunoassay kit (ELISA) supplied by
Wuhan Fien Biotechnology Co.

Neurological Function and Quality of Life
Patients were assessed on the NIHSS scale after resuscitation
and 1 day before discharge, with a total score of 0–42, with
higher scores indicating more severe neurological impairment.
The Short Form 36-item Health Survey (SF-36) was used to
assess the quality of life of the two groups of patients. The
scale consists of eight components: physical function, physical
function, physical pain, general health, vitality, social practice,
emotional function, and mental health. The scale was scored on a
scale of 0–100, with higher scores indicating better quality of life.

Complications
The occurrence of complications such as infection, brain
herniation, central hyperthermia, and electrolyte disturbance
were counted and compared between the two groups.

Statistical Methods
SPSS22.0 software was used for statistical analysis of the data, and
Prism8.0 was used to draw the pictures. The measurement data
conforming to normal distribution were expressed as mean ±

standard deviation (mean ± SD), and t-test was performed for
comparison between two groups; the count data were expressed
as number of cases and composition ratio (n, %), and χ

2 test
was used for comparison between groups. P < 0.05 indicated
statistically significant difference.

FIGURE 1 | Histogram comparing the indicators related to the two groups of

first aid. (A) Shows the time spent on arrival at the scene. (B) Shows the time

taken to assess the condition on site. (C) Shows the time taken to receive a

consultation after admission to hospital. (D) Shows the time taken for first aid.

*Denotes comparison with regular group, P < 0.05.

RESULTS

Comparison of First Aid-Related Indicators
Between the Two Groups
The time spent on arrival at the scene, initial assessment, intake
time and first aid in the two groups was counted, and the result
of the comparison was that the time spent on arrival at the
scene (Figure 1A), initial assessment (Figure 1B), intake time
(Figure 1C), and first aid (Figure 1D) in the optimized group
was lower than that in the regular group, and the difference was
statistically significant (P < 0.05) (Figure 1).

Comparison of the Success Rate of First
Aid Within 48h Between the Two Groups
The first aid situation of the two groups within 48 h was counted.
In the regular group, 20 cases were successfully treated, 14 cases
were markedly effective, 19 cases were effective, 12 cases were
ineffective, and 53 cases (81.54%) were successful in first aid.
In the optimization group, 36 cases were successfully treated, 16
cases were markedly effective, 9 cases were effective, 4 cases were
ineffective, and 61 cases (93.85%) were successful in first aid. The
results of the comparison showed that the success rate of first aid
in the optimization group was significantly higher than that of
the regular group, and the difference was statistically significant
(P < 0.05) (Figure 2).

Frontiers in Surgery | www.frontiersin.org 4 January 2022 | Volume 8 | Article 83057112

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Wang and Wu Clinical Effectiveness/Acute Craniocerebral Trauma

FIGURE 2 | Histogram comparing the success rate of resuscitation within 48 h

between the two groups. *Denotes comparison with regular group, P < 0.05.

Comparison of Serum Inflammatory Factor
Levels Between the Two Groups at
Different Times
Blood specimens were collected from both groups on the first
day after admission and the first day before discharge and their
serum inflammatory factor levels were measured. The results
showed that the differences in serum IL-6, IL-8, and ICAM-1
levels between the two groups on the first day after admission
were not statistically significant (P > 0.05). The levels of IL-6
(Figure 3A), IL-8 (Figure 3B), and ICAM-1 (Figure 3C) in both
groups 1 day before discharge were significantly lower than those
on admission, with the optimized group being lower than the
regular group, and the differences were all statistically significant
(P < 0.05).

Comparison of Neurological Function and
Quality of Life Scores Between the Two
Groups at Different Times
The NIHSS and SF-36 were used to assess the neurological
function and quality of life of the patients after resuscitation
and before discharge, respectively. The difference between the
NIHSS and SF-36 scores after resuscitation and awakening was
not statistically significant (P > 0.05). In both groups, the pre-
discharge NHISS scores (Figure 4A) decreased compared to the
post-resuscitation awakening and the SF-36 scores (Figure 4B)
increased compared to the post-resuscitation awakening, with
the pre-discharge NHISS scores in the optimization group being
lower than those in the regular group and the SF-36 scores being
higher than those in the regular group, both with statistically
significant differences (P < 0.05) (Figure 4).

Comparison of the Occurrence of
Complications in the Two Groups
The overall incidence of complications such as infection (5 cases),
brain herniation (2 cases), central hyperthermia (6 cases), and
electrolyte disturbances (7 cases) in the regular group was 30.77%
(20/65). In the optimization group, the overall complication
rate of infection (1 case), brain herniation (1 case), central

FIGURE 3 | Histogram comparing IL-6, IL-8, and ICAM-1 between the two

groups at different times. (A) Shows the comparison of IL-6 levels. (B) Shows

the comparison of IL-8 levels. (C) Shows the comparison of ICAM-1 levels.
∧Denotes comparison with the same group 1 day post-admission, P < 0.05.

*Denotes comparison with the regular group, P < 0.05.

hyperthermia (3 cases), and electrolyte disturbances (3 cases) was
12.31% (20/65). The results of the comparison showed that the
overall incidence of complications in the optimization group was
lower than that in the regular group, with a statistically significant
difference (P < 0.05) (Figure 5).
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FIGURE 4 | Histogram comparing NIHSS scores and SF-36 scores between

the two groups at different times. (A) Shows the comparison of NIHSS scores.

(B) shows the comparison of SF-36 scores. ∧Denotes comparison with the

same group after first aid soberiety, P < 0.05. *Denotes comparison with the

regular group, P < 0.05.

DISCUSSION

The Need for Timely Treatment of Acute
Craniocerebral Injury
Acute craniocerebral injury is usually caused by traffic accidents
or accidental injuries. After the injury, patients may experience
a series of changes in the brain such as microcirculatory
obstruction, cerebral blood circulation dysfunction, and rapid
increase in intracerebral pressure, which may lead to respiratory
depression, blurred consciousness, cerebral tissue ischemia,
and electrolyte disorders if not rescued in time (22, 23).
Patients with severe injuries are susceptible to rapid changes
and complications that make treatment more difficult, so
they need to be treated promptly and effectively after acute
craniocerebral injury (24). The success of acute craniocerebral
injury treatment is closely related to the severity of the
injury, the timeliness of emergency care and treatment, the
sophistication of the equipment and the professionalism of the
medical staff (25). Pre-hospital and in-hospital optimal care
is a combination of pre-hospital emergency care, emergency
department resuscitation and in-hospital treatment, and is
a nursing procedure developed on the basis of traditional
emergency care (26). We have applied pre-hospital and in

FIGURE 5 | Histogram comparing the incidence of complications between the

two groups. *Denotes comparison with regular group, P < 0.05.

hospital optimized emergency care to the emergency treatment
of patients with acute craniocerebral injury. By optimizing the
five components of post-acute discharge, on-site emergency
care, transport and rescue, in-hospital emergency care and
health education, we have achieved a seamless integration of all
components, greatly improving the efficiency of emergency care
for patients with acute craniocerebral injury and gaining precious
time for their treatment.

Impact of Pre-hospital and In-hospital
Optimal Care Procedures Throughout on
Indicators Related to Life-Saving
Treatment
The results of the study showed that the time taken by the
optimization group to reach the scene of the accident, the
initial assessment of the condition, the time taken to receive
treatment and in-hospital emergency care was significantly lower
than that of the regular group (p < 0.05). Optimize every
measure and operation from the dispatch of the ambulance to the
completion of the handover, and regularly check the adequacy
and perfection of the materials and equipment required for
the first aid of acute brain injury, and dispatch the ambulance
as soon as the call is received. When going to the accident
site and transferring the ambulance, the most suitable route is
chosen by combining the driver’s rich experience and the accurate
navigation system; before reaching the accident site, the medical
personnel get in touch with the people around the patient,
have a preliminary understanding of the basic situation of the
patient through the telephone, and guide him/her to carry out
scientific treatment, and at the same time prepare the relevant
equipment and drugs according to the basic situation of the
patient, and work out with the doctor The initial resuscitation
plan, which can save a lot of time in on-site emergency care
(27). On the way back to the hospital, the patient’s vital signs
are closely monitored, the patient’s condition is comprehensively
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assessed, and the corresponding department is contacted to
prepare for consultation and consultation according to the
trend of changes in the patient’s condition, so that pre-hospital
emergency and in-hospital emergency are seamlessly connected
and the problem of pre-hospital and in-hospital disconnection
is solved, which can also buy time for effective in-hospital
emergency care for the patient (28). Therefore, the arrival
time, initial assessment time, reception time and in-hospital
resuscitation time of acute craniocerebral injury patients in
the optimized group were all significantly reduced, suggesting
that the optimized pre-hospital and in-hospital care procedure
can effectively ensure that patients can be effectively treated
within a shorter period of time and improve the efficiency
of resuscitation.

Effect of Pre-hospital and In-hospital
Optimized Care Procedures on the
Success Rate of Emergency Care and
Complication Rates
The results of the study showed that the success rate of emergency
care within 48 h was significantly higher in the optimization
group than in the regular group (P < 0.05). In the conventional
resuscitation mode, although the rescue facilities are perfect and
the medical level is better guaranteed, there is poor articulation
between pre-hospital and in-hospital resuscitation, and in a
panic emergency situation, the medical and nursing staff do
not cooperate with the steps tightly enough, which easily causes
the patient to miss the best time for rescue and treatment,
resulting in deterioration of the condition and thus serious
complications such as brain herniation and infection, and
the patient’s prognosis is poor (29). The pre-hospital and in-
hospital optimization process saves a great deal of time through
the optimization of post-visit trips, on-site emergencies, and
transport ambulances, which is important for preserving the
time window for acute craniocerebral injury treatment and
can have a direct impact on the outcome of the patient. In
addition, the overall complication rate in the optimization group
was significantly lower than in the regular group (P < 0.05),
which is probably due to the fact that the pre-hospital and in-
hospital optimization process, with its scientific, effective, and
timely care measures, has greatly improved the efficiency of
the patients’ follow-up treatment, thus reducing the possibility
of complications.

Effect of Pre-hospital and In-hospital
Optimal Care Procedures on Patients’
Serum Inflammatory Factors, Neurological
Function, and Quality of Life
The inflammatory response after acute craniocerebral injury is
a major component of the pathological process and a leading
factor in secondary brain injury after craniocerebral injury (30).
After craniocerebral injury, the body can secrete and release large
amounts of IL-6, IL-8, and other inflammatory factors into the
blood, causing local vasodilatation and increased permeability,

and extravasation into the plasma leading to the formation of
tissue vasogenic oedema (31). In addition, ICAM-1 plays a role
in the development of inflammation, and its elevated levels after
craniocerebral injury can increase the adhesion of leukocytes to
vascular endothelial cells, as well as directly into the surrounding
tissue, exacerbating brain injury (32). By measuring serum IL-
6, IL-8 and ICAM-1 levels in both groups at different times,
we found that the levels of inflammatory factors in both groups
decreased significantly in the first day before discharge compared
with those at the time of admission, and the optimized group
was lower than the regular group (P < 0.05). After timely and
effective resuscitation, the patient’s injuries and inflammatory
response were well-controlled and the resuscitation was effective
in helping to reduce the level of inflammatory factors. The results
also showed that the NIHSS and SF-36 scores improved better in
the optimization group than in the regular group, suggesting that
the treatment of patients with acute craniocerebral injury under
the guidance of a full optimized care program is more effective in
improving neurological function and short-term quality of life.

CONCLUSION

It can be seen that optimizing the pre-hospital and
in-hospital emergency care process can significantly
shorten the time to emergency care, increase the
success rate, reduce the inflammatory response, improve
neurological function, and quality of life, reduce the
occurrence of complications and improve the prognosis of
the patients.
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Purpose: To explore the risk factors of acute respiratory distress syndrome (ARDS)

secondary to thoracic trauma and the therapeutic effect of protective lung ventilation

in patients with acute respiratory distress syndrome complicated with thoracic trauma.

Methods: We collected 206 patients with thoracic trauma admitted to our hospital from

September 2017 to March 2021, counted the incidence of ARDS and analyzed the risk

factors of ARDS. To observe the clinical efficacy of the application of lung-protective

ventilation therapy in patients with thoracic trauma combined with ARDS.

Results: Among 206 patients with thoracic trauma, there were 82 cases of combined

ARDS, and its incidence was 39.81%. The 82 patients with ARDS were randomly divided

into the control group and the observation group with 42 cases each, and different

ventilation methods were used for treatment. The results showed that the mechanical

ventilation time (MVT) was shorter in the observation group than in the control group,

and the incidence of ventilator-associated lung injury (VALI) and case fatality rate (CFR)

were lower than those in the control group (P < 0.05). Arterial partial pressure of

oxygen (Pa02), arterial blood carbon dioxide partial pressure (PaCO2), and Oxygenation

index (arterial partial pressure of oxygen/Fraction of inspiration O2, PaO2/FiO2) were

significantly improved better in both groups after treatment; compared with the control

group, patients in the observation group had higher Pa02 levels and lower PaCO2 levels

at 8 h and 24 h after ventilation (P< 0.05). Multivariate analysis revealed that blunt trauma,

massive blood transfusion, procalcitonin (PCT) level, tumor necrosis factor-α (TNF-α)

level, and acute physiology and chronic health score (APACHE II) were all risk factors

for Thoracic trauma with ARDS.

Conclusion: Risk factors for the development of ARDS after thoracic trauma are blunt

injuries, massive blood transfusion, high PCT and TNF-α levels, and high APACHE II

scores, which can be given active interventions in the early stage of clinical practice to

improve patient prognosis. The use of protective lung ventilation therapy can improve
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the clinical outcome of patients with thoracic trauma combined with ARDS, which is

important for improving the ventilation effect and respiratory function of patients.

Keywords: thoracic trauma, acute respiratory distress syndrome, risk factors, lung-protective ventilation, curative

effect

INTRODUCTION

With the socio-economic development, the incidence of
traumatic diseases is on a significant rise and the threat of trauma
to human health is becomingmore andmore prominent. Trauma
is now a global health problem and is one of the important
causes of death in the young population (1). Thoracic trauma
is a common site of involvement when the body is traumatized,
and the lungs are the main organ involved in the early onset
of severe thoracic trauma patients when they are admitted to
the hospital (2). Acute respiratory distress syndrome (ARDS) is
an acute diffuse lung injury that occurs within a short period
of time and can cause severe hypoxemia leading to hypoxic
damage to various organs throughout the body, and is the most
common complication in patients with severe trauma (3). The
current clinical treatment of severe thoracic trauma combined
with acute respiratory distress syndrome mostly uses mechanical
ventilation to ensure respiratory support. Therefore, reasonable
and effective mechanical ventilation has an important impact
on improving the treatment effect and reducing the mortality
rate (4). Lung-protective ventilation therapy is a treatment with
low tidal ventilation and permissive high carbon dioxide (CO2)
while meeting the patient’s basic oxygenation, which can prevent
pulmonary compression injury due to large tidal ventilation (5).
Some studies (6, 7) have shown that the application of lun-
protective ventilation therapy in the treatment of patients who
have thoracic trauma combined with ARDS can achieve better
therapeutic results.

Different from ARDS caused by infection, aspiration and
other reasons, patients with ARDS secondary to trauma are
usually younger, and effective interventions at an early stage of
onset can lead to better outcomes and a good patient prognosis
(8). Yet the difficulty in salvage lies in the early identification
of severe trauma as secondary to ARDS, so screening for
predictive risk factors to guide early clinical intervention is
necessary (9). In this study, the basic data and pathophysiological
characteristics of 206 patients with thoracic trauma treated in our
hospital in the past 3 years were collected, and logistic regression
models were used to analyze the risk factors for secondary
ARDS after thoracic trauma. The clinical effects of different
ventilation modalities in patients with ARDS combined with
thoracic trauma were analyzed, aiming to provide a reference
basis for clinical treatment.

INFORMATION AND METHODS

Case Sources and Basic Information
Total of 206 cases of thoracic trauma patients admitted to our
hospital from September 2017 to March 2021 were selected as the
study subjects. Eighty two patients with severe thoracic trauma

combined with ARDS admitted during this period were taken
as the main observation objects, and they were divided into
41 cases each in the observation group and the control group
by double-blind randomization method, with the control group
receiving conventional ventilation treatment and the patients
in the observation group receiving lung-protective ventilation
protocol. In the control group, 24males and 17 females were aged
from 34 to 60 years, with an average of (47.35 ± 10.37) years.
In the observation group, 23 males and 18 females were aged
from 35 to 59 years, with an average of (48.29 ± 10.52) years.
The differences between the two groups in general data such as
gender and age were not statistically significant (P > 0.05) and
were comparable.

Diagnostic Criteria
Thoracic trauma (10): ① multiple rib fractures leading to a
shackled chest; ② severe pulmonary contusion; ③ moderate or
greater haemopneumothorax; ④ tracheobronchial rupture; ⑤

large vessel injury to the heart. The diagnosis can be made on
the basis of one of the above.

The diagnosis of ARDS was made according to the Berlin-
defined diagnostic criteria for ARDS (11): new onset of dyspnoea
or worsening of pre-existing respiratory symptoms within 1 week
of a known clinical diagnosis; and an arterial Oxygenation index
(arterial partial pressure of oxygen/Fraction of inspiration O2,

PaO2/FiO2) <300.

Inclusion Criteria
① All patients met the diagnostic criteria for both thoracic
trauma and ARDS and had an injury severity score (ISS) of ≥16,
and the diagnosis was made by combining the patient’s clinical
symptoms, pulmonary infiltrative shadow, and oxygenation
index; ② required mechanical ventilation; ③ age ≥ 18 years; ④

the only causative factor was trauma; ⑤ were admitted to the
hospital within 24 h of the causative injury and were first seen
in our hospital; ⑥ the patient’s clinical information was complete
and the patient or family had informed the study group and had
signed the relevant consent form.

Exclusion Criteria
① patients with a long history of chronic lung disease; ②

patients with a history of lung surgery; ③ those with autoimmune
diseases; ④ those with infections; ⑤ those with ARDS due to
non-traumatic causes or those who have been treated at other
hospitals for a longer period of time and then transferred to our
hospital; ⑥ those with active acute bleeding conditions.
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METHODS

Treatment Method
First aid and basic treatment of trauma: Upon admission,
the patient was thoroughly assessed and the management
was tailored to the patient’s individual circumstances.
For patients with fractures, the ribs were first fixed with
chest straps, and then internal fixation was performed
after communication with the patient and family and
obtaining consent. Patients with hemothorax were treated
with thoracal closed drainage. For patients with shock,
rehydration and blood transfusion were performed. For patients
with inflammatory symptoms, corticosteroids were given to
reduce tissue damage and improve microcirculation for 4–7
days and then reduced. Patients were given broad-spectrum
antibiotics as necessary to prevent the development of infection.
After emergency trauma management, all patients were
orotracheally intubated or tracheotomized and connected to
a ventilator for assisted breathing, with the control group on
conventional ventilation and the observation group on lung
protective ventilation.

The ventilator parameters for the conventional ventilation
protocol were set as follows: positive end expiratory
pressure (PEEP) of 3–10 cmH2O, tidal volume (VT)
of 10–15 mL/kg, respiratory rate of 15–18 breaths/min,

inspiration-exhalation ratio (I:E) = 1:1.5–2.0, frequency
was 12–16 breaths/min.

Lung-protective ventilation protocol: low tidal volume
ventilation combined with optimal PEEP, and low tidal volume
sequential pulmonary resuscitation (RM) when the abdominal
pressure (IAP) has basically returned to normal (grade I
abdominal hypertension, IAP≤ 15mmHg). The parameters were
set as PEEP of 5–15 cmH2O, I:E = 1:1.0–2.0; VT of 6–8 mL/kg,
and frequency of 18–20 breaths/min.

Observed Indicators
The treatment status such as mechanical ventilation time (MVT),
ventilator-associated lung injury (VALI) incidence and case
fatality rate (CFR) were collected from both groups. The blood
gas analysis indexes such as PaO2, arterial blood carbon dioxide
partial pressure (PaCO2) and PaO2/FiO2 were observed and
recorded at different times before and after treatment.

The gender, age, body mass index (BMI), causes of trauma,
nature of injury, massive blood transfusion, acute physiology and
chronic health score (APACHE II), ISS Score were collected from
206 patients with thoracic trauma. In addition, the following
index were used: underlying disease, history of long-term
smoking, history of alcohol abuse, serum C-reactive protein
(CRP), procalcitonin (PCT), interleukin-6 (IL-6) and tumor

TABLE 1 | Univariate analysis of thoracic trauma combined with ARDS.

Influencing factors Merged ARDS (n = 82) Unconsolidated ARDS (n = 124) t value or χ
2 value P-value

Gender (n, %) Male 47 (57.32) 69 (55.65) 0.056 0.813

Female 35 (42.68) 55 (44.35)

Age (years, Mean ± SD) 47.93 ± 10.45 45.69 ± 8.76 1.588 0.114

BMI (kg/m2, Mean ± SD) 25.26 ± 4.26 25.19 ± 4.03 0.119 0.905

Causes of trauma (n, %) Traffic Accidents 31 (37.80) 43 (34.68) 1.026 0.906

Sharp objects 15 (18.29) 26 (20.97)

Falling 19 (23.17) 25 (20.16)

Crushing 12 (14.63) 19 (15.32)

Explosion 5 (6.10) 11 (8.87)

Alcoholism (n, %) Yes 20 (24.39) 38 (30.65) 0.955 0.329

No 62 (75.61) 86 (69.35)

Long-term smoking (n,%) Yes 40 (48.78) 42 (33.87) 4.579 0.032

No 42 (51.22) 82 (66.13)

Underlying disease (n, %) Diabetes 22 (26.83) 35 (28.23) 0.048 0.826

High blood pressure 17 (20.73) 28 (22.58) 0.099 0.753

Coronary heart disease 11 (13.41) 25 (20.16) 1.556 0.212

Nature of injury (n, %) Blunt injury 57 (69.51) 44 (35.48) 22.870 <0.001

Penetrating injury 25 (30.49) 80 (64.52)

Massive blood transfusion (n, %) Yes 37 (45.12) 32 (25.81) 8.267 0.004

No 45 (54.88) 92 (74.19)

APACHE II score (points, Mean ± SD) 22.26 ± 3.02 20.13 ± 2.41 5.607 <0.001

ISS score (points, Mean ± SD) 21.74 ± 3.25 20.86 ± 2.98 2.001 0.047

CRP (mg/L, Mean ± SD) 153.32 ± 31.25 138.59 ± 22.28 3.948 <0.001

PCT (×109/L, Mean ± SD) 28.47 ± 5.96 16.16 ± 2.04 13.572 <0.001

IL-6 (ng/L, Mean ± SD) 36.59 ± 11.04 27.52 ± 8.38 6.690 <0.001

TNF-α (ng/L, Mean ± SD) 46.74 ± 12.25 36.19 ± 11.77 6.196 <0.001
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necrosis factor-alpha (TNF-α) levels within 1 week of admission.
We compared the differences in the above indicators between
patients who had a combined ARDS and those who did not have a
combined ARDS in thoracic trauma, and used logistic regression
to analyze the risk factors for combined ARDS in patients with
thoracic trauma.

Statistical Methods
SPSS 22.0 software was used for data processing, and the
measurement data were expressed as mean± standard deviation
(Mean ± SD), the t-test was used for two-by-two comparisons.
The count data were expressed as (n, %) and the chi-square (χ2)
test was used. Logistic regression model was used for multi-factor
analysis of thoracic trauma combined with ARDS. P < 0.05 was
considered as a statistically significant difference.

RESULTS

Univariate Analysis of Thoracic Trauma in
Combination With ARDS
Eventually, statistics revealed that 82 of 206 patients with thoracic
trauma had combined ARDS, with an incidence of 39.81%;
124 patients without combined ARDS (60.29%). The basic data
of patients with thoracic trauma in different conditions were
analyzed, and the results showed that there were differences
between patients with combined ARDS and those without
combined ARDS in long-term smoking, nature of injury, massive
blood transfusion, APACHE II score, ISS score, CRP, PCT, IL-
6, TNF-α, etc. (P < 0.05). There were no differences in gender,
age, BMI, causes of trauma, alcoholism and underlying diseases
were not different (P > 0.05) (Table 1). This suggests that long-
term smoking, blunt injuries, massive blood transfusion, high
APACHE II, ISS score, high CRP, PCT, IL-6, and TNF-α levels

TABLE 2 | Assignment for multivariate analysis of factors.

Factors Assignment

Blunt injury Yes = 0, No = 1

Massive blood transfusion Yes = 0, No = 1

APACHE II score >25 = 0, 15–25 = 1, <15 = 2

PCT >30 = 0, 15–30 = 1,<15 = 2

TNF-α >60 = 0, 40–60 = 1, 20∼40 = 2,<20 = 3

may be associated in patients with thoracic trauma secondary
to ARDS.

Multi-Factor Analysis of Thoracic Trauma
Combined With ARDS
Whether thoracic trauma patients had combined ARDS was used
as the dependent variable (yes = 1, no = 0), and the relevant
factors with statistically significant differences in the univariate
analysis were used as independent variables for multifactor
logistic regression analysis (Multi-factor assignments were shown
in Table 2), which showed that blunt injury, massive blood
transfusion, APACHE II score, PCT level, and TNF-α level were
all independent risk factors affecting thoracic trauma patients
with independent risk factors for secondary ARDS in patients
with thoracic trauma (P < 0.05, Table 3).

Comparison of Clinical Efficacy
After different ventilation treatments in the two groups, the
time to MVT, incidence of VALI and CFR were (10.26 ± 3.23)
days, 26.83% (11/41) and 4.88% (2/41) in the control group,
respectively; and (6.95 ± 2.51) days, 9.76% (4/41) and 12.20%
(5/41) in the observation group, respectively. After analysis, the
results showed that the MVT time in the observation group was
shorter than that in the control group, and the incidence of VALI
was lower than that in the control group (P < 0.05); the CFR in
the observation group was slightly lower than that in the control
group, although the difference between the two groups was not
statistically significant (P > 0.05) (Figure 1).

Comparison of Blood Gas Analysis and
Oxygenation Index Between the Two
Groups Before and After Treatment
Comparison of the blood gas analysis and oxygenation index
data collected from the two groups before treatment and at
different times after ventilation showed no statistically significant
differences in PaO2, PaCO2 and PaO2/FiO2 between the two
groups before treatment (P> 0.05). PaO2, PaCO2 and PaO2/FiO2

at 8 h and 24 h after ventilation were higher than those before
treatment in both groups, and the levels of PaO2 and PaCO2

detected at the same time points after treatment were significantly
higher in the observation group than in the control group (P
< 0.05); the difference in PaO2/FiO2 between the two groups
at different time points after ventilation was not statistically
significant (P > 0.05) (Figure 2).

TABLE 3 | Multifactorial analysis of ARDS in combination with thoracic trauma.

Influencing factors B SE Waldχ
2 OR value 95%CI P-value

Blunt injury 0.937 0.322 6.012 2.552 1.358–4.798 0.013

Massive blood transfusion 1.426 0.922 9.343 4.162 1.631–10.622 0.003

APACHE II score 0.712 0.250 11.324 2.038 1.249–3.327 0.001

PCT 0.878 0.305 6.352 2.406 1.323–4.375 0.017

TNF-α 1.254 0.530 5.235 3.504 1.240–9.903 0.031

Note: B is the regression coefficient, SE is the standard error, Wald is the test statistic, OR is the dominance ratio, and 95% CI is the 95% confidence interval.
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FIGURE 1 | Comparison of clinical efficacy between the two groups. (A)

Comparison of average MVT. (B) Comparison of the occurrence of VALI. (C)

Comparison of CFR. Compared with the control group, *P < 0.05.

DISCUSSION

Severe trauma is always a major problem in clinical treatment,
among which the chest is a common site of trauma. Severe
trauma to the patient’s chest frommultiple causes can often cause
direct damage to the lungs, and if the trauma does not receive
timely and effective intervention, the patient’s condition can
further develop into acute hypoxic respiratory failure, shock, and
other symptoms, eventually leading to the development of ARDS
(12, 13). However, the early recognition rate of severe thoracic
trauma combined with ARDS is currently not high in clinical
practice, so there is an urgent need to screen for independent risk
factors for thoracic trauma combined with ARDS to guide early
recognition and effective interventions (14, 15).

The results of this study showed that blunt injuries, massive
blood transfusion, and APACHE II score were all independent
risk factors for combined ARDS in patients with thoracic trauma
and had some predictive value for ARDS secondary to thoracic
trauma. Blunt injuries represent a significant proportion of
traumatic injuries, and some studies (16) have pointed out their
relationship with the development of ARDS. When a blunt blow
occurs in the chest, the strong external force can cause rib
fractures that can damage the integrity of the thorax or even
produce a flail chest, and is often accompanied by hemothorax
and pneumothorax at an early stage, leading to respiratory and
circulatory dysfunction and then develop progressive dyspnea
and refractory hypoxemia (17, 18). The infusion of a large
number of blood products can induce inflammatory cells to
activate in the lungs and secrete more inflammatory mediators,

FIGURE 2 | Comparison of the changes in blood gas analysis values and

oxygenation index between the two groups at different times. (A) Comparison

of PaO2. (B) Comparison of PaCO2. (C) Comparison of PaCO2/FiO2.

Compared with the same group pre-treatment, &P < 0.05. Compared with

the same group 8 h post-ventilation, #P < 0.05. Comparison with control

group over the same period, *P<0.05.

leading to capillary leakage and lung injury which in turn leads to
ARDS (19). The APACHE II scoring system is used to evaluate
the patient’s condition based on the patient’s vital signs and
biochemical indicators, and an excessively high APACHE II
score within 24 h of admission usually indicates that the patient’s
respiratory function is already significantly impaired (20).
Moreover, the damage of trauma is mostly progressive, especially

Frontiers in Surgery | www.frontiersin.org 5 January 2022 | Volume 8 | Article 82668221

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Ma et al. Chest Trauma/ARDS/Lung-Protective Ventilation

in patients with thoracic trauma there are mostly pulmonary
contusions, which are accompanied by a gradual increase in
exudation and a further decrease in pulmonary ventilation
aggravating hypoxemia, leading to the rapid development of
ARDS (21). The results also showed that inflammatory cells such
as PCT and TNF-α were also independent risk factors for ARDS
secondary to thoracic trauma. To analyze the reasons for this,
vascular endothelial damage after severe thoracic trauma can
cause a large release of thrombomodulin (TM) and participate
in regulating the coagulation process of the body, leading to
microthrombus formation in the lung, microcirculatory blockage
and structural damage, inducing pulmonary capillary spasm and
increased permeability, activating inflammatory cells, and thus
inducing the development of ARDS (22).

The results of this study showed that lung-protective
ventilation therapy was more advantageous in improving
oxygenation indices and protecting lung function in patients
suffering from thoracic trauma combined with ARDS, and
was able to reduce the duration of mechanical ventilation and
the incidence of VALI in patients with a very low morbidity
and mortality rate. At the present stage, ventilator-assisted
ventilation is often used to treat patients with Thoracic trauma
combined with ARDS on the basis of symptomatic treatment,
which can precisely control oxygen therapy to avoid ventilator
fatigue and obtain satisfactory treatment results (23). For the
traditional conventional ventilation in clinical practice, patients
are subjected to high airway pressure due to the large ventilation
volume, which predisposes them to lung air pressure injury and
thus has a serious impact on their prognosis. Lung-protective
ventilation treatment can be used clinically according to the
patient’s specific situation, and this ventilation method with a
lower tidal volume of 6–8 ml/kg and optimal PEEP can avoid
overinflation and expansion of lung tissue, shorten expiratory

time, ensure adequate ventilation, and help reduce the incidence
of VALI (24).

Inconclusion, blunt injury, massive blood transfusion,
APACHE II score, PCT, and TNF-α level are all risk factors for
the occurrence of Thoracic trauma combined with ARDS, and
early identification of these high-risk factors to guide clinical
adoption of anticipatory treatment measures is expected to
reduce the incidence of ARDS combined with Thoracic trauma.
Lung-protective ventilation therapy is important to improve the
ventilation effect of patients, reduce the occurrence of VALI and
improve respiratory function.
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Objective: To observe the effect of dexmedetomidine-assisted intravenous inhalation

combined anesthesia on cerebral oxygenmetabolism and serum Th1/Th2 levels in elderly

patients with colorectal cancer.

Method: From April 2018 to May 2020,100 elderly patients undergoing elective

laparoscopic radical resection of colorectal cancer were prospectively selected and

randomly divided into observation group and control group. Before induction of

anesthesia, the loading dose of dexmedetomidine was given at 0.5 µg/kg, and the

infusion time was 15min. After tracheal intubation, 0.4 µg/kg/h dexmedetomidine was

continuously pumped, and the infusion was stopped 40min before the end of the

operation. In the control group, the same amount of 0.9% sodium chloride was injected

intravenously in the same way. 30min before induction of anesthesia (T0), immediately

before induction of anesthesia (T1), immediately after tracheal intubation (T2), 40min

before operation (T3), and immediately after operation (T4), record the blood oxygen

content of the artery and internal jugular vein Difference (D(a-jv)O2), brain oxygen uptake

rate (COER%), brain oxygen saturation (rSO2) mean. VAS scale, Ramsay scale, MoCA

scale were taken at 6, 12, 24, and 48 h postoperatively to evaluate analgesia, sedation,

and cognitive function. And monitor the levels of interferon-γ (IFN-γ), interleukin-4 (IL-4),

myelin basic protein (MBP), neuron-specific enolase (NSE) and S100β. The occurrence

of restlessness and adverse reactions during the recovery period of the two groups

were compared.

Result: The levels of D(a-jv)O2, COER%, and rSO2 in the control group and observation

group were higher than the preoperative basic values at T2, T3, and T4 (P < 0.05); The

levels of D(a-jv)O2, COER%, and rSO2 in the observation group were lower than those
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in the control group at T2, T3, and T4 (P < 0.05). The VAS score and Ramsay score of

the observation group were lower than those of the control group at 6, 12, 24, and 48 h

after surgery, while the MoCA score was higher than that of the control group (P < 0.05).

In addition, the serum IFN-γ, MBP, NSE and S100β levels of the observation group were

lower than those of the control group (P < 0.05), and the ratio of IFN-γ/IL-4 was higher

than that of the control group (P < 0.05). The overall incidence of adverse reactions in

the observation group was lower than that in the control group [32.0% (16/50) vs. 12.0%

(6/50), P < 0.05].

Conclusion: Dexmedetomidine-assisted combined intravenous and inhalation

anesthesia is beneficial to reduce perioperative cerebral oxygen metabolism and improve

postoperative immunosuppression in elderly patients with colorectal cancer. It has a

certain protective effect on nerve injury after operation, thus improving the cognitive

function of patients and reducing the occurrence of adverse reactions.

Keywords: elderly patients with colorectal cancer, dexmedetomidine, cerebral oxygen metabolism, cognitive

impairment, immune function

INTRODUCTION

Colorectal cancer is one of the high-risk gastrointestinal
malignant tumors, and more than 50% of patients die, ranking
the third in malignant tumor deaths. Laparoscopic radical
surgery is the main treatment of colorectal cancer, which greatly
reduces the surgical trauma and ensures the smooth progress
of postoperative rehabilitation. However, laparoscopic surgery
establishes artificial pneumoperitoneum, and a large amount
of CO2 enters the peripheral blood circulation through the
peritoneum, which affects brain metabolism and leads to nerve
damage. Elderly patients have decreased body function and
organ reserve function, and they are more likely to suffer
from acute lung injury and postoperative cognitive dysfunction
when receiving surgical treatment. Elderly patients are prone to
cognitive dysfunction or delirium after surgery, and the selection
of anesthetic methods and drugs is an important factors affecting
the injury of brain neurons (1). Dexmedetomidine is an α2
receptor high-affinity agonist, especially for the α2A receptor
located in the locus coeruleus nucleus in the brain, which
has high selectivity. By inhibiting the release of sympathetic
nerve excitatory transmitters and the upward transmission of
peripheral pain signals, Produce sedation and analgesia (2). In
addition, dexmedetomidine has a certain affinity for imidazoline
I1 receptors located in brain stem and hippocampus, which
inhibits the release of catecholamine and excitotoxic amino acids,
reduces the sensitivity of neurons to glutamic acid, and thus
plays a role in brain protection (3). At present, dexmedetomidine
has been used in neurosurgery, thoracic surgery, cardiology
surgery, pediatric surgery and other operations, but there are
still few studies in the operation of abdominal tumor patients.
Malignant tumor patients generally have disorders of immune
system. Surgery and anesthesia may further inhibit the cellular
immune function of the body, thus affecting the prognosis of
patients (4). Dexmedetomidine is a commonly used auxiliary
anesthetic in surgery, which has the effects of central nervous

protection and cardiopulmonary function protection. This
study was designed to observe the effects of dexmedetomidine
combined with intravenous inhalation anesthesia on brain
oxygen metabolism and serum Th1/Th2 levels in elderly patients
with colorectal cancer, aiming to provide certain evidence-
based evidence and reference for the clinical application
of dexmedetomidine.

CLINICAL DATA AND METHODS

The Clinical Data Selected
From April 2018 to May 2020,100 elderly patients who
underwent elective laparoscopic radical resection of colorectal
cancer in the First Affiliated Hospital of Hunan Normal
University were taken as the overall research object. Combined
with clinical manifestations, related imaging manifestations and
pathological first-stage biopsy, rectal cancer was diagnosed.
Inclusion criteria: age 60–85 years old; Indications for
laparoscopic radical resection of rectal cancer; American
society of anesthesiologists (ASA) (5) grade I-II; There is no
obvious contraindication to anesthesia. Exclusion criteria:
those who have a history of neurological or mental illness;
People with a history of drug allergy or long-term alcoholism;
Those who took anticoagulants, sedatives, antidepressants,
non-steroidal anti-inflammatory drugs or hormone drugs 3
months before operation; Eliminate those whose blood loss
during the operation is > 20% of the basal blood volume;
Those with intractable hypotension or anaphylactic shock.
With the approval of the ethics committee of this hospital
and the informed consent of the patients, 100 patients were
divided into control group and observation group according
to equal-length random sampling method with the approval
of the ethics committee of the hospital and the informed
consent of the patients. Comparing the age, gender composition,
weight, body mass index (BMI), ASA classification, and cancer
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type of the two groups of patients, the difference was not
statistically significant (P > 0.05) and was comparable. As shown
in Table 1.

Methods of Anesthesia
Routine fasting and drinking before operation lasted 6–8 h.
After entering the room, open the venous channel to monitor
the electrocardiogram, mean artery pressure (MAP), heart
rate (HR), pulse oxygen saturation (SpO2), and bispectral
index (BIS). Patients in the observation group were given
dexmedetomidine (Jiangsu Hengrui Pharmaceutical Co., Ltd.,
specification: 2 mL: 200 µg, batch number 190423BP) loading
dose of 0.5 µg/kg before induction of anesthesia, and
the infusion time was 20min. After tracheal intubation,
dexmedetomidine was continuously pumped at 0.4 µg/kg/h
(prepared with normal saline to 4µg/mL) until 40min before
the end of the operation. Patients in the control group were
given an equal volume of 0.9% sodium chloride injection
intravenously in the same way General anesthesia induction:
intravenous infusion of propofol (1.5–2 mg/kg), after the
patient’s consciousness disappears, slow intravenous bolus of
midazolam (0.02 mg/kg) and sufentanil citrate (2.0–3.5 µg/kg),
etomidate (0.2 mg/kg) and cis-atracurium benzenesulfonate
(0.1–0.2 mg/kg), the patients were subjected to sequential
induction of general anesthesia; After the muscle relaxation
takes effect, perform tracheal intubation, connect to anesthesia
machine for mechanical ventilation, tidal volume 6–8 mL/kg,
frequency 12–15 times/min, continuous inhalation of sevoflurane
1%-2%, target-controlled infusion C Poofol (4–10 mg/kg/h)
was used for anesthesia maintenance, intermittent intravenous
injection of cis-atracurium to relax themuscles. BIS ismaintained
between 40 and 60. Connect the intravenous analgesic pump after
the operation. Patient controlled intravenous analgesia (PCIA)
was used, dexmedetomidine (0.5 g/kg) + sufentanil (0.8 g/kg) was
used, and normal saline was diluted into 100ml solution. The
dose is 1mL, and the lock time is 15 min.

Observation Indicators
Cerebral Oxygen Metabolism
30 Minutes Before Induction of Anesthesia (T0), Immediately
Before Induction of Anesthesia (T1), Immediately After Tracheal
Intubation (T2), 40Min Before the Operation (T3), and
Immediately After the Operation (T4), Collect Blood Samples
From the Radial Artery and Internal Jugular Venous Bulb,
and Calculate the Arterial-Internal Jugular Venous Blood
Oxygen Difference (D(a−Jv)O2) and Cerebral Oxygen Uptake
Rate (COER%) According to the Fick Formula (6). COER% =

[(CaO2-CvO2)/CaO2] × 100%, CaO2 Is Arterial Blood Oxygen
Content, CvO2 Is Arterial Oxygen Consumption. At the Same
Time, a Near-Infrared Photometer Was Used to Monitor the
Mean Value of Cerebral Oxygen Saturation (RSO2) on Both Sides
of the Frontal Line.

Postoperative Analgesia, Sedation Effect and Early

Postoperative Cognitive Function
At 6, 12, 24, and 48 h after surgery, the visual analog scale
(VAS) method was used to evaluate the analgesic effect. VAS

scoring criteria: 0 point means no pain, 10 points means
the most pain, < 3 points means good analgesia, and ≥5
points means poor analgesic effect. Ramsay score was used
to evaluate the sedative effect. The total Ramsay score was 6
points. The higher the score was, the higher the degree of
sedation would be. Montreal Cognitive Assessment (MoCA)
score was also recorded. The MoCA scale included visual space
and executive function, naming, memory, attention, language,
abstraction, delayed memory and orientation, with a full score
of 30. A lower score indicated lower cognitive function, < 26
indicated abnormal.

Postoperative Laboratory Index Monitoring
Serum samples were collected at the preoperative basic value
and immediately after the operation, 6, 12, 24, and 48 h
after the operation, and the ELISA kit was used to monitor
interferon-γ (IFN-γ) and interleukin-4 (interleukin-4, IL-4),
myelin basic protein (MBP), neuron-specific enolase (NSE),
S100β content. The kit used was purchased from Shanghai
Kanglang Biotechnology Co., Ltd.

Adverse Reactions
The incidence of restlessness, dizziness, nausea and vomiting, and
respiratory depression in the two groups of patients during the
recovery period was counted within 48 h after the operation.

Statistical Processing
Using SPSS19.0 statistical software, measurement data are
expressed as mean ± standard deviation (x̄ ±s), using repeated
measures analysis of variance for intra-group comparison,
and comparison between groups using LSD-t test; The count
data is expressed as a percentage or rate (%), and the χ

2

test is performed. P < 0.05 indicates that the difference is
statistically significant.

RESULTS

Comparison of Surgical Conditions
Between the Two Groups
There was no significant difference in anesthesia induction
time, operation time, anesthesia maintenance time, fluid
replacement, blood loss during operation, directional recovery
time, extubation time and observation time in PACU after
anesthesia (P > 0.05). As shown in Table 2.

Changes in Cerebral Oxygen Metabolism
Indexes of the Two Groups
The analysis of variance with repeated measures design was
used to compare the levels of D(a−jv)O2, COER%, and rSO2 at
each time point of T0-T1 between the two groups. ①D(a−jv)O2,
COER%, rSO2 levels were statistically different at different time
points (F = 17.241, 8.260, 4.385, P < 0.05), the control group and
observation group patients D(a−jv)O2 COER% and rSO2 levels
at T2, T3, and T4 were higher than the preoperative basic value
(P < 0.05). ②The observation group and the control group had
statistical differences in D(a−jv)O2, COER%, rSO2 levels (F =

16.451, 5.638, 8.799, P < 0.05). The levels of D(a−jv)O2, COER%
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TABLE 1 | Comparison of the general conditions of the two groups of patients (x̄ ± s).

Group n Gender Age (year) BMI (kg/m2) ASA Type TNM stage

Male Female I II Colon cancer Rectal cancer I II III

Control group 50 38 12 70.68 ± 6.48 23.25 ± 1.38 24 26 34 16 19 26 5

Observation group 50 30 20 69.70 ± 6.58 22.75 ± 1.49 31 19 28 22 14 27 9

t value - 2.941 0.750 1.741 1.980 1.528 1.919

P value - 0.086 0.455 0.085 0.159 0.216 0.383

TABLE 2 | Comparison of surgical conditions between the two groups (x̄ ± s).

Group n Anesthesia

induction

time (min)

Operation time

(min)

Anesthesia

maintenance

time (min)

Rehydration

volume (L)

Volume of blood

loss (mL)

Orientation

recovery

time (min)

Extubation

time (min)

Control group 50 10.94 ± 2.32 145.78 ± 43.27 163.84 ± 30.59 1.92 ± 0.73 389.76 ± 54.63 16.26 ± 4.58 20.48±5.67

Observation group 50 12.06 ± 3.75 161.52 ± 48.39 172.63 ± 28.95 2.07 ± 0.78 402.14 ± 64.85 15.44 ± 5.37 19.16±5.52

t-value - 1.796 1.715 1.476 0.993 1.032 0.822 1.180

P-value - 0.076 0.090 0.143 0.323 0.304 0.413 0.241

and rSO2 of the observation group were lower than those of
the control group at T2, T3, and T4 (P < 0.05). ③There was
a statistical difference in the trend of changes in the levels of
D(a−jv)O2, COER%, and rSO2 between the two groups of patients
(F = 38.757, 12.605, 9.374, P < 0.05). As shown in Figure 1.

Comparison of Postoperative Analgesia,
Sedation Effects and Cognitive Function
Between the Two Groups
The analysis of variance with repeated measures design was used
to compare the VAS score, Ramsay score, and MoCA score at
each time point of 6, 12, 24, and 48 h after the operation of the
two groups. 1. VAS score, Ramsay score, and MoCA score were
statistically different at different time points (F = 12.351, 5.462,
8.291, P < 0.05). 2. There was a statistical difference between the
observation group and the control group in VAS score, Ramsay
score, and MoCA score (F = 21.358, 27.642, 13.058, P < 0.05).
The observation group had VAS score and Ramsay score at 6,
12, 24, 48 h were lower than the control group, while the MoCA
score was higher than the control group (P < 0.05). 3. There was
a statistical difference in the trend of VAS score, Ramsay score,
and MoCA score between the two groups (F = 42.637, 27.814,
29.854, P < 0.05). As shown in Figure 2.

Comparison of Laboratory Indicators
Between the Two Groups
The analysis of variance with repeated measures design was used
to compare the serum IFN-and ILIL-4els and IFN - γ/IL - 4 ratios
of the two groups of patients before the operation, immediately
after the operation, and at each time point of 6, 12, 24, and 48 h
after the operation. 1. There were statistical differences in serum
IFN-γ levels, IFN-γ/IL-4 ratio, serumMBP, NSE and S100β levels
at different time points (F = 8.410, 28.573, 37.258, 19.267, 4.851,
P < 0.05). There was no statistical difference in serum IL-4 levels
at time points (F = 2.059, P = 0.148). 2. There were statistical
differences in serum IFN-γ levels, IFN-γ/IL-4 ratio, serum MBP,

NSE and S100β levels between the observation group and the
control group (F = 13.936, 37.815, 7.824, 9.673, 5.897, P < 0.05).
The serum IFN-γ levels, MBP and S100β levels of the observation
group were lower than those of the control group immediately
after the operation and at 6, 12, 24, and 48 h after the operation
(P < 0.05). At the same time, IFN-γ The ratio of /IL-4 was
higher than that of the control group (P < 0.05). Serum NSE
levels in the observation group were lower than those in the
control group at 6, 12, 24, and 48 h after surgery (P < 0.05). In
addition, there was no significant difference in serum IL-4 levels
between the two groups of patients (F = 1.734, P = 0.325). 3.
There were statistical differences in the changes of serum IFN-
γ levels, IFN-γ/IL-4 ratio, serum MBP, NSE and S100β levels
between the two groups (F = 43.218, 786.454, 118.379, 72.361,
28.504, P < 0.05), while the comparison of the trend of changes
in serum IL-4 levels between the two groups of patients, the
difference was not statistically significant (F = 0.927, P = 0.564).
As shown in Figure 3.

Comparison of Postoperative Adverse
Reactions Between the Two Groups
All patients successfully completed the tracheal intubation,
and no coughing or body odor movement occurred. The
total incidence of adverse reactions (including restlessness in
convalescence) in the control group and observation group was
32.0% (16/50) and 12.0% (6/50), respectively. The difference was
statistically significant after the χ

2 test (χ2 = 5.828, P = 0.016),
the overall incidence of adverse reactions in the observation
group was slightly lower than that in the control group. As shown
in Figure 4.

DISCUSSION

Postoperative cognitive dysfunction (POCD) refers to symptoms
such as mental confusion, degeneration of mental function, and
decreased social ability within a few days or months after surgery
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FIGURE 1 | Comparison of D(a-jv)O2, COER%, rSO2 at different time points

between the two groups. (A) D(a-jv)O2; (B) COER% and (C) rSO2. Compared

with T0 in the samegroup, *P < 0.05; compared with control group,
#P < 0.05.

(7), It is more common in patients undergoing major surgery
such as cardiology, gastrointestinal surgery, trauma surgery, and
tumor surgery. A small number of patients can even persist
for a long time, It greatly increases the risk of postoperative
complications and prolongs the hospital stay, which in turn
affects the patient’s prognosis and postoperative quality of life.

Old age is the risk factor that is closely related to POCDdisease
Scholars such as Czyz-Szypenbejl (8) found that the incidence of
POCD in elderly patients over 60 years old within 7 days was
about 17 ∼ 56%, and with the increase of age, the incidence of
POCD increased. The incidence of POCD in elderly patients is
higher than that of patients aged 60 to 69, and the proportion
of patients with long-term persistent POCD has also increased
greatly, and some patients may even progress to Alzheimer’s
disease. It is speculated that the principle lies in the degenerative
changes in the brain structure and function of the elderly, the
aging of neuronal nuclei, the increase in apoptosis rate, the

FIGURE 2 | Comparison of VAS score, Ramsay score and MoCA score

between the two groups of patients at different time points. (A) VAS score; (B)

Ramsay score and (C) MoCA score. Compared with the control group,

*P < 0.05.

decrease in neurotransmitter secretion, the deterioration of brain
glucose metabolism and neural signal transmission functions,
whichmakes the elderly population The brain is more susceptible
to damage from anesthetics (9).

Besides age, anesthesia methods and narcotic drugs are also
important factors that affect postoperative cognitive function.
According to a multi-center study conducted by Wang Dongting
and other scholars (10), 400 elderly patients who were to
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FIGURE 3 | Comparison of IFN-γ, IL-4, IFN-γ/IL-4, neurological impairment related indexes between the two groups of patients at different time points. (A) IFN-γ;

(B) IL-4; (C) IFN-γ/IL-4; (D) MBP; (E) NSE and (F) S100β. Compared with the preoperative basic value of the same group, *P < 0.05; compared with the control

group, #P < 0.05.

FIGURE 4 | Comparison of the incidence of adverse reactions between the

two groups of patients. Compared with control group, *P < 0.05.

undergo radical resection of colorectal cancer were followed up
and observed. MoCA score is a common cognitive function
screening tool, which is used as an auxiliary diagnostic method
for POCD disease. The results showed that the incidence of
POCD was about 15.6 %, and the duration of anesthesia and
the proportion of general anesthesia are independent risk factors
for the occurrence of POCD. In this study, the enrolled patients
with colorectal cancer all used propofol-sevoflurane intravenous
inhalation combined with general anesthesia. Propofol is a highly
fat-soluble intravenous anesthetic. Its sedative mechanism and

enhancement of γ-amino Butyrate A receptor activity, which in
turn enhances the inhibitory postsynaptic current, is related (11).
Gamma-aminobutyric acid receptor activity can lead to long-
term potentiation (LTP) that inhibits the excitatory transmission
of pyramidal neurons in the hippocampal CA 1 region, and
then affect the learning and cognitive functions of patients (12).
In addition, scholars such as Alkire MT (13) confirmed that
inhalational anesthetics, such as sevoflurane and sevoflurane at
the relative minimum alveolar concentration, within 24 h, the
memory loss of nitrous oxide is more serious, but it is compared
with other inhaled anesthetics. Sexual anesthetics, sevoflurane is
metabolized quickly and has little effect on the nervous system,
but it still cannot avoid the damage to the cognitive function of
elderly patients after surgery.

Dexmedetomidine is an α 2 adrenergic receptor agonist with
high selectivity and specificity. By inhibiting the activity of
sympathetic nerves and the secretion of stress hormones such
as cortisol and catecholamine, it can reduce the damage to
hippocampus, thus reducing the influence of anesthetics on the
early postoperative cognitive function of elderly patients (14).
In this study, patients in the observation group were given
dexmedetomidine-assisted intravenous inhalation combined
anesthesia, and the postoperative VAS score and Ramsay score
were significantly lower than those of the control group,
indicating that dexmedetomidine-assisted combined intravenous
inhalation anesthesia has good analgesia and sedation. In
addition, the postoperativeMoCA score of the observation group
was higher than that of the control group, and the levels of
D(a−jv)O2, COER%, and rSO2 were lower than those of the
control group. D(a−jv)O2, COER%, and rSO2 reflect brain oxygen
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An important indicator of metabolism and blood supply of brain
tissue. If the oxygen uptake rate of brain decreases, the oxygen
supply is greater than the oxygen consumption, indicating that
the brain tissue has a normal aerobic metabolism. Therefore,
the above results indicate that dexmedetomidine can effectively
maintain the balance of cerebral oxygen supply and demand
in elderly colorectal cancer surgery. In addition, MBP, NSE,
S100β and other indicators are important marker molecules
that reflect the damage of nerve cells, and have a certain effect
on maintaining the proliferation and differentiation of neurons
or glial cells (15). In this study, the levels of MBP, NSE, and
S100β in the observation group were significantly lower than
those in the control group, indicating that dexmedetomidine
has a certain protective effect on nerve function damage caused
by intravenous inhalation and combined anesthesia in elderly
patients with colorectal cancer. Elderly patients with colorectal
cancer often have autoimmune disorders, as well as surgical
trauma, anesthesia stimulation, and postoperative stress, which
further inhibit the body’s humoral immune function (1, 16).
Immune dysfunction is also one of the important reasons leading
to cognitive dysfunction in patients (17). In this study, the
postoperative IFN-γ/IL-4 ratio of the observation group was
higher than that of the control group. IFN-γ and IL-4 were
the most typical cytokines of Th1 and Th2 cells, and the ratio
of IFN-γ/IL-4 increased Gao shows that under the action of
dexmedetomidine, the Th1/Th2 response pattern gradually drifts
to Th1 cells, which helps the recovery of the patient’s immune
function after surgery.

n summary, dexmedetomidine-assisted intravenous
inhalation combined anesthesia is beneficial to reduce
perioperative cerebral oxygenmetabolism in elderly patients with
colorectal cancer, improve postoperative immunosuppression
status, and has a certain protective effect on postoperative
neurological damage. In order to improve patients’ cognitive

function and reduce the occurrence of adverse reactions, this
study provided evidence-based medical evidence support for the
clinical application of dexmedetomidine.
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Purpose: The purpose of this study is to discuss the effect of computer-aided design

or computer-aided manufacturing (CAD/CAM) guide plate combined with socket-shield

technique (SST) in immediate implantation of anterior teeth aesthetic area and its

influence on aesthetics.

Methods: A total of 102 patients with immediate implantation in our hospital from

March 2017 to March 2020 were selected. According to different repair methods,

patients were divided into conventional group (n = 51) and observation group (n

= 51). Traditional immediate implantation was performed in conventional group. The

observation group underwent immediate implantation with CAD/CAM guides combined

with SST. Immediately after operation and 12 months after operation, the success rate,

implant deviation, periodontal index, absorption of labial bone plate, complications,

aesthetic effects, and satisfaction of the two groups were observed.

Results: There was no significant difference in the success rate between the two groups

(p> 0.05). The implant deviation values in the observation group were all lower than those

in the conventional group (p < 0.05). PD, PLI, and SBI in the observation group were all

lower than those in the conventional group (p < 0.05). The absorption value of labial

bone plate in the observation group were all lower than those in the conventional group

(p < 0.05). The total incidence of complications in the observation group (5.88%) was

lower than that in the conventional group (19.61%) (p < 0.05). The PES and WES in the

observation group were higher than those in the conventional group (p < 0.05). The total

satisfaction in the observation group (92.16%) was higher than that in the conventional

group (76.47%) (p < 0.05).

Conclusion : The application of CAD/CAM guide plate combined with SST in immediate

implantation of anterior teeth aesthetic area has a good effect, which can improve the

accuracy of implantation, improve the periodontal environment, reduce bone resorption,

reduce complications, improve aesthetics, and have high patient’s satisfaction.

Keywords: immediate implantation, anterior teeth, CAD/CAM guide plate, socket-shield technique, aesthetics
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INTRODUCTION

The aesthetic area of anterior teeth refers to any tooth-alveolar
part that can be seen when laughing. Because of tooth defects,
pulp diseases, trauma, and other factors, this area is easily
damaged, which will greatly affect the patient’s appearance,
occlusion, pronunciation, physiological stimulation, and other
functions and then affect the patient’s mental health and social
life (1). Immediate implantation is an oral repair technique
that implants are implanted into the bone immediately after
tooth extraction. It has the advantages of less trauma, short
period, and fewer operations and can reduce the pain of patients
and the social and economic burden of patients. It has been
widely accepted by patients and doctors (2). The aesthetic area
of anterior teeth, as an important position in oral cavity, has
a special anatomical structure, and patients often have higher
aesthetic requirements for this area. Therefore, it is undoubtedly
a great challenge for most doctors to immediate implantation of
aesthetic area of anterior teeth. The three-dimensional position
and axial direction of the implant are the prerequisites for
obtaining the long-term stability of the implant. However, the
traditional implant operation mainly relies on the personal
experience of doctors, which easily leads to the deviation between
the implant position and the preoperative design position.

With the continuous development of information technology,
computer-aided design or computer-aided manufacturing
(CAD/CAM) is widely used in daily life. In 1970s, the
team of French scholar Duret first introduced CAD/CAM
technology into the design and manufacture of dental
prostheses (3). The CAD/CAM technology uses CBCT data
to reconstruct jaw information through professional software,
designs and makes implant guide plate using CAD/CAM,
and then guides each reaming drill and implant placement
during implant operation (4). CAD/CAM guide plate can
accurately control the three-dimensional direction of the
implant, reduce the operation risk, shorten the operation
time, and greatly promote the development of digital dental
implant technology.

Clinical studies and animal experiments show that immediate
implantation after tooth extraction cannot avoid vertical and
horizontal bone resorption of surrounding bone tissue, especially
the absorption of labial side, and the alveolar bone of labial
side will collapse rapidly, resulting in alveolar ridge stenosis,
which will adversely affect the healing of soft tissue, and then,
it is difficult to achieve the ideal aesthetic requirements (5).
In recent years, how to preserve alveolar bone with better
repair methods has become a hot issue in the clinic. In the
1960’s, root penetration technology became popular, mainly
used to prevent alveolar bone resorption (6). In 2010, Hürzeler
created the socket-shield technique (SST) based on the root
penetration technique. The key points of this method are
incomplete extraction of the affected teeth, preservation of
cementum and periodontal ligament of labial dental tablets,
and implantation of implants in the palatal side, which can
reduce the risk of absorption of labial bone plate, resulting
in long-term preservation of the alveolar ridge contour (7).
Dayakar’s team reported that the blood supply of periodontal

membrane between tooth piece and buccal bone tissue was
good, but no obvious absorption and reconstruction of labial
bone plate were found. After the application of SST, there
was new cementum between the implant and the retained
root slice, which formed osseointegration. This technique
is a good plan for implant restoration in the aesthetic
area (8).

The implementation of SST has high technical sensitivity.
As influenced by the improper operation of the operator
and complicated anatomical structure, it is easy to cause
the loosening and displacement of the labial dental shield,
and even break and fall off, which leads to the failure
of retaining the dental shield. In addition, there is a high
probability of complications such as labial gingival recession
after immediate implantation, and only patients with a thickness
of the labial bone plate >1mm can achieve better aesthetic
results. Therefore, this research carried out SST based on the
CAD/CAM guide plate, to provide some reference for clinical
oral restoration.

MATERIALS AND METHODS

Research Object
A total of 102 patients with immediate implantation from
March 2017 to March 2020 were selected. Inclusion criteria
were as follows: age ≥18 years; single anterior tooth has no
retention value; complete labial bone plate, thickness of labial
bone plate ≥1mm; the gingival biotype was a thick gingival
type; periodontal tissue was normal, and there was no obvious
inflammation at the root tip; do not smoke; good oral hygiene; no
mouth opening limitation, the distance between the incisal edges
of the upper and lower central incisors was <3.7 cm; can tolerate
operation; informed consent to the study. Exclusion criteria
were as follows: systemic diseases with contraindications for
operation (such as leukemia, hemophilia, osteoporosis, systolic
blood pressure >180 mmHg or diastolic blood pressure >100
mmHg in patients with hypertension, fasting blood glucose
>8.88 mmol/L in patients with diabetes); accompanied by night
bruxism, clenching teeth and other bad oral habits; mental
disorders, unable to cooperate with the investigator; pregnancy or
lactation; lost to follow-up or dropped out halfway. According to
different repair methods, patients were divided into conventional
group (n = 51) and observation group (n = 51). General data
were equally comparable between the two groups (p > 0.05). See
Table 1 for specific general information.

Research Methods
Preoperative preparation: preoperative oral examination,
imaging examination, and routine biochemical examination
were carried out, and oral health education was carried out. Oral
examination includes the followings: local soft and hard tissues
of missing teeth, missing tooth space, occlusal relationship,
periodontal condition of adjacent teeth, periodontal health of
the whole mouth, joint condition, etc. It determined the implant
plan and introduces the implant type, operation process, and
possible complications to patients in detail. Imaging examination
includes the followings: CBCT imaging, assessment of available
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TABLE 1 | Comparison of general data between the two groups (n, %, x̄ ± s).

Group Gender Average age

(years)

Missing tooth position Causes of dental disease

Male Female Loss of upper

anterior teeth

Loss of lower

anterior teeth

Lesions of tooth

and Pulp

Tooth trauma Other

Conventional

group (n = 51)

25 (49.02%) 26 (50.98%) 40.67 ± 8.52 34 (66.67%) 17 (33.33%) 28 (54.90%) 17 (33.33%) 6 (11.76%)

Observation group

(n = 51)

28 (54.90%) 23 (45.10%) 41.39 ± 8.06 33 (64.71%) 18 (35.29%) 30 (58.82%) 14 (27.45%) 7 (13.73%)

χ
2/t-value 0.353 0.438 0.043 0.436

p-value 0.552 0.662 0.835 0.804

FIGURE 1 | Comparison of clinical efficacy between two groups.

bone width and bone height at the missing tooth, and adjacent to
important anatomical structures.

Intraoperative operation: ① Traditional immediate
implantation was performed in conventional group: As
conventional disinfection and towel spreading, after local
infiltration anesthesia, the implant cavity was prepared on the
palatal side of the alveolar fossa. After the preparation of the
hole was completed, a large amount of normal saline were
used to flush the implant cavity and implanted the implant
(Nobel Biocare, Sweden). The cover screws or healing abutments
were placed, Bio-Oss bone powder (Geistlich, Switzerland)
was filled into the labial jump gap of the implant, Bio-Gide
barrier membrane was covered, and intermittent sutures were
performed. ② The observation group underwent immediate
implantation with CAD/CAM guides combined with SST: the
data derived from CBCT were imported into Simplant Pro 2011
software (Materialize, Belgium), the target area was selected,
the images of upper and lower dentition and bone tissue were
extracted, and the high-quality three-dimensional jaw model
was reconstructed. According to the condition of jaw and the
position of prosthesis, the available bone width and available
bone height in the missing tooth area were measured on the

sagittal image, so as to determine the three-dimensional position,
type, and size of the implant and design the surgical guide plate
with accuracy exceeding millimeter level for patients. Finally,
the CAD/CAM dental implant guide plate was manufactured
using the dental guide plate forming machine. The upper and
lower dentition models of patients were made with silicone
rubber, and the super anhydrite model was poured and sent
to the processing center. Conventional disinfection and towel
spreading, after local infiltration anesthesia, SST was started.
First, the labial apical fenestration, root removal, and alveolar
fossa were performed. A U-shaped incision was made on the
side of the lip from the incisor of the natural tooth, and the
full-thickness flap was turned to expose the alveolar bone of the
apical tooth. The labial side window was opened by high-speed
turbine, and the root of the apical tooth was removed. The socket
was cleaned with a spoon, and the socket was rinsed with plenty
of saline. High-speed turbines were used to divide the root in
the near and far directions to avoid alveolar bone damage. After
the labial-palatal root was completely separated, the palatal root
was removed, the labial-palatal slice was retained, the thickness
was adjusted to 1mm, and the shield shape was formed to 2mm
subgingival. The CAD/CAM guide plate prepared preoperatively
was fixed in the dentistry, and the implant socket was prepared
following the guide hole of the guide plate and implanted the
implant (Nobel Biocare, Sweden). There was a 2-mm distance
between the implant and the tooth piece. Bio-Oss bone powder
(Geistlich, Switzerland) was filled into the labial jump gap of
the implant, Bio-Gide barrier membrane was covered, and
intermittent sutures were performed.

Postoperative treatment: after implantation, two groups of
antibiotics were given for 3–5 days, 3 times a day, and two
groups of chlorhexidine gargle were given for 14 days, 3 times
a day. After 6 months of implantation, the superstructure was
repaired, CBCT was taken to confirm the osseointegration of
the implant, and the final model was taken for a permanent
repair. All immediate implant operations were performed by the
same operator. Patients were ordered to have regular checkups
and informed of precautions for oral health maintenance.
Patients in both groups were followed up for 12 months
and the outcomes were evaluated. All evaluation items were
completed by the same physician who did not participate in
the operation.
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FIGURE 2 | Comparison of implant deviation between two groups. (A) Shoulder deviation, (B) Root deviation, (C) Depth deviation, and (D) Angle deviation.

Compared with the conventional group, *p < 0.05.

Observation Index
After 12 months of operation, the success rate of implant
was evaluated according to Albrektsson standard (9), and the
successful evaluation criteria were as follows: ① Implants did not
loosen or fall off; ② No persistent or irreversible symptoms of
the implant, including paresthesia, infection, pain, inflammation,
etc.; ③ Imaging showed no transmission zone around the
implant; ④ Implant neck bone resorption<2mm in the first year
and <0.2mm every year thereafter.

Immediately after operation, the oral cavity of the two
groups was scanned by the intraoral scanner to obtain the data
information of the oral implants, and the image information
was imported into the computer software for registration. The
shoulder deviation, root deviation, depth deviation, and angle
deviation between the preoperation design and the postoperation
implant were measured for 3 times and averaged.

After 12 months of operation, the periodontal index was
detected by periodontal probe, including 6 sites of each tooth:
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FIGURE 3 | Comparison of periodontal index between two groups. (A) PD, (B) PLI, and (C) SBI. Compared with the conventional group, *p < 0.05.

the mesial, center, and distal of the buccal, and the mesial,
center, and distal of the tongue. ① Probing depth (PD): the
distance from the gingival margin to the bottom of the pocket
or the bottom of the gingival groove was measured with a
periodontal probe, and PD of healthy gingival was <2–3mm.
② Plaque index (PLI): patients were instructed to gargle plaque
for 2min, blow-dry the tooth surface, and then lightly scratch
the tooth surface with a probe. According to the amount and
thickness of plaque on the tooth surface, the score method of
0–3 points was used. The higher the score, the more plaque. ③

Sulcular bleeding index (SBI): the periodontal probe was gently
inserted into the gingival sulci, the probe was removed 30 s

later, the gingival bleeding was observed, and the score method
of 0–5 points was used. The higher the score, the greater the
bleeding tendency.

Immediately after operation and 12 months after operation,
the same doctor used the same CBCT to take photos of the
two groups under the same parameters. The parameters were
set as follows: the shooting voltage was 120 kV, the current
was 5mA, the effective exposure time was 8.9 s, and the
resolution was 0.4mm. Every time the patient took pictures,
patients were sat upright, the occlusal plane was parallel to
the horizontal plane, and the middle line was perpendicular to
the horizontal plane. The built-in software KaVo-eXam Vision
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FIGURE 4 | Comparison of absorption of labial bone plate between two groups. (A) 1mm-IS(T1-T2), (B) 3mm-IS(T1-T2), and (C) 5mm-IS(T1-T2). Compared with the

conventional group, *p < 0.05.

was used to measure the multilevel labial bone plate thickness
of 1, 3, and 5mm of the root of the implant shoulder (IS).
They were denoted as 1, 3, and 5 m-IS, respectively, the
measurement images passed through the center of the implant,
and the measurement accuracy was 0.01mm and measured for 3
times and averaged. Labial plate absorption value = immediate
postoperative labial plate thickness – 12 months postoperative
labial plate thickness.

The complications that occurred in the two groups
within 12 months after operation were recorded,

including periimplant inflammation, crown fracture,
gingival swelling, neuropathic pain, malocclusion, and
other complications.

After 12 months of operation, the photos of the aesthetic
area of the anterior teeth were taken, and the aesthetic effect
was evaluated according to the pink aesthetic index (PES) and
the white aesthetic index (WES). The score was obtained by
comparing with the tooth of the same name on the opposite
side. There were 12 members in the scoring group, who came
from the Department of Stomatology, Implant Department, and
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TABLE 2 | Comparison of complications between two groups (n, %).

Group Periimplant inflammation Crown fracture Gingival swelling Neuropathic pain Malocclusion Total incidence rate

Conventional group (n = 51) 2 (3.92%) 1 (1.96%) 5 (9.80%) 1 (1.96%) 1 (1.96%) 10 (19.61%)

Observation group (n = 51) 0 (0.00%) 0 (0.00%) 2 (3.92%) 1 (1.96%) 0 (0.00%) 3 (5.88%)

χ
2/t-value 4.320

p-value 0.038

FIGURE 5 | Comparison of aesthetic effects between the two groups. (A) PES and (B) WES. Compared with the conventional group, *p < 0.05.

Imaging Department, and the final score was scored by the total
average. ① PES includes gingival margin level, alveolar process
shape, soft tissue texture, soft tissue shape, soft tissue color, distal
gingival papilla, and proximal gingival papilla, with a score of
0–2 points, with a full score of 14 points. The higher the score,
the better the aesthetic effect of soft tissue. ② WES includes
crown shape, crown outline, crown color, surface texture, and
transparency, with a score of 0–2 points, with a full score of 10
points. The higher the score, the better the aesthetic effect of
the restoration.

After 12 months of operation, the self-made questionnaire
was used to evaluate the satisfaction of the two groups,
including the overall appearance, occlusal ability, stability,
comfort, etc. The total score was 100 points; 80–100 points
denote very satisfied, 60–79 points denote satisfied, and
<60 points denote dissatisfied. Total satisfaction = (very
satisfied+satisfied)/total number of cases ×100%. The content
validity index of our self-made questionnaire was 0.85, and
the internal consensus reliability Cronbach’s α coefficient
was 0.779.

Statistical Methods
SPSS 22.0 software was used for the analysis, measurement data
were expressed asmean± standard deviation, and t-test was used
to analyze the comparison. Count data were expressed as a ratio,
and chi-square test was used to analyze the comparison. p < 0.05
was statistically significant.

RESULTS

Comparison of Clinical Efficacy Between
Two Groups
There were 49 successful cases and the success rate was 96.08% in
the conventional group, and there were 51 successful cases and
the success rate was 100.00% in the observation group. There
was no significant difference in the success rate between the two
groups (p > 0.05), as shown in Figure 1.

Comparison of Implant Deviation Between
Two Groups
The implant deviation values in the observation group were all
lower than those in the conventional group (p < 0.05), as shown
in Figure 2.

Comparison of Periodontal Index Between
Two Groups
PD, PLI, and SBI in the observation group were all lower than
those in the conventional group (p < 0.05), as shown in Figure 3.

Comparison of Absorption of Labial Bone
Plate Between Two Groups
The absorption value of labial bone plate in the observation group
was all lower than those in the conventional group (p < 0.05), as
shown in Figure 4.
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TABLE 3 | Comparison of satisfaction between the two groups (n, %).

Group Very satisfied Satisfied Dissatisfied Total satisfaction

Conventional group (n = 51) 22 (43.14%) 17 (33.33%) 12 (23.53%) 39 (76.47%)

Observation group (n = 51) 28 (54.90%) 19 (37.25%) 4 (7.84%) 47 (92.16%)

χ
2/t-value 4.744

p-value 0.029

Comparison of Complications Between the
Two Groups
The total incidence of complications in the observation group
(5.88%) was lower than that in the conventional group (19.61%)
(p < 0.05), as shown in Table 2.

Comparison of Aesthetic Effects Between
the Two Groups
The PES and WES in the observation group were higher than
those in the conventional group (p < 0.05), as shown in Figure 5.

Comparison of Satisfaction Between the
Two Groups
The total satisfaction in the observation group (92.16%) was
higher than that in the conventional group (76.47%) (p < 0.05),
as shown in Table 3.

Typical Cases
A female patient who aged 35 years suffered from a traumatic
injury to her upper left anterior tooth a month ago and came
to our hospital for treatment because of the impact on the
aesthetics of the teeth. The patient was physically healthy,
denied a history of systemic disease, and denied a history of
drug allergy. Extraoral examination showed that the patient’s
facial appearance was symmetrical, her mouth opening was
normal, there was no buzzing, murmur, or tenderness in the
temporomandibular joint area, and no enlarged lymph nodes
were palpable in the submandibular, submental, and neck areas.
Intraoral examination showed that the 21 mesial crown fracture
defect, mesial and palatal side involving 1mm subgingival, no
loosening, tapping [-], gingival biologic pattern of medium thick
gingival, root surface convexity consistent with the contralateral
tooth of the same name, and median laughter line. Before the
operation, CBCT showed that the 21 labial bone plate was
continuous and complete, with a thickness of about 0.8mm,
the root of the tooth was close to the labial bone plate, and
the height of apical bone was > 4mm. It was diagnosed that
21 crown-roots were broken. The CAD/CAM guides combined
with SST were performed on the patient. After the operation, the
tooth was well repaired. The color of the restoration was similar
to that of the adjacent teeth. The restoration was in harmony
with the whole teeth, the gingival was in good condition, and
the bone level at the edge of the implant was stable. The
patient was satisfied with the restoration effect, as shown in
Figures 6 (A–K).

DISCUSSION

In recent years, with the improvement in economic level, people
pay more and more attention to the problem of tooth health, and
people are eager to repair the defect of anterior teeth aesthetic
area and achieve ideal aesthetic effect. Immediate implantation,
as a common clinical dental restoration method, is maturing
in the development of artificial implantation technology, but its
surgical accuracy and density can no longer meet the needs of
patients. Because of the thin labial bone wall and thick palatal
bone wall in the aesthetic area of anterior teeth, it is easy to
cause the drill needle to shift to labial side when preparing
the implant socket. In addition, immediate implantation cannot
avoid alveolar bone absorption, especially in patients with thin
labial bone plate, the probability of soft tissue retraction is
obviously increased, resulting in a series of complications (10).
Therefore, determining the three-dimensional position of the
implant andmaintaining the thickness of the labial bone wall play
a vital role in the restoration of the aesthetic area of the anterior
teeth, which has become an urgent problem to be solved in the
current implant field.

With the emergence of digital information technology, the
application of CAD/CAM guide plate in clinic has been widely
recognized. In this study, 102 patients with immediate implants
were treated with CAD/CAM guide combined with SST, and
finally, the success rate was 100.00%, and the deviation value
of implants was small. The possible reason is that by importing
the data derived from CBCT into professional software, deeply
analyzing the three-dimensional data in the oral cavity and
reconstructing the three-dimensional jaw model, the type,
location, and depth of the implant can be determined (11).
The dental implant guide plate manufactured by CAD/CAM
greatly defines the angle and direction of implant implantation,
which can provide more accurate positioning for immediate
implant operation, significantly reduce the deviation value of
empirical operation in space position and then improve the
precision of implant and increase the probability of successful
implant (12). In addition, during the implementation of SST,
the surgeon divides the root of the tooth, extracts the root
of the palatal tooth, and retains the dental slice shield, which
is beneficial to enhance the resistance of the labial bone
plate to external forces and maintain the blood supply of
periodontal ligament to the labial bone plate (13). SST is a simple
surgical procedure, which can preserve as many periodontal
ligament cells as possible, reduce trauma of soft tissue and
bone plate, reduce the risk of alveolar bone absorption and
collapse, and play a positive role in increasing the stability of
implants (14).
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FIGURE 6 | Typical cases. (A) Front view before operation, (B) Maxillofacial view before operation, (C) CAD/CAM digital plan design before operation, (D) The labial

apical fenestration, (E) The root was divided into labial-palatal sides, (F) The palatal root was removed, (G) CAD/CAM digital guide plate in place, (H) Implant

placement, (I) 21 teeth restoration completed after operation, (J) CBCT image before operation, and (K) CBCT image after operation.
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We found that the absorption value of labial bone plate
and the total incidence of complications in the observation
group were lower than those in the conventional group. The
results suggest that the application of CAD/CAM guide plate
combined with SST in immediate implantation of anterior teeth
aesthetic area can reduce the degree of bone resorption and
complications. After applying CAD/CAM guide plate and SST in
immediate implantation, it can induce the secretion of growth
factors related to periodontal tissue regeneration and promote
bone formation and reconstruction. At the same time, it can
avoid squeezing the labial bone plate, increase blood supply,
change the way that alveolar ridge bears stress, and stimulate
the proprioceptor of periodontal membrane of anterior teeth,
thereby reducing the absorption of labial bone plate. In the
process of traditional immediate implant operation, the angle
change and shaking of twist drill may lead to complications
such as crown fracture and gingival swelling after operation,
which will further affect the restoration effect. Compared with the
traditional immediate implantation, SST based on CAD/CAM
guide plate can prevent the twist drill from producing excessive
impact and vibration by guiding the operator to determine
the three-dimensional position of the implant and reduce the
operation requirement of angle change, so that the implant can
be implanted into the missing tooth more accurately and in a
reasonable position. This surgical scheme has the advantages of
less trauma and low risk, which can prevent the implant from
touching the important nerves and blood vessels of periodontal
tissue and reduce the occurrence of complications such as
bleeding and peri implant inflammation. We also found that the
application of CAD/CAM guide plate combined with SST can
reduce PD, PLI, and SBI and promote periodontal health. Sun’s
team reported that the PD, PLI, and SBI in SST group were
significantly lower than those in traditional group (15). After
the implementation of SST, we applied CAD/CAM guide plate
to implant, which made the oral structure, operation process,
and other information clearer and more transparent, greatly
reduced the surgical trauma, avoided damaging the periodontal
tissue, and was more conducive to improve the postoperative
periodontal environment.

For patients with defects in the aesthetic area of anterior teeth,
they often have higher aesthetic restoration requirements. Not
only the white aesthetics of restoration are the key part of this
area, but also the pink aesthetics such as the shape, texture,
color, and outline of gums are the focus of oral aesthetics (16).
In this study, CAD/CAM guide plate combined with SST can
improve the aesthetics of immediate implantation in the aesthetic
area of anterior teeth and obtain higher satisfaction. In the
process of CAD/CAM guide plate design, the operator and the
patient communicate accurately and intuitively. After doctors
know the patient’s repair needs, they can extract oral information
through CBCT, reconstruct the three-dimensional jaw image,
and measure the available bone width and the available bone
height in the missing tooth area, so as to determine the three-
dimensional position of the implant. This can obtain good initial
stability, which is beneficial to achieve accurate and beautiful
implant restoration effect (17). The design and manufacture
of CAD/CAM guide plate plays a certain restrictive role in

implant operation, which is beneficial to avoid the poor implant
position caused by the operator’s lack of experience, and makes
the tooth position structure after operation close to the normal
physiological state, thus meeting the aesthetic requirements of
immediate implant patients (18). SST is beneficial to preserve
the amount of labial alveolar bone, maintain the thickness and
contour of bone plate, improve the shape and position of gingival
margin, and provide conditions for the regeneration of soft and
hard tissues, so that the immediate implant site can obtain a
stable aesthetic effect (19, 20). SST is easy to operate, less surgical
trauma, no excessive surgical intervention, and relatively low
repair cost, which is easily accepted by patients (21).

It is worth noting that although the implementation of
CAD/CAM guide plate has high accuracy, there is still
some deviation in clinical application, which is the result of
superposition of many factors, and the deviation may occur in
any operation. At the same time, SST has the limitation of narrow
indications, and it cannot be applied to cases with chronic apical
infection. Additionally, the development of SST still has some
problems such as tooth position, tooth outcome, curved root, and
so on, and there may be potential risks in practical application.
Therefore, it is necessary for clinicians to master professional
knowledge and clinical skills, minimize the controllable deviation
factors during implantation, and carefully implement SST to
protect dental tablets.

CONCLUSION

To sum up, the application of CAD/CAM guide plate combined
with SST in immediate implantation of anterior teeth aesthetic
area has a good effect, which can improve the accuracy of
implantation, improve the periodontal environment, reduce
bone resorption, reduce complications, improve aesthetics, and
have high patient satisfaction. The results of this study still need
to be further verified by a larger sample size data, and the
long-term effects need to be discussed.
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Purpose: Discuss the implementation effect of cervical cancer comprehensive

treatment patients applying whole-course high-quality care combined with network

continuation care.

Methods: From August 2020 to August 2021, 120 patients who met the inclusion

criteria for comprehensive treatment of cervical cancer were divided into the regular group

(n = 60) who received conventional care and the joint group (n = 60) who received

whole-course high-quality care combined with network continuation care, according

to the method of care. The comprehensive treatment cognition level, comprehensive

treatment compliance, adverse reaction rate, quality of life questionnaire (QLQ-C30)

score, self-rating anxiety/depression scale (SAS/SDS) score, and nursing satisfaction

were compared between the two groups.

Results: After care, the comprehensive treatment cognition score and comprehensive

treatment compliance score were higher in the joint group than in the regular group (P

< 0.05). After care, the incidence of radiation cystitis and radiation proctitis was lower in

the joint group than that in the regular group (P < 0.05). After care, QLQ-C30 scores on

symptom domains, functional domains, and single questions were higher in both groups

than before care, and were higher in the joint group than in the regular group (P < 0.05).

After care, SAS and SDS scores were lower in both groups than before care, and were

lower in the joint group than in the regular group (P < 0.05). After care, the joint group

was more satisfied with care than the regular group (P < 0.05).

Conclusion: The implementation of cervical cancer comprehensive treatment patients

with whole-course high-quality care combined with network continuation care has an

ideal implementation effect, which can significantly increase the patient’s cognition and

compliance with treatment, the incidence of adverse reactions is less, the quality of

life and emotional state have also improved significantly, and care satisfaction has also

increased accordingly.

Keywords: cervical cancer, comprehensive treatment, whole-course high-quality care, network continuation care,

implementation effect
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INTRODUCTION

Cervical cancer is a malignant tumor of the cervical canal
and uterus and vagina associated with multiple factors such as
human papillomavirus (HPV) infection, unclean sex, smoking,
young age at first birth, prolificacy, immunosuppression, etc. (1,
2). Squamous carcinoma, adenocarcinoma, and adenosquamous
carcinoma are their common pathological types (3). Its in situ
carcinoma is more likely to occur in women aged 30–35 years,
and invasive carcinoma is more likely to occur in women aged
45–55 years, and both of which have a tendency to develop
at a lower age in recent years (4). The earlier the disease is
treated and the earlier the clinical stage, the higher the survival
rate of patients. The current 5 year survival rate worldwide is
about 55.50%, which can pose a great threat to the life safety
and physical and mental health of patients (5). A comprehensive
treatment plan based on surgery and radiotherapy, supplemented
by chemotherapy, is usually adopted clinically after considering
the patient’s age, physical condition, fertility needs, and cancer
stage. However, there is a high risk of complications such as pain,
radiation cystitis, radiation proctitis, bone marrow suppression,
skin damage, hair loss, and gastrointestinal symptoms after
surgery or during radiotherapy or chemotherapy, which affects
patients’ physical and mental status and treatment compliance
(6, 7). However, the lack of scientific medical guidance and
standardized nursing management after patients leave the
hospital makes them more prone to a series of near and long-
term complications and sequelae. Therefore, how to improve
the physical and mental status and treatment compliance of
cervical cancer patients, enhance the quality of post-treatment
survival, and reduce the occurrence of adverse reactions has
become an urgent issue for medical professionals to address. The
whole-course high-quality care is to give maximum high-quality
nursing support in the whole stage of patients’ admission, protect
patients’ personal privacy and respect patients’ dignity and value,
so as to maximize the treatment effect and minimize adverse
reactions. The network continuous care is an out of hospital
extension of in-hospital nursing service with wechat and other
information tools as communication media to help patients solve
nursing problems after discharge. It has the characteristics of
low cost and high efficiency. In recent years, our department
has applied the whole-course high-quality care combined with
network continuation care to the care service of cervical cancer
comprehensive treatment patients, and the effect is ideal, which
is reported as follows.

MATERIALS AND METHODS

Research Object
From August 2020 to August 2021, 120 patients with cervical
cancer who met the inclusion criteria were enrolled in this study.
Inclusion criteria: All met the diagnostic criteria of American
Society for Colposcopy and Cervical Pathology for cervical
cancer (8) and the staging criteria of International Federation of
gynecology and obstetrics for cervical cancer (9); Clinical stage
I–III; All received comprehensive anti-cancer treatment in our
hospital; Junior high school education and above; Proficiency in

TABLE 1 | Comparison of baseline information between the two groups

(n, x±s, %).

Items Regular group

(n = 60)

Joint group

(n = 60)

t/χ2 value P-value

Age (years old) 49.42±6.49 50.24±6.49 0.703 0.483

Clinical stage (n, %) 0.586 0.746

Period I 18 (30.00) 20 (33.33)

Period II 23 (38.33) 19 (31.67)

Period III 19 (31.67) 21 (35.00)

Type of pathology (n, %) 1.097 0.578

Squamous carcinoma 45 (75.00) 48 (80.00)

Adenocarcinoma 14 (23.33) 10 (16.67)

Adenosquamous carcinoma 1 (1.67) 2 (3.33)

Education level (n, %) 0.391 0.532

Middle School–High School 46 (76.67) 43 (71.67)

University and above 14 (23.33) 17 (28.33)

the application of WeChat; All met the follow-up conditions.
Exclusion criteria: Previous neurological or psychiatric history;
Pregnancy and lactation; Presence of significant organ damage;
Presence of malignancy at other sites; Presence of cognitive and
communication impairment. All study subjects were divided
into the regular group (n = 60) and the joint group (n =

60) according to the different methods of care. There was no
significant difference in age, clinical stage, type of pathology, and
education level between the two groups, which were comparable
(P > 0.05) (Table 1).

Research Methods
Both groups received comprehensive treatment for cervical
cancer. That was, for patients with stage Ia1–Ib1 cervical
cancer, the cervix or uterine body should be surgically
removed as appropriate + pelvic lymph node dissection
and/or paraaortic lymph node dissection, for those with
high-risk factors, adjuvant radiotherapy and chemotherapy;
For patients with stage Ib2–IIa2 cervical cancer, radical
hysterectomy + pelvic lymph node dissection and/or paraaortic
lymph node dissection and radiotherapy and chemotherapy
were performed; For patients with stage IIb–IIIb cervical
cancer, concurrent chemoradiotherapy with radiotherapy as
the core was implemented. On this basis, the regular group
received conventional care interventions and the joint group
received whole-course high-quality care combined with network
continuation care interventions.

Conventional care: In other words, according to the
comprehensive treatment process of cervical cancer, patients
were given verbal health education about cervical cancer; they
were informed of the precautions and examination items during
surgery and radiotherapy; they were advised to complete daily
basic care; they were strictly supervised to take medication and
receive treatment on time; the hygiene and room temperature of
wards and treatment rooms were maintained; and the changes of
patients’ vital signs were strictly monitored and recorded.
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Whole-course high-quality care: ①Before comprehensive
treatment: Medical and nursing staff should actively
communicate with patients and their families, patiently
inform patients or their families of the rationale, necessity,
effects and possible adverse reactions of the treatment. Through
conversations, letting them fully understand the basic knowledge
and precautions related to treatment, so that they had good self-
management skills and ability to respond to emergencies. For
example, radiotherapy maybe cause burning, redness, swelling
and other damage to the skin of the patient’s healthy parts.
Therefore, medical staff should inform patients or their families
in advance to prepare soft, cotton underwear to reduce contact
with the skin of the affected area. For patients with psychological
stress or their family members, they should be informed that
anxiety, tension, fear, etc. are all normal psychological emotions,
and should be addressed squarely and actively relieved. Through
verbal communication, understand the reasons for the patients’
negative emotions and provide targeted psychological counseling
to make the patients face treatment with an optimistic attitude.
②During comprehensive treatment: Recording the patient’s vital
signs changes and adverse reactions in detail, and giving targeted
treatment measures to them. In addition, strengthenning the
screening of patients’ pain and other problems, timely intervene
in case of abnormality. At the same time, medical staff stilled
need to pay close attention to the patient’s psychological state and
source of negative emotions. The discomfort of the patient or the
psychological defense mechanism could be eliminated in time
through methods such as psychological suggestion and attention
shift, so as to obtain the cooperation and trust of the patient as
much as possible, thereby improving the compliance to receive
treatment. ③After comprehensive treatment: Actively dealing
with treatment-related adverse reactions and complications.
For example, for patients with skin burns, they should be told
to keep their skin dry, keep away from light, do not touch
vigorously, and do not use drugs without authorization. Patients
with gastrointestinal symptoms should be encouraged to eat
consistently, and medical staff can work with the patient’s family
to establish a scientific, reasonable and rich and diverse healthy
diet for the patient. Instruct patients to increase their drinking
water appropriately after radiotherapy and chemotherapy to
accelerate the metabolism and excretion of drugs. Eat more
fresh ingredients that can boost immunity every day, and try to
maintain or enhance the flavor of the food during preparation
to stimulate the appetite of the patient. It was also possible to
reduce gastrointestinal discomfort in patients by eating small
meals and frequent meals. For patients with radiation cystitis,
gauze could be filled in the vagina to reduce radiation damage,
and dexamethasone, gentamicin and other drugs could also
be appropriately treated. For patients with radiation proctitis,
bismuth carbonate should be taken orally in time, and the
patients should be instructed to reduce the intake of crude fiber
to reduce the secondary irritation to the intestinal tract. After
the patient was discharged from the hospital, the researchers
followed up by telephone twice a month to understand their
physical and mental status and health problems, supervised
patient’s treatment progress and health management, etc.,
actively corrected patients’ misunderstandings about disease and

health, and patiently answered patients’ health problems and
treatment confusion.

Network continuation care: Using WeChat as the medium
of implementation. First, the department established a WeChat
group of network continuation care, and drew the members
of the department into the group. Then posted the admission
QR code in the department, and patients could scan the
code to join the group upon admission. Arranging a full-time
nurse to develop a treatment cycle schedule for each patient,
so that patients can obtain information such as consultation
appointments, discharge instructions, return treatment time,
follow-up time, treatment progress, departmental contact
information, and other relevant information within the group. At
the same time, the group regularly pushed related articles about
common complications and treatment methods after cervical
cancer radiotherapy and chemotherapy, and dietary precautions,
which patients could download and read by themselves. Every
day, a physician and a full-time nurse were arranged to provide
professional answers and guidance to patients’ doubts and
problems. Questions related to personal privacy such as sex
life could be reported and answered privately. At the same
time, patients could also communicate or give feedback on
their own in the group, share their anti-cancer experience or
nursing improvement opinions, etc. The department held a
forum once a month to summarize the problems and feedback
collected and discuss solutions, so as to continuously improve
the group management process and service process of network
continuation care.

Observation Index
(1) Comprehensive treatment cognitive score: After care, the
“Questionnaire for Comprehensive Treatment Cognitive Level
of Cervical Cancer,” which was developed by our hospital, was
used for assessment. The total score was 0–100, and the higher
the score, the higher the cognitive level.

(2) Comprehensive treatment compliance score: After care,
the “Questionnaire for Comprehensive Treatment Adherence of
Cervical Cancer,” which was developed by our hospital, was used
for assessment. The total score was 0–100, the higher the score,
the better the compliance.

(3) Incidence of adverse reactions: The treatment-related
adverse reactions such as radiation cystitis, radiation proctitis,
bone marrow suppression and digestive symptoms during care
were recorded in both groups.

(4) Quality of life questionnaire (QLQ-C30) score: Before and
after care, the QLQ-C30 was used to assess the overall quality
of life of both groups, including symptom domains, functional
domains, and single-item problems. The total score of each item
was 0∼100, and the higher the score, the better the quality of life.

(5) Self-rating anxiety/depression scale (SAS/SDS) score:
Before and after care, the emotional status of both groups was
assessed by SAS/SDS. The former group was classified as having
anxiety symptoms with a standard score of ≥50, and the latter
group was classified as having depressive symptoms with a
standard score of ≥53.

(6) Nursing satisfaction: After nursing care, the “Nursing
Satisfaction Questionnaire for Cervical Cancer Patients,” which
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FIGURE 1 | Comparison of cognitive and adherence scores of comprehensive

treatment of the two groups. Compared with the same item in the regular

group, *P < 0.05.

was developed by our hospital, was used for assessment. The total
score of 90–100 was very satisfied, 60–89 was satisfied and <60
was unsatisfied.

Statistical Methods
SPSS 22.0 software was applied, and the measurement data were
expressed as mean± standard deviation and compared by t-test.
Count data were expressed as ratio, and the χ

2 test was used for
comparison. P < 0.05 was considered statistically significant.

RESULTS

Comparison of Cognitive and Adherence
Scores of Comprehensive Treatment of the
Two Groups
After care, the comprehensive treatment cognition score and
comprehensive treatment compliance score were higher in the
joint group than in the regular group (P < 0.05) (Figure 1).

Comparison of the Incidence of Adverse
Reactions of the Two Groups
After care, the incidence of radiation cystitis and radiation
proctitis was lower in the joint group than that in the regular
group (P < 0.05) (Table 2).

Comparison of QLQ-C30 Scores of the Two
Groups
After care, QLQ-C30 scores on symptom domains, functional
domains, and single questions were higher in both groups than
before care, and were higher in the joint group than in the regular
group (P < 0.05) (Figure 2).

Comparison of SAS and SDS Scores of the
Two Groups
After care, SAS and SDS scores were lower in both groups than
before care, and were lower in the joint group than in the regular
group (P < 0.05) (Figure 3).

Comparison of Nursing Satisfaction of the
Two Groups
After care, the joint group (96.67%) was more satisfied with care
than the regular group (83.33%) (P < 0.05) (Table 3), 60–89 was
satisfied and <60 was unsatisfied.

DISCUSSION

In recent years, with the popular use of HPV vaccine and
cervical cytology screening, the incidence of cervical cancer
and its precancerous lesions has been greatly reduced by early
prevention, diagnosis and treatment, but patient survival is still
low (10). In the implementation of comprehensive treatment
for cervical cancer patients, the clinical approach mostly adopts
staged treatment. That is, cervical cancer patients with stage Ia1–
IIa2 are treated with comprehensive treatment measures mainly
with surgery and supplemented with radiotherapy; patients with
stage ≥IIb are treated with simultaneous radiotherapy and
chemotherapy with radiotherapy as the core (7, 11). However,
it has been observed that after cervical cancer surgery, the
sense of experience such as pain or incompleteness caused by
surgical resection can lead to a range of negative emotions such
as low self-esteem, loss, and depression (12, 13); Damage to
adjacent organs, fatigue or bone marrow suppression caused by
radiotherapy can cause further damage to the patient’s health
status and quality of life (14, 15); Moreover, the damage to the
digestive tract caused by chemotherapy can lead to decreased
appetite, nausea and vomiting, and even rejection of food, and the
patient’s nutrient intake is insufficient, and the body’s immunity
can be further reduced (16, 17). These problems can lead to non-
compliance or intolerance of patients to later radiotherapy and
chemotherapy, and patients end up in the unfavorable situation
of short survival time and low survival probability because
they cannot complete their treatment. In addition, according
to our clinical observation, under the conventional nursing
mode, medical staff lack advance judgment and prevention
of patients’ treatment adverse reactions or negative emotions,
so they often fall into a panic and passive situation when
problems appear, which is not conducive to the maintenance
of nurse-patient relationship and the establishment of nurse-
patient trust. Based on the above, it is obviously not enough
to provide only routine nursing support for patients receiving
comprehensive treatment for cervical cancer, and more humane
and comprehensive high-quality nursing services are urgently
needed to be implemented.

This study implemented the whole-course high-quality care
combined with network continuation care for patients with
comprehensive treatment of cervical cancer. Both of them follow
the concept of “patient-centered” and strive to provide quality
and humanized nursing care throughout the whole stage of
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TABLE 2 | Comparison of the incidence of adverse reactions of the two groups (n, %).

Groups Radiation cystitis Radiation proctitis Digestive symptoms Bone marrow suppression Others

Regular group (n = 60) 14 (23.33) 10 (16.67) 22 (36.67) 47 (78.33) 27 (45.00)

Joint group (n = 60) 3 (5.00) 2 (3.33) 18 (30.00) 40 (66.67) 18 (30.00)

χ
2value 8.292 5.926 0.600 2.048 2.880

P-value 0.004 0.015 0.439 0.152 0.090

FIGURE 2 | Comparison of QLQ-C30 scores of the two groups. (A) Symptom domain score; (B) Functional domain score; (C) Single question score. Compared with

the same group before care, *P < 0.05; Compared with the regular group after care, #P < 0.05.

FIGURE 3 | Comparison of SAS and SDS scores of the two groups. (A) SAS score; (B) SDS score. Compared with the same group before care, *P < 0.05;

Compared with the regular group after care, #P < 0.05.

TABLE 3 | Comparison of nursing satisfaction of the two groups (n, %).

Groups Very

satisfied

Satisfied Unsatisfied Overall

satisfaction rate

Regular group (n = 60) 22 (36.67) 28 (46.67) 10 (16.67) 50 (83.33)

Joint group (n = 60) 37 (61.67) 21 (35.00) 2 (3.33) 58 (96.67)

χ
2value 5.926

P-value 0.015

in-hospital and out-of-hospital treatment. The implementation
results show that after care, the comprehensive treatment
cognition score and comprehensive treatment compliance score
were higher in the joint group than in the regular group; the
incidence of radiation cystitis and radiation proctitis was lower
in the joint group than that in the regular group; QLQ-C30
scores on symptom domains, functional domains, and single
questions were higher in both groups than before care, and

were higher in the joint group than in the regular group
(P < 0.05). In clinical care, almost all patients have varying
degrees of lack of basic knowledge related to treatment (18).
This may lead to poor treatment cooperation or improper self-
care, which ultimately aggravates the occurrence of treatment-
related complications or adverse effects and affects the quality
of life and health status of patients after treatment (19).
During the whole-course high-quality care in this study, before
comprehensive treatment, medical staff explained to the patient
the principle, necessity, effect and possible adverse reactions
of the treatment. This was not only an early prediction and
prevention by medical staff of possible problems during and
after comprehensive treatment of patients, but also helped
patients to be psychologically prepared. In order to reduce the
occurrence of unfavorable expectations, patients entered the
preparation state in advance to cooperate with medical staff for
treatment and nursing, and actively learned basic knowledge
and precautions related to treatment. Furthermore, its treatment
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cognition level, treatment compliance, self-management ability
and emergency response ability had been greatly improved,
which would ultimately help reduce treatment-related adverse
reactions and improve the prognostic quality of life. During
the comprehensive treatment, medical staff not only paid
attention to the targeted care of the patient’s existing vital
signs changes and various adverse reactions, but also paid
attention to the comprehensive screening and protection of the
patients’ possible problems. Early detection and treatment of
the direct or indirect damage that surgery or radiotherapy and
chemotherapy might bring to the body would also help patients
maintain their quality of life and health. After comprehensive
treatment, the focus of medical staff ’s care was to actively
treat complications and maintain the treatment effect. After
the comprehensive treatment in this study, the patient’s daily
diet and daily life were intervened by combining with the
patient’s family members. The family members could play an
auxiliary role in helping, supervising and reminding. This could
better meet the treatment needs of patients and enhance their
confidence in disease resistance, which would ultimately help
improve the anti-cancer effect of comprehensive treatment.
In addition, the application of network continuation care
in patients’ home treatment, which provided information,
consultation and out-of-hospital reminders to patients with
the interactive information function of WeChat. This made
patients no longer limited to the time and space constraints
of inconvenient to answer the phone, unclear speech, or
unable to understand the content of the communication in
a timely manner under the conventional care model, it had
also changed the past model that patients need to integrate
and screen effective information to cooperate with treatment
during home treatment on their own. Medical staff could
also learn about the patient’s disease dynamics and treatment
needs in real time through the patient’s condition feedback and
consultation questions, and updated and improved the nursing
content accordingly. This helped to maintain the coordination
and continuity of care during home treatment of patients,
and was an effective way to foster patients’ healthy self-
reflection behavior and ensure patient treatment compliance
and safety.

When the patient has misunderstandings about the disease
or treatment, it can not only affect the treatment compliance
and treatment effect, but also easily cause psychological
imbalance, leading to a series of bad emotions such as
anxiety, depression, worry, resistance, etc., which in turn can
also affect the patient’s compliance and effect with treatment
(20). After care in this study, SAS and SDS scores were
lower in both groups than before care, and were lower in
the joint group than in the regular group; After care, the
joint group was more satisfied with care than the regular
group (P < 0.05). It is suggested that whole-course high-

quality care combined with network continuation care is an
effective initiative to improve patients’ psychological stress
level and nursing satisfaction, and to maintain patients’ good
therapeutic mindset. Analyzing the reasons, all stages of the
whole-course high-quality care in this study focused on the
control and enlightenment of patients’ psychological state.
Among them, the meticulous care and patient guidance of
medical staff, and the involvement of family relationships are
all helpful to the establishment of patients’ confidence in
treatment and the relief of negative emotions. In addition, in
network continuation care, patients can discuss embarrassing
problems encountered in daily life without having to meet
with medical staff, which is an effective way to relieve patients’
psychological burden and psychological defense mechanism,
enhance nurse-patient trust and promote mutual understanding.
It enables patients to communicate more candidly about
psychological problems and receive psychological counseling
from medical staff.

CONCLUSION

To sum up, after the implementation of the whole-course
high-quality care combined with network continuation care,
patients with comprehensive cervical cancer treatment have
greatly improved their cognition and compliance with treatment,
and treatment-related side effects have been greatly reduced.
This is helpful to the overall solution of the patients’ physical,
psychological and social problems, so their quality of life is
significantly improved, and the patient’s nursing satisfaction
is high.
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In this prospective study, we randomly divided 131 patients with intracerebral

hemorrhage (ICH) who met the inclusion criteria into two groups. One group received

routine nursing during hospitalization, and the “Stroke Prevention Knowledge Manual”

was issued before discharge, and was recorded as the control group (n= 61); one group

received comfort nursing during hospitalization, and implemented continuous nursing

after discharge, and was recorded as the research group (n = 70). The indicators we

observed were the occurrence of pressure ulcers and falls during the hospitalization

of the two groups of patients and the improvement in neurological function, limb

function, quality of life, ability of daily living, and emotional state after the intervention.

We also compared the disability degree of the two groups 6 months after discharge, the

readmission status within 6 months of discharge, and the nursing satisfaction after the

intervention. Our conclusion is that comfort nursing combined with continuous nursing

intervention after discharge can effectively reduce the occurrence of pressure ulcers and

falls during the nursing period of patients with ICH and contribute to the improvement of

their quality of life and prognosis. It is worthy of clinical promotion.

Keywords: intracerebral hemorrhage, comfort nursing, continuous nursing, pressure ulcers, falls, quality of life,

prognosis

INTRODUCTION

Intracerebral hemorrhage (ICH) is an acute hemorrhagic stroke in which non-traumatic factors
cause the rupture of cerebral arteries and the accumulation of blood around the brain tissue, which
damages the normal nerve function of the brain, and it accounts for about 10–30% of all patients
with stroke (1, 2). The clinical symptoms of the disease are complex and the treatment cycle is
long. In addition to the limbs and nerve dysfunction caused by the disease itself, some patients who
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need to receive long-term bed treatment due to coma,
intracranial hypertension, or large bleeding are also prone
to pressure sores, pulmonary infection, and other immobile
complications, which complicates the condition (3). In addition,
falls are also a common adverse event in patients with ICH,
and the cause may be related to the decline in cognitive level
of patients with ICH and motor and sensory functions (4). For
the treatment of ICH, surgical puncture and drainage is the
ideal way to remove hematoma, relieve intracranial hypertension,
prevent occupying lesions, and reduce brain herniation in a
timely manner. However, 75% of patients may still have different
degrees of disability after surgery, so a longer rehabilitation
period is required. However, patients with prolonged illness
and long-term reduced mobility are very prone to anxiety and
depression, which affect the rehabilitation process (5, 6). Under
the traditional nursing model, the focus of nursing for patients
during hospitalization is mostly on the physiological level, and
after discharge, patients can only obtain phased knowledge of
rehabilitation treatment by returning to the hospital for follow-
up visits, so it is difficult to achieve a harmony of physical,
mental, and social health. Comfort nursing, as an extension of the
connotation of holistic nursing, focuses on the harmonization of
comfort and satisfaction at the physical, psychological, social, and
spiritual levels compared to traditional care and is an effective
care model to help patients achieve a relaxed and comfortable
state and eliminate pain and fatigue symptoms, etc. (7). As
an out-of-hospital extension of holistic care in the hospital,
continuous nursing is a community and family servicemodel that
ensures that patients can still enjoy continuous and coordinated
rehabilitation care during the recovery period after discharge,
and it has the effect of promoting the rehabilitation process and
reducing the need for readmission (8). In this study, comfort
nursing and continuous nursing were combined in the nursing
management of ICH, and its effects on pressure ulcers, falls,
quality of life, and prognosis of patients with ICH were observed.
The report is as follows.

MATERIALS AND METHODS

General Information
FromMarch 2018 to December 2019, 131 patients with ICH who
were admitted to this hospital were randomly divided into the
control group (n = 61) and the study group (n = 70). There
was no statistical difference between the two groups in general
information such as gender, age, bleeding site, hematoma volume,
diabetes mellitus, and caregivers (p > 0.05), as shown in Table 1.

Inclusion Criteria
The inclusion criteria included the followings: 1© patients who
met the diagnostic criteria for spontaneous ICH in Guidelines
for the Management of Spontaneous Intracerebral Hemorrhage
(9); 2© age <75 years; 3© first onset; 4© patients with soft channel
puncture and drainage to remove hematoma; 5© patients who
met the requirements for home visits; 6© patients who had signed
an informed consent.

TABLE 1 | Comparison of two groups of general information [n (%), (M±SD)].

Types Control

group

(n = 61)

Study group

(n = 70)

χ
2/t p

Gender 0.026 0.871

Male 34 (55.74) 40 (57.14)

Female 27 (44.26) 30 (42.86)

Age (year old) 64.52 ± 7.86 63.39 ± 7.67 0.831 0.407

Bleeding site 0.297 0.862

Basal ganglia 36 (59.02) 38 (54.28)

Brain lobe 18 (29.51) 23 (32.86)

Thalamus 7 (11.47) 9 (12.86)

Hematoma volume (mL) 48.73±10.29 49.38±9.90 0.368 0.713

Diabetes 0.283 0.595

Yes 10 (16.39) 14 (20.00)

No 51 (83.61) 56 (80.00)

Caregiver 0.412 0.814

Spouse 35 (57.38) 38 (54.29)

Children 18 (29.51) 20 (28.57)

Other 8 (13.11) 12 (17.14)

Exclusion Criteria
The exclusion criteria included the followings: 1© ICH caused
by trauma; 2© secondary ICH; 3© patients with brainstem
hemorrhage or brainstem failure; 4© patients with vascular
dementia, Parkinson’s disease, and psychosis; 5© patients with
malignant tumors.

Nursing Methods
Both groups were treated with minimally invasive soft channel
puncture and drainage after admission to the hospital, and
vital signs were monitored and maintained after the operation.
Basic treatments such as lowering intracranial pressure, brain-
protective agents, control of blood pressure and blood sugar,
and prevention of complications were given according to the
specific conditions of the patients. Based on this, the control
group was received with routine nursing intervention during
hospitalization, that was, in-hospital health education, guidance
on diet, life and medication, oral, respiratory, and psychological
care, and after 48 h of stable illness, routine functional training
and active and passive activities of the limbs were carried out. The
“Knowledge Handbook of Stroke Prevention and Treatment”
was distributed before discharge and rehabilitation training was
ordered and returned to the hospital for follow-up treatment 6
months after discharge.

On the basis of the above, the research groupwas received with
comfort nursing intervention during hospitalization. Specifically,
(1)Comfortable environment: Keep the ward well-ventilated,
well-lit, clean and tidy, suitable for room temperature and
humidity, place green plants, and use warm color decorations to
provide a comfortable hospital environment for the rehabilitation
of patients. (2) Comfortable bedtime: Based on the routine
bedtime management (3–4w), combined with evidence-based
nursing basis and expert advice, targeted bedtime guidance was
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implemented to prevent adverse events such as rebleeding and
falls. In other words, for those who had basically disappeared with
positive signs of the nervous system and symptoms, they could
gradually sit up and get out of bed after 5–7 days of bed rest;
for those with mild positive signs of the nervous system and no
symptoms of intracranial hypertension, they could perform self-
care activities such as dressing, sitting up, eating, and washing
in bed after 2 weeks of bed rest and gradually got out of bed
after half a month; for severe condition of patients with heavy
bleeding or intracranial hypertension, they stayed in bed strictly
for 3–4w; and for subarachnoid hemorrhage, they stayed in bed
absolutely for 4–6w. Those who did not listen to discussion
should have patiently explained the reasons and consequences.
(3) Comfortable posture: Raise the head of the bed 15–30◦, use
an antidecubitus air mattress, and assist the patient to turn over
and knock their back once every 2.5 h. In the treatment of the
affected limbs and joints, put a small soft pillow to keep the
affected limbs in a functional position and assist the caregiver
to massage the bony processes and compressed areas. Wipe the
skin with warm water every day, especially to keep the skin clean
at the vulva, buttocks and cornea. Put foot boards on the soles
of the feet or wore hard shoes to prevent edema, shoulder and
back pain, joint deformities, pressure sores, and foot drop; for
people with unconsciousness or agitation, guardrails should be
added by the bed to prevent falls hurt. (4)Comfortable sleep: Keep
the ward quiet, arrange reasonable time for diagnosis, treatment
and nursing activities, and create favorable conditions for the
patient’s normal sleep–wake cycle, which could soak feet in hot
water at night, empty your urinary bladder before going to bed,
drink hot milk, listen to light music, etc. For those who suffered
from insomnia caused by pain, we should deal with symptoms
promptly; for those who were accompanied by anxiety and
depression, we should strengthen psychological counseling and
givemore comfort and companionship. If necessary, oral sedative
hypnotic drugs were administered. (5) Comfortable defecation:
the reasons and importance of defecating in bed needed to be
explained to the patient. The bed should be covered with a sheet,
kept dry and clean, and changed in a timely manner. When
the ward had many people, a screen was set up to shield and
give psychological comfort to the patients. When the patients
had difficulty in defecating, the researchers could help them
defecate by massaging the lower abdomen appropriately. (6)
Comfortable infusion: Use intravenous indwelling needles for
infusion, when infusion, keep warm and use a thermostat to
warm to about 35◦C before infusion, appropriate massage during
needle insertion to relieve discomfort, during the infusion,
observe closely for redness, swelling, and leakage of the infusion
limb. (7)Mental comfort: Medical staff should be confident and
calm, communicate actively with patients in friendly language,
and introduce past successful cases to patients to ease their panic,
respect and understand patients, listen patiently to their main
complaints, and promptly resolve the psychological problems
that cause their unhappiness. (8)Social comfort: understand the
patient’s family members and social relationships, communicate
with the patient’s family more often, and do a good job of
psychological counseling for them. It was suggested that the
patients should be tolerant and understand each other and strive

for effective family and social support for the patients as much
as possible.

Continuous nursing care during the rehabilitation period
after discharge from the hospital was carried out. Specifically,
(1) Conduct targeted bedside teaching or video drills before
discharge, and print out the key content and precautions of
rehabilitation training and prevention of complications and
distribute them to patients. The content mainly included
the guidance of language and physical function training, the
guidance of medication, diet and daily life, the treatment of
spastic hemiplegia, and the prevention and treatment of pressure
sores, falls, and emotional guidance. (2) Establishing a “patient
rehabilitation group” byWeChat to push knowledge about stroke
and its prevention and treatment of complications. Conduct
video visits to guide patients’ rehabilitation skills and guide
communication between patients-to-patients. Organize and
record the patient’s rehabilitation data and answer the patient’s
rehabilitation questions. (3) Telephone followed-up once for
every 2w to know the patient’s rehabilitation progress and to
provide targeted rehabilitation guidance. Nursing staff could
help patients build confidence in recovery through psychological
hints or examples of successful cases. (4) The first home visit
was after 1 month of discharge and once for every 3 months
thereafter. Based on the degree of completion of the patient’s
rehabilitation plan, the patient’s subsequent rehabilitation goals
were analyzed and revised, and on-site rehabilitation drills were
implemented until the patient and caregiver fully master them.
The results were compared between the two groups 6 months
after discharge.

Observe Indicators
(1) The occurrence of pressure sores and falls during the nursing
period of the two groups was recorded. (2) The neurological
function of the two groups before nursing and 6 months after
discharge was evaluated by the National Institutes of Health
Stroke Scale (NIHSS). It contained 11 items. The total score was
42, the higher the score, the more impaired the neurological
function. (3) The limb function of the two groups before nursing
and 6 months after discharge was assessed by Fugl-Meyer Scale
(FMA). It was divided into upper limb motor function scale (33
subitems) and lower limb motor function scale (17 subitems).
The total score was 100, the higher the score, the better the
limb motor function. (4) The quality of life of the two groups
before nursing and 6 months after discharge was assessed by
the Stroke Special Quality of Life Scale (SS-QOL). It contained
12 aspects. The total score was 49–245 points, and the score
was directly proportional to the quality of life. (5) The daily
living ability of the two groups before nursing and 6 months
after discharge was evaluated by the Modified Barthel Index
(MBI). It contained 10 items. The total score was 100, the
higher the score, the better the life skills. (6) The emotional
state of the two groups before nursing and 6 months after
discharge was evaluated by the Hospital Anxiety Depression
Scale (HAD-A/HAD-D). Both are 7 items, which used Likert
3-level scoring method; 0–7 points, 8–10 points, 11–21 points
represented the three emotional states of no anxiety/depression,
borderline anxiety/depression, and obvious anxiety/depression,
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FIGURE 1 | Comparison of the incidence of pressure ulcers and falls between

the two groups. *Represents that there was a statistical difference in the

control group and the study group.

respectively. (7) The degree of disability of the two groups 6
months after discharge was assessed by the Glasgow Outcome
Scale (GOS). A five-level scoring method was adopted for
grading. Among them, Grade I, Grade II, Grade III, Grade IV,
and Grade V represented the five disability states of namely
death, plant survival, severe disability, moderate disability, and
good disability, respectively. Disability rate = (Grade II + III +
IV)/total number of cases. The readmissions within 6 months of
discharge from the two groups were recorded. (8) The satisfaction
of the two groups after nursing was evaluated by the self-made
nursing satisfaction questionnaire. It was divided into three
levels: very satisfied, basically satisfied, and unsatisfied (85–100
points, 60–84 points, and 0–60 points). The content validity index
of this questionnaire was 0.890, the Cronbach’s alpha coefficient
was 0.896, and the reliability and validity were good. Satisfaction
rate = (very satisfied + basically satisfied) number/total number
× 100%.

Statistical Methods
The SPSS 22.0 software was used, the counting data are expressed
as (%), the comparison is performed by chi-square test, the
measurement data are expressed as (±s), and t analysis is carried
out for comparison. p < 0.05 indicates that the difference is
statistically significant.

RESULTS

Comparison of the Incidence of Pressure
Ulcers and Falls Between the Two Groups
During the nursing period, the incidence of pressure ulcers
in the study group (2.86%) was significantly lower than that
in the control group (13.11%) (p < 0.05), and the incidence
of falls in the study group (8.57%) was significantly lower
than the control group (22.95%) (p < 0.05), as shown in
Figure 1.

Comparison of NIHSS and FMA Scores
Between the Two Groups
The NIHSS scores of the control group before and after the
intervention were 32.62 ± 3.13 and 24.14 ± 3.83 points,

FIGURE 2 | Comparison of NIHSS scores between the two groups.

*Represents that there was a statistical difference in the NIHSS scores before

and after the intervention in the control group (t = 13.390, p < 0.001);

**represents that there was a statistical difference in the NIHSS scores before

and after the intervention in the study group (t = 29.212, p < 0.001);

***represents that there was a statistical difference in the NIHSS scores of the

control group and the study group after the intervention (t = 10.076, p <

0.001).

respectively, and the NIHSS scores of the study group before
and after the intervention were 32.80 ± 3.08 and 18.29 ±

2.79 points, respectively. The FMA scores of the control group
before and after the intervention were 31.41 ± 6.63 and
75.86 ± 7.14 points, respectively, and the FMA scores of
the study group before and after the intervention were 30.65
± 6.72 and 81.82 ± 8.06 points, respectively. Six months
after discharge, the NIHSS scores of the two groups were
significantly lower than before nursing, the FMA scores were
significantly higher than before nursing, and the study group was
significantly better than the control group (p < 0.05), as shown
in Figures 2, 3.

Comparison of SS-QOL and MBI Scores
Between the Two Groups
The SS-QOL scores of the control group before and after the
intervention were 143.57 ± 9.83 and 154.34 ± 12.78 points,
and the SS-QOL scores of the study group before and after the
intervention were 142.89 ± 9.64 and 172.22 ± 13.61 points.
The MBI scores of the control group before and after the
intervention were 35.43 ± 5.61 and 63.48 ± 6.50 points, and the
MBI scores of the study group before and after the intervention
were 34.96 ± 5.77 and 69.06 ± 7.19 points. Six months after
discharge, the SS-QOL and MBI scores of the two groups were
significantly higher than before nursing, and the study group was
significantly higher than the control group (p < 0.05), as shown
in Figures 4, 5.
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FIGURE 3 | Comparison of FMA scores between the two groups. *Represents

that there was a statistical difference in the FMA scores of the control group

before and after the intervention (t = 35.630, p < 0.001); **represents that

there was a statistical difference in the FMA scores of the study group before

and after the intervention (t = 40.797, p < 0.001); ***represents that there was

a statistical difference in the FMA scores of the control group and the study

group after the intervention (t = 4.450, p < 0.001).

FIGURE 4 | Comparison of SS-QOL scores between the two groups.

*Represents that there was a statistical difference in the SS-QOL score of the

control group before and after the intervention (t = 5.217, p < 0.001);

**represents that there was a statistical difference in the SS-QOL score of the

study group before and after the intervention (t = 14.713, p < 0.001);

***represents that there was a statistical difference in the SS-QOL scores of the

control group and the study group after the intervention (t = 7.716, p < 0.001).

FIGURE 5 | Comparison of MBI scores between the two groups. *Represents

that there was a statistical difference in the MBI score of the control group

before and after the intervention (t = 25.515, p < 0.001); **represents that

there was a statistical difference in the MBI score of the study group before

and after the intervention (t = 30.947, p < 0.001); ***represents that there was

a statistical difference in the MBI scores of the control group and the study

group after the intervention (t = 4.632, p < 0.001).

Comparison of HAD-A and HAD-D Scores
Between the Two Groups
The HAD-A scores of the control group before and after the
intervention were 9.64 ± 2.68 and 6.77 ± 2.35 points, and
the HAD-A scores of the study group before and after the
intervention were 9.58± 2.71 and 5.87± 2.01 points. The HAD-
D scores of the control group before and after the intervention
were 8.53 ± 2.32 and 6.73 ± 1.72 points, and the HAD-D scores
of the study group before and after the intervention were 8.60 ±
2.29 and 5.84± 1.46 points. Sixmonths after discharge, theHAD-
A and HAD-D scores of the two groups were significantly lower
than before nursing, and the study group was significantly lower
than the control group (p < 0.05), as shown in Figures 6, 7.

Comparison of Disability Rate and
Readmission Rate Between the Two
Groups
Six months after discharge, the disability rate of the study group
(62.86%) was lower than that of the control group (75.41%), but
there was no statistical difference between the two groups (p >
0.05). Within 6 months of discharge, the readmission rate of the
study group (7.14%) was lower than that of the control group
(18.03%), but there was no statistical difference between the two
groups (p > 0.05), as shown in Table 2.
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FIGURE 6 | Comparison of HAD-A scores between the two groups.

*Represents that there was a statistical difference in the HAD-A scores of the

control group before and after the intervention (t = 6.289, p < 0.001);

**represents that there was a statistical difference in the HAD-A scores of the

study group before and after the intervention (t = 9.200, p < 0.001);

***represents that there was a statistical difference in the HAD-A scores of the

control group and the study group after the intervention (t = 2.363, p < 0.05).

Comparison of Nursing Satisfaction Rate
Between the Two Groups
The nursing satisfaction rate of the study group (98.57%) was
significantly higher than that of the control group (88.52%) (p
< 0.05), as shown in Table 3.

DISCUSSION

According to Kolcaba’s comfort theory, when the disease deprives
the integrity of the patient’s body or deprives the normal
functioning of the brain and body functions, the patient can have
a strong demand for treatment and comfort due to all the current
experience (10). But in the regular care mode, there is a gap
between the patient’s comfort needs and the caregivers meeting
their needs, and there is a gap between the effect of hospital
nursing and the effect of out-of-hospital nursing. Based on this,
this study applied comfort nursing to the nursing management of
patients with ICH during the hospitalization period and applied
continuation nursing to the nursing management of patients
with ICH during the rehabilitation period after discharge from
the hospital. It aimed to help patients with ICH achieve the
maximum effect of nursing and treatment.

(1). Comfort nursing combined with continuous nursing
intervention can effectively prevent the occurrence of pressure
sores and falls in patients with ICH. Pressure ulcers are the long-
term compression of local skin or soft tissues and then a kind of
ischemia, hypoxia, or malnutrition ulcer necrosis, and it is one of

FIGURE 7 | Comparison of HAD-D scores between the two groups.

*Represents that there was a statistical difference in the HAD-D scores of the

control group before and after the intervention (t = 4.868, p < 0.001);

**represents that there was a statistical difference in the HAD-D scores of the

study group before and after the intervention (t = 8.503, p <

0.001);***represents that there was a statistical difference in the HAD-D score

between the control group and the study group after the intervention (t =

3.203, p < 0.05).

the common complications of patients with coma, hemiplegia, or
postural restriction caused by ICH (11). Falls are more common
in patients with impaired motor and cognitive function and
are also an important mechanism of injury leading to ICH
(12, 13). During the nursing period of this study, the incidence
of pressure sores and falls in the study group were significantly
lower than that in the control group. Analyzing the reasons,
under the guidance of comfort nursing and continuous nursing,
the application of antidecubitus air mattresses for patients in
hospitals and homes can automatically change the patient’s
pressure position, avoid continuous pressure on local skin tissues,
and assist in turning over and knocking back regularly, and
massage the bones and joints, etc., which can effectively promote
blood circulation and reduce the occurrence of necrosis (14).
In addition, a wealth of antifall knowledge can enhance the
patient’s antifall awareness and improve the ability to respond
to fall behavior (15). However, because patients with ICH often
have different degrees of motor and cognitive dysfunction, in this
study, researchers used health education before discharge, such as
on-site teaching, video exercises, health manuals, WeChat push,
etc. to strengthen patients’ memory, which is conducive to the
improvement of patients’ fall prevention behavior.

(2). Comfort nursing combined with continuous nursing
intervention after discharge can effectively improve the quality
of life of patients with ICH. Impairment of neurological function
is an important feature of ICH, which creates physical and
language dysfunction in patients, severely impaired cognition
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TABLE 2 | Comparison of disability rate and readmission rate between the two groups [n (%)].

Group n Degree of disability Readmission rate

Grade I Grade II Grade III Grade IV Grade V Disability rate

Control group 61 1 (1.64) 2 (3.28) 10 (16.39) 34 (55.74) 14 (22.95) 46 (75.41) 11 (18.03)

Study group 70 1 (1.43) 1 (1.43) 9 (12.86) 34 (48.57) 25 (35.71) 44 (62.86) 5 (7.14)

χ
2 2.389 3.605

P 0.122 0.058

TABLE 3 | Comparison of nursing satisfaction rate between the two groups [n

(%)].

Group n Very

satisfied

Basically

satisfied

Dissatisfied Satisfaction

rate

Control group 61 26 (42.62) 28 (45.90) 7 (11.48) 54 (88.52)

Study group 70 57 (81.43) 12 (17.14) 1 (1.43) 69 (98.57)

χ
2 5.738

P 0.017

and quality of life, and further promotes the generation of
negative emotions such as anxiety, depression, pessimism, and
world-weariness (16, 17). The results of this study showed
that 6 months after discharge from the hospital, the FMA,
SS-QOL, and MBI scores of the two groups of patients were
significantly higher than before nursing, the NIHSS, HAD-
A, and HAD-D scores were significantly lower than before
nursing, and the study group both were significantly better than
the control group. It is suggested that the effect of comfort
nursing combined with continuous nursing intervention after
discharge on patients’ neurological function, motor function,
self-care ability, and mental health level is significantly better
than that of conventional nursing. Analyzing the reasons, in
the comfort nursing of this study, based on the conventional
bed rest management, combined with evidence-based nursing
basis and expert advice to implement targeted bedtime guidance,
it will help not only to avoid the occurrence of rebleeding in
the acute phase, but also to cultivate the ability of self-care
in early life for people with mild symptoms and signs. In the
comfort management of the lying position, paying attention
to the maintenance of the functional position of the affected
limb during the acute phase of the patient’s disease will help to
provide conditions for the later rehabilitation training. During
the recovery period after discharge from the hospital, the patients
are guided one by one through multiple channels such as online
WeChat and offline home visits to expand the rehabilitation
plan and training content, which not only solves the problem
of patients’ difficulty in obtaining systematic knowledge of
rehabilitation nursing at home and in the community, but
also improves timeliness and effectiveness of communication
between nurses and patients, which provides convenience for the
patient’s rehabilitation process. In addition, the comfort nursing
in this study also focused on providing comfort interventions
to patients from environmental, sleep, defecation, infusion,
and psychological and social aspects. Among them, the warm

and comfortable inpatient environment is conducive to the
improvement of the patient’s mood and the recovery of the
disease; adequate and good sleep quality is conducive to the
recovery of the patient’s nerve function; comfortable defecation
care is conducive to reducing the embarrassment of patients
with defecation in bed; comfortable infusion care is conducive
to alleviation patients suffering from pain and discomfort during
infusion therapy; psychological comfort care can provide patients
with psychological support and stimulate their self-recovery
potential and self-exercise perseverance; social comfort care can
help to create a positive recovery atmosphere and reduce patients’
psychological barriers. It can be seen from the above that the two
nursing models used in this study are effective models that fully
meet the comfort needs and rehabilitation needs of patients from
the physical, psychological, and social levels.

(3). Comfort nursing combined with continuous nursing
intervention after discharge can improve the short-term
prognosis of patients with ICH to a certain extent. ICH is a type
of stroke related to the highest disability rate and the highest
mortality rate, and active and effective functional rehabilitation
training during the rehabilitation period is an important measure
to improve the function of the patient’s affected limb and reduce
the degree of disability (18). However, the negative emotions
caused by the disease and the cohesion and compliance of out-
of-hospital nursing after discharge from the hospital are the
important reasons that affect the completion of the rehabilitation
training of patients (19, 20). Based on this, in the nursing
design of this study, the positive psychological assistance to
patients and the creation of a rehabilitation atmosphere run
through the hospital and out-of-hospital nursing. In terms of
realization form, through the communication and interaction
between nurses and patients, nurses can timely understand the
patient’s psychological changes and the crux of the problem
and provide symptomatic counseling and interpretation to
improve the degree of cooperation in treatment; through the
communication and mutual assistance between patients-to-
patients, it is helpful to increase patients’ recovery enthusiasm
and social behavior, so that patients can consciously participate in
rehabilitation activities. The results showed that the disability rate
and readmission rate of the study group were lower than those of
the control group, but there was no statistical difference between
the two groups, suggesting that comfort nursing combined with
continuous nursing intervention can reduce the patient’s brain to
a certain extent the degree of injury and reduce the readmission
rate. In this study, the nursing satisfaction rate of the study group
was significantly higher than that of the control group. It shows
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that the combination of comfort nursing and continuous nursing
intervention improves patients’ satisfaction with the nursing
effect and has certain application prospects.

CONCLUSION

To sum up, the combination of comfort nursing and continuous
nursing intervention after discharge can effectively reduce the
occurrence of pressure ulcers and falls during the care of patients
with ICH and contribute to the improvement of their quality of
life and prognosis. It is worthy of clinical promotion.
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Objective: To analyze the therapeutic effect of uterine artery embolisation (UAE)

in patients with cesarean section pregnancy (CSP) delivered by cesarean section

and the effect on serum human chorionic gonadotrophin (β-HCG) levels and

reproductive function.

Methods: In total 142 patients with CSP, The control group (n = 71) received

Methotrexate (MTX) with ultrasound monitoring after admission and the research group

(n = 71) was treated with UAE on basic of the control group. The two groups were

compared in terms of treatment outcome, intraoperative bleeding, bed activity, vaginal

bleeding and length of hospital stay, and serum follicle stimulating hormone (FSH),

oestradiol (E2), luteinising hormone (LH) and β-HCG levels at 1 month postoperatively.

The clinical symptoms (normalization of β-HCG and return of menstruation) and clinical

outcomes (normal pregnancy, recurrent scar pregnancy) were compared between the

two groups, as well as the occurrence of post-operative complications in both groups.

Results: Compared with the control group, the research group had a higher overall near-

term effective rate, a lower recurrence rate of CSP in pregnancy, and a lower complication

rate (P < 0.05); meanwhile, the time to get out of bed, postoperative vaginal bleeding,

length of hospital stay, normalization of serum β-HCG, and return to menstruation were

shorter in the research group than in the control group (P < 0.05); In addition, serum

FSH, E2, LH and β-HCG levels improved better in the research group compared with the

control group 1 month after surgery (P < 0.05).

Conclusion: The treatment of CSP patients with UAE can reduce the amount of

intraoperative bleeding and the duration of vaginal bleeding, promote the improvement of

patients’ clinical symptoms, have less impact on the disruption of patients’ sex hormone

balance, reduce patients’ surgical risks to a greater extent, preserve patients’ normal

fertility, and have better application.
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INTRODUCTION

Cesarean uterine scar pregnancy (CSP) is defined as a gestational
sac lodging with the cesarean scar of the uterus. It is a relatively
uncommon but high risk index ectopic pregnancy and is one
of the distant complications of cesarean delivery (1). The exact
etiology of the condition is not yet fully understood. Some studies
(2, 3) have confirmed that in the period following cesarean
section, the uterine scar becomes vascularized and rich in blood
supply, which may explain the tendency of fertilized eggs to
migrate to the vascularized area around the scar for implantation
and implantation. It has also been found (4, 5) that more
than 70% of CSP after cesarean section occur in those with
a history of more than 2 cesarean sections, suggesting that
enlarged, fibrotic, poorly formed local blood vessels and poor
healing of the uterine scars after multiple cesarean sections are
associated with the development of ectopic pregnancy there. In
recent years, with the introduction of China’s two- and three-
child policy and the opening up of the public’s ideology, the
cesarean section rate of pregnant women has shown a clear
upward trend, and the incidence of CSP has gradually increased.
As a distant complication of cesarean delivery, CSP can lead to
severe bleeding or even haemorrhagic shock in patients, with
the possibility of uterine rupture and life-threatening effects of
continued pregnancy (6–8).

Currently, there are many treatment options for CSP,
including conservative treatment with methotrexate (MTX)
alone and curettage, but the drawbacks of these options have
gradually emerged with the widespread clinical application (9).
The risk of hemorrhage and recurrence of CSP during re-
pregnancy with medication alone is high, and is now often used
as an adjunctive treatment during surgery; unclear indications
for uterine removal can easily lead to intraoperative hemorrhage
and even require uterine removal to preserve the patient’s life
and deprive the patient of fertility (10, 11). Uterine artery
embolization (UAE) is a new minimally invasive interventional
procedure that can rapidly and effectively control massive
vaginal bleeding due to vascular injury. It has the advantage
of being minimally invasive, with fewer side effects and fewer
postoperative complications than uterine artery ligation, internal
iliac artery ligation or hysterectomy, which were previously used
to control massive vaginal bleeding (12, 13). In recent years
this interventional technique has been widely used in the field
of obstetrics and gynecology, especially in the treatment of
postpartum hemorrhage (14), uterine fibroids (15) and cervical
pregnancy (16), but there are still clinical concerns about
whether UAE treatment of CSP will impair patients’ reproductive
function. In this trial, we treated CSP patients with UAE and
analyzed its therapeutic effects as well as its impact on patients’
serum Human chorionic gonadotropin (β-HCG) levels and
fertility function.

MATERIALS AND METHODS

Materials
Case Collection
A total of 142 patients with CSP requiring surgical treatment
were selected and collected from May 2020 to May 2021

in our hospital. The control group received methotrexate
(MTX) combined with B ultrasound-monitored clearance after
admission, and the research group received MTX+UAE+B
ultrasound-monitored clearance after admission. Baseline data
on age, pregnancy, delivery, cesarean section, miscarriage,
gestational week, gestational typing, gestational sac diameter and
preoperative HCG level were collected from the two groups and
the results showed no statistically significant differences (P >

0.05, Table 1) and were comparable.

Diagnostic Criteria
1. Clinical symptoms: history of stop menstruation, positive
urine pregnancy test with or without irregular vaginal bleeding
and abdominal pain. 2. Ultrasonography was diagnosed (17) as
follows: 1. No gestational sac was seen in the normal part of
the uterine cavity and cervical canal; 2. Gestational sac or mass
was visible in the isthmus incision; 3. Abundant blood flow was
seen around the gestational sac and within the mass; 4. Lack of
continuity of the myometrium in the cross-section through the
gestational sac.

Inclusion Criteria
1. Meeting the above diagnostic criteria; 2. Patients had a clear
previous history of cesarean section; 3. No relevant treatment
prior to this admission; 4. No embryos in the uterine cavity by
ultrasound; 5. Patients voluntarily signed an informed consent
form with complete and uncompromised clinical information.

Exclusion Criteria
1. Patients with combined immune system disorders, infections,
malignancies, hematological disorders; 2. Patients with
ruptured gestational sacs; 3. Patients with severe coagulation
abnormalities; 4. Patients with severe cardiac, hepatic, renal
and other organ insufficiencies; 5. Patients with other
combined pathologies in the uterine region; (6) combined
cognitive impairment.

Methods
Treatment Methods
After admission, all patients underwent routine blood routine,
blood biochemistry, blood coagulation, electrocardiogram, and
chest X-ray examinations, and there were no abnormalities.

Patients in the control group were treated with MTX+B
ultrasound-monitored curettage: MTX was given as a single
intravenous injection of l00mg upon admission, and the patient’s
blood β-HCG level was monitored. When the patient’s blood
β-HCG decreased to 100 U/L, curettage was performed under
B ultrasound-monitored. All operations were performed under
transabdominal ultrasound guidance with lidocaine paracervical
nerve block anesthesia and the use of an electric suction and
scraping spoon to remove the pregnancy, being as careful as
possible when scraping the pregnancy residue from the cesarean
scar defect to avoid serious complications such as uterine rupture.
If active bleeding was seen during clearance, the uterine cavity
was filled with iodoform gauze and the gauze was removed
after 24 to 48 h. If the above conservative treatment failed,
transabdominal gestrectomy or hysterectomy was performed.
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TABLE 1 | Comparison of baseline demographic information between the two groups of patients.

Data Control group (n = 71) Research group (n = 71) t/ χ
2 value P value

Age (years, Mean ± SD) 31.59 ± 5.26 32.41 ± 4.87 0.964 0.337

No. of pregnancies (times, Mean ± SD) 3.08 ± 1.45 3.00 ± 1.26 0.351 0.726

Number of deliveries (times, Mean ± SD) 1.25 ± 0.43 1.17 ± 0.38 1.175 0.242

Number of cesarean sections (times, Mean ± SD) 1.16 ± 0.34 1.17 ± 0.38 0.147 0.884

Number of abortions (times, Mean ± SD) 1.89 ± 1.36 1.92 ± 1.40 0.130 0.897

Pregnancy time (weeks, Mean ± SD) 8.78 ± 3.25 8.46 ± 2.96 0.613 0.541

Gestational sac diameter (cm, Mean ± SD) 4.57 ± 2.24 4.83 ± 2.08 0.717 0.485

Preoperative β-HCG (IU/L, Mean ± SD) 13,158.44 ± 1,302.59 13,136.47 ± 1,289.26 0.101 0.918

Exogenous (n, %) Yes 42 (59.15) 46 (64.79) 0.478 0.489

No 29 (40.85) 25 (35.21)

Living embryo (n, %) Yes 25 (35.21) 20 (28.17) 0.813 0.367

No 46 (64.79) 51 (71.83)

Patients in the research group were treated with MTX+
UAE+ B ultrasound-monitored for clearance: intraoperative
disinfection of the cavity towel and Seldinger femoral artery
puncture was performed. The operator searched for a femoral
artery puncture site in the patient’s right lower limb, followed
the course of the femoral artery after routine anesthesia, inserted
the needle, placed the cannula into the arterial sheath, withdrew
the puncture needle and introduced the ultra-smooth guidewire.
Then the arteriogram was performed to determine the status of
the uterine artery blood supply according to the display. The
embolization of the uterine artery was indicated by the slow
injection of diluted MTX 100mg before embolization, followed
by embolization of the uterine artery with gelatin sponge pellets
until the signal of blood flow in the uterine artery disappears.
Curettage was performed within 48–72 h of UAE (The operation
was the same as that of the control group).

Postoperatively, all patients were routinely given antibiotics to
prevent infection and urethral tubes were left in place for 1∼2 d.
Patients’ serum β-HCG levels and vaginal bleeding were closely
monitored postoperatively.

Observation Indicators
The operation-related indexes such as operation time,
intraoperative bleeding, time of getting out of bed, vaginal
bleeding and hospital stay were recorded for both groups; the
occurrence of postoperative complications such as fever, lower
abdominal pain, vaginal bleeding and uterine adhesions were
counted for both groups. Patients were advised to follow up
regularly after discharge and were advised to have their serum
β-HCG measured weekly as an outpatient until it dropped to
a normal value. Serum follicle stimulating hormone (FSH),
estradiol (E2), luteinizing hormone (LH) and β-HCG levels
were measured preoperatively and at 1 month postoperatively.
Ultrasound may be repeated once a month to monitor post-
operative uterine recovery, and patients were followed up in
clinic or by telephone for menstrual recovery, pregnancy and
recurrence of CSP.

Recent efficacy assessment: Cured: blood β-HCG decreased
to normal, vaginal bleeding stopped and abdominal pain
disappeared; Effective: blood β-HCG decreased and was close

to normal, vaginal bleeding decreased and ultrasound showed
a smaller pelvic mass; Ineffective: blood β-HCG remained
unchanged or even increased, ultrasound indicated that the pelvic
mass remained unchanged or increased, or intra-abdominal
bleeding occurred and required secondary surgical treatment.
Total effective rate = (cured + effective) cases/total number of
cases× 100%.

Statistical Methods
The study used SPSS 20.0 to manipulate all figures and Graghpad
Prism 8 to create charts for statistics. The mean ± standard
deviation (Mean ± SD) was used to represent the econometric
information consistent with normal distribution, and the t-test
was carried out; the caseload and composition ratio were used to
represent the count information, and the χ

2 test was carried out.
P < 0.05 represented a statistically meaningful difference.

RESULTS

Comparison of Recent Outcomes Between
the Two Groups
The recent outcomes of both groups were determined and the
results were recorded. In the control group, 35 cases were cured,
25 cases were effective and 11 cases were ineffective, with a total
effective rate of 84.61% (60/71). In the research group, there were
50 cured cases, 19 effective cases and 2 ineffective cases, with
an overall effective rate of 97.18% (69/71). The recent efficacy
rate showed significantly higher in the research group when
compared against the control group (P < 0.05) (Figure 1).

Comparison of Surgery-Related Indicators
Between the Two Groups
The operation-related indicators of both groups were recorded
and statistically analyzed. The outcome revealed that the
intraoperative bleeding was less in the research group than in
the control group (P < 0.05); the postoperative time to bed,
postoperative vaginal bleeding time and hospital stay in the
research group when compared against the control group (P <

< 0.05) (Figure 2).
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Comparison of Reproductive Hormone
Levels Between the Two Groups Before
and 1 Month After Surgery
The blood samples of the patients were collected before operation
and 1 month after operation to test the levels of reproductive
hormones and recorded. The results showed that there would

FIGURE 1 | Comparison of recent outcomes between the two groups.

Comparison between the two groups, *P < 0.05.

be no meaningful statutory variation in the pre-op serum FSH,
E2, LH and β-HCG levels in either group (P > 0.05). The
differences in serum FSH, E2 and LH levels between the control
group and the research group at 1 month postoperatively were
not statistically significant, and the contrast in plasma FSH,
E2 and LH levels of each group at 1 month postoperatively
and immediately prior to treatment were not considered of any
statistical importance (P > 0.05). The serum β-HCG levels in the
two groups decreased at 1 month after surgery compared with
the preoperative levels, with the research group being lower when
compared against the control group(P < 0.05) (Figure 3).

Comparison of the Improvement of Clinical
Symptoms and Pregnancy Outcome
Between the Two Groups
The two groups were followed up regularly, and the improvement
of clinical symptoms and pregnancy outcomes during the follow-
up period of the two groups were counted. The results showed
that the time for serum β-HCG to return to normal and the
time for menstruation to return to normal in the research group
were shorter when compared against the control group (P <

0.05). There were 21 normal pregnancies (29.57%) in the research
group and 15 normal pregnancies (21.13%) in the control group.

FIGURE 2 | Comparison of surgery-related indicators between the two groups. (A) Intraoperative bleeding; (B) Out-of-bed activities; (C) Time of vaginal bleeding; (D)

Hospital stay. Comparison between the two groups, *P < 0.05.
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FIGURE 3 | Comparison of reproductive hormone levels between the two groups before and 1 month after surgery. (A) follicle stimulating hormone (FSH); (B)

estradiol (E2); (C) luteinizing hormone (LH); (D) Human chorionic gonadotropin (β-HCG). Comparison between the two groups over the same period, *P < 0.05;

compared with the same group pre-op, **P < 0.05.

A quick glance at the results of the regular pregnancies carried
out among each group showed that there would be no statistically
significant difference in the regular pregnancy rates in either
group (P > 0.05). There were 0 cases (0.00%) of recurrent CSP
in the research group and 9 cases (12.68%) of recurrent CSP in
the control group, and a comparison of the recurrent CSP in the
two groups showed that the rate of recurrent CSP in the research
group was lower when compared against the control group (P <

0.05) (Figure 4).

Comparison of Post-operative
Complications Between the Two Groups
Postoperative complications were observed and recorded in both
groups. In the control group, there were 12 cases of postoperative
vomiting (16.90%), 10 cases of fever (14.08%), 43 cases of
lower abdominal pain (60.56%) and 4 cases of uterine adhesions
(5.63%); in the research group, there were 3 cases of postoperative
vomiting (4.23%), 2 cases of fever (2.82%), 25 cases of lower
abdominal pain (35.21%) and 2 cases of uterine adhesions
(2.82%). Analysis of the complications in both groups showed
that the incidence of vomiting, fever and lower abdominal pain in

the research group was lower when compared against the control
group (P < 0.05) (Figure 5).

DISCUSSION

As a long-term complication after cesarean section, CSP
can lead to uterine rupture and placental implantation,
increasing the incidence of hemorrhage and affecting sexual
and reproductive function if not managed correctly (18, 19).
The pathogenesis of CSP is not fully understood, but most
scholars support the uterine incision defect theory (20, 21),
which states that the uterine incision site is not fully healed
after lower uterine cesarean section and is defective, thus
making it easy for fertilized eggs to implant in the uterine
incision scar where the endometrial defect exists. It has also
been shown (22, 23) that the development of CSP may be
closely related to the low position of the cesarean incision,
multiple cesarean sections, defective suturing technique and
postoperative incision healing, and wide scars. The currently
accepted principles of CSP treatment (24) are early diagnosis,
early termination of pregnancy and reduction of complications
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FIGURE 4 | Comparison of the improvement of clinical symptoms and pregnancy outcome between the two groups. (A) Time to normalization of β-HCG; (B) Time to

return to normal menstruation; (C) Normal pregnancy rate and CSP recurrence rate. Comparison between the two groups, *P < 0.05.

FIGURE 5 | Comparison of post-operative complications between the two

groups. Comparison between the two groups, *P < 0.05.

in order to preserve the patient’s reproductive function reduce
the trauma caused by surgery to the patient and achieve
better outcomes.

In the past, hysterectomy was used as the only treatment
option for CSP to avoid maternal mortality. In recent years,
however, with the widespread use of ultrasound, CSP has
been able to be diagnosed clearly at an early stage and
conservative treatment has been widely used in clinical practice
(25). Currently commonly used programs include systemic drug
therapy, surgical therapy, and drug combined surgical therapy.
MTX is a conservative drug commonly used in clinical practice,
which can effectively preserve fertility by inhibiting trophoblast
proliferation and causing necrosis of the villi cells, resulting in
embryocidal effects (26, 27). UAE is an interventional procedure
in which fresh gelatin sponge particles are introduced into the
uterine artery to rapidly cause platelet coagulation and the
formation of a thrombus, which can act as an embryocidal
agent by blocking the blood supply to the embryo and can
also greatly reduce the incidence of hemorrhage and preserve
the patient’s fertility (28, 29). In this study, the combination of
local application of MTX, UAE and curettage for CSP patients
showed that the intraoperative bleeding was lower in the research
group than in the control group, and the time to get out of bed,
postoperative vaginal bleeding, hospital stay, return to normal
serum β-HCG and return to normal menstruation were all
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significantly shorter in the research group than in the control
group; the recent efficacy of the research group was significantly
higher than that of the control group (P < 0.05). It is possible
that the thrombus has formed in the uterine artery and the
ischaemic and hypoxic state has developed at the lesion by the
time the uterine clearance is performed 48 to 72 h after UAE,
which reduces the occurrence of intraoperative hemorrhage to
a greater extent, decreases the amount of intraoperative bleeding
and also shortens the duration of vaginal bleeding and hospital
stay to a certain extent, which facilitates the patient’s recovery
(30). In this study, the levels of serum FSH, E2, LH and β-
HCG and other reproductive hormones were also measured at
different times, and the results showed that except for significant
changes in serum β-HCG levels, the differences in the levels of
other indicators between preoperative and 1month postoperative
were not significant. It is suggested that UAE treatment improves
serum β-HCG levels in CSP patients without adversely affecting
the secretory function of their ovaries. In addition, there was no
difference in the normal pregnancy rate between the two groups
during the follow-up period, but the recurrence rate of CSP in
the research group was significantly lower than that in the control
group, suggesting that UAE treatment is less damaging and more
curative, and can preserve the patient’s reproductive function to a
greater extent, and has a good prognosis for pregnancy outcomes.

The results of this study also showed that the incidence of
complications such as vomiting, fever and lower abdominal pain
were significantly lower in the study group than in the control
group. Analysis of the reasons for this: UAE interventions are
able to form embolisms that block the circulation to the uterus,
causing necrosis after the lesion is placed in an ischaemic and
hypoxic environment (31). The local injection of MTX into
the uterus prior to embolisation allows the local concentration
of the drug to be at a high level, enabling the trophoblast to

atrophy within a relatively short period of time. As the lesions
become necrotic and the trophoblast cells are eliminated, the
local concentration of MTX in the uterus is significantly reduced
and less drug remains, thus reducing to a greater extent the risk
of complications such as fever and vomiting associated with the
application of MTX to the patient (32).

In conclusion, the use of UAE in CSP patients can reduce
intraoperative bleeding and the duration of vaginal bleeding,
promote the improvement of patients’ clinical symptoms, have
less impact on the disruption of patients’ sex hormone balance,
reduce patients’ surgical risks to a greater extent, preserve
patients’ normal fertility, and have better results.
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Objective: To observe the effect of cluster nursing based on risk management strategy

in the management of urinary tract infection in patients with severe craniocerebral injury.

Methods: A total of 116 patients with severe craniocerebral injury who were admitted

to our hospital from March 2019 to March 2021 were included. They were divided into

the control group (58 patients) and the observation group (58 patients). The control

group received routine nursing care and the observation group received cluster nursing

based on risk management strategy. The incidence of catheter-associated urinary tract

infection (CAUTI), the results of bacterial culture on the surface of the urinary catheter, the

incidence of nursing risk events, the duration of placing the urinary catheter, the length of

hospital stay, and hospital costs as well as the patient satisfaction score were compared

between the two groups. The knowledge, attitude, and practice scale for prevention of

catheter infection and the competence evaluation scale of nurses were used to evaluate

the sense-control ability and core competence of the interveners.

Results: The total incidence of CAUTI in the observation group was (6.90%) lower

than that in the control group (20.69%) (p < 0.05). The bacterial culture results on the

catheter surface of patients in the observation group before and after 6 and 12 h of

catheter cleaning were better than those of patients in the control group (p < 0.05). The

duration of indwelling urinary catheter, hospitalization time, and hospitalization expenses

of patients in the observation group were lower than those of patients in the control group

(p< 0.05). The incidence rate of nursing risk events in the observation group was (1.72%)

lower than that in the control group (11.86%) (p < 0.05). The overall satisfaction score of

patients and the control and core ability scores of nursing staff in the observation group

were higher than those in the control group (p < 0.05).

Conclusion: Cluster nursing based on risk management strategy can effectively

reduce the incidence of nursing risk events and the probability of UTI in patients

with severe craniocerebral injury, shorten the duration of indwelling urinary catheter

and hospitalization.
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INTRODUCTION

Severe craniocerebral injury is a common disease in brain
surgery, often caused by traffic accidents, falling from high
altitude, and other accidents (1). In the recent years, with the
increase of space distance and frequent traffic accidents, the
incidence of severe craniocerebral injury is increasing year by
year. After injury, patients usually have symptoms of different
degrees such as dilated pupils, vomiting, nausea, pain, disorder
of vital signs, and disturbance of consciousness. In severe cases,
serious sequelae such as hemiplegia or even death may even
occur, which threaten health and should be paid attention to
(2, 3). Patients with severe craniocerebral injury are in critical
condition and progressing rapidly. They usually need to have
an operation. After the operation, patients need to stay in bed
for a long time during hospitalization and leave a catheter
to urinate. Indwelling catheter is a commonly used invasive
operation method in clinic, especially for some patients with
urinary incontinence and coma. It cannot only accurately observe
and record the urine volume and the urine proportion of patients
with severe craniocerebral injury, but also prevent surgical
complications. At the same time, it can also treat dysuria and
train the bladder function of patients (4, 5). However, some
studies have pointed out that the longer the urinary catheter is
used, the higher the probability of catheter-associated urinary
tract infection (CAUTI) in patients. In the United States, about
70% of complicated UTIs can be attributed to the use of catheters.
CAUTI is associated with an increase in the morbidity and
mortality of hospital infection and it is the most common cause
of secondary blood-borne infection (6). Improper catheterization
will damage the urethra and bladder mucosa and long-term
indwelling will weaken the function of detrusor. Urine calcium
salt deposition will block the urinary catheter, resulting in urine
leakage and damage to the natural defense barrier of the urinary
tract, causing bacterial colonization or infection (7). At present,
care of clinical nurses for indwelling urinary catheter is still
based on Basic Nursing Science, but there are still differences
in nursing measures such as selection of urinary catheter of
different departments and materials, frequency of urine bag
replacement, timing of catheter removal, and evaluation and
rehabilitation of bladder function after catheter removal, which
have resulted in long time of indwelling urinary catheter in some
patients, increased probability of urethral injury and infection,
and deepened doctor–patient contradiction (8, 9).

Risk management is a management science that refers to
finding, evaluating, and seeking countermeasures for economic
loss risks and its purpose is to reduce losses and legal
proceedings (10). Medical risks are ubiquitous. Patients with
severe craniocerebral diseases are in critical condition and
accept various diagnosis and treatment operations including
indwelling catheter. The risk of nosocomial infection is several
times higher than that of other patients in general wards
and most infections are catheter-related infections. Therefore,
implementing risk management and controlling CAUTI have
become the research focus of medical staff. Cluster nursing was
first proposed by the American Health Research Institute and
is a set of nursing interventions formulated to address nursing
problems that have many clinical influencing factors and are

difficult to solve. Since the concept of cluster nursing was put
forward, because it is novel, systematic, and more effective,
the international community has carried out applied research
on clinical nursing of many diseases (11–13). This study has
shown that the implementation of cluster nursing strategy can
reduce the incidence of CAUTI in patients (14). Cluster nursing
based on risk management strategy is not a simple bundle of
some clinical nursing measures, but its formulation needs the
support of evidence-based theory and clinical evidence. Through
formulating an early warning system for the risk of a certain
disease or adverse event, we can formulate personalized nursing
measures and strengthen early warning and risk management for
complications of patients, so as to improve nursing efficiency and
reduce nursing risk. In this study, during the management of
UTI in patients with severe craniocerebral injury, cluster nursing
based on risk management strategy was implemented, which was
compared with conventional nursingmethods, in order to reduce
the incidence of CAUTI in patients and provide reference for
clinical indwelling catheter and follow-up nursing.

DATA AND METHODS

General Information
A total of 116 patients with severe craniocerebral injury who
were admitted to the hospital from March 2019 to March 2021
were included. Inclusion criteria were as follows: (1) patients
who meet the criteria for severe craniocerebral injury and age
≥18 years; (2) the catheter needs to be indwelling; (3) the
estimated duration of indwelling urinary catheter ≥5 days; and
(4) families of patients could cooperate with relevant nursing
work, research progress, and sign informed consent. Exclusion
criteria were as follows: (1) infection occurred within 48 h after
admission; (2) there was a history of anti-infection treatment in
the last month; (3) the urinary catheter was indwelling before
entering the group; (4) complicated with severe organ diseases
such as heart, liver, and lung; and (5) patients discharged or
transferred to hospital automatically. The patients were divided
into the control group (58 patients) and the observation group
(58 patients) according to the random number table. The control
group received routine nursing care, while the observation group
received cluster nursing based on risk management strategy.
There were 33 males and 25 females in the control group. Their
age ranged from 38 to 68 years, with an average of 49.51 ± 6.13
years. The Acute Physiology and Chronic Health Evaluation II
(APACHE II) scores were 14–26 points, with an average of 18.13
± 2.81. There were 34 males and 24 females in the observation
group. Their age ranged from 32 to 67 years, with an average of
48.52 ± 5.91 years. The APACHE II scores ranged from 13 to
27, with an average of 18.05 ± 2.69. There was no statistically
significant difference in general information between the two
groups, which was comparable (p > 0.05).

Research Methods
Control Group Using Traditional Nursing Methods
Nurses strengthened safety nursing work and carried out
comprehensive health knowledge education to patients and their
families. Strictly carry out aseptic operation, wash your hands,
and wear sterile gloves when inserting a urinary catheter. Select
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an appropriate type of catheter and perform a gentle insertion
process. After the urinary catheter was placed, the balloon was
used for routine fixation and the perineum was rinsed with warm
water twice a day. Keep the position of the urine collection bag
always lower than the level of the bladder and ensure the patency
of the closed drainage. Do a good job of patient restraint, set
guardrail beside the bed, and regularly check whether the power
supply of medical devices is in good condition to avoid accidents.

Observation Group Using Cluster Nursing Based on

Risk Management Strategy

Risk Management Strategy, Cluster Nursing Plan

Formulation, and Training
Before the cluster nursing based on risk management strategy
was implemented, the infection management department trained
the medical staff and an infection control group related to
indwelling urinary catheter was established in the department.
The group members included the department director, head
nurse, and one physician and nurse. Through consulting relevant
literature in databases such as Wanfang Database and HowNet
Database, intervention measures provided by each guide, expert
consensus, and research literature were analyzed. According to
the condition, treatment characteristics and susceptible factors
of patients with severe craniocerebral injury, risks, and potential
risk factors in daily work were analyzed and identified, including
gender, age, type of comorbidity (diabetes, etc.), types of
antibiotics used, indwelling catheter time, hospitalization time,
etc., and then CAUTI was summarized, organized, discussed, and
defined one by one. Targeted prevention and control measures
for CAUTI were formulated and training was conducted on time
of indwelling urinary catheter and time of catheter removal.
Department director and head nurse urged team members
to strictly implement the CAUTI risk prevention and control
measures, irregular supervision and inspection, and continuous
improvement of prevention and control measures.

Specific Measures of Cluster Nursing Based on Risk

Management Strategy
The responsible nurses performed risk assessment on the patients
with indwelling urinary catheter and given antibiotic-coated
urinary catheter. (1) Standardizing urethral catheterization
method: The maximum sterile barrier was provided and a large
sterile towel was laid when the catheter was placed. Hand
hygiene was well done. The seven-step washing technique was
used before and after nursing the catheter part or operating
the urethral catheterization device. The sterile operation was
strictly performed and the placing of the catheter was performed
gently; (2) Maintaining the tightness of the drainage system
and secondary fixation: A three-cavity silica gel urinary catheter
with appropriate thickness and a high-capacity reflux-proof
mother–child urine collection bag were selected. In addition
to balloon fixation, the secondary fixation was performed with
a homemade urinary catheter patch. The urinary catheter was
uniformly fixed on the penis for men and on the medial thigh for
women; (3) Shortening the indwelling time of urinary catheter:
A prereporting system was established after the intubation.
The CAUTI high-risk “red and blue” logo was placed at the

head of the bed of patient and observed every 2 h including
urine volume, color, nature, patency of the urinary catheter, and
perineal skin condition. Patients with catheter obstruction should
be promptly dredged and replaced. Sterile operation should be
strictly performed and physiological bladder irrigation should be
given priority. Risk assessment was conducted for each shift and
it was included as one of the contents of shift change. Everyday,
when nurses change shifts, they check urethral catheterization
of patients and make CAUTI risk assessment, which was one of
the contents of the shifts. The assessment includes whether it is
necessary to continue indwelling catheter. If removal is required,
the nurse should set a reminder to remove the catheter without
indwelling indication as soon as possible; and (4) Improving self-
cleaning consciousness of patient: Communication and health
education with families of patients were strengthened, so that
they could participate in nursing care together. The patients
were encouraged to drink about 3 L of water per day, keep
the urine volume above 2 L/day, and take urine samples for
etiological examination when necessary. For patients with fecal
incontinence, disinfection in time after cleaning is essential.

Quality Control of Cluster Nursing Based on Risk

Management Strategy
The department director or the head nurse inspects the number
of new patients, the total number of hospitalized patients, the
number of indwelling catheter, catheter days, and patient-specific
information, including gender, age, disease type, catheter time, is
expected to pull tube time, etc., truthfully check records, patrol
the measures to carry out the situation, and timely guidance to
the operation, theory, etc. A special inspection occurs once a
week. The existing problems in nursing were analyzed and group
members were organized to discuss and propose solutions.

Observation Indicators
(1) The total incidence of CAUTI in patients between the two

groups and the incidence of CAUTI in different time periods
were compared. The diagnosis of CAUTI was as follows: the
patient developed fever, chills, frequent micturition, urgent
urination, pain or tenderness above pubic bone, and purulent
discharge at urethral meatus 48 h after the indwelling urinary
catheter. The laboratory tests showed an increase in blood
white cells as well as red and white cells in urine routine test.
The colony number in bacteriological culture ofmiddle urine
was ≥103 colony-forming unit (cfu)/ml (15).

(2) The results of bacterial culture on the surface of urinary
catheter were compared between the two groups before and
after cleaning of urinary catheter as well as after 6 and 12 h of
cleaning. Bacterial culture was performed on the outer end
of the urinary catheter. Surface sampling method: The outer
end of the urinary catheter was coated with a cotton swab
with a length of 12.5 cm (the circumference and length of
the urinary catheter were 2 and 12.5 cm, respectively) and the
surface area of the outer end of the urinary catheter was close
to 5× 5 cm. The cotton swab was sent for testing in 10ml of
sampling solution and the number of colonies on the surface
of the object was detected.
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(3) The duration of indwelling urinary catheter, hospitalization,
and hospitalization expenses were compared between the
two groups.

(4) The incidence rates of nursing risk events such as pipeline
falling off and nurse–patient disputes during the treatment
were compared between the two groups.

(5) Results of midstream urine culture in patients with CAUTI
are performed.

(6) The satisfaction scores of the two groups of patients
were compared with the satisfaction questionnaire
prepared by the department. At the time of discharge,
the head nurse distributed to the patients a nursing
satisfaction questionnaire about catheterization, which
was divided into four options: very satisfied, satisfied,
dissatisfied, and very dissatisfied. The scale adopts a
percentage system, with >90 being very satisfied, 76–90
being satisfied, 60–75 being dissatisfied, and <60 being
very dissatisfied.

(7) The knowledge, attitude, and practice (KAP) scale for
prevention of catheter infection and the evaluation scale
of nurses ability were used to evaluate the sense of
control ability and core ability of nurses. The KAP
scale for prevention of catheter infection included four
dimensions including attitude, behavior, indication of
catheter placement, and infection prevention strategy and
it consisted of 71 items, with 1–5 points for each item. The
higher the score was, the better the perception and control
ability was. The evaluation scale of nurses ability included
three dimensions of emergency ability, health education
ability, and communication ability and there were 80 items
in total, with 0–4 points for each item. The higher the score
was, the better the prompting ability was.

Statistical Methods
The SPSS software version 22.0 (SPSS Incorporation, Chicago,
Illinois, USA) was used for processing. The measurement
data of the experimental data were expressed as mean ±

SD (X̄± s) and the t-test was used for pairwise comparison.
The count data were expressed as (%) and the comparison
was performed using the chi-squared test. The test level was
α = 0.05 and p < 0.05 indicated that the difference was
statistically significant.

RESULTS

Comparison of Total CAUTI Incidence
Between the Two Groups and CAUTI
Incidence in Different Time Periods
The total incidence rate of CAUTI in the control group was
20.69% including two patients with an indwelling urinary
catheter for 7–10 days, three patients with an indwelling urinary
catheter for 11–15 days, and seven patients with an indwelling
urinary catheter above 15 days. The total incidence rate of
CAUTI in the observation group was 6.90% including one
patient with an indwelling urinary catheter for 7–10 days, one
patient with an indwelling urinary catheter for 11–15 days,

and two patients with an indwelling urinary catheter above
15 days. The total incidence of CAUTI in the observation
group was lower than that in the control group and the
difference was statistically significant (p < 0.05), as shown in
Figure 1.

Bacterial Culture Results on Catheter
Surface of Patients in the Two Groups
There was no significant difference in the surface bacterial culture
results after catheter cleaning between the two groups (p > 0.05).
The surface bacterial culture results on the catheter surface of
patients in the observation group before and after 6 and 12 h of
catheter cleaning was better than those of patients in the control
group and the differences were statistically significant (p < 0.05),
as shown in Figure 2.

FIGURE 1 | Comparison of total catheter-associated urinary tract infection

(CAUTI) incidence between the two groups and CAUTI incidence in different

time periods. Compared with the control group, *p < 0.05.

FIGURE 2 | Bacterial culture results on catheter surface of patients in the two

groups. Compared with the control group, *p < 0.05.
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Comparison of Duration of Indwelling
Urinary Catheter, Hospitalization Time, and
Hospitalization Expenses Between the Two
Groups
The duration of indwelling urinary catheter, hospitalization time,
and hospitalization expenses of patients in the observation group
was lower than those of patients in the control group and the
differences were statistically significant (p < 0.05), as shown in
Table 1.

Comparison of the Incidence of Nursing
Risk Events During Treatment Between the
Two Groups
In the control group, there were one patient of urethral injury,
three patients of urinary leakage, two patients of pipeline
dropping out, and one patient of nurse–patient dispute during
the treatment. The incidence rate of nursing risk events was
11.86%. In the observation group, there were one patient dropped
out of the pipeline during the treatment and no nurse–patient
dispute occurred. The incidence of nursing risk events was 1.72%.
The incidence of nursing risk events in the observation group
was lower than that in the control group. The difference was
statistically significant (p < 0.05), as shown in Table 2.

Middle Urine Culture Results of Patients
With CAUTI
A total of 16 patients with CAUTI were cultured in clean
midstream urine. The cultured bacteria were: Escherichia coli
(E. coli) (62.50%), Enterococcus faecalis (25.00%), and Proteus
(12.50%) in descending order.

TABLE 1 | Comparison of duration of indwelling urinary catheter, hospitalization

time, and hospitalization expenses between the two groups.

Group n Duration of

indwelling urinary

catheter (d)

Hospitalization

time (d)

Hospitalization

expenses (yuan)

Control

group

58 19.76 ± 3.21 29.71 ± 4.62 33,892.76 ± 672.43

Observation

group

58 15.92±3.19 23.95 ± 4.15 31,527.52 ± 567.27

t value 6.462 7.064 20.475

P value <0.001 <0.001 <0.001

Comparison of Patient Satisfaction Scores
Between the Two Groups
The comparison with the self-made satisfaction questionnaire
showed that the overall satisfaction score of the observation
group was higher than that of the control group and the
difference was statistically significant (p < 0.05), as shown in
Figure 3.

Nursing Staff Sense Control Ability and
Core Ability Comparison Between the Two
Groups
The scores of core competencies such as attitude, behavior,
indication of catheter indwelling and infection prevention
measures, emergency response ability, health education ability,
and communication ability of the nursing staff in the observation
group were higher than those of the nursing staff in the control
group and the differences were statistically significant (p < 0.05),
as shown in Figures 4, 5.

DISCUSSION

Operation is the main treatment method for patients with severe
craniocerebral injury. Although it can reduce the pain of patients,
the catheter needs to be indwelling for a long time after surgery.
Naturally, bacteria will grow after 1 week of indwelling urethral
catheter in patients. With the extension of the indwelling time,
the occurrence rate of bacterial biofilm is higher and higher

FIGURE 3 | Comparison of patient satisfaction scores between the two

groups. Compared with the control group, *p < 0.05.

TABLE 2 | Comparison of the incidence of nursing risk events during treatment between the two groups.

Group n Urethral injury Urine leakage Pipeline dropping out Nurse-patient dispute Incidence of nursing risk events

Control group 58 1 (1.72%) 3 (5.18%) 2 (3.45%) 1 (1.72%) 12.07%

Observation group 58 0 (0.00%) 0 (0.00%) 1 (1.72%) 0 (0.00%) 1.72%

χ
2 value 4.721

P value 0.030
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FIGURE 4 | Nursing staff sense control ability comparison between the two

groups. Compared with the control group, *p < 0.05.

FIGURE 5 | Nursing staff core ability comparison between the two groups.

Compared with the control group, *p < 0.05.

and the formed biofilm gradually diffuses inside and outside
the catheter surface through the lumen. This, in turn, leads to
UTI, catheter blockage, and other conditions, seriously affecting
the surgical effect and the recovery process of the postoperative
patients (16–18).

In the recent years, cluster nursing has developed into a
new concept of clinical nursing. Compared with the traditional
nursing mode, it has the systematic characteristics and can
carryout comprehensive intervention on the disease, which
is more effective than performing a single nursing measure
alone (19). Cluster nursing based on risk management strategy
includes risk identification and evaluation, implementation of
specific nursing measures, and nursing quality control. Risk
identification and risk assessment are the first step, which can
identify the objective existence and potential risk factors of
CAUTI, comprehensively and quantitatively assess the risk of
patients with CAUTI, and provide reference for the subsequent
formulation and implementation of specific nursing measures.

Nurse quality control is that last link of nursing intervention
and also the key step to avoid adverse event and improve
nursing quality.

In this study, the total incidence of CAUTI in the observation
group was significantly lower than that in the control group and
the incidence of CAUTI in both the groups increased gradually
with the prolongation of indwelling urinary catheter. It is
suggested that cluster nursing based on riskmanagement strategy
could reduce the incidence of CAUTI in patients with severe
craniocerebral injury. Through consulting relevant literature
and analyzing the interventions provided by various guidelines,
expert consensus, and research articles, we found that the main
risk factors of CAUTI were as follows: (1) Patient factors: Severe
craniocerebral patients were in a coma, incontinent, the normal
physiological environment of the urethral meatus and mucosa
was imbalanced, the antibacterial function of neutrophils was
weakened and destroyed, and the body resistance was decreased.
In addition, the catheter indwelling time was long, which was
more likely to lead to infection. However, own factors of patient,
such as old age, basic diseases, and the severity of the disease,
could not be interfered; (2) Personnel factors: The concept of
sterility of medical staff is not strong, disinfection and isolation
measures are not in place, and the compliance of hand hygiene is
poor. Catheter placement technology is not skilled, the operation
is not standardized, catheter care is not in place, etc.; and (3)
Environmental factors: Family members of patients paid more
visits, which easily brought pathogenic bacteria into the ward;
pathogens can also be transmitted, if the daily environment
is not cleaned properly (20–22). In view of the above risk
factors, targeted prevention and control measures of CAUTI were
formulated and strictly controlled for implementation to ensure
the quality of care.

Based on the risk management strategy of cluster nursing,
the specific implementation measures include: (1) Specification
catheterization method, do a good job in hand hygiene, and
strict aseptic operation; (2) Suitable urinary catheter was selected
and self-made urinary catheter paste was used for secondary
fixation; (3) To solve the problem of the long indwelling
catheter in patients, setup risk assessment and reminder for
indwelling catheter, so as to remove it as soon as possible; (4)
Strengthen communication with families of patients and health
education of cleaning and disinfection. Clustering consisting of
four elements is feasible for every nursing measure in clinic.
The results of this study showed that the bacterial culture
results on the surface of urinary catheter of patients in the
observation group in different time periods were better than
those of patients in the control group. At the same time, the
time of indwelling urinary catheter, hospital stay, and hospital
expenses of patients in the observation group were lower than
those of patients in the control group. Moreover, the incidence
of nursing risk events was also significantly reduced. A study
by Mitchell showed that the incidence of CAUTI was positively
correlated with the catheter indwelling time and the longer the
catheter indwelling time, the more bacteria colonization outside
the catheter (23). The time of indwelling urinary catheter for
patients in the observation group was shortened. By setting
the reminder mechanism, the doctors were prompted to stop
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pulling out the urinary catheter according to the advice of
doctor in time, so as to improve the effectiveness of nursing
implementation. In this study, we performed secondary fixation
of the urinary catheter to avoid the change in the position of
the urinary catheter and ensure that no mechanical damage was
caused to the urethra and bladder mucosa during the period
of indwelling urinary catheter, thereby reducing the occurrence
of CAUTI.

A total of 16 patients with CAUTI were cultured in clean
midstream urine and the cultured strains were in the order of
E. coli > Enterococcus faecalis > Proteus from high to low. E.
coli in the Gram-negative Enterobacteriaceae family is a common
pathogen isolated from the urinary tract. A study covering 38
centers in 11 countries in the Asia-Pacific region showed that
the constituent ratio of E. coli in Gram-negative bacterial isolates
causing UTI was 56.8% (24).

With the increasing awareness of hospital infection
monitoring and demand of people for medical services, the
incidence of medical disputes has been increasing year by year.
It is an inevitable trend of the management development of
medical institutions in the future to reduce the infection factors
from the root, reduce the incidence of infection, ensure the
safety of patients, and improve the effect of care details and
medical quality (25). In this study, the overall satisfaction score
of patients and the control and core ability scores of nursing staff
in the observation group were higher than those in the control
group. It proved the high-quality application effect of cluster
nursing based on risk management strategy in the process of
nursing risk management for patients with severe craniocerebral
injury. Nursing can assess the risk of nursing by mastering
the characteristics of condition of patients and summarize
the high-risk factors and the advantages and disadvantages of

intervention measures, which will help to improve the quality of
clinical nursing and reduce the incidence of nursing risk events.
At the same time, it can improve the subjective ability of nursing
staff to resist risks, the quality of nursing care, and the degree of
patient care satisfaction (26).

In summary, cluster nursing based on risk management
strategy can effectively reduce the incidence of nursing risk
events and the probability of UTI in the management of UTI in
patients with severe craniocerebral injury, shorten the duration of
indwelling urinary catheter and hospitalization, and improve the
nursing satisfaction and the sense of control and nursing ability
of nursing staff.
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Purpose:Discuss the application effect of the six-step standard communication process

in the communication ability training of newly recruited nurses.

Methods: This is a before and after control study. The control group included 45

newly recruited nurses in our hospital in 2019, and the observation group included

40 newly recruited nurses in our hospital in 2020. The control group completed the

training according to the existing communication training program, and the observation

group implemented a training program based on the “six-step standard communication

process” on the basis of the existing communication training. The training period was 12

months. The training effect of the two groups of new nurses was compared.

Results: After training, the total scores of clinical communication skills of the new nurses

in the control group and observation group were 252.56± 24.950 and 268.05 ± 19.335

points, respectively; the total scores of communication behavior were 39.00 ± 4.676

and 48.08 ± 2.515 points, respectively; the total scores of general self-efficacy were

26.89 ± 3.017 and 31.25 ± 5.027 points, respectively; the satisfaction scores of

communication training were 17.56 ± 2.018 and 19.45 ± 0.986 points, respectively,

and the differences were statistically significant (P < 0.05).

Conclusion: The implementation of a training program based on the “six-step standard

communication process” can effectively improve the clinical communication skills and

self-efficacy of newly recruited nurses, and can be promoted and applied to the

communication training of newly recruited nurses.

Keywords: six-step standard communication process, cancer specialist hospital, new nurses, clinical

communication skills, self-efficacy
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INTRODUCTION

A specialized tumor hospital is a technically sophisticated and
specialized hospital with the prevention and treatment of tumor
diseases as its main business scope.Most of the patients it receives
are special groups who are facing death threats and bear huge
psychological pressure, so the oncology specialist hospital needs
to show more humanistic care while providing them with superb
medical technology. Nursing-patient communication is a key
link in expressing humanistic care in the operation of tumor
specialized hospitals. It plays a very important role in increasing
patient satisfaction and improving clinical services, and most of
the complaints of patients are related to poor doctor-patient or
nurse-patient communication (1, 2). It has been reported that
the problem of insufficient communication skills among newly
recruited nurses is particularly prominent, and the nurse-patient
communication skills they have mastered cannot meet their job
needs (3, 4). And in the existing training, the communication
training of newly recruited nurses is more inclined to theoretical
learning and experience introduction, and there are problems
such as low practicability and insignificant effect, so it cannot
meet the special nursing needs of tumor hospitals for tumor
diseases (5). In 2016, my country required communication
ability training for new nurses in the “Training Outline for
Newly Enrolled Nurses (Trial)” (6). The six-step standard
communication process is formed by domestic scholars through
the Chineseization and revision of the CICARE communication
model, namely “connect-introduce-communicate-ask-respond-
exit,” it streamlines and standardizes every communication
between nurses and patients, which helps to rapidly improve
the professionalism and communication skills of nurses, thereby
providing better nursing support for patients. It is an effective
communicationmethod to build nurse-patient trust and promote
nurse-patient harmony (7). This study intends to combine the
nursing characteristics and clinical needs of cancer patients to
construct a communication skills training program for newly
recruited nurses based on the “six-step standard communication
process,” and to explore its application effects. The report is
as follows.

MATERIALS AND METHODS

Research Object
Nurses who had been employed in our hospital for <1 year in
2019 and 2020. The new nurses were divided into a control group
and an observation group according to their entry time. The
control group included 45 newly recruited nurses in our hospital
in 2019, and the observation group included 40 newly recruited
nurses in our hospital in 2020. Inclusion criteria: ① Those
who had not received the six-step standard communication
process training; ② Those who had passed the nurse qualification
examination; ③ Those who had a college degree or above.
Exclusion criteria: ① Those who could not participate in the
whole training; ② Those who had work experience; ③ Those who
worked in the operating room, ICU, and auxiliary examination
departments after entering the job.

Training Program
Nurses in the control group received communication training
according to the existing program. This included theoretical
lectures on communication-related knowledge, simulation
training on communication, communication case analysis and
discussion, communication practice under the supervision
of a specialist during clinical work, participation in clinical
department work, ward rounds and business learning, learning
the communication style and skills of teaching teachers, and
timely guidance from teaching teachers on communication
problems arising from new nurses.

The observation team implemented a training program based
on the “six-step standard communication process” on the basis
of the control group. Specifically, this includes: ① Establishing
a training team. The team leader was the associate director for
teaching in the nursing department, and the team consisted
of six members. They included head nurses, teaching teachers,
quality control nurses, the titles were all nurses in charge
and above. ② Developing a six-step standard communication
flow chart and publicity posters and posting them in the
departments and wards where the observation group nurses were
located. The main contents included: connect (polite contact:
using the preferred term of address when approaching patients
and families), introduce (enthusiastic introduction: introducing
yourself and explaining duties), communicate (explain in detail:
what would be done to communicate with the patient, how
long it would take, and how it would affect the patient),
ask (careful inquiry: obtaining consent before performing the
procedure and asking the patient’s needs), respond (patiently
answer: patiently answering questions from patients or families),
exit (leave politely: politely explaining what needed to be
done next, saying goodbye politely). ③ Production of training
materials. The aforementioned flowchart would be made into
a manual and distributed to new nurses; a video of scenario-
based communication simulation would be filmed for new
nurses to learn. ④ Establishing a “communication typical
case library.” Each department summarizing clinical nursing
scenarios according to the characteristics of diseases, and the
training team selecting typical cases and using the “six-step
standard communication process” to create a “communication
typical case library,” which was divided into common nursing
situations such as receiving consultation, intravenous infusion,
health education and psychological guidance. ⑤ Training
implementation. Divided into 3 phases. Phase 1 was the
theoretical lecture phase. Conducting lectures on related
knowledge of the “six-step standard communication process,”
mainly training its connotation, definition, communication
skills knowledge and specific applications. At the same time,
citing cases and watching scenario simulation videos, inspiring
members to ask questions, and solve difficulties and doubts in
communication in time. Phase 2 was the scenario training stage.
Using standardized patients, new nurses can experience different
scenarios and feel the communication skills in special situations,
so that theory and practice can be integrated to strengthen in-
depth understanding of the communication process. Phase 3 was
the clinical practice and consolidation stage. Implementing the
“six-step standard communication process” in clinical work, and
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TABLE 1 | General information of new nurses.

Items Control group (n = 45) Observation group (n = 40) t/χ2 value P-value

Gender

Male

Female

0 (0.00%)

45 (100.00%)

0 (0.00%)

40 (100.00%)

Average age 23.31 ± 1.08 22.80 ± 0.97 2.279 0.025

Only child or not

Yes

No

19 (42.22%)

26 (57.78%)

11 (27.50%)

29 (72.50%)

2.010 0.156

Residence

Urban

Rural

18 (40.00%)

27 (60.00%)

21 (52.50%)

19 (47.50%)

1.333 0.248

Education level

College

Bachelor or above

20 (44.44%)

25 (55.56%)

16 (40.00%)

24 (60.00%)

0.171 0.679

Personality type

Outgoing

Introverted

31 (68.9%)

14 (31.1%)

25 (62.50%)

15 (37.50%)

0.385 0.535

Have received communication

training before entering the job

Yes 37 (82.22%) 8 (17.78%) 0.455 0.500

No 35 (87.50%) 5 (12.50%)

making a nursing summary of the problems encountered in the
actual operation, and the nurses shared actual work cases and
exchanged discussions with each other.

Research Tools
General information questionnaire: It was designed by the
researchers themselves, including the gender, age, marital status,
education background of the research object, whether it was an
only child, the attitude of choosing a nursing major, and whether
they had participated in communication skills training, etc.

Nurses’ clinic communication competence scale (NCCCS):
Including 6 dimensions, a total of 58 items. The KMO of the
scale was 0.972, the overall Cronbach’s α coefficient was 0.978,
and the Cronbach’s α coefficient of each dimension was between
0.873 and 0.954. Using the Likert 5-level scoring method, each
item was assigned a value of 1 to 5 points from “very poor” to
“very good,” and the score ranged from 58 to 290 points. All
items were scored positively, the higher the score, the better the
communication skills.

Clinical communication behavior scale: The content included
10 entries. A Likert 5-point scale (1=very poor, 5=very good) was
used. each item was assigned a score of 1 to 5 from very poor to
very good, with a total score of 10 to 50. The higher the score, the
better the communication ability.

General self-efficacy scale (GSES): The total Cronbach’s α

coefficient of the scale was 0.87, and the test-retest reliability
was 0.83 (8). The Chinese version of GSES had a total of 10
entries, all of which were forward entries. The Likert 4-level
scoring method was used to score 1–4 points from “completely
incorrect” to “completely correct,” with a total score of 10–40
points. The higher the score, the stronger the nurse’s sense of
self-efficacy. The self-efficacy score of the international norm was
(28.6± 4.0) points.

Nurse communication training satisfaction questionnaire:
The questionnaire consisted of 5 items and was scored on a
4-point scale from 1 to 4, ranging from “strongly disagree” to
“strongly agree,” with higher scores indicating higher satisfaction.
The questionnaire was reviewed by experts and had good
reliability and validity, with a Cronbach’s S coefficient of 0.85 and
a retest reliability of 0.95.

Evaluation Method
After 12 months of new nurses’ training, a questionnaire was
distributed by the research team to investigate the new nurses’
clinical communication ability, self-efficacy and satisfaction with
communication training in 2019 and 2020, respectively, while the
new nurses’ communication behaviors in clinical nursing were
rated by a dedicated person.

Statistical Analysis
Count data were expressed as number of cases and
composition ratio (%), and the chi-square test was used for
comparison between groups; normally distributed measures
were expressed as mean ± standard deviation, and the
independent samples t-test was used for comparison between
groups. Differences were indicated as statistically significant
at P < 0.05.

RESULTS

General Information of New Nurses
The differences in general information between the new
nurses in the control and observation groups were not
statistically significant (P > 0.05) and were comparable. As seen
in Table 1.
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NCCCS Score of New Nurses
The total NCCCS scores of new nurses in the control and
observation groups were 252.56 ± 24.95 and 268.05 ± 19.34
points, respectively (P < 0.05), and the scores of each dimension
are shown in Table 2 and Figure 1.

Clinical Communication Behavior Score of
New Nurses
The total clinical communication behavior scores of new nurses
in the control and observation groups were 39.00 ± 4.68 and
48.08 ± 2.52 points, respectively (P < 0.05), and the scores of
each dimension are shown in Table 3 and Figure 2.

GSES Score of New Nurses
The total GSES scores of new nurses in the control and
observation groups were 26.89 ± 3.02 and 31.25 ± 5.03 points,
respectively (P < 0.05), and the scores of each items are shown in
Table 4 and Figure 3.

TABLE 2 | NCCCS scale of new nurses.

Serial number Number of entries Dimension

① 11 Basic verbal communication skills

② 6 Team communication skills

③ 7 Basic non-verbal communication skills

④ 6 Emotional support capabilities

⑤ 19 Communication skills in difficult situations

⑥ 9 Emotional perception ability

⑦ 58 Communication total items

Communication Training Satisfaction
Score of New Nurses
The total communication training satisfaction scores of new
nurses in the control and observation groups were 17.56 ± 2.02
and 19.45 ± 0.99 points, respectively (P < 0.05), and the scores
of each item are shown in Table 5 and Figure 4.

DISCUSSION

New nurses lack communication skills and experience, and
often do not know how to communicate properly when in
contact with patients. And in view of the particularity of
tumor diseases, patients and their families have shown more
nursing needs for medical staff, which puts forward stricter
nursing communication requirements for newly recruited nurses
in cancer hospitals. This study applied the “six-step standard

TABLE 3 | Clinical communication behavior scale of new nurses.

Serial number Item

① Knock before entering the door

② Introduce yourself before communicating

③ Inform and explain when communicating

④ Gaze when communicating

⑤ Pay attention to the patient’s reaction when communicating

⑥ Ask for patients’ opinions when communicating

⑦ Answer questions from patients during communication

⑧ Leave politely

⑨ Put the stool away when leaving and close the door gently

⑩ Overall evaluation

11 Total score

FIGURE 1 | Each dimension scores of NCCCS of new nurses. Compared with the control group, *P < 0.05.
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FIGURE 2 | Each dimension scores of clinical communication behavior scale of new nurses. Compared with the control group, *P < 0.05.

TABLE 4 | GSES scale of new nurses.

Serial number Item

① If I do my best, I can always solve the problem

② Even if others oppose me, I still have the means to get

what I want

③ It is easy for me to stick to my ideals and reach my goals

④ I am confident that I can deal effectively with anything

that comes up unexpectedly

⑤ With my talent, I’m sure I can handle the unexpected

⑥ If I put in the necessary effort, I will be able to solve most

of the puzzles

⑦ I can face difficulties calmly because I trust my ability to

deal with problems

⑧ When faced with a difficult problem, I can usually find

several solutions

⑨ When there is trouble, I can usually think of some ways

to deal with it

⑩ No matter what happens to me, I can handle it

11 Total score

communication process” to the training of newly recruited
nurses’ communication skills, and the results showed that:

After training, in clinical communication ability and
communication behavior, the total score and each item score
of the observation group were significantly higher than those
of the control group (P < 0.05). This suggests that training
based on the “six-step standard communication process” can
effectively improve the clinical communication skills of newly
recruited nurses in cancer specialist hospitals and promote
the norms of communication behavior. The cultivation of
nurse-patient communication skills of newly recruited nurses
is an important part of nursing human resource management,
and it is also a necessary measure to meet the needs of patients
and ensure the quality of clinical care. The “six-step standard

communication process” is a training method proposed by
the University of California, Los Angeles General Hospital,
which is divided into six processes of “connect-introduce-
communicate-ask-respond-exit.” Its content covers standard
phrases and procedures for communication with patients, and its
core contains communication details such as respect, courtesy,
communication, civility, listening and smiling, which can provide
a practical template for new nurses’ clinical communication
and can better transition communication skills from theory
to practice. And in the form of communication, it goes from
shallow to deep, from polite conversation to declarative
communication, and up to emotional communication, so
that the theory of nursing communication becomes easy to
understand and operable from complicated, which is convenient
to correct irrational understanding, improve communication
ability and solve patients’ practical problems. The application
of the six-step standard communication process in this study,
through theoretical lectures, posters, the production of training
materials, and the filming of scenario-based communication
videos, can enable new nurses to quickly grasp the specific
definition, connotation and application of the six-step standard
communication process, and actively create an atmosphere
of nurse-patient communication using the six-step standard
communication process; At the same time, each department
summarizes clinical nursing scenarios according to disease
characteristics, and the training team selects typical cases and
uses the “six-step standard communication process” to create
a “communication typical case library,” which can provide
new nurses with rich, typical and realistic learning cases. The
above nursing training process is interlocked and step-by-
step, which can guide new nurses to have friendly contact
with patients and strengthen communication, so that nurses
can know the specific communication methods and contents
each time they serve patients, which is an important way to
realize the rapid transformation of humanistic theoretical
knowledge into practical application, rapidly improve the clinical
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FIGURE 3 | Each item scores of GSES of new nurses. Compared with the control group, *P < 0.05.

TABLE 5 | Communication training satisfaction scale of new nurses.

Serial number Item

① I was generally very satisfied with the way the communication

course was conducted

② I think the course content is presented in an

easy-to-understand way, easy to imitate and remember

③ I have put the communication skills I have learned to good

use in my daily work

④ I am more confident in my work and daily communication

⑤ The use of communication skills has made my interpersonal

relationships more harmonious

⑥ Total score

communication ability of new nurses, create a harmonious
treatment environment, and promote the standardization and
homogenization of nursing services (9).

After training, the total score of general self-efficacy and
communication training satisfaction scores of the observation
group were higher than those of the control group, and the
total score of self-efficacy of the observation group was higher
than the international norm value (28.6 ± 4.0) points (P
< 0.05). This suggests that training based on the “six-step
standard communication process” can enhance the self-efficacy
and job confidence of newly recruited nurses in cancer specialist
hospitals, and increase satisfaction with communication training.
Self-efficacy is a concept proposed by the American psychologist
Bandura in 1977. It refers to people’s confidence or belief in their
ability to achieve behavioral goals in a specific field (10). Nurses’
self-efficacy is positively correlated with their nursing behaviors
(11–13). Nurses with a high sense of self-efficacy can effectively
exercise self-control, regulate their own behaviors, and promote
professional behaviors in nursing practice. By improving their
sense of self-efficacy, they can promote nurses to increase their
work rate and work quality, and reduce their tendency to leave,

and ultimately increase quality of nursing service. In addition,
nurses with stronger communication skills can also positively
influence the overall sense of experience and nursing satisfaction
of cancer patients and have the effect of improving the
overall health status of patients, however, new oncology nurses
rarely receive formal nursing communication instruction during
clinical learning, and with insufficient theoretical knowledge
and lack of practical experience, they often fall into a flustered
and passive situation when communicating with patients, and
therefore have a low sense of self-efficacy, which is not conducive
to the cultivation of work confidence and the establishment
of a harmonious nurse-patient relationship (14–16). This study
implements a six-step standard communication process that
integrates theory and practice. Compared with the previous
communication training process, the content is not only easier
to understand and easy for new nurses to imitate and remember,
but also helps to cultivate new nurses’ critical thinking and
exercise their ability to analyze and solve practical problems.
For example, the application of standardized patient scenarios
during training allows new nurses to experience different
scenarios and perceive nursing communication skills in special
situations, which helps them to have a deeper understanding of
communication processes and skills and be able to apply them
flexibly in conjunction with actual clinical needs.

As a result, the new nurses’ overall clinical competence
improved significantly, and their self-efficacy and satisfaction
with the communication training increased accordingly.

The results of this study also showed that in GSES, the
scores of entries ① and ④ were higher in the observation
group than in the control group, but there was no statistical
difference (P > 0.05). The reason may be that the training
subjects in this study were new nurses in oncology hospitals, and
although a “communication typical case library” was established
and training on “communication in difficult scenarios” was
conducted, oncology nursing is faced withmore complex diseases
and patients, which has higher demands on nursing staff (17, 18).
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FIGURE 4 | Each item scores of communication training satisfaction scale of new nurses. Compared with the control group, *P < 0.05.

Therefore, new nurses still do not feel confident that they can
“always solve problems” and “deal effectively with anything that
comes up” due to their lack of oncology nursing knowledge and
clinical experience.

Cancer treatment is a long and complicated process. In this
process, patients and their families suffer from multiple burdens
frommental, physical and economic aspects, and nurses are faced
with various demands from patients, so they must treat each
patient with “love, patience, care, compassion and responsibility,”
continuously improve service quality and service attitude, and
really make our nursing work to the heart of patients (19, 20). The
six-step standard communication process of this study practiced
the “people-oriented” nursing concept throughout the entire
process. It focuses on the needs of patients, pays attention to
evaluating and meeting the needs of patients, fully embodies the
nursing philosophy of humanistic care, and helps new nurses to
win the satisfaction of patients. The increase in positive reviews
received by new nurses in nursing work also contributes to the
improvement of self-efficacy and job satisfaction (21, 22).

CONCLUSION

Training based on the “six-step standard communication
process” can improve the communication skills and self-
efficacy of new nurses in cancer specialist hospitals, enhance
the confidence of new nurses in communication, and enable
them to quickly master nurse-patient communication skills, and
effectively apply them in clinical nursing work. It is worth
promoting and applying in the communication training of newly
recruited nurses. However, due to the short tracking time of this
study, the long-term maintenance effect of this training model in

the clinical communication of newly recruited nurses needs to be
further tracked and refined.
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Objective: To observe the correlation between laryngopharyngeal reflux disease (LPRD)

and patients’ sleep status, and to explore the related factors of LPRD.

Methods: Four hundred and sixteen patients who visited the otorhinolaryngology clinic

in our hospital from June 2019 to June 2021 were selected as the research subjects.

According to the scale of reflux symptom index, the subjects were divided into a patients

group (120 patients) with an the reflux symptom index (RSI) > 13 and a control group

(296 patients) with an RSI ≤ 13 according to the RSI scale score. General patient

information was collected. The sleep state and emotional state of patients in the two

groups were evaluated, and the related influencing factors for LPRD were also evaluated.

The correlation between sleep state and depression in LPRD patients was analyzed.

Results: Four hundred and sixteen patients were divided into patients group and control

group according to RSI score, the ratio of the two groups was 1:2.47. In the patients

group, the common symptoms of RSI score and the top three of the total score were as

follows: Foreign body sensation in throat in 112 patients, 438 points; Keep voice clear

in 108 patients, 381 points; Excessive phlegm or nasal discharge reflux in 101 patients,

348 points. The PSQI and HADS scores in the patients group were higher than those in

the control group (t= 19.990, 13.007, 14.690, P all <0.001). Logistic regression analysis

showed that high-fat diet and high PSQI score were the risk factors for the development

of LPRD (P= 0.012, P= 0.007). According to the PSQI score, the patients in the patients

group were divided into 35 patients with abnormal PSQI score, 85 patients with normal

PSQI score, and the HADS scores of those with abnormal PSQI score were all lower than

those with normal PSQI score (P > 0.05). The PSQI score of the patients in the patients

group was positively correlated with the HADS score (r = 0.714, P = 0.013).

Conclusion: Sleep disorder may lead to the occurrence or aggravation of anxiety and

depression in patients with LPRD, and it is an independent risk factor for the development

of LPRD. Clinical attention to the treatment of sleep disorders in patients with LPRD may

be conducive to improving the efficacy of LPRD.

Keywords: laryngopharyngeal reflux disease, sleep disorders, reflux symptom index, influencing factor, depressive

mood
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INTRODUCTION

Reflux diseases include gastroesophageal reflux disease and
laryngopharyngeal reflux disease (LPRD), in which LPRD is
a clinical syndrome caused by reflux of stomach contents to
the upper esophageal sphincter. Clinical manifestations include
foreign body sensation in the throat, pain, persistent throat
clearing, hoarseness, chronic cough, asthma, and so on. If it is
not effectively controlled in time, it can cause serious problems
such as laryngeal disappearance, granuloma, subglottic stenosis,
and so on, which will seriously affecting the daily life and work
quality of patients (1–3). Reflux diseases such as LPRD disease
are caused by various pathophysiological abnormalities, such as
dynamic changes, increased visceral sensitivity, and disturbance
of brain-gut axis regulation. Some psychological factors, such as
life stress, social stress, and psychological state, are caused by the
interaction of the central nervous system and intestinal nervous
system of the brain (4, 5).

The earliest objective reflection of human body’s response to
stress events is sleep behavior disorder. Studies have pointed
out that sleep disorders is closely related to the occurrence of
intestinal symptoms, and patients with reflux disease are often
accompanied by sleep quality decline or sleep disorders (6).
Previous reports paid more attention to the effects of smoking
and drinking on the LPRD, but there was little research on the
sleep state of this group. In recent years, with the change of
modern lifestyle, people’s circadian rhythm has been disrupted,
and sleep deprivation has become an increasingly common
problem. The proportion of normal people, especially young
people, with unhealthy living habits such as sleep disorder
and high-fat diet has increased significantly. At the same time,
studies have confirmed that patients with LPRD disease are
usually accompanied by psychological disorders, and anxiety and
depression are more common in people with sleep disorders
(7). In this study, we conducted a comprehensive analysis of
the clinical symptoms, sleep, and diet of the patients seeking
treatment, aiming to explore the correlation between LPRD and
the sleep status of patients and the influencing factors of their
onset, so as to provide more data reference for the clinical
prevention and treatment of LPRD.

DATA AND METHODS

General Information
Total of 416 patients who visited the otorhinolaryngology
outpatient department from June 2019 to June 2021 were selected
as the research subjects. Inclusion criteria of patients: age ≥ 18
years; Patients cooperated with the research and signed informed
consent form; Clinical data are complete. Patient exclusion
criteria: malignant tumor; Heart disease; Hypertension; Diabetes;
Take anti-acid drugs for nearly 2 weeks. The subjects were divided
into a patients group (120 patients) with > 13 points and a
control group (296 patients) with≤ 13 points according to reflux
symptom index (RSI) scale score. This study was approved by
the Medical Ethics Committee of our hospital, with the informed
consent of the patients.

Research Methods
General patient information was collected, including gender,
age, height, weight, and medical history. The medical history
mainly includes whether there are stomach diseases such as
gastric ulcer and chronic gastritis. Have a history of catching cold;
Whether there is too much work and study pressure; Anxiety
and depression, etc. Patients were evaluated for smoking, alcohol
consumption, constipation, and dietary habits including a high-
fat diet. The smoking criterion is to smoke more than one
cigarette every day for 6 months continuously or cumulatively.
The criterion of drinking is drinking for 3 days or more per week,
25 grams or more for men, and 15 grams or more for women.
The criterion of constipation is difficulty and hard defecation
3 months before admission; There is defecation but can’t be
discharged, defecation frequency is reduced or defecation is not
complete, defecation is less than 3 times a week, defecation weight
is less than 35 g/d, and defecation is laborious more than 25% of
the time. The judging standard of high-fat diet is that fat > 50
g/d and fish protein > 225 g/d are carried out three or more days
a week.

The Pittsburgh sleep quality index (PSQI) scale was used
to assess the sleep status of the two groups. PSQI > 7 points
indicated the existence of sleep disorders, and PSQI ≤ 7 points
indicated normal. The hospital anxiety and depression scale
(HADS) was used to assess the emotional state of the two groups.
PSQI > 7 points indicated that there might be depression and
anxiety, and HADS ≤ 7 indicated that there was no depression
and anxiety problem.

In order to analyze the correlation between sleep status and
depression in patients with LPRD, and then to analyze the related
influencing factors of LPRD, the differences of PSQI and HADS
scores between the two groups were compared.

Statistical Methods
SPSS22.0 software was used for processing. The measurement
data of the experimental data were expressed as mean standard
deviation (x ± s), and t-test was used for pairwise comparison.
The enumeration data were expressed as (%) and the comparison
was conducted by χ

2 test. Multivariate Logistic regression
analysis was used for multivariate analysis. Pearson correlation
was used for correlation analysis between scores. The test level
was α = 0.05, and P < 0.05 indicated that the difference was
statistically significant.

RESULTS

Study Subject Composition and RSI Score
Among the 416 patients, there were 244 males and 172 were
females, with the ratio of male to female being 1.42:1, RSI 0–6
score of 83 patients, 7–13 score of 37 patients and >13 score of
296 patients. According to RSI score, the patients were divided
into two groups: the patients group (n = 120) and control group
(n = 296), with the ratio of 120:296 = 1:2.47. In the patients
group, the common symptoms of RSI score and the top three of
the total score were as follows: Foreign body sensation in throat
in 112 patients, 438 points; Keep voice clear in 108 patients, 381
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TABLE 1 | Patients and scores of reflux symptom index scale in patients group.

Clinical symptoms Number of

patients

Percentage (%) Scoring

(score)

Foreign body sensation in

throat

112 93.33 438

Keep voice clear 108 90.00 381

Excessive phlegm or nasal

discharge reflux

101 84.17 348

Cough 87 72.50 270

Hoarseness or dysphonia 82 68.33 233

Cough after eating or after

lying down

79 65.83 217

Dyspnea or recurrent

episodes of suffocation

77 64.17 185

Burning sensation in the

stomach, chest pain,

indigestion or stomach pain

63 52.50 160

Difficulty in swallowing food,

liquids, tablets

59 49.17 157

TABLE 2 | Comparison of general data between the two groups (n, %).

Variable Control

group

(n = 296)

Patients

group

(n = 120)

χ
2 value P-value

Gender Male 171 (57.77) 73 (60.83) 0.330 0.565

Female 125 (42.23) 47 (39.17)

Age (years) >50 53 (17.91) 23 (19.17) 0.105 0.949

31–50 127 (42.91) 50 (41.67)

18–30 116 (39.19) 47 (39.17)

BMI (kg/m2 ) ≤24 180 (60.81) 76 (63.33) 0.230 0.632

>24 116 (39.19) 44 (36.67)

Occupation Brainpower 47 (15.88) 18 (15.00) 1.260 0.533

Physical

strength

121 (40.88) 43 (35.83)

Freelance 128 (43.24) 59 (49.17)

Smoke Yes 68 (22.97) 33 (27.50) 0.952 0.329

No 228 (77.03) 87 (72.50)

Alcohol Yes 51 (17.23) 37 (30.83) 9.474 0.002

No 245 (82.77) 83 (69.17)

Constipation Yes 29 (9.80) 13 (10.83) 0.101 0.751

No 267 (90.20) 107 (89.17)

High-fat diet Yes 91 (30.74) 49 (40.83) 3.893 0.048

No 205 (69.26) 71 (59.17)

Catch cold Yes 82 (27.70) 37 (30.83) 0.410 0.522

No 214 (72.30) 83 (69.17)

Pressure Yes 56 (18.92) 24 (20.00) 0.064 0.800

No 240 (81.08) 96 (80.00)

Gastric

disease

history

Yes 92 (31.08) 74 (61.67) 33.308 <0.001

No 204 (68.92) 46 (38.33)

points; Excessive phlegm or nasal discharge reflux in 101 patients,
348 points. See Table 1 for details.

FIGURE 1 | Comparison of PSQI scores between the two groups. Compared

with the control group, *P < 0.05.

FIGURE 2 | Comparison of HADS anxiety scores between the two groups.

Compared with the control group, *P < 0.05.

Comparison of General Data Between the
Two Groups
The differences in alcohol, high-fat diet, and gastric disease
history between the two groups were statistically significant (P
< 0.05). There was no significant difference in gender, age,
BMI, occupation, smoking, constipation, catching cold and stress
between the two groups (P > 0.05). See Table 2 for details.

Comparison of PSQI and HADS Scores
Between the Two Groups
The PSQI score, HADS anxiety score andHADS depression score
of the patients in the case group were higher than those in the
control group, and the differences were statistically significant (P
< 0.05). See Figures 1–3 in detail.

Analysis of Multiple Factors Affecting the
Onset of LPRD
Logistic regression analysis showed that high-fat diet and high
PSQI score were the risk factors for the development of LPRD (P
< 0.05). See Tables 3, 4 for details.

Analysis of the Correlation Between Sleep
State and Depression and Anxiety in
Patients of Patients Group
The patients in the patients group were divided into two groups
according to PSQI scores, including 35 patients with abnormal
PSQI scores, 85 patients with normal PSQI scores, and the HADS
anxiety score (5.19 ± 0.36) and HADS depression score (5.86 ±
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FIGURE 3 | Comparison of HADS depression scores between the two

groups. Compared with the control group, *P < 0.05.

TABLE 3 | Assignment for multivariate analysis of factors.

Factors Variables Assignment

Alcohol X1 No = 0, Yes = 1

High-fat diet X2 No = 0, Yes = 1

Gastric disease history X3 No = 0, Yes = 1

PSQI score X4 Continuous variable

HADS score X5 Continuous variable

TABLE 4 | Analysis of multiple factors affecting the onset of LPRD.

Factors B S.E Walds P OR 95% CI

Alcohol 0.463 0.294 2.480 0.113 1.589 0.893–2.827

High-fat diet 0.791 0.224 12.469 0.012 2.206 1.422–3.421

Gastric disease history 0.511 0.296 2.980 0.059 1.667 0.933–2.978

PSQI score 1.095 0.309 12.558 0.007 2.989 1.631–5.477

HADS score 0.416 0.307 1.273 0.127 1.397 0.782–2.495

1.05) of those with abnormal PSQI scores were all higher than
those with normal PSQI scores (4.26 ± 0.27, 4.60 ± 0.71), with
statistically significant difference (P < 0.05). The PSQI score of
the patients in the patients group was positively correlated with
the HADS score (r = 0.714, P = 0.013). See Figure 4 for details.

DISCUSSION

A recent multi-center epidemiological survey in China shows
that the incidence of LPRD among outpatients in otolaryngology
in China was about 10%, and there are regional, gender and
age differences (8). LPRD can cause adult asthma, idiopathic
pulmonary fibrosis and sinusitis, otitis media, tumors, and other
otorhinolaryngology diseases. Therefore, it has been paid more
and more attention in the clinical field, hoping to deepen the
understanding of the pathophysiology of LPRD, and to find
new targets for the diagnosis, prevention, and treatment of
diseases (9).

Studies have found that patients with LPRD have decreased
vagal tone and dysfunction, suggesting that vagal disorders are

FIGURE 4 | Comparison of HADS scores between the abnormal PSQI and

normal PSQI. Compared with the control group, *P < 0.05.

involved in the occurrence and development of LPRD (10).
The vagus nerve is widely distributed in the throat, esophagus,
gastrointestinal tract, lung, heart and other organs, among which
throat is the most sensitive part. The abnormal vagus nerve
function will cause chronic cough, foreign body sensation in
the throat, frequent throat cleaning and so on (11). The results
of this study showed that the top three common symptoms of
RSI score and comprehensive scores in the patients group were
pharyngeal foreign body sensation, continuous throat clearing,
excessive sputum or nasal discharge. Reflux stimulates the cough
receptors in the larynx and C fiber in the tracheal wall. The
stimulation is introduced by the vagus nerve. It may interact
with each other at the afferent nerves or nerves and cause cross-
sensitization of esophagus and bronchi. That is to say, reflux
increases the sensitivity of cough or directly leads to cough onset.
However, cough once again increases the relaxation reaction of
esophageal sphincter, which leads to LPRD disease (12).

There is a two-way regulatory effect between digestive
function and brain in human body, that is, through the brain-gut
axis and the sympathetic/parasympathetic nervous system, the
central nervous system and the digestive system are closely linked
to form a complete dynamic feedback loop to regulate biological
rhythm and sleep state, so there is a correlation between sleep
disorders and changes in digestive function (13). Changes of
modern lifestyle disrupts the circadian rhythms, and sleep
disorders has become an increasingly common problem. Sleep
disorders include difficulty falling asleep, frequent awakening,
abnormal sleep structure, short deep sleep period, fast eye
movement sleep period, short total sleep time in a day, etc.
The research by Pandey and Kar (14) confirmed that more than
25% of patients with gastroesophageal reflux disease have sleep
disorders, and sleep disorders can also affect the development
of gastroesophageal reflux disease through multiple pathways.
However, there are relatively few reports on whether LPRD is
related to sleep disorders. The results of this study showed that
the PSQI and HADS scores of patients in the patients group were
higher than those in the control group. It indicated that sleep
disorder, depression, and anxiety might be closely related to the
occurrence of LPRD. The clinical research by Teklu et al. (15)
has confirmed that the relationship between sleep state and reflux
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diseases may be two way, and reflux may cause uncomfortable
symptoms and may also disturb sleep state. Heartburn is also
a representative symptom at night, which often causes GERD
patients to wake up for a short time, and affects the overall sleep
quality. Anxiety, depression and excessive pressure can cause
gastric peristalsis slowdown in patients, which should be related
to LPRD in theory. According to reports by Caparroz et al. (13),
most patients with LPRD disease have poor autonomic nerve
regulation function and increased sympathetic activity, so they
often suffer from anxiety and/or depression.

The study also shown that patients in the patients group had
a higher drinking history, high fat diet history and stomach
diseases than those in the control group. Since the mid-1980s,
there has been frequent reports of pharyngeal reflux among
throat cancer patients with a history of alcohol and tobacco
abuse. The incidence of gastroesophageal reflux in smoking and
drinking patients is high, and it is speculated that tobacco,
alcohol and gastroesophageal reflux have a synergistic effect on
the etiology of pharyngeal cancer. Further logistic regression
analysis showed that high-fat diet and sleep disorder were the
independent risk factors for LPRD. It is pointed out that fat
intake, especially cholesterol and saturated fatty acid intake, is
positively correlated with the occurrence of gastroesophageal
reflux disease (16). It is speculated that the pathogenesis may
be related to the fact that a high-fat diet can delay gastric
emptying and reduce lower esophageal sphincter pressure,
making reflux more likely to occur, thus inducing cough and
other LPRD symptoms.

At present, it is considered that the interactions between
sleep disorders and LPRD mostly includes the following
possible mechanisms: (1) Sleep disorders reduce the secretion
of melatonin, promote the secretion of gastric acid/pepsin,
increase the incidence of transient relaxation of lower esophageal
sphincter, and causes corresponding gastrointestinal motility
disorders and reflux diseases aymptoms by disrupting circadian
rhythm; (2) Sleep disorders cause gastrointestinal motility
disorders, thus increasing the incidence of reflux; (3) Sleep
disorders stimulates the formation of excessive free radicals,
inhibits the antioxidant capacity of cells, leading to or aggravates
pathological damage of multiple systems, and finally induces
various inflammation-related diseases; (4) Sleep disorder may
also affect the reproduction of intestinal flora. The intestinal
flora can regulate brain development by itself or metabolites,

thus affecting physiological activities. The regulation of intestinal
microecology may provide a new direction for the treatment
of LPRD. (5) Sleep disorder is also associated with mental and
psychological disorders (17). Lechien et al. (18) recognized that
the risk of GERD was significantly and positively correlated
with the severity of negative emotions, and a considerable part
of the negative emotional effects were achieved through sleep
disorders. This study showed that the HADS scores of patients
with abnormal PSQI scores are lower than those of patients with
normal PSQI scores, and there is a positive correlation between
PSQI score and HADS scores. It is further confirmed that sleep
disorder may be related to the occurrence of negative emotions
in patients with LPRD patients. Improving sleep state is beneficial
to reducing the patients’ bad emotional state and improving the
overall curative efficacy of LPRD.

In summary, sleep disorder may result in the appearance or
aggravation of anxiety and depression in patients with LPRD, and
sleep disorder is an independent risk factor for the development
of LPRD. Clinical attention to the treatment of sleep disorders in
patients with LPRD may be conducive to improving the efficacy
of LPRD.
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Objective: To explore the influence of CYP2C19 gene combined with platelet function

test on clinical prognosis of patients with complex coronary artery disease receiving

antiplatelet therapy after PCI.

Methods: A total of 200 patients undergoing PCI in our hospital due to complex

coronary artery disease from February 2019 to February 2021 were selected and divided

into the control group and the observation group according to whether CYP2C19 gene

detection was performed. The control group was treated with dual antiplatelet therapy of

classical aspirin combined with clopidogrel, and the observation group was treated with

individual antiplatelet therapy. The patients in the two groups were followed up for 1 year

after PCI, and their quality of life was assessed using the Seattle Angina Questionnaire

(SAQ score). The occurrence of major adverse cardiovascular events (MACE) during the

follow-up period was also recorded.

Results: The incidence of total MACE events in the observation group was slightly

less than that in the control group, and the difference was statistically significant

(P = 0.040). In particular, the observation group was superior to the control group in

reducing the readmission rate of recurrent unstable angina pectoris, and the difference

was statistically significant (P = 0.023). The location of coronary culprit lesions with

recurrent ischemic events was commonly seen in non-interventional target lesions

(interventional/non-interventional target sites: 12.9%: 77.1%). The SAQ score in the

observation group was larger than that in the control group, and the difference was

statistically significant (P = 0.012). There was no statistical difference in the incidence

of major bleeding between the two groups (P = 0.352).

Conclusion: Using CYP2C19 genotype combined with platelet function test to guide

individualized antiplatelet therapy after complex coronary artery PCI is beneficial to

reducing ischemic events in a short period (1 year), mainly due to reducing the risk of
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readmission for recurrent unstable angina pectoris, and improving the quality of daily

life of patients without increasing the risk of massive hemorrhage, which can improve

clinical prognosis.

Keywords: CYP2C19, platelet function test, complex coronary artery lesions, PCI, antiplatelet therapy

INTRODUCTION

Dual anti-platelet therapy (DAPT) composed of aspirin
combined with a P2Y12 receptor inhibitor is the cornerstone
for the prevention of cardiac and systemic ischemic events in
patients with coronary heart disease (1, 2). It is recommended
by a large number of clinical studies and domestic and foreign
guidelines that DAPT should be accepted after coronary artery
percutaneous coronary intervention (PCI). With the recent
iterations of drug-eluting stents, the promotion of potent
P2Y12 receptor inhibitors, and the continuous updating of
other combined drug strategies, DAPT has many new options
compared with classical regimens in terms of drug selection,
timing, and optimal duration (3, 4). Antiplatelet drug therapy
differs among individuals based on genetic differences and
individual factors, which are significantly associated with the
occurrence of adverse events such as ischemia or hemorrhage.
Clinicians expect an appropriate approach to guide antiplatelet
therapy after PCI to improve the clinical outcome of coronary
heart disease. With the development of clinical trials in recent
years, CYP2C19 gene and platelet function testing have become
a hot topic to guide DAPT treatment after PCI, and more clinical
evidence has been accumulated (5, 6). Although the recently
released Chinese Experts Consensus on Dual-antiplatelet
Therapy for Coronary Heart Disease points out that routine
platelet function and genotyping tests are not supported based on
current evidence to guide the selection of antiplatelet strategies,
they can be applied in specific cases. For example, patients with
high ischemic risk factors can receive DAPT escalation therapy
with gene detection and platelet function guidance, and patients
with high bleeding risk can receive DAPT escalation therapy
(7, 8). The enrolled populations in this study were patients
with complex coronary artery lesions (including CTO lesions,
calcified lesions, left main artery lesion, bifurcated lesions,
three-vessel lesion, lesions with the total stent length >60mm
and more than three stents implanted in a single time), which
were high risk factors for ischemia and had high risk of ischemic
adverse cardiovascular events. According to the statistics of
previous studies, the incidence of MACE events in patients with
complex coronary lesions within 1 year after PCI is as high as
10.4–19.7%, which seriously affects the clinical outcome (9, 10).
Therefore, in this study, CYP2C19 gene combined with platelet
function testing was intended to guide individualized antiplatelet
therapy for patients with complex coronary artery lesions after
PCI, and to explore its impact on clinical prognosis.

MATERIALS AND METHODS

Patients
A total of 200 patients who were confirmed with complex
coronary artery lesions by coronary angiography and successfully

completed PCI in Cangzhou Central Hospital from February
2019 to February 2021 were selected as the research subjects.
This study was approved by the Ethics Committee of our hospital
and has completed the national clinical study registration. It was
conducted with the informed consent of the patients and met
the following inclusion criteria: Meet the diagnostic criteria for
coronary heart disease and meet the criteria for PCI confirmed
by coronary angiography and/or intravascular ultrasound (IVUS)
(11, 12); Patients with complex coronary artery lesions, including
coronary CTO lesions, calcified lesions, left main artery lesion,
bifurcated lesion, three-vessel lesion, lesions with the total stent
length >60mm, and lesions requiring more than three stents
implantation at a time. Exclusion criteria: Patients who used
P2Y12 receptor antagonist within 30 days before operation;
Patients who had hemorrhagic stroke in the past, ischemic
stroke or cerebrovascular event within 6 months, and rational
bleeding due to active diseases (such as peptic ulcer or upper
gastrointestinal bleeding); Patients with contraindications to use
tigrew or clopidogrel or drug allergy; Patients with malignant
tumor and expected survival time of not more than 1 year;
Patients with moderate to severe liver and kidney damage and
coagulation dysfunction; Patients who are going to undergo
CABG in the near future; Patients who failed to cooperate with
the completion of the experiment.

Research Methods
Method of Administration
The patient was given a load of 300mg of clopidogrel (75 mg∗7
tablets/box, Sanofi, France) and aspirin (100 mg∗30 tablets/box,
Bayern Chemie) 30min before PCI, and a maintenance dose
of clopidogrel 75 mg/d + aspirin 100 mg/d from the next
day. Patients with elective interventional therapy were given
clopidogrel 75 mg/d+ aspirin 100 mg/d for at least 4 days.

Surgical Methods
The operation was completed using Siemens cardiovascular
imaging machine. The operator had mature experience in PCI
of complicated coronary arteries, and more than half of the cases
were completed under the guidance of intravascular ultrasound.

Grouping and Administration
Fasting blood was collected in the morning of the first day
after PCI for CYP2C19 gene polymorphism detection, and sent
to our central laboratory. The results were reported within
6 h. They were divided into the control group (n = 100)
and the observation group (n = 100) according to whether
or not CYP2C19 gene testing was performed. Patients in the
control group after PCI continued to take aspirin combined with
clopidogrel antiplatelet regimen (aspirin 100mg, once a day;
Clopidogrel 75mg, once a day). The observation group according
to the CYP2C19 genotype will be divided into three groups
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of patients with rapid metabolism (ultra-fast metabolism and
fast metabolism), intermediate metabolism and slowmetabolism.
Patients with rapid metabolism continued to take aspirin and
clopidogrel orally; Patients with slow metabolism were adjusted
for aspirin in combination with tigroid DAPT regimen (aspirin
100mg, once a day; ticagrelor 90mg, twice a day); Platelet
function of patients in the intermediate metabolic group was
tested 5 days after surgery, and patients in this group were
subdivided into clopidogrel normal response group (NCR;
Maximal platelet aggregation rate <46) and clopidogrel low
response type group (LCR; Maximum platelet aggregation rate
≥46). Patients in the NCR group continued to take aspirin in
combination with clopidogrel. Patients in the LCR group were
adjusted to aspirin combined with ticagrelor antiplatelet therapy.

Observation Index
Major adverse cardiovascular events (MACE) include unstable
angina, recurrent non-fatal acute myocardial infarction, stent
thrombosis, unexpected revascularization of rake vessels, cardiac
death, ischemic stroke, and massive hemorrhage. Cardiac death
is defined as death from any definite cardiovascular cause.
Stent thrombosis is defined as the formation of thrombus
at the original stent implantation caused by any cause after
PCI, which leads to complete or incomplete coronary artery
obstruction. Ischemic stroke is defined as transient ischemic
attack, cerebral infarction, etc. Massive hemorrhage was defined
as BRAC standard type 3 (13). Quality of life was evaluated based
on Seattle Angina Questionnaire (SAQ) (14): It was divided into
five items and 19 items, including: degree of physical activity
limitation (Question 1), stable angina pectoris (Question 2),
attack of angina pectoris (Questions 3–4), treatment satisfaction
(Questions 5–8), and disease cognition (Questions 9–11). The 19
items in the five items were scored item by item as well as the
SAQ total score, which was then converted into a standard score
according to the formula. The standard score = (actual score—
the lowest score in this aspect)/(the highest score in this aspect—
the lowest score in this recipe) ×100. The higher the score was,
the better the quality of life and body functional status would be.

Clinical Data Collection
Detailed clinical data of the patients were collected: (1)
General data: gender, age, weight, BMI, smoking history and
drinking history. (2) Previous medical history: hypertension,
diabetes, cerebral infarction and coronary heart disease. (3)
Blood tests: white blood cell count (WBC), hemoglobin (HGB),
platelet count (PLT), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), creatinine (CR), uric acid (UA), glycated
hemoglobin, triglycerides (TG), total cholesterol (TC), high
density lipoprotein (HDL-L), low density lipoprotein (LDL-
C). (4) Cardiac function: left ventricular diastolic diameter
and EF value. (5) Clinical medication: angiotensin converting
enzyme inhibitor (ACEI)/angiotension receptor blocker (ARB),
β -receptor blockers, statins, calcium-channel antagonist (CCB),
proton pump inhibitor (PPI). (6) Surgical conditions: IVUS
utilization rate and immediate success rate of surgery (residual
stenosis of the lesion < 10% and TIMI blood flow grade 3).

Follow-Up
All patients included in the present study were followed up
for 9∼12 months after PCI through the department follow-up
system, telephone, readmission tracking, and so on. If the patients
were not contacted for more than three times through the appeal
method, they were considered lost to follow-up (9). A total of 200
patients were included in this study. A total of 195 cases were
successfully followed up, including 97 cases in the control group
and 98 cases in the observation group.

Statistical Methods
The results of this experiment were statistically analyzed by SPSS
20.0 (SPSS Co., Ltd., Chicago, USA). Count data were expressed
by (rate), and chi-square test was used for their comparison
between groups. Measurement data were expressed by (mean ±

standard deviation), and t-test was used for their comparison
between groups. P < 0.05 indicates that the difference is
statistically significant.

RESULTS

Comparison of Baseline Information
There was no statistically significant difference between the two
groups in gender, age and other baseline data (P > 0.05). As
shown in Table 1.

Grouping and Distribution of CYP2C19
Genotype in the Observation Group
A CYP2C19 genotype subgroup (98 cases) involving
only observation group patients was conducted and the
subgroup met the 2013 CPIC guidelines. The fast metabolism
group included 33 patients (33.68%) with fast metabolism
progressive CYP2C19∗1/∗1 and ultrafast metabolism progressive
CYP2C19∗1/∗17. The intermediate metabolic group included
patients with CYP2C19∗1/∗3, CYP2C19∗1/∗2, CYP2C19∗2/∗17,
and CYP2C19∗3/∗17 (36 cases, or 36.73%); The slow metabolic
group included patients with CYP2C19∗2/∗2, CYP2C19∗3/∗3,
and CYP2C19∗2/∗3 (29 cases, or 29.59%). As shown in Table 2.

Comparison of Incidence of MACE Events
Comparison of MACE event results between the two groups
showed that although the individualized antiplatelet treatment
group (observation group) did not show statistical difference
in ischemic adverse events such as re-admission of non-
fatal acute myocardial infarction, stent thrombosis, unexpected
revascularization of rake vessels, cardiac death, and ischemic
stroke (P > 0.05), it benefited from reducing the risk of re-
admission for recurrent unstable angina pectoris (P = 0.040).
The total incidence of MACE events in the observation group
was less than that in the control group, and the difference was
statistically significant (P = 0.046). Moreover, the incidence of
massive hemorrhage did not increase (P = 0.352). As shown in
Figure 1.
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TABLE 1 | Comparison of baseline data between the two groups.

Baseline information Control group (n = 97) Observation group (n = 98) t/χ2 P

Age (years) 68.40 ± 9.10 67.38 ± 8.50 0.808 0.417

Gender [male (%)] 54 (55.67) 46 (46.94) 1.487 0.253

Body weight (kg) 70.23 ± 9.28 68.12 ± 9.45 1.573 0.118

BMI (kg/m2 ) 24.99 ± 1.97 24.84 ± 2.17 0.505 0.614

Smoking history [n (%)] 32 (32.99) 31 (31.63) 0.041 0.879

Drinking history [n (%)] 22 (22.68) 19 (19.39) 0.318 0.602

Past medical history [n (%)]

Hypertension 24 (24.74) 29 (29.59) 0.579 0.520

Type 2 diabetes 26 (26.80) 24 (24.49) 0.137 0.745

Cerebral Infarction 14 (14.43) 17 (17.35) 0.309 0.696

Coronary heart disease 26 (26.80) 28 (28.57) 0.046 0.873

Blood examination

WBC (109̂ L) 7.45 ± 1.61 7.34 ± 1.53 0.489 0.623

HGB (109̂ L) 129.82 ± 10.54 131.15 ± 13.88 0.753 0.453

PLT (109̂ L) 206.56 ± 62.92 212.55 ± 63.13 0.664 0.508

ALT (U/L) 31.64 ± 6.74 32.44 ± 9.24 0.690 0.491

AST (U/L) 32.73 ± 8.46 30.96 ± 8.37 1.469 0.143

CR (µmol/L) 91.32 ± 15.73 87.21 ± 16.70 1.769 0.079

UA (µmol/L) 355.55 ± 70.74 368.94 ± 88.33 1.168 0.244

HbA1c (%) 5.75 ± 0.79 5.77 ± 0.68 0.189 0.843

TC (µmol/L) 4.68 ± 0.55 4.81 ± 0.44 1.854 0.056

TG (µmol/L) 1.78 ± 0.43 1.80 ± 0.27 0.538 0.550

HDL-L (µmol/L) 1.27 ± 0.39 1.17 ± 0.23 2.709 0.027

LDL-C (µmol/L) 3.58 ± 0.31 3.65 ± 0.43 1.303 0.202

Cardiac function

Left ventricular diastolic diameter (mm) 48.26 ± 4.61 49.08 ± 4.74 1.224 0.220

EF (%) 54.46 ± 4.80 53.87 ± 4.03 0.929 0.354

Clinical medication [n (%)]

ACEI/ARB 87 (89.69) 89 (90.82) 0.071 0.814

Statin 88 (90.72) 91 (92.86) 0.295 0.624

β-blocker 87 (89.69) 90 (91.84) 0.268 0.630

CCB 10 (10.31) 7 (7.14) 0.614 0.459

PPI 95 (97.94) 92 (93.88) 2.043 0.153

Surgery [n (%)]

IVUS use 46 (47.42) 43 (43.88) 0.658 0.248

PCI immediate success 92 (94.85) 94 (95.92) 0.128 0.721

Comparison of SAQ Scores Between the
Two Groups
In view of the fact that the observation group could reduce
the readmission risk of recurrent unstable angina pectoris,
the Seattle Angina Survey Scale was used in this experiment
to analyze the quality of life of patients in two groups.
Among them, the observation group was significantly superior
to the control group in the aspects of limited physical
activity, stable state of angina, onset of angina and treatment
satisfaction, with a statistical difference (P < 0.05). The
difference was basically the same in the disease cognition,
with no statistical difference (P = 0.062). As shown in
Figure 2.

Analysis of the Location of Offenders With
Recurrent Ischemic Events in the MACE
Event
Further, we wanted to determine the lesion location of criminals
who excluded stent thrombosis and died from cardiac causes
in the MACE event and experienced another ischemic event.
As a result, CAG was reexamined in a total of 31 patients who
were readmitted for recurrent unstable angina pectoris and non-
fatal acute myocardial infarction and who underwent unexpected
revascularization of target vessels. Among them, 4 cases (12.90%)
were located at interventional target lesion, and 27 cases (87.10%)
were located at non-interventional target lesion. Hence, non-
interventional target lesion sites were more common.
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TABLE 2 | Grouping and distribution of CYP2C19 genotype in the observation

group.

Metabolic type Genotype Cases (n) Percentage (%)

Fast metabolism type (n = 32) *1/*1 19 19.39

*1/*17 14 14.29

Intermediate metabolic (n = 30) *1/*3 9 9.18

*1/*2 10 10.21

*2/*17 9 9.18

*3/*17 8 8.16

Slow metabolism type (n = 36) *2/*2 11 11.22

*3/*3 10 10.21

*2/*3 8 8.16

According to gene distribution, the gene frequencies at *2, *3, and *17 loci, the actual

genotype frequency and the theoretical genotype frequency were counted, and the

analysis of variance test was used to test the actual genotype frequency and the

theoretical genotype frequency at *2, *3, and *17 loci. The results showed that there

was no significant difference between the actual genotype frequency and the theoretical

genotype frequency (P > 0.05), which was in line with the Hardy–Weinberg genetic

balance test, indicating that the gene frequency of the sample population was in line with

the genetic balance rule and was representative.

FIGURE 1 | Comparison of MACE event incidence between two groups.

Compared with the control group, *P < 0.05.

DISCUSSION

Aspirin combined with P2Y12 receptor inhibitors is the basis
of antiplatelet therapy after PCI. However, individual platelet
drug therapy shows diversity differences, which are significantly
associated with the occurrence of adverse events such as recurrent
thrombosis or hemorrhage (15, 16). It has been found in clinical
practice that patients after complicated coronary artery PCI are
more likely to suffer from such adverse cardiovascular events as
angina pectoris, revascularization of target vessels, readmission

FIGURE 2 | Comparison of SAQ scores between the two groups. Compared

with the control group, *P < 0.05.

for non-fatal myocardial infarction, and cardiogenic death. Even
after standardized DAPT treatment, the probability of such
adverse cardiovascular events is still significantly higher than that
of common lesions (17, 18). The reason was related to clopidogrel
resistance and low clopidogrel response in addition to surgical
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factors. Clopyrrole resistance is related to a variety of factors, of
which genetic factors play a significant role (19, 20). Previous
studies have found that Asian patients have a greater risk of
adverse cardiovascular events than western populations, which
may be related to the high proportion of CYP2C19 gene variation
in Asian (21). However, the application of clopidogrel gene
detection alone to distinguish the population with clopidogrel
metabolism cannot independently predict the occurrence of
cardiovascular ischemic events. It was also found in the clinical
practice that ischemic adverse events after PCI were associated
with platelet reactivity (22). Because studies have found that
even after the application of CYP2C19 gene testing guidance
and the administration of standard DAPT drug dose treatment,
20–30% of patients with coronary heart disease still have high
platelet reactivity (HPR), and about 5–6% of patients after stent
implantation have DAPT resistance, which is more likely to occur
in patients in East Asia (23, 24). Based on this, clinicians expect
to find an appropriate method to guide antiplatelet therapy
after PCI, so as to capture the pros and cons of the triggered
endpoint events and make them become the method to optimize
and guide antiplatelet therapy after PCI, so as to improve the
clinical outcome of coronary heart disease. Unfortunately, no
consensus has been reached in the worldwide regarding the
optimal guidance of antiplatelet drug therapy after PCI.

The purpose of this experiment is to initially explore
whether CYP2C19 gene combined with platelet function
testing can improve the clinical prognosis of individualized
antiplatelet therapy after PCI, as compared with the classical
aspirin combined with clopidogrel DAPT regimen. Therefore,
our subgroup design was not complex, and although the
observation group involved multiple subgroups, we were only
concerned with the overall clinical outcome. As a result,
the individualized antiplatelet therapy group (observation
group) showed no statistical difference in ischemic adverse
events such as readmission of non-fatal acute myocardial
infarction, stent thrombosis, unexpected revascularization rake
vessels, cardiac death, and ischemic stroke. The possible
reason is that the ischemic events in this part may be
more related to the surgical factors or to the stability
of the interventional target lesion. In recent years, with
the innovation of interventional instruments, endovascular
examination methods and the improvement surgical techniques,
ischemic events (especially in-stent thrombosis and restenosis)
after PCI have been significantly reduced, so there is not enough
room to change the clinical outcome through antiplatelet drug
therapy. In this study, about half of the PCI operations were
conducted under the guidance of IVUS. Moreover, the surgeons
had rich experience in complex coronary intervention, and the
immediate success rates of the operations were above 90%, which
could basically eliminate the surgical bias.

Different from other similar studies, the results of this
experiment showed that the individualized antiplatelet therapy
could reduce the readmission risk of recurrent unstable angina
pectoris and improve the quality of daily life of patients, which
might be related to the promotion of tigroid therapy, which could
more effectively inhibit platelet aggregation, improve endothelial

function, reduce plaque erosion and rupture, and provide better
blood flow reserve. This part of the effect might be more on
non-interventional target locations, reducing ischemic events
caused by plaques outside of the interventional target locations.
Therefore, we further analyzed the location of the lesions in
the MACE events that excluded patients with stent thrombosis
and cardiogenic death, and recurred ischemic events The results
confirmed that the lesion sites of recurrent ischemic events
were mainly located in non-intervention target lesions, and the
promotion to tigroid therapy improved the stability of non-
intervention target lesions and reduced the ischemic events
caused by the location of non-intervention target lesions.

CONCLUSION

Using CYP2C19 genotype combined with platelet function test to
guide individualized antiplatelet therapy after complex coronary
artery PCI is beneficial to reducing ischemic events in a short
period (1 year), mainly due to reducing the risk of readmission
for recurrent unstable angina pectoris, and improving the
quality of daily life of patients without increasing the risk of
massive hemorrhage, which can improve clinical prognosis. Of
course, when choosing antiplatelet drugs in clinical practice,
patients’ risk of ischemia and hemorrhage should be considered
comprehensively, which is sometimes difficult to grasp. At this
time, gene and platelet detection are considered as optional tools
to guide treatment.
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Purpose: The earlier the detection of the hip joint is discovered, the better the final result.

The purpose of this study aimed to investigate the fetal hip development using magnetic

resonance imaging (MRI), so as to alert clinicians to possible abnormal development

during intrauterine life.

Method: Measurements of 34 cadaver fetuses (68 hips) were obtained regarding

acetabular width and depth, anterior bony acetabular index (ABAI), anterior cartilaginous

acetabular index (ACAI), posterior bony acetabular index (PBAI), and posterior

cartilaginous acetabular index (PCAI). The standard values of each acetabular

measurement index were obtained, and the gestational age-measurement index change

trend chart was drawn to comprehensively analyze the normal development law of the

fetal hip joint.

Results: With the development of fetuses, the width and depth of acetabular increase

linearly, and the slope of acetabular width was larger than that of depth. In addition, two

change points during the 24th and 34th weeks of gestation were detected with regard to

width. ABAI and PBAI also decreased. ABAI demonstrated an approximately linear trend,

while PBAI shows a non-linear trend. During the 36th week, the change point in PBAI

was observed. ACAI and PCAI exhibited slow increases, indicating a non-linear trend.

During the 21st and 36th weeks of gestation, the change points regarding ACAI were

observed. During the 22nd week of gestation, the change point for PCAI was observed.

Conclusion: Plots of the parameters obtained via MRI examinations of cadaver

fetuses across gestational age comprehensively illustrated the fetal hip development.

This developmental information about the hip joint has the potential to guide clinicians in

the early detection of abnormal hip joint development during intrauterine life.

Keywords: acetabular index, development, fetal hip, MRI, MULTTEST

INTRODUCTION

Developmental dysplasia of the hip (DDH) is a common teratogenesis disease in children. The risk
factors for DDH are breech presentation, family history, and oligohydramnios (1). Previous studies
have shown that late DDH usually leads to more complicated treatments and increased long-term
complications (2). The earlier DDH is discovered, the better the final result will be (3). Although
high-risk DDH infants are usually formally examined at birth, it is not possible to find dislocation of
hip joint until the children are obviously limping. This is because clinical symptoms are not obvious
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in the early childhood (2). There is evidence that abnormal
mechanical forces acting on the hip joint in uterus is related to
the occurrence of DDH disease (1, 4). Investigators pay more
attention to indicate the prenatal hip development (5). Published
research shows that this information is usually gained from
post-mortem examinations or ultrasonic imaging (6–8).

And the shape of acetabulum and femoral head have only been
monitored in anatomical studies (6, 7). Also, various indicators
have been used in ultrasonographic studies to assess the fetal
hip development (8). Graf described the most extensive method,
which is implemented by measuring the acetabular obliquity (the
α angle) and the acetabular cartilage apex angle (the β angle) (9).
Baróti et al. concluded that the hip joint was less stable during
perinatal life, as the α angle decreased (8). In DDH, the left hip
is more common, because it is adducted against the mother’s
lumbosacral spine in the most common intrauterine position
(10). However, the left hip was a poor show on ultrasound in the
case of breech presentation (11).

In 2007, Whitby et al. indicated magnetic resonance imaging
(MRI) as a valid method for assessing fetal hip development
owing to its high resolution and satisfactory soft tissue contrast
(12). Measure the width and depth of acetabulum, the radius
and diameter of femoral head, volume and area, and fully reflect
the shape of femoral head. However, insufficient coverage of the
femoral head is a significant precursor of a hip dysplasia (13, 14).

According to the literature (15, 16) and the accumulated
experience, specific parameters were measured in this study
using MRI obtained from 34 cadaver fetuses (68 hips)
ranging in age from 18 to 42 weeks of gestation, so as to
comprehensively evaluate coverage of the femoral head of fetal
hip joint. Acetabular width and depth were measured to indicate
the morphology of the acetabulum, and the anterior bony
acetabular index (ABAI), anterior cartilaginous acetabular index
(ACAI), posterior bony acetabular index (PBAI), and posterior
cartilaginous ace-tabular index (PCAI) weremeasured to indicate
the anterior or posterior acetabular coverage of the femoral head.

The parameters obtained using MRI of cadaveric fetuses
of different gestational ages were plotted to investigate the
development of fetal hip, and to remind clinicians to find
abnormal hip development early during intrauterine life, so as to
assess pathological severity and make emergency interventions.

MATERIALS AND METHODS

Fetal Specimens
The study was approved by the hospital ethics committee.
Informed consent was obtained from the individuals concerned
for the storage and use of the fetus for study purposes. The 68 hip
joints of 34 cadaver fetuses (aged 18–42 weeks of gestation; nine
females and 25 males) were included from 2012 through 2016 to
investigate the development of fetal hip. Fetuses older than 18
weeks were required because the ossification of the acetabulum
started by that time (8). The all fetuses were spontaneous
miscarriages in the hospital with the exception of congenital
malformations affecting fetal hip development, validated by
ultrasound, absence of maternal drug use, breech position, twin
fetuses, and family history of DDH. And the fetuses were

excluded when gestational age was inconformity with the actual
assessing both last menstruation date and ultrasonography. None
of the fetuses were from a vulnerable population and all donors
or next of kin provided written informed consent that was
freely given.

Experimental Grouping
All the subjects were divided into five groups according to
different gestational ages: 18–22 weeks, eight cases, 16 hips in
total; 23–27 weeks, five cases, 10 hips in total; 28 to 32 weeks,
seven cases, 14 hips in total; 33 to 37 weeks, seven cases, 14 hips
in total; 38–42 weeks, seven cases, a total of 14 hips.

Imaging Methods
The hips were scanned using 1.5T MRI (Philips, Achieva, The
Netherlands) within 24 h of death. Take the fetus in supine
position, straighten the lower limbs together, moderately press
the calf and bilateral hip joints with sandbags, and place the
midpoint of the connecting line of bilateral hip joints at the
center of the coil. T2-weighted images (T2WIs) were obtained
using eight-channel SENCE cardiac coils in T2-weighted fast
spin-echo (repetition time 2,137ms; echo time 92ms; time of
acquisition 2min 36 s; seam thickness 2mm; matrix 110 ×

110) in the transverse plane. The remaining imaging parameters
varied slightly based on the size of the fetus. The scanning
methods are mentioned in Whitby’s study (12). The scan took
approximately 20 min.

Measurements
The measurements of acetabular width and depth, ABAI, ACAI,
PBAI, and PCAI were completed using Picture Archiving
and Communication System (PACS; YLZ, Fujian, China). The
acetabular width was considered as the length of the line drawn
from the anterior cartilaginous vertex to the posterior. The
acetabular depth was considered as the perpendicular distance
from the line to the maximum distance of the acetabulum
(Figure 1). A line was drawn from the common center of the
acetabulum and femoral head (point E) to the thinnest point
of the acetabular cartilage (point O), which was regarded as
the baseline. The baseline definition was similar to the method
described by Harnroongroj et al. using computed tomography
(16). The angles formed by the baseline and the line from the
anterior or posterior osteal vertex of the acetabulum to point
O represented ABAI and PBAI, respectively (Figure 2). The
angles formed by the baseline and the line from the anterior
or posterior cartilaginous vertex of the acetabulum to point
O represented ACAI and PCAI, respectively (Figure 3). These
angles were measured to represent the anterior or posterior
acetabular coverage of the femoral head. Larger angles denoted
less acetabular coverage of the femoral head. The obtained
MR images of the hip joint were independently analyzed and
measured by two senior radiologists who were in charge of
imaging diagnosis, and each measurement was repeated three
times. In the case of inconsistent measurement results, a
third senior radiologists participated in the discussion and an
agreement was finally reached.
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FIGURE 1 | Distance w is the width of the acetabulum, and distance d is the

depth of the acetabulum.

FIGURE 2 | Line OE is the baseline. Angle 1 is the ABAI, and angle 2 is the

PBAI.

Statistical Methods
SPSS13.0 statistical software was used to establish the database
and make statistical analysis. The sample (n = 68), which was
used to collect data to draw the growth curve of themeasurement,
was divided into five age classes of comparable size according to
the statistical standards. Moreover, comparisons were performed
between the two sides and sexes. For each group, the means
and the reference range of measurements were calculated. The
fetal hip development was assessed in three steps. First, the
MULTTEST procedure (SAS PROCMULTTEST) was performed
to address multiple analyses and determine the trends for the
six indicators. To correct for multiple comparisons, the P-
value of each contrast was adjusted to a family-wise corrected

FIGURE 3 | Line OE is the baseline. Angle 3 is the ACAI and angle 4 is the

PCAI.

α of 0.05 using Bootstrap permutation testing implemented in
SAS 9.4 PROC MULTTEST (SAS Institute Inc., USA). Second,
the normative trends of all parameters were plotted against
gestational age to evaluate the relationships among the different
age groups with regard to the indicators. Furthermore, linear or
non-linear regression analyses were performed simultaneously
with the corresponding R2≥ 0.60. Third, a change-point analysis
(CPA) was used to detect the time point at which the statistical
properties of a sequence of observations changed over time.
Moreover, the CPA method was used to detect the changes
in variability using the cpt.var function in R (version 3.2.5)
(17). The detected change point(s) illustrated that the datasets
could be divided into different segments with different variations,
suggesting that the indicators changed across gestational age
and at different rates. These change points are indicated in the
corresponding regression graphs.

RESULTS

Analysis of Consistency of Fetal Hip Joint
Measurement Indexes in Different
Gestational Age Groups
Six parameters were measured with regard to the 68 cadaver fetal
hips ranging in age from 18 to 42 weeks of gestation to indicate
the growth of the femoral head coverage during the fetal stage.
All the inter-block correlation coefficients were close to 1, and the
intra-class correlation coefficients were between 0.708 and 0.933
(P all < 0.05). No significant differences were observed between
the two sides of the hip or between sexes (P all > 0.05). The
means, reference ranges, and trends of the different groups are
indicated in Table 1.
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TABLE 1 | Six indicators of femoral head coverage grouped by gestational age.

GA Num Width (cm) Depth (cm) ABAI (◦) PBAI (◦) ACAI (◦) PCAI (◦)

18∼ 16 0.67 (0.40, 0.94) 0.30 (0.27, 0.34) 121.13 (110.39, 131.86) 73.99 (65.13, 82.85) 44.77 (38.60, 50.94) 43.76 (34.12, 53.40)

23∼ 10 0.91 (0.58, 1.24) 0.35 (0.23, 0.47) 105.22 (98.55, 111.88) 71.72 (67.07, 76.36) 50.30 (46.60, 54.00) 49.37 (44.35, 54.38)

28∼ 14 1.03 (0.82, 1.23) 0.39 (0.28, 0.50) 100.95 (82.18, 119.72) 70.76 (63.22, 78.30) 50.61 (45.88, 55.35) 51.26 (48.96, 53.57)

33∼ 14 1.34 (0.88, 1.79) 0.47 (0.31, 0.62) 94.55 (77.12, 111.97) 67.52 (53.98, 81.07) 51.05 (47.38, 54.72) 51.63 (49.69, 53.57)

38∼ 14 1.57 (1.39, 1.74) 0.56 (0.46, 0.66) 87.48 (81.43, 93.52) 56.48 (46.77, 66.18) 53.94 (46.97, 60.91) 52.43 (49.96, 54.89)

Pe* <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Characteristics are reported as means (95% confidence intervals). ABAI, anterior bony acetabular index; ACAI, anterior cartilaginous acetabular index; GA, gestational age; PBAI, posterior

bony acetabular index; PCAI, posterior cartilaginous acetabular index. A total of 68 cases were divided into five groups of comparable size, and trends were observed with regard to all

six indicators; *P-values were adjusted to a family-wise corrected α of 0.05 using Bootstrap permutation testing implemented in SAS 9.4 PROC MULTTEST (SAS Institute Inc.).

The Hip Joint Measurement Index and
Change Trend of Gestational Age
The indicators changed at different gestational ages and at
different rates. As the gestational age increased, the acetabular
width and depth increased linearly. The slope of gestational age
against acetabular width was 0.05 (adjusted R2 = 0.86). Two
change points in width were detected in the 24th and 34th weeks
of gestation. These data represented three segments, and the
middle segment decreased at a slower rate compared with the
first and third segments (Figure 4). The slope of gestational age
against acetabular depth was 0.01 (adjusted R2= 0.73; Figure 5).
Decreases in the ABAI and PBAI were noted during fetal hip
development. The ABAI demonstrated an approximate linear
trend. The slope of gestational age against the ABAI was −1.69
(adjusted R2 = 0.75; Figure 6). However, a non-linear trend
was noted with regard to the PBAI (adjusted R2 = 0.66), and a
change point was detected in the 36th week of gestation. These
data represented two segments, and the former decreased more
slowly compared with the latter (Figure 7). The ACAI and PCAI
both exhibited a slow increase, indicating a non-linear trend,
and the change points in the ACAI were observed at the 21st
and 36th weeks of gestation. The ACAI changed slowly from the
21st to the 36th week of gestation, and then increased rapidly
(Figure 8). The change point in the PCAI was observed in the
22nd week of gestation. Then, the PCAI increased relatively
slowly (Figure 9).

DISCUSSION

MRI has greater advantages in studying the morphological
changes of fetal acetabular cartilage and the development of
femoral head epiphysis by virtue of the characteristics of
no radiation, good spatial resolution and good imaging of
cartilaginous structures, which can provide a large amount of
information about the development of hip joints in the fetal
period. To clarify the normal incidence of fetal hip joint is the
theoretical basis for the early diagnosis and treatment of fetal
DDH, and it is conducive to taking effective interventions to
reduce the incidence of DDH during pregnancy. The trends
between the indicators and gestational age comprehensively
illustrated the development of the fetal hip. With the ossification
of the acetabulum, the bone segment of the anterior and

posterior acetabular coverage of the femoral head increases, but
the cartilage segment of the anterior and posterior acetabular
coverage of the femoral head decreases to a minimum value
at term.

The anatomical details of the fetal hip were clear on T2WI
MRI for all of the fetuses included in the present study (12).
The parameters obtained in cross section are selected for the
fetal presentation instead of the ace-tabular index in the coronal
section, so it is difficult to obtain standard coronal section to
fetal hip joint. In Buckley’s study, a line through the anterior
aspect of the triradiate cartilage was seen as the baseline; and
the deficiency of anterior and posterior acetabulum was proved
by DDH (15). The aforementioned baseline required that the
bilateral hip joint was revealed in a transverse plane. However,
the standard transverse plane was difficult to obtain for the
fetal presentation. Generally, the acetabulum and femoral head
are round and had the same point (16). Therefore, a line was
drawn along the cross section from the thinnest point of the
acetabular wall to the center of the femoral head. This line is
considered to be the baseline to avoid using the contralateral
acetabulum as a reference of calculation. In order to determine
the baseline, the influence of the passive fetal position on the
measurement parameters of nuclear MRI was avoided, and thus
the evaluation of the fetal hip circumference of pregnant fetus
was provided. The data represented three segments. Compared
with the first and third segments, the middle segment decreased
at a slower rate. These data indicated that the coverage of
the acetabulum of the femoral head decreases between the
21st and 36th weeks of gestation, and this values decreases
rapidly before 21 weeks or after 36 weeks of pregnancy. Based
on an ultrasonographic study of the prenatal hip joints by
Baróti et al., the most intensive growth of the head occurs
at 24 weeks of gestation (8). Whitby et al. demonstrated an
exponential increase in acetabular width until 24 weeks of
gestation (12). Rális showed that at the 11th week of pregnancy,
the spherical femoral head was almost completely surrounded
by the deepest acetabulum. Then, the acetabulum became
shallower, and the femoral head rapidly increased in size. At
birth, the acetabular coverage rate of femoral head before
delivery was the lowest (18). As far as PCAI is concerned, the
change points was observed in the 22nd week of gestation, and
then the value slowly increased. Therefore, after 22 weeks of
development, the posterior cartilaginous acetabulum remained
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FIGURE 4 | Correlation between gestational age and acetabular width.

FIGURE 5 | Correlation between gestational age and acetabular depth.

relatively stable. Harnroongroj et al. described this baseline on
computed tomography and it has been demonstrated to be a
reliable method (16).

As a fetus develops, the ACAI and PCAI exhibit a slow
increase, indicating a decrease in the anterior and posterior
femoral head coverage of the cartilaginous acetabulum.
This conclusion is consistent with previous research studies
(1, 8, 12, 18). As far as ACAI is concerned, the change
were observed in the 21st and 36th pregnancy. In perinatal

period, insufficient anterior coverage and relatively stable
posterior coverage of acetabulum might explain why
the unstable hip is prone to anteroposterior dislocations
at birth (19).

In addition, the changes of width and depth of acetabulum
during the development of fetal hip joint were analyzed, and
these values increased linearly with the development of the
acetabulum. Based on the variation of the acetabular width and
depth, the former increased more rapidly compared with the
latter, and the acetabulum became shallower as gestational age
increased. A previous anatomical study have shown that the
acetabular depth was the slowest variable of growing hip, and
it has increased < 4 fold during the period studied. This study
also showed that in the 18th semester, shallow nest (18). In
addition, two change in width were detected at the 24th and 34th
weeks of pregnancy. These data could be separated into three
segments, and the middle segment decreased slowly compared
with the first and third segments. These data demonstrate the
slower growth of the acetabulum during the second trimester, and
the acetabulum developed rapidly after 34 weeks of pregnancy.
The rapid growth of the acetabular width and the slower growth
of the depth led to a less stable hip during perinatal life (20).
Early diagnosis and good prognosis of DDH disease need to
pay more attention to the development of fetal hip joints in
perinatal period.

The ABAI and PBAI decreased, which indicated that the
acetabular coverage of anterior and posterior femoral head
increased with acetabulum ossification. However, an ultrasound
study found that with the development of fetus, the α angle
gradually decreased (18). The positive correlation between
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FIGURE 6 | Correlation between gestational age and anterior bony acetabular index.

FIGURE 7 | Correlation between gestational age and posterior bony acetabular index.

femoral head coverage and the α angle was confirmed (21).
The conclusions of this study are different from those of
these ultrasonography. This difference was likely because of
the disparate indicators measured. The acetabular coverage

of the femoral head was divided into four parts: anterior,
posterior, medial and lateral (22). The ultrasound revealed
the α angle formed between the baseline (parallel to the
lateral iliac border) and the crest line (tangential to the

Frontiers in Surgery | www.frontiersin.org 6 February 2022 | Volume 9 | Article 847135100

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Liu et al. MRI Study of Fetal Hip

FIGURE 8 | Correlation between gestational age and anterior cartilaginous acetabular index.

FIGURE 9 | Correlation between gestational age and posterior cartilaginous acetabular index.

bony acetabular roof) along the coronal plane of hip joint
(8). The α angle represented the superior bony acetabular
coverage of the femur head. In this study, these parameters
were measured along the transverse plane, indicating the
anterior or posterior coverage of acetabulum of femoral head.
Moreover, the baseline used in the present study is likely

to influence the angles. This issue needs further discussion.
The change point of PBAI was observed in the 36th week
of gestation, and the changed was slow before 36 weeks of
pregnancy. These data indicated that before the 36th week
of pregnancy, the ossification of posterior acetabulum is
relatively slow.
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Although this study intended to alert clinicians to the early
detection of abnormal prenatal hip development by providing
normative femoral head coverage parameters, the relatively
small sample sizes limited the generalizability of these values.
The sample sizes of the different age classes were small, and
the reference values of normative femoral head coverage were
restricted. More patients need to be further studied to provide
an accurate database for measuring development of the hip
joint. In addition, there may be some differences between the
fetal ages of cadaveric fetuses and the actual fetal age. This
study used cadaver fetus data to draw the normative curve. The
conclusion of this study should be inferred carefully. A study
on in vivo fetal imaging is needed to confirm these data before
introducing fetal hip MRI in the clinical practice. Moreover, the
measurement described in this study avoids the influence of the
passive fetal position, and can evaluate the coverage of femoral
head of the fetal hip joint in uterus. However, the MRI data of the
intrauterine fetal hip were not included in this study. Therefore,
the MRI data of the fetal hip joints during intrauterine life should
be used to verify the sensitivity and specificity of these indicators.

In conclusion, these preliminary findings illustrated the
development of the fetal hip joint in the second and third
trimesters. As the development of fetus, the coverage of anterior
and posterior cartilage acetabulum of the femoral head continues
to decrease to a minimum value at full term, while the coverage
of anterior and posterior bony acetabulum of the femoral head
keeps increasing. As a normative reference, these data have the
potential to alert clinicians to the early detection of abnormal hip
development during intrauterine life.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Guangzhou Woman
and Children’s Medical Center. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin. Written informed consent was obtained
from the individual(s) and minor(s)’ legal guardian/next of kin,
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

ZL is responsible for writing the paper. HLi is responsible for
the collection of cases. SW is responsible for the evaluation of
the results. QW is responsible for data statistics. HLiu is the
instructor of the entire study. All authors contributed to the
article and approved the submitted version.

FUNDING

This study was funded by the General project of Natural Science
Foundation of Guangdong Province (2020A1515010164).

REFERENCES

1. Giorgi M, Carriero A, Shefelbine SJ, Nowlan NC. Effects of normal
and abnormal loading conditions on morphogenesis of the prenatal
hip joint: application to hip dysplasia. J Biomech. (2015) 48:3390–
7. doi: 10.1016/j.jbiomech.2015.06.002

2. Mulpuri K, Schaeffer EK, Andrade J, Sankar WN, Williams N, Matheney
TH, et al. What risk factors and characteristics are associated with late-
presenting dislocations of the hip in infants? Clin Orthop Relat Res. (2016)
474:1131–7. doi: 10.1007/s11999-015-4668-0

3. Tomlinson J, O’Dowd D, Fernandes JA. Managing developmental dysplasia of
the hip. Indian J Pediatr. (2016) 83:1275–9. doi: 10.1007/s12098-016-2160-9

4. Hashimoto R, Kihara I, Otani H. Perinatal development of the rat hip
joint with restrained fetal movement. Congenit Anom. (2002) 42:135–
42. doi: 10.1111/j.1741-4520.2002.tb00863.x

5. Jouve JL, Glard Y, Garron E, Piercecchi MD, Dutour O, Tardieu
C, et al. Anatomical study of the proximal femur in the fetus. J

Pediatr Orthop B. (2005) 14:105–10. doi: 10.1097/01202412-200503000-0
0009
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Purpose: To summarize the technical points and clinical effects of percutaneous balloon

compression (PBC) in the treatment of primary trigeminal neuralgia.

Methods: The clinical data of 13 patients with trigeminal neuralgia who received PBC

from April 2020 to July 2021 were retrospectively analyzed. VAS, VRS-4 and PPI were

used to evaluate the postoperative pain relief. Different postoperative complications

were analyzed.

Results: All patients had a smooth operation, the inflation volume of the balloon was

0.7ml, the average compression time was 120 s, and there was no balloon rupture during

the operation. On the day after operation, 12 patients (92.3%) had complete pain relief,

and 1 patient (7.7%) was not satisfied with pain relief, but the pain disappeared 2 weeks

after the operation. After operation, there were 12 patients with facial numbness in the

affected side (92.3%), 3 patients with masseter muscle weakness (23.0%), 1 patient with

herpes around the mouth (7.6%), and 1 patient with diplopia (7.6%).

Conclusion: PBC is an effective minimally invasive surgical method for the treatment

of primary trigeminal neuralgia. It is suitable for the elderly and infirm people, those

who cannot tolerate general anesthesia or are afraid of surgery, and patients who

had undergone surgery but relapsed after surgery. However, it is necessary to pay

attention to the serious facial numbness and postoperative masticatory weakness. These

discomforts are generally relieved after half a year.

Keywords: trigeminal neuralgia, percutaneous balloon compression, pain, clinical effect, minimally invasive

surgical

INTRODUCTION

Trigeminal neuralgia is the most common facial neuralgia in clinic. The clinical onset is mainly
unilateral pain. Most of the initial pain is a short-term phenomenon, which only appears for a
few seconds or minutes. After the initial pain, it may be accompanied by a period of painless
remission, and then it will attack again, with typical paroxysmal pain, severe pain, and discharge-
like pain (1, 2). Under normal circumstances, the clinical manifestations of patients with trigeminal
neuralgia are not obvious between the two attacks, but with the development of the disease, dull
pain or even persistent pain may occur in the later stage of the disease, and the pain may last
for more than 1 h. Investigations have shown that the prevalence of trigeminal neuralgia in the
population ranges from 4/100,000 to 27/100,000, and the most common age is over 50 years old
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(3). The pathogenesis of primary trigeminal neuralgia has not
been uniformly recognized by the medical community, but at
present, most scholars believe that it is related to the central lesion
theory and the peripheral pathogen theory. Trigeminal neuralgia
not only makes the patient’s language dysfunction and eating
difficulty, but also may cause the patient to have bad psychology
such as anxiety, irritability and depression, which has a some
negative impact on the patient’s daily life (4). Therefore, it is
necessary to take active measures to solve trigeminal neuralgia
clinically. When the trigeminal neuralgia is diagnosed for the first
time, drug therapy is the first choice. Carbamazepine, as the first-
line drug at present, can effectively relieve the pain. However,
after taking it for a long time, the curative effect will decrease,
and the patient finally stops taking the medicine because of the
pain that cannot be tolerated and seek surgical treatment (5, 6).

In recent years, with the continuous development of imaging
technology and nerve intervention, surgical treatment has
gradually developed to be more mature. In 1983, Mullan’s
team first used percutaneous puncture to treat diseases, and
achieved certain results. This laid the foundation for the
germination of percutaneous balloon compression (PBC) in our
country (7). The principle of PBC is to selectively damage the
myelinated coarse fibers that conduct tactile sensation through
balloon compression, while retaining the unmyelinated fine
fibers that conduct pain, which is different from the known
thermocoagulation radiofrequency because thermocoagulation
radiofrequency can cause selective injury. It can be used as a
useful supplement of microvascular decompression (MVD) for
trigeminal neuralgia (8). PBC is not easy to cause corneal fiber
injury. On the one hand, it may reduce the afferent sensation
impulse and turn off the trigger switch of trigeminal nerve pain
conduction pathway. On the other hand, it also relieves the
nerve entrapment that may exist in the semilunar segment of the
trigeminal nerve, so it has obvious advantages in the treatment of
the I and II branches of trigeminal neuralgia (9).

Based on this, we observed 13 patients with primary
trigeminal neuralgia in our hospital from April 2020 to July
2021, and discussed the therapeutic effect of PBC. The report was
as follows.

MATERIALS AND METHODS

Case Data
FromApril 2020 to July 2021, 13 patients with primary trigeminal
neuralgia were treated in our hospital. Diagnosis criteria (10):
(a) Pain history ≥3 months, and sudden and recurrent pain;
There are no clinical symptoms during pain relief; (b) Pain
distribution and one or more branches of the trigeminal nerve
distribution region; The nature of pain is “cutting” or “electric
shock;” Having a definite trigger point; (c) No positive signs
on nervous system examination; (d) The attack form is fixed
and rigid. Thirteen patients including eight females and five
males. The average age of the patients was 71 years, left
side pain in seven cases, right side pain in six cases, and
the history of pain was 1–23 years, with an average of 5.3
years. All patients had received carbamazepine, oxcarbazepine,
and other drug treatment, but with the prolongation of the

course of disease, the patients gradually tolerated or could
not tolerate the toxic and side effects of drugs, and all the
patients were willing to undergo surgery. Two cases had
undergone PBC and four cases had undergone microvascular
decompression. Two patients underwent radiofrequency, PBC
and MVD operations. The follow-up time ranged from 3 months
to 1 year, with an average of 5 months. Before operation,
all patients were routinely examined by MRI + trigeminal
neurovascular imaging and 64-slice CT skull reconstruction to
check the location and direction of foramen ovale. Exclusion
criteria: Secondary trigeminal neuralgia caused by intracranial
tumor compression; Complicated with intracranial aneurysm,
cerebral and craniofacial vascular diseases or malformations,
hydrocephalus and other neurological related diseases; Unable to
tolerate surgery; Bilateral trigeminal neuralgia. Before operation,
patients were informed of other alternative treatment schemes
and asked to sign.

Methods
Preoperative Preparation
Trigeminal cardiac inhibitory reflexes have often occurred
during PBC procedures, manifesting as transient but pronounced
bradycardia during balloon filling. Before foramen ovale
puncture, giving patients an appropriate amount of atropine
and remifentanil could alleviate this reaction. Instructed patients
to take supine position, and performed routine preoperative
disinfection and towel spreading. Heart rate, blood pressure,
and blood oxygen saturation were monitored in the whole
process, and ambulatory arterial blood pressure wasmonitored in
real time. Tracheal intubation, general anesthesia and breathing
control, neck slightly extended, with the patient’s nose as the
highest point, and semilunar ganglion puncture surgery were
carried out under the instructions of cross-line screen. (1) 64-slice
CT skull reconstruction was performed before surgery, Hartel’s
anterior approach to the semilunar ganglion of trigeminal nerve
was used, and the foramen ovale was the puncture target
(Figure 1). The M-shaped puncture needle with a needle core
was used as the puncture tool. The puncture point was 2.5–
3 cm outside the mouth angle of the affected side, which basically
corresponds to the root of the first molar. The other two reference
points were the direction of the pupil on the same side, the
outer canthus of the corner of the eye on the same side was
connected to the external auditory canal, and the connection was
3 cm above the external auditory canal. Took the intersection of
the two as the direction of the foramen ovale. (2) The needle
was inserted from the puncture point, and the needle should
be carefully inserted, it should be careful not to pierce the oral
mucosa, and reached the foramen ovale under the instructions
of the fluorescent screen, but to avoid penetrating the foramen
ovale. The needle core was pulled out, and the blunt end of
the 0.5 Kirschner wire was inserted into the catheter at the
center of the introduction. The Kirschner wire and cannula were
measured and fixed before the operation, so that the head end
of the needle exceeds the puncture needle tip by 1–2 cm forward
and enters into the semilunar segment’s Meckel’s cave (Figure 2).
Until the needle feels obvious resistance, the needle core was
pulled out. When the posterior margin of the upper palate,
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FIGURE 1 | (A) 64-slice CT skull reconstruction was performed before surgery to check the direction and size of the foramen ovale; (B) Determine the direction of the

patient’s puncture.

FIGURE 2 | (A–C) After the puncture was in place during the operation, the balloon was filled, and the puncture point had to be inside Meckel’s cave and formed an

effective “pear” shape.

temporomandibular joint, and external auditory canal overlap,
it was considered a standard lateral position, and the balloon was
filled with the contrast agent iohexol under standard lateral DSA
fluoroscopy, until the protrusion toward the posterior cranial
fossa appeared “pear” shape (Figures 3, 4). If the puncture was

not ideal, the cannula direction needed to be adjusted in time to
re-puncture. The filling fluid of the balloon was 0.45–0.75ml. It
took 120–180 s to compress the semilunar segment, the contrast
agent in the balloon was discharged, the catheter was pulled out,
and the compression at the puncture point was about 5min.
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FIGURE 3 | (A) When the posterior margin of the upper palate, temporomandibular joint and external auditory canal overlap (shown by arrow), it was considered a

standard lateral position; (B) After the puncture needle pierces the dura mater of foramen ovale, it needs to be kept outside the skull to avoid further penetration, and

the balloon will form an “inverted pear” shape after filling.

Patients were taken into ICU for postoperative observation, and
returned to ward after waking up.

Evaluation Methods
VAS, VRS-4, and PPI were used to evaluate the postoperative pain
relief. Complete pain relief: VAS < 10 points, VRS-4 0 grade or
PPI 0 grade; Pain relief: VAS 10-40 points, VRS-4 1 grade, or PPI
1-2 grade: pain relief unsatisfactory: VAS≥ 40 points, VRS-4≥ 2
grade, or PPI ≥ 3 grade. Different postoperative complications
were analyzed, including facial numbness, masseter muscle
weakness, herpes around the mouth, diplopia and so on.

RESULTS

All patients had a smooth operation, the inflation volume of the
balloon was 0.7ml, the average compression time was 120 s, and
there was no balloon rupture during the operation. On the day
after operation, 12 patients (92.3%) had complete pain relief, and
1 patient (7.7%) was not satisfied with pain relief, but the pain
disappeared 2 weeks after the operation. After operation, there
were 12 patients with facial numbness in the affected side (92.3%),
three patients with masseter muscle weakness (23.0%), one
patient with herpes around the mouth (7.6%), and one patient
with diplopia (7.6%). Follow-up was conducted 3 months after
operation, among which 13 cases were effectively followed up,
and 1 patient had delayed effect due to the gradual reduction of
oxcarbazepine after operation. The pain of this patient improved
1 month after operation, and the total effective rate was 92.3%.
Twelve patients (92.3%) had slight numbness in the side of

operation, and one patient had severe numbness in the side of
operation with ulcer of the affected side, which was photophobia,
which had certain influence on the quality of life of patients.

DISCUSSION

At present, the surgical treatment of trigeminal neuralgia can be
roughly divided into four categories: MVD, stereotactic gamma
knife, PBC, and radiofrequency thermocoagulation with glycerol
injection (11). After MVD, the complete pain relief rate can reach
90%, and after 10 years, the complete relief rate can bemaintained
at about 70%, and the incidence of surgical complications is
low, which is the most ideal surgical scheme at present (12).
However, this operation is complicated, which requires high
technical requirements for the operator, and is not suitable for
patients who are weak, old, or have serious systemic diseases and
cannot tolerate craniotomy under general anesthesia. Stereotactic
gamma knife, as a non-invasive treatment method, was first
applied in 1953. Although the long-term follow-up results show
that gamma knife has a certain curative effect on trigeminal
neuralgia, there are a large number of literature reports that the
early postoperative complete pain relief rate is quite different
(21.8–80%), and the rate of complete pain relief 10 years later
was lower (45.3%), and the related surgical complications (such
as facial sensory disturbance and numbness) and the recurrence
rate of pain are also high (13). The rate of postoperative pain
relief in PBC was 88.9–97.3%, and the rate of complete pain
relief was about 62% in more than 10 years of follow-up.
PBC also has a good curative effect on recurrent trigeminal
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FIGURE 4 | The puncture process was guided under the direction of DSA.
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neuralgia after microvascular decompression, the complete pain
relief rate reached 82.7% in 3 years after operation (14). The
effective relief rate of postoperative pain in this study was
92.3%, which was similar to previous reports and equivalent to
the therapeutic effect of MVD. Compared with other surgical
methods, PBC has four advantages. First, the wound is small,
and the puncture needle is inserted beside the patient’s mouth,
only the pinhole size, less bleeding, less patient injury, less side
effects, and fewer complications, etc. Second, the operation time
is short, and the whole operation process can be completed in
about 30min. Third, the hospitalization time is short, and the
patient can be discharged from hospital within 2–3 days after
operation. Fourthly, the patient is well-tolerated, accepts the
whole operation under general anesthesia, and the patient has less
pain and discomfort during the operation (15–19).

Early balloon compression surgery lasts for a long time.
Although the pain relief rate is high and the effective duration
is long, facial sensory disturbance and myasthenia gravis tend
to be severe and last for a long time, and there are many
postoperative complications, so it is not recommended that the
compression time be too long (20). The shorter the compression
time, the higher the recurrence rate. Chen’s team concluded
that the appropriate compression time was 90 s, which not
only ensured a high pain relief rate, but also did not increase
the incidence of complications (21). In this study, the average
time of compression was 120 s, range from 30 to 180 s. The
filling volume of the balloon determines the pressure damage
suffered by the semilunar ganglion nerve, which not only directly
affects the pain relief effect after operation, but also leads to
decreased facial sensation, numbness, and weakened masseter
muscles. Clinical research has shown that surgery can’t achieve
the expected therapeutic effect when the balloon filling pressure
was lower than 600 mmHg 0.45ml, and surgery is suitable
when the balloon pressure was 750–1,250 mmHg 0.65ml (22).
However, the pressure of each part of the balloon is not uniform,
and the pressure at the semilunar node is the highest, which
is significantly higher than that at the foramen ovale and the
distal end. At present, few hospitals in China are equipped with
pressure monitoring devices during surgery, and the general
experience of surgeons is to inject 0.5–0.8ml of non-ionic
contrast agent. The average contrast agent injected in this group
was 0.702ml. Early balloon compression surgery will continue
to have numbness at 1 year after operation, which can’t be
alleviated. Patients who experienced severe numbness after early
balloon compression surgery, none of the patients improved,
and the masseter muscle was atrophied and facial changes
appeared afterwards (23, 24). In this study, six patients with
severe numbness on the affected side of the face had an ideal
“inverted pear” shaped balloon filling shape during the operation,
the balloon filling volume was 0.7ml, and the balloon filling
time was 20–25min. Compared with other patients, there was no
special situation, it was speculated that the serious numbness on
the affected side of the face was caused by anatomical factors: the
Meckel’s cave volume of the patient was too small, although the
balloon was filled with the same volume of contrast agent, the
pressure generated in the semilunar ganglion was obviously high,
resulting in extensive destruction of nerve fibers. Patients with
PBC with a long duration of intraoperative compression often

have severe postoperative facial numbness, but the relative relief
of postoperative facial pain is more obvious. Therefore, clinically,
it is necessary to appropriately extend or shorten the compression
time according to the severity of preoperative pain, but it should
be within a reasonable range.

CONCLUSION

PBC is a minimally invasive, safe, effective, and minimally
invasive treatment with minor complications. The indications
of PBC for trigeminal neuralgia are: (1) Those who are
afraid of craniotomy and refuse craniotomy; (2) Elderly and
infirm people with more basic diseases; (3) Patients with poor
general health; (4) Patients who have side effects on drugs;
(5) Patients with ineffective microvascular decompression or
postoperative pain recurrence; (6) Patients with secondary
trigeminal neuralgia who have poor craniotomy treatment
effect or can’t tolerate drug (25, 26). Compared with other
surgical methods, the biggest advantage of PBC is that it
is easy to master, which is conducive to the popularization
and development of primary hospitals. However, we should
also realize that even if the balloon filling volume and filling
compression time are reasonable, a small number of patients will
still be accompanied by severe facial numbness and muscular
atrophy after operation, which will affect the quality of life to
a certain extent. How to reduce postoperative complications
is the focus of our attention in the future, and whether there
is recurrence or not in the 3 and 5 year follow-up period
after surgery is also the focus of our attention in the future.
Comparative analysis of a large number of cases with different
surgical methods is the most effective means to evaluate the
surgical efficacy.
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Objective: The clinical features of solitary pulmonary nodules (SPN) in breast cancer

patients were retrospectively analyzed, and the clinical features of primary lung cancer

(PLC) and metastatic pulmonary breast cancer (MBC) in breast cancer patients were

compared, and the treatment plan, curative effect and influencing factors were analyzed.

Methods: The clinical data of 106 patients of SPN combined with breast cancer surgery

in our hospital from January 2015 to June 2020 were analyzed. There were 65 patients

of PLC and 41 patients of MBC. Record the characteristics of the primary breast cancer

lesion in our patient, the interval between the initial diagnosis of breast cancer and the

appearance of SPN, the previous treatment history of our patient, and the characteristics

and surgical method of SPN. The survival status of all patients during the follow-up period

was recorded.

Results: The onset age, interval, maximum nodule diameter, ER expression positive rate

and radiotherapy history ratio of PLC patients were higher than those of MBC patients,

and the lymph node positive rate and triple negative rate were lower than those of MBC

patients (P < 0.05). Median survival was 51 months in patients with PLC and 37 months

in patients with MBC. The 1, 3, and 5 year overall survival rates in patients with PLC were

higher than those in patients with MBC (P < 0.05). Vascular tumor thrombus, SPN type

and chemotherapy were all independent factors affecting the prognosis of patients with

breast cancer combined with SPN (P < 0.05).

Conclusion: PLC patients and MBC patients have significant differences in pathological

characteristics, like the onset age, interval, maximum nodule diameter, ER expression

positive rate, radiotherapy history ratio, the lymph node positive rate, and triple

negative rate. Septum, vascular tumor thrombus, SPN type, and chemotherapy are all

independent factors that affect the curative effect of breast cancer patients with SPN.

Based on the nature of SPN, it can provide reference for clinicians to decide the treatment

plan, improve patients’ quality of life and prolong their survival time.

Keywords: breast cancer, primary lung cancer, metastatic pulmonary breast cancer, treatment, prognosis
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INTRODUCTION

Breast cancer is one of the most common malignant tumors
in women, and its incidence is extremely high (1). With the
application of radiotherapy, chemotherapy, and targeted therapy,
the survival time of breast cancer patients is prolonged, but the
risk of secondary primary cancer is increasing gradually. Studies
have shown that the primary malignant tumors secondary to
breast cancer mainly include endometrial cancer, blood tumor,
lung cancer, and so on (2). It is the second most common
primary cancer patients with breast cancer, and the lung is also
the common metastatic site of breast cancer (3, 4). When an
isolated pulmonary nodule (SPN) is found in patients with breast
cancer, it is easy to diagnose metastatic pulmonary breast cancer
(MBC) clinically, and the treatment direction will be biased
toward breast cancer, leading to the change of treatment choice

TABLE 1 | Comparison of clinical characteristics between patients with PLC and MBC disease (n, x̄± s).

Clinical pathological features PLC (n = 65) MBC (n = 41) t/χ2 value P-value

Onset age (years) 55.42 ± 11.08 43.72 ± 9.85 5.523 0.027

Interval (years) 5.47 ± 1.53 2.86 ± 1.07 6.542 0.008

Maximum diameter of nodule (mm) 22.39 ± 8.94 patients with 16.24 ± 10.53 3.218 0.042

Pathological type of breast cancer 0.239 0.624

Invasive ductal carcinoma 48 (73.85%) 32 (78.05%)

Invasive lobular carcinoma 17 (26.15%) 9 (21.95%)

Histological grading 0.025 0.985

Level 1 12 (18.46%) 8 (19.51%)

Level 2 31 (47.69%) 19 (46.34%)

Level 3 22 (33.85%) 14 (34.15%)

Lymph node status 6.154 0.013

Positive 30 (46.15%) 29 (70.73%)

Negative 35 (53.85%) 12 (29.27%)

ER expression 4.391 0.036

Positive 42 (64.62%) 18 (43.90%)

Negative 23 (35.38%) 23 (56.10%)

PR expression 0.331 0.566

Positive 37 (56.92%) 21 (51.22%)

Negative 28 (43.08%) 20 (48.78%)

HER-2 expression 0.095 0.758

Positive 25 (38.46%) 17 (41.46%)

Negative 40 (61.54%) 24 (58.54%)

Triple negative 4.352 0.037

Yes 12 (18.46%) 15 (36.59%)

No 53 (81.54%) 26 (63.41%)

History of radiotherapy 5.221 0.029

Yes 37 (56.92%) 16 (39.02%)

No 28 (43.08%) 25 (60.98%)

Chemotherapy history 0.351 0.554

Yes 58 (89.23%) 38 (92.68%)

No 7 (10.77%) 3 (7.32%)

History of endocrine therapy 2.107 0.146

Yes 44 (67.69%) 22 (53.66%)

No 21 (32.31%) 19 (46.34%)

(5). The clinical diagnosis and treatment of MBC need to be
differentiated, but the epidemiological and clinicopathological
features of secondary lung cancer after breast cancer have not
been fully revealed, and multi-center research lacks the support
of big data. Therefore, when finding SPN in breast cancer
patients, the first clinical problem to be solved to accurately
diagnose the nature of SPN and distinguish between primary
lung cancer (PLC) and MBC, which is of great significance
to guide breast cancer patients and SPN patients to choose
the best individualized treatment scheme (6, 7). In this study,
we retrospectively analyzed the clinical characteristics of breast
cancer patients with SPN, compared the clinical characteristics
of PLC and MBC, and analyzed the efficacy of patients and the
related factors affecting the prognosis of breast cancer patients
with SPN, in order to provide clinical basis for the treatment and
prognosis of breast cancer patients with SPN.
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TABLE 2 | Comparison of overall survival rates between patients with PLC and

MBC disease (n, %).

Group Overall survival rate

1 year 3 years 5 years

PLC (n = 65) 59 (90.77%) 47 (72.31%) 20 (30.77%)

MBC (n = 41) 34 (82.93%) 17 (41.46%) 8 (19.51%)

χ
2-value 3.437 5.998 5.512

P-value 0.041 0.012 0.016

DATA AND METHODS

General Information
The clinical data of 106 patients of SPN combined with breast
cancer diagnosed and treated in our hospital from January 2015
to June 2020 were analyzed. All patients chose the treatment plan
according to their specific condition, and they met the patient
inclusion criteria.

Inclusion Criteria

SPN was found during postoperative follow-up of breast cancer,
and confirmed as PLC or MBC; By biopsy or post-operative
pathological examination; Breast cancer was the first primary
cancer; Clinical data of diagnostic immunohistochemistry; and
postoperative treatment of breast cancer were complete.

Exclusion Criteria

Benign pulmonary nodules diagnosed by pathological
examination; Patients with history of metastases of other
malignant tumors or other sites; Follow-up universal periodic
review failed; and follow-up data was lost.

All the patients were female, and 65 patients with PLC and
41 patients with MBC were diagnosed pathologically from SPN.
Among the 65 PLC patients, there were 29 patients with lung
squamous cell carcinoma, 22 patients with lung adenocarcinoma,
11 patients with small cell lung cancer, and 3 patients with large
cell lung cancer.

Research Methods
The characteristics of primary breast cancer lesions in our
patient were recorded, including pathological type, histological
grade, lymph node status, expression of estrogen receptor
(ER), progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER-2), and vascular tumor thrombi. HER-
2 was determined to be negative based on 0 or + by
immunohistochemistry and positive based on + + + by
fluorescence in situ hybridization. ER or PR positivity is defined
as the proportion of cells positive for immunohistochemical
staining reaching more than 1%. The triple negativity was
negative for ER, PR, and HER-2. Record the interval between the
initial diagnosis of breast cancer and the appearance of SPN, the
previous treatment history of the patient, and the characteristics
and surgical method of SPN. Patients were followed up to June
2021, and their post-treatment survival (from surgery to time of
death or follow-up deadline) was recorded.

FIGURE 1 | Patient survival curves of PLC and MBC.

Statistical Methods
SPSS22.0 software was used for processing. The measurement
data of experimental data were expressed as mean standard
deviation (x̄± s), and the enumeration data were expressed as
(%). t-test was used for pairwise comparison of measurement
data between groups, and χ

2 test was used for enumeration
data. Kaplan-Meier method was used to draw the survival curve.
Multivariate Logisitic regression model was used to analyze the
related factors affecting the postoperative efficacy of patients
with breast cancer combined with SPN. The test level was
α = 0.05, and P < 0.05 indicated that the difference was
statistically significant.

RESULTS

Comparison of Clinical Characteristics
Between Patients With PLC and MBC
Disease
The differences in age at onset, interval, maximum nodule
diameter, lymph node status, ER expression, triple negative, and
radiotherapy history between PLC patients and MBC patients
were statistically significant (P < 0.05), while the differences
were not statistically significant in pathological type, histological
grade, PR expression, HER-2 expression, chemotherapy history,
and endocrine treatment history (P > 0.05) as shown in Table 1.

Treatment of Patients With PLC and MBC
Disease
Among 65 patients with primary liver cancer, 23 patients
underwent radical lobectomy plus chemotherapy plus
radiotherapy, 39 patients underwent wedge resection plus
chemotherapy, and 3 patients underwent radiotherapy
plus chemotherapy. Among 41 patients with MBC, 13
patients received wedge resection plus endocrine therapy,
21 patients received chemotherapy plus radiotherapy plus
endocrine therapy, and seven patients received radiotherapy
and chemotherapy.

Frontiers in Surgery | www.frontiersin.org 3 February 2022 | Volume 9 | Article 843913113

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


He et al. Breast Cancer With Pulmonary Nodules

TABLE 3 | Univariate analysis of prognosis of patients with breast cancer

combined with SPN (n, %).

Clinical

pathological

features

Survival

(n = 28)

Death

(n = 78)

χ
2-value P-value

Onset age

(years)

0.394 0.531

≥50 17 (60.71%) 42 (53.85%)

<50 11 (39.29%) 36 (46.15%)

Interval time

(years)

10.118 0.001

≥3 22 (78.57%) 34 (43.59%)

<3 6 (21.43%) 44 (56.41%)

Vascular cancer

thrombi

13.562 <0.001

Yes 7 (25.00%) 51 (65.38%)

No 21 (75.00%) 27 (34.62%)

Pathological

type

1.192 0.275

Invasive ductal

carcinoma

19 (67.86%) 61 (78.21%)

Invasive lobular

carcinoma

9 (32.14%) 17 (21.79%)

Histological

grading

1.088 0.581

Level 1 7 (25.00%) 13 (16.67%)

Level 2 13 (46.43%) 37 (47.44%)

Level 3 8 (28.57%) 28 (35.89%)

Lymph node

status

0.034 0.853

Positive 16 (57.14%) 43 (55.13%)

Negative 12 (42.86%) 35 (44.87%)

Maximum

diameter of

nodule (mm)

5.782 0.016

≥20 22 (78.57%) 41 (52.56%)

<20 6 (21.43%) 37 (47.44%)

Type of SPN 4.639 0.024

PLC 20 (71.43%) 45 (57.69%)

MBC 8 (28.57%) 33 (42.31%)

Surgical

approach

0.535 0.464

Lobectomy 10 (35.71%) 13 (16.67%)

Wedge

resection/tumor

resection

18 (64.29%) 34 (43.59%)

Chemotherapy 5.319 0.021

Yes 28 (100.00%) 65 (83.33%)

No 0 (0.00%) 13 (16.67%)

Endocrine

therapy

0.063 0.802

Yes 6 (21.43%) 15 (19.23%)

No 22 (78.57%) 63 (80.77%)

TABLE 4 | Assignment for multivariate analysis of factors.

Factors Variables Assignment

Interval time X1 ≥3 years = 0, <3 years = 1

Vascular tumor

thrombus

X2 Yes = 1, No = 0

Maximum

diameter of

nodules

X3 ≥20mm = 0, <20mm = 1

Type of SPN X4 PLC = 0, MBC = 1

Chemotherapy X5 Yes = 1, No = 0

Prognosis of Patients With PLC and MBC
Disease
The median survival time of patients with PLC was 51 months,
and the overall survival rates of 1, 3, and 5 years were 90.77, 72.31,
and 30.77%, respectively. The median survival time of patients
with MBC was 37 months, and the overall survival rates of 1,
3, and 5 years were 82.93, 41.46, and 19.51%, respectively. The
median survival time of PLC patients is longer than that of MBC
patients, and the Log-rank test is P = 0.034, the difference is
statistically significant. The 1, 3, and 5 years overall survival rates
of patients with PLC were higher than those of patients with
MBC, and the differences were statistically significant (P < 0.05)
as shown in Table 2, Figure 1.

Univariate Analysis of Prognosis of
Patients With Breast Cancer Combined
With SPN
Univariate analysis showed that the prognosis of breast cancer
patients with SPNwas related to the interval time, the presence or
absence of vascular tumor thrombus, the maximum diameter of
nodules, the type of SPN and chemotherapy (P < 0.05) as shown
in Table 3.

Analysis of Multiple Factors Affecting the
Prognosis of Patients With Breast Cancer
Combined With SPN
Multivariate analysis showed that interval, vascular tumor
thrombus, the type of SPN, and chemotherapy were all
independent factors affecting the prognosis of patients with
breast cancer combined with SPN (P < 0.05) as shown in
Tables 4, 5.

DISCUSSION

Lung metastasis is a common site of postoperative recurrence
and metastasis of breast cancer. The differentiation of SPN in
breast cancer patients has always been a difficult problem (8).
Clinically, when looking for SPN in patients with a breast cancer
history, the first thing to consider is usually the occurrence of
lungmetastasis from breast cancer. However, for SPN in the lung,
breast cancer combined is mostly combined with PLC, and MBC
or benign lung diseases are the second most important place (9).
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TABLE 5 | Multi-factor analysis of prognosis of patients with breast cancer combined with SPN.

Factor B SE Walds P OR 95% CI

Interval time 2.381 1.053 5.113 0.031 10.816 1.373–15.190

Vascular tumor thrombus 2.195 0.956 5.272 0.024 8.980 1.379–9.484

Maximum diameter of nodules 1.086 0.734 2.189 0.298 2.962 0.702–12.486

Type of SPN 2.534 0.862 8.642 0.016 12.604 2.327–18.273

Chemotherapy 2.254 0.864 6.806 0.018 9.526 1.752–11.803

Studies have shown that compared with the normal population,
breast cancer patients are more likely to be accompanied by
PLC, which may be related to the common genetic factors and
hormone genes of the two diseases, and has a certain correlation
with the survival time of breast cancer patients (10). With
the development and popularization of modern video-assisted
thoracoscopy technology, the clinical diagnosis rate of SPN is
increasing. Obtaining pathological diagnosis is the gold standard
for clinical diagnosis. Therefore, for SPN whose nature cannot be
clearly defined, it is feasible to first remove the focus and make
a definite diagnosis. According to SPN, the next treatment plan
includes anti-inflammation, endocrine therapy, chemotherapy,
and targeted therapy (11, 12). Accurate identification of PLC
or MBC in time, and determination of the next treatment plan
according to the nature of SPN, is an important basis for rational
clinical treatment (13).

In this study, the clinical data of patients with breast
cancer complicated with PLC and MBC were retrospectively
analyzed. The results showed that there were significant
differences between PLC patients and MBC patients in onset
age, interval, maximum nodule diameter, lymph node status,
ER expression, triple negative, and radiotherapy history and
so on. Compared with MBC patients, PLC patients have
older onset age, longer interval and larger nodule diameter,
which may be related to the preference of PLC for elderly
patients, as well as the fact that some advanced MBC patients
have more tumors are prone to lung metastasis (14, 15).
Patients with negative lymph nodes, positive ER expression,
less triple-negative, and more radiotherapy history are more
likely to be diagnosed with PLC, which may be related to
the longer survival time of these patients, and chemotherapy
significantly reduces the probability of local recurrence of
breast cancer (16, 17). Radiotherapy plays an important role
in reducing local recurrence of breast cancer and increasing
survival rates. Studies have shown that chemotherapy can lead
to an increased incidence of Hodgkin’s lymphoma complicated
with lung cancer. In addition, estrogen is closely related to
the occurrence of lung cancer, and many lung cancer cells are
also accompanied by over-expression of ER (especially ERβ)
(18, 19).

Excision of the lesion can clearly diagnose the nature
of SPN, so as to determine the next treatment plan in
clinic, including radiotherapy, chemotherapy, and endocrine
therapy (20). Among 65 PLC patients, 23 patients underwent
radical lobectomy + chemotherapy + radiotherapy, 39 patients
underwent wedge resection + chemotherapy, and three patients

underwent radiotherapy + chemotherapy. Among 41 MBC
patients, 13 underwent wedge resection plus endocrine therapy,
21 underwent chemotherapy plus radiotherapy plus endocrine
therapy, and seven underwent radiotherapy plus chemotherapy.
The 5-year overall survival rate of patients with PLC was
significantly higher than that of MBC patients. For breast cancer
patients combined with PLC, surgical resection of lung diseases
is an important means of treatment (21). For MBC patients,
general palliative treatment is mainly used, and chemotherapy
and endocrine therapy can effectively improve the survival
rate (22). If the surgical treatment can be tolerated, whether
surgical resection of solitary pulmonary metastases is meaningful
to improve the quality of life and prolonging the survival
time of MBC patients remains to be verified by prospective
research results. The survival time of PLC in breast cancer
is mainly determined by lung cancer. After radical resection,
the clinical prognosis is good and the survival rate is high
within 5 years. Once MBC appears, it is divided into the
fourth stage. Even after comprehensive treatment, the prognosis
is poor and the overall survival rate is significantly lower
than that of breast cancer combined with PLC patients (23,
24).

The results of this study show that the curative effect
of breast cancer patients with SPN was related to the
interval time, the presence or absence of vascular tumor
thrombus, the maximum diameter of nodules, the type of
SPN, chemotherapy, and other factors. Further multivariate
analysis showed that interval time, vascular tumor thrombus,
SPN type, and chemotherapy were independent factors that
affected the curative effect of breast cancer patients with
SPN. The longer the interval between the diagnosis of breast
cancer and the discovery of SPN, the PLC nature of SPN in
breast cancer patients with SPN show the characteristics of
better prognosis and longer survival time (25). The absence
of vascular tumor thrombi and the longer survival time of
patients undergoing chemotherapy may be related to the fact
that the tumor load of patients is low, and chemotherapy
is conducive to the removal of micro metastases throughout
the body.

To sum up, compared with MBC patients, there
are significant differences in the onset age, interval,
maximum diameter of nodules, lymph node status, ER
expression, triple negative, and radiation history among
PLC patients. Septum, vascular tumor thrombus, SPN
type and chemotherapy are all independent factors
that affect the curative effect of breast cancer patients
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with SPN. Based on the nature of SPN, it can provide
reference for clinicians to decide the treatment plan,
improve patients’ quality of life and prolong their
survival time.
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Objective: To observe the main risk factors for pruritic skin evidence complicating type

2 diabetes mellitus (T2DM) and the effectiveness of interventions with comprehensive

care measures.

Methods: Two hundred and twenty four patients with T2DM admitted to our hospital

from June 2020 to November 2021 were selected and divided into Diabetic pruritus

group (DP group, n = 71) and T2DM group (n = 153) according to the patients’

complications of pruritus. General information such as gender, age, body mass index

(BMI), duration of illness, family history, treatment modalities, other comorbidities,

underlying illnesses were collected from all patients. Fasting plasma glucose (FPG),

renal function [Serum creatinine (Scr), urea nitrogen (BUN), uric acid (BUA)], lipid levels

[total cholesterol (TC), triacylglycerol (TG), high-density lipoprotein cholesterol (HDL-C),

low-density lipoprotein cholesterol (LDL-C)] were measured in all patients on day 2

after admission. Risk factors for pruritus complicating T2DM were identified by single

multifactorial analysis. Meanwhile, patients in the DP group were divided into group A (n

= 35) and group B (n = 36) using the random number table method. Group A adopted

the conventional care mode and group B patients adopted the comprehensive care

interventions to compare the care effects [visual analog score (VAS) before and after

care, treatment efficiency, care satisfaction rate] of patients in groups A and B; the levels

of pruritus mediator indicators [substance P,β-endorphin (β-EP) and γ-interferon (INF-γ)]

before and after care.

Results: Risk factors for pruritus in T2DM were age, duration of DM, combined Diabetic

peripheral neuropathy (DPN), combined diabetic retinopathy (DR), combined diabetic

kidney disease (DKD) and serum FPG levels (P<0.05). Satisfaction rate of nursing

care, treatment efficiency, post-care improvement in VAS scores, serum substance P,

β-EP and INF-γ levels and other mediators of pruritus were better in Group B with

integrated nursing intervention than in group A with conventional care only (P < 0.05).
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Conclusion: Pruritus in T2DM is associated with age, duration of DM, combined DPN,

combined DR, combined DKD and FPG levels. Comprehensive care according to the

above risk factors can effectively relieve patients’ clinical symptoms and signs, improve

the level of pruritus mediators and patient-care relationship.

Keywords: type 2 diabetes mellitus, pruritus, risk factors, comprehensive care, pruritic medium

INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic disorders
characterized by a chronic increase in plasma glucose levels
due to a variety of causes (1, 2). Prolonged disturbances in
the metabolism of carbohydrates, fats and proteins can be
detrimental to multiple organ systems and lead to chronic
progressive hypofunction of tissues and organs (3). The
prevalence and incidence of DM have shown a dramatic increase
in recently years, which is a worldwide public health problem that
seriously threatens human health, according to the statistics of
the International Diabetes Federation in 17 years (4). With the
prolongation of the disease, long-term hyperglycemia can cause
microvascular and neurological damage, resulting in a variety
of complications. The skin is the organ with the most extensive
distribution of nerves and blood vessels throughout the body,
and the skin damage caused by diabetes is called diabetic skin
disease (5).

Diabetic skin disease has a high incidence in DM patients,
and diabetic pruritus is one of the common skin complications.
Patients with DM complicated by pruritus usually show
generalized or localized pruritus without primary skin damage,
or secondary skin damage such as scratch marks, crusts,
pigmentation and eczema-like changes after scratching (6, 7).
Diabetic pruritus (DP) is often worse at night, which not
only affects the quality of life and sleep, but also causes
psychological and mental abnormalities such as irritability,
anxiety and depression due to the unbearable itching symptoms
(8, 9). Although pruritus in DM patients is not a direct
threat to patients’ lives, it has a serious impact on patient’s
quality of life and physical and mental health, reduces patients’
compliance with treatment and is detrimental to the control
of their condition, thus increasing their long-term mortality
(10, 11). In recent years, there has been an increasing
number of research treatments for pruritus in patients with
MD, but with little success (12, 13). Therefore, analysis of
the causes of pruritus in DM patients, establishment of a
suitable assessment system, and interventions targeting them
to evaluate the effects of interventions have great clinical
and social significance in improving the quality of life of
DP patients.

Based on such a background, this study examines both the
causes of pruritus and interventions in patients with T2DM. On
the one hand, the causes of pruritus in T2MD patients were
analyzed through a survey of pruritus in T2MD patients in our
hospital, while on the other hand, different modes of care were
applied to patients with pruritus in T2MD who were treated in

our hospital, thus helping to control the symptoms of pruritus in
DP patients.

METHODS

Subjects of Observation
Two hundred and twenty four patients with T2DM admitted to
our hospital from June 2020 to November 2021 were selected
and divided into Diabetic pruritus group (DP group, 71 patients)
and T2DM group (153 patients) according to the patients’
complications of pruritus. Inclusion criteria: 1. The diagnosis
of T2DM was based on the 1999 WHO Expert Committee
on Diabetes Mellitus diagnostic criteria (14). The diagnosis of
DP (15) was based on dermatologic venereology: the patient
has only pruritus without an obvious primary rash, which may
be accompanied by dry skin, scratching and crusting, and the
pruritus lasts for 2 weeks or more. Pruritus may be localized or
generalized, including the trunk, lower legs, anus, and perineum.
2. had not applied corticosteroids within 2 weeks prior to
admission and had not taken antihistamines or (and) topical
corticosteroids within 1 week; 3. gave informed consent to
the study care protocol. 4. Occupation for civil servants or
retirees. Exclusion criteria: 1. pruritus caused by primary skin
conditions such as psoriasis, eczema or atopic dermatitis; 2.
patients who have used medication for pruritus or medication
that can cause pruritus in the last 30 days; 3. patients with
severe liver or renal abnormalities; 4. Patients with combined
immune system diseases, Blood system diseases, neurological
diseases and malignant tumors; 5. patients with combined severe
psychological or psychiatric diseases. At the same time, patients
in the DP group were divided into groupA (35 cases) and group B
(36 cases) using the random number table method, with group A
taking conventional nursing measures during hospital treatment
and group B taking comprehensive nursing interventions during
hospital treatment.

Research Methodology
General information on the patient’s gender, age, body mass
index (BMI), duration of illness, family history, treatment
modalities, other comorbidities [Diabetic peripheral neuropathy
(DPN), diabetic retinopathy (DR), diabetic kidney disease
(DKD)], underlying illnesses, etc. were collected on the day of
admission by means of a medical history enquiry. 10mL of
fasting peripheral venous blood was collected on day 2 after
admission, and fasting plasma glucose (FPG), renal function
[Serum creatinine (Scr), urea nitrogen (BUN), uric acid (BUA)]
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and lipid levels [total cholesterol (TC), triacylglycerol (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C)] were measured.

Treatment Methods
Patients in Groups A and B received the usual symptomatic
treatment for DP evidence on admission, including lowering
blood glucose (insulin and oral hypoglycaemic drugs), improving
vascular microcirculation (prostilbestrol injection), nerve
nourishment (methylcobalamin injection), and anti-itch
medication such as oven-glycerine lotion or (and) oral loratadine
on the itchy skin.

Nursing Care Methods
Group A
Routine nursing programme was adopted, i.e., keeping the
room environment clean and quiet with appropriate room
temperature and humidity to avoid irritation to the skin by
various adverse factors; changing bed sheets and covers regularly
to keep them dry and tidy; routine health education and
psychological intervention.

Group B
Integrated intensive care interventions were used in Group A’s,
which included the following. ①Enhance skin care: The patients
were instructed not to scratch the itchy areas repeatedly in
order to maintain the integrity of the patient’s skin and to
clean the patient’s skin regularly and the patient’s family was
instructed to relieve the patient’s itching symptoms by patting
and massaging, while communicating more with the patient to
divert his attention. Distract the patient from the itchy skin
by playing music, reading, exercising and playing recreational
games to avoid or reduce the risk of aggravating the condition
by scratching and rubbing, which can cause skin breakdown
and infection. It is also important to keep the nails trimmed
with curved edges to avoid breaking the skin when scratching.
②Strengthen psychological intervention: Patients with DP were
mostly of advanced age and have a long disease duration,
and they were prone to tension, anxiety, pessimism and other
emotions when they were troubled by symptoms for a long time.
Emotional de-escalation of the patient should be reinforced at
this time, by communicating positively and enthusiastically with
the patient, using empathy and breathing to reduce stress to
distract the patient from the illness. Assist patients to develop
a correct attitude toward the disease and maintain a good state
of mind so that they can actively cooperate with treatment and
care. ③Strengthen dietary regimen: High blood sugar can cause
itchy skin in patients, so sugar control should be strengthened
in the daily diet. Given the patient a high-protein, high-
vitamin, low-fiber, easy-to-digest diet, maintain water-electrolyte
balance, avoid spicy and stimulating foods and beef, sheep
and seafood, and instructed the patient to quit smoking and
limit alcohol. ④Strengthen medication care: standardize the
medication according to the duration of action of different
hypoglycaemic drugs, and monitor blood glucose regularly, pay
attention to prevent adverse reactions such as hypoglycaemia
and complications such as liver and kidney function impairment,

allergy and oedema. If the blood sugar was not well controlled,
contact the physician to adjust the treatment plan in a timely
manner; if there was hyperalgesia and neuropathy, give the
appropriate treatment and care according to the doctor’s
prescription; as the itching sensation is stronger at night, sleep-
promoting drugs can be given. ⑤Strengthening health education:
Through PPT lectures, seminars and health education booklets,
we explain to the nursing clients the knowledge about pruritus
complicated by DM, the serious adverse outcomes that may result
from scratching behavior, the importance of active cooperation
with treatment and the scientific diet of diabetes, so that the
patients can grasp the relevant knowledge and develop health
behaviors such as consciously controlling diet, taking medication
on time and regularly monitoring blood sugar.

Observation Indicators
Risk Factors
Information on gender, age, body mass index (BMI), disease
duration, family history and treatment modality was collected
from patients in the pruritus group and the T2DM group,
and one-way and multi-way logistic regression analyses were
used to explore the main risk factors for T2DM complicating
pruritus evidence.

Effectiveness of Care
Information on pruritus scores, lesion healing time and
treatment efficiency were collected and compared between the
two groups before and after the nursing intervention. Pruritus
scores were evaluated using visual analog scoring (VAS) (16).
According to the severity of the patient’s symptoms, a score
from 0 to 10 was assigned from no itching symptoms to
severe itching and inability to sleep, respectively, with higher
scores indicating more severe itching symptoms. Satisfaction
rates were measured using a hospital-made nursing satisfaction
questionnaire and patients were surveyed after the nursing
intervention The internal consistency Cronbach’s α coefficient
of the questionnaire was 0.823. The patients were classified
into four levels, A, B, C and D, according to their satisfaction
with the nursing interventions, representing “very satisfied,”
“quite satisfied,” “average” and “dissatisfied,” respectively. The
satisfaction rate is the percentage of the sum of the number
of cases in each group of A, B and C grades compared with
the total number of cases in each group. Treatment efficiency
was assessed according to the relevant literature (17, 18). The
efficacy of the patients was also divided into four grades, A, B, C,
and D, which stand for “cure,” “significantly effective,” “effective”
and “ineffective,” respectively, and the total effective rate is the
percentage of the total number of cases in grades A, B, and C
compared with the total number of cases in each group.

Pruritus Mediator Levels
5mL of fasting peripheral venous blood was collected from
patients before and after the nursing intervention, and the levels
of pruritus mediators such as serum substance P, β-endorphin
(β-EP) and γ-interferon (INF-γ) were determined by Enzyme-
linked immunosorbent assay (ELISA) using a fully automated
enzyme-labeled instrument and compared.
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TABLE 1 | General information of patients in the DP group compared with the T2DM group [(x̄±s) (n,%)].

Information DP group (n = 71) T2DMgroup (n = 153) t/χ2value P-value

Gender Male 42 (59.15) 87 (56.86) 0.104 0.747

Female 29 (40.85) 66 (43.14)

Age (years) 64.52 ± 12.18 58.77 ± 13.26 3.582 <0.001

BMI(kg/m2 ) 23.68 ± 5.79 21.81 ± 4.77 2.547 0.012

Duration of DM disease (years ) 13.57 ± 7.64 10.09 ± 8.25 3.006 0.003

Family history of DM Yes 30 (42.25) 49 (32.03) 2.222 0.136

No 41 (57.75) 104 (67.97)

Use of insulin Yes 60 (84.51) 66 (43.14) 33.726 <0.001

No 11 (15.49) 87 (56.86)

Co-morbidities Hyperlipidaemia 36 (50.70) 47 (30.72) 8.305 0.004

Hypertension 48 (67.61) 94 (61.44) 0.795 0.373

Coronary heart disease 14 (19.72) 31 (20.26) 0.009 0.925

Other complications DPN 48 (67.61) 36 (23.53) 40.198 <0.001

DR 43 (60.56) 34 (22.22) 31.602 <0.001

DKD 45 (63.38) 32 (20.92) 38.767 <0.001

Chronic smoking Yes 31 (43.66) 48 (31.37) 3.208 0.073

No 40 (56.34) 105 (68.63)

Alcohol abuse Yes 26 (36.62) 41 (26.80) 2.232 0.135

No 45 (63.38) 112 (73.20)

FPG (mmol/L) 10.46 ± 2.58 7.09 ± 3.24 7.701 <0.001

Scr (µmol/L) 152.58 ± 96.42 80.22 ± 61.20 6.797 <0.001

BUA (µmol/L) 359.74 ± 113.25 303.82 ± 127.51 3.159 0.002

BUN (mmol/L) 10.58 ± 5.23 6.69 ± 3.42 6.642 <0.001

TC (mmol/L) 4.79 ± 2.06 5.17 ± 2.43 1.140 0.255

TG (mmol/L) 3.24 ± 1.52 3.48 ± 1.37 1.178 0.240

HDL-C (mmol/L) 1.14 ± 0.61 1.06 ± 0.70 0.828 0.409

LDL-C (mmol/L) 2.73 ± 1.09 2.90 ± 1.16 1.040 0.300

Statistical Methods
The trial applied EXCEL to collate the relevant data, SPSS
20.0 was applied to calculate the statistical results of the
data, and Prism 8.0 was applied to draw the pictures. The
measurement data were expressed as mean± standard deviation
(±s), and if the data obeyed normal distribution, the paired
t-test was applied to compare the difference between itself
before and after treatment within the group, and the t-test
of two independent samples was applied to compare the
difference between treatment between groups; the count data
were expressed as (n,%), and the χ

2 test was used for non-
rank count data, and the rank sum test was used for rank data.
Logistic regression models were used to analyse the main risk
factors for T2DM complicated by pruritus. P < 0.05 was taken
as statistically significant.

RESULTS

General Information of Patients in the DP
Group Compared With the T2DM Group
A comparison of the information collected from DP
patients and those with T2DM alone showed statistically
significant differences in age, BMI, duration of DM,

insulin use, combined hyperlipidaemia, combined DPN,
combined DR, combined DKD, and serum levels of FPG,
Scr, BUA and BUN (P < 0.05). There were no statistically
significant differences between the two groups in terms
of gender, combined hypertension, combined coronary
artery disease, long-term smoking, alcohol abuse, serum
levels of TC, TG, HDL-C and LDL-C (P > 0.05, see Table 1

for details).

Single Factor Logistic Regression Analysis
of Pruritus in Combined T2DM
Age, BMI, duration of DM, use of insulin, comorbid
hyperlipidaemia, comorbid DPN, comorbid DR, comorbid
DKD, serum levels of FPG, Scr, BUA and BUN were used as
independent variables (see Table 2 for assignments) and whether
the patient had comorbid pruritus (assignments: 0 = no, 1 =

yes) was used as the dependent variable in a one-way logistic
regression analysis. The results showed that age, duration of DM,
combined DPN, combined DR, combined DKD and FPG serum
levels may be associated with combined pruritus in patients with
T2DM (P < 0.05, Table 3).

Frontiers in Surgery | www.frontiersin.org 4 February 2022 | Volume 9 | Article 842884121

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Yang et al. Pruritus/Type 2 Diabetes/Risk Factors

Multivariate Logistic Regression Analysis
of Pruritus in Combined T2DM
The indicators with significant differences in the univariate
analysis were used as independent variables (assigned as in the
univariate analysis), and whether the patients had comorbid
pruritus (assigned as in the univariate analysis) was used as
the dependent variable in the multivariate logistic regression
analysis, and the results showed that age, duration of DM,
comorbid DPN, comorbid DR, comorbid DKD and serum FPG
level were independent risk factors for combined pruritus in
patients with T2DM (P < 0.05, Table 4).

Comparison of Care Outcomes Between
Group A and Group B
The pre-intervention VAS score, post-intervention VAS score,
nursing satisfaction rate, and treatment effectiveness rate in
group A were (7.49±2.51) points, (4.33 ± 1.60) points, 77.14,
and 71.43%, respectively. The pre-intervention VAS score, post-
intervention VAS score, nursing satisfaction rate, and treatment

TABLE 2 | Assignment for multivariate analysis of factors.

Influencing factors Assignment

Age <65 years = 0, ≥65 years = 1

BMI <24 kg/m2 = 0, ≥24kg/m2 = 1

Duration of DM No = 0, Yes = 1

Using insulin No = 0, Yes= 1

Combined hyperlipidaemia No = 0, Yes = 1

Combined DPN No = 0, Yes = 1

Combined DR No = 0, Yes = 1

Combined DKD No = 0, Yes = 1

FPG <9 mmol/L = 0, ≥9 mmol/L = 1

Scr <110 µmol/L = 0, ≥110 µmol/L = 1

BUA <420 µmol/L = 0, ≥420 µmol/L = 1

BUN <7.1 mmol/L=0, ≥7.1 mmol/L=1

effectiveness rate in group B were (7.56 ± 2.63) points, (3.42 ±

1.20) points, 97.22, and 94.44%, respectively. The difference in
VAS scores between the two groups before the intervention was
not statistically significant (P > 0.05), and the VAS scores after
the intervention were significantly lower than those before the
intervention in both groups (P < 0.05). The VAS scores after
the intervention in group B were lower than those in group A,
and the satisfaction rate of care and treatment efficiency were
higher than those in group A, and the difference was statistically
significant (P < 0.05) (Figures 1A,B).

Comparison of Serum Pruritic Mediator
Levels Between Group A and Group B
The serum pruritic mediators levels such as substance P, β-EP
and INF-γ in the two groups before and after the intervention
were compared. The results were as follows: There was no
statistical difference in the levels of serum substance P, β-EP, and
INF-γ between the two groups before the nursing intervention.
Academic significance (P > 0.05). After the nursing intervention,
the levels of serum substance P and INF-γ in both groups
decreased significantly, and the levels of serum β-EP increased
significantly in both groups (P < 0.05); the levels of serum
substance P and INF-γ in group B after the nursing intervention
were significantly lower than those in group A, and the levels of
serum β-EP were significantly higher than those in group B (P <

0.05) (Figures 2A–C).

DISCUSSION

With rising living standards and an aging population, the
prevalence of diabetes is increasing worldwide, with serious
implications for health systems worldwide. Increased blood
glucose causes damage to many types of cells such as endothelial
cells, neurons, renal cells, fibroblasts and keratin-forming cells,
leading to multisystem damage and various complications, of
which pruritus is one of the common complications of DM,
accounting for approximately one third of the incidence (19–
21). The main clinical manifestations of DP are pruritus, or with

TABLE 3 | Single factor Logistic regression analysis of pruritus in combined T2DM.

Influencing factors B SE Walds OR 95%CI P-value

Age 0.082 0.09 92.245 1.085 1.066∼1.105 <0.001

BMI 0.041 0.030 3.126 1.042 0.982∼1.105 0.071

Duration of DM 0.517 0.159 9.453 1.677 1.228∼2.290 0.002

Using insulin 0.364 0.251 2.015 1.439 0.880∼2.354 0.153

Combined hyperlipidaemia 0.391 0.326 1.025 1.478 0.780∼2.801 0.733

Combined DPN 1.022 0.231 26.38 2.779 1.767∼4.370 <0.001

Combined DR 0.759 0.146 13.597 2.136 1.605∼2.844 <0.001

Combined DKD 0.635 0.158 12.248 1.887 1.384∼2.572 <0.001

FPG 0.543 0.102 10.258 1.721 1.409∼2.102 0.001

Scr 0.151 0.213 0.230 1.630 0.766∼1.766 0.611

BUA 0.058 0.051 0.633 1.060 0.959∼1.171 0.510

BUN 0.129 0.323 0.124 1.138 0.604∼2.143 0.836
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TABLE 4 | Multivariate logistic regression analysis of pruritus in combined T2DM.

Influencing factors B SE Walds OR 95%CI P-value

Age 0.074 0.011 40.875 1.077 1.054∼1.100 <0.001

Duration of DM 0.504 0.139 10.146 1.655 1.261∼2.173 0.001

Combined DPN 0.958 0.264 19.330 2.606 1.554∼4.373 <0.001

Combined DR 0.744 0.128 13.112 2.104 1.637∼2.704 <0.001

Combined DKD 0.336 0.106 5.879 1.399 1.137∼1.722 0.011

FPG 0.487 0.125 7.326 1.627 1.274∼2.079 0.009

FIGURE 1 | (A) shows the comparison of VAS scores between the two groups, and (B) shows the comparison of nursing satisfaction rate and treatment efficiency

between the two groups. Compared with the same group before care, ∧P < 0.05, and compared with the same period in Group A, #P < 0.05.

secondary scratching, crusting, hyperpigmentation, secondary
eczema-like and mossy lesions. Although these symptoms do not
endanger patients’ life and health, patients are prone to negative
emotions such as anxiety and pessimism, and even rebellious
psychology and do not actively cooperate with treatment, which
eventually leads to the prolongation and aggravation of the
disease. Therefore, it is necessary to improve the behavior and
psychology of patients with DP with active and appropriate
nursing interventions in the clinical treatment (22, 23). The
previous model of care, which was based on symptomatic
treatment and compliance with medical advice, lacked specificity
and was not effective in the further development of the patient’s
pruritus condition (24). Moreover, the observation of risk factors
for DM complicated by pruritus is still rare in the domestic and
international literature, so this study aimed to identify the main
risk factors for DM patients complicated by pruritus, in order
to provide theoretical guidance for identifying corresponding
nursing countermeasures. In addition, T2DM is about 90%
of DM patients in China (25), thus the present research was
performed focusing on T2DM patients.

The results of this study showed that T2DM patients with
high age, high BMI, long duration of DM, insulin use, combined
hyperlipidaemia, combined DPN, combined DR, combined

DKD, high serum FPG, Scr, BUA and BUN levels had a higher
prevalence of pruritus. Further results from a singlemultifactorial
analysis showed that age, duration of DM, combined DPN,
combined DR, combined DKD and FPG levels were the main
risk factors for pruritus in patients with T2DM. The higher
risk of pruritus in elderly T2DM patients may be related to
factors such as aging, atrophy and thinning, dryness, reduced
function of various glands, poor repair capacity, reduced skin
barrier function and susceptibility to external irritation in the
elderly population (26). With the prolongation of diabetes, the
islet function of T2DM patients gradually declines, making it
more difficult to control blood glucose, while poor blood glucose
control can further reduce islet function to form a vicious
circle (27). When the patient is in hyperglycemic state, the
body tissues and plasma are in a hypertonic state, water flows
autonomously and diffuses into the tissue fluid or plasma, the
skin surface cells undergo dehydration effect, which stimulates
the vegetative nerves and nerve endings, thus causing pruritus,
and the degree of dry skin and pruritus increases with the
increase of water loss (28, 29). Diabetic complications such as
DPN, DR and DKD can involve the central nervous system,
peripheral nerves and autonomic nerves, causing malfunction
of sweat gland secretion. This is manifested by abnormal skin
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FIGURE 2 | (A–C) represent the comparison of substance P, β-EP and INF-γ levels before and after care in the two groups, respectively. Compared with the same

group before care, ∧P < 0.05, and compared with the same period in Group A, #P < 0.05.

perspiration, loss of nourishment of the stratum corneum and
dry and damaged skin, which can cause pruritus once it is
attacked by microorganisms and external stimuli (30–32). In
addition, study (33) showed that the longer the duration of DM,
the higher the probability of patients developing complications
such as DR, DKD and DPN, further suggesting that the duration
of DM is a risk factor for pruritus.

Meanwhile, this study observed the effectiveness of
comprehensive care in patients with T2DM complicated by
pruritus, and the results showed that satisfaction rate of nursing
care, treatment efficiency, post-care improvement in VAS scores,
serum substance P, β-EP and INF-γ levels and other mediators
of pruritus were better in Group B with integrated nursing
intervention than in group A with conventional care only. It
is suggested that comprehensive care during the treatment of
patients with DP could improve their pruritus symptoms more
effectively, reduce the level of serum pruritus mediators, ensure
the treatment effect and increase the satisfaction rate of the
patients with the care work.

In conclusion, pruritus in patients with T2DM is closely
related to age, duration of DM, combined DPN, combined DR,
combined DKD and FPG levels, and comprehensive care based
on these risk factors can effectively alleviate patients’ clinical
symptoms and signs, improve the level of pruritus mediators and
nurse-patient relationship. However, there are many limitations
in this study, such as small sample size and lack of attention
to long-term effects, which need to be further explored in
the future with a larger sample size and more time, in order
to provide a strong reference for the clinical care of patients
with DP.
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Background: The aim of this study was to analyze the clinical efficacy of different

thoracoscopic procedures in patients with non-small cell lung cancer and their

correlation with matrix metalloproteinase-7 mRNA (MMPs-7 mRNA) and soluble major

histocompatibility complex class I molecule A (sMICA), as well as their effect on

T-cell subsets.

Methods: A total of 100 patients with non-small cell lung cancer who received different

thoracoscopic surgeries were divided into the Control group (three-port thoracoscopic

surgery) and the study group (single-port thoracoscopic surgery). The two groups were

evaluated to compare the perioperative indicators, MMPs-7 mRNA, sMICA expression

levels, T-cell subsets, postoperative pain, complication rates, and prognostic outcomes

at 1-year follow-up.

Results: The operation time, blood loss, drainage tube placement time, incision length,

and hospital stay in the study group were less than those in the control group (P < 0.05).

There was no significant difference in the number of lymph node dissections between

the two groups (P > 0.05). After 3 days, the expression levels of MMPs-7 mRNA and

sMICA in the study group were lower than those in the control group (P < 0.05); CD4

+, CD8 +, and CD4 +/CD8 + in the study group were higher than those in the control

group (P < 0.05). On days 1, 3, and 5, the visual analog score (VAS) of the study group

was lower than that of the control group (P < 0.05); there was no significant difference in

the complication rate between the two follow-up groups (P > 0.05), in which all patients

completed the follow-up. After 1 year of follow-up, there was no significant difference in

the tumor-free survival rate and overall survival rate between the two groups (P > 0.05).

Conclusion: Compared with three-port thoracoscopic surgery, single-port

thoracoscopic surgery can improve perioperative expression, shorten hospital stay,

reduce serum tumor micrometastasis levels, improve immune metastasis mechanisms

and reduce pain, which is of great significance to patients with non-small cell lung

cancer. It is an effective, convenient, and safe surgical option that deserves wide

clinical reference.

Keywords: non-small cell lung cancer, single-port thoracoscopic surgery, three-port thoracoscopic surgery,
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INTRODUCTION

Lung cancer has become one of themalignant tumor diseases that
seriously endanger human health and safety in China, and the
incidence rate is increasing year by year. According to incomplete
statistics, the incidence of lung cancer accounts for about 82% of
the total incidence of lung cancer, with a high risk of death (1).
At present, surgery, chemoradiotherapy, and other treatments
are mostly advocated in clinical practice, of which surgery can
play an ideal role in early cell lung cancer. With the development
of medical technology in recent years, thoracoscopic surgery has
been introduced, which has the advantages of less trauma, high
safety, and rapid recovery, and has become the standard for cell
lung cancer (2). In the past, three-hole thoracoscopic surgery was
commonly used. Although it could achieve a certain effect, the
incisions are large and significantly traumatic, with significant
post-operative pain. With the continuous penetration of the
minimally invasive concept, single-hole thoracoscopic surgery
has emerged, fully reflecting the advantages of minimally invasive
techniques (3). Metalloproteinase-7 mRNA (MMPs-7 mRNA),
soluble major histocompatibility complex class I molecule A
(sMICA), and T-cell subsets are correlated with lung cancer
staging and prognosis. In view of this, this study analyzed the
clinical efficacy of different thoracoscopic procedures for non-
small cell lung cancer patients and their effects on MMPs-
7mRNA, sMICA, and T-cell subsets to provide a theoretical
basis for the subsequent clinical selection of the appropriate
surgical approach.

MATERIALS AND METHODS

General Information
This study was approved by the ethics committee of the Chinese
People’s Liberation Army (PLA) General Hospital. A total of 100
patients with non-small cell lung cancer admitted to our hospital
fromDecember 2018 to December 2019 were selected and treated
with different thoracoscopic surgery for non-small cell lung
cancer. They were divided into control group and study group
according to different perforations, 50 cases for each group. By
calculating the baseline data of the two groups, statistical analysis
showed p > 0.05, which has a comparable value. Refer to Table 1
for details.

Inclusion Criteria

(1) All patients have been diagnosed with non-small cell lung
cancer and meet the indications of video-assisted thoracoscopic
surgery; (2) No metastasis was found by imaging examination
before operation; (3) All patients have not received radiotherapy
or chemotherapy before operation; (4) The postoperative tumor-
node-metastasis (TNM) stage was I-III; (5) All patients signed
informed consent and participated voluntarily.

Exclusion Criteria

(1) Those whose expected survival time was <6 months;
(2) Those had severe mental illness history, Alzheimer’s

TABLE 1 | The baseline data of the two groups.

Control

group

(n = 50)

Study group

(n = 50)

X2/t-value P-value

Age (years) 63.15 ±

10.90

64.03 ±

11.18

0.399 0.691

Gender

(male/female)

31/19 30/20 0.042 0.838

TNM stage

Stage I 31 29 0.181 0.914

Stage II 13 14

Stage III 6 7

Differentiation

Poorly

differentiated

5 4 0.204 0.903

Moderately

differentiated

36 35

Well

differentiated

9 11

disease, or poor sense of self-cooperation; (3) Patients had
severe heart, liver, and kidney insufficiency; (4) Those had
coagulation dysfunction; (5) there is a history of other
thoracic operations; (6) Patients were encountered other
malignant tumors.

Surgical Methods
The study group underwent single-hole thoracoscopic surgery
for non-small cell lung cancer, guided patients to take
healthy lateral positions, performed tracheal intubation general
anesthesia, and confirmed one-lung ventilation after satisfactory
anesthesia. An incision with a length of about 3 cm was made
between the L4 or L5 ribs at the front axillary line, and the
elastic rubber protective sleeve was placed in the hole as the
operation hole. Then an incision with a length of about 1.5 cm
was made between the L7 ribs at the back axillary line, and Trocar
trocar was placed as the observation hole. Under the direct
vision of the thoracoscope, the lung lobe (segment) was removed,
and the hilar and mediastinal lymph nodes were dissected. The
pathological specimens were sent for inspection, and the drainage
tube was indwelling.

The control group received three-hole thoracoscopic non-
small cell lung cancer surgery. Under the operation of the
study group, an auxiliary operation hole was added, that is,
an incision of about 2 cm in length was made in the L7
or L8 intercostal space of the subscapular corner line as
the auxiliary operation hole, and exposure and traction were
performed through the auxiliary operation hole. Under the
direct thoracoscopic vision, the lobe (segment) was removed,
and hilar and mediastinal lymph node dissection procedures
were completed, the pathological specimen was submitted for
examination, a drainage tube was indwelled, and the operation
was completed.
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TABLE 2 | Comparison of perioperative indexes between the two groups (X ± s, n = 50).

Group Operative Time

(min)

Intraoperative

blood loss (ml)

Drain Placement

Time (d)

Incision length

(cm)

Hospital stay (d) Number of

dissected lymph

nodes (pieces)

Study group 119.86 ± 9.12 124.65 ± 8.04 4.76 ± 1.02 4.19 ± 0.51 7.86 ± 1.37 13.45 ± 3.99

Control group 150.01 ± 11.36 158.11 ± 11.92 6.99 ± 1.13 10.08 ± 1.22 9.70 ± 1.25 14.70 ± 4.10

t 14.634 16.456 10.359 31.497 7.016 1.545

P 0.000 0.000 0.000 0.000 0.000 0.126

TABLE 3 | Comparison of MMPs-7 mRNA and sMICA expression levels between the two groups (X̄ ± s).

Group N MMPs-7 mRNA SMICA (pg/mL)

Pre-op 3 d after operation Pre-op 3 d after operation

Study group 50 29.30 ± 7.16 20.38 ± 4.49 382.61 ± 81.45 291.49 ± 65.28

Control group 50 30.15 ± 6.94 24.51 ± 6.40 379.22 ± 82.06 322.13 ± 74.50

t - 0.603 3.736 0.207 2.187

P - 0.548 0.000 0.836 0.031

TABLE 4 | Comparison of T cell in the two groups (X̄ ± s).

Group N Operation time CD4 + (%) CD8 + (%) CD4 +/CD8 +

Study group 50 Pre-op 42.30 ± 2.89 38.65 ± 4.27 1.21 ± 0.23

3d after operation 40.18 ± 4.16 27.70 ± 3.51 1.46 ± 0.19

Control group 50 Pre-op 41.65 ± 3.11 39.27 ± 3.30 1.22 ± 0.35

3d after operation 32.23 ± 2.83 38.30 ± 2.40 0.96 ± 0.24

Intra-group comparison (t/p) - 1.564/0.121 1.215/0.227 1.185/0.239

Comparison in control group (t/p) - 10.964/0.000 12.078/0.000 4.332/0.000

Three days after operation,

intra-group comparison (t/p)

- 7.097/0.000 8.980/0.000 4.620/0.000

Observation Indicators
(1) We evaluated and compared the perioperative indicators of
the two groups, and recorded the operation time, blood loss,
drainage tube placement time, incision length, number of lymph
node dissections, and hospital stay. (2) The expression of MMPs-
7mRNA and sMICA were measured by RT-PCR and ELISA,
respectively, before and 3 days after the operation. (3) T-cell
subsets, CD4 +, CD8 +, and CD4+/CD8 + were measured and
recorded by flow cytometry before and 3 days after the operation.
(4) Visual analog scale (VAS) was used for postoperative pain
degree, and the highest score was 10 points. The higher the
score, the stronger the pain. (5) We record the postoperative
complication rate of patients. (6) Prognostic results were followed
up for 1 year. All patients were followed up throughout the whole
process. The tumor-free survival rate and overall survival rate
were counted after 1-year follow-up.

Statistical Analysis
The data were analyzed by SPSS 22 software (IBM, Armonk,
NY, USA), and the measurement data were tested by t-tests. The
Chi-square test was used for counting data, and P < 0.05 was
statistically significant.

RESULTS

Comparison of Indicators Between the Two
Groups
The operation time, blood loss, drainage tube placement time,
incision length, and hospitalization time in the study group were
less than those in the control group (P < 0.05). There was no
significant difference in the number of lymph node dissections
between the two groups (P > 0.05). Refer to Table 2 for details.

Comparison of MMPs-7 MRNA and SMICA
Expression Levels Between the Two
Groups
On the 3rd day after the operation, the values of MMPs-7mRNA
and sMICA in the study group were lower than those in the
control group (P < 0.05). Refer to Table 3 for details.

Comparison of T Cells Between the Two
Groups
The levels of CD4 +, CD8 +, and CD4+/CD8 + in the study
group were higher than those in the control group on the 3rd
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FIGURE 1 | The changes of T-cell subsets (CD4 + and CD8 +) in the observation group and the control group were detected by flow cytometry before and 3 days

after the operation.

day after the operation (P <0.05). Refer to Table 4, Figure 1
for details.

Comparison of VAS Score Between the
Two Groups
On the 1st, 3rd, and 5th day after surgery, the VAS of the study
group was lower than that of the control group (P < 0.05). Refer
to Table 5 for details.

Comparison of Postoperative Complication
Rate Between the Two Groups
There was no significant difference in the complication rate
between the two groups (P > 0.05). Refer to Table 6 for details.

Comparison of Prognostic Results
Between the Two Groups After 1-Year
Follow-Up
All patients were followed up for 1 year. There was no significant
difference in tumor-free survival rate and overall survival rate
between the two groups (P > 0.05). Refer to Table 7 for details.

DISCUSSION

Non-small cell lung cancer is characterized by high morbidity
and high mortality, and minimally invasive surgery has become
the first choice for the treatment of non-small cell lung
cancer (4). It has been pointed out that for early-stage lung
cancer patients, the clinical treatment effect of video-assisted
thoracoscopic surgery is similar to that of traditional open-
heart surgery, but video-assisted thoracoscopic surgery has the
advantages of the clear and wide surgical field, small incision,
low complication rate, and short recovery time, which are
widely used in the treatment of lung cancer (5). In recent
years, with the improvement, optimization, and development
of video-assisted thoracoscopic techniques, three-hole video-
assisted thoracoscopic lobectomy has achieved good results in
the treatment of early-stage lung cancer. This procedure has
the advantages of ease of operation, high visibility, and good
exposure. However, the accessory surgical hole was found to be in
a special location between the L7 or L8 ribs in the subscapularis
angle line. This area is distributed with many muscle groups and
has a small intercostal space, making it prone to intraoperative
bleeding and injury, as well as postoperative pain in the posterior
chest wall (6–8). In addition, the length of the three-hole incision
is large, which will undoubtedly form postoperative scars, thus
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TABLE 5 | Comparison of VAS scores between the two groups (X̄ ± s, min).

Group N 1d after operation 3rd day after operation 5th day after operation

Study group 50 3.09 ± 1.05 1.98 ± 0.70 1.02 ± 0.44

Control group 50 4.87 ± 1.42 3.26 ± 1.31 2.69 ± 1.05

t - 7.127 3.094 10.373

P - 0.000 0.000 0.000

TABLE 6 | Comparison of postoperative complication rate between the two groups [n (%)].

Group N Wound infection Atelectasis Pneumothorax Complication Rate

Study group 50 2 (4.00) 1 (2.00) 1 (2.00) 4 (8.00)

Control group 50 3 (6.00) 2 (4.00) 0 (0.00) 5 (10.00)

X2 - 0.421 0.687 2.020 0.244

P - 0.516 0.407 0.155 0.621

TABLE 7 | Comparison of 1-year follow-up outcomes between the two groups

[n (%)].

Group N Tumor free

survival

Overall

survival

Study group 50 49 (98.00) 50 (10.00)

Control group 50 48 (96.00) 50 (100.00)

X2 - 0.687 -

P - 0.407 -

affecting the aesthetics. With the development of minimally
invasive technology and increasing the research on non-small
cell lung cancer, single-hole thoracoscopic lobectomy was born.
As early as 2005, some studies clearly pointed out that single-
hole thoracoscopic lobectomy for early lung cancer has high
feasibility and safety (9). After research and analysis, the main
reason is that the operation is done at L4 or L5 intercostal
space in the axillary front line, where the intercostal space
is relatively wide and the muscle group is not abundant, so
the risk of bleeding and injury is reduced to a certain extent
(10). The operation time and the incision length of single-hole
thoracoscopic surgery are short, and it is difficult to form obvious
scars after the operation, which meets the aesthetic requirements
of patients. In addition, the operation is a single-hole operation,
which can effectively avoid muscle injury and nerve damage
caused by the auxiliary operation hole, speed up the postoperative
rehabilitation progress, and shorten the hospitalization time (11).

However, no matter what kind of operation, it will cause
a stress reaction of the body, which will lead to the decline
of immune function, thus prone to infection and tumor
micrometastasis. Especially for tumor patients, immune function
can determine the spread, recurrence, and recovery progress of
tumors after the operation (12). Therefore, reducing the stress
response and improving immunity are particularly critical to
reducing the level of tumor micrometastasis factors.

This study shows that the operation time, blood loss, drainage
tube placement time, incision length, and hospitalization time
of the study group were less than those of the control group.
It is suggested that compared with three-hole thoracoscopic
surgery, single-hole thoracoscopic surgery for non-small cell lung
cancer has a shorter operation time, can reduce intraoperative
bleeding, ensure early extraction of the drainage tube, and has
shorter incision length, which is beneficial to rapid healing of
the incision and less hospital stay. There was no significant
difference in the number of lymph node dissections between
the two groups, suggesting that the number of lymph node
dissections in three-hole thoracoscopic surgery was similar to
that in single-hole thoracoscopic surgery. According to the
data, postoperative tumor micrometastasis will be affected by
extracellular matrix remodeling, immune mechanism, and other
aspects, and has a close relationship with the prognosis of
patients with non-small cell lung cancer (13, 14). Through
tumor cytology examination, MMP-7 was highly expressed in
patients with tumor (15). During the apoptosis of tumor cells,
MICA protein on the cell surface falls off and finally forms
sMICA, which can hinder the killing activity of T cell subsets
(CD8 +) (16). Three days after the operation, the values of
MMPs-7mRNA and sMICA in the study group were lower
than those in the control group, suggesting that the expression
level of serum tumor micrometastasis factor can be reduced
by single-port thoracoscopic surgery for non-small cell lung
cancer, thus ensuring the improvement of tumor metastasis
microenvironment. It has been reported that T lymphocyte
subsets can accurately reflect cellular immune function (17).
CD4 +, CD8 +, and CD4+/CD8 + in the study group were
higher than those in the control group, suggesting that single-
port thoracoscopic surgery for non-small cell lung cancer can
effectively protect cellular immune function. The main reason is
that single-hole thoracoscopic surgery has a short operation time
and less bleeding, which can obviously reduce the impact on the
immune mechanism of the body (18). In addition, this operation
has less trauma, and at the same time, it can effectively preserve
the integrity of the thorax, avoid muscle and nerve damage, and
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has a low-stress response, which can promote the immunity to
return to normal (19, 20). On the 1st, 3rd, and 5th day after the
operation, the VAS of the study group was lower than that of
the control group, suggesting that the application of single-hole
thoracoscopic surgery for non-small cell lung cancer can reduce
the postoperative pain, relieve its pain and improve the surgical
tolerance and compliance. There is no significant difference
in complication rate between the two groups, suggesting that
three-hole/single-hole thoracoscopic surgery for non-small cell
lung cancer is not easy to cause postoperative complications
such as incision infection, atelectasis, and pneumothorax, and
the operation is safe. All patients were followed up for 1 year.
There was no significant difference in tumor-free survival rate
and overall survival rate between the two groups, suggesting
that there was no significant difference in the influence of
different thoracoscopic surgery on the 1-year survival rate after
surgery. However, in this study, the number of samples is small,
the follow-up time is short, and there is no comparison of
long-term recurrence and metastasis of single-hole/three-hole
thoracoscopic surgery for non-small cell lung cancer. In the
future, it is necessary to expand the sample size and extend the
follow-up time to further confirm the practical application value
of the above two operations.

CONCLUSIONS

In conclusion, compared with three-port thoracoscopic surgery,
single-port thoracoscopic surgery in patients with non-small

cell lung cancer can optimize perioperative indicators, shorten
hospital stay, reduce the expression level of serum tumor
micrometastatic factors, improve immune mechanisms, and be
less painful. It is of great significance for patients with non-small
cell lung cancer and is an effective, convenient, and safe surgical
option, which is worthy of extensive clinical reference.
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Objective: To explore the effects of transient electric acupuncture stimulation combined

with rehabilitation training on hemorheology, neurological function and brain-derived

neurotrophic factor (BDNF) in patients with cerebral infarction (CI).

Methods: A total of 90 patients with CI were admitted to our hospital from March

2019 to March 2021. According to the random number table method, 90 patients were

divided into a control group (was treated with transient electrical acupuncture stimulation

intervention treatment) and a therapy group (was treated with rehabilitation training on

the basis of the control group), with 45 cases in each group. NIHSS score to detect

neurological deficit; FMA score to detect motor function recovery; the clinical efficacy

of the two groups of patients were compared; blood rheology analyzer to detect whole

blood high shear viscosity, whole blood low shear viscosity, platelet aggregation rate and

fibrinogen indicators; ELISA detects the content of BDNF in serum.

Results: There was no significant difference in NIHSS score, FMA score, clinical efficacy,

hemorheology index, and BDNF content between the two groups of patients before

treatment (P > 0.05). After treatment, the NIHSS score, whole blood high shear visible,

whole blood low shear visible, platelet aggregation rate and fibrinogen index of the two

groups were lower than those before treatment, and the FMA score and BDNF content

of the two groups were higher than those before treatment, and all the above indicators

in the therapy group changed significantly compared with the control group (P < 0.05).

After treatment, the clinical efficacy of the therapy group was better than that of the

control group (P < 0.05).

Conclusion: The combination of transient electrical acupuncture stimulation and

rehabilitation training can inhibit the blood flow index of patients with CI, improve the

nerve function, increase the content of BDNF in the patient’s serum, and restore the

patient’s nerve function.

Keywords: instantaneous electrical acupuncture stimulation, rehabilitation training, cerebral infarction,

hemorheology, nerve function, BDNF
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INTRODUCTION

Cerebral infarction (CI), also known as ischemic stroke, accounts
for 65–70% of the total number of strokes in my country,
and is an acute and critical illness of cerebrovascular disease.
Cerebral infarction is mainly due to cerebral hemodynamic
disturbance and local brain tissue is in a state of ischemia and
hypoxia, which can cause serious damage to the neurological
function of the brain of patients (1). With the improvement of
the modern medical level, although vascular interventions and
thrombolysis can reperfuse brain tissue to a certain extent, thus
effectively reducing the degree of cerebral ischemia and hypoxia,
yet the endurance of nerve cells to ischemia and hypoxia is
very low. Poor, more than 75% of patients with CI still have
different degrees of dysfunction even after the brain tissue is
restored to perfusion, which seriously affects the quality of life
of the patients. While posing a great threat to the physical
and mental health of patients, it also places varying degrees of
burden on patients, families and society (2). A large number of
studies have shown that the human brain has strong plasticity.
Rehabilitation training can increase the expression level of
nerve growth factor in patients with CI, stimulate the auxiliary
motor cortex, and improve brain function, thereby restoring or
partially restoring the control of the brain to the subcortical
center and improving the motor function of the limbs (3,
4). Electroacupuncture is an important supplement/alternative
treatment for cerebrovascular diseases and is widely used in
clinical practice. Electroacupuncture regulates the yin and yang
meridians by stimulating acupoints, and achieves the balance
between yin and yang by the mutual aid of yin and yang
(5). It has been confirmed that electroacupuncture combined
with exercise training has a significant synergistic effect in
the treatment of postoperative motor dysfunction after CI.
Brain-derived neurotrophic factor (BDNF) is one of the most
representative members of the nerve growth factor family. It is a
basic protein with a relative molecular weight of 12,300, with the
highest content in the hippocampus (6). BDNF is closely related
to CI. It can promote the survival, development, differentiation
and repair of a variety of neurons, promote synaptic plasticity,
and participate in the enhancement of long-term memory (7).
In this study, combined use of transient electrical acupuncture
stimulation combined with rehabilitation training to observe its
effects on hemorheology, neurological function and BDNF in
patients with CI.

MATERIALS AND METHODS

General Information and Grouping
A total of 90 patients with CI were selected in our hospital from
March 2019 to March 2021. According to the random number
table method, 90 patients were divided into a control group and
a therapy group, with 45 cases in each group. All patients met
the relevant diagnostic criteria for CI in our hospital. There was
no statistically significant difference between the two groups of
patients in general information such as age, course of disease, and
pathological location (P > 0.05), (Table 1).

TABLE 1 | Comparison of general information between the two groups of patients.

Items Control

group

(n = 45)

Therapy

group

(n = 45)

t/χ2 P

Age (years old) 60.30 ± 5.40 61.22 ± 5.34 0.813 0.419

Course of disease (months) 1.32 ± 0.45 1.29 ± 0.43 0.323 0.747

Male/female (cases) 23/22 21/24 0.178 0.673

Pathological location (cases) 0.184 0.912

Basal ganglia CI 21 23

Internal capsule infarction 15 14

Middle CI 9 8

Basic diseases (cases) 0.239 0.971

Hypertension 17 15

Diabetes 10 11

Coronary heart disease 7 8

Hyperlipidemia 11 11

Complication (cases) 0.479 0.787

Numbness or paralysis of limbs 24 22

Aphasia 12 15

Coughing and dysphagia 9 8

Inclusion and Exclusion Criteria
Inclusion Criteria
Meeting the definition of acute ischemic stroke as defined by
the American Association of Neurological Surgeons (8); Patients
with stable vital signs; The age was less than 80 years old; Presence
of physical dysfunction; Patients voluntarily participated and
signed an informed consent form.

Exclusion Criteria
Patients with previous history of mental illness or symptoms of
dementia; Patients with neurological deficit symptoms or other
diseases, such as hemorrhagic stroke, encephalitis, etc.; Patients
with cardiogenic cerebral embolism; Patients with malignant
tumors, severe heart, liver and kidney dysfunction, blood system
and other diseases; Patients with incompletemedical history data;
Acupuncture and other related treatment contraindications.

Treatment Methods
After admission, medical personnel should give all patients basic
treatments such as blood pressure management, brain protection
agents, improvement of patients’ cerebral blood circulation, and
anti-platelet aggregation.

Control Group
The patients were given transient electrical acupuncture
stimulation intervention treatment. Transient electrical
acupuncture stimulation: According to the diagnosis of brain
damage, the scalp acupuncture and body acupuncture points
were diagnosed. The scalp acupuncture points were the motor
area, sensory area, superior temporal gyrus, transverse gyrus
and lower gyrus of scalp acupuncture. Acupuncture points for
body acupuncture, Lianquan, Tinggong, Yifeng, Fengchi, Jiquan
and Neiguan of the paralyzed upper limbs, Shenshu, Huantiao,
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Fengshi, Weizhong, Sanyinjiao, Taichong, etc. of paralyzed
lower limbs. The waveform was density wave, current intensity
was 10 (2mA), and the instrument was SDZ-II Huatuo brand
electronic acupuncture instrument and electric acupuncture
instrument. Operation method: According to the condition, two
groups of scalp acupoints and paralyzed body acupoints were
taken, and the current intensity was turned on instantly to 10,
within 1∼5 seconds, and then quickly returned to zero, and
the stimulation was performed sequentially. Each acupuncture
point was stimulated 2∼3 times, and the patient’s expression and
tolerance should be closely observed during the stimulation. If
dizziness occurs, treatment should be stopped immediately, 4–5
times per week.

Therapy Group
The patients were treated with rehabilitation training on the
basis of the control group. (1) During the treatment process,
medical staff should regularly organize the patient to perform
postural changes to ensure smooth blood circulation and avoid
pressure injuries and other problems. (2) Medical staff should
massage the patient’s affected limb to ensure that they could
effectively achieve reasonable passive activities, so as to achieve
the improvement and optimization of the treatment effect. (3)
Trauma rehabilitation training: During the treatment process,
medical personnel should guide the patient to perform crossed
arms and elevation training to train hip joint control. At the
same time, the medical staff should guide the patient with
knee flexion and lower limb extension training in prone and
supine positions to lay a good foundation for subsequent weight-
bearing rehabilitation training. (4) Balance training: Medical
staff should actively train the patient’s balance ability, including
bedside standing and seat balance exercises, to effectively realize
the patient’s rotation activity and back and forth movement
in the correct standing and sitting state. (5) Athletic training:
Under the premise of ensuring the patient’s safety, guiding
the patient to perform appropriate walking or up and down
stairs exercises. (6) Occupational therapy: During the treatment
process, medical staff should guide the patient to train the
functions of the hands and upper limbs, including vertebral
body, wiping the table, and basketball control. At the same time,
the patient should be instructed to achieve triggering activity
of muscles through appropriate neurostimulation techniques.
The specific content of the above rehabilitation training was
selected according to the actual situation of the patient, 1
h/time, 1 time/d, and the rehabilitation training time was
1 month.

Observation Indicators
Neurological Deficits
The National Institutes of Health Stroke Scale (NIHSS) was used
to score the neurological deficits of patients in the two group
before and after treatment. The scale included 15 scoring items
such as language, consciousness, visual field, movement, and limb
ataxia. The NIHSS score ranged from 0 to 45 points; the lower the
score, the lighter the neurological deficit.

TABLE 2 | Comparison of NIHSS scores before and after treatment between the

two groups (M ± SD, scores).

Group n NIHSS

Before treatment After treatment

Control group 45 26.31 ± 4.18 20.46 ± 3.25*

Therapy group 45 26.65 ± 4.27 14.52 ± 3.06*1

t 0.3817 8.927

P 0.7036 <0.0001

Compared with the control group before treatment, *P< 0.05; Compared with the therapy

group after treatment, 1P < 0.05.

Physical Motor Function
The simplified Fugl-Meyer rating scale (FMA) was used to score
the recovery of motor function of hemiplegic limbs before and
after treatment in the two group. The scale involved sensation,
balance, movement, mobility of limbs and joints, pain and other
aspects. The total score was 100 points. The higher the score, the
better the motor function.

Evaluation of Clinical Efficacy
The clinical efficacy of patients was evaluated according to the
evaluation criteria for clinical efficacy of stroke adopted by the
Fourth National Cerebrovascular Disease Academic Conference.
Get well: After treatment, the symptoms and signs of the nervous
system of the patient had basically disappeared, or the NIHSS
score was reduced by more than 90%, and the life was completely
self-care; markedly effective: the symptoms and signs of the
nervous system of the patient were significantly improved after
the treatment, or the NIHSS score was reduced by 70–89%, and
was able to basically take care of themselves; Effective: After
treatment, the patient’s nervous system symptoms and signs had
improved, or the NIHSS score was reduced by 30–69%, and was
able to take care of part of life; Invalid: After treatment, the
patient’s nervous system symptoms and signs did not improve or
even worsened, or died.

Hemorheology and BNDF Content Determination
Before and after treatment, 4mL of cubital venous blood was
drawn on an empty stomach in the two groups of patients,
centrifuged at 3000 r/min for 10min, and the serum was
separated and stored in a refrigerator at −20◦C for examination.
The LG-R-20 hemorheology analyzer (Beijing Zhongqin Shidi
Scientific Instrument Co., Ltd.) measured the whole blood
high shear viscosity, whole blood low shear viscosity, platelet
aggregation rate and fibrinogen index before and after treatment
in the two groups. ELISA method was used to detect the BDNF
content in the serum of the two groups of patients. Kit was
purchased from elaid biotech Co., Ltd.

Statistical Methods
Graphpad prism 8.0 software was used for data analysis, and the
measurement data were expressed as M ± SD. The t-test was
in accordance with the normal distribution, and the Wilcoxon
test was not in accordance with the normal distribution. The
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FIGURE 1 | Comparison of NIHSS scores before and after treatment between the two groups (M ± SD, scores). (A) Comparison of NIHSS scores of the control

group before and after treatment; (B) Comparison of NIHSS scores of the therapy group before and after treatment; (C) Comparison of NIHSS scores of the two

groups after treatment.

measurement data were expressed as % and tested by χ
2, and P

< 0.05 indicated that the difference was statistically significant.

RESULTS

Comparison of NIHSS Scores Between the
Two Groups of Patients Before and After
Treatment
Before treatment, there was no significant difference in NIHSS
scores between the two groups of patients (P > 0.05). After
treatment, NIHSS scores in both groups decreased significantly,
and the therapy group decreased significantly compared with the
control group (P < 0.05), (Table 2, Figure 1).

Comparison of FMA Scores Between the
Two Groups of Patients Before and After
Treatment
There was no significant difference in FMA scores between the
two groups before treatment (P > 0.05). After treatment, the
FMA scores of the two groups increased significantly, and the
therapy group increased significantly compared with the control
group (P < 0.05), (Table 3, Figure 2).

Comparison of Clinical Efficacy Between
the Two Groups of Patients
The total clinical effective rate of patients in the therapy group
was 91.1%, and the total clinical effective rate of patients in the
control group was 77.8%. Compared with the clinical efficacy
between the groups, the treatment group was significantly better
than the control group (P < 0.05), (Table 4, Figure 3).

TABLE 3 | Comparison of FMA scores before and after treatment between the

two groups (M ± SD, scores).

Group n FMA

Before treatment After treatment

Control group 45 30.48 ± 3.67 45.27 ± 4.16*

Therapy group 45 30.12 ± 3.25 53.81 ± 4.75*1

t 0.6235 9.073

P 0.4926 <0.0001

Compared with the control group before treatment, *P< 0.05; Compared with the therapy

group after treatment, 1P < 0.05.

Comparison of Hemorheology Between
the Two Groups of Patients Before and
After Treatment
There was no significant difference in hemorheology between
the two groups of patients before treatment (P > 0.05). After
treatment, the whole blood high shear viscosity, whole blood low
shear viscosity, platelet aggregation rate, fibrinogen of the two
groups were decreased, and the therapy group was significantly
lower than that of the control group (P < 0.05), (Table 5).

Comparison of Serum BDNF Content
Between the Two Groups of Patients
Before and After Treatment
There was no significant difference in serum BDNF content
between the two groups before treatment (P > 0.05). After
treatment, the BDNF content of the two groups increased
significantly, and the therapy group increased significantly
compared with the control group (P < 0.05), (Table 6, Figure 4).
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FIGURE 2 | Comparison of FMA scores before and after treatment between the two groups (M ± SD, scores). (A) Comparison of FMA scores of the control group

before and after treatment; (B) Comparison of FMA scores of the therapy group before and after treatment; (C) Comparison of FMA scores of the two groups after

treatment.

TABLE 4 | Comparison of clinical efficacy between the two groups of patients [n (%)].

Group N Get well Markedly effective Efficient Invalid Total effective rate

Control group 45 5 18 12 10 35 (77.8)

Therapy group 45 10 21 10 4 41 (91.1)

χ
2 23.92

P <0.0001

FIGURE 3 | Comparison of clinical efficacy between control group and

therapy group (cases).

DISCUSSION

In recent years, the incidence of cardiovascular and
cerebrovascular diseases has been increasing year by year.
CI is a common critical illness that causes impairment in
patients’ motor and sensory functions and results in a significant

decline in patients’ abilities of daily living (9). The current
conventional treatment methods for the treatment of CI include
inhibiting platelet aggregation, reducing cerebral edema, and
restoring blood supply in the infarcted area. However, the
rehabilitation effect of patients is often not as expected. It
is necessary to further improve the patient’s limb exercise
ability and self-care ability. Therefore, in this study, combined
acupuncture and rehabilitation therapy was given on the basis
of conventional Western medicine treatment in the hope of
achieving the objective of improving the motor function and
self-care ability of patients. The theory of traditional Chinese
medicine believes that CI belongs to the category of stroke and
dysfunction. The imbalance of kidney, liver, heart, yin and yang
and the interaction of qi, fire, wind, blood, and phlegm, which
causes disuse of the limbs, blockage of the veins, and dysfunction.
The main manifestations are sudden fainting, unconsciousness,
hemiparesis, unfavorable language and so on (10). Rescue
therapy during the acute phase of CI can help patients to get out
of danger, but due to the deficiency of yin in liver and kidney,
the patient’s qi and blood have not been restored, which can
lead to hemiplegia, unfavorable speech and other sequelae.
The use of acupuncture to treat CI can significantly reduce
neurological damage and help the recovery of motor function
(11). Traditional Chinese medicine believes that the governor
pulse is the convergence of the three yang meridians of the hand
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TABLE 5 | Comparison of whole blood high shear viscosity, whole blood low shear viscosity, platelet aggregation rate and fibrinogen index before and after treatment in

the two groups (M ± SD, n = 45).

Group Whole blood high

shear viscosity (mPa.s)

Whole blood low shear

viscosity (mPa.s)

Platelet aggregation

rate (%)

Fibrinogen

(mg/L)

Before

treatment

After

treatment

Before

treatment

After

treatment

Before

treatment

After

treatment

Before

treatment

After

treatment

Control group 7.42 ± 0.51 6.38 ± 0.46* 15.79 ± 2.61 11.37 ± 0.45* 45.12 ± 2.83 40.24 ± 2.15* 5.01 ± 0.42 3.65 ± 0.37*

Therapy group 7.26 ± 0.48 4.01 ± 0.32*1 15.93 ± 2.65 7.26 ± 0.32*1 45.36 ± 2.91 26.47 ± 1.83*1 4.93 ± 0.38 2.15 ± 0.16*1

t 1.533 28.37 0.2525 49.93 0.3966 32.72 0.9475 24.96

P 0.1290 <0.0001 0.8012 <0.0001 0.6926 <0.0001 0.3460 <0.0001

Compared with the control group before treatment, *P < 0.05; Compared with the therapy group after treatment, 1P < 0.05.

TABLE 6 | Comparison of serum BDNF content before and after treatment in the

two groups (M ± SD, ng/mL).

Group n BDNF

Before treatment After treatment

Control group 45 19.34 ± 2.16 24.61 ± 3.69*

Therapy group 45 20.08 ± 2.37 29.04 ± 4.02*1

t 1.548 5.446

P 0.1252 <0.0001

Compared with the control group before treatment, *P< 0.05; Compared with the therapy

group after treatment, 1P < 0.05.

and the three yang meridians of the foot, which can regulate
the qi and blood of the yang meridians of the whole body and
maintain the vitality of the whole body. Neurological and motor
dysfunction in patients with CI is caused by yang deficiency, so by
stimulating the head motor area, sensory area, superior temporal
gyrus, transverse gyrus, inferior gyrus and various points of
the upper and lower limbs, it is beneficial to the the recovery
of patient’s nerve and motor function, and then improve the
prognosis and improve the quality of life of patients. Electrical
acupuncture stimulation therapy is one of the important
branches of acupuncture in traditional Chinese medicine. Its
mechanism is to promote the excitability of central nerve cells
and the release of central neurotransmitters by acupuncture
scalp and body acupoints and applying a certain amount of
current stimulation. It can make the inhibited nerve cells wake
up or revive the reversible nerve cells, increase the number of
neurons and nerve fibers, and then play a role in promoting
nerve reconstruction (12). Relevant studies have shown that
the application of instantaneous electrical acupuncture has a
significant effect on neurological rehabilitation in patients with
acute CI. In addition, the follow-up rehabilitation training is
also an important part of the rehabilitation treatment of CI
patients. Rehabilitation training can help restore the patient’s
body, language and brain response ability to the greatest extent.
Standardized three-level rehabilitation is a standardized and
holistic rehabilitation training model, which uses gradual
training content to cooperate with the functional recovery of the
injured nerve of the patient, and promotes the recovery of the
patient’s physical function by maximizing the movement of the
affected limb (13, 14).

In this study, the combined treatment of transient electrical
acupuncture stimulation and rehabilitation training was given
to the patients, and the clinical efficacy of the therapy group
was significantly better than that of the control group. In recent
years, related reports have pointed out that changes in blood
viscosity are an important key factor in ischemic cerebrovascular
diseases, and blood viscosity in microcirculation depends on
platelet aggregation and fibrinogen (15). This study observes
the effects of instantaneous electroacupuncture combined with
rehabilitation training on hemorheology, focusing on whole
blood high shear viscosity, whole blood low shear viscosity,
platelet aggregation rate and fibrinogen as the key observation
indicators. The results showed that after treatment, the contents
of hemorheological indexes in the two groups were lower than
those before treatment, and the contents of hemorheological
indexes in the therapy group were lower than those in the
control group. This suggests that short-term electroacupuncture
combined with rehabilitation training can effectively inhibit
platelet aggregation, reduce whole blood viscosity and fibrinogen,
so as to inhibit microvascular thrombosis and increase blood
oxygen content. Therefore, it plays a good role in improving
blood supply and nutrition of brain cells. The results of NIHSS
and FMA scores before and after treatment in this study showed
that the NIHSS scores of the two groups of patients after
treatment were lower than those before treatment, and the FMA
scores were higher than before treatment; the NIHSS score of
the therapy group was lower than that of the control group, and
the FMA score was higher than that of the control group. It can
be seen that the combination of transient electrical acupuncture
stimulation and rehabilitation training can significantly improve
the neurological and motor functions of patients with CI, and
improve the physiological quality of patients. It is partially
consistent with the results of Sheng et al. (16).

BDNF is a member of the neurotrophic factor family and
is mainly distributed in the central nervous system. It plays
a very important role in maintaining the survival, growth,
differentiation, repair and regeneration of injured neurons. It
is essential for maintaining and protecting the survival and
growth of neurons (17, 18). And the mouse model shows that
the BDNF in the brain tissue can enter the blood through the
blood-brain barrier, so it is speculated that the serum level
can reflect the BDNF level in the brain (19). The results of
this study showed that the serum BDNF content of the two
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FIGURE 4 | Comparison of BDNF content before and after treatment between the two groups (M ± SD, ng/mL). (A) Comparison of BDNF content in the control

group before and after treatment; (B) Comparison of BDNF content in the therapy group before and after treatment; (C) Comparison of BDNF content in the two

groups after treatment.

groups of patients after treatment was higher than that before
the treatment, and the serum BDNF content of the therapy
group was higher than that of the control group. Rising levels
of BDNF stimulate and promote the growth and differentiation
of neural cells and promote the repair of damaged neurons, and
therefore, contribute to the recovery of neurological function. In
addition, modern studies have also confirmed that acupuncture
can achieve the effect of improving muscle strength by inhibiting
neuronal apoptosis, improving cerebral blood circulation, and
reestablishing the coordination of regenerating nerves (20).

In summary, the combination of transient electrical
acupuncture stimulation and rehabilitation training can inhibit
the blood flow index of patients with CI, improve the nerve
function, increase the content of BDNF in the patient’s serum,
and promotes recovery of neurological function in patients.
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Objective: To observe the influence of nursing intervention in operation rooms on

incision infection of patients undergoing gastrointestinal surgery and the improvement

of gastrointestinal function.

Methods: A total of 340 patients who underwent gastrointestinal surgery in our hospital

from June 2020 to August 2021 were included. According to the random number table,

they were divided into the conventional nursing group (n = 170) and the operating room

nursing group (n= 170). The conventional nursing group was treated with routine nursing

intervention, while the operating room nursing group was treated with operating room

nursing intervention. The incision infection, healing, gastrointestinal function recovery,

and complications in the two groups were compared, and the patient care satisfaction

was recorded.

Results: The incidence of incision swelling, pain, and incision secretion in the operating

room nursing group was significantly lower than that in the conventional nursing group

(p < 0.05). The patients in the operating room nursing group had higher grade A healing

than in the conventional nursing group, and lower grade B and grade C healing than in the

conventional nursing group (p < 0.05). The time of anal exhaust, first defecation, and the

time of gastric tube removal in the operating room nursing group were lower than those in

the conventional nursing group (p< 0.05). The incidence of postoperative complications,

such as incision infection, incision dehiscence, early inflammatory bowel adhesion, and

abdominal abscess, in the operating room nursing group was lower than that in the

conventional nursing group (p < 0.05). The total satisfaction degree in the operating

room nursing group was significantly higher than that in the conventional nursing group

(p < 0.05).

Conclusion: Nursing intervention in operation room can reduce complications and

improve gastrointestinal function when applied to patients undergoing gastrointestinal

surgery due to incision infection.

Keywords: gastrointestinal surgery, operating room nursing, incision infection, gastrointestinal function,

complication
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INTRODUCTION

It is easy to breed bacteria in the gastrointestinal tract.
Therefore, patients undergoing gastrointestinal surgery are prone
to infection of surgical incision and various other complications.
Incision infection accounts for 15–20%, a high proportion,
of nosocomial infections (1, 2). Two to four days after
gastrointestinal surgery, the incision pain and body temperature
of a patient will gradually return to normal. If the incision pain
is not relieved or if there are signs, such as swelling and fever in
the local incision, it indicates that a degree of infection might be
present (3). The dehiscence and exudation that occur after the
infection of an incision prolongs its healing time. If not treated in
time, the infection may worsen and may eventually lead to organ
dysfunction or systemic infection and death in severe cases (4, 5).

Although the operating room is an important place for
clinical rescue, it is also a department with a high infection
rate. Postoperative infection has always been a clinically difficult
problem (6, 7). Literature shows that nursing interventions
for patients undergoing gastrointestinal surgery can effectively
reduce postoperative infection rate. To further reduce the
infection rate of incisions after gastrointestinal surgery, we
should not only standardize the disinfection and sterilization for
the operation, but also do a good job of nursing in the operating
room so as to reduce the infection rate of incision, improve the
operation efficiency, and reduce the economic and psychological
burden of patients (8). This study discusses the influence of
nursing intervention in operating rooms on wound healing and
gastrointestinal peristalsis of patients undergoing gastrointestinal
surgery. The results are reported as follows.

DATA AND METHODS

General Information
A total of 340 patients who underwent gastrointestinal surgery
in our hospital from June 2020 to August 2021 were included
in the study. They were divided into the conventional nursing
group (170 patients) and the operating room nursing group (170
patients) according to the random number table. The inclusion
criteria were as follows: patients undergoing elective surgery;
patients who have no immune or endocrine disorders; patients
with a certain have primary school education or above and
can cooperate with the research. The exclusion criteria were
as follows: patients with severe hepatic and renal insufficiency;
patients with malignant tumor/s or mental diseases; patients
with with coagulation disorders, i.e., anemia; patients who have
cultural taboos on nursing measures; patients who have had
failed treatment or operation and may prolong their stay in
hospital; palliative surgery patients. This study was approved
by the Hospital Ethics Committee, and informed consent was
obtained from patients and their families.

Research Methods
Routine nursing intervention was adopted in the conventional
nursing group. Nurses in this group were tasked with the
following: (1) timely update of the operating room equipment
level; (2) conduct regular spot checks for health care personnel
infection prevention awareness and measures to understand

the situation, for understanding the improper health care
personnel should be strengthened education; (3) the operating
room head nurse actively cooperate with infection department
work, responsible for the daily infection prevention and control
management; (4) for the medical staff in and out of the operating
room for infection prevention measures supervision.

The operating room nursing group adopted the nursing
intervention in the operation room. Before the intervention
measures are implemented, a management system and process
and areward and punishment systemwasmade to encourage staff
to supervise each other. In the process of implementation, staff
were tasked to study and check each other regularly to correct the
deficiencies. The specific measures are divided into three parts:
preoperative preparation, strengthening the management of the
operating room, and meticulous care of the incision. The specific
measures are as follows:

(2) Pre-operation: after receiving the notice of operation, the
nurses in the operating room should have carefully checked
the case data of the patient and understand their condition.
The purpose, method, precautions, and expected results of
operation should be introduced to the patient and their
family. Nurses should have patiently solved the problems
raised by the patient and their family. In addition, they
should have fully understood the psychological state of the
patient and psychologically guide their bad emotions and
enhance their confidence in treatment. At the same time,
the operating room nurses should have given preoperative
instructions, telling the patient that they should strictly
fast from food and water 8 h before operation to prevent
gastrointestinal decompression. Lastly, they must assist
clinicians to complete various examinations, inspecting and
checking instruments and items required for surgery.

(3) Strengthening the management of the operation room:
Nurses were tasked to manage the access of personnel
in the operation room. Non-emergency operations were
reasonably sequenced. The interval between two operations
was more than 35min, during which the operating room
environment and air were disinfected. Thirty minutes
before surgery, the operating room nurses should clean
and disinfect the environment and tools in the operating
room. The storage and management of sterile instruments
should be managed by special personnel. Before entering
the room, they should strictly strengthen aseptic operation.
Hand washing was conducted according to the six-step
washing method. The nurse in charge of the operation
room conducted a hand hygiene check on the medical staff
involved in the operation. Surgeons can only stay in the
sterile area of the operating room. The gloves used in the
operation shall be replaced immediately if they are torn or
punctured by a sharp instrument. Used instruments shall not
be reused. The temperature and humidity in the operation
room were controlled within an appropriate range, and the
thermal measures were maintained for patients to avoid
incision infection caused by too low temperature.

(4) Incision care: Before the operation, the local skin at the
incision site was disinfected. The disinfected area should
cover 15–20 cm around the incision before a 3m skin
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protective film is stuck on the incision. During the operation,
after the abdominal cavity is opened, the incision should
be protected by a full-layer protector in time to prevent
bacteria or feces from polluting the incision. After applying
a protective pad around the incision, the gastrointestinal
tract can be cut. After the peritoneal suture was completed,
the skin, subcutaneous tissue, and grass-roots layer of the
incision in the patient were rinsed with 37◦C normal saline.
Afterwhich, the normal saline was wiped clean with gauze
(the tumor flushing fluid is sterilized water for injection at
38–43◦C, and the operation field is soaked for 3–5min for 2–
3 times), and the incision was sutured layer by layer. A dress
with good adsorbability was applied to that incision site to
avoid incision exudation.

Observation Indicators
The wound infection and healing of two groups of patients
were compared. Assessment of wound healing included: Grade
A healing (wound healing is good without any adverse healing),
Grade B healing (inflammation such as swelling, hematoma or
effusion after wound healing), and Grade C healing (wound
purulent needs dressing change).

The recovery of gastrointestinal function and the incidence
of complications were compared between two groups. The nurse
should accurately record the gastrointestinal function indicators
of patients (including anal exhaust time, first defecation time and
gastric tube removal time), along with complications (including
incision infection, incision dehiscence, early inflammatory
bowel adhesion, and peritoneal abscess), and calculate the
incidence rate.

The satisfaction of patients with nursing care in the two
groups was recorded. According to the actual situation of the
operating room, a nursing satisfaction score scale was set up,
which mainly included the service attitude, nursing operation,
operation process, health education, nursing results, and other
aspects of the medical staff. There were three grades, namely, very
satisfactory (score >89), satisfactory (score: 60–89 points), and
dissatisfied (score < 60 points). The content reliability index of
nursing satisfaction rating scale was 0.79, and the α coefficient of
Kehlenbach was 0.784, which had good reliability.

Statistical Methods
SPSS22.0 software was used for processing. The measurement of
the experimental data were expressed as mean SD (x± s), and the
enumeration data were expressed in percent (%). T-test analysis
was used for pairwise comparison of measurement data among
groups, and the count data were tested by χ2 test. The test level
was α= 0.05, and a value of p< 0.05 indicated that the difference
was statistically significant.

RESULTS

Comparison of General Data Between the
Two Groups
There was no significant difference in general information such as
gender, age, and educational background between the two groups
(p > 0.05) as shown in Table 1.

Comparison of Incision Infection Between
the Two Groups
The incidence of incision swelling, pain, and incision secretion in
the operating room nursing group was significantly lower than in
the conventional nursing group. The differences were statistically
significant (p < 0.05) as shown in Figure 1.

Comparison of Wound Healing Between
the Two Groups
The grade A healing rate of patients in the operating room
nursing group was higher than that of the conventional nursing
group, and the grade B and grade C healing rates were lower than
those of the conventional nursing group. The differences were
statistically significant (p < 0.05) as shown in Figure 2.

Comparison of Gastrointestinal
Function-Related Indicators Between the
Two Groups
Patients in the operating room nursing group had lower anal
exhaust time, first defecation time, and gastric tube removal time
than those in the conventional nursing group. The differences
were statistically significant (p < 0.05) as shown in Figure 3.

Comparison of Postoperative
Complications Between the Two Groups
The incidence of postoperative complications, such as incision
infection, incision dehiscence, early inflammatory bowel
adhesion, and peritoneal abscess, in the operating room nursing
group was lower than that in the conventional nursing group.
The difference was statistically significant (p < 0.05). As shown
in Figure 4.

Comparison of Nursing Satisfaction
Between the Two Groups
The total satisfaction degree of the operating room nursing
group (93.53%) was significantly higher than that of the
conventional nursing group (75.29%). The difference was
statistically significant (χ2 = 30.637, p < 0.001) as shown in
Figure 5.

DISCUSSION

Postoperative infection of gastrointestinal incision is one of
the common clinical complications at present. Studies have
pointed out that the infection rate of gastrointestinal surgical
incisions can be as high as 25%, which makes it a common
complication in operating rooms (9). Compared with other
types of surgery, gastrointestinal surgery has certain particularity.
Gastrointestinal flora is abundant and most of the surgical
incisions for gastrointestinal operations are of Class II and III.
If the incision is not treated in time, the risk of surgical incision
infection will increase to a certain extent, which could easily
to aggravate the condition of the patient (10, 11). Incision
infection is closely related to the operating room environment,
the personnel involved in the operation, and the surgical
instruments. Therefore, nursing in operation room plays an
important role in patient safety.
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TABLE 1 | Comparison of general data of patients between the two groups.

Group Gender Educational background

Male Female Junior

secondary and

below

Senior high

school

Bachelor

degree or

above

Conventional nursing group (n = 170) 81 89 61 68 41

Operating room nursing group (n = 170) 83 87 65 67 38

χ
2 value 0.047 0.248

P value 0.828 0.883

Group Age (years) Surgical type

Partial

gastrectomy

Clearance of

intestinal

adhesions

Repair of

duodenal

perforation

Radical

gastrectomy for

gastric cancer

Conventional nursing group (n = 170) 41.82 ± 6.53 49 29 51 41

Operating room nursing group (n = 170) 42.59 ± 5.91 48 24 54 44

t/χ2 value 1.140 1.111

P value 0.255 0.774

FIGURE 1 | Comparison of incision infection between the two groups. Note: Compared with the conventional nursing group, *p < 0.05.

The routine nursing mode in operating rooms has a
certain effect on preventing infection. However, there are still
many patients with different degrees of incision infection after
operation. This seriously affects the treatment quality and
work efficiency and thereby increases the incidence of medical
disputes (12, 13). Therefore, finding suitable operating room
nursing measures that can reduce complications, such as incision
infection, is the focus of the current clinical research. In this
study, the incidence of incision infection in the operating room
nursing group was significantly lower than in the conventional
nursing group. Wound healing was also significantly better than
in the conventional nursing group. It indicated that nursing

in operation room had clear advantages for reducing incision
infection and promoting the recovery of patients.

According to the characteristics of gastrointestinal surgery,
nursing in operating room should strictly make preparation for
the operation, including checking the case data of the patient,
grasping the basic situation of the patient, and preparing the
skin, which can reduce the chance of bacterial infection to some
extent. Secondly, the whole nursing process was centered on
strengthening aseptic operation, strict access control in operation
rooms, and reducing the risk of cross-infection. Medical staff
involved in the operation should strictly wash their hands
according to the six-step washing method to ensure hand
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FIGURE 2 | Comparison of wound healing between the two groups. Compared with the conventional nursing group, *p < 0.05.

FIGURE 3 | Comparison of gastrointestinal function-related indicators between the two groups. Compared with the conventional nursing group, *p < 0.05.

hygiene, ensure disinfection in the operation area, ensure the
operating room environmental health, and reduce bacterial
adhesion. Staff should also strictly control the flow of operating
room staff and the number of surgical visitors to reduce the

chance of airborne bacteria. Finally, they are to cooperate with
surgeons during incision processing, disinfection of local skin
incision, taking the full layer protector to protect treatment in
time, and, after the completion of the peritoneal suture, clean the
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FIGURE 4 | Comparison of postoperative complications between the two groups. Compared with the conventional nursing group, *p < 0.05.

FIGURE 5 | Comparison of nursing satisfaction between the two groups. Compared with the conventional nursing group, *p < 0.05.

incision using normal saline irrigation in order to block the path
of bacterial infection, and avoid infection (14–16).

Gastrointestinal surgery can arouse the excitement and
stimulation of the sympathetic nervous system of the
gastrointestinal tract of patients. At the same time, due to

the stimulation of anesthetics, traction and other factors, patients
are very likely to suffer from inhibition of gastrointestinal
peristalsis after surgery, which in turn leads to symptoms of
gastrointestinal dysfunction, such as non-flatus, non-defecation
and abdominal distension. This may affect the surgical effect and
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rehabilitation process of patients (17–19). This study showed
that the patients in the operating room nursing group had
lower anal exhaust time, first defecation time, and gastric tube
removal time than those in the conventional nursing group. It
is proved that nursing in operating room was superior to the
routine nursing in promoting the recovery of gastrointestinal
function. The smooth recovery of gastrointestinal function
is an important symbol for the success of the operation. If
gastrointestinal dysfunction occurs, it will not only cause water
and electrolyte disorders, but also other complications, such
as incision infection, dehiscence, early inflammatory bowel
adhesion, abdominal abscess, and, in severe cases, death (20, 21).
In this study, the incidence of postoperative complications
in the operating room nursing group was lower than in the
conventional nursing group. Take various preventive measures
to reduce the injury caused by operation and the infection
rate of incision, further promote the recovery of patients’
gastrointestinal function and reduce complications.

Nursing in the operating room gives comfort and
encouragement to the psychology of patients. It also introduces
successful operations, which may reduce patient anxiety toward
similar procedures. By extension, it can improve the satisfaction
of patients with the nursing service (22). The results of this
study demonstrated that the total satisfaction in the operating
room nursing group was significantly higher than that in the
conventional nursing group.

To sum up, nursing interventions in the operating room
for patients undergoing gastrointestinal surgery can effectively
reduce the infection rate of incisions, promote incision healing,
improve the gastrointestinal function of patients, and reduce
postoperative complications.
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The decreased immune function of patients with lung cancer has always been the

focus of clinical attention. However, the stress response caused by surgery, anesthesia

and pain will further reduce the body’s immune function and affect the prognosis of

patients to a certain extent. It was found that both protective ventilation and flurbiprofen

ester pretreatment could reduce the immunosuppression caused by stress response. In

this study, 120 lung cancer patients treated with video-assisted thoracoscopic radical

resection were divided into group A, group B, group C and group D, which were

treated with conventional mechanical ventilation, lung protective ventilation, conventional

mechanical ventilation + flurbiprofen axetil and lung protective ventilation + flurbiprofen

axetil, respectively. The results showed that the levels of CD3+, CD4+, CD4/CD8+,

and NK in groups A, B, and C were lower than T0 on T1, T2, and T3, while those

indicators in group D were lower than T0 on T1 and T2 (P < 0.05). The above indicators

in group D were higher than those in the other three groups on T1, T2, and T3 (P <

0.05). The above indicators were statistically significant compared with those in group A

and group C, group B and group D, and group A and group B at T1, T2, and T3 (P <

0.05). The comparisons of CD3+, CD4+, CD4/CD8+, and NK among the four groups

within different time groups, and the repeated - measures analysis of variance (repeated -

measures ANOVA) showed that there were interactions among time, group, and between

groups × within groups (P < 0.05). It was confirmed that lung protective ventilation

combined with flurbiprofen axetil could alleviate the immunosuppression of patients

undergoing thoracoscopic radical lung cancer, providing a new idea for clinical treatment.

Keywords: lung cancer, lung protective ventilation, flurbiprofen axetil, thoracoscopic radical resection,

immunologic function

INTRODUCTION

Lung cancer can be divided into two types of non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC), and 80% of patients with NSCLC. The 5-year survival rate of lung cancer
patients is low, and in recent years, the onset age of lung cancer patients also tends to be younger
(1). Thoracoscopic radical resection of lung cancer is currently an important means of treatment
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for lung cancer. But it needs to be performed under mechanical
ventilation, which has a certain inhibitory effect on patients’
autoimmunity, while narcotic drugs (especially opioids) also
have an impact on immunity (2, 3). However, immunity is
closely related to the patient’s ability to resist external pathogen
infection, and the balance regulation of immune system also
plays an important role in maintaining body homeostasis. Once
the immune balance is out of balance, the body is very prone
to infection, and autoimmune diseases. Therefore, alleviating
the immunosuppressive effects of mechanical ventilation and
anesthesia is of great significance for improving the prognosis
of patients undergoing video-assisted thoracoscopic radical
resection of lung cancer (4).

In recent years, studies have pointed out that lung protective
ventilation and flurbiprofen ester can weaken the inhibition of
the above factors on the immune system of patients. On this
basis, we hereby studies the effect of combination of the two
on immune function in patients undergoing radical lung cancer
surgery, as reported below.

MATERIALS AND METHODS

General Data
One hundred twenty patients with lung cancer who received
thoracoscopic radical resection of lung cancer in our hospital
from April 2017 to June 2020 were included as research objects
and divided into 4 groups. The ages of group A, B, C, and D
were (56.15 ± 3.65) years old, (57.24 ± 3.95) years old, (55.78
± 7.21) years old, and (57.16 ± 3.65) years old. Male and female
composition: 19/11, 17/13, 18/12, and 19/11; ASAi/ii constituted
6/24, 2/28, 7/23 and 4/26; BMI was (23.15 ± 2.39) kg/m2, (23.36
± 3.01) kg/m2, (22.96 ± 2.57) kg/m2 and (22.37 ± 5.14) kg/m2.
The mean course of disease was (6.17 ± 1.52) months, (6.25 ±

1.37) months and (6.33± 1.29) months. There was no difference
in the general data of the four groups(P > 0.05).

Inclusion Criteria
i) 18–69 years old; ii) The BMI was 18–28 kg/m2; iii)
Meeting the Class I–II criteria of the American Association of
Anesthesiologists (5); iv) Sign informed consent form.

Exclusion Criteria
i) Combined with fever, cough and gastrointestinal ulcers; ii)
Patients who took NSAIDs for a long time before entering
the group; iii) Patients with combined history of consciousness
disorder and mental disease; iv) Patients with pulmonary
tuberculosis and bronchial asthma; v) Patients requiring
blood transfusion during the operation; vi) Combined with
kidney, liver, heart and other major organ dysfunction; vii)
Taking glucocorticoids and immunosuppressive agents before
operation; viii) Patients with coagulation abnormalities and
severe endocrine diseases; ix) Allergic to drugs used in this
study; x) The pathological type of lung cancer is not suitable for
thoracoscopic lung cancer radical surgery.

Methods of Anesthesia and Mechanical
Ventilation
Routine anesthesia: 0.5mg penehycliane hydrochloride was
intravenously injected 30min before surgery, oxygen was inhaled
via nasal catheter, peripheral venous access of the upper limb
was opened, SpO2, HR and other indicators were detected. The
non-operative radial artery puncture was performed under local
anesthesia, and the invasive blood pressure was monitored. The
lateral internal jugular vein puncture was completed under local
anesthesia ultrasound guidance, and the CVP was maintained
within the range of 5–10 cmH2O. Midazolam, etomidate,
sufentanil and rocuronium were given intravenously at doses
of 0.05 mg/kg, 0.2 mg/kg, 0.4 ug/kg and 0.8 mg/kg. Indwelling
of the left double-lumen bronchocatheter was performed under
laryngoscopy. Under the assistance of a laryngoscope, the left
double-cavity bronchial catheter was placed. Localization was
performed by fiberoptic bronchoscopy. Mechanical ventilation
was performed with A5 anesthesia, and volumetric controlled
ventilation mode was used. After the patient’s position was
changed, the indwelling position of the double lumen tube was
observed again.

Group A underwent conventional ventilation: one-lung
ventilation was performed at Vr8ml/kg and RR13–16 times/min;
The bilateral lung ventilation rate was Vr10ml/kg, and RR10–12
times /min. Group Bwas treated with protective ventilation: One-
lung ventilation was given at Vr6ml/kg and RR14–16 times/min.
Two-lung ventilation was given at Vr8ml/kg and RR12–14 times
/min. One-lung ventilation was performed with PEEP5 cmH2O,
oxygen flow rate of 1–2 L/min, I: E ratio of 1:2, and FIO
2100%. PETCO2 was maintained at 35–45 mmHg. Anesthesia
was maintained by target controlled infusion of remifentanil and
propofol, with target plasma concentrations of 2–4 ng/mL and 2–
4 mg/mL, respectively. During infusion, the dosage and infusion
speed were adjusted according to the arterial pressure tomaintain
the arterial pressure fluctuation to be ≤20% of the preoperative
level. Before skin incision, 0.2 ug/kg sufentanil was given
intravenously, while 0.05 mg/kg atracurium besylate was given
intermittently during the process, to maintain the Narcotrend
index within the range of 37–64. Also, 6mL kg/h compound
sodium lactate was given intravenously during the operation.
All patients stopped drug administration at the completion of
the operation. After the patients were conscious and the muscle
strength recovered, the double-lumen endobronchial tube was
removed. Meanwhile, the same scheme of analgesic pump was
used for analgesia within 24 h after the operation. In addition,
in the groups C and B, flurbiprofen axetil 2 mg/Kg was given
intravenously 5min before anesthesia induction.

Observation Indicators
T0-t4 was used to represent preoperative, post-operative,
postoperative 24 h, 72 h, and 7 d. At the above time, the
expression of CD3+, CD4+, CD8+ and NK cells was detected
by FC500 flow cytometry, and CD4+/CD8+ was calculated. 2ml
venous blood was taken in the fasting state in the morning, and
heparin anticoagulant blood was taken (1: 9) 100P1 was added
with monoclonal antibody, kept away from light for 12min at
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room temperature, centrifuged, washed twice by PBS, and then
added with 0.5mL 1% paraformaldehyde. Machine detection was
performed. Homotype negative control was performed for each
sample at the same time. The number of cells per sample was
10,000, and the percentage of positive cells was calculated.

Statistical Methods
All data were processed with SPSS 22.0 statistical software,
and GraghPad prism 8 was used to make statistical graphs.
Measurement data are expressed as mean ± standard deviation
(X̄± s), the comparisons of four groups at different times were
performed with repeatedmeasures analysis of variance and F test.
The count data between groups were expressed in percentage (%)
and tested by “x2”. The difference is statistically significant when
P < 0.05.

RESULTS

Comparison of CD3+ Expression
CD3+ in Groups A, B, and C was lower than T0 on T1,
T2, and T3, while it was lower than T0 on T1 and T2 in
Group D; T1, T2, and T3 in group D were higher than
those of the other three groups from T1 to T3. The CD3+
expressions on T1, T2, and T3 in group A and group C,
group B and group D, and group A and group B were
all statistically significant (P < 0.05). Repeated measures
analysis of variance: Ftime = 121.201 (P < 0.001); FGroup
= 76.951 (P < 0.001); FTime×grouping = 65.150 (P < 0.001,
Table 1).

Comparison of CD4+ Expression
CD4+ in group A, B and C was lower than T0 at T1, T2,
and T3, and lower than T0 at T1 and T2 in group D. The
CD4+ of group D was higher than that of the other three
groups at T1, T2, and T3. The expression of CD4+ in group
A and GROUP C, group B and group D, and group A and
group B was statistically significant at T1, T2, and T3 (P
< 0.05). The comparison of CD4+ in group A and group
B at T1, T2, and T3 was statistically significant (P < 0.05).
Anova of repeated measures: Ftime =89.113 (P < 0.001); FGroup
= 89.658 (P < 0.001); FTime×grouping =41.625 (P < 0.001,
Table 2).

Comparison of CD4+/CD8+ Expression
CD4+/CD8+ in groups A, B and C were lower than T0 on
T1, T2, and T3, while CD4+/CD8+ in group D was lower
than T0 on T1 and T2. Group D had higher CD4+/CD8+
values on T1, T2, and T3 than the other three groups.
The comparisons of T1, T2, and T3 between group A and
group C, group B and group D, and group A and group
B were statistically significant (P < 0.05). Repeated measures
analysis of variance: Ftime = 69.067 (P < 0.001); FGroup =

49.167 (P < 0.001); FTime×grouping = 29.117 (P < 0.001,
Table 3).

Comparison of NK Expression
NK in group A, B and C was lower than T0 at T1, T2, and
T3, and NK in group D was lower than T0 at T1 and T2.
NK in group D was higher at T1, T2, and T3 than in the
other three groups. There were statistically significant differences
between group A and GROUP C, group B and group D,
group A and group B at T1, T2, and T3 (P < 0.05). Anova
of repeated measures: Ftime = 59.621 (P < 0.001); FGroup
= 39.651 (P < 0.001); FTime×grouping = 23.780 (P < 0.001,
Table 4).

DISCUSSION

Deficiencies of Conventional Mechanical
Ventilation
Mechanical ventilation is an important supportive treatment
in ICU. It can not only effectively maintain the airway
patency of patients, improve oxygenation and ventilation, but
also prevent carbon dioxide accumulation and hypoxia in the
body, thereby enabling the body to avoid respiratory failure
caused by basic lesions. However, many studies have confirmed
that within 2–4 h of conventional mechanical ventilation, the
susceptibility of patients to bacteremia is significantly higher
than that of patients without mechanical ventilation. Excessive
mechanical ventilation results in the accumulation of cytokines,
white blood cells, and neutrophil-dependent tissue damage,
resulting in cell activation and release of mediators, leading
to alveolar inflammation (6). In addition, the observation of
NK cell expression during conventional mechanical ventilation
(10 ml/kg tidal volume) in infants without pulmonary diseases
undergoing cardiac catheterization also showed that the activity
of NK cells in peripheral blood began to decrease 2 h
after the operation. The subjects of this study were lung
cancer patients, and the results showed that the levels of
CD3+, CD4+, CD4/CD8+, and NK in the four groups
at T1 were lower than those at T0, which confirm that
routine mechanical ventilation can adversely affect the patient’s
immune system.

Application of Lung Protective Ventilation
Lung protective ventilation strategies include appropriate PEEP
and low tidal volumes (7). In animal experiments, the expression
of NK cells in peripheral blood of mice with different mechanical
ventilation schemes was compared and analyzed after 4 h of
ventilation. It was found that high tidal volume ventilation could
cause significant immunosuppression, and the decline degree
of NK cells in mice with high tidal volume and without PEEP
was more significant than that with high tidal volume and
PEEP. And the combination of low tidal volume and PEEP
could alleviate the immunosuppression caused by mechanical
ventilation (8). In this study, the expression levels of the above
indicators in group A were lower than those in group B from
T1 to T3 (P < 0.05). This is due to compared with conventional
mechanical ventilation, lung protective ventilation can alleviate
alveolar-capillary barrier damage and inhibit inflammatory
response. It was reported that 90% of patients with general
anesthesia can appear atelectasis. During general anesthesia, low

Frontiers in Surgery | www.frontiersin.org 3 February 2022 | Volume 9 | Article 840420152

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Yuan et al. Lung Protective Ventilation With Flurbiprofen Axetil

TABLE 1 | Comparison of CD3+ expression among four groups (X̄± s).

Group T0 T1 T2 T3 T4

Group A 30 65.52 ± 6.51 43.62 ± 5.36a 49.65 ± 7.75a 54.65 ± 6.97a 63.98 ± 8.98

Group B 30 65.15 ± 6.98 50.52 ± 8.65a 56.21 ± 6.99a 60.36 ± 5.61a 65.15 ± 5.87

Group C 30 64.75 ± 8.62 48.65 ± 7.16a 54.12 ± 5.98a 58.62 ± 5.67a 64.54 ± 8.64

Group D 30 66.65 ± 7.18 57.65 ± 5.49a 60.54 ± 9.65a 65.98 ± 7.69 65.78 ± 8.34

F/P - 2.575/0.462 21.90/0.000 10.33/0.000 15.50/0.000 0.28/0.841

Q/P A and B 0.275/>0.05 5.557/<0.01 4.656/<0.01 5.7101/<0.01 0.796/>0.05

Q/P A and C 0.573/>0.05 4.052/<0.01 3.171/<0.01 3.970/<0.01 0.381/>0.05

Q/P A and D 0.840/>0.05 11.301/<0.01 7.731/<0.01 11.330/<0.05 1.225/>0.05

Q/P B and C 0.298/>0.05 1.506/>0.05 1.485/>0.05 1.740/>0.05 0.415/>0.05

Q/P B and D 1.116/>0.05 5.743/<0.01 3.076/<0.01 5.620/<0.01 0.429/>0.05

Q/P C and D 1.413/>0.05 7.249/<0.01 4.561/<0.01 7.360/<0.01 0.844/>0.05

Comparison with T0, aP < 0.05.

TABLE 2 | Comparison of CD4+ expression among the four groups (X̄± s).

Group T0 T1 T2 T3 T4

Group A 30 39.12 ± 5.98 26.54 ± 4.98a 28.13 ± 3.65a 31.26 ± 4.54a 37.54 ± 9.54

Group B 30 39.49 ± 6.21 31.32 ± 5.15a 33.35 ± 5.65a 34.65 ± 5.45a 38.32 ± 6.67

Group C 30 39.06 ± 7.11 29.65 ± 3.54a 31.23 ± 7.45a 34.59 ± 5.18a 38.27 ± 7.14

Group D 30 38.95 ± 6.98 34.54 ± 5.24a 36.57 ± 5.65a 38.67 ± 6.87 38.14 ± 8.03

F/P - 0.04/0.9901 14.63/0.000 11.42/0.000 8.87/0.000 0.06/0.980

Q/P A and B 0.308/>0.05 5.480/<0.01 4.965/<0.01 3.330/<0.05 0.539/>0.05

Q/P A and C 0.05/>0.05 3.565/<0.01 2.948/<0.05 3.271/<0.05 0.505/>0.05

Q/P A and D 0.141/>0.05 9.171/<0.01 8.027/<0.01 7.279/<0.01 0.415/>0.05

Q/P B and C 0.358/>0.05 1.914/>0.05 2.016/>0.05 0.059/>0.05 0.035/>0.05

Q/P B and D 0.449/>0.05 3.691/<0.01 3.062/<0.05 3.949/<0.01 0.125/>0.05

Q/P C and D 0.092/>0.05 5.606/<0.01 5.079/<0.01 4.008/<0.05 0.090/>0.05

Comparison with T0, aP < 0.05.

TABLE 3 | Comparison of CD4+/CD8+ expression among four groups (X̄± s).

Group T0 T1 T2 T3 T4

Group A 30 2.51 ± 1.32 1.30 ± 0.39a 1.40 ± 0.59a 1.62 ± 0.41a 2.47 ± 0.58

Group B 30 2.52 ± 1.49 1.65 ± 0.57a 1.75 ± 0.32a 2.16 ± 0.39a 2.56 ± 0.52

Group C 30 2.59 ± 0.95 1.52 ± 0.32a 1.72 ± 0.31a 2.03 ± 0.40a 2.50 ± 0.59

Group D 30 2.60 ± 0.57 1.99 ± 0.36a 2.36 ± 0.29a 2.46 ± 0.39 2.58 ± 0.38

F/P - 0.05/0.985 14.11/0.000 30.59/0.000 23.04/0.000 0.29/0.835

Q/P A and B 0.048/>0.05 4.553/<0.01 4.828/<0.01 7.439/<0.05 0.940/>0.05

Q/P A and C 0.385/>0.05 2.862/<0.01 4.414/<0.05 5.648/<0.05 0.313/>0.05

Q/P A and D 0.433/>0.05 8.977/<0.01 13.242/<0.01 11.572/<0.01 1.149/>0.05

Q/P B and C 0.337/>0.05 1.691/>0.05 0.414/>0.05 1.791/>0.05 0.627/>0.05

Q/P B and D 0.385/>0.05 4.423/<0.01 8.414/<0.05 4.133/<0.01 0.209/>0.05

Q/P C and D 0.048/>0.05 6.115/<0.01 8.828/<0.01 5.924/<0.05 0.836/>0.05

Comparison with T0, aP < 0.05.

pulmonary volume ventilation can lead to repeated collapse
and reopening of the alveolar space, which further affects small
airway epithelial cells, leading to the occurrence of atelectasis
(9, 10). Driven by experimental and clinical studies, mechanical

ventilation can reduce tidal volume and limit lung dilation
to a certain extent. Previous studies have pointed out that
when tidal volume is 15 ml/kg, end-expiratory lung volume
can be improved and intraoperative atelectasis can be relieved
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TABLE 4 | Comparison of NK expression among four groups (X̄± s).

Group T0 T1 T2 T3 T4

Group A 30 22.10 ± 0.85 11.03 ± 1.65a 13.86 ± 1.32a 16.02 ± 1.36a 22.03 ± 1.36

Group B 30 22.03 ± 0.74 14.52 ± 1.36a 16.26 ± 1.47a 20.03 ± 2.03a 22.42 ± 2.45

Group C 30 21.98 ± 0.69 14.03 ± 1.59a 17.36 ± 2.08a 19.65 ± 1.99a 21.89 ± 1.98

Group D 30 22.19 ± 0.97 17.62 ± 1.49a 20.36 ± 3.65a 23.92 ± 2.46 22.80 ± 0.65

F/P – 0.37/0.774 93.72/0.000 40.50/0.000 78.32/0.000 1.65/0.181

Q/P A and B 0.468/>0.05 12.523/<0.01 5.663/<0.01 10.988/<0.01 1.223/>0.05

Q/P A and C 0.802/>0.05 10.765/<0.01 8.259/<0.01 9.947/<0.01 0.439/>0.05

Q/P A and D 0.601/>0.05 23.646/<0.01 15.338/<0.01 21.647/<0.01 2.415/>0.05

Q/P B and C 0.334/>0.05 1.758/>0.05 2.596/>0.05 1.041/>0.05 1.663/>0.05

Q/P B and D 1.069/>0.05 11.123/<0.01 9.675/<0.05 10.659/<0.01 1.192/>0.05

Q/P C and D 1.403/>0.05 12.882/<0.01 7.079/<0.01 11.700/<0.05 2.855/>0.05

Comparison with T0, aP < 0.05.

(11). In addition, if there are no contraindications, the use
of positive end-expiratory pressure and lung recruitment can
also help prevent end-expiratory lung volume loss and small
airway closure during anesthesia (12). Although 10 ml/kg
tidal volume was mostly used in clinical practice in the
past, anesthesiologists would reduce tidal volume during single
ventilation. Moreover, many studies have pointed out that a
tidal volume of 4–5 mL/kg can better protect lung tissue while
fully satisfying the gas exchange (13). The tidal volume selected
for lung protective ventilation in this study belongs to the safe
range (14).

Flurbiprofen Ester Alleviates
Immunosuppression
Flurbiprofen ester is a non-steroidal analgesic drug, which can
inhibit coX-2 release, prostaglandin synthesis, inflammatory
factor release and other mechanisms through selective
aggregation in surgical incision and inflammatory tissue,
and exert targeted analgesic effect. It can reduce the dose
of opioids, and is currently mainly used for cancer pain
treatment, postoperative analgesia and preemptive analgesia
et al. (15, 16). In addition, compared with tramadol or
morphine, flurbiprofen had the weakest immunosuppressive
effect during postoperative analgesia (17). Previous studies
have indicated that postoperative analgesia with flurbiprofen
axetil can alleviate postoperative immunosuppression, and
protect the immune function of cancer patients (18, 19). Zhang
et al. (20) pointed out that the decrease of CD4+, CD3+,
CD4+/CD8+ and NK cell activity in sufentanil combined
with flurbiprofen ester was lower than that in sufentanil alone.
Anova of this study showed that group and time had impact on
each indicator (P < 0.001), which suggesting that flurbiprofen
ester could relieve immunosuppression caused by anesthesia
or surgery.

In summary, lung protective ventilation combined with
flurbiprofen axetil in video-assisted thoracoscopic lung cancer
radical surgery can alleviate immunosuppression and facilitate
postoperative recovery, which is worthy of promotion.
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Objective: This study aimed to discuss the effect of phacoemulsification and intraocular

lens implantation (PHACO + IOL) combined with trabeculectomy (TRAB) on cataracts

and its influence on the corneal endothelium.

Methods: We selected 120 cataract patients admitted to our hospital from January

2018 to January 2021. According to different surgical methods, they were divided into

the control group and the observation group. The observation group was treated with

PHACO + IOL combined with TRAB, the control group only received PHACO. The

clinical effect, ophthalmic-related parameters, corneal endothelium, complications, the

satisfaction of the two groups were observed.

Results: The total effective rate and total satisfaction rate of the observation group were

significantly higher than the control group (P < 0.05). One month after the operation, the

vision and central anterior chamber depth of the observation group were higher than

those of the control group, and intraocular pressure (IOP) was lower than that of the

control group (P < 0.05). One month after the operation, the corneal endothelial cell

area and cell density in the observation group were not significantly different from those

before operation (P > 0.05). There was no significant difference in the total incidence of

complications between the two groups (P > 0.05).

Conclusion: This study concluded that PHACO+ IOL combined with TRAB has a good

curative effect in the treatment of cataracts, which can improve the patients’ vision and

IOP, keep the functional integrity of corneal endothelial cells, and does not increase the

occurrence of complications, the patients’ satisfaction is high.

Keywords: cataract, phacoemulsification, intraocular lens implantation, trabeculectomy, corneal endothelium

INTRODUCTION

A cataract is the first kind of blinding eye disease in China and even in the whole world. Usually,
the metabolic disorder of the patient’s eye lens leads to degeneration of lens protein, which leads
to intraocular lens opacity (1). Cataracts mostly occur in middle-aged and elderly people over 50
years old, which can be caused by age, decreased immunity, radiation, drugs, poisoning, and other
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factors. However, there are cases of cataracts at birth, and
congenital cataracts are mostly influenced by genetic factors,
which may be closely related to maternal nutrition deficiency,
metabolic disorder, bacterial virus infection during pregnancy, a
large amount of harmful radiation, and other factors (2, 3). The
main symptoms of cataracts are decreased vision, a spot-shaped
fixed shadow in the visual field, one eye diplopia or polyopia,
refractive changes, visual distortion, and finally color vision
changes, resulting in blindness, these symptoms seriously affect
the daily life of patients (4). According to reports, the incidence
of cataracts is 60–70% during the period of 50–60 years old, and
the incidence of cataracts over 70 years old can reach 80%. At
the same time, it is estimated that cataract is the main cause
of vision decline, accounting for about 54.20%, and blindness
accounts for 17.8%. This disease has become the leading cause
of blindness and visual disability in the world (5). With the
development of cataract, the patient’s lens enters the expansion
period, its volume increases, and its anterior-posterior diameter
becomes thicker, which increases the contact area between lens
and iris, leading to the increase of the resistance of the posterior
chamber aqueous drainage to the anterior chamber, resulting in
the pupillary block. When the pressure of the posterior chamber
cannot overcome the pupillary block, the peripheral iris swells
obviously, leading to the stenosis of the anterior chamber angle
and even the occlusion of the anterior chamber angle, which
leads to glaucoma (6, 7). Therefore, effective treatment of cataract
patients is needed in time.

At present, for cataract patients, the therapeutic effect of drugs
is not obvious, so the operation has become the main treatment
of cataracts. Phacoemulsification intraocular lens implantation
(PHACO + IOL) and trabeculectomy (TRAB) are effective
methods to treat cataracts, but the single treatment method is
difficult to achieve the desired goal (8). In recent years, the choice
of surgical scheme for cataract patients is still controversial. With
the continuous improvement of medical equipment and medical
technology, one-time combined operation is more and more
accepted by ophthalmologists. In this study, 120 patients with
cataracts were selected as the observation object, O + IOL +

TRAB treatment was performed, and the clinical efficacy of this
operation for cataracts was discussed. The specific report was
as follows.

MATERIALS AND METHODS

Research Object
We selected 120 cataract patients admitted to our hospital from
January 2018 to January 2021. According to different surgical
methods, they were divided into the control group (58 cases, 81
eyes) and the observation group (62 cases, 85 eyes). There were
31 men and 27 women in the control group, with an average
age of (59.34 ± 4.88) years. The average disease duration was
(5.2 ± 0.6) months. Emery nuclear hardness classification: 26
eyes were grade I, 29 eyes were grade II, and 26 eyes were
grade III. There were 32 men and 30 women in the observation
group, with an average age of (59.6 ± 4.71) years. The average
disease duration was (5.1± 0.7) months. Emery nuclear hardness
classification: 27 eyes were grade I, 30 eyes were grade II, and

28 eyes were grade III. General data of the two groups were
balanced and comparable (P > 0.05). Inclusion criteria include
consistent with the diagnosis of cataract, lens opacity can be
seen in pupil area, including vacuoles, water cracks, lamellar
separation, wheel-width opacity, wedge-shaped opacity, nuclear
opacity, and posterior capsular opacity, etc. Exclusion criteria
include combined with other eye diseases, high myopia, having
a history of an eye operation, complicated with serious organic
diseases, and there was eye trauma recently.

Research Methods
Preoperative Treatment
Different intraocular pressure-lowering measures were taken
according to the intraocular pressure of the patients when they
were admitted to the hospital. The routine treatment was as
follows: The two groups were given pilocarpine eye drops, a
mydriatic agent, 10 min/time, 3–5 times in a row. Timolol
maleate eye drops and tobramycin dexamethasone eye drops
were used to control intraocular pressure (IOP) in affected
eyes once.

Operation Technique
The observation group was treated with PHACO + IOL
combined with TRAB. First of all, Eye surface anesthesia was
carried out. PHACO + IOL: A conjunctival flap based on the
dome was made above the limbal of the cornea, and a scleral
flap with a thickness of 4 × 3mm and a thickness of 1/2 of the
sclera was made after the sclera was burned to stop bleeding.
The flap was divided into transparent corneas of 1mm, and a
continuous annular capsulorhexis with a diameter of 5–6mm
was cut in the middle of the anterior capsule of the lens with
a capsulorhexis tool. Water was separated and stratified, then,
the hard lens nucleus was crushed into a chylous shape by
Universal II phacoemulsification machine (Alcon, USA), and
then sucked out. The free cortex was sucked out, then the cortex
adhered to the capsule was removed. Afterward, the capsule
was polished and a viscoelastic agent was inserted. The annular
capsulorhexis was enlarged and the IOL was inserted into the
capsule and adjusted to the appropriate position. Then TRAB
was performed: 1mm × 3mm trabecula and the surrounding
1/3 iris were removed, the scleral flap was sutured intermittently
with 10-0 nylon thread, viscoelastic agent in the anterior chamber
was sucked out, the anterior chamber was formed, and filtration
was checked at the same time; the conjunctiva and fascia were
reduced and sutured continuously with 10-0 nylon thread.
The control group only received PHACO operation, and the
operation method was the same as the observation group.

Postoperative Treatment
Indomethacin was given orally, 25 mg/time, 3 times/day;
acetazolamide was given orally, 250 mg/time, 2 times/day;
tobramycin dexamethasone eye drops and pilocarpine eye drops
were given, 1 time/day, and the medication lasted for 5–7 days.

Observation Index
(1) The curative effect was determined 1 month after the
operation. The criterion of curative effect: Markedly effective:
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the lesion disappeared, without discomfort in the eyes; Effective:
the symptoms improved, and the patient felt that the symptoms
improved; Invalid: the disease has not improved, and even
worsened. Total effective rate = markedly effective rate +

effective rate.
(2) Before and 1 month after the operation, the vision was

measured by comprehensive refractometer, IOPwasmeasured by
non-contact tonometer, and ophthalmic related parameters such
as central anterior chamber depth (cACD), lens thickness (LT),
and axial length (AL) weremeasured by A-mode ultrasound, each
eye was tested 10 times and the average value was taken.

(3) Before and 1 month after the operation, at the workstation
equipped with image processing, the images of the central living
area of corneal endothelial cells of patients were obtained by
using a non-contact corneal endothelial cell microscope, and the
corneal endothelial cell area (ECA) and corneal endothelial cell
density (CD) were measured.

(4) The complications such as the shallow anterior chamber,
anterior chamber hemorrhage, cellulose exudation of iris,
corneal edema, corneal endothelial fold, and anterior chamber
inflammation were recorded after the operation.

(5) The satisfaction questionnaire prepared by the
undergraduate department was used to evaluate patients’
satisfaction from the aspects of visual condition, clarity, comfort,
stability, and other indicators. The Likert 5 method was used
to score, and the score of very satisfaction was 90–100 points,
satisfaction was 70–89 points, and dissatisfaction was < 70
points. Total satisfaction = very satisfaction rate + satisfaction
rate. The self-made questionnaire in our hospital had good
reliability, with a reliability of .81.

Statistical Methods
For data processing, SPSS 22 software, Armonk, NY; IBM
Corporation was used, and the enumeration data were expressed
as rate (%), χ2 test was used for comparison. Measurement data
were expressed as (x̄ ± s), t-test was used for comparison. P <

0.05 indicated that the difference was statistically significant.

RESULTS

Clinical Effect of Two Groups
The total effective rate of the observation group was 98.82%,
which was significantly higher than that of the control group
(87.65%) (P < 0.05) (Table 1).

Ophthalmic Related Parameters of Two
Groups
One month after the operation, the vision, IOP, cACD, and LT
of the two groups were significantly different from those before
operation (P < 0.05). One month after the operation, the vision
and cACD of the observation group were higher than those of the
control group, and IOP was lower than that of the control group
(P < 0.05) (Figure 1).

Corneal Endothelium of Two Groups
One month after the operation, the ECA and CD in the
observation group were not significantly different from those

before the operation (P > 0.05). ECA in the observation group
was lower than the control group, the CD was higher than the
control group (P < 0.05) (Figure 2).

Complications of Two Groups
There was no significant difference in the total incidence of
complications between the two groups (P > 0.05) (Table 2).

The Satisfaction Rate of Two Groups
The total satisfaction rate of the observation group was 88.24%,
which was significantly higher than that of the control group
(75.31%) (P < 0.05) (Table 3).

DISCUSSION

With the aging of the population, the number of cases of visual
impairment caused by cataracts is increasing. Cataract leads to
the closure of the angle of the chamber, the thickness of the lens
increases in the elderly, and the relaxation of the suspensory
ligament leads to the relative forward movement of the lens
(9, 10). How to treat these patients effectively has become one of
the key problems to be solved urgently in clinical ophthalmology.
In recent years, cataract operation has made rapid development,
and different surgical methods have different therapeutic effects,
which significantly improves the recovery rate of patients.

Phacoemulsification (PHACO) is a surgical method for
cataract treatment by using phacoemulsification instruments.
The therapeutic principle of this technology is to establish
surgical access in the incision of cornea or sclera through the
phacoemulsification handle, then form a capsulorhexis, and use
the ultrasonic needle to generate certain energy in the eyes,
so as to crush the hard lens into chylous shape, and then
suck out the crushed lens and free cortex with the help of
perfusion suction system (11, 12). This operation can deepen
the anterior chamber, enlarge the angle of the chamber, improve
the pupillary block caused by the lens, and solve the anatomical
factors such as lens thickening, relative forward movement of the
lens position, closure of the remaining angle of the chamber in
cataract patients, thus rapidly reducing the IOP of the patients
(13). During the implementation of PHACO, ultrasound itself
can cause the secretion function of the ciliary body to decline,
and the placement of viscoelastic agent forms a passive separation
effect on the corner adhesion. At the same time, it has the
advantages of good sealing of surgical incision, short time, light
postoperative reaction, quick recovery of vision, etc., which has
received extensive attention from clinicians (14–16). However,
giving cataract patients a single surgical procedure may not
meet their ideal needs. The implementation of PHACO cannot
change the structure of the highly pleated iris, cannot effectively
solve the iris bulge, and the iris still adheres to the ciliary body.
Moreover, the application of PHACO preoperative intraocular
hypertension drugs will lead to the destruction of the ocular
trabecular structure of patients, resulting in the continuous
increase of IOP and the impaired function of corneal endothelial
cells and other adverse changes. Finally, cataract patients may
need a second operation, which not only increases the iatrogenic
injury of patients but also increases the medical expenses (17).
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TABLE 1 | Clinical effect of two groups (n, %).

Group Eye number Markedly effective rate Effective rate Invalid rate Total effective rate

Control group (n = 58) 81 51 (62.96%) 20 (24.69%) 10 (12.35%) 71 (87.65%)

Observation group (n = 62) 85 59 (69.41%) 25 (29.41%) 1 (1.18%) 84 (98.82%)

χ
2 value 8.362

P value 0.004

FIGURE 1 | Ophthalmic-related parameters of two groups. (A) Vision; (B) IOP; (C) cACD; (D) LT; and (E) AL. Compared with before operation, *P < 0.05; Compared

with the control group, #P < 0.05.
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FIGURE 2 | Corneal endothelium of two groups. (A) ECA and (B) CD. Compared with before operation, *P < 0.05; Compared with the control group, #P < 0.05.

TABLE 2 | Complications in two groups (n, %).

Group Eye number Shallow

anterior

chamber

Anterior

chamber

hemorrhage

Cellulose

exudation of

iris

Corneal

edema

Other Total

incidence

rate

Control group (n = 58) 81 2 (2.47%) 1 (1.23%) 2 (2.47%) 2 (2.47%) 2 (2.47%) 9 (11.11%)

Observation group (n = 62) 85 2 (2.35%) 0 (0.00%) 1 (1.18%) 1 (1.18%) 0 (0.00%) 4 (4.71%)

χ
2 value 2.357

P value 0.125

In recent years, PHACO + IOL combined with TRAB has
become the focus of clinical ophthalmology. PHACO + IOL is a
surgical method of implanting an intraocular lens with thickness
< 1.0mm in the capsular bag to replace the human lens with
a thickness of about 5.0mm. After the operation, the anterior
chamber volume can be improved, the cACD can be significantly
deepened, and the contact plane between pupil margin and lens
can be moved backward, thus reducing pupil block, widening
the angle of the chamber, and reducing the outflow resistance of
aqueous humor, resulting in effective control of vision and IOP
compared with before operation (18). TRAB was first established
by Cairns’s team. It is to re-establish an extra-ocular drainage
channel of aqueous humor at the corneal limbus, so that part
of aqueous humor in the trabecular meshwork can be drained
out of the filtering bleb, which has a positive effect on lowering
IOP (19). In the operation of PHACO + IOL combined with
TRAB, the operator directly removes the sinus trabecular tissue
and the surrounding iris tissue after implantation of intraocular
lens, and in the process of cataract extraction, with the help
of the operation of the ultrasonic emulsifying machine, the
trabecular meshwork deposits can be removed, and the filtering
effect of trabecular meshwork can be improved. The application
of viscoelastic agent can compress iris blood vessels, reduce
the pressure of the anterior chamber, improve the structure of
the anterior chamber, adjust the lens position, further relieve
pupillary block, maintain the stability of the anterior chamber,
andmake the IOP after operation return to normal and effectively
improve (20, 21). PHACO+IOL combined with TRAB has many

advantages when applied to cataract patients. ① The operation
can be completed at one time, which avoids eye trauma caused by
multiple operations and reduces the chance of tissue bleeding; ②
It can shorten the treatment period, relieve the pain of patients
and save the cost of operation; ③ Compared with the single
operation, the combined operation can improve the operation
quality, and achieve the better long-term effect of intraocular
pressure control. It can relieve many glaucoma factors at one
time (22, 23). In this study, the vision, IOP, cACD, and LT of
patients in PHACO+ IOL combined with the TRAB group were
significantly better than those before the operation, and the total
effective rate, vision, IOP, and cACD were significantly better
than those in a single operation, and the patients had higher
satisfaction. This is roughly consistent with the research results
of Wang’s team (24).

The corneal transparency of patients has an important impact
on the recovery of vision in cataract patients after operation, and
the structural and functional integrity of corneal endothelial cells
is themain condition to ensure corneal transparency. Choi’s team
reported that corneal endothelial cells can only be repaired by
normal cell expansion after injury, but when CD < 1,000 cells
/mm2, the damage rate of corneal endothelial cells will exceed
its function compensation rate, resulting in corneal endothelial
cells being unable tomaintain normal function (25). Our research
results have shown that the ECA of the observation group was
lower than that of the control group, and the CD was higher than
that of the control group, which revealed that cataract patients
who only implement PHACO have more serious damage to
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TABLE 3 | The satisfaction rate of two groups (n, %).

Group Eye number Very satisfactory rate Satisfaction rate Dissatisfaction rate Total satisfaction rate

Control group (n = 58) 81 40 (49.38%) 21 (25.93%) 20 (24.69%) 61 (75.31%)

Observation group (n =62) 85 46 (54.12%) 29 (34.12%) 10 (11.76%) 75 (88.24%)

χ
2 value 4.681

P value 0.031

corneal endothelial cells, and PHACO itself can cause damage to
corneal endothelial cells. The degree of damage is influenced by
factors such as ultrasonic energy and time, lens nucleus hardness,
operator’s operation proficiency, and so on, and may be related
to the duration of high intraocular pressure. At the same time,
we observed that there was no significant difference in ECA
and CD in the observation group after operation compared with
that before operation. The scheme of the PHA + IOL + TRAB
combined operation is quite perfect. By suctioning out the cloudy
lens, implanting intraocular lens, cutting out the trabecular sinus
tissue, and other operations, the vision and IOP of patients can
be improved, and the corneal endothelial cells of patients are
less damaged, and the functional integrity of corneal endothelial
cells can be effectively maintained. In addition, in this study, the
incidence of complications of the combined operation scheme
is not high, only 4.71%, and there was no corneal endothelial
fold and anterior chamber inflammation, which had good safety.
TRAB drainage of aqueous humor from the anterior chamber to
subconjunctival space and covering the drainage opening with
scleral lamina can limit the excessive outflow of aqueous humor
and reduce complications such as shallow anterior chamber and
hyphema after the operation. One-time PHACO+ IOL+ TRAB
operation can avoid transient ocular hypertension caused by the
staged operation, prevent optic nerve damage caused by multiple
intraocular operations and reduce complications.

CONCLUSION

From the above results, it can be seen that PHACO +

IOL combined with TRAB has a good curative effect in the
treatment of cataracts, which can improve the patients’ vision

and IOP, keep the functional integrity of corneal endothelial
cells, and does not increase the occurrence of complications,
the patients’ satisfaction is high. The success of the operation
depends on many factors, such as the damage degree of the
trabecular meshwork, the extent, and duration of angle-closure,
etc. Generally speaking, the shorter the closure time of atrial
Angle adhesion, the better the prognosis of operation. Therefore,
the selection of surgical timing is also very important, and the
appropriate surgical timing is conducive to improving the success
rate of operation.
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Purpose: To explore the application effect of fast track surgery (FTS) care combined with

continuous care after discharge in patients with laparoscopic cholecystectomy (LC).

Methods: Two hundred patients treated with LC in our hospital from May 2020 to

September 2021 were selected and divided into the routine group receiving routine

care (n = 100) and the combined group receiving FTS care combined with continuous

care after discharge (n = 100) according to their care methods. We observed the

care effect, surgical stress levels [epinephrine, cortisol, Hamilton anxiety scale (HAMA)],

postoperative recovery (time to first exhaust, time to first meal, time to first getting out

of bed, time to hospitalization), complications, SF-36 scores after discharge, and care

satisfaction in both groups.

Results: The total efficiency of care in the combined group was better than that in the

routine group (P< 0.05). At 1 d after surgery, the levels of epinephrine and cortisol in both

groups were significantly higher than those at 1 h before surgery, and the HAMA scores

were significantly lower than those at 1 h before surgery, and the combined group was

lower than the routine group (P < 0.05). The time to first exhaustion, time to first meal,

time to first getting out of bed, and time to hospitalization were shorter in the combined

group than in the routine group (P < 0.05). The overall complication rate in the combined

group was lower than that in the routine group (P< 0.05). The each item of SF-36 scores

after discharge were higher in the combined group than in the routine group (P < 0.05).

The total satisfaction with care was higher in the combined group than in the routine

group (P < 0.05).

Conclusion: The implementation of FTS care combined with continuous care after

discharge in LC patients is ideal, which can significantly reduce the level of surgical stress,

accelerate the recovery process, and reduce the occurrence of complications, and

improve the postoperative quality of life of patients significantly, and with high satisfaction,

which is worthy of application.

Keywords: laparoscopic cholecystectomy, fast track surgery care, continuous care after discharge, surgical stress

levels, Hamilton anxiety scale
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INTRODUCTION

With the improvement ofmaterial living standard and the change
of diet structure, the prevalence of gallbladder disease in China
is increasing year by year. The disease mainly presents with
symptoms such as epigastric pain and abnormal liver function
(1). At the beginning of its onset, the patient’s symptoms are often
insignificant, but as the disease progresses, it may cause shock
and threaten the patient’s life and health (2). For the intervention
of gallbladder disease, the clinical treatment of surgical resection
of lesions can benefit every patient, but the perioperative stress
associated with surgery inevitably affects the patient’s recovery
and is closely related to postoperative complications (3, 4).
How to effectively control surgery-related stress and reduce
postoperative complications to accelerate patient recovery has
become a hot topic of current research. Laparoscopic surgery
is a minimally invasive technique in which a specially designed
catheter is inserted into the patient’s peritoneal cavity and passed
through the laparoscope to expand the view of the operative area
and thus remove the lesion more completely (5). Its application
to focal resection in gallbladder disease has been shown to
significantly reduce intraoperative blood loss and reduce surgical
stress (6, 7). At the same time, the fast track surgery (FTS) care
concept suggests that the blocking of stress in surgical patients
should include preoperative care of the patient’s physical and
mental health, care to reduce the stress of therapeutic measures,
and care to block afferent nerve conduction stress signals (8, 9).
Once the concept was introduced, it was quickly adopted as a
new model of perioperative care in many countries in Europe
and the United States. In this study, FTS care was applied
to patients undergoing laparoscopic cholecystectomy (LC), and
it is not known whether the combination of the two has a
superimposed effect on accelerating the patients’ postoperative
recovery. In addition, it has been suggested that the lack of
continuity and compactness of clinical care for patients by health
care professionals under the conventional care model makes it
difficult for patients to obtain adequate professional care after
discharge, which is not conducive to the advantages of LC
treatment (10). Based on the above, in order to improve the
quality of care services in our hospital, enhance the outcome of
LC surgical treatment and improve the prognosis of patients, in
recent years, our department has seamlessly connected FTS care
with continuous care after discharge and observed the effect of its
application to LC patients.

MATERIALS AND METHODS

Research Object
Two hundred patients treated with LC in our hospital from May
2020 to September 2021 were selected. Inclusion criteria: Meeting
the indications for LC, i.e., symptomatic gallbladder stones,
symptomatic chronic cholecystitis, symptomatic and surgically
indicated gallbladder augmentation disease (11); Those who
were cognitively normal and could cooperate with the relevant
questionnaire assessment; Those who had signed the informed
consent form. Exclusion criteria: Those treated with combined
choledochoscopy or duodenoscopy; Those with intraoperative

TABLE 1 | Comparison of general conditions of two groups (n, x±s, %).

Itmes Routine

group

(n = 100)

Combined

group

(n = 100)

t/χ2 value P-value

Age (years old) 40.93 ±

5.28

42.05 ±

5.16

1.517 0.131

BMI (kg/m2) 24.32 ±

2.04

24.65 ±

2.11

1.124 0.262

Gender (cases) 0.188 0.664

Male 62 (62.00) 59 (59.00)

Female 38 (38.00) 41 (41.00)

Primary disease (cases) 0.239 0.887

Gallbladder stones 55 (55.00) 57 (57.00)

Gallbladder polyps 27 (27.00) 24 (24.00)

Others 18 (18.00) 19 (19.00)

conversion to open surgery; Those with gallbladder stones
combined with biliary stones; Those with illiteracy or combined
cognitive impairment or cerebrovascular pathology; Those with
combined diabetes mellitus or severe cardiopulmonary disease;
Those with combined malignancy; Those with contraindications
to LC, such as acute cholecystitis with severe complications,
obstructive jaundice, gallbladder augmentation disease suspected
to be cancerous, peritonitis, etc. (12); Those with combined
bleeding disorders or coagulation disorders. They were divided
into the routine group receiving routine care (n = 100) and the
combined group receiving FTS care combined with continuous
care after discharge (n = 100) according to the method of care.
Comparing the general conditions such as age and primary illness
between the two groups was not statistically significant and could
be used for comparative studies (P > 0.05) (Table 1).

Research Methods
The routine group received routine care: (1) preoperativemedical
staff informed fasting for 6 h, no drinking for 2 h, surgical and
anesthetic precautions, and postoperative functional exercises
methods; (2) preoperative routine placement of gastric tube
(removed after anal venting) and urinary catheter (removed 3 ∼
5 days after surgery); (3) preoperative evening clean enema; (4)
half an hour before surgery, intramuscular injection of atropine
0.5mg+midazolam 3mg in the ward; (5) intraoperative routine
general anesthesia care; (6) postoperative drainage tubes were
routinely left in place and removed for 24 ∼ 48 h; (7) pain
pumps were not routinely used, and opioids were used for
pain relief when necessary; (8) eating and watering after the
anus was exhausted after surgery; (9) patients got out of bed
when voluntary; (10) fluid control was 2,500 ∼ 3,000ml on the
postoperative day.

The combined group received FTS care combined with
continuous care after discharge care. FTS care: (1) preoperative
medical staff informed fasting for 6 h, no drinking for 2 h,
adopting diversified forms of health education (information,
pictures, electro-educational films, etc.) to popularize knowledge,
precautions and key points of cooperation in disease, treatment,
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rehabilitation and postoperative lifestyle, patiently answering
patients’ doubts, psychological guidance at the right time,
preoperatively informing them that they have made adequate
preparation for surgery to enhance their sense of security,
and postoperatively working together with patients’ families to
enhance patients’ confidence and self-control in fighting disease
with suggestion and demonstration therapy; (2) preoperative
gastrostomy tube and urinary catheter were not routinely placed,
or left in place after anesthesia and removed after awakening;
(3) preoperative intestinal preparation such as mechanical enema
was not allowed; (4) atropine 0.5mg+midazol 3mg was injected
intramuscularly before induction of anesthesia; (5) on the basis of
routine general anesthesia care, the necessary warming measures
were taken; (6) ostoperative drainage tube was not routinely left
in place or removed 12 ∼ 24 h after surgery; (7) postoperative
pain pump was continuously pumped intravenously with long-
acting local anesthetics and non-opioid analgesics was oraled
for pain relief; (8) eating by mouth early after surgery, drinking
water 6 h after surgery, transition to semi-liquid food 24 ∼ 36 h
after surgery; (9) postoperative 0 ∼ 6 h bed activity, 6 ∼ 24 h
out of bed activity; (10) fluid control within 1,500ml on the
postoperative day.

Continuous care after discharge care: Before discharge,
patients were given discharge instructions and introduction
to the content of continuous care, and health knowledge
manuals and postoperative assessment forms were issued,
mainly including postoperative complications, mental, diet,
sleep, exhaustion, urination, and defecation and precautions. A
contact book was established and daily telephone follow-ups
were made to assess patients’ recovery and provide rehabilitation
guidance, answering patients’ questions, encouraging scientific
exercise, and suggesting early return to work for those who
recovered well.

Observation Index
Care Effect
After care, if the patients’ clinical symptoms disappeared and
their conditions gradually recovered, it was regarded as efficient;
if the patients’ symptoms were obviously relieved and their
conditions improved, it was regarded as effective; not meeting the
above criteria was regarded as ineffective. Total effective number
= total - ineffective number.

Surgical Stress Levels
The physiological stress levels and psychological stress levels
of the two groups were compared 1 h before and 1 d after
surgery.The former was assessed by enzyme-linked immunoassay
(kit purchased from Shanghai Jianlai Biotechnology Co., Ltd.) for
the detection of epinephrine and cortisol levels in fasting venous
blood; the latter was assessed by the Hamilton anxiety scale
(HAMA), which consisted of 14 items, with each item assigned
a score of 0–4 and a total score of ≥7 being the presence of
anxiety symptoms.

Postoperative Recovery
The time of first exhaust, first meal, first getting out of bed and
hospitalization in both groups were recorded.

Complications
The number of complications such as incisional pain, infection,
bile leak, and bleeding (including intra-abdominal bleeding and
bleeding from the puncture incision) during care was counted in
both groups.

SF-36 score
At the first follow-up visit after discharge, the SF-36 was used
to assess the quality of life in both groups. It consisted of 8
dimensions, that was, physical functioning (PF), role physical
(RP), bodily pain (BP), general health (GH), vitality (VT), social
functioning (SF), mental health (MH), health transition (HT).
Each dimension accounted for 100 points, and the score was
proportional to the quality of life.

Care Satisfaction
At the first follow-up visit after discharge, the hospital’s
homemade Patient Satisfaction Questionnaire was used for
assessment. It consisted of five entries, each of which was assigned
a value of 1∼ 3 points, with a total score of 12∼ 15 as satisfied, 8
∼ 11 as average, and 5∼ 7 as unsatisfied.

Statistical Methods
SPSS 22.0 software was applied, and the measurement data were
expressed as mean± standard deviation and compared by t-test.
Count data were expressed as ratio, and the χ

2 test was used for
comparison. P < 0.05 was considered statistically significant.

RESULTS

Comparison of Care Effect Between the
Two Groups
After care, the total efficiency of care in the combined group was
better than that in the routine group (χ2 = 4.916, P = 0.027)
(Figure 1).

Comparison of Surgical Stress Levels
Between the Two Groups
At 1 d after surgery, the levels of epinephrine and cortisol in both
groups were significantly higher than those at 1 h before surgery,
and the HAMA scores were significantly lower than those at
1 h before surgery, and the combined group was lower than the
routine group (P < 0.05) (Figure 2).

Comparison of Postoperative Recovery
Between the Two Groups
The time to first exhaustion, time to first meal, time to first
getting out of bed, and time to hospitalization were shorter in the
combined group than in the routine group (P < 0.05) (Figure 3).

Comparison of Complication Rates
Between the Two Groups
The overall complication rate in the combined group was lower
than that in the routine group (χ2 = 4.421, P= 0.036) (Figure 4).
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FIGURE 1 | Comparison of care effect between the two groups. *was a comparison with the same item in the routine group, P < 0.05.

Comparison of SF-36 Scores Between the
Two Groups
The each item of SF-36 scores after discharge were higher in the
combined group than in the routine group (P < 0.05) (Figure 5).

Comparison of Care Satisfaction Between
the Two Groups
The total satisfaction with care was higher in the combined group
than in the routine group (χ2 = 8.416, P = 0.015 (Figure 6).

DISCUSSION

Gallbladder disease is one of the common diseases that threaten
human health. In China, the incidence of gallbladder stones is
10–15% and the incidence of cholecystitis is 28%. The main
clinical method of treatment is surgical excision. At present, the
LC technique in China is relatively mature, and its damage to
abdominal muscles, fascia, nerves and blood vessels is small,
and patients can have no obvious external trauma after surgery,
leaving only one to four small incisions, which facilitates their
postoperative recovery (13, 14). However, the somatic trauma,
physiological stress, metabolic changes, and the resulting painful
stimuli and anxiety caused by surgery can affect several systems
of patients, including neurological, endocrine, and circulatory
(15, 16). This interferes with the outcome of surgical treatment
for LC patients and delays their postoperative physical and
psychological recovery.

Care interventions are an important part of clinical care.
In this study, FTS care combined with continuous care after
discharge was applied to LC patients, and the results showed that

the total efficiency of care in the combined group was better than
that in the routine group (P< 0.05). At 1 d after surgery, the levels
of epinephrine and cortisol in both groups were significantly
higher than those at 1 h before surgery, and the HAMA scores
were significantly lower than those at 1 h before surgery, and
the combined group was lower than the routine group (P <

0.05). The time to first exhaustion, time to first meal, time to
first getting out of bed, and time to hospitalization were shorter
in the combined group than in the routine group (P < 0.05).
The overall complication rate in the combined group was lower
than that in the routine group (P < 0.05). Those suggests that
providing comprehensive, optimized, and compact care care to
LC perioperative patients is very beneficial to ensure successful
surgery, reduce surgical stress, and accelerate patient recovery.

In the conventional care model: LC patients need to undergo
a longer period of preoperative fasting and no drinking, which
can lead to irritability, thirst, hunger, dehydration, hypoglycemia,
and hypovolemia, increasing body consumption and affecting
postoperative tissue repair and wound healing (17). Routine
preoperative indwelling of gastric and urinary catheters can
cause discomfort and limited early postoperative activities, and
increase the risk of respiratory and urinary tract infections (18).
Preoperative bowel preparation such as receiving mechanical
enemas predisposes patients to preoperative dehydration,
increasing the risk of hypotension during anesthesia, and
can also cause intestinal edema, increasing the chance of
postoperative intestinal paralysis and abdominal infection (19).
During intraoperative care, the patient’s stressful response
to hypothermia can impair coagulation mechanisms, the
cardiovascular system, and leukocyte function (20, 21). Retained
drains can cause pain, limited mobility, or retrograde infection
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FIGURE 2 | Comparison of surgical stress levels between the two groups. *was compared with the same group 1 h before surgery, P < 0.05; # was compared with

the routine group 1 d after surgery, P < 0.05. (A) Adrenaline level. (B) Cortisol level. (C) HAMA score.

in patients. The use of opioid analgesics and prolonged bed rest
can affect the recovery of postoperative gastrointestinal function
(22). Longer postoperative fasting can lead to malnutrition
in patients and affect wound healing (23). In terms of fluid
control, due to prolonged fasting and abstinence from food
and drink, in order to maintain water and electrolyte balance,
patients are often clinically over-infused, triggering pulmonary
edema or intestinal edema, aggravating postoperative intestinal
paralysis and affecting intestinal motility (24). In addition,
surgery, as a major negative life event, can lead to a series
of physiological and psychological behavioral reactions such
as tension and fear, which in turn can lead to adverse
emotions such as anxiety, affecting the surgical outcome and
exacerbating the damage caused by surgical stress on the
organism, which is detrimental to the patient’s postoperative
recovery (25).

In contrast, in the FTS care model: the short duration
of patient fasting and drinking helps to relieve patients’
preoperative thirst and hunger, avoid the development of
postoperative insulin resistance, and reduce the postoperative
stress response, helping to maintain a good metabolic status after
surgery (26, 27). Not routinely placing gastric tubes, urinary
catheters and drainage tubes helps to avoid uncomfortable
irritation, stress and related complications caused by medical
measures. The necessary intraoperative insulation measures
can reduce the stress damage caused by hypothermia to the
organism. In terms of postoperative analgesia, the combination
of pain pumps and opioid analgesics has been shown to be
effective in relieving pain stress caused by surgical trauma and
creating conditions for the patient to get out of bed early
(28). Early postoperative trans oral feeding helps to promote
intestinal peristalsis, maintain intestinal mucosal function,
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FIGURE 3 | Comparison of postoperative recovery between the two groups. *was a comparison with the same item in the routine group, P < 0.05.

FIGURE 4 | Comparison of complication rates between the two groups. *was a comparison with the same item in the routine group, P < 0.05.

shorten postoperative anal venting time, and to a certain extent
reduce the amount of postoperative fluids, which in turn helps to
prevent hypoxemia and pulmonary edema and promote recovery
of gastrointestinal function. Postoperative getting out of bed
early promotes the recovery of gastrointestinal, bladder and

respiratory system functions, which in turn helps to reduce
the occurrence of abdominal distention, urinary retention,
pulmonary complications and deep vein thrombosis. In addition,
a variety of preoperative health education and psychological
care can effectively reduce patients’ doubts, tension and anxiety,
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FIGURE 5 | Comparison of SF-36 scores between the two groups. *was a comparison with the same item in the routine group, P < 0.05.

FIGURE 6 | Comparison of care satisfaction between the two groups. *was a comparison with the same item in the routine group, P < 0.05.

and can effectively relieve patients’ postoperative pain. The
above care measures will ultimately help to reduce physical
and psychological stress and postoperative complications, as
well as increase patients’ confidence and compliance with
treatment, and therefore will be beneficial in accelerating their
recovery process.

Surgery, as an invasive treatment measure, inevitably leads to
a series of pathological and physiological changes in the body
while achieving therapeutic results, resulting in varying degrees

of reduced quality of life for patients (29). In the results of
this study, the each item of SF-36 scores after discharge were
higher in the combined group than in the routine group (P
< 0.05). The total satisfaction with care was higher in the
combined group than in the routine group (P < 0.05). This
suggests that the use of FTS care combined with continuous care
after discharge for LC patients contributes to their quality of
life and satisfaction. As a minimally invasive treatment, patients
can be discharged from the hospital to continue treatment at
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home in a short time after LC. However, under the routine care
model, it is difficult for patients to receive additional medical
support after discharge from the hospital. The implementation
of continuous care after discharge in this study is a model of
care that provides continuous targeted rehabilitation guidance
for a period of time after the patient is discharged from the
hospital. Its daily communication with patients in the form of
telephone follow-up, medical and nursing staff can keep abreast
of patients’ recovery, and can encourage patients to exercise and
exercise, supervise their healthy diet and ease their psychological
problems through the telephone. This will help the patient to
face the post-operative rehabilitation with a positive attitude,
which will eventually help the patient to return to normal life
or even early return to work, etc. as soon as possible. While
meeting the care needs of patients in the rehabilitation stage,
it also enhances communication between nurses and patients
and promotes care-patient friendship, which is therefore very
beneficial to improving patients’ quality of life and satisfaction
with care effect after discharge.

CONCLUSION

The implementation of FTS care combined with continuous
care after discharge in LC patients is ideal, which can

significantly reduce the level of surgical stress, accelerate the
recovery process and reduce the occurrence of complications,
and improve the postoperative quality of life of patients
significantly and with high satisfaction, which is worthy
of application.
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Objective: To explore the etiology and diagnosis and treatment strategy of traumatic

brain injury complicated with hyponatremia.

Methods: 90 patients with traumatic brain injury admitted to our hospital fromDecember

2019 to December 2020 were retrospectively analyzed and divided into hyponatremic

group (50 patients) and non-hyponatremic group (40 patients) according to the patients’

concomitant hyponatremia, and the clinical data of the two groups were collected

and compared. In addition, patients in the hyponatremia group were divided into a

control group and an experimental group of 25 patients each according to their order of

admission, with the control group receiving conventional treatment and the experimental

group using continuous renal replacement therapy (CRRT). Hemodynamic indices,

mortality and serum neuron-specific enolase (NSE) indices before and after treatment

were compared between the control and experimental groups. The Glasgow coma scale

(GCS) was used to assess the degree of coma before and after the treatment in the two

groups, and the patients’ disease status was assessed using the Acute Physiological

and Chronic Health Evaluation Scoring System (APACHE II).

Results: The etiology of traumatic brain injury complicated with hyponatremia is related

to the degree of brain injury, ventricular hemorrhage, cerebral edema, and skull base

fracture (P < 0.05). After the treatment, the hemodynamic indexes, APACHE II scores,

death rate, and NSE levels of the experimental group were significantly lower than those

of the control group (P < 0.001); The experimental group yielded remarkably higher GAC

scores as compared to the control group (P < 0.001).

Conclusion: The degree of brain injury, ventricular hemorrhage, cerebral edema, and

skull base fracture were considered to be the main factors for traumatic brain injury

complicated with hyponatremia. Continuous renal replacement therapy can effectively

improve the clinical indicators of the patients with a promising curative effect, whichmerits

promotion and application.

Keywords: traumatic head injury, hyponatremia, cause analysis, diagnosis and treatment strategy, APACHE II
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BACKGROUND

Traumatic brain injury, as a common disease in neurosurgery,
refers to the organic damage to the brain tissue caused by
severe head trauma (1, 2), with a rather high disability rate
and fatality rate. Clinical manifestations include symptoms such
as disturbance of consciousness, dizziness, and headache, the
delayed treatment for which may give rise to complications such
as permanent dysfunction, amnesia, and epilepsy, jeopardizing
patients’ life safety and hindering the quality of life (3–5).
Hyponatremia, defined as serum sodium below 135 mmol/L, is
a common complication after traumatic brain injury and often
manifests as cerebral salt-wasting syndrome and inappropriate
antidiuretic hormone secretion syndrome, which can lead to
serious adverse consequences if not treated promptly (6).
After traumatic brain injury, the release of anterior pituitary
gland adrenocorticotropic hormone increases due to the stress
response, which has a certain impact on sodium excretion,
and the application of a large amount of dehydrating drugs
after traumatic injury can also lead to low sodium, which may
cause impaired nerve cell function, resulting in neurological
dysfunction and even disability or death in severe cases (7, 8).
In addition, patients with traumatic brain injury are frequently
complicated with hyponatremia, which may trigger neurological
dysfunction or even death and disability in severe cases due
to damages to the patients’ nerve cells. It has been found
clinically that the understanding of the causes of traumatic
brain injury complicated by hyponatremia serves to a better
prognosis of patients and drives down mortality (9–11). In
addition, the clinical treatment of this disease is mainly
gastrointestinal sodium supplementation, which has obvious
limitations and poor efficacy (12), so it is also urgent to explore
more ideal treatment methods. Continuous renal replacement
therapy (CRRT) refers to a group of therapeutic techniques
for extracorporeal blood purification, which are now widely
used in the treatment of critically ill patients with various
non-renal diseases (13). It has the advantages of continuous,
slow, isotonic and high-volume solute exchange, hemodynamic
stability, removal of medium-molecular substances such as
inflammatory mediators, and continuous and stable control of
electrolyte and acid-base balance (14). To explore the etiology
and diagnosis and treatment strategy of traumatic brain injury
complicated with hyponatremia, the clinical data of 90 patients
with traumatic brain injury admitted to our hospital from 2019
to 2020 were retrospectively analyzed to dissect the etiology, and
of the 90 cases included, 50 cases diagnosed with hyponatremia
were identified as research objects. The report is as follows:

MATERIALS AND METHODS

General Information
The clinical data of 90 patients with traumatic brain injury
admitted to our hospital from December 2019 to December 2020
were retrospectively analyzed to dissect the etiology. Of the 90
cases included, the patients were divided into a hyponatremic
group (50 cases) and a non-hyponatremic group (40 cases)
according to their concomitant hyponatremia. Clinical data
such as gender, age, body mass index (BMI), vasodilator drug

application, place of residence, were collected and compared
between the hyponatremic group and the non-hyponatremic
group. In addition, patients in the hyponatremia group were
divided into a control group and an experimental group of
25 patients each according to their order of admission, with
the control group receiving conventional treatment and the
experimental group using continuous renal replacement therapy.

Inclusion Criteria
① Patients met the diagnostic criteria (15) for traumatic brain
injury; ② Acute hyponatremia occurred within 7 days of onset,
and the serum sodium concentration was <125 mmol/L; ③ This
study was approved by the hospital ethics committee, and the
patients and their families signed the informed consent form after
being fully informed of the purpose and process of the study.

Exclusion Criteria
① With coagulation dysfunction; ② Pregnant and lactating
women; ③ Patients with a history of metabolic diseases; ④

Patients with hyponatremia caused by primary diseases such as
chronic renal failure and nephrotic syndrome.

Methods
The control group received conventional treatment. The patient’s
central venous pressure was closely monitored. After sodium
supplementation and intravenous drip of 3% hypertonic fluid,
the vascular volume state was evaluated through the patient’s
clinical indicators, with the fluid intake stabilized at 900mL
each time. The patients were also given an intravenous infusion
of 20mg furosemide injection (manufacturer: Changbaishan
Pharmaceutical Co., Ltd.; NMPA Approval Number H22024699;
specification 2 ml: 20mg), 1 time per day. On this basis, patients
were supplemented with hypertonic saline, with the rate of serum
sodium increase at 9 mmol/L every 24 h to avoid the occurrence
of central pontine myelinolysis.

The experimental group was treated with continuous renal
replacement therapy. A double-lumen catheter was inserted into
the femoral vein to construct temporary vascular access, and
a hemofiltration machine (manufacturer: Guangzhou Guolun
Technology Co., Ltd.; model: Fresenius-5008S) was used to
implement continuous venous hemodiafiltration treatment.
During the treatment, the patient’s blood Na+ concentration
was closely monitored for 8 h each time, and the sodium
ion concentration of the replacement solution was adjusted
according to the actual situation of the patient’s blood Na+

concentration. On this basis, sodium supplementation was
performed according to the patient’s blood Na+ concentration.
After 24 h, the therapy was continued if the patient’s blood Na+

concentration was still inadequate, and would be terminated
when the patient’s 72 h blood Na+ concentration was maintained
at 140 mmol/L−145 mmol/ L.

All the above treatments were completed in our hospital, and
the detailed process was shown in Figure 1.

Observational Indexes
According to the diagnosis, 90 patients were divided into the
non-hyponatremia group and hyponatremia group. Past medical
history, degree of traumatic brain injury, mannitol use, clinical
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FIGURE 1 | Research flow chart.

manifestations (concussion, ventricular hemorrhage, cerebral
edema, and skull base fracture) were collected from both groups
to analyze the etiology of hyponatremia complicated by traumatic
brain injury.

An ECG monitor (manufacturer: Changhai Berry Electronic
Technology Co., Ltd.; model: JHY-40) was used to observe and
compare the heart rate (HR) and mean arterial pressure (MAP)
in hemodynamics before and after the treatment between the
two groups.

The “Glasgow Coma Scale (GCS)” (16) was used to
evaluate the coma degree of the two groups of patients before
and after the treatment. The GCS includes three scoring
systems, including best eye opening (maximum 4 points),
best verbal response (maximum 5 points) and best motor
response (maximum 6 points), with a total score of 3 to 15
points. The lower the score, the more severe the coma of
the patients.

The “acute physiology and chronic health evaluation
scoring system (APACHE) II Score Scale” (17) was used
to evaluate the patient’s condition before and after the
treatment. The scale includes components of acute physiology,
chronic health status and age, the total score of the scale

is 71 points. The higher the score, the more severe the
patients’ condition.

The death rate of the two groups of patients after the treatment
were observed and recorded.

The early morning fasting cubital venous blood of the
two groups of patients was collected to separate the serum
by centrifugation. The supernatant was collected and stored
at −80◦C. The serum Neuron-specific enolase (NSE) level
in the sample was detected according to the enzyme-linked
immunosorbent assay (ELISA) kit instructions. The operation
strictly followed the kit instructions and operating procedures for
standardized inspections.

Statistical Processing
SPSS 20.0 software was used to analyze the data in this
study, and GraphPad Prism 7(GraphPad Software, San
Diego, USA) was used to plot the graphics. The research
included count data and measurement data. Count data
were expressed by n(%) and analyzed by χ

2 test, and the
measurement data were expressed by (Mean, SD), analyzed
by t-test and normal distribution. P < 0.05 indicated
statistical significance.
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TABLE 1 | Comparison of general information of the two groups of patients

[(mean, SD), n (%)].

Hyponatremia

group (n =

50)

Non-

hyponatremia

group (n =

40)

χ
2 or t

value

P value

Gender

Male 27 (54.00) 21 (52.50) 0.020 0.887

Female 23 (46.00) 19 (47.50)

Average age

(years)

49.27 ± 2.31 49.31 ± 2.27 0.082 0.935

BMI (kg/m2 ) 21.55 ± 3.42 21.49 ± 3.31 0.084 0.933

Application of

vasodilator

drugs

Yes 17 (34.00) 20 (50.00) 2.349 0.125

No 33 (66.00) 20 (50.00)

Place of

residence

Urban 30 (60.00) 25 (62.50) 0.058 0.809

Rural 20 (40.00) 15 (37.50)

RESULTS

Comparison of General Information
There were no significant differences in gender, average age, BMI,
application of vasodilator drugs, and place of residence between
the two groups of patients (P > 0.05). See Table 1 for details.

Analysis of the Etiology of Hyponatremia in
Patients With Traumatic Brain Injury
The etiology of patients with complicated hyponatremia had no
correlation with past medical history, mannitol application, and
concussion (P > 0.05), while it was correlated with the degree
of craniocerebral injury, intraventricular hemorrhage, cerebral
edema, and skull base fracture (P < 0.05). See Table 2 for details.

Comparison of Hemodynamic Indexes
Between the Control Group and the
Experimental Group Before and After
Treatment
After treatment, HR and MAP in both groups decreased
significantly compared with those before treatment, and the
levels of each index in the experimental group were significantly
lower than those in the control group (P < 0.05) (Table 3).

Comparison of GCS Scores Between the
Control Group and the Experimental Group
After treatment, the GCS scores in both groups increased
significantly compared to the pre-treatment, strong evidence of
significantly higher GCS scores in the experimental group was
found, in comparison with those of the control group (P < 0.05),
as shown in Figure 2.

TABLE 2 | Etiology analysis of the patients with hyponatremia [n (%)].

Hyponatremia

group (n =

50)

Non-

hyponatremia

group (n =

40)

χ
2 value P value

Past medical

history

0.080 0.777

Diabetes 26 (52.00) 22 (55.00)

Hypetension 24 (48.00) 18 (45.00)

Degree of brain

injury

Mild 5 (10.00) 13 (32.50) 7.031 0.008

Moderate 17 (34.00) 22 (55.00) 3.991 0.046

Severe 28 (56.00) 5 (12.50) 18.107 <0.001

Use of mannitol 0.172 0.679

Yes 45 (90.00) 37 92.50()

No 5 (10.00) 3 (7.50)

Concussion 0.057 0.811

Yes 20 (40.00) 17 (42.50)

No 30 (60.00) 23 (57.50)

Ventricular

hemorrhage

19.306 <0.001

Yes 37 (74.00) 11 (27.50)

No 13 (26.00) 29 (72.50)

Brain edema 6.889 0.009

Yes 35 (70.00) 17 (42.50)

No 15 (30.00) 23 (57.50)

Skull base fracture 6.255 0.012

Yes 32 (64.00) 15 (37.50)

No 18 (36.00) 25 (62.50)

Comparison of APACHE II Scores Between
the Control Group and the Experimental
Group
Lower APACHE II scores were observed in the experimental
group in contrast to the control group after the treatment (P <

0.05) (Figure 3).

Comparison of Mortality Rate Between
Control Group and Experimental Group
There was one case of death in the experimental group and nine
cases of death in the control group. The experimental group was
recorded with fewer death cases when compared with the control
group (P < 0.05), as shown in Figure 4.

Comparison of NSE Levels Between the
Control Group and the Experimental Group
Results in Figure 5 presented lower NSE levels in the
experimental group than the control group (P < 0.05).
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TABLE 3 | Comparison of hemodynamic indexes between the two groups (mean, SD).

Groups HR (time/min) MAP (mmHg)

Before treatment After treatment Before treatment After treatment

Experimental group (n = 25) 95.37 ± 3.55 75.01 ± 2.13 110.27 ± 22.12 81.55 ± 10.51

Control group (n = 25) 94.88 ± 3.69 85.99 ± 3.51 110.12 ± 22.45 98.89 ± 16.35

t value 0.478 13.372 0.024 4.461

P value 0.635 <0.001 0.981 <0.001

FIGURE 2 | Comparison of GCS scores between the control group and the

experimental group (Mean, SD). The abscissa represents before and after the

treatment, and the ordinate represents GCS score, points; the GCS scores of

patients in the experimental group before and after the treatment were (6.59 ±

1.11) points and (13.27 ± 0.88) points respectively; the GCS scores of the

control group before and after the treatment were (7.01 ± 1.12) points and

(9.66 ± 0.53) points respectively; * Indicates that there is a significant difference

in the GCS scores of the experimental group before and after the treatment (t

= 23.579, P < 0.001); ** Indicates that there is a significant difference in the

GCS scores of the control group before and after the treatment (t = 10.693, P

< 0.001); *** Indicates that there is a significant difference in the GCS scores of

the two groups of patients after the treatment (t = 17.571, P < 0.001).

DISCUSSION

Brain injury is mainly caused by trauma, with hyponatremia as
the most influential factor in the prognosis of the disease (18–
20). Currently, most scholars believe that the pathogenesis of
traumatic brain injury complicated by hyponatremia is related
to abnormal secretion of antidiuretic hormone and cerebral salt
wasting syndrome (21, 22). Specifically, brain injury predisposes
to brain salt depletion syndrome, leading to increased renal
sodium excretion and low sodium reabsorption rates, ultimately
leading to excessive sodium secretion and hyponatremia (23).
In addition, brain injury also stimulates antidiuretic hormone
secretion, which strengthens the renal tubule reabsorption
capacity, resulting in a significant decline in blood sodium
and then hyponatremia. The complications of hyponatremia in
traumatic brain injury may induce symptoms such as irritability,
nausea, and lethargy, or even death in severe cases if patients
fail to receive effective treatment (24, 25). It has been found
clinically that the understanding of the etiology of traumatic
brain injury complicated by hyponatremia serves to a better
prognosis of patients. In this study, it was found that the cause
of traumatic brain injury complicated by hyponatremia was

FIGURE 3 | Comparison of APACHE II scores between the control group and

the experimental group (Mean, SD). The abscissa represents before and after

the treatment, and the ordinate represents APACHE II score, points; the

APACHE II scores of patients in the experimental group before and after the

treatment were (24.88 ± 3.11) points and (7.65 ± 2.45) points respectively;

the APACHE II scores of the control group before and after the treatment were

(24.89 ± 3.12) points and (19.88 ± 2.95) points respectively; * Indicates that

there is a significant difference in the APACHE II scores of the experimental

group before and after the treatment (t = 21.759, P < 0.001); ** Indicates that

there is a significant difference in the APACHE II scores of the control group

before and after the treatment (t = 5.834, P < 0.001); *** Indicates that there is

a significant difference in the APACHE II scores of the two groups of patients

after the treatment (t = 15.946, P < 0.001).

related to the degree of brain injury, ventricular hemorrhage,
cerebral edema, and skull base fracture (P < 0.05), which may
be attributed to the following factors (26, 27): ① Severe brain
injury inhibits the activity of renal sympathetic nerves, thereby
increasing the glomerular filtration and causing the reduction of
sodium reabsorption in the renal tubules; ② Abnormal secretion
of the antidiuretic hormone leads to hyponatremia as symptoms
such as intraventricular hemorrhage and cerebral edema trigger
blood circulation disorder, hypothalamus damage, and increased
intracranial pressure; ③ Cerebrospinal fluid leakage after skull
base fracture impairs the patient’s hypothalamic function,
resulting in hyponatremia. Clinically, most patients with brain
injury are complicated with hyponatremia, which aggravates
the condition and increases the mortality rate if effective
treatment measures are absent. Therefore, in clinical treatment,
after diagnosis of cerebral salt wasting syndrome, sodium
supplementation was timely provided to maintain a balanced
state of electrolytes in the patient’s body. However, the treatment
approach is conservative and has limitations (28, 29). CRRT
can effectively remove solute and water to restore the electrolyte
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FIGURE 4 | Comparison of mortality rate between control group and experimental group [n (%)]. (A) This figure is the death rate of the experimental group; (B) is the

death rate of the control group; In the experimental group, one case of death (4.00%) and 24 cases of survival (96.00%) were recorded. In the control group, nine

cases of death (36.00%) and 16 cases (64.00%) of survival were recorded; There was a significant difference in the death rate between the two groups of patients

after the treatment (χ2 = 8.000, P < 0.05).

FIGURE 5 | Comparison of NSE levels between the control group and the

experimental group (Mean, SD). The abscissa indicates before and after the

treatment, and the ordinate indicates the NSE level, µg/mL; The NSE levels of

patients in the experimental group before and after the treatment were (51.88

± 11.33) µg/mL and (25.65 ± 8.02) µg/mL respectively; The NSE levels of

patients in the control group before and after the treatment were (51.75 ±

11.45) µg/mL and (38.02 ± 9.52) µg/mL respectively; * Indicates that there is a

significant difference in the NSE level of the experimental group before and

after the treatment (t = 9.448, P < 0.001); ** Indicates that there is a significant

difference in NSE level before and after the treatment in the control group (t =

4.610, P < 0.001); *** Indicates that there is a significant difference in the NSE

levels of the two groups of patients after the treatment (t = 4.969, P < 0.001).

balance. Furthermore, timely adjustment of the replacement fluid
Na+ according to the patient’s blood Na+ concentration avoids
the imbalance of blood Na+ correction speed and reduces the
occurrence of excessive blood pressure osmotic fluctuations. In
addition to the correction of hyponatremia, continuous renal
replacement therapy effectively relieves cerebral edema, removes
nitrogen metabolites, reduces osmotic pressure, and maintains
the patient’s internal environment in a stable state (30). The
results of this experiment showed a significantly lower death
rate and a lower NSE level of the experimental group after the

treatment than the control group (P < 0.05), indicating that the
therapy can improve the patient’s clinical indicators to reduce
mortality. In addition, the present study also found that the
GCS score after treatment was higher in the experimental group
than in the control group (P < 0.05), and the results of James
E (31) et al. stated that “the GCS score after treatment was
(14.1 ± 0.73) in the treatment group, which was significantly
higher than that of (8.9 ± 0.52) in the control group (P
< 0.05)”, which is generally consistent with the results of
this study. It fully indicates that CRRT produced significant
clinical effects in improving patients’ conditions compared with
conventional treatment.

In conclusion, the degree of brain injury, ventricular
hemorrhage, cerebral edema, and skull base fracture were
considered the main factors for traumatic brain injury
complicated with hyponatremia. CRRT can effectively
improve the clinical indicators of the patients with
a promising curative effect, which merits promotion
and application.

DATA AVAILABILITY STATEMENT

The original contributions presented in the
study are included in the article/supplementary
material, further inquiries can be directed to the
corresponding author.

ETHICS STATEMENT

The studies involving human participants were
reviewed and approved by the Ethics Committee of
the Affiliated Lianyungang Second People’s Hospital
of Bengbu Medical College. The patients/participants

Frontiers in Surgery | www.frontiersin.org 6 February 2022 | Volume 9 | Article 848312177

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhang et al. Traumatic Brain Injury/Hyponatremia/Etiology

provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

JZ is responsible for writing the article. WD is responsible for
the design of the study. XD is responsible for the collection
of case data. JW and PY are responsible for the recording of

the results and statistics. HS is the instructor of the entire
study. All authors contributed to the article and approved the
submitted version.

FUNDING

This research is supported by the Lianyungang Municipal Health
Commission (202120).

REFERENCES

1. Harbert A, Northam W, Elton S, Quinsey C. Targeted head CT
reduction for pediatric patients with hydrocephalus and traumatic
brain injury: academic center institutional experience as an example
of opportunities for further improvement. Childs Nerv Syst. (2020)
36:583–9. doi: 10.1007/s00381-019-04376-w

2. Schur S, Martel P, Marcoux J. Optimal Bone Flap Size for Decompressive
Craniectomy for Refractory Increased Intracranial Pressure in Traumatic
Brain Injury: Taking the Patient’s Head Size into Account. World

Neurosurgery. (2020). 139E430-E436. doi: 10.1016/j.wneu.2020.01.232
3. Bree D, Mackenzie K, Stratton J, Levy D. Enhanced post-traumatic headache-

like behaviors and diminished contribution of peripheral CGRP in female
rats following a mild closed head injury. Cephalalgia. (2020) 40:748–
60. doi: 10.1177/0333102420907597

4. Guilhaume-Correa F, Cansler SM, Shalosky EM, GoodmanMD, Evanson NK.
Greater neurodegeneration and behavioral deficits after single closed head
traumatic brain injury in adolescent versus adult male mice. J Neur Res. (2020)
98:557–70. doi: 10.1002/jnr.24535

5. Khanuja T, Unni HN. Intracranial pressure-based validation and
analysis of traumatic brain injury using a new three-dimensional
finite element human head model. Proc Inst Mech Eng H. (2020)
234:3–15. doi: 10.1177/0954411919881526

6. Baek SH, Jo YH, Ahn S, Medina-Liabres K, Oh YK, Lee JB, et al. Risk
of overcorrection in rapid intermittent bolus vs slow continuous infusion
therapies of hypertonic saline for patients with symptomatic hyponatremia:
The SALSA randomized clinical trial. JAMA Intern Med. (2021) 181:81–
92. doi: 10.1001/jamainternmed.2020.5519

7. Hoffmann DB, Popescu C, Komrakova M,Welte L, Saul D, LehmannW, et al.
Chronic hyponatremia in patients with proximal femoral fractures after low
energy trauma: A retrospective study in a level-1 trauma center. Bone Rep.

(2019) 12:100234. doi: 10.1016/j.bonr.2019.100234
8. Jäckle K, Klockner F, Hoffmann DB, Roch PJ, Reinhold M, Lehmann

W, et al. Influence of hyponatremia on spinal bone quality and
fractures due to low-energy trauma. Medicina (Kaunas). (2021)
57:1224. doi: 10.3390/medicina57111224

9. Singh S, Das KK, Deora H, Jaiswal AK, Behari S. Traumatic partial posterior
cord brachial plexus injury in a patient with aberrant innervation of the long
head of the triceps by the axillary nerve: Implications in nerve transfer surgery.
Asian J Neurosurg. (2020) 15:391–3. doi: 10.4103/ajns.AJNS_160_19

10. Gillespie CS, Mcleavy CM, Islim AI, Prescott S, McMahon CJ. Rationalising
neurosurgical head injury referrals: development and validation of the
Liverpool Head Injury Tomography Score (Liverpool HITS) for mild TBI. Br
J Neurosurg. (2020) 34:127–34. doi: 10.1080/02688697.2019.1710825

11. Anderson TN, Hinson HE, Dewey EN, Rick EA, Schreiber MA, Rowell
SE. Early tranexamic acid administration after traumatic brain injury is
associated with reduced syndecan-1 and angiopoietin-2 in patients with
traumatic intracranial hemorrhage. J Head Trauma Rehabil. (2020) 35:317–
23. doi: 10.1097/HTR.0000000000000619

12. Phillips N, Dalziel SR, Borland ML, Dalton S, Lyttle MD, Bressan S, et al.
Imaging and admission practices in paediatric head injury across emergency
departments in Australia and New Zealand: A PREDICT study. Emerg Med

Australas. (2020) 32:240–9. doi: 10.1111/1742-6723.13396
13. Hoff BM, Maker JH, Dager WE, Heintz BH. Antibiotic dosing for critically

Ill adult patients receiving intermittent hemodialysis, prolonged intermittent

renal replacement therapy, and continuous renal replacement therapy: an
update. Ann Pharmacother. (2020) 54:43–55. doi: 10.1177/1060028019865873

14. Alharthy A, Faqihi F, Memish ZA, Balhamar A, Nasim N, Shahzad A, et
al. Continuous renal replacement therapy with the addition of CytoSorb
cartridge in critically ill patients with COVID-19 plus acute kidney injury: A
case-series. Artif Organs. (2021) 45:E101–12. doi: 10.1111/aor.13864

15. Araki T, Yokota H, Morita A. Pediatric traumatic brain injury: characteristic
features, diagnosis, andmanagement.Neurol Med Chir (Tokyo). (2017) 57:82–
93. doi: 10.2176/nmc.ra.2016-0191

16. Wang J, Zhou W, Yin X. Improvement of hyponatremia is associated
with lower mortality risk in patients with acute decompensated heart
failure: a meta-analysis of cohort studies. Heart Fail Rev. (2019) 24:209–
17. doi: 10.1007/s10741-018-9753-5

17. Rinaldi S, SantoniM, Leoni G, Fiordoliva I,Marcantognini G,Meletani T, et al.
The prognostic and predictive role of hyponatremia in patients with advanced
non-small cell lung cancer (NSCLC) with bone metastases[J]. Support Care
Cancer. (2019) 27:1255–61. doi: 10.1007/s00520-018-4489-2

18. Chen Z, Jia Q, Liu C. Association of hyponatremia and risk of
short- and long-term mortality in patients with stroke: a systematic
review and meta-analysis. J Stroke Cerebrovasc Dis. (2019) 28:1674–
83. doi: 10.1016/j.jstrokecerebrovasdis.2019.02.021

19. Sato Y, Yoshihisa A, Oikawa M, Nagai T, Yoshikawa T, Saito Y, et al.
Hyponatremia at discharge is associated with adverse prognosis in acute
heart failure syndromes with preserved ejection fraction: a report from
the JASPER registry. Eur Heart J Acute Cardiovasc Care. (2019) 8:623–
33. doi: 10.1177/2048872618822459

20. Holland-Bill L, Christiansen CF, Ulrichsen SP, Ring T, Lunde Jørgensen JO,
SørensenHT. Preadmission diuretic use andmortality in patients hospitalized
with hyponatremia: a propensity score-matched cohort study. Am J Ther.

(2019) 26:e79–91. doi: 10.1097/MJT.0000000000000544
21. Woodfine JD, Sood MM, MacMillan TE, Cavalcanti RB, van Walraven C.

Derivation and validation of a novel risk score to predict overcorrection of
severe hyponatremia: the severe hyponatremia overcorrection risk (SHOR)
score. Clin J Am Soc Nephrol. (2019) 14:975–82. doi: 10.2215/CJN.12251018

22. Portales-Castillo I, Sterns RH. Allostasis and the clinical
manifestations of mild to moderate chronic hyponatremia: no
good adaptation goes unpunished. Am J Kidney Dis. (2019)
73:391–9. doi: 10.1053/j.ajkd.2018.10.004

23. Yoon HK, Lee HC, Kim YH, Lim YJ, Park HP. Predictive factors
for delayed hyponatremia after endoscopic transsphenoidal surgery in
patients with nonfunctioning pituitary tumors: a retrospective observational
study. World Neurosurg. (2019) 122:e1457–64. doi: 10.1016/j.wneu.2018.
11.085

24. Lassey SC, Napoe GS, Carusi D, Schantz-Dunn J, Robinson JN. Hyponatremia
among parturients transferred to the hospital after prolonged labor
during an attempted home birth. Obstet Gynecol. (2019) 134:106–
8. doi: 10.1097/AOG.0000000000003306

25. Pomeranz D, Irwin C, Lipman GS. Large-volume hypertonic saline
for empiric treatment of severe exercise-associated hyponatremia
in an ultramarathon runner. Curr Sports Med Rep. (2019)
18:163–5. doi: 10.1249/JSR.0000000000000593

26. Xiao S, Liu Y, Li K, Lou B, Chen K, Chang Z. Successful treatment of
an 86-year-old patient with severe hyponatremia leading to central and
extrapontine myelinolysis: A case report. Aging Med (Milton). (2019) 2:56–
9. doi: 10.1002/agm2.12056

Frontiers in Surgery | www.frontiersin.org 7 February 2022 | Volume 9 | Article 848312178

https://doi.org/10.1007/s00381-019-04376-w
https://doi.org/10.1016/j.wneu.2020.01.232
https://doi.org/10.1177/0333102420907597
https://doi.org/10.1002/jnr.24535
https://doi.org/10.1177/0954411919881526
https://doi.org/10.1001/jamainternmed.2020.5519
https://doi.org/10.1016/j.bonr.2019.100234
https://doi.org/10.3390/medicina57111224
https://doi.org/10.4103/ajns.AJNS_160_19
https://doi.org/10.1080/02688697.2019.1710825
https://doi.org/10.1097/HTR.0000000000000619
https://doi.org/10.1111/1742-6723.13396
https://doi.org/10.1177/1060028019865873
https://doi.org/10.1111/aor.13864
https://doi.org/10.2176/nmc.ra.2016-0191
https://doi.org/10.1007/s10741-018-9753-5
https://doi.org/10.1007/s00520-018-4489-2
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.02.021
https://doi.org/10.1177/2048872618822459
https://doi.org/10.1097/MJT.0000000000000544
https://doi.org/10.2215/CJN.12251018
https://doi.org/10.1053/j.ajkd.2018.10.004
https://doi.org/10.1016/j.wneu.2018.11.085
https://doi.org/10.1097/AOG.0000000000003306
https://doi.org/10.1249/JSR.0000000000000593
https://doi.org/10.1002/agm2.12056
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhang et al. Traumatic Brain Injury/Hyponatremia/Etiology

27. Filippone EJ, Ruzieh M, Foy A. Thiazide-associated
hyponatremia: clinical manifestations and pathophysiology.
Am J Kidney Dis. (2020) 75:256–64. doi: 10.1053/j.ajkd.2019.
07.011

28. Sarmiento K, Gioia GA, KirkwoodMW,Wade SL, Yeates KO, A. commentary
for neuropsychologists on CDC’s guideline on the diagnosis and management
of mild traumatic brain injury among children. Clin Neuropsychol. (2020)
34:259–77. doi: 10.1080/13854046.2019.1660806

29. Fu P, Bai L, Cai Z, Li R, Yung KKL. Fine particulate matter
aggravates intestinal and brain injury and affects bacterial community
structure of intestine and feces in Alzheimer’s disease transgenic mice.
Ecotoxicol Environ Saf. (2020) 192:110325. doi: 10.1016/j.ecoenv.2020.11
0325

30. Ibrahim KA, Eleyan M, Abd El-Rahman HA, Khwanes SA, Mohamed
RA. Quercetin attenuates the oxidative injury-mediated upregulation
of apoptotic gene expression and catecholaminergic neurotransmitters
of the fetal rats’ brain following prenatal exposure to fenitrothion
insecticide. Neurotox Res. (2020) 37:871–82. doi: 10.1007/s12640-020-00
172-6

31. Sweeney JE, Johnson AM. Exploratory study of HRB signs, patterns,
and right-left differences relating to spatial cognition following nonimpact

mild traumatic brain injury. Appl Neuropsychol Adult. (2020) 27:532–
9. doi: 10.1080/23279095.2019.1575220

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhang, Dong, Dou, Wang, Yin and Shi. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Surgery | www.frontiersin.org 8 February 2022 | Volume 9 | Article 848312179

https://doi.org/10.1053/j.ajkd.2019.07.011
https://doi.org/10.1080/13854046.2019.1660806
https://doi.org/10.1016/j.ecoenv.2020.110325
https://doi.org/10.1007/s12640-020-00172-6
https://doi.org/10.1080/23279095.2019.1575220
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


ORIGINAL RESEARCH
published: 21 February 2022

doi: 10.3389/fsurg.2022.844533

Frontiers in Surgery | www.frontiersin.org 1 February 2022 | Volume 9 | Article 844533

Edited by:

Weiguo Li,

Harbin Institute of Technology, China

Reviewed by:

Wenjie Song,

Fourth Military Medical

University, China

Li Zhang,

University of South China, China

*Correspondence:

Linyan Song

songlinyan78@163.com

Specialty section:

This article was submitted to

Visceral Surgery,

a section of the journal

Frontiers in Surgery

Received: 28 December 2021

Accepted: 19 January 2022

Published: 21 February 2022

Citation:

Song L, Jin Q, Zhu L, Liu Z and

Cheng W (2022) Application of Rapid

Rehabilitation Surgical Nursing

Combined With Continuous Nursing in

Self-Care Ability, Medication

Compliance and Quality of Life of

Renal Transplant Patients.

Front. Surg. 9:844533.

doi: 10.3389/fsurg.2022.844533

Application of Rapid Rehabilitation
Surgical Nursing Combined With
Continuous Nursing in Self-Care
Ability, Medication Compliance and
Quality of Life of Renal Transplant
Patients
Linyan Song 1*, Qing Jin 2, Liying Zhu 2, Zhe Liu 2 and Wenjuan Cheng 2

1Nursing Department, Beijing Chao-Yang Hospital, Capital Medical University, Beijing, China, 2Department of Urology, Beijing

Chao-Yang Hospital, Capital Medical University, Beijing, China

Objective: To explore the effects of rapid rehabilitation surgery (FTS) nursing combined

with continuous nursing on self-care ability, medication compliance and quality of life of

patients after renal transplantation.

Methods: Sixty patients who received kidney transplantation in our hospital from

January 2019 to January 2021 were randomly divided into the control group and the

observation group with 30 patients in each group according to the random number table

method. The control group was given FTS nursing, while the observation group was

given continuous nursing on the basis of the control group. General data were collected

and compared between the two groups. Postoperative indexes such as the time of first

intake and the like of patients in the two groups were recorded. The patients’ comfort,

self-care ability, medication compliance and quality of life after renal transplantation were

evaluated in the two groups. During the follow-up, the hospitalization of patients with

complications was recorded.

Results: There was no significant difference in the first intake, blood glucose, creatinine,

urea nitrogen, blood potassium or postoperative hospital stay between the two groups

(P > 0.05). There was no significant difference in the postoperative physical, mental,

psychological, social and environmental dimensions between the two groups (P > 0.05).

The scores of cognitive symptom management, exercise and communication with

doctors in the two groups in post-intervention were higher than those in pre-intervention,

and the scores in the observation group in post-intervention were higher than those

in the control group (P < 0.05). The medication compliance in the observation group

(93.33%) was higher than that in the control group (70.00%) (χ2 = 5.455, P = 0.020).

In post-intervention, the scores of quality of life of the observation group were higher

than those of the control group (P < 0.05). The admission rate of complications in

the observation group (10.00%) was lower than that in the control group (30.00%)

(χ2 = 3.750, P = 0.035).
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Conclusion: FTS nursing can help renal transplantation patients to obtain more stable

postoperative blood pressure, renal function and other indicators and comfort. On this

basis, combined with continuous nursing can improve patients’ self-care ability and

medication compliance, which is of great significance to improve the quality of life

of patients.

Keywords: kidney transplantation, rapid rehabilitation surgical nursing, continuing nursing, self-protection ability,

quality of life

INTRODUCTION

Kidney transplantation is an effective treatment for end-stage
renal disease. In recent years, with the development of medical
technology, the survival rate of grafts after kidney transplantation
has obviously improved, which is conducive to prolonging the
life span of patients and improving the quality of life (1).
Good hemodialysis and peritoneal dialysis are the basis of
kidney transplantation. Good perioperative preparation, safe
anesthesia techniques and implementation of intraoperative heat
preservation measures are the key to ensure the success of
surgery, reduce postoperative complications, and promote the
recovery of patients (2). Fast-track surgery (FTS) was first
proposed by KehIet et al. (3) of Denmark, and its main purpose
is to optimize the perioperative treatment plan through a
series of optimization measures with evidence-based medical
evidence, so as to relieve the pressure of patient’s physical
and mental trauma, and thus achieve the purpose of rapid
recovery and reduce the total mortality. After the concept
of FTS was introduced into China, it was widely used in
many surgical fields such as orthopedics, cardiothoracic surgery,
breast surgery, gastrointestinal surgery, etc. Its advantages
are gradually recognized by the medical profession. Its main
contents include perioperative nutritional support and liquid
management, emphasizing oxygen supply, early feeding and
minimally invasive surgery (4). FTS nursing requirements, in
actual clinical application, according to the patients’ age, type
of surgery, operation time, fluid loss during operation and
other factors, formulate specific personalized nursing scheme
for patients (5). After kidney transplantation, the use of a
large number of immunosuppressants leads to the decline of
the body’s resistance. At the same time, complications such
as rejection, delayed recovery of transplanted renal function
and urinary fistula bring difficulties to the nursing and patient
management of kidney transplantation. Conventional nursing
is limited to the care of hospitalized patients. It is difficult for
patients to obtain professional nursing guidance after they are
discharged from hospital, and the patients’ self-management
ability and medication compliance are poor, making it difficult
to meet the needs of kidney transplant recipients for life-
long medical treatment. Therefore, it is very important to
carry out health education, improve medication compliance
and control the occurrence of postoperative complications after
discharge. Continuous nursing can provide professional care
for discharged patients, improve their self-management ability,
find abnormalities as early as possible, and get timely and

effective treatment (6, 7). In this study, FTS nursing combined
with continuous nursing of renal transplant patients was used
to explore the influence of two nursing methods on self-care
ability, medication compliance and quality of life of renal
transplant patients.

DATA AND METHODS

General Information
Sixty patients who received kidney transplantation in our
hospital from January 2019 to January 2021 were randomly
divided into the control group and the observation group with
30 patients in each group according to the random number
table method. The control group was given FTS nursing, and the
observation group was given continuous nursing on the basis of
the control group.

Inclusion criteria

Age ≥18 years old; Those who meet the indications of
kidney transplantation are treated; Chronic diseases, such as
hypertension and diabetes, were stably controlled.

Exclusion criteria

Patients with multiple organ transplants; A second kidney
transplantation; Patients with other serious diseases
of organ foundation; Highly sensitive objects; Patients
who failed to follow doctor’s advice, withdrew from
the study or had incomplete follow-up information.
All patients and their families have obtained informed
consent, and this study was approved by the hospital
ethics committee.

Research Methods
Patients in the control group received FTS nursing: The
nursing management team established was mainly composed
of researchers and doctors, nurses and dieticians in their
hospitals studying the direction of renal transplantation. Specific
qualification requirements are as follows: Medical personnel
with bachelor degree or above and relevant certificates; More
than 5 years working experience in kidney transplantation
diagnosis and treatment; Good communication and coordination
skills. ① Training and functions of nursing team: intensive
training on nutrition therapy guidelines and related knowledge
of kidney diseases for participants for one week in the form
of lectures, group discussions, scene drills, etc. The head
nurse of the department is responsible for coordinating the
cooperation between the team members, the attending physician
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is responsible for the formulation of nutrition plan for patients,
management and protection department is responsible for the
formulation of nutrition plan, and the nutritionist is responsible
for themodification.② Personalized care plan: establish nutrition
file for each patient, including general information of the
patient (age, gender, educational level, marriage relationship,
etc.), nutrition instruction list, biochemical test list, and physical
test list. Body mass index (BMI) and total calories were calculated
based on the patient’s height and weight (carbohydrates
accounted for 55–65% of the total daily calories, protein supply
was 1.0–1.2g/kg per day, and fat supply accounted for about
25–35% of the total energy). Ensure the balance of water and
electrolyte according to the biochemical test results, and adjust
it according to patients’ edema, blood pressure and electrolyte.
③ Preoperative education: patients determine the operation time
according to the operation sequence, and use oral education
and written materials to education patients before operation,
explain the theory and technology of kidney transplantation,
preoperative preparation, what problems will occur during
operation, how to solve the problems of surgeons and nurses,
how to cooperate with patients, and tell them to keep a
good attitude and build confidence in overcoming disease. ④

Intraoperative preparation: Adius the room temperature to 26–
28◦C 1 h before the patient entered the operation room, and the
room temperature was kept constant at 22–24◦C until the end
of the operation after the operation began, in order to reduce
the heat loss of patients and provide a comfortable operation
environment. In the operation and nursing operation, try to
reduce the exposure of patients’ bodies, reduce the overflow
of flushing fluid during operation and keep the operating
bed dry. The electronic heating infusion set was used to heat
the infusion to 37◦C, and the non-surgical area was covered
with clothing or surgical towels with good thermal insulation
performance to isolate it from the surrounding cold air, and
to keep warm during the operation of the patient. Drugs with
short half-life should be used as anesthetics to reduce the

dosage of opioids. ⑤ Postoperative observation: closely observe
the changes of patients’ condition in order to maintain the
volume balance and water-electrolyte balance of patients with
polyuria; In order to prevent rejection, immunosuppressants
were used in time and correctly. If complications such as delayed
recovery of transplanted renal function occur after operation,
the responsible team shall follow up in time and take effective
treatment and nursing measures, and arrange hemodialysis
treatment if necessary to promote the recovery of renal function.
⑥ Guidance at discharge: after the patient’s condition is stable
and reaches the discharge indications, give health education to
the patients before discharge, know that the patient is taking
medicine on time according to the doctor’s advice, and check
it regularly.

The observation group was additionally provided with
continuous nursing on the basis of the control group. ①

Follow-up after discharge: after the renal transplant patients
are discharged from hospital, the responsible nurses are still
responsible for continuous follow-up, tracking and guidance.
Educate patients to pay attention to rest, combining rest with rest.
Keep the living environment clean, quickly prevent colds and
infection symptoms, and seek medical treatment. The necessity
of long-term use of immunosuppressants was emphasized, and
patients were urged to take medicine on time and pay attention
to the complications of immunosuppressants. In diet, you should
eat more foods rich in vitamins, take physiological doses of
calcium for a long time, limit drinking water, and limit the
intake of salt, protein and fat. ② Establish patient files: set
up follow-up archives at the time of discharge, regular follow-
up by phone and outpatient service, including the patient’s
vital signs, urine volume, rejection, diet, exercise status, drug
use, etc., to master the patient taking immunosuppressive
agents. ③ Self-management education: in the follow-up nursing,
guide the patients’ self-care ability, and take medicine on
time and according doctor’s orders. The therapeutic effect of
drugs, possible adverse reactions of drugs and precautions were

TABLE 1 | Comparison of general information of patients between the two groups.

Group Age (years) Gender BMI(kg/m2) Degree of education

Man Woman Junior secondary and

below

Junior high school and

above

Control group (n = 30) 32.59 ± 6.17 21 9 23.13 ± 1.35 10 20

Observation group (n = 30) 31.85 ± 5.63 23 7 22.76 ± 1.26 12 18

t/χ2 value 0.485 0.341 1.097 0.287

P value 0.629 0.559 0.277 0.592

Group Marital relations Dialysis mode

Married Be unmarried Hemodialysis Peritoneal dialysis

Control group (n = 30) 21 9 24 6

Observation group (n = 30) 23 7 27 3

χ
2 value 0.341 1.176

P value 0.559 0.278
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explained to patients, so that they were psychologically prepared
to observe whether accelerated rejection occurred. Strictly avoid
accidents or missions, especially telling patients that increasing
or decreasing the dose of immunosuppressants at will may cause
serious consequences. At the same time, explain the purpose
and requirements of each examinations are to the patient and
emphasize the importance of regular review. ④ Personalized
adjustment of nursing plan: when the patients returned to our
hospital for reexamination and telephone follow-up, we could
show the patients that the operation had achieved the expected
goal with objective and real examination data, thus further

strengthening the patients’ confidence in treatment. Patients
who failed to achieve the expected goals were analyzed and
discussed with the patients and their families, and more detailed
care intervention plan was formulated. ⑤ Psychological care:
Pay attention to the patients’ psychological status, conduct
home care and give patients more social support. Ask the
family members to pay attention to the emotional and social
communication needs of patients. Hospitals regularly organize
activities such as friendship and mutual assistance among
patients, and provide more social support to patients through
various channels.

FIGURE 1 | Postoperative observation indexes between the two groups. (A) Postoperative first feeding time; (B) blood glucose; (C) blood creatinine; (D) urea

nitrogen; (E) blood potassium; (F) postoperative hospitalization.
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Observation Indicators
General data such as gender, age, BMI, educational level,
marriage relationship, and dialysis method were collected
and compared between the two groups. The postoperative
indexes such as the time of first intake, postoperative blood
glucose, serum creatinine, urea nitrogen, blood potassium, and
postoperative hospital stay were recorded in the two groups. The
comfort level of two groups after kidney transplantation was
assessed using the Comfort Scale for Renal Transplant Recipients,
which included four dimensions such as physiology, mental
psychology, society and environment, with a total of 25 items.
The items were scored according to the Likert 4-level scoring
method with 1–4 points, the total score ranged from 25 to
100. A score of ≥62.5 indicates good comfort. A higher score
indicated higher comfort, and the total score <62.5 indicated
poorer comfort.

After a follow-up of six months, the self-care ability of the two
groups was assessed using the self-management behavior scale,
which included three dimensions (15 items), namely, cognitive
symptom management practice, exercise, and communication
with doctors, with a 5-level score of 1–5 points for each item,
indicating complete non-compliance to complete compliance,
15–75 points, and the self-care ability of the patients was
gradually enhanced with the improvement of the score. At the
same time, according to the medication evaluation criteria, the
medication compliance of two groups of patients was evaluated,
which was divided into complete, partial and complete non-
compliance. The self-rating scale for quality of life assessment
was selected for assessment, including 4 dimensions of physical

health, psychology/spirit, society/economy, and family. The score
for each dimension was 0–30 points. A higher score indicated
a better quality of life. Follow-up for 6 months, recording the
hospitalization of patients due to complications.

Statistical Methods
SPSS 20.0 software was used for processing. The measurement
data of the experimental data were expressed as mean± standard
deviation, the t test was used for pairwise comparison. The count
data were expressed as (rate) and the comparison was performed
using chi-square test. The test level was α = 0.05, and P < 0.05
indicated that the difference was statistically significant.

RESULTS

Comparison of General Information of
Patients Between the Two Groups
There was no significant difference in general information such
as gender, age, BMI, educational level, marriage relationship,
and dialysis method between the two groups (P>0.05). As show
in Table 1.

Comparison of Postoperative Observation
Indexes Between the Two Groups
There was no significant difference in the time of first intake,
blood glucose, creatinine, urea nitrogen, blood potassium or
postoperative hospital stay between the two groups (P > 0.05).
As show in Figure 1.

FIGURE 2 | Postoperative comfort indicators between the two groups. (A) Psychology; (B) physiology; (C) society; (D) environment.
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FIGURE 3 | Changes in self-care ability between the two groups. (A) Cognitive symptom management; (B) exercise; (C) communicate with the doctor. Compared

with the control group, *P < 0.05.

Comparison of Postoperative Comfort
Indicators Between the Two Groups
There was no significant difference in the postoperative physical,
mental, psychological, social and environmental dimensions
between the two groups (P > 0.05). As show in Figure 2.

Comparison of Changes in Self-Care
Ability Between the Two Groups
The scores of cognitive symptom management, exercise and
communication with doctors in the two groups in pre-
intervention were higher than those in pre-intervention, and
the differences were statistically significant (P < 0.05). There
was no significant difference between the two groups in pre-
intervention (P > 0.05). In post-intervention, the scores of the
observation group were higher than that of the control group and
the differences were statistically significant (P < 0.05). As show
in Figure 3.

Comparison of Medication Compliance
Between the Two Groups
The medication compliance of the observation group (93.33%)
was higher than that of the control group (70.00%), and the

difference was statistically significant (χ2 = 5.455, P = 0.020).
As show in Figure 4.

Comparison of Changes in Quality of Life
Between the Two Groups
In pre-intervention, there was no significant difference
in the scores of physical health, psychology/spirit,
society/economy, family and other dimensions of quality
of life between the two groups (P > 0.05). In post-
intervention, the scores of quality of life of the observation
group were higher than those of the control group, and the
differences were statistically significant (P < 0.05). As show
in Figure 5.

Hospitalization of Patients With
Complications in Two Groups
The complication admission rate of the observation
group (10.00%) was lower than that of the control
group (30.00%), and the differences were statistically
significant (χ2 = 3.750, P = 0.035). As show
in Figure 6.
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FIGURE 4 | Medication compliance between the two groups. Compared with the control group, *P < 0.05.

FIGURE 5 | Changes in quality of life between the two groups. (A) Physical health; (B) psychology/spirit; (C) social/economic; (D) family. Compared with the control

group, *P < 0.05.
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FIGURE 6 | Hospitalization of patients with complications in two groups. Compared with the control group, *P < 0.05.

DISCUSSION

The treatment of kidney transplantation is a kind of intense
psychological stress for patients, which indirectly has adverse
effects on patients’ physiological and psychological function by
affecting neuroendocrine and immune system. Therefore, it is
of great significance to provide personalized and high-quality
nursing care during the perioperative period to improve patients’
tolerance to surgery (8). FTS nursing aims at blocking or reduce
surgical stress reaction, reduce postoperative complications,
accelerating patients’ recovery and reduce hospital stay by
optimizing multi-mode perioperative path and taking effective
measures verified by evidence-based medicine (9, 10). Nursing
continuously promotes the transformation of hospitals from
“simple treatment mode” to “integrated service” (prevention
service, treatment service, nursing service, rehabilitation and
health care service). It can not only meet the needs of patients
for health education, but also strengthen the enthusiasm of
patients for rehabilitation, which is crucial for kidney transplant
patients to improve the quality of life and return to normal
social life (11, 12).

In this study, the FST nursing mode was adopted to
comprehensively train medical staff on the diagnosis and nursing
problems that may occur before, during and after the operation,
standardize the diagnosis and nursing procedures of kidney
transplantation, and strengthen the care and respect for the
patients’ humanity during the operation, so that patients can
get the highest level of medical treatment and care during the
perioperative period. The results showed that there was no
significant difference in the time of first intake, postoperative

blood glucose, creatinine, urea nitrogen, blood potassium and
postoperative hospital stay between the two groups, and the
overall postoperative comfort was higher. FST nursing model
carries out nutritional assessment and screening before operation
to reduce the risk of operation. Nurses should establish a good
psychological defense mechanism for patients, and conduct
personalized psychological intervention to help patients reduce
their negative psychology (13). At the same time, we should
strengthen the patient’s knowledge education about kidney
transplantation and its complications, improve the psychological
resilience level of kidney transplant patients, relieve their
psychological pressure and improve their mental health (14).
Maintaining normal body temperature during operation can
reduce the pressure of operation, the risk of organ dysfunction
and the discomfort of patients. Choose short-acting anesthetics
to reduce the adverse reactions of anesthetics, so that patients can
begin to recover faster after operation. The patients’ condition
after transplantation should be closely observed to ensure their
safety so that they can receive better care (15, 16).

After kidney transplantation, it is necessary to maintain
the normal function of the transplanted kidney for a long
time, and the recipient needs to take immunosuppressive drugs
for life. Among them, the patient’s non-compliance with drug
treatment plan is the main cause of rejection and death of the
transplanted kidney (17). Therefore, how to improve medication
compliance of renal transplant patients is an urgent problem
to be solved. Continuous nursing can strengthen the medical
staff ’s observation of patients’ medication compliance, educate
patients’ medication, and guide their medication behavior,
thus greatly improving patients’ medication compliance and
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understanding of medication plan (18). In this study, the sum of
self-care ability scores such as cognitive symptom management,
exercise and communication with doctors after continuous
nursing intervention in two groups was higher than that in
pre-intervention, and the scores in the observation group in
post-intervention were higher than those in the control group.
Medication compliance of the observation group was also
better than that of the control group. It shows that active
and continuous nursing could significantly improve patients’
medication compliance and self-care ability, promote the survival
and functional maintenance of transplanted kidney, and is also of
great significance to improve patients’ life quality (19).

Conventional nursing mainly relies on patients’ voluntary
reexamination. With the shortening of time, patients’ attention
is mostly focused on whether the indicators are normal
or not, and the uneven compliance and self-care ability
will affect the treatment effect and disease outcome (20).
The results showed that the patients in the observation
group had significantly higher quality of life scores than
those in the control group after rapid rehabilitation surgery
nursing combined with continuous nursing intervention.
Patients in the observation group were also less likely to be
readmitted for complications. It fully explained that FST
nursing combined with continuous nursing strengthened the
intervention measures for renal function protection, actively
carried out rehabilitation exercise and psychological counseling
nursing for patients after kidney transplantation, found early
complications in time, and improved the long-term quality of
life of patients.

FST nursing can help kidney transplant patients to obtain
more stable postoperative renal function and other indicators and
comfort. On this basis, combined with continuous nursing can
improve the patient’s self-care ability andmedication compliance,
which is of great significance to improve the quality of life
of patients.
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An increasing number of women experience intrauterine adhesion as a result of

intrauterine operations, such as induced abortion, which can cause infertility, recurrent

abortion and amenorrhea. Although some strategies have been applied clinically, such as

hysteroscopy adhesiolysis of intrauterine adhesions, the results have not been promising.

As regenerative medicine develops, research on menstrual blood-derived stem cell

transplantation is increasing due to the properties of these cells, including self-renewal,

differentiation, angiogenesis, anti-inflammation and immunomodulation. As a result,

menstrual blood-derived stem cells may be an ideal cell source for the treatment of

intrauterine adhesion. Excitingly, it has been reported that autologous menstrual blood

stem cells could recovery injured endometrium and improve infertility in patients with

refractory intrauterine adhesion. In this review, we discuss the possible potential of

menstrual blood-derived stem cell transplantation for intrauterine adhesion, including

the antifibrosis, angiogenesis, anti-inflammation and immunoregulation properties of the

cells, which brings hopes for clinical therapy.

Keywords: intrauterine adhesion, Asherman syndrome, menstrual blood-derived stem cells, transplantation,

angiogenesis

BACKGROUND

Intrauterine adhesion (IUA), also named as Asherman syndrome, refers to endometrial fibrosis
caused by the damage of endometrium basal layer caused by repeated improper intrauterine
operation and infection, which leads to partial or complete adhesion or even occlusion of
uterus. IUA is characterized by symptoms such as recurrent miscarriage, fertile disorder,
hypomenorrhea, amenorrhea and pregnancy complications (1). The pathogenesis of IUA is as
follows: when the endometrium is repeatedly damaged, the basal layer of the endometrium
cannot regenerate and is replaced by a large number of monolayer epithelium and fibrous
tissue. Endometrium atrophy, rarefied, gland inactive, low response to hormone stimulation,
blurred boundary between functional layer and basal layer, resulting in adhesion formation.
IUA is mostly associated with trauma, infection, and genetic susceptibility, and contributes to
secondary infertility in women (2). A main cause of IUA is curettage, such as post-abortion
or miscarriage curettage, which may injure the endometrium. Additionally, tuberculosis and
some infections are strong risk factors for IUA since the invasion of viruses and other
microorganisms could induce fibrosis and inhibit the repair of the endometrium. Presently,
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TABLE 1 | The therapeutic effects of autologous MenSCs on patients with IUA.

Patients,

n

Age,

years

Transplantation

method

Isolated

volume,

ml

Transplantation

numbers,

million

Duration of

menstruation

before

transplantation,

day

Duration of

menstruation

after

transplantation,

day

Endometrial

thickness

before

transplantation,

mm

Endometrial

thickness

after

transplantation,

mm

Pregnancy

rate, n (%)

12 22–

40

in situ 1 10 2.4 ± 0.7 5.3 ± 0.6 3.9 ± 0.9 7.5 ± 0.6 5 (41.7)

7 20–

40

in situ 0.5 1 Unclear Unclear 3.9 ± 1.03 6.7 ± 0.8 3 (43)

hysteroscopy adhesiolysis combined with hormonal therapy
is the main treatment for removing the visible IUA (3). At
present, the traditional treatment has a good effect on mild
and moderate IUA, but for patients with severe IUA, pregnancy
complications often occur after hysteroscopic adhesiolysis, such
as recurrent miscarriage, earlier delivery and abnormal placental
development on account of injured endometrium (4). Several
researchers have paid much attention to a new adult stem cell,
which is able to regenerate endometrial tissue, although more
studies are needed (5). Therefore, the application of stem cells
from the endometrium, such as menstrual blood-derived stem
cell (MenSCs), is a research hotspot for endometrial regeneration.
At present, MenSCs have been used in the treatment of polycystic
ovary syndrome, myocardial infarction, type I diabetes and
other diseases.

The decrease or absence of the number of endometrial stem
cells and local inflammatory environment are the fundamental
reasons for the re-adhesion after IUA and separation. Given their
pluripotency and low immunogenicity, MenSCs are believed to
have therapeutic potential for IUA. Study showed that MenSCs
could differentiate into endometrial cells when managed in vitro
and reproduct endometrial tissue in mice with IUA in vivo (5, 6).
Another study revealed that MenSCs transplantation combined
with estrogen could improve endometrial abnormalities (7).
MenSCs have a positive effect on antifibrosis, angiogenesis, and
anti-inflammation in IUA. Moreover, another study revealed
that reproductive endometrial tissue and vessel were found
but fibrosis was decreasing in the uterus of IUA because
of stem cell transplantation and exosome treatments, and
researchers found that exosomal treatment contributed to
recovery injured endometrial tissue caused by IUA (8). These
studies demonstrate that MenSCs is a good candidate for the
treatment of IUA. Autologous MenSCs have been transplanted
to patients with refractory IUA for clinical therapy. The
results revealed that patients with refractory IUA had thicker
endometrium and prolonged menstrual duration managed

Abbreviations: IUA, Intrauterine adhesion; MenSCs, Menstrual blood-derived
stem cells; TGF-β, Transforming growth factor-β; PDGF-BB, Platelet-derived
growth factor; EGF, Epidermal growth factor; VEGFR, Vascular endothelial
growth factor Receptor; MCP1, Monocyte chemoattractant protein 1; GMCSF,
Granulocyte macrophage colony stimulating factor; SDF-1, Stromal cell-derived
factor-1; IGF-1, Insulin-like growth factor 1; CXCR4, CXC chemokine receptor
4; IL-10, Interleukin−10; NK cells, Nature killer cells; HIF-1α, Hypoxia inducible
factor-1 alpha; NO, Nitric oxide; IGF, Insulin-like growth factor.

by MenSCs transplantation, and some of them achieved
clinical pregnancy (9). In that study, five out of 12 patients
got pregnant, and in other words, there was a pregnancy
rate of 41.7% (9). Another study also showed women with
IUA had thicker significantly endometrium after autologous
MenSCs transplantation (10). We summarized the efficacy of
autologous MenSCs transplantation in patients with IUA in
Table 1 (9, 10). The researches on MenSCs transplantation for
the models of IUA are not enough, and clinical trials also
need more attention, which could bring hopes for patients
with IUA.

CHARACTERISTICS OF MENSCS

MenSCs obtained from the menstrual blood of women have
attracted the attention of numerous researchers because of their
many advantages (11, 12). MenSCs have beneficial properties,
including ease of acquisition, non-invasive collection procedures,
widespread expansion capacities, rapid amplification abilities,
genomic stability and high proliferation rates without being
tumorigenic or immunogenic (13). Some researchers have
found that MenSCs are multipotent, with the potential to
differentiate into germ cells, endometrial cells, and endothelial,
osteogenic, adipocytic, cardiomyocytic, respiratory epithelial,
neurocytic, cartilaginous, myocytic, hepatic, and pancreatic cell
lines (14, 15). In addition, these cells can secrete cytokines
to induce antifibrosis, angiogenesis, anti-inflammation and
immunoregulation. MenSCs are thought to be isolated from
menstrual blood instead of the endometrium, express some
cell-surface markers such as CD166, CD105, CD90, CD73,
CD49, CD44, CD29, CD9, and HLA-ABC and differentiate
into chondrocytes, osteocytes, and adipocytes (16). Studies have
shown that the positive expression rates of MenSCs in the
third generation were CD29 [(99.13 ± 0.19) %], CD44 [(98.97
± 0.34) %], CD73 [(99.8 ± 0.08) %] and CD105 [(99.17 ±

0.34)]%, and the positive expression rates were all above 95%,
and the expression rate of CD90 was (72.43 ± 0.76) % (17).
MenSCs can also express the embryonic stem cell markers
Oct-4 and SSEA-3/4 and PDGFR-β (6, 18). Whether MenSCs
express embryonic markers c-Kit (CD117) and SSEA-4 is under
argument, and more studies are needed to explore whether
these markers are expressed by MenSCs (16). MenSCs don’t
express HLA-DR, CD133, CD45, CD 34, and CD19 (19). The
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relevant markers are summarized in Figure 1. In addition, in
order to evaluate the influence of menstrual blood storage
time before MenSCs isolation on their vitality, the collected
menstrual blood samples were divided into four equal parts
and stored at 4◦C. MenSCs were then isolated at 6, 24, 48,

and 72 h, respectively. The results showed that there were
no significant differences between MenSCs isolated after these
different storage periods. Therefore, menstrual blood samples
can be stored at 4◦C for at least 3 days before further
processing (20).

FIGURE 1 | The relevant markers of MenSCs. MenSCs express CD9, CD29, CD44, CD49, CD73, CD90, CD105, and CD166, HLA-ABC, Oct-4, and SSEA-3/4 and

PDGFR-β and unexpress CD19, CD34, CD45, CD133, and HLA-DR.

FIGURE 2 | The representative differentiation of MenSCs. MenSCs differentiate into cartilaginous, adipocytic, osteogenic, oocyte-like cells.
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FIGURE 3 | The representation of the antifibrotic effect of MenSCs. MenSCs could suppressed endometrial myofibroblast differentiation by Hippo/TAZ pathway

stimulation, and the pathway can downstream factors CTGF, Wnt5a, and Gdf5.

DIFFERENTIATION OF MENSCS

Some studies showed that MenSCs had capacity of differentiating
into different cells such as adipocytic, osteogenic, cardiogenic,
cartilaginous, cardiomyocytic, muscle, neurogenic, glial-like,
endothelial, oocyte-like, granulosa, respiratory epithelial,
myocytic, hepatic, and pancreatic tissues (14, 15, 20). The
representative differentiation of MenSCs is showed in Figure 2.
Study revealed that MenSCs were able to differentiate into
ovarian tissue-like cells when managed in vitro and that
MenSCs treatment could repair injured ovary in animal
models with premature ovarian failure (21). Another study
showed that MenSCs could differentiate into oocyte-like
cells and express follicle stimulating hormone receptor and
luteinizing hormone receptor, which were oocyte-like cell
markers, induced by appropriate media (22). Study revealed
that MenSCs could differentiate into endometrial cells in vitro
via appropriate medium contained with 17β-estradiol valerate,
transforming growth factor-β (TGF-β)-1, epidermal growth
factor (EGF), platelet-derived growth factor (PDGF)-BB (23).
Some researchers found that there were some morphological
changes in managed MenSCs, and they expressed oocyte-related
genes (LHR, FSHR, STRA8, PRDM, STELLA, GDF9, SCP3,
DDX4, and ZP2) in the 2nd week of culture, suggesting the
possibility of MenSCs differentiating into oocyte-like cells (24).
To demonstrate the stem cell properties of MenSCs, studies have

been conducted to test their pluripotency by culturing them
with various types of differentiation media. The study found that
MenSCs underwent adipogenic, osteogenic, cartilaginous, neural
and cardiogenic differentiation, respectively, demonstrating their
stem cell properties (20). The possible differentiation pathway is
depicted in Figure 2.

ANTIFIBROTIC EFFECTS OF MENSCS

IUA is characterized by an increased fibrotic area, thinner
endometrium, fewer glands, and fewer microvessels.
Hysteroscopy adhesiolysis cannot completely alleviate fibrosis.
Surprisingly, MenSCs have antifibrotic effects in some diseases.
For example, MenSCs can ameliorate liver fibrosis via paracrine
mediators (25). Another study demonstrated that exosomal from
MenSCs had a positive effect on pulmonary fibrosis by activating
NLRP3 inflammasome and regulating mtDNA damage and ROS,
which bring hopes for patients with fibrotic lung disease (26).
Based on the fibrosis pathology, alleviating endometrial fibrosis
is important for IUA treatment. It is known that myofibroblasts
contribute to fibrosis formation. Another study showed that
MenSCs inhibited endometrial myofibroblast differentiation by
activation of the Hippo/TAZ pathway (27). Similarly, Fan et al.
confirmed that MenSCs could markedly accelerate endometrial
damage repair in an IUA rat model by Hippo signaling pathway
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stimulation, that the Hippo signaling pathway was the most
significantly changed pathway, and that the expression of
downstream factors CTGF, Wnt5a, and Gdf5 were significantly
altered in the treatment groups (28). Researchers found that
human amniotic epithelial cells upregulated MMP-8 expression
to decrease collagen deposition in the uterine scar, and in
vitro studies further confirmed an increase level of MMP-8 in
hAECs cultured with hydrogen peroxide (28). We propose that
MenSCs have antifibrotic effects on IUA, which needs further
investigation. The representation of the antifibrotic effect of
MenSCs is mentioned in Figure 3.

ANGIOGENESIS

Another function of MenSCs is their angiogenic effect. MenSCs
show a strong angiogenic effect on endothelial cells both in
vitro and in vivo (29). MenSCs were also able to induce
angiogenesis in vivo (29). Zhang et al. found MenSCs-CM played
an important role in angiogenesis in mice, which was associated
with activation of AKT and ERK pathways, and overexpression
of some factors such as VEGFR1, VEGFR2, eNOS, VEGFA, and
TIE2 inHUVECs. These studies revealedMenSCs could revovery
the injured endometrium and solve the fertile disorders in mice,
which mainly depended on the angiogenesis induced by MenSCs
(30). The angiogenesis of MenSCs in Figure 4.

THE IMMUNOMODULATORY AND
ANTI-INFLAMMATORY FUNCTION OF
MENSCS

Menstrual blood stromal fibroblasts have the capacity of
immunomodulatory and anti-inflammatory effects, which is
similar with stem cells (6). MenSCs could suppress the
apoptosis of MLE-12 cells via downregulating the expression of
cytokines, such as GITR, GM-CSF, RANTES, MIP-1γ, eotaxin,
MCP-5 and CCL1, which were involved with inflammatory
reaction (31). In addition, in vitro studies demonstrated that
MenSCs had a negative effect on macrophage bactericidal
properties and the production of reactive oxygen intermediates,
indicating that MenSCs effect the macrophage numbers, which
provides a theoretical basis for clinical treatment in future
(32). Moreover, MenSCs can have a negative effect on
PI3K/Akt/mTOR/IKK signaling mediated by TLR4, leading to a
decreasing of inflammatory cytokine, as p-NF-κBp65 could not
be translocated into the nucleus (33). Another study showed
that the maturation of human blood monocyte-derived dendritic
cells was suppressed via interleukin−6 and interleukin−10(IL-
10) secreted by MenSCs (34). The Immunomodulatory and anti-
inflammatory function of MenSCs in Figure 5.

Studies have found that in a mouse model of ulcerative colitis,
MenSCs reduced the infiltration of inflammatory cells, such as
natural killer cells and macrophages, decreased the content of
inflammatory factors such as tumor necrosis factor-α and IL-
2, and increased the levels of inflammatory cytokines. IL-10
and IL-4 content (35). Researchers observed IL-10 and CXC
chemokine receptor 4 (CXCR4) overexpress and numbers of

FIGURE 4 | The angiogenesis of MenSCs. MenSCs could activate AKT and

ERK pathways and induce the overexpression of eNOS, VEGFA, VEGFR1,

VEGFR2, and TIE2.

regulatory B cells was increasing, suggesting that MenSCs have
immunomodulatory properties (36). Some studies confirmed
that nature killer cells (NK cells) were proliferating induced
managed by MenSCs, but they were not when managed
by IFN-γ/IL-1β-pretreated MenSCs (37). The researches on
immunomodulation and anti-inflammation of MenSCs need
more attention and efforts.

PARACRINE EFFECTS OF MENSCS

MenSCs secrete various chemokines that are crucial for the
treatment of some diseases. One study confirmed that MenSCs
had a positive effect on models of limb ischemia, by secreting
some cytokines such MMP-3, MMP-10, IL-4 and hypoxia
inducible factor-1 alpha (HIF-1α) (38). In addition, MenSCs
secrete cytokines such as TGF-β2, EGF, PDGF and nitric oxide
(NO) to enhance myocardial salvage and regeneration (39).
Cuenca et al. confirmed that MenSCs could improve cutaneous
regeneration by secreting cytokines, including MMP-3, MMP-
10, PDGF, and angiopoietin (40). MenSCs express cytokines,
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FIGURE 5 | The immunomodulatory and anti-inflammatory function of MenSCs.

including IL-8, IL-6, IGFBP-6, angiopoietin-2, ICAM-1, Axl
and angiogenin to improve liver function and inhibit liver cell
apoptosis (41). MenSCs also secrete TGF-β1 and rhTGF-β1 to
play antitumor roles in cervical cancer, suggesting that MenSCs
therapy is promising for the treatment of cervical cancer (42).
MenSCs also secreted TSP-1, IGF-1 and stromal cell-derived
factor-1(SDF-1) in a rat model of IUA. Another study showed
that MenSCs have a positive effect on a rat model of IUA by
secreting insulin-like growth factor (IGF)-1, thrombospondin-1
and SDF-1 (43).

SAFETY OF MENSCS TRANSPLANTATION

MenSCs have properties of self-rewal and differentiation. Some
researchers have conducted studies to determine whether
MenSCs are likely to form tumors. One study demonstrated
that MenSCs transplantation is safe for endometrial treatment
for IUA (44). Some researchers believe that MenSCs have
no risk of tumor formation and that MenSCs could have
potential therapeutic effects on diseases through paracrine effects
and immunomodulation (20). MenSCs has the advantages
of convenient collection, non-invasiveness, no pain, multiple
collection and no ethical disputes. Compared with bone marrow

mesenchymal stem cells, MenSCs has higher proliferation ability,
which is conducive to obtaining sufficient number of cells
clinically in a short time. Some researchers evaluated the
biosafety of MenSCs transplantation in animal model of IUA,
especially paying attention to toxicity and tumorigenicity, the
results suggesting that MenSCs transplantation is safe for rat
model of IUA (9). One meta-analysis systematically reviewed
also suggested that MenSCs transplantation is safe for IUA
treatment by prolonging menstruation duration and recovering
endometrial thickness (45). However, research on the safety of
MenSCs transplantation is not enough, and whether graft-vs.-
host disease, adverse reactions or malignant transformation will
occur after transplantation remains to be observed for a long
time. More researches on safety of stem cell transplantation
are needed to achieve the goals of MenSCs transplantation for
clinical treatment.

CONCLUSION

MenSCs are easily obtained and can self-renew without forming
tumors. Based on the multiple biological characteristics of
MenSCs, including antifibrosis, angiogenesis, anti-inflammation
and immunoregulation properties, MenSCs transplantation
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seems to be a promising therapy for some diseases. However,
most studies have been conducted on animals, and clinical trials
are scarce. There are some difficulties for clinical transplantation.
The perfect method of obtaining MenSCs effectively needs
deep consideration. In addition to MenSCs, bone marrow
mesenchymal stem cells, adipose mesenchymal stem cells,
human umbilical cord blood mesenchymal stem cells and
other stem cells from different sources also play a key role in
endometrial regeneration and reconstruction. The best time,
method and dosage of stem cell transplantation also need a
large sample of clinical data to further verify the safety and
effectiveness of MenSCs. Whether the disease could recur
after stem cell transplantation. The molecular mechanisms
of the cells’ angiogenesis, antifibrosis, anti-inflammation

and immunoregulation properties need to be explore
deeply. In addition, standard methods of sample collection
should be optimized, and age-related effects should be
investigated. In summary, further preclinical research is
essential to achieve the goal of MenSCs transplantation in
the clinic.
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Purpose: To compare the effect of allogeneic transfusion and acute normovolemic

hemodilution (ANH) autologous transfusion in patients undergoing cesarean section.

Methods: Patients who underwent cesarean section and received blood transfusion

therapy from February 2019 to July 2021 in our hospital were observed and divided

into the allogeneic group (n = 55) who received allogeneic transfusion therapy and the

autologous group (n = 55) who received ANH autologous transfusion therapy according

to the mode of transfusion. Observations included vital signs [heart rate (HR), mean

arterial pressure (MAP), stroke volume variation (SVV)], blood routine [red blood cells

(RBC), platelets (PLT), hematocrit (HCT), hemoglobin (Hb)], T-cell subsets (CD4+, CD8+,

CD4+/CD8+), immunoglobulins (IgA, IgM, IgG), inflammatory factors [C-reactive protein

(CRP), tumor necrosis factor (TNF)-α, interleukin (IL)-6], and adverse effects were counted

in both groups.

Results: There was no statistical significance in the intra-group and inter-group

comparisons of HR, MAP, and SVV between the two groups before transfusion and

transfusion for 10min (P > 0.05). 5d after operation, the RBC, PLT, HCT, and Hb

of the allogeneic group were lower than those before operation, and the autologous

group was higher than that of the allogeneic group (P < 0.05). 5d after operation, the

CRP, TNF-α, and IL-6 of the allogeneic group were higher than those before operation,

and the autologous group was lower than that of the allogeneic group (P < 0.05). 5d

after operation, the CD4+, CD4+/CD8+ of the allogeneic group were lower than before

operation, and the CD8+ was higher than before operation. The CD4+ and CD4+/CD8+

of the autologous group were higher than that of the allogeneic group, and CD8+ was

lower than that of the allogeneic group (P < 0.05). 5d after operation, the IgA, IgG, and

IgM of the allogeneic group were lower than those before operation, and the autologous

group was higher than that of the allogeneic group (P < 0.05). During blood transfusion,

there was no significant difference in the adverse reaction rate between the two groups

(P > 0.05).
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Conclusion: Both allogeneic transfusion and ANH autologous transfusion have

little effect on the vital signs of patients undergoing cesarean section, but ANH

autologous transfusion is more helpful to the stability of blood routine, T-cell subsets,

immunoglobulin, and inflammation levels after surgery, which is a safe and effective way

of blood transfusion.

Keywords: cesarean section, allogeneic transfusion, acute normovolemic hemodilution, autologous transfusion,

application effect

INTRODUCTION

Cesarean section is an important midwifery procedure in the
field of obstetrics. It is suitable for cases where the fetus cannot
be delivered from the vagina normally, such as cephalopelvic
error, birth canal abnormalities, fetal distress, fetal position error,
umbilical cord prolapse, history of cesarean section, multiple
births, etc. (1, 2). Placenta praevia and placental abruption
are common complications of cesarean section, which can
exacerbate the incidence of perinatal hemorrhage in cesarean
section, and the incidence is much higher than that of natural
delivery, therefore, in obstetric surgery, the blood transfusion
rate of cesarean section 0.77% is higher than natural delivery
0.23% (3, 4). Preoperative blood preparation is an important
preoperative preparation for cesarean section. It can effectively
reduce the risk of disseminated intravascular coagulation (DIC),
shock and even death in patients with cesarean section
bleeding. Therefore, it is beneficial to improve the uterine
retention rate and survival rate of pregnant women. For patients
with large blood loss during cesarean section, urgent blood

TABLE 1 | Comparison of patients’ general conditions (n, M ± SD, %).

Indexs Allogeneic group (n = 55) Autologous group (n = 55) t/χ2 value P value

Age (years old) 28.02 ± 3.11 28.76 ± 2.98 1.274 0.205

Gestational week (weeks) 36.54 ± 0.59 36.62 ± 0.61 0.699 0.486

Body mass index (kg/cm2 ) 26.85 ± 3.24 27.03 ± 3.26 0.290 0.772

Operative time (h) 1.57 ± 0.83 1.61 ± 0.79 0.259 0.796

Blood loss (mL) 953.25 ± 26.01 956.24 ± 25.47 0.609 0.544

Number of outputs (times) 0.147 0.702

1 24 (43.64) 26 (47.27)

≥2 31 (56.36) 29 (52.73)

History of cesarean section (cases) 0.042 0.838

No 37 (67.27) 38 (69.09)

Yes 18 (32.73) 17 (30.91)

ASA classification (cases) 0.146 0.702

II 28 (50.91) 30 (54.55)

III 27 (49.09) 25 (45.45)

Maternity status (cases) 0.326 0.955

Placenta previa 38 (69.09) 39 (70.91)

Placental abruption 5 (9.09) 4 (7.27)

Placental implantation 3 (5.46) 4 (7.27)

Others 9 (16.36) 8 (14.55)

transfusion is often required in clinic, currently, allogeneic blood
transfusion is mainly used, but it is associated with postoperative
infection, immunosuppression and a poor prognosis (5). Acute
normovolemic hemodilutio (ANH) autologous transfusion is
an autologous blood transfusion method in which autologous
blood is drawn preoperatively and supplemented with an equal
volume of crystal or colloidal fluid, and the patient’s blood
loss is combined during the operation to return the autologous
blood (6).

The acute normovolemic hemodilutio (ANH) autologous
transfusion is a form of autotransfusion in which autologous
blood is drawn preoperatively and replenished with an equal
volume of crystalloid or colloidal fluid, and then returned
autologous blood intraoperatively according to the amount of
blood lost by the patient (6). It can effectively reduce the
hematocrit (HCT), reduce the loss of blood elements during
bleeding, improve the body’s tolerance after hemodilution, and
shorten the time of ischemia and hypoxia in patients through
blood dilution, which is a blood conservation technique that
can reduce the risk of anesthesia and surgery and provide fresh
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FIGURE 1 | Effect of different blood transfusion methods on patients’ vital signs. (A) HR, (B) MAP, and (C) SVV.

whole blood to the patient (7). It has been widely used in
major surgeries such as orthopedics, oncology and neurosurgery,
but there are very few applications and related reports in the
field of obstetrics (8, 9). This study compares the application
effect of allogeneic transfusion and ANH autologous transfusion
in patients undergoing cesarean section, aiming to explore
the effectiveness and safety of ANH autologous transfusion in
patients undergoing cesarean section.

MATERIALS AND METHODS

Research Object
Patients who underwent cesarean section and received blood
transfusion from February 2019 to July 2021 in our hospital
were used as observation subjects. Inclusion criteria: age 20–
35 years old; proposed cesarean section; American Society
of Anesthesiologists (ASA) classification II–III (10); normal

liver and kidney function, normal cardiopulmonary function;
normal four items before transfusion; normal coagulation
function; preoperative platelet (PLT) > 100×109/L, HCT
> 33%, hemoglobin (Hb) > 110 g/L (11); patients or her
family had signed the informed consent. Exclusion criteria:
people undergoing allogeneic and autologous transfusion at
the same time; people who had a history of heart disease
or tumor disease; people who had a history of neurological
or psychiatric disease; people with immune system diseases;
people with systemic acute and chronic infections; People
with cognitive and communication impairments. They
were divided into the allogeneic group (n = 55) receiving
allogeneic transfusion therapy and the autologous group
(n = 55) receiving ANH autologous transfusion therapy
according to the mode of blood transfusion. There was
no significant difference between the two groups in terms
of age, gestational weeks and other general conditions,
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FIGURE 2 | Effect of different blood transfusion methods on patients’ blood routine. (A) RBC, (B) PLT, (C) HCT, and (D) Hb. Compared with the same group before

operation, *P < 0.05; compared with allogeneic group 5d after operation, #P < 0.05.

which were comparable, which were comparable (P > 0.05)
(Table 1).

Research Methods
Patients in both groups underwent cesarean section and general
anesthesia was induced intraoperatively. On this basis, the
allogeneic group received allogeneic transfusion therapy, i.e.,
when HCT < 24% or Hb < 80 g/L, stock blood was taken for
transfusion perfusion according to the amount of blood lost by
the patient. The autologous group received ANH autologous
transfusion therapy, i.e., radial artery and right internal jugular
vein puncture placement were performed after induction of
anesthesia and before the start of surgery. Preoperatively,
according to the patient’s intraoperative bleeding prediction, the
CZK-IB microcomputer liquid sampling controller (purchased
from Zhengzhou Feilong Medical Equipment Co., Ltd.) was

used to collect 300–420mL of autologous blood through the
radial artery and stored in a blood storage bag and treated
with light shielding and freshness. An equal volume of 6%
hydroxyethyl starch (HES) 130/0.4 (purchased from Shandong
Hualu Pharmaceutical Co., Ltd., approval number H37022757)
was then infused via the internal jugular vein. autologous
blood was transfused at the end of the main intraoperative
step or when the bleeding volume was ≥ 1,000mL or Hb
was ≤100 g/L.

Observation Index
(1) Vital signs: heart rate (HR), mean arterial pressure (MAP),
and stroke volume variation (SVV) were monitored before
transfusion and transfusion for 10min by a PICCO monitor
(purchased from Beijing Shimao Medical Equipment Trading
Co., Ltd.).
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FIGURE 3 | Effect of different blood transfusion methods on patients’ inflammatory factors. (A) CRP, (B) TNF-α, and (C) IL-6. Compared with the same group before

operation, *P < 0.05; compared with allogeneic group 5d after operation, #P < 0.05.

(2) Blood routine: The red blood cell (RBC), PLT, HCT
and Hb levels were measured before and 5 d after surgery
by MAXM automatic hematology analyzer (purchased from
Beckman Coulter, Inc.).

(3) T-cell subsets: The CD4+, CD8+, CD4+/CD8+ levels were
measured before and 5 d after surgery by a Cytomics FC500 flow
cytometer (purchased from Beckman Coulter, Inc.).

(4) Immunoglobulins: The IgA, IgM, and
IgG levels were measured before and 5 d after
surgery by enzyme-linked immunosorbent assay
(The kit was purchased from Roche).

(5) Inflammatory factors: C-reactive protein (CRP),
tumor necrosis factor (TNF)-α and interleukin (IL)-
6 levels were measured before and 5 d after surgery
by enzyme-linked immunosorbent assay (The kit
was purchased from Shanghai Sange Biotechnology
Co., Ltd.).

(6) Adverse reaction rate: Allergy, fever, hemolysis and other
adverse reactions occurred during blood transfusion in the two
groups were counted.

Statistical Methods
SPSS 22.0 software was applied, and the measurement data
were expressed as mean ± standard deviation (M ± SD) and
compared by t-test. Count data were expressed as ratio, and
the χ

2 test was used for comparison. P < 0.05 was considered
statistically significant.

RESULTS

Effect of Different Blood Transfusion
Methods on Patients’ Vital Signs
There was no statistical significance in the intra-group and inter-
group comparisons of HR, MAP, and SVV between the two
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FIGURE 4 | Effect of different blood transfusion methods on patients’ T-cell subsets. (A) CD4+, (B) CD8+, and (C) CD4+/CD8+. Compared with the same group

before operation, *P < 0.05; compared with allogeneic group 5d after operation, #P < 0.05.

groups before transfusion and transfusion for 10min (P > 0.05)
(Figure 1).

Effect of Different Blood Transfusion
Methods on Patients’ Blood Routine
5d after operation, the RBC, PLT, HCT, and Hb of the
allogeneic group were lower than those before operation, and the
autologous group was higher than that of the allogeneic group (P
< 0.05) (Figure 2).

Effect of Different Blood Transfusion
Methods on Patients’ Inflammatory Factors
5d after operation, the CRP, TNF-α, and IL-6 of the allogeneic
group were higher than those before operation, and the
autologous group was lower than that of the allogeneic group (P
< 0.05) (Figure 3).

Effect of Different Blood Transfusion
Methods on Patients’ T-Cell Subsets
5d after operation, the CD4+, CD4+/CD8+ of the allogeneic
group were lower than before operation, and the CD8+ was
higher than before operation. The CD4+ and CD4+/CD8+ of the
autologous group were higher than that of the allogeneic group,
and CD8+ was lower than that of the allogeneic group (P < 0.05)
(Figure 4).

Effect of Different Blood Transfusion
Methods on Patients’ Immunoglobulins
5d after operation, the IgA, IgG, and IgM of the allogeneic group
were lower than those before operation, and the autologous
group was higher than that of the allogeneic group (P < 0.05)
(Figure 5).
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FIGURE 5 | Effect of different blood transfusion methods on patients’ immunoglobulin’s. (A) IgA, (B) IgG, and (C) IgM. Compared with the same group before

operation, *P < 0.05; compared with allogeneic group 5d after operation, #P < 0.05.

Adverse Reaction Rate of Different Blood
Transfusion Methods
During blood transfusion, there was no significant difference in
the adverse reaction rate between the two groups (P > 0.05)
(Table 2).

DISCUSSION

In recent years, due to social factors such as late marriage and
late childbirth, and second child policy, the number of advanced
maternal age and scarred uterus re-pregnancy in China has been
increasing, and the cesarean delivery rate has also increased,
and in some areas it has exceeded 50% (12). It is reported
that cesarean section patients are prone to severe bleeding
that is not easy to control during the perinatal period, which
is one of the main reasons for the poor prognosis or even
death of mothers and babies (13). So, timely, reasonable, and

adequate blood transfusion treatment is of great significance for
suppressing perinatal hemorrhage and ensuring the safety of
mothers and babies. Allogeneic transfusion is the main method
at present, but it has been plagued by problems such as tight
blood source and many adverse reactions of blood transfusion.
It has been reported that ANH autologous transfusion may be
superior to allogeneic blood transfusion in terms of blood safety
(14). However, this blood transfusion method uses exogenous
fluid for dilution, and whether the blood transfusion will affect
the vital signs, immune function, and inflammation levels of
patients undergoing cesarean section is still unknown. This study
provided a comparative analysis in this regard.

It has been suggested that blood volume increases in women
after pregnancy and that ANH autologous transfusion can
achieve a reduction in blood viscosity, increase blood oxygen
uptake, reduce cardiac burden, and protect the myocardium
through preoperative blood sampling and dilution (15). In this
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TABLE 2 | Adverse reaction rate of different blood transfusion methods (n, %).

Group Allergy Fever Hemolysis Others Total

Allogeneic group (n = 55) 1 (1.82) 2 (3.64) 1 (1.82) 3 (5.45) 7 (12.73)

Autosomal group (n = 55) 1 (1.82) 1 (1.82) 0 (0.00) 2 (3.64) 4 (7.28)

χ
2 value 0.909

P value 0.340

study, there was no statistical significance in the intra-group
and inter-group comparisons of HR, MAP, and SVV between
the two groups before transfusion and transfusion for 10min (P
> 0.05). It showed that ANH autologous transfusion helps to
maintain hemodynamic stability in patients undergoing cesarean
section. To analyze the reasons, HES, as an artificial colloidal fluid
with large molecular weight, has the pharmacological properties
of being unable to penetrate the vessel wall, long intravascular
retention time, and good effect of maintaining plasma colloidal
osmotic pressure (16). Therefore, compared with isotonic
crystalloids, it can achieve hemodynamic stability with less
dosage and faster effect, and is one of the most commonly
used resuscitation fluids in hemorrhagic shock. Surgery may
result in loss of tangible components of blood, and allogeneic
transfusions may result in destruction of blood components
due to the long storage time of blood. In this study, 5d after
operation, the RBC, PLT, HCT, and Hb of the allogeneic group
were lower than those before operation, and the autologous
group was higher than that of the allogeneic group (P < 0.05).
It was suggested that ANH autologous transfusion is an effective
way to improve hematoprotection and prevent the development
of postoperative anemia. Analyze the reasons. Compared with
allogeneic blood transfusion, ANH autologous blood transfusion
is performed by drawing autologous blood before surgery and
returning it to the patient during surgery, which not only reduces
the loss of red blood cells and platelets during surgery, but also
has a short storage time and does not require refrigeration, so
the blood components are less damaged, which facilitates the
patient’s postoperative recovery. CRP, TNF-α, and IL-6 are all key
cytokines that initiate inflammatory or immune responses when
the body perceives inflammatory stimuli such as trauma (17, 18).
In this study, 5d after operation, the CRP, TNF-α, and IL-6 of the
allogeneic groupwere higher than those before operation, and the
autologous group was lower than that of the allogeneic group (P
< 0.05). It was suggested that allogeneic transfusion can lead to
varying degrees of inflammatory response in patients undergoing
cesarean section, whereas ANH autologous transfusion has a
mild effect on the level of inflammation in patients. This may be
related to the fact that the blood dilution of ANH autotransfusion
reduces concentrations of cortisol and catecholamines in plasma,
and that the blood released out of the body after hemodilution is
not involved in the acute phase response.

As an immunogenic and reactogenic substance, blood can
be accompanied by a series of adverse reactions involving
immune regulation in the process of blood transfusion therapy,
mainly manifested as immunosuppression (19). Both T-cell
subsets and immunoglobulins are important indicators to assess

the immune function of the body, with the former playing
a central regulatory role in cellular immunity and the latter
being closely related to humoral immunity undertaken by B
cells (20, 21). When allogeneic blood enters the human body
as foreign protein antigen, the differentiation of T lymphocytes
into CD4+ cells is inhibited, cytotoxic T lymphocytes (CD8+

T cells) are activated, and then the proportion of CD4+/CD8+

is unbalanced, resulting in abnormal immune function. In this
study, 5d after operation, the CD4+, CD4+/CD8+, IgA, IgG and
IgM of the allogeneic group were lower than before operation,
and the CD8+ was higher than before operation. The CD4+,
CD4+/CD8+, IgA, IgG and IgM of the autologous group were
higher than that of the allogeneic group, and CD8+ was lower
than that of the allogeneic group (P < 0.05). It indicated
that allogeneic transfusion can cause a decrease in immune
function in the recipient, while ANH autologous transfusion
has less effect on immune function in patients undergoing
cesarean section. Analysis of the causes may be related to a
decrease in the immune function of red blood cells due to
the long storage time of the stock blood used for allogeneic
transfusion. Numerous studies (22–24) have shown that the
erythrocyte system has some immune functions that cannot be
replaced by other immune cells, namely, reducing free radical
damage, scavenging immune complexes, and participating in
immune defense. Under normal circumstances, stock blood
used for allogeneic transfusion can be stored at a constant
temperature of 4◦C for 2–3 weeks. However, the longer the
storage time, the more serious the deformation and aging of
RBCs, the gradual decrease of RBC-C3b receptor activity, the
excessive accumulation of related metabolites, the increase of
immune complexes, and finally the impaired immune function
of RBCs (25). In contrast, autologous blood of ANH autologous
transfusion has a short retention time outside the body and does
not require refrigeration, has few changes in red blood cells
and their associated metabolites, and is free of alloantigens and
proteins, and has few white blood cell fragments, thus causing
minimal suppression of the immune system. The results of this
study also showed that the incidence of adverse transfusion
reactions such as allergy, fever, and hemolysis was slightly
lower in the autologous group than in the allogeneic group
(P > 0.05). It can be seen that ANH autologous transfusion
is safer and will not increase the incidence of adverse blood
transfusion reactions.

CONCLUSION

Through the comparative analysis of the above results, we
found that both allogeneic and ANH autologous transfusion
had little effect on the vital signs of patients undergoing
cesarean section, but ANH autologous transfusion was more
helpful in stabilizing the postoperative blood routine, T-cell
subpopulation, immunoglobulin, and inflammation levels, and
was a safe and effective way of blood transfusion. It is
worth noting that although ANH autologous transfusion is
a safe and effective way of blood transfusion, it can not
completely replace allogeneic blood transfusion. Some studies
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(26) pointed out that when high-dose HES is used, due
to the dilution effect, it may cause dose-related abnormal
blood coagulation and decrease of HCT. Therefore, when
the body has massive bleeding and the amount of recovered
blood is also large, RBC, PLT and coagulation factors need
to be supplemented at the same time in order to avoid
serious coagulation dysfunction. The specific blood transfusion
method should also depend on the specific situation of
the patient.
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Objective: To construct a training content system for new nurses in cancer hospitals

based on postcompetency and to provide guidance for clinical new nurse training.

Methods: Based on literature review, semistructured interviews, and questionnaire

surveys, a new draft of the nurse training content system was initially established, and

17 experts were selected to make two rounds of inquiry on the system by the Delphi

method, so as to construct a new nurse training content system.

Results: The effective rate of recovery of the two rounds of expert correspondence

was 100%, the cooperation among experts was high, and the authoritative coefficient

of experts was 0.89. The content system of new nurse training constructed included 2

first-class indexes, 5 second-class indexes, and 45 third-class indexes.

Conclusion: The new nurse training content system is closely combined with clinical

work, pays attention to improving nurses’ competence, reflects the characteristics of

nursing work in cancer hospitals, has a certain scientific and practical significance, and

can provide guidance for the training of new nurses in cancer hospitals.

Keywords: competency, cancer care, new nurse, Delphi technique, index system

INTRODUCTION

In recent years, the incidence and mortality of cancer have remained high, and the demand for
cancer care has become increasingly prominent. A large number of new nurses join the cancer
specialist hospital every year. The process of changing from nursing students to working as
new nurses is full of challenges (1, 2). In order to meet the requirements of clinical nursing
work in a short period of time, it is necessary to carry out standardized training for new
nurses. The current reference to the new nurse-standardized training programs (trial), some
of which are not completely applicable to cancer hospitals, and the training plan should be
improved and optimized according to the nursing characteristics of cancer hospitals, for example,
tumor treatment methods including surgical treatment, radiotherapy, chemotherapy, gene targeted
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therapy, biological treatment, etc. (3). New nurses need to
understand a variety of treatment methods and adverse reaction
processing, the management of related drugs, the maintenance
of a variety of venous lines, the first-aid for a drug anaphylactic
shock, observation and care of bone marrow suppression,
prevention and care of radiation inflammation, psychological
care for patients with facial defects, improvement in the hospice
care for patients at the end stage, implementation of the nurse
occupational protection, etc. Nursing postcompetency is based
on the cognition and construction method, which reflects the
ability of nurses to use various nursing skills, professional
knowledge, values, critical thinking, and information as a
whole (4). Multiple studies have shown that a competency-
based training system can urge new nurses to improve
their professional knowledge and skills, change their working
attitudes, etc., and ultimately improve the level of work (5, 6).
This study was designed to build a training content system for
new nurses in cancer hospitals based on postcompetency, so as to
guide the training of new nurses, improve their quality, andmake
them better qualified for the job.

INFORMATION AND METHODS

Draft Framework for Initially Constructing
a New Induction Nursing Training System
for Oncology Specialty
Through literature review and semistructured interviews,
combined with the new nurse training status and needs of the
baseline survey, the new nurse standardized training program
(trial), the existing training programs, and characteristics
of tumor hospitals, the draft framework of the new nurse
training system in tumor hospitals based on job competency
was prepared. Using the method of objective sampling, a
questionnaire survey was conducted among 17 experts from a
certain tertiary grade A cancer hospital. The draft framework has
been revised and adjusted. Through the analysis and arrangement
of the preliminary survey results, a formal draft was formed.

Design of Expert Consultation
Questionnaire
The questionnaire is divided into two parts. Part I: The core
part of the expert inquiry is the new nurse based on the
post-competency evaluation index system expert inquiry table,
using Likert grade 5 scoring method (5 points-very important,
4 points-important, 3 points-generally important, 2 points-not
too important, and 1 point-not important) to determine the
importance of each index items, and put forward items or
suggestions for addition or deletion. Part II: Basic information
sheet of experts, including general information of experts (age,
length of service, educational background, etc.); judgment basis
(including theoretical analysis, work experience, references, and
intuitive selection; the degree of influence was divided into large,
medium, and small grades); familiarity with the content of the
study (divided into six levels of very familiar, familiar, more
familiar, generally familiar, less familiar, and very unfamiliar).

Implementation of Delphi Expert
Consultation
Number and Criteria for Selection of Experts
The number of experts depends on the content of the study, and
the appropriate number of general experts is 15–50. The selected
experts should have certain academic authority, professional
knowledge, and clinical experience in the corresponding research
fields. Inclusion criteria are as follows: a) Being engaged in tumor
nursing, nursing teaching, and nursing management for ≥10
years; b) Title above supervisor nurse, bachelor’s degree or above;
and c) Mastered the nursing knowledge and skills of this major,
and have rich experience in teaching management, and also
has mastered the knowledge and skills of nursing, with a rich
experience in teaching management; and d) actively participating
in this research.

Implementation Process of Expert Inquiry
A questionnaire was distributed by a specially assigned person
for the job and the experts were required to reply within 1 week.
The experts scored and revised the importance of each index
according to their own cognition and understanding of it. A total
of 17 valid questionnaires were collected during the first letter
of inquiry. Statistical analysis was performed on the results. In
combination with the opinions of the experts, the items with
the significant average score >3 points and the coefficient of
variation <0.35 were retained. The questionnaire used in the
first round was deleted, supplemented, and modified to form the
second round of questionnaire, and the second round of expert
consultation was conducted 2 weeks later. A total of 17 valid
questionnaires were collected during the second consultation.
After the analysis of the second round of questionnaires, it was
found that the opinions of the experts were consistent, and hence
the expert inquiry was ended.

Statistical Methods
The SPSS 17.0 statistical software was used to analyze the data.
The enthusiasm of experts was expressed by the effective recovery
rate of the questionnaire, and the degree of expert authority was
expressed by the authority coefficient. The degree of dispersion of
expert opinions has been expressed by the coefficient of variation
(CV) and coordination coefficient (W), where CV = standard
deviation/mean value. The smaller the coefficient of variation,
the more unanimous the opinion of experts. The value ofW was
statistically tested by the non-parametric test of multiple related
samples. The significant value indicated good coordination after
the test.W was in the range of 0–1, and the larger theW was, the
better the coordination would be. The importance scores of each
item were expressed as mean and SD (x̄ ± s), and the weight of
each item was determined by the analytic hierarchy process.

RESULTS

General Information for 17 Experts
According to the requirements of the Delphi method for
expert selection, combined with the specific characteristics
and feasibility of this study, 17 nursing experts from the
Level A tertiary hospitals were selected as the inquiry objects.
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TABLE 1 | General information for 17 experts.

General information Number Constituent

ratio (%)

Age (years) 30–40 12 70.59

41–50 4 23.53

>50 1 5.88

Professional title Nurse-in-charge 4 23.53

Deputy director of the

nurse

9 52.94

Chief nurse 4 23.53

Academic degree Undergraduate

course

12 70.59

Master 5 29.41

Working years (years) 10–15 4 23.53

16–20 7 41.18

>20 6 35.29

They were from different professional departments, such
as oncology, radiotherapy, thoracic surgery, gynecology and
oncology, head and neck surgery, breast surgery, hepatobiliary
surgery, pancreatic biology, colorectal surgery, orthopedics,
neurosurgery, and nursing. The basic situation of the experts is
shown in Table 1.

Positive Coefficient of Experts
The expert positive coefficient refers to the attention and
cooperation of experts in research. Experts’ enthusiasm for
this research is not high, which will affect the objectivity and
reliability of the consultation. The expert’s positive coefficient is
expressed by the effective recovery rate of questionnaires. In the
first and second rounds of this study, a total of 17 questionnaires
were distributed and 17 valid questionnaires were returned. The
questionnaire recovery rate was 100%, which showed that the
experts were highly motivated.

Authority of Experts (Cr)
The authority coefficient of an expert is determined by the
judgment basis coefficient (Ca) and familiarity coefficient (Cs) of
the expert, and its calculation formula is Cr = (Ca+Cs)/2. The
judgment basis coefficient, familiarity coefficient, and authority
coefficient of the expert in this study are 0.93, 0.82, and 0.87,
respectively, as shown in Figure 1. Generally, it is considered
that Cr is greater than 0.7, the consulting result is reliable, and
the prediction accuracy is improved with the improvement of an
expert authority. Therefore, the degree of expert authority in this
study was high, and the results were credible.

Coordination of Expert Advice
The degree of dispersion of the expert inquiry was expressed
by the coordination coefficient (W). The coefficient of variation
of the whole index ranged from 0–0.25, all of which were less
than 0.35. The range of the matching coefficient is 0–1. A larger
W indicates a better coordination degree. The coordination
coefficients of all levels are shown in Table 2. It can be seen

from the table that the W values of the first, second, and third
level indicators are 1.000, 1.000, and 0.978, respectively. The P-
values calculated by the Chi-square test are all less than 0.05.
Statistics show that experts have a high degree of recognition of
all indicators, and the result is satisfactory.

Results of Expert Communications
The degree of expert opinion set is expressed with the mean and
SD of the index importance assignment. The larger the mean
value of significant distribution, the smaller the SD, indicating
the high importance of the index. The results of expert inquiry
showed that the mean range of important assignments for the
whole index was 3.44–5.00, and the SD range was 0–0.95. The
small difference indicated that the expert opinion was centralized.
After two rounds of expert consultation, it was finally determined
that the training content system for new nurses in tumor
specialized hospitals included two level I indicators, five level
II indicators, and 45 level III indicators. Tables 3, 4 show the
specific contents.

DISCUSSION

The Scientificity and Reliability of This
Study
In the Delphi expert inquiry method, the selection of experts is
related to the rationality and reliability of the research results
(7). In the process of selecting experts for this study, nursing
experts from departments such as oncology, internal medicine,
radiotherapy, thoracic surgery, gynecology and oncology, head
and neck surgery, breast surgery, liver and gallbladder surgery,
pancreas and stomach surgery, colorectal surgery, orthopedics,
neurosurgery, and nursing were selected and could continue to
participate in the two rounds of consultation in this study. These
experts had high academic levels and rich clinical experience
in relevant fields, ensuring the scientificity and authority of
research results.

The results obtained from this study showed that the
recoveries of the two rounds of questionnaires were 100%,
indicating that the enthusiasm of experts was high. The expert’s
judgment basis coefficient, familiarity coefficient, and authority
coefficient are 0.93, 0.82, and 0.87, respectively, which are all
greater than 0.7, indicating that the expert’s authority is high.
The W values of the indicators in the second round were 1.000,
1.000, and 0.978, respectively. The P-values calculated by the Chi-
square test were all less than 0.05, showing statistical significance,
indicating that experts had a high degree of approval for all
indicators. These research results indicated the reliability and
scientificity of the evaluation index system.

The Content of New Nurse Training System
in Tumor Specialized Hospital Based on
Competency
After two rounds of the Delphi expert consultation, the content
of a competency-based training system for new nurses in cancer
hospitals was finally established in this study. There were two
level I indicators: knowledge and skills and comprehensive
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FIGURE 1 | Degree of authority of the inquiry experts. (A) Expert judgment basis; (B) Know well degree; (C) Expert authority coefficient.
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TABLE 2 | Test results of coordination degree of two rounds of expert inquiry.

Number of

consultations

Indicator

hierarchy

Coordination

factor (w)

Chi-square

value

P value

Round 1 Level 1 indicators 1.000 17.000 <0.001

Level 2 indicators 1.000 68.000 <0.001

Level 3 indicators 0.966 1,477.957 <0.001

Round 2 Level 1 indicators 0.235 4.000 0.046

Level 2 indicators 1.000 68.000 <0.001

Level 3 indicators 0.978 1,496.007 <0.001

TABLE 3 | Results of level I and level II indexes of new nurse training content

system.

Indicator

code

Indicator name Importance

assignment

Variable

coefficient

Weight

I-1 Knowledge skills 4.94 ± 0.25 0.051 0.510

I-2 Comprehensive ability

accomplishment

4.75 ± 0.45 0.095 0.490

II-1 Nursing theory

knowledge

4.81 ± 0.40 0.083 0.491

II-2 Common nursing

operation technology

5.00 ± 0.00 0.000 0.510

II-3 Ability of practice 4.69 ± 0.48 0.102 0.326

II-4 Emergency capability 4.88 ± 0.34 0.070 0.339

II-5 Professional quality 4.81 ± 0.40 0.083 0.335

ability and accomplishment, five level II indicators: nursing
theoretical knowledge, common operation technology, practical
ability, emergency ability, and professional quality. The results
showed that ① in the training system, the common nursing
operation technology (0.510) ranked first in the weight value of
the level II, and its level III indicator included basic nursing
technology, tumor specialized nursing technology, emergency
nursing technology, and the use of instruments and equipment.
The weight of common nursing operation techniques was
higher than that of nursing theoretical knowledge, which might
be related to the fact that the new nurses had just finished
their school study career, and their theoretical knowledge was
relatively solid, but their operation skills were relatively weak.
The highest weight in the three indicators was emergency care
technology (0.271). As the number of critically ill patients
increases, the management of critically ill patients becomes more
challenging, says Kaldan (8). High-quality critical care practice
is essential for critical patient management. Research results
showed that the ability to provide emergency treatment and
cooperate with emergency treatment for critically ill patients was
urgently needed in clinical practice, but training in emergency
techniques was not widely available during the study period
(9). Therefore, the weight of emergency nursing technology, as
an important influencing factor of critical patient management
and urgently needed work ability in clinical practice, is in the
first place of the level III indicators. ② The nursing theoretical
knowledge (0.491), which included 13 parts such as rules

TABLE 4 | New nurse training content system level III index results.

Indicator

code

Indicator name Importance

assignment

Variable

coefficient

Weight

I-1 Knowledge skills

II-1 Nursing theory knowledge

III-1 First-aid knowledge 4.88 ± 0.34 0.070 0.089

III-2 Nursing safety

management

4.81 ± 0.40 0.083 0.088

III-3 Occupational protection

knowledge

4.81 ± 0.40 0.083 0.088

III-4 Hospital infection

prevention control

knowledge

4.75 ± 0.45 0.095 0.087

III-5 Nursing core system 4.81 ± 0.54 0.112 0.085

III-6 Nursing norm standard 4.75 ± 0.68 0.143 0.080

III-7 Tumor nursing specialist

knowledge

4.44 ± 0.89 0.200 0.076

III-8 Basic nursing knowledge 4.44 ± 0.73 0.164 0.074

III-9 Nursing related laws

regulations

4.19 ± 0.83 0.198 0.071

III-10 Hospital regulations 4.31 ± 0.95 0.220 0.070

III-11 Oncology specialist

knowledge

4.06 ± 0.85 0.209 0.065

III-12 Psychological nursing 4.00 ± 0.82 0.205 0.064

III-13 Standardized treatment

of pain

3.94 ± 0.77 0.195 0.063

II-2 Common nursing operation technology

III-14 Emergency nursing

technique

5.00 ± 0.00 0.000 0.271

III-15 Basic nursing technology 4.63 ± 1.03 0.222 0.247

III-16 Tumor specialist nursing

technology

4.63 ± 0.62 0.134 0.241

III-17 Instrument equipment use 4.63 ± 0.62 0.134 0.241

I-2 Comprehensive ability accomplishment

II-3 Ability of practice

III-18 Condition observation 4.63 ± 0.72 0.156 0.085

III-19 Symptom care 4.56 ± 0.73 0.160 0.083

III-20 Nursing document writing 4.56 ± 0.63 0.138 0.083

III-21 Information system

operation

4.56 ± 0.63 0.138 0.083

III-22 Teamwork 4.50 ± 0.82 0.182 0.080

III-23 Communication 4.44 ± 0.73 0.164 0.081

III-24 Health education 4.38 ± 0.81 0.185 0.080

III-25 Nursing rounds 4.25 ± 0.78 0.184 0.078

III-26 Autonomous learning 4.25 ± 0.68 0.160 0.078

III-27 Discussion on nursing

problems

4.00 ± 0.63 0.158 0.073

III-28 Workplan co-ordination

capacity

4.00 ± 0.82 0.205 0.071

III-29 Critical thinking ability 3.81 ± 0.83 0.218 0.067

III-30 Ward management 3.44 ± 0.89 0.259 0.058

II-4 Emergency capability

III-31 Emergency ability to use

drugs treat adverse

reactions

4.94 ± 0.25 0.051 0.148

(Continued)
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TABLE 4 | Continued

Indicator

code

Indicator name Importance

assignment

Variable

coefficient

Weight

III-32 Patient safety event

emergency response

capability

4.88 ± 0.34 0.070 0.146

III-33 Emergency ability to

cope with sudden

changes in illness

4.88 ± 0.50 0.102 0.141

III-34 Emergency treatment

ability of

chemotherapeutic drug

extravasation

4.81 ± 0.40 0.083 0.150

III-35 Emergency treatment

ability of

chemotherapeutic drug

overflow

4.75 ± 0.45 0.095 0.143

III-36 Fire safety emergency

capability

4.63 ± 0.50 0.108 0.139

III-37 Ability to handle

emergencies such as

water power outages

4.63 ± 0.62 0.134 0.133

II-5 Professional quality

III-38 Professional ethics 4.88 ± 0.34 0.070 0.141

III-39 Solitary spirit 4.88 ± 0.34 0.070 0.141

III-40 Medical ethics 4.75 ± 0.58 0.122 0.132

III-41 Emotional control 4.69 ± 0.60 0.128 0.130

III-42 Humanistic care 4.50 ± 0.73 0.162 0.119

III-43 Nurse etiquette 4.31 ± 0.70 0.162 0.114

III-44 Courtyard view culture 4.25 ± 0.86 0.202 0.114

III-45 Professional identity

planning

4.25 ± 0.93 0.219 0.109

and regulations, core system, basic knowledge, and specialized
knowledge, ranked second in the weight of secondary indicators.
Tariman’s research shows that knowledge is one of the main
factors affecting the ability of nurses specializing in the treatment
of tumors to work (10). Therefore, the theoretical knowledge
has a higher weight in the new nurse training system of tumor
hospitals. The first-aid knowledge (0.089) had the highest weight
in the level III indicators, which was consistent with the result
that the weight of emergency care technology was in the first
place. The knowledge related to emergency treatment is of high
importance in tumor hospitals, which may be related to the poor
general condition of tumor patients, urgent condition change,
and the rapid development of disease courses. The weights of
nursing safety management, occupational protection knowledge,
hospital infection prevention and control knowledge, nursing
core system, and nursing specification standard in the three-
level indicators were located at a higher level (0.080–0.088).
Considering that these contents were closely related to the
daily nursing work, it was the bottom line of nursing work,
and any mistake would cause adverse consequences, so the
importance was higher. The laws and regulations related to
nursing (0.071) and hospital rules and regulations (0.070) in
the level III indicators included the duties and rights of nurses.

The duties of nurses were clearly reflected in the core system
of nursing, nursing norms and standards, and other related
contents. However, the rights of nurses had a low degree of a close
relationship with clinical adverse events. Therefore, the weights
of nursing laws and regulations and hospital rules and regulations
were lower than those of nursing safety management. The
weights of psychological care and standardized pain treatment
(0.064 and 0.0629) were relatively low. Compared with these
two contents, emergency knowledge and other issues were
considered, which was related to the low urgency of clinical
needs. However, the hospice care and symptom care for cancer
patients involve psychological and pain related contents, so the
relevant training contents were retained in two rounds of an
expert consultation. ③ The third important factor in the weight
of secondary indicators was emergency response ability, which
included adverse drug reactions, chemotherapy extravasation,
safety and fire protection, etc. Patient safety is the primary
content of medical work, and the emergency ability of nurses
is closely related to the clinical outcome and safety problems
of patients. However, the emergency ability of new nurses is
generally weak (11). Strengthening the emergency ability of
new nurses can effectively improve the competency (12). The
highest weight of the level III indicators was emergency response
ability tomedication and adverse reaction after treatment (0.148),
which included medication error, anaphylactic shock, infusion
and blood transfusion reaction, etc. Medication and treatment
are frequently performed by nurses every day, and adverse
reactions have immediate and severe consequences. For example,
patients undergoing chemotherapy are prone to drug allergic
reactions due to drug accumulation in the body at the later
stage of treatment. With the increase in treatment cycles, the
allergic reactions gradually aggravate. Therefore, nurses need to
have a certain emergency ability to ensure smooth treatment
of patients and treatment safety (13, 14). ④ The professional
accomplishment (0.335) ranked fourth in the weight of secondary
indicators. Nursing is a subject that not only pays attention
to the practical operation but is also a specialty with high
requirements for professional accomplishment. The professional
ethics and self-caution in the level III indicators were ranked
first in the weight (0.141). Regular nurses who attach importance
to the cultivation of professional ethics have a high degree of
awareness of their own professional behavior and the teachers
have a high degree of satisfaction with their work performance
(15). According to Monroe’s research, nurses who had worked
for less than 10 years had low scores of professional values,
and the cultivation of professional ethics could improve the
professional values of the nurses, improve the quality of nursing
work, and reduce the turnover rate (16). The cultivation of
professional ethics and the spirit of self-caution is conducive
to improving the quality of nursing work and the professional
values of new nurses. The weight of emotional control (0.130)
was higher than that of humanistic care and nurse etiquette.
Considering that the emotions of cancer patients were generally
poor, nurses contacted patients most frequently before their
death. When faced with the dying state of the patients they were
nursing, the nurses would have psychological fluctuations such
as regret, anxiety, and fear (17, 18). Emotional control can reduce
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the negative emotions of nurses and improve their enthusiasm
in dealing with work. The occupational identity and planning
weights of the level III indicators were the lowest (0.109), which
was considered related to the ability that was not considered
as a clinically urgent need. However, the study has pointed out
that the professional identity has a positive correlation with the
competency and job performance of new nurses (19). Factors
that affected the professional identity of new nurses included
educational background, internship time, labor and personnel
relations, etc. It is recommended that targeted training programs
be adopted for new nurses with different academic qualifications
(20). Through systematic and targeted training, we can improve
the professional identity of new nurses and ultimately improve
the post-competency. ⑤ Practical ability (0.326) ranked fifth
in the weight of secondary indicators, including condition
observation, file writing, system operation, critical thinking, and
ward management. The content with the lowest weight of the
level was ward management (0.058), but ward management is
not only the responsibility of the management position, nurses
need to provide patients, families, and other medical staff with
nursing related knowledge, also need to effectively take charge
of the daily management affairs of the ward and to ensure the
smooth progress (21). A good ward manager should have solid
knowledge theory, operation technology, good overall planning
ability, and communication ability, etc., can do a good job in the
ward management, so for new nurse training ward management
cannot as the focus, suggestions in the follow-up stratified
training to follow up.

CONCLUSION

In the new nurse training content system based on post-
competency in cancer hospital constructed in this study, the
expert opinions of evaluation indicators at all levels tend to
be consistent, with high credibility and a certain degree of
science and authority, which can provide a reference for the
training of new nurses in the cancer hospital. This study did not
test the effectiveness and effect of the training content system.
Therefore, the effect of the study of this training content system

will be the main content of the next study. It was suggested
that hospice care and spiritual care should be included in future
research so that new nurses with different academic qualifications
could receive targeted training according to the difficulty of the
training content.
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Prospective Monitoring Model in the
Nursing Management of Breast
Cancer Patients During Perioperative
Period
Huan Zhang*, Yu Duan and Fengming Zhou

Breast Cancer Center, Affiliated Tumor Hospital of Chongqing University, Chongqing, China

Purpose: To explore the application value of prospective monitoring model in the nursing

management of breast cancer patients during perioperative period.

Methods: 300 perioperative breast cancer patients admitted to our hospital from

January to August 2021 were randomly divided into the control group (n = 150) and

the model group (n = 150). Both groups used routine nursing management, and the

model group added nursing management based on a prospective monitoring model.

The quality of surgical nursing, circumference of the upper limbs, and the scores of

disability of arm-shoulder-hand (DASH), exerciseofself-care agencyscale (ESCA), social

self-esteem scale (SSES), multidimensional fatigue symptom inventory-short form (MFSI-

SF) and functional assessment of cancer therapy-breast cancer (FACT-B) were compared

of the two groups.

Results: Postoperatively, the quality of surgical nursing was better in the model group

than in the control group (P < 0.05). At 3 months postoperatively, the number of cases

of upper limb lymphedema was higher in both groups than before (P < 0.05), but there

was no statistical difference between the two groups in the preoperative and 3 months

postoperative comparisons (P> 0.05). At 3months postoperatively, the total DASH score

was higher than preoperatively in both groups, but lower in the model group than in the

control group (P < 0.05). After nursing, the ESCA and SSES scores of each dimension

were higher in both groups than before, and the model group was higher than the control

group (P < 0.05). At 3 months postoperatively, the total MFSI-SF score was lower than

preoperatively in both groups, and lower in the model group than in the control group

(P < 0.05). At 3 months postoperatively, the FACT-B scores of each dimensions were

higher in the model group than in the control group (P < 0.05).

Conclusion: The implementation of nursing management based on a prospective

monitoringmodel for breast cancer patients during the perioperative period has important

clinical value in improving the quality of surgical nursing and improving postoperative

upper limb lymphedema, upper limb function, self-care ability, social self-esteem, cancer-

related fatigue symptoms, quality of life, etc.

Keywords: breast cancer, perioperative, prospective monitoring model, value, application
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INTRODUCTION

Breast cancer has the highest incidence of malignant tumors
among women in China and worldwide (1, 2). In China,
the 5-year survival rate for breast cancer patients is about
73%, much lower than the 90% in the United States. The
combination of surgery, radiation and chemotherapy treatment
creates favorable conditions for saving the lives of breast cancer
patients and prolonging their postoperative survival. However,
the treatment is prone to several complications, such as upper
limb lymphedema (3), upper limb dysfunction (4), subcutaneous
effusion (5), flap necrosis (6), cancer-related fatigue (7), pain
syndrome (8), Toxic side effects during radiotherapy and
chemotherapy (9), anxiety and depression (10), and sleep
disorders (11). All of these complications can seriously impair
the physical, functional, emotional and family/social health
of patients, which in turn affects the postoperative recovery
process and the quality of postoperative survival. For this
reason, while clinically providing advanced surgical techniques
for breast cancer patients, it is also necessary to focus on the
postoperative rehabilitation.

Combined with previous studies, our rehabilitation care for
perioperative breast cancer patients lacks individual relevance
and overall predictability. On the one hand, the health education
for patients by medical and nursing staff is too mechanical and
formalized, without paying attention to the real feelings and
needs of each patient from a humanistic perspective, resulting in
patients’ deviation or disinterest in the content of the education,
thus failing to achieve the purpose of cultivating patients’ health
self-care ability. On the other hand, the focus of medical staff ’s
care is to solve the problems that patients have already shown.
The lack of prospective intervention for possible complications
or psychological problems is not conducive to the resolution of
postoperative physical and mental problems. A new, intuitive,
and comprehensive humanized nursing management program is
yet to be implemented.

The prospective detection model is a set of clinical care
management protocols proposed by Stout et al. (12) for
the perioperative and Post-discharge follow-up phases of
breast cancer. In previous studies abroad, it has the roles
of providing health education guidance, monitoring breast
cancer treatment-related physical and mental problems and
dysfunction, identifying early injuries, introducing means of
rehabilitation interventions when determining impairments,
and promoting patients’ health self-care behaviors. In recent
years, our department has introduced a nursing management
program based on a prospective monitoring model into the
nursing management of perioperative breast cancer patients, and
observed the impact of the prospective monitoring model on
the postoperative recovery of breast cancer patients in China,
in order to provide a favorable reference for the selection of a
nursing model for perioperative breast cancer patients in China.

MATERIALS AND METHODS

Research Object
Three hundred perioperative breast cancer patients admitted
to our hospital from January to August of 2021 were

TABLE 1 | Comparison of general conditions of two groups.

Itmes Control

group

(n = 150)

Model group

(n = 150)

t/χ2 value P value

Age (years old) 45.26 ± 6.02 44.98 ± 5.89 0.407 0.684

BMI (kg/m2) 22.89 ± 1.54 22.78 ± 1.62 0.603 0.547

Years of education

(years)

12.54 ± 1.56 12.60 ± 1.55 0.334 0.739

Menopause or not (%) 0.484 0.487

Yes 79 (52.67) 85 (56.67)

No 71 (47.33) 65 (43.33)

Location of onset (%) 0.120 0.729

Left 77 (51.33) 74 (49.33)

Right 73 (48.67) 76 (50.67)

Pathological type (%) 0.140 0.708

Invasive cancer 102 (68.00) 105 (70.00)

Non-invasive cancer 48 (32.00) 45 (30.00)

Clinical stage (%) 1.113 0.774

0 12 (8.00) 10 (6.67)

I 64 (42.67) 57 (38.00)

II 44 (29.33) 50 (33.33)

III 30 (20.00) 33 (22.00)

Surgery type (%) 0.133 0.715

Modified radical

mastectomy

97 (64.67) 100 (66.67)

Breast

conservation

53 (35.33) 50 (33.33)

selected. Inclusion criteria: age ≥20 years; belonged to primary
breast cancer; first diagnosis of breast cancer by pathological
examination or imaging techniques; clinical stage 0∼III;
single lesion without lymph node or distant metastasis; those
who intended to be treated by modified radical surgery
or breast-conserving surgery in our hospital; those who
communicated well and could cooperate with the study;
those who voluntarily signed the informed consent form.
Exclusion criteria: combination of other malignant tumors
or breast cancer caused by metastasis from other malignant
tumors; combination of upper limb disability; combination of
cardiogenic, nephrogenic or dystrophic edema; contraindication
to surgery; pregnancy or lactation; combination of diabetes
mellitus, immune disorders or severe liver diseases; severe
intellectual deficiency, mental illness or cognitive impairment.
Patients who met the inclusion criteria were randomly and
equally divided into the control group (n = 150), and the model
group (n = 150). Comparing the general conditions of age,
menstruation, and type of surgery between the two groups, there
were no statistical differences and were comparable (P > 0.05).
As shown in Table 1.

Research Methods
Routine nursing management for the control group. That was:
preoperative stage: routine preoperative preparations (such as
skin preparation, drug preparation, preoperative examination,
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etc.); reminded to start fasting and drinking at 22:00 on the night
preoperatively; relieved patients’ preoperative anxiety, etc. Early
postoperative stage: wound and drainage tube care, elevation and
braking of the affected limb, distribution of case management
manuals, instruction on rehabilitation of the affected limb
and discharge precautions, etc. Follow-up stage: patients were
followed up by telephone 3 days after discharge. The follow-up
visit includes answering patients’ concerns, instructing them on
the methods of living food, pipe maintenance and rehabilitation
training, and helping them to arrange matters related to hospital
admission and return to hospital for review.

The model group was applied routine nursing management+
nursing management based on a prospective monitoring model.
This was:

Preoperative stage: The investigators used an assessment tool
to conduct a baseline assessment of the patients and, based
on the assessment, provided health education on preoperative
and postoperative care plans before surgery. Patients were
instructed to learn skills and methods of injury recognition,
self-monitoring, self-management, and health promotion before
surgery. Specifically: ① Preoperatively, organizing patients to
watch breast cancer health education videos and distributing
case management manuals for learning about surgery, treatment-
related knowledge, procedures and precautions;② Individualized
psychological care for the patient’s psychological state was carried
out, such as instructing the patient to relieve psychological
pressure through relaxation training ormeditation;③ Instructing
patients in postoperative rehabilitation nursing methods, such
as raising and braking the upper limbs, and informing patients
about the methods of ankle pump exercise, movement and
functional exercise of the affected limb; ④ Guiding patients
to self-care nursing methods for postoperative wounds and
drainage tubes to prevent complications; ⑤ Guiding patients
to self-identify and self-detect possible precursor symptoms,
and informing patients of ways to avoid future risks, such
as avoiding the use of affected limbs to measure blood
pressure, blood draw, and infusion to prevent lymphedema;
⑥ Analysis and prevention of various problems that might
occur intraoperatively by means of quality control management
methods or failure mode and effect analysis (13). For example, we
strictly checked the instruments and equipment in the operating
room before surgery to ensure their normalcy, sterility and
integrity, and completely recorded the use and handling of
intraoperative items.

Early postoperative stage: that was the period of time
from the end of surgery to discharge. Patients’ physical and
mental status was reassessed by the researcher and self-
assessed at any time by the patients themselves. Based on the
assessment results, the patient’s early rehabilitation training
components were again developed and directed. Specifically:
① On the day after surgery, guiding patients to exercise the
ankle pump to promote blood and lymphatic return to the
lower extremities; ② On the 1st postoperative day, patients
underwent aerobic exercise and health care providers again
provided health education on postoperative care, exercise and
functional exercise, and nutrition; ③ Conducting a health
talk on breast cancer-related knowledge every Thursday to

instruct patients on damage recognition and self-management
methods; ④ On the day of discharge, re-guidance Post-
discharge motor function training, risk identification, injury
management, psychological counseling, and self-monitoring
for patients and their families; ⑤ Baseline data testing was
repeated during this period, and individualized intervention
protocols were initiated once patients’ self-assessment reports
or researcher monitoring identified physical impairment
(for example, when the arm circumference difference of
the same measurement point of the affected and healthy
limb was >2.0 cm, or when there was obvious pain or
limited mobility).

Post-discharge continuous monitoring stage: nn the basis of
routine return to hospital and review follow-up, the researchers
assessed the physical and mental status of patients at 1, 2 and
3 months after surgery, and patients self-assessed at any time.
Based on the assessment results, the researchers provided health
education to patients on self-monitoring and self-management,
and taught them injury recognition (e.g., early detection of
related sequelae) and health promotion (e.g., methods of
functional rehabilitation of the affected limb, maintaining
healthy lifestyle behaviors) skills. At follow-up, patients were
assessed for recovery of the affected limb, cause-related fatigue,
occurrence of postoperative complications, quality of life, and
self-care ability. Individualized interventions were initiated if
changes were monitored during this period compared to the
preoperative period, and if not, follow-up was continued after a
1-month interval.

Observation Index
Quality of surgical nursing: postoperatively, the quality of
surgical nursing in both groups was assessed by our own
“Surgical Nursing Care Quality Assessment Form”. The
Cronbach’s α coefficient was 0.735. It contained 6 dimensions:
material management, aseptic situation, nursing records, health
education, basic nursing, knowledge assessment. Each item was
scored from 0 to 100, and the score was positively correlated with
the quality of surgical nursing.

Upper limb circumference: Preoperatively and 3 months
postoperatively, upper limb circumference was measured in both
groups to assess the occurrence of upper limb lymphedema.
Upper limb lymphedema was diagnosed if the difference in
arm circumference between the same measurement point on the
healthy and the affected side was >2.0 cm.

Disability of arm-shoulder-hand (DASH) score: The
functional recovery of the affected limbs in both groups was
assessed by DASH preoperatively and 3 months postoperatively.
It contained 2 parts, A (23 items) and B (7 items). Each item
was scored 1–5, total score = (A+B total score −30) /1.2. Total
score 0∼100 represented normal∼extremely restricted upper
limb function.

Exercise of self-care agency scale (ESCA) score: Before and
after nursing, the self-care ability of both groups was assessed
by ESCA. It included 4 dimensions: health knowledge level (0–
68 scores), self-concept (0–32 scores), self-responsibility (0–24
scores) self-nursing skills (0–48 scores). Scores were directly
proportional to self-care ability.
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Social self-esteem scale (SSES) scores: Before and after care,
social self-esteem was assessed by SSES in both groups. It
included 20 items in 3 dimensions: social self-esteem, behavioral
self-esteem, and appearance self-esteem. A total of 100 points
were scored, and the scores were proportional to the level
of self-esteem.

Multidimensional fatigue symptom inventory-short form
(MFSI-SF) score: Preoperatively and 3 months postoperatively,
the degree of cancer-caused fatigue was assessed by MFSI-SF in
both groups. It contained 5 dimensions: physical fatigue (0–24
scores), mental fatigue (0–20 scores), emotional fatigue (0–20
scores), general fatigue (0–20 scores), and vitality (0–24 scores).
The total score was the total score of the first 4 dimensions–
vitality score. The total score was proportional to the level
of fatigue.

Functional assessment of cancer therapy-breast cancer
(FACT-B) score: 3 months postoperatively, the quality of
life was assessed by FACT-B in both groups. It included
5 dimensions: somatic condition (0–28 scores), functional
condition (0–28 scores), emotional condition (0–24 scores),
social/family condition (0–28 scores), and additional concerns
(0–36 scores). The score was directly proportional to the
quality of life.

Statistical Methods
SPSS 22.0 software was applied, and the measurement data
were expressed as mean ± standard deviation and compared
by t-test. Count data were expressed as ratios, and the χ

2

test was used for comparison. P < 0.05 was considered
statistically significant.

RESULTS

Comparison of the Quality of Surgical
Nursing of Two Groups
Postoperatively, the model group had better quality of nursing
scores than the control group on material management,
aseptic situation, nursing records, health education, basic
nursing, knowledge assessment (P < 0.05). As shown
in Figure 1.

Comparison of Upper Limb Lymphedema
of Two Groups
At 3 months postoperatively, the number of cases of upper limb
lymphedema was higher in both groups than before (P < 0.05),
but there was no statistical difference between the two groups in
the preoperative and 3 months postoperative comparisons (P >

0.05). As shown in Figure 2.

Comparison of Total DASH Scores of Two
Groups
At 3 months postoperatively, the total DASH score was higher
than preoperatively in both groups, but lower in the model group
than in the control group (P < 0.05). As shown in Figure 3.

FIGURE 1 | Comparison of the quality of surgical nursing of two groups. Compared with the control group in the same dimension, *P < 0.05.
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FIGURE 2 | Comparison of upper limb lymphedema of two groups.

Compared with the same group preoperatively, *P < 0.05.

FIGURE 3 | Comparison of total DASH scores of two groups. Compared with

the same group preoperatively, *P < 0.05; compared with the control group 3

months postoperatively, #P < 0.05.

Comparison of ESCA Scores of Each
Dimension of Two Groups
After nursing, the ESCA scores of each dimension were higher in
both groups than before, and the model group was higher than
the control group (P < 0.05). As shown in Figure 4.

Comparison of SSES Scores of Each
Dimension of Two Groups
After nursing, the SSES scores of each dimension were higher in
both groups than before, and the model group was higher than
the control group (P < 0.05). As shown in Figure 5.

Comparison of Total MFSI-SF Scores of
Two Groups
At 3 months postoperatively, the total MFSI-SF score was lower
than preoperatively in both groups, and lower in themodel group
than in the control group (P < 0.05). As shown in Figure 6.

Comparison of FACT-B Scores of Each
Dimension of Two Groups
At 3 months postoperatively, the FACT-B scores of each
dimension were higher in the model group than in the control
group (P < 0.05). As shown in Figure 7.

DISCUSSION

Surgery is an indispensable part of the comprehensive treatment
of breast cancer, and high-quality surgical care is of great
significance to increase the success rate of surgery and prolong
the survival rate of patients. In the results of this study, the
quality of surgical nursing was better in the model group
than in the control group (P < 0.05). Analyzing its reasons,
this study implements a nursing management program based
on a prospective monitoring model. Through prospective
intervention methods such as quality control management or
failure mode effect analysis, it analyzes the causes of various
problems and loopholes that may occur during surgery under
the conventional nursing mode, and proposes appropriate and
effective intervention plans and improvements accordingly.
Therefore, the purpose of significantly improving the quality of
surgical care can be achieved.

Upper extremity lymphedema is one of the most common
complications during the 3 months to 3 years after breast
cancer surgery (14). Statistically, its incidence could increase
from 5 to 11% at 3–6 months postoperatively and up to
75% at 2 years postoperatively (15). It can cause chronic
swelling, pain, numbness, dysfunction and other symptoms in
the affected limb, subsequently leading to a series of physical,
psychological and social problems (16). The incidence of upper
limb lymphedema in the control group (3.33%) and model
group (2.67%) preoperatively in this study was similar to
previous statistics. At 3 months postoperatively, the incidence of
lymphedema was higher in both the control group (11.33%) and
the model group (8%) than preoperatively (P < 0.05), but there
was no statistical difference between the two groups (P > 0.05).
This suggested that the use of a prospective monitoringmodel for
breast perioperative patients was no different from conventional
care in preventing postoperative upper limb lymphedema. This
might be related to the occult of the onset of upper limb
lymphedema as a chronic complication (17). Moreover, the
disease mostly occurs after 3 months postoperatively, while the
postoperative observation period in this study was intercepted
only up to 3 months postoperatively. Therefore, the results of
this study cannot prove the long-term effect of the prospective
monitoring model in the prevention and treatment of upper
limb lymphedema.

Upper limb dysfunction is another common complication of
breast cancer surgery. Its onset is associated with inadequate
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FIGURE 4 | (A) Health knowledge level (scores). (B) Self-concept (scores). (C) Self-responsibility (scores). (D) Self-nursing skills (scores). Comparison of ESCA scores

of each dimension of two groups. Compared with the same group before nursing, *P < 0.05; compared with the control group after nursing, #P < 0.05.

execution or inappropriatemodalities of postoperative functional
training of patients, inadequate education or inadequate expertise
of health care professionals. In the results of this study, at
3 months postoperatively, the total DASH score was higher
than preoperatively in both groups, but lower in the model
group than in the control group (P < 0.05); After nursing,
the ESCA scores of each dimension were higher in both
groups than before, and the model group was higher than the
control group (P < 0.05). Analyzing the reasons for this, we
provided repeated rehabilitation training instruction and injury
recognition, self-monitoring and self-management education
during the preoperative, early postoperative and Post-discharge

continuous monitoring stages in the care management of the
model group. This not only helped to meet patients’ needs for
knowledge about breast cancer rehabilitation and strengthen
their understanding and memory of the knowledge, but also
helped to promote patients’ health self-care behaviors and
implementation.Moreover, continuousmonitoringmanagement
and individualized intervention during the follow-up period after
discharge can effectively ensure the integrity and continuity
of postoperative functional training of patients, and play a
certain role in supervising and regulating patients’ health
self-care behaviors. Therefore, the implementation of nursing
management based on the prospective monitoring model is
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FIGURE 5 | (A) Social self-esteem (scores). (B) Behavioral self-esteem (scores). (C) Appearance self-esteem (scores). Comparison of SSES scores of each dimension

of two groups. Compared with the same group before nursing, *P < 0.05; compared with the control group after nursing, #P < 0.05.

very beneficial to promote the rehabilitation of the affected
limb function and the self-care ability of patients after breast
cancer surgery.

Self-esteem is the result of self-evaluation and social
comparison triggered by social situations, social self-esteem is
a self-maintenance mechanism for individuals under external
pressure, and a high social self-esteem state can effectively isolate
individuals from stress in the environment (18). Based on the
dual pressure of life threatening and loss of female physical
characteristics, breast cancer surgery patients have more sensitive
internal indicators and lower self-esteem levels compared to
patients with other malignancies (19). After care in this study,
patients in the model group had significantly higher social,
behavioral, and appearance self-esteem levels than the control

group (P < 0.05). Analyzing the reasons, the application of the
prospective monitoring model in this group, the researchers’
interval assessment of patients’ physical and mental status
could identify their potential negative emotional threats and
psychiatric treatment needs through their behavioral responses in
a timely manner, and provided positive psychological counseling
accordingly, which could help patients relieve psychological
stress, correct disease perceptions, establish treatment concepts,
and rebuild their self-image in a timely manner. As a
result, it was beneficial to restore the patient’s level of
social self-esteem.

Cancer-related fatigue is a persistent subjective feeling
of fatigue and lack of energy associated with tumors or
antineoplastic treatment (20). It can affect many aspects of
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FIGURE 6 | Comparison of total MFSI-SF scores of two groups. Compared

with the same group preoperatively, *P < 0.05; compared with the control

group 3 months postoperatively, #P < 0.05.

FIGURE 7 | Comparison of FACT-B scores of each dimension of two groups.

Compared with the control group in the same dimension, *P < 0.05.

patients, such as body, emotion, function, cognition and social
interaction, etc., so it is also closely related to the decline of the
patient’s quality of life (21). At 3 months postoperatively in this
study, the total MFSI-SF score was lower than preoperatively
in both groups, and lower in the model group than in the
control group (P< 0.05). At 3months postoperatively, the FACT-
B scores of each dimensions were higher in the model group
than in the control group (P < 0.05). This suggested that the
implementation of care management based on a prospective
monitoring model contributed to the improvement of fatigue

symptoms and quality of life in patients after breast cancer
surgery. After breast cancer surgery, the inevitable decrease
in self-care ability and negative psychological status can cause
cancer-related fatigue symptoms. In this study, the monitoring
and positive guidance of patients’ physical and mental status
were emphasized in the preoperative, early postoperative and
Post-discharge continuous monitoring stages. Among them, the
method of instructing patients in relaxation training and aerobic
exercise training helped to reduce the level of physical fatigue
of patients; the method of instructing patients to meditate
helped to reduce the level of mental fatigue of patients. And
helping patients learned self-monitoring and self-management
was helpful for timely individualized intervention plans when
abnormal physical and mental states were found. Thus, the
implementation of nursing management based on a prospective
monitoring model for perioperative breast cancer patients is an
effective way to reduce cancer-related fatigue and improve the
quality of life of patients after surgery.

CONCLUSION

Supportive care is an extremely important part of the
rehabilitation process for breast cancer patients. The application
of the prospectivemonitoringmodel of this study in breast cancer
patients during perioperative period could effectively address
multiple issues, including improving the quality of surgical
nursing for breast cancer patients, protecting musculoskeletal
health after surgery, promoting patients’ health self-care
behaviors and abilities, rebuilding social self-esteem and self-
image, reducing cancer-caused fatigue symptoms, and improving
quality of life.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Affiliated Tumor
Hospital of Chongqing University. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

All authors of this study have made equal contributions,
including research design, result testing, data statistics, and
paper writing.

FUNDING

Decision Consultation and Management Innovation Project of
Shapingba District, Chongqing, Jcd202118.

Frontiers in Surgery | www.frontiersin.org 8 February 2022 | Volume 9 | Article 850662223

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhang et al. Prospective Monitoring Model

REFERENCES

1. Barzaman K, Karami J, Zarei Z, Hosseinzadeh A, Kazemi MH, Moradi-
Kalbolandi S, et al. Breast cancer: biology, biomarkers, and treatments. Int
Immunopharmacol. (2020) 84:106535. doi: 10.1016/j.intimp.2020.106535

2. Britt KL, Cuzick J, Phillips KA. Key steps for effective breast cancer prevention.
Nat Rev Cancer. (2020) 20:417–36. doi: 10.1038/s41568-020-0266-x

3. Surmeli M, Cinar Ozdemir O. The effect of upper limb lymphedema in
posture of patients after breast cancer surgery. J Back Musculoskelet Rehabil.
(2021) 29. doi: 10.3233/BMR-210049

4. Siqueira TC, Frágoas SP, Pelegrini A, de Oliveira AR, da Luz CM. Factors
associated with upper limb dysfunction in breast cancer survivors. Support
Care Cancer. (2021) 29:1933–40. doi: 10.1007/s00520-020-05668-7

5. Yang C, Wang X, Zhang G, Yang L, Guo X, Wang X, et al. Assessment
of the use of latissimus dorsi restoration during modified radical
mastectomy in breast cancer patients. Mol Clin Oncol. (2017) 7:1089–
92. doi: 10.3892/mco.2017.1435

6. Pruimboom T, Schols RM, van Kuijk SM, van der Hulst RR, Qiu SS.
Indocyanine green angiography for preventing postoperative mastectomy
skin flap necrosis in immediate breast reconstruction. Cochrane Database Syst
Rev. (2020) 4:CD013280. doi: 10.1002/14651858.CD013280.pub2

7. Gupta A, Hussain SM, Nayyar HK, Sonthwal N, Manaktala R, Chaturvedi H.
Perception, magnitude, and implications of cancer-related fatigue in breast
cancer survivors: study from a developing country. J Cancer Res Ther. (2021)
17:998–1002. doi: 10.4103/jcrt.JCRT_151_19

8. Reghunathan M, Rahgozar P, Sbitany H, Srinivasa DR. Breast
reconstruction does not increase the incidence of postmastectomy
pain syndrome: results of a meta-analysis. Ann Plast Surg. (2020)
84:611–7. doi: 10.1097/SAP.0000000000002062

9. Liyanage PY, Hettiarachchi SD, Zhou Y, Ouhtit A, Seven ES,
Oztan CY, et al. Nanoparticle-mediated targeted drug delivery for
breast cancer treatment. Biochim Biophys Acta Rev Cancer. (2019)
1871:419–33. doi: 10.1016/j.bbcan.2019.04.006

10. Lovelace DL, McDaniel LR, Golden D. Long-term effects of breast cancer
surgery, treatment, and survivor care. J Midwifery Womens Health. (2019)
64:713–24. doi: 10.1111/jmwh.13012

11. Schreier AM, Johnson LA, Vohra NA, Muzaffar M, Kyle B.
Post-treatment symptoms of pain, anxiety, sleep disturbance,
and fatigue in breast cancer survivors. Pain Manag Nurs. (2019)
20:146–51. doi: 10.1016/j.pmn.2018.09.005

12. Stout NL, Binkley JM, Schmitz KH, Andrews K, Hayes SC, et al. A prospective
surveillance model for rehabilitation for women with breast cancer. Cancer.
(2012) 118:2191–200. doi: 10.1002/cncr.27476

13. Pueyo-López C, Sánchez-Cuervo M, Vélez-Díaz-Pallarés M, Ortega-
Hernández-Agero T, Salazar-López de Silanes EG. Healthcare failure mode
and effect analysis in the chemotherapy preparation process. J Oncol Pharm
Pract. (2021) 27:1588–95. doi: 10.1177/1078155220962189

14. Borman P, Yaman A, Yasrebi S, Özdemir O. The importance of
awareness and education in patients with breast cancer-related
lymphedema. J Cancer Educ. (2017) 32:629–33. doi: 10.1007/s13187-016-
1026-1

15. Ammitzbøll G, Johansen C, Lanng C, Andersen EW, Kroman N, Zerahn B, et
al. Progressive resistance training to prevent arm lymphedema in the first year
after breast cancer surgery: results of a randomized controlled trial. Cancer.
(2019) 125:1683–92. doi: 10.1002/cncr.31962

16. Simon M, Vignes S. Enquête en médecine générale sur les lymphœdèmes du
membre supérieur après cancer du sein [General practitioner questionnaire
concerning upper limb lymphedema after breast cancer]. J Med Vasc. (2019)
44:3–8. doi: 10.1016/j.jdmv.2018.11.004

17. Polat AV, Ozturk M, Polat AK, Karabacak U, Bekci T, Murat N.
Efficacy of ultrasound and shear wave elastography for the diagnosis
of breast cancer-related lymphedema. J Ultrasound Med. (2020) 39:795–
803. doi: 10.1002/jum.15162

18. Aprilianto E, Lumadi SA, Handian FI. Family social support and
the self-esteem of breast cancer patients undergoing neoadjuvant
chemotherapy. J Public Health Res. (2021) 10:2234. doi: 10.4081/jphr.2021.
2234

19. Yektatalab S, Ghanbari E. The relationship between anxiety and self-esteem
in women suffering from breast cancer. J Midlife Health. (2020) 11:126–
32. doi: 10.4103/jmh.JMH_140_18

20. Thong MSY, van Noorden CJF, Steindorf K, Arndt V. Cancer-related fatigue:
causes and current treatment options. Curr Treat Options Oncol. (2020)
21:17. doi: 10.1007/s11864-020-0707-5

21. Pearson EJM, Morris ME, di Stefano M, McKinstry CE. Interventions
for cancer-related fatigue: a scoping review. Eur J Cancer Care. (2018)
27. doi: 10.1111/ecc.12516

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhang, Duan and Zhou. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org 9 February 2022 | Volume 9 | Article 850662224

https://doi.org/10.1016/j.intimp.2020.106535
https://doi.org/10.1038/s41568-020-0266-x
https://doi.org/10.3233/BMR-210049
https://doi.org/10.1007/s00520-020-05668-7
https://doi.org/10.3892/mco.2017.1435
https://doi.org/10.1002/14651858.CD013280.pub2
https://doi.org/10.4103/jcrt.JCRT_151_19
https://doi.org/10.1097/SAP.0000000000002062
https://doi.org/10.1016/j.bbcan.2019.04.006
https://doi.org/10.1111/jmwh.13012
https://doi.org/10.1016/j.pmn.2018.09.005
https://doi.org/10.1002/cncr.27476
https://doi.org/10.1177/1078155220962189
https://doi.org/10.1007/s13187-016-1026-1
https://doi.org/10.1002/cncr.31962
https://doi.org/10.1016/j.jdmv.2018.11.004
https://doi.org/10.1002/jum.15162
https://doi.org/10.4081/jphr.2021.2234
https://doi.org/10.4103/jmh.JMH_140_18
https://doi.org/10.1007/s11864-020-0707-5
https://doi.org/10.1111/ecc.12516
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


ORIGINAL RESEARCH
published: 23 February 2022

doi: 10.3389/fsurg.2022.842823

Frontiers in Surgery | www.frontiersin.org 1 February 2022 | Volume 9 | Article 842823

Edited by:

Songwen Tan,

Central South University, China

Reviewed by:

Xiaming Pei,

Hunan Cancer Hospital, China

Qiang Wang,

Guizhou University, China

*Correspondence:

Shufang Mi

caohua64@126.com

Specialty section:

This article was submitted to

Visceral Surgery,

a section of the journal

Frontiers in Surgery

Received: 24 December 2021

Accepted: 12 January 2022

Published: 23 February 2022

Citation:

Mi S, Zhang L, Li M, Dong Z, Tian C

and Fu M (2022) Expression of

Enhancer-Binding Protein CEBPA

mRNA and Protein in Ovarian Cancer

and Its Relationship With

Pathobiological Characteristics.

Front. Surg. 9:842823.

doi: 10.3389/fsurg.2022.842823

Expression of Enhancer-Binding
Protein CEBPA mRNA and Protein in
Ovarian Cancer and Its Relationship
With Pathobiological Characteristics

Shufang Mi 1*, Limei Zhang 1, Mo Li 1, Zhiting Dong 2, Chenchen Tian 1 and Minwen Fu 2

1Gynaecology and Obstetrics, Affiliated Hospital of Beihua University, Jilin City, China, 2Gynaecology and Obstetrics, Jilin

City Maternity Hospital, Jilin City, China

Ovarian cancer is a common malignant tumor, its early onset is hidden, lack of specific

symptoms, the location of the lesion is particularly hidden, which makes it difficult

to find ovarian lesions by general detection, making it difficult to make an early

clinical diagnosis. Therefore, it is still the focus and difficulty of ovarian cancer

research to find the means of early diagnosis and prognosis of ovarian cancer.

Cytosine-cytosine-adenosine-adenosine-thymidine (CCAAT) enhancer-binding protein

α (CEBPA) has been proved to be involved in cell metabolism, proliferation, and

differentiation. In this study, the expression of CEBPA mRNA and protein in normal

ovary, epithelial ovarian cyst, ovarian borderline tumor, and ovarian cancer was detected,

the relationship between CEBPA and pathobiological characteristics of ovarian cancer

was discussed, and its influence on the prognosis of patients with ovarian cancer was

analyzed. The results showed that the expression of CEBPA mRNA and protein in

patients with ovarian borderline tumor and ovarian cancer is high, and the expression

of CEBPA has no obvious correlation with the pathobiological characteristics of patients

with ovarian cancer, and the high expression of CEBPA has an important value in the

diagnosis of ovarian cancer, and it is also a poor prognostic factor of the disease.

Keywords: ovarian cancer, CCAAT enhancer-binding protein α, protein, pathobiological characteristics, prognosis

INTRODUCTION

Ovarian cancer is closely related to factors, such as heredity and hormone level. It is a complicated
process that involves many factors, genes, and steps, and the peak period of ovarian cancer is over
45 years old (1). The clinical manifestations of ovarian cancer are mostly pain, and some patients
may be accompanied by lower abdominal mass, irregular menstruation, etc. According to the global
cancer report, in 2020, 4.43 million cases of cancer deaths among women worldwide, i.e., 210,000
cases of ovarian cancer (2). The main features of ovarian cancer are high morbidity and mortality,
early-onset concealment, lack of specific symptoms, rapid progression, and high malignancy (3, 4).
In addition, the ovary is deep in the pelvic cavity, with a special shape, particularly, hidden lesion
location and diverse histological types. Therefore, it is difficult to detect ovarian lesions in general
detection, making early clinical diagnosis more difficult (5). Cytoreductive surgery and adjuvant
chemotherapy are common methods for the treatment of ovarian cancer, which are effective for
more than 80% of patients with ovarian cancer and have achieved remarkable curative effects.
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However, due to the serious drug resistance of chemotherapy
drugs, the recurrence rate of patients after treatment is high
and the prognosis is not good (6). Therefore, we need to take
measures to improve patient outcomes.

Cytosine-cytosine-adenosine-adenosine-thymidine/enhancer-
binding proteins (C/EBPs) is a transcriptional regulatory factor
of eukaryotic cells discovered by Graves’ team in 1987. The
C/EBP family has six members, C/EBPα, C/EBPβ, C/EBPγ,
C/EBPδ, C/EBPε and C/EBPζ, and C/EBP α [CCAAT enhancer-
binding protein α (CEBPA)], that contains 358 amino acids and
is encoded by the CEBPA gene, with a total length of 3,318
bp and no intron (7). This transcription factor can inhibit cell
proliferation by interacting with other proteins or regulating the
chromatin remodeling complex. At the same time, CEBPA is
involved in the regulation of hematopoiesis and the terminal
differentiation of adipocytes, different epithelial cells, and other
types of cells (8, 9). CEBPA not only balances cell proliferation
and differentiation but also regulates cell metabolism, inhibits
the process of the cell cycle, and participates in the mitosis of
many cell lines. These functions can well-show the cell growth
inhibition activity of CEBPA (10, 11).

Up to now, there has been no report describing how CEBPA
is expressed in ovarian cancer tissues, and how the change
of its expression affects the occurrence, prognosis of ovarian
cancer. By detecting the expression of CEBPAmRNA and protein
in ovarian cancer, the relationship between CEBPA level and
clinicopathological features of ovarian cancer and its influence
on the prognosis of patients were analyzed, so as to provide some
basis for guiding the clinical treatment of ovarian cancer.

MATERIALS AND METHODS

Research Object
From June 2015 to June 2018, 14 cases of normal ovary
patients with non-ovarian diseases who received gynecological
surgery, 38 cases of epithelial ovarian cyst, 10 cases of ovarian
borderline tumor, and 71 cases of ovarian cancer in our hospital
were selected. The mean age of the research object was (52.94
± 5.18) years, there was no difference in age between the
four groups. Inclusion criteria were as follows: confirmed by
pathological examination; patients were scheduled for surgical
treatment, and the complete lesion tissue/paracancerous tissue
was obtained during the operation, but no radiotherapy,
chemotherapy, and biological immunotherapy were performed
before operation; Cognitive function was normal; clinical data
were complete. Exclusion criteria were as follows: complicated
with serious organic diseases; combined with other malignant
tumors; complicated with immune system diseases; coagulation
dysfunction; and mental disorder.

Research Methods
Tissue Collection
Normal ovary, epithelial ovarian cyst, ovarian borderline tumor,
and ovarian cancer tissues were cut out during operation, then
frozen in liquid nitrogen for 30min and stored in −80◦C
refrigerator. Part of the tissue was fixed with 10% formaldehyde,

TABLE 1 | Primer sequence.

Primer Forward (5′
→ 3′) Reverse (5′

→ 3′)

CEBPA AACACGAAGCACGATCAGTCC CTCATTTTGGCAAGTATCCGA

GAPDH TGTTGCCATCAATGACCCCTT CTCCACGACGTACTCAGCG

then embedded in paraffin, 4-µm thick sections were prepared
for later use.

Cytosine-Cytosine-Adenosine-Adenosine-Thymidine

Enhancer-Binding Protein α mRNA Detection
Total RNA was extracted from frozen samples with TRIZOL
reagent. According to the instructions of the reverse transcription
PCR (RT-PCR) kit, RT reaction was carried out with
corresponding RT primers to synthesize the first strand of
cDNA. The conditions were as follows: 42◦C for 60min, 99◦C
for 5min, 4◦C for 5min, and −20◦C for storing the first strand
of cDNA. Real-time fluorescence quantitative PCR was used
for amplification, pre-denaturation at 95◦C for 3min, then
94◦C for 30 s, 72◦C for 30 s, totally 23–31 cycles, prolonged
at 72◦C for 10min, stored at 16◦C, and put into 1.5% agarose
gel electrophoresis to detect PCR products. The experiment
followed the corresponding kit instructions, and the primers are
shown in Table 1. GAPDHwas used as an endogenous reference,
and expression was calculated using 2−11Ct, compared the level
of CEBPA mRNA in different tissues.

Detection of CEBPA Protein
The western blotting (WB) was used to detect the total
protein. After the total protein was extracted with
radioimmunoprecipitation assay (RIPA) buffer containing a
protease inhibitor, the concentration of protein was measured
by a decanoic acid protein assay kit. An equal amount
of protein was separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Then, the
protein was transferred to the polyvinylidene fluoride film at
a constant voltage of 80V. Five percent skim milk was used
to seal the solution for 1 h, then primary antibody CEBPA
(1:100) and GAPDH were added and incubated at 4◦C by
gently shaking overnight, washed with buffer solution (TBST)
at room temperature for 3 times. The next day, the second
biotin-labeled goat anti-rabbit immunoglobulin G (IgG) was
oscillated at 37◦C for 2 h. TBST was used at room temperature
for 3 times. The polyvinylidene fluoride film was colored
and photographed in a dark environment, taking GAPDH as
internal control.

Positive Expression of CEBPA
The positive expression of CEBPA was detected by
immunohistochemistry. The prepared paraffin slices were
baked at 60◦C for 2 h, dewaxed, and rehydrated. Then incubated
with 0.3% H2O2 formaldehyde solution at room temperature
for 30min. The antigen was repaired in citric acid buffer under
high pressure for 2min. After waiting for the temperature to
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FIGURE 1 | Comparison of CEBPA mRNA expression in ovarian tissues of four groups of patients. Compared with normal ovary, *p < 0.05; Compared with an

epithelial ovarian cyst, #p < 0.05. CEBPA, CCAAT enhancer-binding protein alpha.

be the same as room temperature, washed with phosphate-
buffered saline (PBS) buffer for three times. The primary
antibody was diluted with antibody diluent and incubated at
4◦C. The next morning, the box containing slices was taken
out. The secondary antibody was dropped and incubated
at room temperature for 1 h. 3,3

′

-Diaminobenzidine (DAB)
was used for color rendering, observed under a microscope,
and the color rendering was terminated in time. After the
color rendering was completed, distilled water was washed,
hematoxylin was re-dyed for 20 s, alcohol was dehydrated with
different concentration gradients, xylene was transparent, and
neutral gum was sealed. The stained sections were observed
under a microscope.

Immunohistochemical results showed that the cells with
brown or brown granules in the cytoplasm were positive cells by
immunohistochemical staining. The semi-quantitative integral
method was used to judge the expression, and the percentage

of staining intensity and positive cells was recorded as 0–3
points, respectively. The staining intensity score was: 0 points (no
staining), 1 point (light staining), 2 points (moderate staining),
and 3 points (deep staining). The positive cell count score
was as follows: 10 visual fields were randomly selected and
the average positive percentage was calculated. 0 points (the
number of positive cells <10%), 1 point (10–24%), 2 points
(25–50%), 3 points (>50%). The scoring standard for protein
staining results was determined by multiplying the staining
intensity by the number of positive cells. The staining results
were recorded as 0 points (–), 1–3 points (+), 4–6 points (++),
and 7–9 points (+ + +). Staining results (–) were regarded as
negative, and staining results (+), (++), and (+ + +) were
regarded as positive. All tissue specimens were independently
evaluated by two pathologists, discrepant results were evaluated
by a third physician, and a consistent result was chosen for the
final evaluation.
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FIGURE 2 | Comparison of CEBPA protein expression in ovarian tissues of four groups of patients. CEBPA, CCAAT enhancer-binding protein alpha.

TABLE 2 | Positive expression rate of CEBPA in different ovarian tissues.

Group Case

number

Expression of CEBPA protein Positive

expression

rate

– + ++ +++

Normal ovary 14 13 1 0 0 7.14%

Epithelial ovarian

cyst

38 28 8 2 0 26.32%

Ovarian borderline

tumor

10 5 1 2 2 50.00%

Ovarian cancer 71 22 24 18 7 69.01%

CEBPA, CCAAT enhancer-binding protein alpha.

Observation Index
The clinicopathological data of patients with ovarian cancer
were collected, such as age, the International Federation of
Gynecology and Obstetrics (FIGO) stage, histologic type, degree
of histological differentiation, and lymph node metastasis, to
compare CEBPA expression in patients with different types of
ovarian cancer. The receiver operating curve (ROC) curve was
drawn to analyze the diagnostic efficacy of CEBPA levels in
ovarian cancer patients. Follow-up work will be completed in
June 2021. During this period, ovarian cancer patients were
followed up by telephone, letters, and hospital records to record
their survival. Overall survival was defined as the time from the
day of surgery to death or loss of follow-up.

Statistical Methods
The Statistical Product and Service Solutions (SPSS) 22.0
software was adopted, the measurement data were expressed as
(±s), the Student-Newman-Keuls (SNK)-q method was used for
paired comparison, and variance analysis was used for multiple
group comparisons. The counting data were expressed by rate
(%), and the comparison between groups adopts the χ

2 test. The
ROC curve was constructed, and the area under the curve (AUC)
was calculated to evaluate the diagnostic efficacy of CEBPA level
for ovarian cancer. Kaplan-Meier survival curve was used to
analyze the prognosis of patients. P < 0.05 means the difference
was statistically significant.

RESULTS

Comparison of CEBPA mRNA Expression
in Ovarian Tissues of Four Groups of
Patients
The results of real-time quantitative PCR showed that the
expressions of CEBPA mRNA in ovarian tissues of patients with
normal ovary, epithelial ovarian cyst, ovarian borderline tumor,
and ovarian cancer were 0.95 ± 0.90, 1.08 ± 0.92, 3.56 ± 0.86,
and 4.13 ± 0.87, respectively. Compared with normal ovary and
epithelial ovarian cysts, the expression level of CEBPA mRNA
in patients with ovarian borderline tumor and ovarian cancer
was significantly higher (F = 123.223, p < 0.05), as shown in
Figure 1.
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TABLE 3 | Relationship between the expression of CEBPA and the pathobiological characteristics of ovarian cancer patients [n (%)].

Project Total

number of

cases

(n = 71)

CEBPA negative

expression group

(n = 22)

CEBPA positive

expression group

(n = 49)

χ
2 value P-value

Age 0.280 0.596

<50 years old 29 10 (45.45%) 19 (38.78%)

≥50 years old 42 12 (54.55%) 30 (61.22%)

FIGO stage 0.126 0.723

I,II 28 8 (36.36%) 20 (40.82%)

III,IV 43 14 (63.64%) 29 (59.18%)

Histologic type 1.656 0.647

Serous cystadenocarcinoma 32 10 (45.45%) 22 (44.90%)

Mucosal cystadenocarcinoma 11 5 (22.73%) 6 (12.24%)

Endometrial carcinoma of ovary 25 6 (27.27%) 19 (38.78%)

Clear cell carcinoma 3 1 (4.55%) 2 (4.08%)

Degree of histological differentiation 4.553 0.103

Highly differentiated 15 8 (36.36%) 7 (14.29%)

Middle differentiation 42 11 (50.00%) 31 (63.27%)

Poorly differentiated 14 3 (13.64%) 11 (22.45%)

Lymph node metastasis 0.006 0.937

Without 35 11 (50.00%) 24 (48.98%)

With 36 11 (50.00%) 25 (51.02%)

CEBPA, CCAAT enhancer-binding protein alpha.

Comparison of CEBPA Protein Expression
in Ovarian Tissues of Four Groups of
Patients
The result of theWB experiment showed that the expression level
of CEBPA protein in patients with ovarian borderline tumor and
ovarian cancer was significantly higher than that in patients with
normal ovary and an epithelial ovarian cyst (p < 0.05), as shown
in Figure 2.

The Positive Expression Rate of CEBPA in
Different Ovarian Tissues
In normal ovarian and epithelial ovarian cysts, the positive
expression rate of CEBPA was low. However, in ovarian
borderline tumor and ovarian cancer tissues, the number of
positive cells of CEBPA was significantly increased, and the
staining was significantly deepened, and the positive expression
rate was significantly higher than that of normal ovary and
epithelial ovarian cyst tissues (χ2 = 34.932, p < 0.05), as shown
in Table 2.

The Relationship Between the Expression
of CEBPA and the Pathobiological
Characteristics of Ovarian Cancer Patients
There was no significant correlation between the expression
of CEBPA and the age, FIGO stage, histologic type, degree of
histological differentiation, and lymph nodemetastasis of ovarian
cancer patients (p > 0.05), as shown in Table 3.

Diagnostic Efficacy of CEBPA Level in
Ovarian Cancer
The receiver operating curve analysis showed that the AUC of
CEBPA level in the diagnosis of ovarian cancer was 0.898 (95%CI
0.834–0.962), the critical value was 2.36, the best cut-off value was
0.809, the sensitivity was 98.6%, and the specificity was 82.3%, as
shown in Figure 3.

Relationship Between CEBPA Level and
Prognosis of Patients
According to the median expression of CEBPA level, ovarian
cancer patients were divided into CEBPA low expression and
CEBPA high expression. Ended in June 2021, all patients were
followed up. Kaplan-Meier survival curve analysis showed that
the median survival time of patients with CEBPA high expression
was 25 months, which was lower than 31 months of patients with
CEBPA low expression, and the Log-rank test was p = 0.034, as
shown in Figure 4.

DISCUSSION

At present, the pathogenesis of ovarian cancer is still unknown.
The pathogenesis of ovarian cancer is the result of multiple
factors, which are closely related to genetic factors, hormone
secretion, and the living environment (12). Due to the diversity
of ovarian tissue structure and relatively complex endocrine
function, the early clinical features of ovarian cancer are not
obvious and lack typicality, which often leads to an extremely
low detection rate of ovarian malignant tumors. Most patients
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are diagnosed accompanied by metastasis and spread of the
abdomen and pelvic cavity, which has a negative impact on
patients’ life safety (13). Surgery and chemotherapy are the
traditional treatments for ovarian cancer. Although they can
improve patients’ symptoms and prolong their life, patients are
prone to drug resistance to chemotherapy, and the survival rate
of patients is still not ideal and the recurrence rate is high, so the

FIGURE 3 | Diagnostic efficacy of CEBPA level in ovarian cancer. CEBPA,

CCAAT enhancer-binding protein alpha.

mortality rate of ovarian cancer remains high (14). Therefore, it
is urgent to find reliable molecular markers.

Cytosine-cytosine-adenosine-adenosine-
thymidine enhancer-binding protein alpha is the first member
of the leucine zipper transcription factor family, which can
affect the density and differentiation of immune cells, and is
very important for inhibiting self-renewal in the hematopoietic
process, cell cycle arrest, and bone marrow differentiation (15).
The expression level of CEBPA is the highest in the placenta and
also has a high expression level in the liver, lung, skeletal muscle,
but its expression level in the brain, testis, and ovary is very
low, even cannot be detected (16). CEBPA has a tissue-specific
expression pattern, and its expression is upregulated during
granulocyte differentiation and downregulated during monocyte
transduction. CEBPA mRNA and protein have been reported
in various cancer diseases (17). Chapiro et al. revealed that
the upregulation of CEBPA may lead to the occurrence of
precursor B-cell acute lymphoblastic leukemia, and CEBPA
was activated by rearrangement with immunoglobulin gene
enhancers and immunoglobulin heavy chain genes containing
t(14;19)(q32;q13). CEBPA may have the characteristics of
carcinogenesis and tumor inhibition in the occurrence of
human leukemia (18). Lu et al. consider that CEBPA mRNA
and protein levels were upregulated in some hepatocellular
carcinoma (HCC) and had the activity of promoting growth in
HCC cells (19). Research by Lourenço and Coffer showed that
the downregulation of CEBPA expression had been confirmed
in a variety of solid tumors, such as liver cancer, breast cancer,
and lung cancer. CEBPA can inhibit the growth of tumors, and
the inactivation of expression in these tumors was caused by
promoter methylation and gene mutation (20).

Sundfeldt et al. found by immunohistochemistry that CEBPA
protein was preferentially expressed in epithelial/tumor cells of

FIGURE 4 | Relationship between CEBPA level and prognosis of patients. CEBPA, CCAAT enhancer-binding protein alpha.
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ovarian cancer tissue samples, which was independent of tumor
stage and grade. CEBPA was expressed in epithelial cells but
not in stroma. The main expression site was the cytoplasm
of cancer cells. CEBPA might be involved in the proliferation
process of epithelial ovarian tumor cells in vivo, which could
play an important role as an early molecular event (21). Yoon
and Smart identified nine potential p53 binding sites in the
CEBPA promoter and discovered the new role of CEBPA as a
p53-regulated DNA damage-inducing gene. CEBPA was a DNA
damage-inducing p53 regulatory mediator of G(1) checkpoint in
keratinocytes (22). In ovarian cancer, the abnormality of p53 is
common, whichmay affect the role of CEBPA to some extent, and
then change the patient’s prognosis. In addition, the development
of ovarian cancer is considered to be closely related to the levels
of androgen and gonadotropin, while CEBPA may control the
literalization process by regulating the genes needed to maintain
extensive vascular network formation of luteal cells and play an
intermediary role in terminal differentiation of granulosa cells.
CEBPA has involved the occurrence of ovarian cancer through
gonadotropin and other related ways (23). Through real-time
fluorescence quantitative PCR, WB, immunohistochemistry,
and other experiments, our results showed that compared
with normal ovarian and epithelial ovarian cyst patients, the
expression of CEBPA mRNA and protein in patients with
ovarian borderline tumor and ovarian cancer were higher, which
proves that the upregulation of CEBPA may play a role in the
pathogenesis of ovarian cancer. At the same time, we found
that there was no correlation between the expression of CEBPA
and the age, FIGO stage, histologic type, degree of histological
differentiation, and lymph node metastasis of ovarian cancer
patients. The occurrence of ovarian cancer may involve the
changes of many proto-oncogene and tumor suppressor genes,
which are related to the balance of proto-oncogene or tumor
suppressor genes. The mechanism of action of CEBPA in ovarian
cancer needs further study, and more large-scale studies are
needed to explore the relationship between the expression level
of CEBPA and the pathobiological characteristics.

The ROC curve was further constructed in this study and
found that the AUC of CEBPA level in diagnosing ovarian
cancer was 0.898, which indicated that CEBPA level was of
high value in diagnosing ovarian cancer. The possible reason
for our analysis is that CEBPA has an extensive mutation in
human tumors, and the mutation rate of CEBPA in ovarian
cancer may have a higher mutation rate, thus inhibiting the anti-
proliferative effect of CEBPA. In addition, genome mutation or
post-translational regulation/modification can reduce the effect
of CEBPA. Therefore, we believe that the overexpression of
CEBPA can be regarded as a diagnostic molecule in ovarian
cancer patients and can be considered as a target for ovarian
cancer treatment. Clinically, it is necessary to strengthen the
detection of CEBPA levels in patients with ovarian lesions, so
as to evaluate the disease situation of patients and formulate
corresponding treatment plans according to the evaluation
results, which will have a positive effect on improving the
prognosis of patients. In addition, the research of Konopka et al.
shows that the existence of CEBPA is positively correlated with
the adverse clinical outcomes of patients, and the upregulation

of CEBPA expression has a negative impact on the survival
rate of patients with ovarian cancer, which can be an effective
molecularmarker for predicting prognosis (24). According to our
results, among ovarian cancer patients, the median survival time
of patients with CEBPA high expression is shorter than that of
patients with CEBPA low expression, and the overexpression of
CEBPA level constitutes a factor of poor prognosis of ovarian
cancer patients. This may be due to the obvious carcinogenic
effect of CEBPA in ovarian cancer (25). Clinicians can consider
measuring the expression level of CEBPA when treating patients
with ovarian cancer, which is helpful to evaluate the prognosis of
patients and improve their living standards.

CONCLUSION

To sum up, the expression of CEBPA mRNA and protein in
patients with ovarian borderline tumor and ovarian cancer is
high, and the expression of CEBPA has no obvious correlation
with the pathobiological characteristics of patients with ovarian
cancer, and the high expression of CEBPA has important value in
the diagnosis of ovarian cancer, and it is also a poor prognostic
factor of the disease. CEBPA is expected to become a new
biomarker for diagnosing and evaluating the prognosis of ovarian
cancer, which may play a role in the treatment choice of patients
with ovarian cancer. However, the results of this study need
to be verified by more patients, to further explore the specific
mechanism of CEBPA expression in ovarian cancer.
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Objective: To explore the efficacy and safety of laparoscopic radical resection of

colorectal cancer in the elderly patients and its impact on gastrointestinal function.

Methods: A total of 122 elderly patients with colorectal cancer admitted to our hospital

from March 2020 to June 2021 were selected as the research subjects, and they

were divided into the control group (n = 61) and the observation group (n = 61). The

control group was treated with traditional laparotomy, and the observation group was

treated with laparoscopic radical resection of colorectal cancer. The clinical data of

operation time, incision length, intraoperative bleeding volume, and hospitalization time

in the two groups were recorded. Serum motilin (MTL) and gastrin (GAS) levels were

measured pre- and post-operatively. The duration of abdominal distension, the time for

the abdominal sound to return to normal, the time for the anal exhaust to normal, and the

time for normal food intake were recorded after operation. The patients were followed up

for 6 months post-operatively, and the complications during follow-up were recorded.

Results: The total response rate of the observation group (95.08%) was higher than

that of the control group (81.97%) (P < 0.05). The operation time, incision length,

intraoperative bleeding volume, and hospitalization time of the observation group were

lower than those of the control group (P < 0.05). The duration of abdominal distension,

the time for bowel sounds to return to normal, the time for the anus to exhaust gas to

normal, and the normal eating time in the observation group were all lower than those in

the control group (P < 0.05). After surgery, the levels of MTL and GAS in the two groups

were lower than those before surgery, and those in the observation group were lower

than those in the control group (P < 0.05). The total incidence of complications in the

observation group (3.28%) was lower than that in the control group (13.12%) (P < 0.05).

Conclusion: Laparoscopic radical resection of colorectal cancer in the elderly patients

has good effect, short operation time, less trauma, less blood loss during operation,

short hospital stay, good recovery of gastrointestinal function, fewer complications, and

high safety.

Keywords: colorectal cancer, laparoscopic, efficacy, safety, gastrointestinal tract function
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INTRODUCTION

The mortality rate of colorectal cancer ranks in the forefront
of malignant tumors. The majority of patients with colorectal
cancer are elderly patients, with more senile diseases and high
post-operative complications (1–3). Surgical radical surgery is the
preferred treatment for colorectal cancer (4, 5). Open surgery
for colorectal cancer has a definite effect, but this type of
surgery has the following disadvantages: (1) patients with large
opening have a large amount of bleeding during the operation,
larger hidden fluid loss, unstable internal environment, and
obvious stress reaction; (2) post-operative patients will have
varying degrees of intestinal inflammation, which is a potential
adverse effect on the patients’ post-operative rehabilitation and
nursing care; (3) studies have shown that patients undergoing
traditional colorectal surgery suffer from prolonged post-
operative pain, prolonged hospitalization, long recovery time for
severe intestinal inflammation, long exhaust time, and prolonged
initial ambulation (6–8). However, due to the large incision, clear
intraoperative vision, and clear anatomical position, open surgery
can often get satisfactory surgical results (9, 10). In recent years,
with the clinical application and development of the concept of
“minimally invasive,” laparoscopic surgery has been widely used.
With the improvement of surgical methods and the maturity
of surgical skills, laparoscopic radical surgery has been able to
achieve similar short-term curative effect as open surgery (11, 12).
The purpose of this study was to investigate the efficacy, safety,
and gastrointestinal effects of laparoscopic radical resection for
colorectal cancer in the elderly patients.

MATERIALS AND METHODS

Patients
A total of 122 elderly patients with colorectal cancer who
were admitted to our hospital from March 2020 to June 2021
were selected as the research subjects. There were 74 males
and 48 females, with the average age of (69.08 ± 4.36) years
old. Inclusion criteria were as follows: Age > 60 years old;
the patient’s symptoms and pathological biopsy diagnosis were
consistent with the diagnostic criteria for colorectal cancer
(13); patients who have not received chemoradiotherapy or
immunotherapy before operation. Exclusion criteria were as
follows: Patients with a previous history of conversion from
laparoscopic to laparotomy; patients with coagulation disorder;
patients with hematological diseases; severe heart, liver, lung,
and renal insufficiency; patients with gastrointestinal bleeding
and intestinal obstruction; patients who have a history of
chemotherapy or use drugs that affect gastrointestinal motility
and hormones; patients who fell off during follow-up. All the
patients were divided into the control group (n = 61) and the
observation group (n = 61) according to the random number
table. There was no significant difference in general information
such as gender and age between the two groups (P > 0.05), as
shown in Table 1.

Treatment Methods
Before surgery, both the groups were given correct anemia,
given to maintain water and electrolyte, acid-base balance, and

strengthen nutritional supplements. Two days before surgery,
half-flow diet was adopted, 1 day before surgery, full-flow diet was
adopted, oral intestinal antibiotics were taken from 3 days before
surgery, fasting for 12 h before surgery, no drinking for 8 h before
surgery, indwelling catheterization was given before surgery, and
general enema was given in the morning before surgery to empty
intestinal contents.

The control group was treated with traditional laparotomy:
All patients were treated with endotracheal intubation and
intravenous combined general anesthesia. The position was
supine or lithotomy, and the specific incision location was
selected according to the tumor site, such as the middle incision
of the lower abdomen for sigmoid colon surgery. For the
operation of the right hemicolon and descending colon, the
midabdominal incision around the umbilicus or the incision
through the rectus abdominis was selected. An incision of about
10 cm was made in the abdomen of the patient, through which
the mesentery was cut, and the corresponding intestinal segment
of colon cancer was removed and ligation was performed with
surgical instruments such as forceps. Meanwhile, the lymph
nodes in the region were cleared, and the intestinal tube was cut
off at 5 cm from the lesion to complete anastomosis.

The observation group was treated with laparoscopic radical
resection of colorectal cancer: First, intubation was inserted into
the trachea of the patient after general anesthesia, the patient
was supine on the sterilized bed sheet, and the parameters of
pneumoperitoneum were set with the pressure of 13 mmHg, and
an observation hole was set at 10mm below the umbilicus and
3mm at the left and right lateral abdominal edge of the umbilicus.
An operation hole was set at the left and right McBurney’s points
with a size of 10∼ 11mm, and then the laparoscope was tilted 30◦

for observation to determine whether there was organ metastasis
in the abdominal cavity and whether the tumor eroded the serosal
membrane. A cotton tape was placed in the intestine at 9mm
near the tumor, and it was suspended and stretched. Afterward,
an ultrasonic knife is used to cut the junction of the peritoneum
and the sigmoid mesocolon. During the cutting process, the gap
between the loose connective tissue at the root of the membrane
and the sigmoid mesocolon can be separated, thereby effectively
protecting the ureter. Then, the lymph nodes and the blood
vessels under the mesentery were anatomized, so that the sub
mesenteric membrane was exposed, and the root of the vein
was broken and tied using Hemolock. The thin membrane of
blood vessel and intestine under direct vision was disconnected to
ensure that the pelvic fascia wall layer is not damaged. The lymph
nodes, fat, and connective tissue were cleaned and the anterior
fascia behind the rectumwas separated until it reaches the levator
ani muscle. After segmentation of the anal tail facing band, the
sacral fascia, and the coccyx muscle, the mesorectum was severed
at the distal anal tail attachment, and all of the mesorectums were
excised. The rectum was cut at the position below the tumor
using the abdominal linear cutting obturator, and then about
5 cm was cut into the abdomen to enter the abdomen, where the
sigmoid colon was cut. The proximal pouch was used to tighten
the rectum and then enter the abdominal cavity. After surgical
suture, pneumoperitoneumwas reset to ensure good anastomosis
under direct vision. After air was injected, after passing through
the anus to confirm that there is no air leakage in the anastomosis,
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TABLE 1 | Comparison of general information between two groups.

Group Gender Age (years) TNM staging Tumor diameter (cm) Tumor location

Male Female I II III Colon cancer Rectal cancer

Control group 39 22 68.89 ± 4.18 26 23 12 3.49 ± 0.51 36 25

Observation group 35 26 69.30 ± 4.98 22 25 14 3.54 ± 0.53 38 23

t/χ2 0.549 0.493 0.571 0.531 0.137

P 0.459 0.623 0.752 0.596 0.711

the abdominal cavity is cleaned. The material in the abdominal
cavity was placed in front of the sacrum through a drainage
tube and flowed out through the right lower abdominal wall or
the perineum.

All patients pulled out the drainage tube 1d after surgery,
so that the abdominal cavity gradually returned to normal
mechanism. If fluid exudation occurs at the post-operative
incision, the drainage tube should be opened in time.

Observation Indicators
According to the response evaluation criteria in solid tumor
(14), the surgical efficacy of patients was evaluated, which could
be divided into complete response (CR), partial response (PR),
stable disease (SD), and progression of disease (PD), and the
total response rate = (CR+PR) cases/total cases × 100%. The
clinical data of operation time, incision length, intraoperative
bleeding volume, and hospitalization time in the two groups were
recorded. About 4mL of peripheral venous blood was collected
pre-operatively and on the 3rd day after surgery, and the serum
levels of motilin (MTL) and gastrin (GAS) were detected by
radioimmunoassay. The relevant test kits were purchased from
Shenzhen Jingmei Biological Technology Co., Ltd. The duration
of abdominal distension, the time for the abdominal sound to
return to normal, the time for the anal exhaust to normal, and the
time for normal food intake were recorded after operation. The
patients were followed up for 6 months post-operatively, and the
complications during follow-up were recorded.

Statistical Methods
The results of this experiment were statistically analyzed by
Statistical Product and Service Solutions (SPSS) 20.0 (SPSS Co.,
Ltd., Chicago, USA). The count data were expressed by (rate), and
chi-square test was used for their comparison between groups.
The measurement data were expressed by (mean±SD), and t-test
was used for their comparison between groups. P< 0.05 indicates
that the difference is statistically significant.

RESULTS

Comparison of Efficacy Between the Two
Groups
In the control group, there were 21 cases of CR, 29 cases of PR, 8
cases of SD, 3 cases of PD, and the total response rate was 81.97%
(50/61). In the observation group, there were 26 cases of CR,
32 cases of PR, 2 cases of SD, and 1 case of PD, and the total
response rate was 95.08% (58/61). The total response rate of the

FIGURE 1 | Comparison of efficacy between the two groups. Compared with

the control group, *P < 0.05.

observation group was higher than that of the control group (P
< 0.05), as shown in Figure 1.

Comparison of Clinical Indicators Between
the Two Groups
The operation time, incision length, intraoperative bleeding
volume, and hospitalization time in the observation group were
lower than those in the control group (P < 0.05), as shown in
Figure 2.

Comparison of Gastrointestinal Function
Recovery Between the Two Groups
The duration of continuous abdominal distension, the time for
bowel sounds to return to normal, the normal time of anal
exhaust, and the normal eating time of the observation group
were lower than those of the control group (P < 0.05), as shown
in Figure 3.
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FIGURE 2 | Comparison of clinical indicators between the two groups. Compared with the control group, *P < 0.05.

Comparison of Gastrointestinal Function
Levels Between the Two Groups
The post-operative MTL and GAS levels of the two groups were
lower than those before the operation, and the observation group
was lower than the control group (P < 0.05), as shown in
Figure 4.

Comparison of Complications Between the
Two Groups
The total incidence of complications in the
observation group (3.28%) was lower than that in
the control group (13.12%) (P < 0.05), as shown
in Figure 5.
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FIGURE 3 | Comparison of gastrointestinal function recovery between the two groups. Compared with the control group, *P < 0.05.
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FIGURE 4 | Comparison of gastrointestinal function levels between the two groups. Compared with the same group before surgery, *P < 0.05; Compared with the

control group, #P < 0.05.

FIGURE 5 | Comparison of complications between the two groups.

Compared with the control group, *P < 0.05.

DISCUSSIONS

In recent years, with the improvement of multidisciplinary
comprehensive treatment and diagnosis including surgery,
radiotherapy, pathological diagnosis, and imaging diagnosis, as
well as the development and application of cytotoxic drugs and
highly selective molecular targeted drugs, the survival time of
patients with colorectal cancer has been significantly prolonged

(15–17). Neoadjuvant therapy can reduce the local recurrence
rate of some stage II and III rectal cancers and improve the 5-year
survival rate of patients. However, as far as the current medical
level is concerned, themost effective treatment is still early radical
surgery (18–20).

The results of this study showed that the total response
rate of the observation group (95.08%) was higher than that
of the control group. And the operation time, incision length,
intraoperative bleeding volume, and hospitalization time of
the observation group were lower than those of the control
group. This indicates that compared with the traditional
laparotomy, laparoscopic radical resection for colorectal cancer
has the advantages of shorter operation time, less trauma, less
intraoperative bleeding, shorter hospitalization time, and better
curative effect. The reasons were analyzed as follows: Compared
with traditional surgery, laparoscopy has the effect of enlarging
the visual field, which can make the visual field of laparoscopic
radical surgery for colorectal cancer clearer. It is beneficial
for laparoscopic multi-angle observation of adjacent tissues,
revealing that the anatomical space is not easy to be observed
during laparotomy. The trauma is small, and it only needs
a few small openings in the abdomen. During the operation,
the inflammatory reaction was mild, the amount of bleeding
and fluid loss was small, and the internal environment was
relatively stable in laparotomy. Post-operative patients had mild
pain response, rapid recovery, and significantly reduced exhaust
time and total hospitalization time as compared with those after
laparotomy (21–23). Moreover, the results of this study showed
that the duration of abdominal distension, the time for bowel
sounds to return to normal, the time for normal anal exhaust, and
the time for normal food intake in the observation group were
all lower than those in the control group. After operation, the
levels of MTL and GAS in the two groups were lower than those
before operation, and the levels in the observation group were
lower than those in the control group. These results indicated
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that laparoscopic radical resection of colorectal cancer could
effectively promote the recovery of gastrointestinal function in
patients. The analyzed reason is that the recovery speed of
gastrointestinal function in patients with colorectal cancer after
surgery is related to surgical trauma and stress, while laparoscopic
surgery itself has the characteristics of small incision and small
trauma, which can avoid the effects of the above factors on
the recovery of gastrointestinal function in patients to a certain
extent (24–26).

The results of this study showed that the total incidence of
complications in the observation group (3.28%) was lower than
that in the control group (13.12%). All these have indicated that
laparoscopic radical resection for colorectal cancer in the elderly
patients has less complications and high safety. The reasons
were analyzed as follows: Large incision in laparotomy, poor
blood circulation around the incision, and reduced anti-infection
ability; meanwhile, the chance of infection was increased due to
the long healing time and increased number of dressing changes
(27–29). For one case of anastomotic leakage in the control
group, it was probably related to too little free anastomosis
broken end, excessive traction of anastomosis intestinal wall,
local contusion, lax suture caused by improper use of cutter
and stapler, excessive tension of anastomosis outlet, or poor
blood supply around anastomosis. There were two cases of
pulmonary infection in the control group and only 1 case in
the observation group, which may be caused by post-operative
incision pain in patients afraid of severe cough, resulting in
sputum retention in the throat and increasing the chance of
pulmonary infection. However, the incision in the laparoscopic
group was significantly smaller than that in the open surgery
group, so the incision pain in the laparoscopic group was
lighter. In order to avoid the occurrence of lung infection,
the patients can be instructed to stop smoking and strengthen
breathing exercise 6 weeks before surgery, strengthen chest deep
breathing, avoid the fixation or binding of limited breathing after
surgery, encourage expectoration, sputum can be given drugs to
assist expectoration when expectoration is difficult, and sputum
suction device can be used when necessary.

Laparoscopic radical resection of colorectal cancer has the
same indications as laparotomy, but not all patients are suitable
for laparoscopic surgery (30, 31). For example, for patients
with long-term heart disease or lung disease, because they
cannot perform pneumoperitoneum treatment for a long time,
traditional open surgery must be used. For patients with
intestinal obstruction or severe abdominal complications after
surgery for certain diseases, laparoscopic surgery can easily cause
intestinal dilatation, severe congestion, and difficult surgery,
resulting in secondary infection during the operation. For
patients whose bleeding cannot be controlled, laparoscopic
radical surgery is easy to cause surgical anatomy is not smooth,
the field of vision is fuzzy, and cannot effectively complete the
laparoscopic surgery. Before the start of laparoscopic surgery,
if there is a serious adhesion problem in the abdominal cavity,
it is easy to cause intestinal damage such as bleeding in the
laparoscopic surgery (32, 33). After summing up the experience

of the author’s department after surgery, it is believed that the
specific location of the tumor should be accurately located before
the operation to ensure the smooth completion of the operation.
During laparoscopic surgery, try to avoid traction on the tumor,
and use cotton tape to ligate the mesentery and tumor intestine
to prevent the spread of cancer cells. When separating cancer
cell tissue, try to handle it in the interstitial space to avoid
intestinal injury.When the tumor is removed, it should be cut in a
certain size and range in strict accordance with the requirements
of the surgery. It should also be ensured that the cancer cells
around the lymph nodes and related tissues are completely
removed to ensure that the colon cancer can be cured and the
cancer recurrence rate is minimized. Post-operative gauze and
thin film bags should be provided to complete the protection
of the intestinal incision, and to seal the sleeve to ensure no
air leakage. The blood plasma drainage tube should also be
retained and located not far from the anastomosis so as not to
compress the anastomosis. Through observation of the drainage
liquid at the anastomosis, we ensured that the drainage tube
could smoothly conduct drainage and prevented the occurrence
of inflammation. Because laparoscopic surgery loses the tactile
feedback of fingers, and the operation space is narrow, the
operation area is sometimes located in the deep pelvic cavity, the
operator’s hands are far away from the target unit in the operation
area, and the exposure of the target unit in the operation area is
difficult, which makes the colon dissociation and lymph nodes
dissection more difficult than traditional surgery. Therefore, it is
necessary to make full preparations before operation.

CONCLUSIONS

Laparoscopic radical resection of colorectal cancer in the elderly
patients has good effect, short operation time, less trauma, less
blood loss during operation, short hospital stay, good recovery of
gastrointestinal function, fewer complications, and high safety.
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Background: To explore the effect of dexmedetomidine (Dex)-assisted intravenous

anesthesia on gastrointestinal motility in patients with colon cancer (CC) after

open colectomy.

Methods: A total of 102 patients with CC, undergoing open colectomy in our hospital

from January 2018 to January 2020, were selected and randomly divided into an

observation group (n = 51) and a control group (n = 51). The patients in the control

group received a routine combination of intravenous and inhalation anesthesia (CIIA),

while those in the observation group received a Dex-assisted CIIA. The systolic blood

pressure (SBP), the diastolic blood pressure (DBP), heart rate (HR), and the mean

arterial pressure (MAP) were compared at different time points between the two groups.

In addition, the intraoperative general conditions, the dosage of anesthetics, and the

recovery of gastrointestinal functions were also compared between the two groups.

Moreover, before operation and at 24 h after operation, the levels of serum gastrin (GAS)

and plasma motilin (MTL) were detected by radioimmunoassay, and the level of plasma

cholecystokinin (CCK) was detected by an enzyme-linked immunosorbent assay. The

incidence of gastrointestinal complications was recorded in both groups.

Results: At T1-T3, the HR, SBP, DBP, and MAP levels were lower in both groups than

those at T0 . In addition, they were also lower in the observation group than those in

the control group, showing significant differences (p < 0.05). The dosage of propofol

and remifentanil in the observation group was lower than that in the control group, and

there was a significant difference (p < 0.05). In the observation group, the postoperative

first exhaust time, first defecation time, first ambulation time, and first feeding time were

all earlier than those in the control group with significant differences (p < 0.05). After

the operation, the observation group had higher levels of GAS and MTL but a lower

level of CCK than the control group, and the differences were significant (p < 0.05). The

incidence rate of gastrointestinal complications in the observation group (7.04%) was

lower than that in the control group (19.61%), and there was a significant difference

(χ2 = 4.346, p < 0.05).

241

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://doi.org/10.3389/fsurg.2022.842776
http://crossmark.crossref.org/dialog/?doi=10.3389/fsurg.2022.842776&domain=pdf&date_stamp=2022-02-25
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles
https://creativecommons.org/licenses/by/4.0/
mailto:zhangyingj@sysucc.org.cn
https://doi.org/10.3389/fsurg.2022.842776
https://www.frontiersin.org/articles/10.3389/fsurg.2022.842776/full


Ou et al. Dex-Assisted Intravenous Anesthesia in Colon Cancer

Conclusions: Dex-assisted intravenous anesthesia can facilitate the recovery of

gastrointestinal motility, can regulate the levels of gastrointestinal hormones, and can

stabilize the levels of hemodynamic indexes in patients with CC after open colectomy.

Keywords: dexmedetomidine, intravenous anesthesia, open colectomy, gastrointestinal motility, gastrin

INTRODUCTION

Colon cancer (CC) is a digestive tract malignancy that
frequently occurs at the junction of the rectum and the
sigmoid colon (1). It clinically manifests as abdominal pain,
abdominal masses, changes in defecation habits, anemia, and
gastrointestinal irritation and causes intestinal obstruction
and intestinal perforation (2). Open colectomy, the current
preferred treatment of CC, can radically clear and excise the
tumor, producing a definite clinical efficacy (3). However,
the gastrointestinal motility changes in some patients due
to surgical trauma and intraoperative intravenous anesthesia,
which inhibits the postoperative gastrointestinal motility, and
in severe cases, affects the respiratory and circulatory function
of the patient, thus negatively affecting the postoperative
recovery (4). Dexmedetomidine (Dex) is a novel selective α2-
adrenergic receptor agonist characterized by high intrinsic
activity and short half-life (5). It can inhibit the release
of catecholamines and sympathetic nervous excitability in
the central sympathetic nervous system, without respiratory
depression. Hence, it has been widely used for sedation during
anesthesia or mechanical ventilation (6, 7). Previously, the
effect of Dex in cancer surgery had been reported (8), but
the effect of Dex in intravenous anesthesia on gastrointestinal
motility in patients with CC after open colectomy has rarely
been reported. In the present study, the effect of Dex-
assisted intravenous anesthesia on gastrointestinal motility in
patients with CC an after open colectomy was analyzed
to provide a basis for the clinical treatment of patients
with CC.

MATERIALS AND METHODS

General Data
A total of 102 patients with CC undergoing open colectomy
in our hospital from January 2018 to January 2020 were
selected. The inclusion criteria were as follows: (1) patients
meeting the diagnostic criteria for CC (9) and confirmed by
the clinical-pathological examination; (2) those undergoing open
colectomy; (3) those in American Society of Anesthesiologists
(ASA) classes I-II and TNM stages I-II; (4) those who are
not undergoing preoperative radiotherapy and chemotherapy;
(5) those with an expected survival time >3 months; and 6)
those who and whose families were fully informed of this
study and had signed the informed consent. The exclusion
criteria were as follows: (1) patients who are complicated
with severe insufficiency in the heart, liver, or kidney,
immune-related diseases, or systemic acute/chronic infectious
diseases; (2) those with a history of allergy to drugs used

in this study; or (3) those who are complicated with other
malignancies and/or psychological or mental diseases. The
patients were divided into an observation group (n = 51)
and a control group (n = 51) using a random number table.
General data, such as age, gender, and ASA class, had no
significant differences between the two groups of patients (p
> 0.05) (Table 1). This study was approved by the Hospital
Ethics Committee.

Anesthesia Methods
The patients in the control group received a routinely
combined intravenous and inhalation anesthesia (CIIA). Under
routine electrocardiograph monitoring, intravenous access was
established. Midazolam (Jiangsu Nhwa Pharmaceutical Co., Ltd.,
NMPN H20143222) at.03 mg/kg, fentanyl (Yichang HumanWell
Pharmaceutical Co., Ltd., NMPN H42022076) at 3 µg/kg,
propofol injection (Xi’an Libang Pharmaceutical Co., Ltd.,
NMPN H20040300) at 1.5 mg/kg, and cisatracurium besilate
(Jiangsu Hengrui Pharmaceutical Co., Ltd., NMPN H20060869)
at 0.6 mg/kg were used for the intravenous target-controlled
infusion to induce anesthesia until muscular relaxation, followed
by tracheal intubation. Sevoflurane (Hebei Yipin Pharmaceutical
Co., Ltd., NMPN H20173156) was intravenously infused at
0.5–2% to maintain anesthesia, propofol injection was infused
at 0.07 µg/kg/min with an additional 1.5 µg every 30min,
and cisatracurium besilate was additionally supplemented at 0.3
mg/kg every 30min until 20min before the end of the operation.

The patients in the observation group received a Dex-assisted
CIIA. At 10min before anesthesia induction, a loading dose
of Dex (Jiangsu Hengrui Pharmaceutical Co., Ltd., NMPN
H20090248) was pumped at 1 µg/kg, and the methods of
anesthesia induction and maintenance were the same as those
in the control group. After the start of the operation, Dex was
continuously pumped at 1.5 µg/kg/h until 30min before the end
of the operation. Open colectomy was conducted under general
anesthesia in both groups.

Observation Indexes
Changes in SBP, DBP, HR, and Mean Arterial

Pressure (MAP) at Different Time Points
The changes in SBP, DBP, HR, and MAP were recorded in
both groups before anesthesia induction (T0), at the time of
intubation (T1), at the time of extubation (T2), and 5min after
extubation (T3).

Intraoperative General Conditions and Recovery of

Postoperative Gastrointestinal Function
The intraoperative blood loss, intraoperative infusion volume,
operation time, and dosage of propofol and remifentanil were
compared between the two groups. The postoperative first
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TABLE 1 | Comparison of general data between the two groups [n (%), χ ± s].

Index Observation group (n = 51) Control group (n = 51) χ
2/t P

Gender (n) Male 34 (66.67) 30 (58.82) 0.671 0.413

Female 17 (33.33) 21 (41.18)

Age (Y) 55.02 ± 5.63 55.47 ± 5.71 0.401 0.689

ASA class (n) I 29 (56.86) 27 (52.94) 0.158 0.691

II 22 (43.14) 24 (47.06)

TNM stage (n) I 22 (43.14) 25 (49.02) 0.355 0.551

II 29 (56.86) 26 (50.98)

Tumor site (n) Ileocecal junction 12 (23.53) 14 (27.45) 1.143 0.767

Transverse colon 7 (13.73) 10 (19.61)

Ascending colon 9 (17.65) 7 (13.73)

Left hemicolon and sigmoid colon 23 (45.10) 20 (39.22)

Maximum diameter of tumor (cm) 5.73 ± 1.54 5.66 ± 1.38 0.242 0.809

exhaust time, the first defecation time, the first ambulation time,
and the first feeding time were recorded in the two groups.

Indexes of Gastrointestinal Function
Before the operation and at 24 h after operation, 5ml of fasting
venous blood was drawn from each patient in the two groups
in the early morning. The serum and plasma were separated by
centrifugation and stored at −30◦C for later use. The levels of
serum gastrin (GAS) and plasma motilin (MTL) were detected
by radioimmunoassay using kits manufactured by Shanghai X-
Y Biotechnology Co., Ltd., (Shanghai, China), and the level of
plasma cholecystokinin (CCK) was detected by ELISA using
kits manufactured by Shanghai Enzyme Research Biotechnology
Co., Ltd. (Shanghai, China) in strict accordance with the
instructions (10, 11).

Gastrointestinal Complications
The incidence of gastrointestinal complications, such as
abdominal pain, abdominal distension, nausea, and intestinal
obstruction, was recorded in the two groups.

Statistical Analysis
The Statistical Product and Service Solutions (SPSS) 22.0
software (IBM, Armonk, NY, USA) was used for data analysis.
Measurement data were expressed as (χ ± s). Independent-
sample (two-sample) t-test was used to compare the intergroup
difference without time factors, and repeated measures of
ANOVA was done to compare the intergroup difference with
time factors. Enumeration data were expressed as rate, and χ

2

test was performed for the difference between the two groups.
Two-sided p < 0.05 was considered statistically significant.

RESULTS

Comparison of Changes in HR, SBP, DBP,
and MAP Between the Two Groups at
Different Time Points
At T0, HR, SBP, DBP, and MAP levels had no statistically
significant differences between the two groups (p > 0.05). At

TABLE 2 | Comparison of changes in heart rate (HR), systolic blood pressure

(SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP) between

the two groups at different time points (χ±s).

Index Time point Observation group

(n = 51)

Control group

(n = 51)

HR (beats/min) T0 105.43 ± 5.27 106.14 ± 5.08

T1 92.58 ± 6.25 98.62 ± 5.47

T2 88.65 ± 6.89 96.28 ± 6.15

T3 82.52 ± 6.43 90.49 ± 6.96

F time/P 85.59/<0.001

F intergroup/P 178.40/<0.001

F interaction /P 7.73/<0.001

SBP (mmHg) T0 120.33 ± 10.21 120.81 ± 10.36

T1 113.28 ± 9.15 119.07 ± 9.14

T2 104.50 ± 8.74 112.43 ± 9.55

T3 93.85 ± 8.36 103.89 ± 10.13

F time/P 41.68/<0.001

F intergroup/P 102.90/<0.001

F interaction /P 4.78/0.002

DBP (mmHg) T0 88.72 ± 8.44 89.15 ± 8.51

T0 T1 83.24 ± 9.18 87.64 ± 8.92

T1 T2 72.91 ± 9.75 83.27 ± 9.13

T2 T3 65.83 ± 10.26 72.58 ± 9.69

F time/P 35.83/<0.001

F intergroup/P 90.89/<0.001

F interaction /P 5.17/0.001

MAP (mmHg) T0 126.87 ± 12.43 130.45 ± 12.19

T1 129.95 ± 13.08 122.76 ± 13.05

T2 127.89 ± 12.52 121.15 ± 12.58

T3 112.46 ± 10.19 104.95 ± 9.82

F time/P 14.03/<0.001

F intergroup/P 57.79/<0.001

F interaction /P 5.07/0.001

T1-T3, HR, SBP, DBP, and MAP levels were lower in both groups
than those at T0, and they were also lower in the observation
group than those in the control group (p < 0.05) (Table 2).
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TABLE 3 | Comparison of intraoperative general conditions and dosage of anesthetics between the two groups (n = 51, x ± s).

Group Intraoperative

blood loss (mL)

Intraoperative

infusion volume (L)

Operation time (h) Propofol (g) Remifentanil (mg)

Observation group 291.35 ± 17.29 1.33 ± 0.12 2.94 ± 0.35 0.83 ± 0.13 1.669 ± 0.36

Control group 292.73 ± 19.04 1.39 ± 0.27 3.08 ± 0.41 1.05 ± 0.15 2.51 ± 0.49

t 0.383 1.450 1.855 7.915 9.631

P 0.702 0.150 0.067 <0.001 <0.001

TABLE 4 | Comparison of recovery of postoperative gastrointestinal function

between the two groups (n = 51, x ± s).

Group First exhaust

time (h)

First

defecation

time (d)

First

ambulation

time (h)

First

feeding

time (d)

Observation group 37.42 ± 4.65 2.14 ± 0.36 29.81 ± 3.55 3.02 ± 0.43

Control group 51.23 ± 5.34 3.58 ± 0.55 40.13 ± 5.12 3.59 ± 0.47

t 13.928 15.644 11.829 6.390

P <0.001 <0.001 <0.001 <0.001

Comparison of Intraoperative General
Conditions and Dosage of Anesthetics
Between the Two Groups
The intraoperative blood loss, the intraoperative infusion
volume, and othe peration time had no statistically
significant differences between the two groups (p >

0.05). The dosage of propofol and remifentanil in the
observation group was lower than that in the control group
(p < 0.05) (Table 3).

Comparison of Recovery of Postoperative
Gastrointestinal Function Between the Two
Groups
In the observation group, the postoperative first exhaust time,
the first defecation time, the first ambulation time, and the first
feeding time were all earlier than those in the control group (p <

0.05) (Table 4).

Comparison of Indexes of Gastrointestinal
Function Between the Two Groups Before
and After the Operation
No statistically significant differences were found in the levels
of GAS, MTL, and CCK between the two groups before
operation (p > 0.05). After the operation, the levels of
GAS and MTL rose, while the level of CCK declined in
the two groups compared with those before the operation
(p < 0.05). After the operation, the observation group
had significantly higher levels of GAS and MTL but a
significantly lower level of CCK than the control group
(p < 0.05) (Table 5).

Comparison of Incidence of
Gastrointestinal Complications Between
the Two Groups
In the observation group, there were 2 cases of abdominal
distension, 1 case of abdominal pain, and 2 cases of nausea
after the operation. In the control group, there were 4 cases
of abdominal distension, 1 case of abdominal pain, 3 cases
of nausea, and 2 cases of intestinal obstruction after the
operation. It can be seen that the incidence rate of gastrointestinal
complications in the observation group (7.04%) was lower than
that in the control group (19.61%) (χ2 = 4.346, p < 0.05).

DISCUSSION

Colon cancer (CC) is a gastrointestinal tract malignancy
derived from the colonic mucosal epithelium, manifested
as varying degrees of abdominal distension, indigestion,
and changes in defecation habits in most patients (12).
Radical surgery is an effective treatment means for CC,
but some patients suffer from intraoperative hemodynamic
fluctuations and enhanced sympathetic nervous excitability
due to intestinal obstruction and the intravenous anesthetics
used, resulting in postoperative gastrointestinal dysfunction
(4, 13). Dex is a fast-onset and short-acting α2-adrenergic
receptor agonist with sedative and analgesic effects but
no respiratory depression, which can effectively lower
sympathetic nervous excitability and restore gastrointestinal
function (14).

In this study, at T1-T3, the HR, SBP, DBP, and MAP
levels were lower in both groups than those at T0, and they
were also lower in the observation group than those in the
control group, suggesting that Dex can effectively improve
both blood pressure and HR of patients with CC undergoing
open colectomy. During intravenous anesthesia, intubation
and extubation can cause irritation of varying degrees to
patients, leading to fluctuations in blood pressure, HR, and
other hemodynamic indexes. Dex can, through binding to α2
receptors, inhibit the further outflow of sympathetic media,
thereby weakening the sympathetic nervous excitability during
intubation and extubation and keeping hemodynamic indexes
stable in patients with CC undergoing open colectomy (15).
In this study, the intraoperative blood loss, the intraoperative
infusion volume, and the operation time had no significant
differences between the two groups, and the dosage of propofol
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TABLE 5 | Comparison of indexes of gastrointestinal function between the two groups before and after the operation (n = 51, x ± s).

Group GAS (pg/mL) MTL (pg/mL) CCK (pg/mL)

Before operation After operation Before operation After operation Before operation After operation

Observation group 42.54 ± 4.87 83.42 ± 6.56 253.19 ± 18.39 316.22 ± 26.94 58.56 ± 6.77 37.21 ± 4.34

Control group 43.19 ± 4.35 72.18 ± 6.14 251.58 ± 19.74 293.69 ± 24.87 57.94 ± 6.50 45.69 ± 5.28

t 0.711 8.934 0.426 4.388 0.472 8.860

P 0.479 <0.001 0.671 <0.001 0.638 <0.001

and remifentanil in the observation group was lower than that
in the control group, indicating that the dosage of anesthetics
can be reduced in Dex-assisted intravenous anesthesia in open
colectomy, further ameliorating gastrointestinal dysfunction
caused by anesthetics. Previous evidence showed that Dex
can stabilize the hemodynamic indexes of patients undergoing
hepatectomy. In addition, it can also effectively relieve the
stress response in laparoscopic gastrectomy and reduce the
dosage of propofol and remifentanil, which is consistent with
the results in this study (16, 17). The above findings confirm
that Dex-assisted intravenous anesthesia can better stabilize the
hemodynamic indexes of patients with CC undergoing open
colectomy and effectively reduce the dosage of anesthetics with
high safety.

In this study, the postoperative first exhaust time, the first
defecation time, the first ambulation time, and the first feeding
time in the observation group were all earlier than those in
the control group, suggesting that Dex-assisted intravenous
anesthesia can promote the recovery of gastrointestinal function
in patients with CC after open colectomy. Due to stress, surgical
trauma, and anesthetics, patients with CC undergoing open
colectomy are prone to intestinal motility disorders, resulting
in postoperative gastrointestinal dysfunction. Dex is able to
maintain hemodynamic stability, alleviate inflammatory and
stress responses, reduce the dosage of intravenous anesthetics,
promote intestinal microcirculation perfusion, and protect
the intestinal barrier function, contributing to the recovery
of postoperative gastrointestinal motility (18, 19). Previous
evidence showed that Dex-combined anesthesia exerts a
protective effect on the intestinal barrier function of patients
with acute intestinal obstruction, which is consistent with the
results in this study, indicating that Dex-assisted intravenous
anesthesia can facilitate the recovery of gastrointestinal function
in patients with CC after open colectomy. Besides, GAS,
MTL, and CCK are all important gastrointestinal hormones.
GAS can promote gastric emptying through stimulating gastric
acid secretion, MTL can enhance gastrointestinal motility,
and CCK can suppress gastric emptying by inhibiting the
contraction of the esophageal sphincter (20). In this Study,
the observation group had higher levels of GAS and MTL
but had a lower level of CCK than the control group
after the operation, demonstrating that Dex can regulate
the levels of gastrointestinal hormones in patients with CC

after open colectomy, thereby improving the gastrointestinal
function. In addition, the incidence rate of gastrointestinal
complications (abdominal distension, abdominal pain, nausea,
and intestinal obstruction) in the observation group was lower
than that in the control group, further confirming that Dex-
assisted intravenous anesthesia can boost the recovery of
gastrointestinal motility with high safety in patients with CC after
open colectomy.

CONCLUSIONS

In conclusion, Dex-assisted intravenous anesthesia can facilitate
the recovery of gastrointestinal motility, stabilize the levels of
hemodynamic indexes, and regulate the levels of gastrointestinal
hormones in patients with CC after open colectomy, with
high safety. However, there were deficiencies in this study.
For example, the sample size was limited, and the effect of
non-effect dose of Dex on gastrointestinal motility in patients
with CC after open colectomy was not explored and analyzed.
Therefore, the sample size remains to be expanded for validation
in the future.
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Circular RNAs (circRNAs), which fall into the category of endogenous ncRNAs, are linked

to disease progression of neoplastic diseases. Whereas, it remains uncharacterized

regarding hsa_circ_0072309’s function and implications in lung carcinoma (LC). Gene

Expression Omnibus (GEO) database was utilized for identifying circRNAs with aberrantly

expression in LC. qRT-PCR was responsible for determining hsa_circ_0072309

levels in lung adenocarcinoma (LAC). Also, its involvement in LC cell progression

was investigated. Experimentally, hsa_circ_0072309 was identified as one of the

most aberrantly down-regulated circRNAs in the GEO database (GSE101684 and

GSE112214). qRT-PCR revealed notably down-regulated hsa_circ_0072309 in LAC

tissue, which had a close association with adverse 3-year survival, as well as LNM and

advanced TNM stage. Based on ROC, the AUC of hsa_circ_0072309 was determined to

be 0.887, and its specificity and susceptibility can be improved by combined detection

of either CYFRA21-1 or CEA. In a word, hsa_circ_0072309 is lowly expressed in lung

cancer patients and the survival rate of lowly expressed patients is significantly lower, a

candidate marker with prognostic utility for the disease.

Keywords: hsa_circ_0072309, NSCLC, diagnosis, prognosis, GEO

INTRODUCTION

Lung carcinoma (LC), as a prevalent respiratory malignancy (1). Epidemiological statistics reveal
4.3 million new cancer cases and an associated death toll of 2.9 million in 2018 in China, including
770,000 new LC cases and 690,000 associated deaths (2). Therefore, in the future, not only will
the number of LC patients increase, but also the number of elderly patients (3). The predisposing
factors of LC in the elderly include smoking, environmental exposure, ionizing radiation, and
vocational diseases, heredity (4). However, due to the relatively concealed pathogenesis, the non-
specific initial clinical manifestation, and the lack of good clinical diagnostic indicators, the disease
has developed into the mid-late stage in some patients when they are hospitalized, resulting in
losing the optimal time for operation (5). In addition, the long-term treatment cycle and dim
outcomes of advanced LC aggravate the pressure of sufferers and the family economical load
(6). Therefore, searching for a diagnostic index with high specificity and sensitivity is pressing to
address this problem.

247

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://doi.org/10.3389/fsurg.2022.842292
http://crossmark.crossref.org/dialog/?doi=10.3389/fsurg.2022.842292&domain=pdf&date_stamp=2022-02-25
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles
https://creativecommons.org/licenses/by/4.0/
mailto:2538287311@qq.com
mailto:yezhenyue2021@163.com
https://doi.org/10.3389/fsurg.2022.842292
https://www.frontiersin.org/articles/10.3389/fsurg.2022.842292/full


Zhou et al. circ_0072309 Expression Profiling in Non-small-Cell Lung Carcinoma

Recent evidence has indicated that non-coding RNAs
(ncRNAs), closely linked to human life process, are vital in
modulating a wide spectrum of illnesses, especially neoplastic
diseases (7). As vital members of ncRNAs, miRNAs and lncRNAs
have always been the focus of research (8). circRNAs, on the
other hand, are recently found RNAs capable of forming loops
that are covalently closed and continuous, with 3′ and 5′RNA
ends binded, more favorable stability than linear types, and no
polyadenosinic acid counterpart (9). hsa_circ_0072309, or LIFR,
is located on chr5:38523520-38530768 (10), with its expression
profiling being found in LC (11). But there is no research to
prove its connection with patient prognosis and its diagnostic
implications in non-small-cell lung carcinoma (NSCLC). Herein,
we screened GSE101684 and GSE112214 microarrays and found
that hsa_circ_0072309 had high levels in LC, suggesting its role
of a candidate target for NSCLC.

Therefore, we have experimentally analyzed the expression
of hsa_circ_0072309 in NSCLC patients and its diagnostic
significance, providing a new potential target for clinical
diagnosis and paving the way for our subsequent studies.

METHODS AND MATERIALS

Microarray (GEO-Chip) Analysis
From GEO database (URL: https://www.ncbi.nlm.nih.gov/gds/),
two microarrays (GSE101684 and GSE112214) were obtained.
In the GSE101123 microarray, we found 4 tumor samples and
4 normal counterparts. And three tumor samples and three
normal counterparts were found in the GSE112214 microarray.
Then Series Matrix File(s) was downloaded, and GPL21825 and
GPL19978 were sorted out into amatrix file. VLOOKUP function
was utilized to correct the circRNA name and limma package to
identify the circRNAs with differences (logFC = 1, P < 0.05).
Volcano plots and heat maps were drawn.

Clinical Data
Between February 2017 and February 2019, 46 NSCLC patients
who received treatment in our hospital were included, with their
peripheral blood samples collected before treatment. Meanwhile,
peripheral blood specimens of 40 healthy people with concurrent
physical examinations were used as control samples. Informed
consents were got before patient enrollment. This study, in
compliance with the Helsinki Declaration, has been ethically
ratified by our hospital. The two arms were similar in age, sex
and BMI (P > 0.05).

Eligibility Criteria
Inclusion criteria: Diagnosis of NSCLC by imaging
and pathology; In compliance with the TNM staging
standard issued by AJCC (8th Edition) (12); Treatment-
naive patients who had not received surgical resection,
chemoradiotherapy, immunotherapy or molecular targeted
therapy before participation.

Exclusion criteria: Other tumors; Estimated survival < 3
months; No follow-up data; Incomplete case date.

qRT-PCR Detection
Serum was analyzed in this study. TRIzol-extracted (Takara Bio,
Shiga, Japan) total RNA from the collected serum was subjected
to purity and concentration identification and the subsequent
cDNA synthesis with use of the PrimeScript RT kit. Then the
synthesized cDNA was subjected to amplification by PCR via the
SYBR Premix Ex Taq kit, with the reaction system and reaction
conditions configured following the instructions provided with
the kit. The primers used are listed in Table 1. hsa_circ_0072309
expression normalized with β-actin (endogenous control) was
obtained via the formula 2−11CT[1CT(test) = CT(target, test)–
CT(ref, test)1CT(calibrator) = CT(target, calibrator)–CT(ref,
calibrator), 11CT = 1CT(test)–1CT(calibrator)]. In this
experiment, the ABI 7500 PCR system was used for analysis.

CEA and CYFRA21-1 Detection
For all experiments, blood samples were collected from an elbow
vein in the early morning on an empty stomach prior to the start
of treatment. Serum tumormarkers: 10ml of blood was collected.
CEA and CYFRA21-1 were measured using a Beckman Coulter
AU5800 automated biochemistry analyser.

Endpoints
Primary endpoints: The differential circRNAs in GSE101684
and GSE112214 microarrays were analyzed and heat maps
and volcano plots were drawn. Serum and carcinoma tissue
hsa_circ_0072309 expression in cases was tested. ROC
curves were drawn to visualize hsa_circ_0072309’s diagnostic
implications in NSCLC.

Secondary endpoints: The connection between
hsa_circ_0072309 and patient clinical data was analyzed. In
addition, patients were followed up for 3 years to observe the
connection between hsa_circ_0072309 and patient prognosis.

Statistical Processing
The above index data were input into SPSS21.0 and GraphPad
Prism 8.0 for statistical processing and plotting, respectively.
Quantitative variables, described in (Mean± SD), were analyzed
via the independent samples T test. While represented by n,
categorical variables were examined using the χ

2 test. ROC
curves were used for assessing the diagnostic implications of
serum hsa_circ_0072309. Patient survival was evaluated by the
K-M algorithm. The R software limma package was used to
analyse the differential genes, the library package to map the
differential gene volcanoes and the heatmap package to map the
differential gene heat map. Significance was set at the probability
(P) level < 0.05.

RESULTS

GEO-Chip Analysis
In this study, the GSE101684 microarray was analyzed,
and 249 differential circRNAs were identified, of which 157
were over-expressed and 92 were under-expressed (Table 1,
Figures 1A,B). One hundred differential circRNAs were found
through analyzing the GSE112214 microarray, including
11 over-expressed and 89 were under-expressed circRNAs
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TABLE 1 | The top five up- down-regulated circRNAs in the GSE101684 microarray.

Symbol logFC AveExpr t-value P-Value adj.P.Val β

Up

hsa_circ_0072088 2.830 10.003 5.380 4.212E-04 0.011 0.339

hsa_circ_00723098 2.828 11.026 8.856 8.780E-06 0.003 4.135

hsa_circ_0067301 2.689 9.446 7.046 5.560E-05 0.005 2.358

hsa_circ_0001806 2.571 13.307 7.611 3.010E-05 0.004 2.955

hsa_circ_0006349 2.459 12.740 9.572 4.590E-06 0.003 4.739

Down

hsa_circ_0000317 −2.627 10.286 −5.631 3.033E-04 0.009 0.670

hsa_circ_0001640 −2.057 7.020 −4.820 9.056E-04 0.016 −0.433

hsa_circ_0013480 −2.042 8.534 −6.318 1.290E-04 0.006 1.525

hsa_circ_0000320 −2.005 9.213 −4.839 8.815E-04 0.016 −0.406

hsa_circ_0000319 −1.938 7.523 −5.343 4.430E-04 0.012 0.289

TABLE 2 | The top five up- down-regulated circRNAs in the GSE112214 microarray.

Symbol logFC AveExpr t-value P-value adj.P.Val β

Up

hsa_circ_0007580 1.257 6.451 7.041 2.083E-04 1.769E-02 1.232

hsa_circ_0001998 1.223 8.145 4.843 1.894E-03 3.874E-02 −1.045

hsa_circ_0017956 1.183 7.915 4.684 2.276E-03 4.295E-02 −1.237

hsa_circ_0003028 1.132 7.414 6.669 2.911E-04 1.974E-02 0.892

hsa_circ_0008758 1.087 8.681 7.245 1.743E-04 1.568E-02 1.412

Down

hsa_circ_0072309 −2.968 6.912 −9.212 3.770E-05 1.020E-02 2.918

hsa_circ_0008234 −2.450 9.592 −6.210 4.486E-04 2.251E-02 0.450

hsa_circ_0006677 −2.372 9.231 −11.186 1.050E-05 6.183E-03 4.104

hsa_circ_0001947 −2.293 8.022 −7.425 1.495E-04 1.568E-02 1.566

hsa_circ_0072305 −2.181 6.274 −9.070 4.170E-05 1.020E-02 2.822

FIGURE 1 | Volcanic plot and heat map of circRNAs with aberrant expression in the GSE101684 microarray. (A). Volcanic plot of circRNAs with aberrant expression in

the GSE101684 microarray: Red, blue and gray represent those with high, low, and undifferential expression, respectively. (B). Heat map of circRNAs with aberrant

expression in the GSE101684 microarray.
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FIGURE 2 | Volcanic plot and heat map of circRNAs with aberrant expression in the GSE112214 microarray. (A). Volcanic plot of differentially expressed circRNAs in

the GSE112214 microarray: Red, blue and gray indicate those with high, low, and undifferential expression, respectively. (B). Heat map of circRNAs with aberrant

expression in the GSE112214 microarray.

FIGURE 3 | Shared differentially expressed circRNAs in GSE101684 and GSE112214 microarrays. (A). The shared highly expressed circRNAs in GSE101684 and

GSE112214 microarrays. (B). The shared low-expressed expressed circRNAs in GSE101684 and GSE112214 microarrays.

(Table 2, Figures 2A,B). In order to find shared differentially
expressed circRNAs, we drew a Venn diagram to find zero
shared highly expressed circRNAs in the two microarrays
while nine common lowly expressed circRNAs (Figures 3A,B).
hsa_circ_0072309 with the most significant difference and the
largest LogFC was selected for follow-up study.

hsa_circ_0072309 in Cases
We compared serum hsa_circ_0072309 levels
between cases and controls and found statistically

higher hsa_circ_0072309 levels in cases (Figure 4,
P < 0.001).

Connection Between hsa_circ_0072309
and Patient Clinical Data
Based on median hsa_circ_0072309 expression, cases
were subgrouped (high/expression groups, 23 cases
each). The comparison of clinical data revealed
an evidently elevated chance of developing III-IV
LC and lymph node metastasis (LNM) in patients
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FIGURE 4 | Serum hsa_circ_0072309 in LC patients. *** P < 0.001.

TABLE 3 | Connection between hsa_circ_0072309 and patient clinical data.

Variables Relative expression of hsa_circ_0072309 P-value

High expression (n = 23) Low expression (n = 23)

Age 0.552

≥60 (n = 20) 9 11

<60 (n = 26) 14 12

Gender 0.555

Male (n = 22) 12 10

Female (n = 24) 11 13

Tumor size (cm) 0.546

≥3 (n = 18) 10 8

<3 (n = 28) 13 15

Clinical staging 0.003

I-II (n = 26) 18 8

III-IV (n = 20) 5 15

LNM 0.013

With (n = 16) 4 12

Without (n = 30) 19 11

Tumor types 0.767

Squamous cell carcinoma (n = 21) 11 10

Adenocarcinoma (n = 25) 12 13
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TABLE 4 | ROC curve parameters.

Variables AUC 95 CI% Specificity Sensitivity Youden index Cut-off

hsa_circ_0072309 0.887 0.818–0.956 82.50% 86.95% 69.45% 0.921

CEA 0.815 0.720–0.911 97.50% 63.04% 60.54% 6.001

CYFRA21-1 0.834 0.743–0.924 77.50% 84.78% 62.28% 3.128

hsa_circ_0072309+CEA 0.940 0.889–0.990 82.50% 95.65% 78.15% 0.337

hsa_circ_0072309+CYFRA21-1 0.944 0.898–0.989 90.00% 84.78% 74.78% 0.614

FIGURE 5 | hsa_circ_0072309 for NSCLC diagnosis by ROC analysis. (A). hsa_circ_0072309’s implications for NSCLC diagnosis by ROC. (B). CEA’s implications for

NSCLC diagnosis by ROC. (C). CYFRA21-1’s implications for NSCLC diagnosis by ROC. (D). Diagnosistic implications of hsa_circ_0072309+CEA for NSCLC by

ROC. (E). Diagnosistic implications of hsa_circ_0072309+CYFRA21-1 for NSCLC by ROC.

with under-expressed hsa_circ_0072309 (Table 3,
P < 0.05).

Diagnostic Implications of
hsa_circ_0072309 in NSCLC Patients
ROC curves were drawn to understand hsa_circ_0072309’s
diagnostic implications in NSCLC patients. Through analysis,
hsa_circ_0072309’s AUC, specificity and susceptibility were
determined to be 0.887, 82.50, and 86.95%, respectively, which
were evidently higher than those of CEA (0.815, 97.50, and
63.04%) and CYFRA21-1 (0.834, 77.50, and 84.78%). Further,
hsa_circ_0072309 could improve the sensitivity and specificity
of CEA and CYFRA21-1 through joint prediction (Table 4,
Figure 5).

Cox Regression Analysis
Finally, we conducted statistics on the 3-year survival of patients
and Cox regression analysis by combining patient’s medical

records. Univariate analysis revealed that clinical stage, LNM,
hsa_circ_0072309 were prognostic factors for NSCLS patients
(Figure 6). Furthermore, multivariate Cox regression analysis
by further incorporating differentially expressed factors in
univariate analysis identified the independence of LNM and
hsa_circ_0072309 as prognostic factors for NSCLS (Table 5).

DISCUSSION

Due to the current lack of basic biological understanding of
NSCLC, the feasible biomarkers for detection and effective
medicines for treatment are lacking (13, 14). Relevant literature
has revealed a close connection between the survival of LC
patients and staging, with the 5-year survival rate decreasing
from 82 to 6% as the staging (IA-IV) increases (15). However,
early diagnosis is too hard given the non-specific early symptoms
(16). Consequently, most cases are confirmed at the late stage
when the best treatment opportunity has been missed (17).
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FIGURE 6 | K-M survival curve of factors with differences in univariate analysis. (A). Three-year survival of NSCLC patients with up- and down-regulated

hsa_circ_0072309 by K-M curves. (B). Three-year survival of NSCLC patients with I-II or III-IV LC by K-M curves. (C). Three-year survival of NSCLC patients with and

without lymph node metastasis by K-M curves.

TABLE 5 | Cox regression.

Factors Univariate Multivariate

P-value HR 95%CI P-value HR 95%CI

Age 0.708 0.881 0.455–1.707

Gender 0.749 0.898 0.466–1.731

Tumor size 0.268 1.482 0.739–2.975

Clinical staging 0.005 2.582 1.323–5.042 0.180 1.666 0.790–3.515

Lymph node metastasis 0.004 0.364 0.185-0.719 0.010 0.399 0.198–0.804

Tumor types 0.249 1.479 0.760–2.876

hsa_circ_0072309 0.010 2.426 1.234–4.767 0.025 2.219 1.104–4.460

Therefore, finding effective diagnostic markers is beneficial to
improve patient prognosis and survival, which is also a current
clinical challenge.

CircRNA are recently found endogenous ncRNAs with closed-
loop structure (18). Because of their high tissue specificity
and stablility in structure, they are less prone to digestion
by exonuclease (RNase) (19), which also results in circRNAs
being potentially favorable biomarkers for diagnosing and
predicting outcomes of various illnesses (20). Earlier, research
has revealed the close association between circRNA-100876 and
prognosis of colorectal cancer (21). Another research identified
markedly upregulated hsa_circ_0004585 in colorectal cancer and
its function as a feasible biomarker for the disease (22). All
these studies suggest that circRNAs are feasible biomarkers for
cancer diagnosis.

For the purpose of determining the expression of circRNAs
in NSCLC, GSE101684 and GSE112214 microarray datasets
were retrieved through the GEO database in this study for
analysis. Additionally, qRT-PCR was carried out for identifying
the circRNAs with aberrant expression in clinical samples.
It identified underexpressed hsa_circ_0072309 in cases, which
agreed the findings of Mo et al. (11). However, their study
did not further analyze hsa_circ_0072309’s clinical application
in NSCLC. Through analysis, we further confirmed a notably
increased probability of LNM and clinical stage III-IV in
patients with hsa_circ_0072309 underexpression. Therefore,
it may interfere with NSCLC cell growth, progression and

migration. Furthermore, we probed into hsa_circ_0072309’s
clinical implications in diagnosing NSCLC. As indicated by
ROC curve analysis, hsa_circ_0072309’s AUC was 0.887, notably
higher than that of CEA and CYFRA21-1. AUC is considered to
be the best index to evaluate the diagnostic value, with a value
of <0.5, 0.5- <0.7, 0.7- <0.9 and ≥0.9 indicating no diagnostic
value, lower accuracy, certain accuracy, and higher accuracy
respectively. This suggests that hsa_circ_0072309 is a feasible
diagnostic index for NSCLC (23). We then performed joint
prediction based on Logistic regression, and found improved
sensitivity of CEA and CYFRA21-1 by hsa_circ_0072309.
Finally, we discussed the connection between hsa_circ_0072309
and patient prognosis. As shown by Cox regression analysis,
hsa_circ_0072309 was independently linked to patient prognosis,
suggesting its potential as an essential marker for adverse
prognosis in NSCLC patients.

This research experimentally confirmed down-
regulated_circ_0072309 in NSCLC and its potential to be
a marker with diagnosis and prognosis utility for NSCLC.
However, there are some limitations to be addressed. We only
collected samples from LC patients, but not patients with
benign lung diseases. The occurrence of LC is a long process,
whether hsa_circ_0072309 can distinguish benign lung diseases
from LC remains to be defined. Second, this study has a single
sample type. Recent studies have found that circRNAs exist in
exosomes, peripheral blood mononuclear cells and alveolar fluid.
Whether hsa_circ_0072309 is more significantly differentially

Frontiers in Surgery | www.frontiersin.org 7 February 2022 | Volume 9 | Article 842292253

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhou et al. circ_0072309 Expression Profiling in Non-small-Cell Lung Carcinoma

expressed in other samples needs further verification. Third,
this time, the mechanism of hsa_circ_0072309 has not been
deeply explored, and it is hoped that the later expansion through
bioinformatics analysis will lay the foundation for our follow-up
basic experiments.

In conclusion, hsa_CIRC_0072309 is a candidate marker
with prognostic utility in lung cancer patients with low
expression and a significantly lower survival rate in patients with
low expression.
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Observation of the Effect of Singulair
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Objective: To investigate the effect of montelukast sodium (singulair) combined with

ketotifen fumarate on the acute exacerbation of chronic obstructive pulmonary disease

(AECOPD) with airway hyperresponsiveness (AHR) and its effect on helper T cells 17

(Th17)/regulator T cells (Treg).

Methods: 168 patients with AECOPD and AHR diagnosed in our hospital from February

2018 to December 2019 were selected, and divided into the observation group (n = 84)

and the control group (n = 84). Both groups were given anti infection, bronchodilator,

glucocorticoid, phosphodiesterase inhibitor, cough and expectorant. The observation

group was additionally treated with singulair tablets and ketotifen tablets for 14 days. The

curative effect were observed after treatment. The first second forced expiratory volume

(FEV1), forced vital capacity (FVC) and FEV1 as percentage of predicted value (FEV1%

pred), blood oxygen pressure (PaO2) and blood carbon dioxide pressure (PaCO2),

high-sensitivity C-reactive protein (hs-CRP) and procalcitonin (PCT), Th17 and Treg levels

were measured in both groups before and after treatment.

Results: Compared with the control group, the total effective rate after treatment in

the observation group was increased (94.05 vs. 75.00%, P < 0.05). Compared with

before treatment, the FEV1, FVC and FEV1%pred levels of the two groups of patients

after treatment were increased (P < 0.05). Compared with the control group, the FEV1,

FVC and FEV1%pred levels of the observation group were increased after treatment

(P < 0.05). Compared with before treatment, the PaCO2, hs-CRP and PCT levels

of the two groups of patients were reduced after treatment, and PaO2 levels were

increased (P < 0.05). Compared with the control group, the PaCO2, hs-CRP and PCT

levels in the observation group were reduced after treatment, and the PaO2 level was

increased (P < 0.05). Compared with before treatment, Th17 and Th17/Treg levels of

the two groups of patients were reduced after treatment, and Treg levels were increased
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(P < 0.05). Compared with the control group, the Th17 and Th17/Treg levels

of the observation group were reduced after treatment, and the Treg levels was

increased (P < 0.05).

Conclusion: Singulair combinedwith ketotifen in the treatment of patients with AECOPD

combined with AHR can significantly improve the efficacy, improve lung function, reduce

inflammatory response, and improve the balance of Th17/Treg, effectively controlling

the disease.

Keywords: acute exacerbation, chronic obstructive pulmonary disease, airway hyperresponsiveness,

montelukast, ketotifen fumarate

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common
pulmonary disease with the characteristics of airflow limitation,
which develops irreversibly and progressive (1, 2). COPD is
more common in middle-aged people, especially in people with
a long history of smoking or long-term exposure to other
harmful gases. Its clinical symptoms include chronic cough,
expectoration, shortness of breath or dyspnea. In the early stage,
it only appears during severe exercise, but with the aggravation of
the disease, it often appears in daily life (3, 4). Acute exacerbation
of COPD (AECOPD) is a severe stage in the course of COPD,
in which the exacerbation of respiratory symptoms exceeds the
daily level, which can be caused by bacterial infection, changes
in environmental factors, and other reasons (5, 6). Airway hyper
responsiveness (AHR) refers to the strong contraction response
of the airway after being exposed to stimulation factors, which
is often accompanied by AECOPD. In recent years, due to the
aggravation of environmental pollution and the aging process
of population in China, the incidence of AECOPD combined
with AHR is gradually increasing (7, 8). It has become extremely
important to select the appropriate and effective treatment for
AECOPD combined with AHR. Montelukast sodium (singulair)
is an oral leukotriene (LT) receptor antagonist that inhibits the
binding of LT to its receptors in the airway, thereby rendering LT
ineffective in improving airway inflammation (9, 10). Ketotifen
fumarate tablets, as an allergic mediator release inhibitor for
sensitized active cell mast cells or basophils, can reduce the
release of allergic active mediator and have good anti-allergic
effect (11, 12). T helper cell 17 (Th17) is a kind of pro-
inflammatory cell that plays an important role in the body’s own
defense (13). T regulatory cells (Treg) are generated by thymus
and can inhibit the proliferation of autoreactive T cells in the
body and play a negative role in immune regulation (14). The
purpose of this study was to investigate the efficacy of singulair
in combination with ketotifen in the treatment of AECOPD with
AHR and its effect on Th17/Treg.

MATERIALS AND METHODS

Patients
A total of 168 patients with AECOPD and AHR diagnosed in our
hospital from February 2018 to December 2019 were selected.
Inclusion criteria: All patients met the diagnostic guidelines for

AECOPD (15); no recent oral glucocorticoid or ICS therapy; no
history of bronchial asthma. Determination of AHR by bronchial
provocation test (16): First, the forced vital capacity curve of
the subject was determined with the pulmonary function meter,
and the first second forced expiratory volume (FEV1) of the
three curve was taken as the basic value. The provocation test
could be performed for patients with FEV1 > 70%. The lung
function was measured after the subjects were inhaled with
normal saline. If the FEV1 decreased by more than 10% after the
normal saline was inhaled, the airway reactivity would be high
and the test would not be appropriate. If FEV1 decreased by no
more than 10%, subjects were given histamine at an increasing
dose of 5% beginning with the lower dose, and pulmonary
ventilation was measured after inhalation until FEV1 decreased
by more than 20% from baseline or symptoms appeared, or
the maximum dose of histamine was inhaled. After histamine
stimulation, albuterol was routinely inhaled, and the positive
person would be AHR. Exclusion criteria: patients combined
with severe cardiac insufficiency and arrhythmia; patients with
severe cerebrovascular diseases; patients combined with severe
hyperthyroidism, patients with pulmonary infection; patients
who smoke. A total of 168 AECOPD patients complicated with
AHRwere randomly divided into the observation group (n= 84)
and the control group (n = 84). There was no significant
difference in general data between the two groups (P < 0.05).

Research Methods
The control group received sensitive antibiotics to fight
infection according to the sputum culture drug sensitivity
test, aminophylline, salbutamol, budesonide solution to relieve
asthma, ambroxol expectorant, oxygen inhalation, etc., and
systemic use of glucocorticoid (methylprednisolone), which
was discontinued after infection control. On this basis, the
observation group was additionally treated with singulair tablets
(Hangzhou MSD Pharmaceutical Co., LTD.) 10mg orally, once
a day, every night before bedtime. Ketotifen tablets (Jiangsu
Pengrier Pharmaceutical Co., LTD.) were orally taken at 1mg,
twice a day. The treatment course was 14 days. Evaluation
criteria for therapeutic effects: Excellent: The symptoms such as
cough and wheeze disappeared, and the dry and wet rales in the
lung disappeared. Effective: cough and wheeze are reduced, and
pulmonary dry and wet rales are reduced; Ineffective: cough and
wheeze were not improved obviously, and pulmonary dry and
wet rales recurred. Pulmonary function tests were carried out,
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FIGURE 1 | Comparison of clinical effects between the two groups.

Compared with the control group, *P < 0.05.

respectively, and the PowerCube spirometer of German Kangxun
Company was used to check the FEV1, FVC, and FEV1%pred
before and after treatment in the two groups. Each inspection is
determined by a professional technician. The ABL90 blood gas
analyzer provided by RadiometerMedical Equipment (Shanghai)
Co., Ltd. was used to analyze the blood gas of the patient’s blood
to determine the PaO2 and PaCO2. The venous blood of the
two groups of patients was drawn, and the hs-CRP and PCT
were determined by ELISA. The percentage contents of Th17
and Treg cells in the venous blood of patients were detected by
flow cytometry.

Statistical Methods
All data were processed with SPSS 22.0 statistical software. The
enumeration data were examined by X2 test and expressed by
[n (%)], the measurement data were examined by t-test and
expressed by (x ± s). The difference is statistically significant
when P < 0.05.

RESULTS

Comparison of Clinical Effects Between
the Two Groups
Compared with the control group, the total effective rate after
treatment in the observation group was increased (94.05 vs.
75.00%, P < 0.05). As shown in Figure 1.

Comparison of Lung Function Between the
Two Groups
Compared with before treatment, the FEV1, FVC, and
FEV1%pred levels of the two groups of patients were increased
after treatment (P < 0.05). Compared with the control group,
the FEV1, FVC, and FEV1%pred levels of the observation group
increased after treatment (P < 0.05). As shown in Figure 2.

Comparison of Blood Gas Indicators and
Inflammation Indicators Between the Two
Groups
Compared with before treatment, the PaCO2, hs-CRP and PCT
levels of the two groups of patients were reduced after treatment,
and PaO2 levels were increased (P<0.05). Compared with the
control group, the PaCO2, hs-CRP and PCT levels in the
observation group were reduced after treatment, and the PaO2

level was increased (P < 0.05). As shown in Figure 3.

Comparison of Th17 and Treg Between the
Two Groups
Compared with before treatment, Th17 and Th17/Treg levels of
the two groups of patients were reduced after treatment, and
Treg levels were increased (P < 0.05). Compared with the control
group, the Th17 and Th17/Treg levels of the observation group
were reduced after treatment, and the Treg levels was increased
(P < 0.05). As shown in Figure 4.

DISCUSSION

COPD is a common chronic lung disease, and its pathogenesis
is abnormal inflammatory reaction caused by lung infection
due to long-term smoking or external environmental factors
such as respiratory tract infection, which causes excessive mucus
secretion to narrow the airway and aggravate the obstruction (17–
19). AECOPD is a serious stage in the course of COPD, in which
the inflammatory response is aggravated, resulting in the increase
of eosinophils and basophils in the body, and the release of more
neutrophil chemokines and proteolytic enzymes to participate
in the inflammatory response, and the persistent inflammatory
response may even lead to the death of the patient (20, 21). AHR
is often associated with COPD, and it is caused by narrowing
and obstruction of the airway in patients with COPD that the
mucosal epithelium of the airway is damaged, resulting in the
enhanced response of the airway to non-specific stimuli, further
triggering inflammation (22, 23). Therefore, selecting treatment
that is effective in alleviating AHR is one of the main strategies
for preventing and treating the progression of COPD.

The results of this study showed that compared with the
control group, the total effective rate of the observation group
was higher after treatment. The reason for this was analyzed
as LT is an inflammatory response substance different from
glucocorticoid-sensitive mediators, which has a high biological
activity and always exists in the occurrence and development of
COPD. Singulair is a specific cysteine LT receptor antagonist,
which can effectively inhibit the pro-maturation effect of peptide
growth factor on eosinophilic and basophilic stem cells, and
reduce the eosinophils in the airway and surrounding blood,
thereby reducing airway inflammation, relaxing smooth muscle,
and reducing pulmonary hypertension (24, 25). Ketotifen is
an allergy-inducing medium release inhibitor of mast cells or
basophils, which can protect the membrane of mast cells or
basophils, reduce the membrane allosterism under the attack of
allergens, and prevent the release of allergic reaction medium.
At the same time, it has strong antihistamine H1 receptor
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FIGURE 2 | Comparison of lung function between the two groups. Compared with before treatment, *P < 0.05. Compared with the control group, #P < 0.05.

antagonism, which can effectively inhibit the release of histamine
by bronchial submucosal mast cells to avoid the occurrence
of respiratory tract non-specific inflammation, and thus reduce
AHR (26, 27).

The results of this study showed that compared with before
treatment, the levels of FEV1, FVC, and FEV1%pred in the
two groups were increased after treatment. Compared with
the control group, the FEV1, FVC, and FEV1%pred levels of
the observation group increased after treatment. These results
indicated that the combination therapy of singulair and ketotifen
could effectively improve the lung function of patients. LT is
the medium that causes increased mucus secretion. Singulair
can prevent the adhesion of white blood cells and endothelial

cells, reduce the production of inflammatory mediators, various
proteases and oxygen free radicals, thereby inhibiting airway
inflammation, reducing mucus secretion, reducing airway
hyperresponsiveness and relieving airway spasm. The results
of this study showed that compared with before treatment,
the PaCO2, hs-CRP and PCT levels of the two groups of
patients were reduced after treatment, and PaO2 levels were
increased. Compared with the control group, the PaCO2, hs-
CRP and PCT levels of the observation group were reduced
after treatment, and the PaO2 level was increased. The reason
was analyzed as follows: Singulair could effectively inhibit the
binding of LT to its receptor in airway and make it unable
to play a role, thus reducing the permeability of capillaries,
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FIGURE 3 | Comparison of blood gas indicators and inflammation indicators between the two groups. Compared with before treatment, *P < 0.05. Compared with

the control group, #P < 0.05.

reducing mucus secretion, relieving airway inflammation and
improving the ventilatory function and inflammatory reaction
of patients.

Th17 cells are a subpopulation of Th cells and are named after
their ability to produce IL-17. As a pre-inflammatory factor, IL-
17 is involved in many inflammatory responses and in a variety
of autoimmune diseases. Activated Th17 cells can secrete IL-
17, which combines with inflammatory cell surface receptors to
induce the release of a large number of inflammatory factors
that act on the airway mucus glands to produce a large amount
of mucus, increase airway responsiveness, and further promote
airway remodeling (28, 29). Treg cells, as important regulatory
cells in the body, can negatively regulate T cells and reduce body

damage caused by over-immunity of antigen and antibody. Treg
cells are related to the immune function of patients, and can
indirectly reflect the degree of inflammation in the lungs and
airways. The increase of Treg cells causes immune imbalance,
and then inhibits the increase of Th17 cell activity, weakening
the inflammatory response in the lungs, which may induce lung
cancer. However, the mechanism needs further research and
discovery. Similar to the balance between T helper 1 cell (Th1)
and T helper 2 cell (Th2), there is also an important balance
between Th17 and Treg cells. The imbalance will lead to local
or systemic abnormal immune responses, such as autoimmune
diseases, tumors, persistent infections and other diseases. At
present, more and more pulmonary diseases have been found to
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FIGURE 4 | Comparison of Th17 and Treg between the two groups. Compared with before treatment, *P < 0.05. Compared with the control group, #P < 0.05.

be related to immune disorders, especially the role of Th17/Treg
cells in the pathogenesis of pulmonary diseases has received
increasing attention (30, 31). The results of this study showed
that compared with before treatment, Th17 and Th17/Treg levels
of the two groups of patients were reduced after treatment, and
Treg levels were increased. Compared with the control group,
the Th17 and Th17/Treg levels of the observation group were
reduced after treatment, and the Treg levels was increased. These
results indicated that the combination therapy of singulair and
ketotifen could improve the Th17/Treg balance and maintain the
immune balance of the body, thereby effectively improving the
disease condition.

In summary, singulair combined with ketotifen in the
treatment of patients with AECOPD combined with AHR
can significantly improve the curative effect, improve the
lung function of patients, reduce the inflammatory response,
and improve the Th17/Treg balance, and effectively control
the disease.
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Background: The clinical value and application of preoperative ultrasound contrast in the

diagnosis of cervical lymph nodemetastasis in thyroid papillary carcinoma is investigated.

Methods: In total, 126 cases of thyroid papillary carcinoma were selected, the sensitivity

and accuracy of color ultrasound and ultrasound contrast were analyzed by comparing

preoperative gray-scale ultrasound, color ultrasound, and ultrasound contrast.

Results: The accuracies of preoperative color ultrasound and ultrasound contrast in

detecting lymph node metastasis were 74 and 82%, respectively, and their sensitivities

were 80 and 94%, respectively. Lymph node metastasis was significantly more severe

when the tumor diameter was >4 cm. The lymphatic metastatic rate of the patients with

multifocal papillary carcinoma was 96.4%, whereas the lymphatic metastatic rate of the

patients with thyroid gland lesions was 87.7%. The central foci of cervical lymph node

metastasis included the following pathological subtypes: diffuse sclerosis type (89.3%,

25/28), high-cell type (72.2%, 8/11), and papillary type (40.0%, 4/10).

Conclusion: Ultrasound contrast is more sensitive than color ultrasound in the diagnosis

of cervical lymph node metastasis. Primary lesions ≥4 cm, lesion involvement, outer

membrane, and high-risk pathologic subtypes and lesions were considered as the criteria

for ultrasound contrast application.

Keywords: lymph node metastasis, contrast-enhanced ultrasonography, ultrasonic examination, thyroid tumor,

preoperative

INTRODUCTION

Papillary thyroid carcinoma is the most common type of thyroid malignancy and accounts for
over 80%. Most patients with this malignancy experience slow disease progress and have a
good prognosis, but 30–80% of them might experience potential cervical lymph node metastasis
(1, 2). However, whether cervical lymph node metastasis affects the prognosis of papillary thyroid
carcinoma remains controversial. Some factors might influence the lymph node metastasis of
papillary thyroid carcinoma. It was reported that vascular invasion, multifocality, large tumor
diameter, young age, and male sex were positively correlated with central lymph node metastasis in
the cervical region in papillary thyroid carcinoma patients (3). In papillary thyroid cancer patients,
Hashimoto’s thyroiditis has a protective effect on central lymph node metastasis and a risk effect on
lateral lymph node metastasis (4).
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The standard surgical treatment for this disease is cervical
lymphatic dissection, but excessive or insufficient neck cleaning
is common in clinics because of the difficulty in accurately
diagnosing cervical lymph node metastasis before operation (1).
Lymph node biopsy is a pathological analytical method with
high diagnostic accuracy, which is yet to be widely applied in
China (5). Although ultrasound, CT, and MRI have significantly
increased the diagnostic rate for this disease, several deficiencies
still remain (6). Thus, ultrasound contrast has shown potential
application value in diagnosing diseases.

In this study, we analyzed the factors influencing the
sensitivity of this technique and discussed the value and
application of preoperative ultrasonography in diagnosing
cervical lymph node metastasis from thyroid papillary carcinoma
patients. The diagnostic sensitivity and accuracy of color
ultrasound and ultrasound contrast for thyroid papillary
carcinoma patients were analyzed.

MATERIALS AND METHODS

General Materials
In total, 126 thyroid papillary carcinoma cases were enrolled in
our department from November 2015 to November 2020. This
study was approved by the Institutional Animal Care and Use
Committee (approval number: 2015-36). Oral informed consent
was obtained from subjects. All experiment procedures are in
accord with the Declaration of Helsinki. These cases included
28 thyroid papillary carcinoma cases, but clinical palpation or
imaging examination revealed that these cases were enlarged
with neck lymph nodes. Grayscale ultrasound, color ultrasound,
and ultrasound contrast were conducted before operation. The
patients included 31 men and 95 women. The ages ranged from
19 to 77 years with a median age of 46 years. Among the cases,
68 cases were ≥45 years and 58 cases were <45 years. The
sizes of their thyroid nodules ranged from 4 to 42mm and the
median was 20mm. The following conditions were observed:
unilateral carcinoma in 98 cases, bilateral carcinoma in 17 cases,
and multicentral carcinoma in 11 cases.

Ultrasonic Examination
Philips ultrasonic diagnostic equipment with a frequency range
of 8–13 MHz, a mechanical index (MZ) of 0.05–0.08, and a
compressed range of 33–35, dynamic shear rheometer (DSR)
(Middle) was used in this study. An ultrasound contrast agent
(Sonovue; Bracco, Milan, Italy) was combined with 5ml saline
and shaken for 30 s. A 2 × 108/mm3 microbubble suspension
was formed by intravenously injecting each contrast agent into
the elbow before the vein with a 2.4ml static push and 5ml
saline was used for flushing tubes. At the same time, the timer
was pressed and the characteristics of the lymph node perfusion
and the intensity changes in echo were observed using a double-
image model. Automatic tracking radiography analysis software
(ACQ) was used. The morphological characteristics, aspect ratio,
internal echo, and the lymphatic gate of the lymph nodes were
observed through conventional 2D ultrasonography. The pattern
of vascular distribution in the lymph nodes was examined
with color ultrasound. Contrast-enhanced ultrasound showed

TABLE 1 | Distribution of thyroid lesion sites and regional lymph nodes (cases).

Thyroid

lesions

II III IV V VI

Upper level 23 29 44 2 10

Medium level 18 23 20 3 13

Low level 6 9 6 7 66

Total 47 61 50 11 89

TABLE 2 | Pathological subtype invasion and metastasis of thyroid papillary

carcinoma (cases).

Pathological

subtype

Lymph node

metastasis in the

cervical area

Invasion of the

outer glands

Diffuse sclerosis

type

28 25 28

High cell type 11 8 11

Diffuse follicular

type

3 3 2

Columnar cell type 3 2 3

Follicular type 10 7 3

Solid variant type 9 7 3

Fascia type 9 6 3

Hyaline cell type 10 7 4

Eosinophilic cell

type

7 6 3

Typical papillary

carcinoma

25 19 12

Papillary

microcancer

10 4 1

Large follicular

type

1 1 0

Total 126 95 73

the characteristics of “uneven enhancement” and “fast forward
and slow backward” that indicated cancer metastasis. All images
and other dynamic images were stored in this machine or in a
universal serial bus (USB) disk for retrospective analysis. Two
individuals were designated to analyze the image data. In cases
of inconsistencies in qualitative data, they agreed to include data
after consultation.

Operation Method
In routine neck incision or original incision, the primary lesion
was limited to the side of lateral and isthmic resections. The
primary lesion invaded by the membrane or involved two lobes,
routine sending rapid pathological examination report thyroid
papillary carcinoma and the incision was extended after the
ipsilateral sternocleidomastoid muscle was freed in the middle
and lower parts of the posterior margin. The initial lesion
was located on the upper lobe of the glandular leaves the
first sweep of III, IV, and VI regionsof the lymphoid adipose
tissue. The primary lesion was located on the anterior pituitary
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TABLE 3 | Diagnosis by color ultrasound and contrast-enhanced ultrasonography.

Sensitivity Positive

predictive value

Negative

predictive value

Accuracy

Color

ultrasound

(76/95) 80% (76/90) 84.4% (17/36) 47.2% (93/126) 74%

Ultrasound

contrast

(88/95) 94% (89/106) 83.9% (14/20) 70% (103/126) 82%

P-value 0.102 0.974 0.449 0.158

gland, the first sweep of the VI area of the lymphoid adipose
tissue. The results of the frozen pathological examination were
transported for detecting cancer metastasis and the entire neck
sweep of the lateral area. The postoperative patients with thyroid
papillary carcinoma were treated with standard side necks II–V
zone sweeping.

Pathological Examination
The pathological report of each paraffin section was used as
the diagnostic criterion for patients. After surgery, the paraffin
was sent to the pathology department, and according to II–V
groups of lymph node packet, the size of the tumor was recorded,
and invasion of the thyroid gland membrane was determined.
Neck lymph node area, sweeping amount, metastasis number,
lymph node shape, size, aspect ratio, and calcification were
determined. Lymph node micrometastasis was continuously
sliced and examined by two pathological experts. For the patients
with thyroid papillary carcinoma, the paraffin sections of the
thyroid lesion were reviewed. The sections were then classified
into the following pathological subtypes: large follicular type (1
case), papillary microcancer (10 cases), follicular type (10 cases),
eosinophilic cell type (7 cases), solid variant type (9 cases), fascia
type (9 cases), hyaline cell type (10 cases), high cell type (11 cases),
diffuse follicular type (3 cases), columnar cell type (11 cases),
diffuse sclerosis type (28 cases), and typical papillary carcinoma
(25 cases).

Statistical Analysis
Data were statistically analyzed using Statistical Product and
Service Solutions (SPSS) 18.0 (SPSS Inc., Chicago, IL, USA).
The counted data for the different groups were compared
with X2 test, and a multivariate analysis was conducted
through logistic regression analysis. p < 0.05 was considered
statistically significant.

RESULTS

General Material Analysis
In total, 95 patients had lateral cervical lymph node metastasis
(total metastatic rate: 75.4%), 89 patients had central region
lymph node metastasis (total metastatic rate: 70.6%), 47 patients
had group II lymph nodemetastasis (total metastatic rate: 37.3%),
61 patients had group III lymph node metastasis (total metastatic
rate: 48.4%), 50 patients had group IV lymph node metastasis

(total metastatic rate: 39.7%), and 11 patients had group V lymph
node metastasis (total metastatic rate: 8.7%).

No significant difference was observed as for the age
and gender of patients with cervical lymph node metastasis
of papillary thyroid carcinoma. Lymph node metastasis was
significantly more severe if tumor diameter was >4 cm (X2 =

8.3, p < 0.05). The lymphatic metastatic rate of multiple central
papillary carcinomas reached 96.4% (27/28). The lymph node
metastatic rate was 87.7% (64/73) in the patients with thyroid
gland membrane invasion, whereas the cervical lymph node
metastasis was 58.5% (31/53) in the patients with the thyroid
gland membrane, and the difference was significant. The primary
lesion was located on the surface of the gland leaves in zones
II–IV lymph node metastases (39, 49.5, and 41.9%, respectively),
but the primary lesion was located at the bottom of gland leaves
in the main VI regional lymph node metastasis (62.8%). The
central lesions of cervical lymph node metastasis were classified
under the following pathologically subtypes: diffuse sclerosis type
(89.3%, 25/28) and high cell type (72.2%, 8/11). These values are
significantly higher than those of the papillary micro-carcinoma
type (40%, 4/10; Tables 1, 2).

Preoperative color ultrasound and ultrasound contrast
detected 74 and 82% patients with total lymph node metastasis,
respectively (X2 = 16.457, p = 0.158). The sensitivity of
ultrasound contrast was 94%, the positive predictive value was
83.9%, and the negative predictive value was 70% (Table 3).

Analysis and Comparison of Sensitivity
Between Color Ultrasound and
Contrast-Enhanced Ultrasonography in
Diagnosing Cervical Lymph Node
Metastasis
We examined the positive rate of ultrasonography and the
total number of regional lymph node metastasis in terms of
diagnostic sensitivity. The sensitivity of color ultrasound in
detecting cervical lymph node metastasis was 80%. A total of 13
cases of cervical lymph node metastasis were detected through
color ultrasound and contrast echocardiography. The clinical and
histological subtypes of the patients with lymph node metastasis
were compared through color ultrasonography, and the results
revealed that 10.3% of the patients were diagnosed with
small calcification (68%). The sensitivity of contrast-enhanced
ultrasonography used in the detection of cervical lymph node
metastasis was 94% (X2 = 2.5002, p = 0.102). Such a high
sensitivity might be associated with the unique microcirculation
of lymph node metastasis. Logistic regression analysis showed
that lymph node calcification was correlated with color ultrasonic
diagnostic sensitivity in the following parameters: age, tumor
size, histologic subtype, lymph node calcification, aspect ratio,
necrosis, and blood flow signal richness [odds ratio (OR)
= 8.723, p = 0.007]. The abundance of blood flow signals
was correlated with the diagnostic sensitivity of ultrasound
angiography (OR = 3.481, p = 0.029). Color ultrasound was
significantly different from contrast-enhanced ultrasonography
in terms of the diagnosis of lymph node metastasis.
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FIGURE 1 | The ultrasonography image of cervical lymph nodes in comparison with ultrasound contrast and color ultrasound images. The images produced by color

ultrasound are used for the evaluation of the nature of lymph node lesions. The characteristics of “uneven enhancement” and “fast forward and slow backward” are

observed after ultrasound contrast. Postoperative pathological analysis confirms lymph node metastasis.

DISCUSSION

Ultrasonography is the most widely used method for the
preoperative diagnosis of thyroid carcinoma and cervical
lymph node metastasis (7). CT, MRI, and 2-deoxy-2-[fluorine-
18]fluoro-D-glucose (18-FDG) PET are not recommended by
the latest domestic and international guidelines for routine
examination (1). Ultrasonography is the first method utilized for
the evaluation of lymph node metastasis in thyroid carcinoma
and cervical region and an accuracy rate of 72% is reported in the
literature (8, 9). In this study, the accuracy of color ultrasound
in the diagnosis of cervical lymph nodes was 74%, which is
consistent with the reported value. Our results also found that
ultrasound contrast was accurate (82%) and highly sensitive,
suggesting that ultrasound contrast has an enhanced clinical
application value.

Some studies have shown that the calcification of lymph
nodes, the delineation of the medulla, an aspect ratio of >1,
the disappearance of the lymphatic gate, central liquefaction
necrosis, and peripheral enhancement are the criteria for
determining lymph node metastasis (10). However, this standard
has limitations. Small lymph nodes with normal morphological
sizes are common, whereas lymph node calcification, fluid
necrosis, and peripheral enhancement do not rarely indicate
metastasis (11). Moreover, cervical lymph node inflammation is
also visible (12). Some researchers found that the lymph node
metastatic rate of thyroid papillary carcinoma (CN0) was 60%
when the cervical lymph node was swept during operation (13).
In other reports, patients with chronic lymphocytic thyroiditis
often exhibit neck lymph node enlargement, lymph node echo
heterogeneity reduction, and lymphatic door disappearance
(14, 15). We used ultrasound contrast technology to address
these deficiencies. The diagnosis of positive lymph nodes can
reveal not only their morphological characteristics but also
the “uneven reinforcement” and “fast forward slow backward”
behavior of local blood supply in ultrasound contrast. In typical

cases, as shown in Figure 1, the morphological structure of
lymph nodes in grayscale and color ultrasound images is
generally normal. “Uneven enhancement” and “fast forward slow
backward” are only observed after ultrasound contrasts and are
consistent with the pathological examination results. However,
for the regional lymph nodes in grayscale, the color ultrasound
performance of typical audio-visual transfer, especially low
degree of calcification, the aspect ratio of >1, the abundance of
blood flow signal, and the overall accuracy of ultrasound contrast
was 86% compared with that of the other technique (84%), but
the difference between these techniques was not significant. This
result suggested that ultrasound contrast was advantageous over
other ultrasound methods in terms of the diagnosis of patients
with capability in diagnosing suspected lymph node metastasis.

At present, the pathogenesis of cervical lymph nodemetastasis
in papillary thyroid carcinoma is not established. Some studies
reported that thyroid papillary carcinoma invades the membrane
or the surrounding tissues or organs, and the metastatic rate in
cervical lymph nodes was 46.9% (13). In the present study, the
patients with membranous invasion were more prone to lymph
node metastasis than those without invasion, and the normal
grayscale and color ultrasound results were not transferred. The
lesions were located on the upper-medium lobe of the gland
mainly in the IIA, III, and IV regional lymph node metastases
(39, 49.5, and 41.9%, respectively). The primary lesion was found
at the low level mainly in the zone VI regional lymph node
metastasis (62.8%). Cancer lesions detected at the upper-medium
level are likely to be transferred to zones II and III. Most of the
lower-level lesions are transferred to the VI area, which should be
targeted to “focus” on the key areas of lymph nodes.

In the present study, the pathological subtypes of primary
thyroid tumor were combined with ultrasound contrast. The
lymph node metastatic rates were 89.3, 72.2, and 66.7% in the
cervical regions with diffuse-type, high-cell-type, and columnar-
cell-type pathologies. The cervical lymph node metastatic rate
was 96.4%. Under the following conditions, ultrasound contrast

Frontiers in Surgery | www.frontiersin.org 4 February 2022 | Volume 9 | Article 851657266

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhang et al. Node Metastasis Diagnosis by Ultrasonography

examination should be actively performed: (1) maximum
diameter of the primary lesion ≥40mm; (2) lesions are
involved in the membrane or invading the surrounding
tissues or organs; (3) diffuse type, high cell type, columnar
cell type, and other high-risk groups; and (4) multicentric
primary lesion. The reoperation rate should be reduced, and
a precise direction of neck-selective area sweeping should
be followed.

The study has several limitations. This research is a
retrospective analysis and may be limited by potential
selective bias. Moreover, the research is limited by
case group, the absence of benign thyroid tumor, and
the presence of cervical lymph node enlargement of
the case for comparison. The diagnostic specificity
of ultrasound contrast was also difficult to compare.
Further studies should be performed to achieve
objective observations.

CONCLUSION

In conclusion, the study showed that ultrasound contrast is more
sensitive and accurate than color ultrasound in the diagnosis of
cervical lymph node metastasis, especially recessive lymph node
metastasis, of thyroid papillary carcinoma. Ultrasound contrast
also has several of the following advantages. For example, it
does not cause trauma, emit radiation, and elicit toxic effects.

Furthermore, it requires simple operation and provides good
clinical value.
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Peripheral circulating monocytes and resident macrophages are heterogeneous effector

cells that play a critical role in the maintenance and restoration of pulmonary integrity.

However, their detailed dynamic changes in lipopolysaccharide (LPS)-induced acute

lung injury (ALI) remain unclear. Here, we investigated the impact of mononuclear

phagocyte cells in the development of LPS-induced ALI/Acute respiratory distress

syndrome (ARDS) and described the relations between the dynamic phenotypic changes

and pulmonary pathological evolution. In this study, mice were divided into two groups

and intraperitoneally injected with normal saline (NS) or LPS, respectively. A series of flow

cytometry assay was performed for the quantification of peripheral circulating monocyte

subpopulations, detection of the polarization state of bronchoalveolar lavage fluid

(BALF)-isolated alveolar macrophages (AMφ) and pulmonary interstitial macrophages

(IMφ) separated from lung tissues. Circulating Ly6Clo monocytes expanded rapidly after

the LPS challenge on day 1 and then decreased to day 7, while Ly6Chi monocytes

gradually increased and returned to normal level on the 7th day. Furthermore, the

expansion of M2-like AMφ (CD64+CD206+) was peaked on day 1 and remained high

on the third day, while the polarization state of IMφ (CD64+ CD11b+) was not influenced

by the LPS challenge at all the time points. Taken together, our findings show that

Ly6Clo monocytes and M2-like AMφ form the major peripheral circulation and pulmonary

immune cell populations, respectively. The dynamic changes of mononuclear phagocyte

in three compartments after the LPS challenge may provide novel protective strategies

for mononuclear phagocytes.
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INTRODUCTION

Acute lung injury (ALI) is a pulmonary injury of alveolar
epithelial cells and capillary endothelial cells, characterized
by neutrophilic inflammation, diffuse pulmonary interstitial,
and alveolar edema resulting in acute hypoxic respiratory
insufficiency. Clinical manifestations of ALI include progressive
hypoxemia, respiratory distress, and heterogeneous exudative
lesions on lung imaging. ALI and its more severe stage acute
respiratory distress syndrome (ARDS) occur in one-third of the
patients with sepsis and have a high mortality rate of up to 40%
(1, 2). However, there is no effective treatment for ALI, and
the mechanisms of ALI/ARDS in sepsis remain unclear. Studies
have shown that the main cause of ALI/ARDS is pulmonary
vascular injury, which may lead to an increase in pulmonary
vascular permeability (3–5). Lipopolysaccharide (LPS), a major
component of the outer membrane of Gram-negative bacteria,
is one of the most important pathogen-associated molecules
of sepsis. LPS stimulation leads to a cascade of inflammatory
responses resulting in lung injury. Therefore, inhibition of
inflammatory cytokines is a potential treatment for ALI/ARDS.

The activation of innate and adaptive immunity leads to
the aggravation of lung injury by releasing a large number of
cytokines and inflammatory mediators. Monocytic phagocyte
system cells are derived from immature myeloid cells and consist
of a heterogeneous population of cells, providing circulating
monocytes and resident recruited macrophages (Mφ) that play
an important role in innate pulmonary immune response (6,
7). Tam et al. reported that Ly6G–CD11b+Ly6Chi monocytes
exhibited protective and immunosuppressive properties in
inflammation (8). Our previous studies have revealed that
there was a rapid expansion of circulating Ly6Chi monocytes
and M2-like AMφ rather than the subsets of IMφ in the
bleomycin-induced pulmonary injury model (9). These results
support the theory that there is an Ly6Chi-monocyte-directed
pulmonary AMφ alternative activation. Although studies have
shown that subpopulations of mononuclear phagocytes have
been recognized for their critical role in antimicrobial defense,
the detailed temporal kinetic changes of mononuclear phagocytes
in the circulating, pulmonary alveolar. Moreover, interstitial
compartments in LPS-induced ALI/ARDS have not been
described. In this study, we established an LPS-induced ALI
mouse model and performed serial flow cytometry assays to
investigate their association with the pathological evolution of
pulmonary disease.

MATERIALS AND METHODS

Reagents
Lipopolysaccharide (0111:B4 from Escherichia coli) was
purchased from Sigma-Aldrich (St. Louis, MO, USA). 7-
amino-actinomycin D (7-AAD) viability staining solution,
PerCP/Cy5.5 anti-mouse Ly6G (clone 1A8), fluorescein
isothiocyanate (FITC)-conjugated anti-mouse Ly6C (clone
HK1.4), phycoerythrin (PE)-conjugated anti-mouse CD11b
(clone M1/70), PE-conjugated anti-mouse CD206 (clone
C068C2), PerCP/Cy5.5 anti-mouse CD64 (clone X54-5/7.1), and

their respective isotype controls (PerCP/Cy5.5 Rat IgG2a, FITC
Rat IgG2c, PE Rat IgG2b, PE Rat IgG2a, and PerCP/Cy5.5 Mouse
IgG1) were purchased from Biolegend (San Diego, CA, USA).

Animals
Male C57BL/6 mice at 8–10 weeks of age with body weights of
16–18 grams were purchased from the Laboratory Animal Center
of the Academy of Military Medical Sciences (Beijing, China). All
mice received human care in compliance with the Regulations
for Management of Experimental Animals (Tianjin Municipal
Science and Technology Commission, revised June 2004), which
was in accordance with Guide for the Care and Use of Laboratory
Animals published by the National Institutes of Health (NIH
Pub. No.85-23, revised 1996). All procedures involving animals
were approved by the Animal Use and Care Committee of the
Pingjin Hospital.

LPS-Induced ALI Mouse Model
In total, 60 mice were randomly divided into two groups: the
LPS group (n = 30) and the normal saline (NS) group (n = 30).
Mice were anesthetized by 2% isoflurane inhalation for 60–90 s
followed by intraperitoneal (i.p.) injection of LPS (5 mg/kg) in
100 µl of sterile saline or an equal volume of NS. All mice had
free access to food and water after the operation. On days 1, 3,
and 7 after the LPS/saline challenge, mice were sacrificed under
an overdose of pentobarbital sodium (100 mg/kg, n= 10 for each
group at each time point). The blood samples were treated with
ethylene diamine tetraacetic acid disodium salt (Na2-EDTA). The
bronchoalveolar lavage fluid (BALF) and the lung tissues were
collected for the following experiments.

Histopathological Evaluation of the Lung
Tissues
The non-lavaged lungs (left lobes) were fixed with 4%
paraformaldehyde in phosphate buffer saline (PBS, pH 7.2–
7.4) and inflated under pressure of −20 mmHg for 24 h.
The paraformaldehyde-fixed left lobes were embedded in
paraffin wax and sliced into 5µm sections then stained with
hematoxylin and eosin (H&E). To evaluate morphological
characteristics, five successive selected areas of each lung section
were observed under a magnification of ×200 using a light
microscope (Olympus, Japan). The severity of alveolitis was
determined according to the morphological characteristics, such
as inflammatory infiltration and the lesion areas: score 0
represents the normal tissue; scores 1, 2, or 3 represent the
degree of pulmonary inflammation <20, 20–50, or more than
50%, respectively. The average score of all examined areas was
calculated as the inflammation score (IS).

Bronchoalveolar Lavage Fluid Analysis
The BALF was harvested by lavage through the lung three times
with 1ml precooled saline each time via intratracheal cannula,
and 90% of the total injected volume was consistently recovered.
The BALF was centrifuged at 300 g for 15min at 4◦C. The cell-
free supernatant was collected for the inflammatory cytokines
assay, total protein quantification, and lactate dehydrogenase
(LDH) detection (LDH Assay Kit, Jiancheng Bioengineering
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FIGURE 1 | LPS-induced massive leukocyte infiltration and alveolar structural damage. (A) H&E staining lung tissue sections showed alveolar edema and swelled

alveolar epithelium under stimulation of LPS. (B) The inflammation score of the NS and LPS groups at different time points. LPS, lipopolysaccharide; NS, normal

saline; HE, hematoxylin and eosin; IS, inflammation score. Scale bars correspond to 50µm in the micrographs. *p < 0.05, **p < 0.01. Statistical results were an

average of five animals in each group.

Institute, Nanjing, China). The cell pellets were resuspended in
0.9% sterile saline for total and differential cell counts and flow
cytometry analysis.

Flow Cytometry
Flow cytometry was performed to analyze the peripheral blood,
lung cell suspensions, and BALF cell suspensions using a
Cytomics FC500 Flow Cytometry (Beckman Coulter Inc., CA,
USA) and FlowJo software (Treestar, Ashland, OR, USA) for
data analysis. In monocytes phenotypic assays, hypotonic lysis
was used to deplete the red blood cells prior to FCM detection.
A volume of 30 µl Na2–EDTA anti-coagulated peripheral
blood was stained for 15min in the dark at room temperature
using a mixture of anti-mouse antibodies specific for Ly6G
(PerCP/Cy5.5), PE-conjugated CD11b, and FITC-conjugated
Ly6C to identify Ly6Chi and Ly6Clo cells. In the AMφ phenotypic
assay, 50 µl BALF cell suspension was stained using a mixture
of 7-AAD viability staining solution (eBioscience, Thermo Fisher
Scientific, Inc., Waltham, MA, USA), anti-mouse antibodies
specific for CD64 (PerCP/Cy5.5), PE-conjugated anti-mouse
CD206, and PE-conjugated anti-mouse CD11b (BioLegend, CA,
USA) according to the manufacturer’s instructions to identify
AMφ M1 and AMφ M2 cells. FCM assay was carried out after
incubation. In IMφ phenotypic assay, the right lower lung tissues
were digested with 0.1% type I collagenase (Sigma-Aldrich, Inc.,
MA, USA) at 37◦C for 1 h. After washing with D-Hanks and cell
viability detection, 50 µl refiltered single-cell suspensions were
stained in the presence of hypotonic lysis using a mixture of
7-AAD viability staining solution (eBioscience, Thermo Fisher

Scientific, Inc., Waltham, MA, USA), anti-mouse antibodies
specific for CD64 (PerCP/Cy5.5), PE-conjugated anti-mouse
CD11b, and PE-conjugated anti-mouse CD206 (BioLegend, CA,
USA) according to the manufacturer’s instructions to identify
IMφ M1 and IMφ M2 cells. FCM measurement was performed
after incubation.

Statistical Analysis
All data were expressed as means ± SEM from three
replicate experiments and analyzed with one-way ANOVA using
GraphPad Prism 5.0 software (GraphPad, San Diego, CA, USA)
followed by the Bonferroni post-hoc test for statistical comparison
of multiple groups. A two-tailed p < 0.05 was considered
statistically significant.

RESULTS

Lung Inflammatory Response in the
LPS-Mediated ALI Model
To investigate the histological changes, the H&E-stained lung
tissues were examined by light microscope on days 1, 3, and
7 after the LPS or NS challenge. As shown in Figures 1, 2,
compared to the normal structure of lung tissue and pulmonary
alveoli composed of thin septa, vascular, and connective tissue,
LPS-induced ALI resulted in peribronchial and interstitial
inflammatory cells significant infiltration with complications of
acute congestion, edema, and alveolar wall thickening (Figure 1).
Figure 2 shows the degree of inflammation in LPS groups is
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FIGURE 2 | Total protein in BALF of LPS-induced ALI. Mice were sacrificed on

days 1 and 3 after LPS stimulation and BALF were collected for protein

quantification. BALF, bronchoalveolar lavage fluid; LPS, lipopolysaccharide;

ALI: Acute lung injury; *p < 0.05; **p < 0.01; ns, no statistical significance.

Statistical results were an average of five animals in each group.

FIGURE 3 | LDH activity in BALF of LPS-induced ALI. Mice were sacrificed on

days 1, 3, and 7 after LPS stimulation and BALF were collected for LDH

activity detection. BALF, bronchoalveolar lavage fluid; LPS, lipopolysaccharide;

ALI, Acute lung injury; ** p < 0.01; ns, no statistical significance. Statistical

results were an average of five animals in each group.

much higher than that in NS groups on days 1–3 and decreases
to normal level on day 7.

Total LDH Activity of BALF
The concentration of total protein and LDH activity detection at
each time point are shown in Figure 3.

Temporal Dynamic Changes of Peripheral
Circulating Monocyte Sub-Populations
The peripheral circulating monocytes presented a dynamic
expression of Ly6C after LPS stimulation (Figures 4A,B).
Compared with the NS group, the percentage of Ly6Clo in the
LPS group was highly increased on day 1 after the LPS challenge,
then gradually declined from day 3 to day 7 (p< 0.05) and finally
reached a level similar to that of the NS group (Figure 4C). In
contrast with Ly6Clo, the temporal dynamics of Ly6Chi remained
at a lower level than that of the NS group until day 7 (Figure 4D).

Temporal Dynamic Changes of
BALF-Isolated AMφ
The temporal dynamic changes of BALF-isolated AMφ and
IMφ both in NS and LPS groups were characterized by FCM.
Results showed that 7-AAD−CD64+CD206− cells (M1-like
AMφ) accounted for the majority of cell types of BALF-isolated
AMφ in the NS group (Figures 5A,B). The percentage of M1-
like AMφ in the LPS group was low on day 1, then showed an
upward trend from day 3 and finally reached a level similar to
that of the NS group on day 7 (Figure 5C). However, the level
of 7-AAD−CD64+CD206+ cells (M2-like AMφ) in LPS treated
mice was much higher than that in the NS group on day 1 then
gradually decreased to normal level (Figure 5D).

Temporal Dynamic Changes of
BALF-Isolated IMφ
Dynamic variations of IMφ from digested lungs are shown
in Figure 6. More than 92% of 7-AAD−CD64+CD11b+ cells
showedM1-like phenotype (CD206–) (Figures 5A,B). Moreover,
there was no significant change in M1 and M2 compared
with normal levels from day 1 to 7 after LPS stimulation
(Figures 6C,D).

DISCUSSION

Acute lung injury is a severe symptom of ARDS, characterized by
capillary hyperpermeability, interstitial, and alveolar edema and
aggregation of neutrophils, macrophages, and red blood cells in
the alveoli. Although a large number of technical and supportive
therapies have been developed by intensive care units over the
past 40 years, few effective approaches have been used to treat
ALI/ARDS, which has resulted in high mortality (2). LPS has
a pro-inflammatory effect, triggering pulmonary inflammatory
response through N oxide-dependent redox signaling (10) in
pulmonary endothelial cells and causing alteration in the airway
and pulmonary circulation function in mice (11, 12). i.p.
injection of LPS has been widely acknowledged as a repeatable
pharmacological model of ALI. Therefore, we used a mouse
model of i.p. injection of LPS to observe the dynamics of three
components of the mononuclear phagocyte system.

The present work manifested the temporal and spatial
characterization of circulating monocytes, pulmonary resident
macrophages, which include alveolar macrophage (AM) and
interstitial macrophage (IM) in an ACI rodent model induced by
i.p. injection of LPS. The main findings are all around these three
monocyte-macrophage subpopulations. First, there was a higher
level of Ly6C subset in the LPS group than that in the NS group
on day 1 after LPS administration and declined subsequently
and reached the same level as NS ultimately on day 7. Of note,
there is a more active Ly6Clo subset due to the LPS challenge,
and by contrast, Ly6Chi remained at a lower level than that of
the NS group until day 7. Second, the temporal changes of M2-
like AM are almost the same as Ly6Clo: an expansion of M2-like
alveolar macrophage from day 1 and reached a similar level as
that of the NS group on day 7. Third, with regard to IM, there
was no significant difference between M1 and M2 compared
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FIGURE 4 | Temporal dynamic changes of peripheral circulating monocyte subpopulations after LPS stimulation. (A, B) Ly6Chi and Ly6Clo monocytes were identified

by flow cytometry. Numbers outside boxed areas indicated the percentage of cells. The gating strategies for peripheral circulating monocyte subpopulations are

shown in (A). The dynamic characteristics of Ly6Chi and Ly6Clo monocytes in NS and LPS groups are shown in (B). (C, D) Kinetics of increase in Ly6Chi and Ly6Clo

monocyte numbers in peripheral blood. FSC, forward-scattered light; SSC, side-scattered light. #p < 0.05, compared with the LPS group on day 1; **p < 0.01. (n = 5

in each group).

with normal levels from day 1 to 7 after the LPS challenge. To
the best of our knowledge, the present work is the first report
with regard to describing the temporal and spatial changes of
mononuclear phagocytes in the LPS-induced ACI model, which
may provide clues for monocyte/macrophage targeting treatment
of ACI or septic-ARDS. Moreover, we prove for the first time
that LPS induces increased accumulation of M2-like AMφ in the
pulmonary alveoli rather than M1-like AMφ.

As a component of the mononuclear phagocyte system,
circulating peripheral blood monocytes provide a mobile

and powerful cell source for innate immune system (13).
They are also precursors of macrophages and dendritic
cells and involved in the maintenance and restoration
of tissue integrity (14, 15). It is noteworthy that in the
previous studies of dynamics of circulating monocytes,
AMφ and IMφ in BLM-induced lung injury and fibrosis
mouse model, mouse Ly6Chi monocyte was a therapeutic
target for many inflammatory diseases, which supported
the Ly6Chi directed pulmonary alternative activation
mechanism (16).
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FIGURE 5 | Temporal dynamic changes of AMφ subpopulations after LPS stimulation. (A, B) M1- and M2-like AMφ were identified by flow cytometry. Numbers

outside boxed areas indicate the percentage of cells. The gating strategies for pulmonary AMφ subpopulations is shown in (A). The dynamic characteristics of lung

M1- and M2-like AMφ in NS and LPS groups are shown in (B). (C, D) Kinetics of increase in M1- and M2-like AMφ numbers in BALF-isolated cells. FSC,

forward-scattered light; SSC, side-scattered light. #p < 0.05, compared with the LPS group on day 1; **p < 0.01. (n = 5 in each group).

Compared to active Ly6Chi in fibrosis mice, the Ly6Clo

subpopulation was more active after LPS exposure. The
mechanism behind this phenomenon may be that when
the cells are damaged, the Ly6Clo subpopulation with more
surface CX3CR1 expression, which can crawl or patrol in
the vascular cavity faster, and can be seen as sentinel cells
(27), and neutrophils can migrate to the injured site by
Ly6Clo cells secreting CXCL2 chemokine (28). Moreover, it
is also reported that the accumulation of Ly6Clow monocytes
was associated with the expression of adhesion molecules

in vascular endothelial cells (17), and LPS-induced tumor
necrosis factor α (TNF-α) release resulted in intercellular
adhesion molecule (ICAM-1) and E-selectin expression as
well as increased vascular cell adhesion molecule (VCAM-1)
expression in supernatant-activated endothelial cells. Therefore,
LPS is a trigger for the indirect activation of endothelial
cells by monocytes, which plays an important role in the
adhesion of breast cancer cells (18). According to these findings,
we propose that LPS-induced adhesion molecules expression
contributes to the accumulation of Ly6Clow monocytes in
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FIGURE 6 | Temporal dynamic changes of IMφ subpopulations after LPS stimulation. (A, B) M1- and M2-like IMφ were identified by flow cytometry. Numbers outside

boxed areas indicated the percentage of cells. The gating strategies for pulmonary IM subpopulations is shown in (A). The dynamic characteristics of lung M1- and

M2-like IMφ in NS and LPS groups are shown in (B). (C, D) Kinetics of increase in M1- and M2-like IMφ numbers in the lung tissue. FSC, forward-scattered light;

SSC, side-scattered light. #p < 0.05, compared with the LPS group on day 1; **p < 0.01. (n = 5 in each group).

the peripheral circulation and local infiltrate of M2-like AMφ

in the pulmonary alveoli. Additionally, it is reported that
selective depletion of Ly6Clo subpopulation would lengthen
the duration of inflammation absorption and regression (19),
and furthermore, Shichino et al. (20) believed that Ly6Clo

restorative macrophage subset plays a role of candidate lung
macrophages and could different into the monocyte-derived
macrophages (MMs) in alveoli as a result of Ly6Clo subset
cells and MMs response to inflammation both in a C-C
chemokine receptor type 2 (CCR2)-dependent manner (21).

Although we observed the ACI in mice within 7 days, according
to the comparison betweensilica-induced pulmonary fibrosis
mice and LPS-induced ARDS or ALI mice, we can reasonably
speculate that LPS can cause a slight rise of M2 phenotype
alveolar macrophages for a short time, while it would cause
secondary fibrosis change in the lung tissue later as well. The
magnitude of the LPS-induced lung lesion should be less than
the typical pulmonary fibrosis caused by bleomycin and silica.
We believe that there is a positive correlation between M2
phenotype alveolar macrophages proportion in the early stage
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with the degree of prognosis in the later stage, and it also
has a certain suggestive effect on the degree of lung injury at
that time.

In conclusion, this study demonstrates the dynamic changes
of circulating monocytes, AMφ and IMφ, in the LPS-induced
ALI mouse model. A rapid expansion of circulating Ly6Clo

monocytes andM2-like AMφ suggests that monocyte phagocytes
may be a potential therapeutic target for ALI (22).
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Purpose: To explore the intervention effect of external counterpulsation (ECP) combined

with high-intensity aerobic exercise (HIAT) on patients with coronary heart disease (CHD)

after PCI.

Methods: 124 patients with stable CHD after PCI admitted to our hospital from June

2018 to June 2021 were selected, and all patients were divided into control group

and observation group using the random number table method. The control group

received conventional treatment, The observation group received ECP combined with

HIAT based on the control group. The cardiorespiratory function indexes, exercise

endurance indexes, incidence of major cardiovascular adverse events (MACE), Barthel

index of the two groups were observed.

Results: After intervention, METs max, VO2 max, VO2 max/kg, VO2 max/HR, and PP, ED,

AT, and Barthel score in both groups were significantly higher than before intervention,

and patients in the observation group were significantly higher than those in the control

group (P < 0.05). The incidence of MACE in the observation group (3.23%) was lower

than in the control group (12.90%) (P < 0.05).

Conclusion: ECP combined with HIAT can improve the cardiopulmonary function of

patients with CHD after PCI, and improve exercise endurance, reduce the incidence of

MACE, improve patients’ ability of daily living.

Keywords: coronary heart disease, external counterpulsation, high-intensity aerobic exercise, cardiopulmonary

function, adverse cardiovascular events

277

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://doi.org/10.3389/fsurg.2022.851113
http://crossmark.crossref.org/dialog/?doi=10.3389/fsurg.2022.851113&domain=pdf&date_stamp=2022-03-03
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles
https://creativecommons.org/licenses/by/4.0/
mailto:hpp1361@163.com
https://doi.org/10.3389/fsurg.2022.851113
https://www.frontiersin.org/articles/10.3389/fsurg.2022.851113/full


Zhao et al. External Counterpulsation/High-Intensity Aerobic Exercise

INTRODUCTION

Coronary heart disease (CHD), a common disease among
middle-aged and elderly people, has become the leading cause of
hospitalization and death in China. The onset age of this disease
is generally after 60 years old, and in recent years, the prevalence
of CHD has been on a rapid rise (1). With the development
of science and technology and medical treatment, percutaneous
coronary intervention (PCI) is increasingly used in the treatment
of CHD, which is a therapeuticmethod for patients with coronary
artery stenosis to unblock the narrowed or occluded coronary
artery lumen by transcatheter technique. It has the advantages of
less trauma, quick recovery and high success rate (2, 3). However,
PCI is not the end of treatment for patients with CHD. Although
PCI can save patients’ lives, the incidence of major cardiovascular
adverse events (MACE) after PCI is high and the recovery of
cardiopulmonary function after PCI is poor (4, 5). At present,
only drug or surgical treatment can not completely relieve the
risk factors of patients with CHD, and it is of great clinical
significance to effectively stabilize the condition of patients with
CHD, reduce the incidence of coronary complications, and
improve the cardiopulmonary function of patients.

Research has shown that the key to improving the quality
of life and prognosis of patients with CHD is not only
conventional drug therapy, but also somato-psychological and
other integrated rehabilitation measures are equally important
(6). External counterpulsation (ECP) is a non-invasive assisted
circulation device, which sequentially inflates the balloon during
the diastolic phase of the heart to promote blood return
to the lower extremity arteries and increase coronary artery
perfusion, and is beneficial to improving myocardial blood
supply and increasing oxygen-carrying capacity, thus affecting
cardiopulmonary function, and has become the main non-drug
treatment for various angina pectoris, heart failure and other
cardiovascular diseases (7, 8). In addition, cardiac rehabilitation
therapy with exercise training as the core content is gradually
recognized and respected by clinical health care professionals and
patients. High-intensity aerobic training (HIAT) can reduce the
body’s inflammatory reaction, improve the patient’s endothelial
function, promote the establishment of coronary collateral
circulation and delay coronary stenosis through high-intensity
effective exercise stimulation (9). HIAT not only helps to control
body weight, improve patients’ blood pressure and blood glucose,
but also prevents cardiovascular events, promotes mental health,
and controls risk factors of cardiovascular disease as a whole, thus
improves patients’ exercise function and survival quality, and has
a positive impact on patients’ prognosis (10). The aim of this
study was to investigate the effect of ECP combined with HIAT
on cardiopulmonary function and MACE in patients with CHD
after PCI.

MATERIALS AND METHODS

Object
124 patients with stable CHD after PCI admitted to our hospital
from June 2018 to June 2021 were selected, and all patients

were divided into control group and observation group using the
random number table method, with 62 cases each.

Inclusion Criteria
Met the diagnostic criteria of coronary heart disease (11); PCI
was performed successfully for the first time within 3 months;
Hemodynamics was stable after PCI; Have the condition of
basic movement.

Exclusion Criteria
Accompanied by movement restriction diseases such as bone
joints and muscles; Patients with severe arrhythmia and
severe heart failure that affect ECP; Severe cardiopulmonary
dysfunction; Those who were unable to perform
cardiopulmonary exercise test for various reasons; Accompanied
by systemic serious organic diseases; Complicated infectious
diseases; Mental disorder, abnormal cognitive function, Unable
to cooperate with training; Increase or decrease the amount of
exercise if you did not follow the instructions.

Methods
The control group received conventional treatment, including
drug therapy, anti-blocking rehabilitation training, and daily
nursing (1). The medical staff gave the patients anti-platelet
aggregation, nitrates, angiotensin-converting enzyme inhibitors,
and statins (2). Integrated with the guidance of the director
of our rehabilitation department, the patients performed elastic
band exercises with the help of researchers to ensure that the
patients did not feel any discomfort on the day of training,
and instructed the patient to wear a heart rate monitor.
Preparatory activities and relaxation activities were performed
before exercise, relaxation movements and warm-up movements
include shoulder, wrist, ankle, neck, waist, hip, knee joint
activities. The patients’ blood pressure and heart rate were
closely monitored during exercise, and exercise was stopped
immediately if symptoms such as progressive chest pain, pale
complexion, ataxia, dizziness, fatigue, and shortness of breath
occurred. The training forms could simply be arranged and
designed according to the movement of the joint, the resistance
provided by the elastic band at 100% extension was 1.7 kg. In
resistance training, each isometric contraction lasted 10s, rested
for 10 s, repeated 10 times as a set of training, and each training
was done with 10 sets of training (3). Health education was
carried out on quitting smoking and drinking, eating regularly,
exercising properly, and regulating emotions.

The observation group received ECP combined with HIAT
based on the control group. Patients were evaluated by
cardiopulmonary exercise test before the intervention. Patients
were first warmed up with a power bike for 5min with no load
and rested for 3min with an initial power of 5W. The power
was increased at a rate of 10 W/min. Patients were kept at a
speed of 50–60 r/min while pedaling training. When patients
had chest pain, weakness, dyspnea and other uncomfortable
symptoms, or when ECG and blood pressure monitoring reached
the indications for test discontinuation, the evaluation was
discontinued and peak power (PP) was recorded (1). ECP: The
intervention was performed with a balloon type ECP device
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(P-ECP/TM, Pushkang, Chongqing). During the treatment, the
patient was lying flat on the bed, and airbags were pumped on
the patient’s calves and thighs as well as buttocks, which were
connected to the air compressor through an air tube. Under
cardiac monitoring, the balloons were inflated and deflated
simultaneously with the patient’s cardiac cycle, with sequential
compression of the lower limbs and buttocks during diastole
and rapid deflation of the three balloons during systole, with a
counterpulsation balloon inflation pressure of 260–340 mmHg
and a finger pulse wave showing a diastolic/systolic wave ratio
>1.2. 1 time/d, 1 month was a course of treatment (2). HIAT:
After 5min of warm-up, patients were trained with power
treadmill by bicycle with aerobic exercise intensity of 80% PP,
3min for each group, with 1min rest between groups, 10 groups
for each training, a total of 40min. The initial training could
be carried out with 60% PP as exercise load for 7 days of
adaptive training. The treatment lasted for 3 months, 1 time/d,
and 3 times/week.

Observation Index
(1) Baseline information such as patient’s age, gender,

smoking history, alcohol history, combined diseases,
and postoperative course of PCI were recorded.

(2) Before intervention and 3 months after intervention, the
K482 cardiopulmonary exercise test training system
(COSME, Italy) was used to measure the patients’
cardiorespiratory function indexes. The patients’ maximal
METs (METs max), maximal oxygen uptake (VO2 max),
maximal oxygen uptake every kilogram (VO2 max/kg) and
maximal oxygen pulse (VO2 max/HR) were recorded.

(3) Before intervention and 3 months after intervention,
the K482 cardiopulmonary exercise test training system
(COSME, Italy) was used to measure the exercise endurance
indexes of the patients. The PP, exercise duration (ED) and
anaerobic threshold (AT) in the patients’ cardiopulmonary
exercise test were recorded.

(4) The incidence of MACE such as angina pectoris, arrhythmia
and heart failure was recorded in both groups within 3
months of intervention.

(5) Before intervention and 3 months after intervention, the
Barthel index was used to evaluate the patients’ ability of
daily living. The scale had 10 items with a total score of
100 points, >60 points: in daily life, patients could basically
take care of themselves; 40–60 points: in daily life, patients
needed the help from others; 20–40 points: life needs a lot
of help; <20 points: in daily life, patients completely needed
the help from others. The higher the score, the stronger the
independence and the smaller the dependence of the patient.

Statistical Methods
SPSS 22.0 software was used for analysis. The measurement data
was (± s), the comparison was made by t-test, the count data
was (%), and the comparison was made by χ

2 test. P < 0.05 was
statistically significant.

RESULTS

Baseline Information of the Patient
There was no statistical difference in age, gender, smoking
history, alcohol history, combined diseases, and postoperative
course of PCI between the two groups (P > 0.05). As shown
in Table 1.

Cardiopulmonary Function of Patients
After intervention, METs max, VO2 max, VO2 max/kg, and
VO2 max/HR in both groups were significantly higher than
before intervention, and patients in the observation group were
significantly higher than those in the control group (P < 0.05).
As shown in Figure 1.

Exercise Endurance of Patients
After intervention, PP, ED, and AT in both groups were
significantly higher than before intervention, and patients in the
observation group were significantly higher than those in the
control group (P < 0.05). As shown in Figure 2.

Incidence of MACE in Patients
The incidence of MACE in the observation group (3.23%) was
lower than in the control group (12.90%) (P < 0.05). As shown
in Table 2.

Ability of Daily Living of Patients
After intervention, the Barthel score in both groups were
significantly higher than before intervention, and patients in
the observation group was significantly higher than that in the
control group (P < 0.05). As shown in Figure 3.

DISCUSSION

PCI is one of the common clinical treatment modalities for
CHD, which can effectively improve myocardial blood perfusion,
promote myocardial cell recovery and improve prognosis (12).
However, after PCI, the myocardial blood supply of patients with
CHD is insufficient, and the oxygen-carrying capacity of the
body is reduced, which leads to the decline of cardiopulmonary
function and exercise endurance, easily triggers MACEs such
as angina pectoris, arrhythmia, heart failure, seriously affecting
the physical and mental health and life safety of patients
(13). At present, the clinic attaches great importance to the
rehabilitation of patients with CHD, and the intervention model
with the ultimate goal of improving cardiopulmonary function,
improving quality of life and returning to society is gradually
applied widely.

ECP is a non-medical, non-invasive physiotherapy method
that increases cardiac perfusion by wrapping the patient’s
buttocks and lower extremities with segmental balloons. During
the diastolic phase of the heart, the balloons are sequentially
inflated to promote the return of blood from the arteries of
the lower extremities to the aorta and then to the arteries
at all levels, thereby increasing diastolic pressure, and during
the systolic phase of the heart, the balloons are rapidly
deflated to allow rapid flow of blood from the aorta to
the lower extremities to reduce cardiac afterload (14). The
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TABLE 1 | Baseline information of patients (n, %, x̄± s).

Group Number of cases Age (years) Gender Smoking history Alcohol history

<60 ≥60 Male Female

Control group 62 28 (45.16%) 34 (54.84%) 31 (50.00%) 31 (50.00%) 36 (58.06%) 35 (56.45%)

Observation group 62 30 (48.39%) 32 (51.61%) 27 (43.55%) 35 (56.45%) 37 (59.68%) 39 (62.90%)

χ
2 value 0.130 0.518 0.033 0.536

P-value 0.719 0.472 0.855 i0.464

Group Number of cases Combined diseases Postoperative course of PCI (d)

Diabetes Hypertension Hyperlipidemia

Control group 62 19 (30.64%) 14 (22.58%) 13 (20.96%) 40.23 ± 8.13

Observation group 62 17 (27.42%) 16 (25.81%) 12 (19.35%) 38.85 ± 8.55

χ
2/t value 0.273 0.920

P-value 0.872 0.359

FIGURE 1 | Cardiopulmonary function of patients. Compared with before intervention, *P < 0.05; compared with control group, #P < 0.05.

principles of ECP therapy are mainly: (1) Increase aortic diastolic
pressure, increase coronary blood perfusion and improve
myocardial blood supply. (2) Reduce peripheral resistance,
improve blood flow, and promote the formation of coronary
collateral circulation. (3) Increase the shear stress of blood

flow, improve the shape and function of vascular endothelial
cell, repair damaged vascular endothelium, and inhibit the
development of atherosclerosis. (4) Accelerate blood flow, reduce
blood viscosity, improve microcirculation while increasing the
oxygen uptake capacity of the body. (5) When the balloon is
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FIGURE 2 | Exercise endurance of patients. Compared with before intervention, *P<0.05; compared with control group, #P < 0.05.

TABLE 2 | Incidence of MACE in patients (n, %).

Group Number of cases Angina pectoris Arrhythmia Heart Failure Total incidence

Control group 62 5 (8.06%) 2 (3.23%) 1 (1.61%) 8 (12.90%)

Observation group 62 1 (1.61%) 1 (1.61%) 0 (0.00%) 2 (3.23%)

χ
2 value 3.916

P-value 0.048

constantly squeezing the lower limbs, the body’s nervous system
generates micro-electrical stimulation, which is conducive to
relieving muscle tension and relaxing the cerebral cortex (15–17).
ECP is a non-invasive, safe, effective, and inexpensive treatment
device that can reduce the discomfort of patients with CHD,
control the progression of the disease, and change the exercise
endurance of the patient, thereby facilitating adaptation to more
intense or longer exercise (18). Physical inactivity is one of the
risk factors for CHD, and long-term physical inactivity may
lead to a decrease in cardiorespiratory fitness, which in turn
may affect the patient’s quality of life. HIAT can positively
affect the cardiovascular system of patients with CHD after
PCI in many ways: (1) HIAT can promote the formation of
cardiac collateral circulation, improve coronary artery blood
supply and intrinsic myocardial contractility, increase coronary

blood flow and capillary diffusion, and improve the circulation
transportation capacity of the coronary artery, thereby reducing
cardiac work and improving left ventricular myocardial function.
(2) HIAT can promote adaptive changes in the structure,
function and regulatory capacity of the cardiovascular system
and skeletal muscle system, which can increase the density of
skeletal muscle capillaries, increase the number of myocardial
capillaries, improve the supply of peripheral blood, increase
the oxygen uptake capacity of skeletal muscle, so as to meet
the body’s demand for oxygen and reducing the load on the
heart. (3) Aerobic exercise can increase the shear stress of
coronary blood flow, stimulate the production and release of
nitric oxide synthase in vascular endothelial cells, improve the
vasodilatory capacity of endothelial intact coronary arteries,
improve the function of peripheral vascular endothelial cells,
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FIGURE 3 | Ability of daily living of patients. Compared with before

intervention, *P < 0.05; compared with control group, #P < 0.05.

and thus increase myocardial perfusion. (4) HIAT enhances the
oxygen utilization capacity and aerobic metabolism of muscle
groups, improves mitochondrial function of cardiomyocytes,
which in turn increases cardiovascular effects, improves overall
patient function, and reduces the incidence of cardiovascular
events. (5) HIAT reduces coronary stent lumen loss in patients
with CHD after PCI, and this may be closely related to a
reduction in the patient’s systemic inflammatory response (19–
21). Villelabeitia-Jaureguizar have found that compared with
moderate-intensity aerobic exercise, although the patients are
more laborious during HIAT, the duration of HIAT is short, and
interval rest can avoid excessive fatigue and discomfort, which
makes the patient’s tolerance higher (22). At the same time, HIAT
brings stronger exercise stimulation to patients, and the higher
the intensity of exercise, the higher the cardiorespiratory fitness
of patients with CHD. METs max can reflect the level of cardiac
energy metabolism and exercise capacity; VO2 max indicates the
body’s maximum aerobic metabolic capacity, cardiac output and
cardiac reserve function, and VO2 max is the gold standard for
evaluating cardiopulmonary function; VO2 max/kg corrects the
effect of body weight on oxygen uptake and was a predictor
of cardiovascular events; VO2 max/HR can reflect the oxygen
intake capacity of the heart’s stroke volume. PP is the maximum
exercise load that the patient can tolerate in the cardiopulmonary
exercise test; ED is the exercise time that the patient lasted from
the beginning to the end of the cardiopulmonary exercise test
evaluation; AT is the critical value of the transition from aerobic
metabolism to anaerobic metabolism when the body performs
increasing load exercise, which can reflect the body’s maximum
aerobic exercise capacity. In this study, METs max, VO2 max,
VO2 max/kg, VO2 max/HR, PP, ED, and AT of patients in the
observation group were significantly higher than those in the
control group, suggesting that ECP combined with HIAT can
improve the cardiopulmonary function and exercise endurance
of patients with CHD after PCI.

In addition, we found that patients with CHD after PCI
had a lower incidence of MACE and better daily living ability
after interventions. The traditional single rehabilitation training
model cannot provide sufficient training volume to resist the

patient’s physical strength loss and cannot achieve the goal
of motor learning optimization through sufficient repetitive
activities, so the therapeutic effect is limited. In contrast, ECP
and HIAT can improve myocardial oxygen supply, enhance
the physical performance of patients, and relieve or even
reduce the occurrence of angina pectoris and arrhythmias. The
combined application of the two methods will eliminate obesity
and bad mood and other risk factors of cardiovascular and
cerebrovascular diseases, help patients gradually recover their
ability to perform activities of daily living and improve the
quality of survival (23, 24). It is worth mentioning that patients
with contraindications to exercise can also be treated with ECP.
Clinicians can give ECP to patients with CHD first, and then
start HIAT when the patient’s condition is stable and there
is no discomfort, which is safe and effective in the field of
CHD rehabilitation.

CONCLUSION

In conclusion, ECP combined with HIAT can improve the
cardiopulmonary function of patients with CHD after PCI, and
improve exercise endurance, reduce the incidence of MACE,
improve patients’ ability of daily living. This intervention brings
a new model for cardiac rehabilitation. In this study, in
order to ensure the uniformity of aerobic exercise intervention
intensity for patients, we only used one form of exercise to
train patients. In addition, when performing cardiopulmonary
exercise test, due to insufficient exercise cooperation and
subjective exercise effort of patients, this may affect the research
results. At the same time, cardiopulmonary exercise test also
require relatively high operation requirements for professional
technicians. Therefore, this study needs to expand the sample
size, prolong the observation time, and choose the exercise form
according to the patient’s personal interests in the future, so
as to further prove the long-term efficacy of ECP combined
with HIAT.
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Background: Signet ring cell carcinoma (SRCC) is recognized as an uncommon subtype

of colorectal carcinoma (CRC). It showed characteristic magnetic resonance imaging

(MRI) manifestations. However, theMRI features post-chemoradiotherapy (CRT) were not

reported, and it is unknown whether the current tumor regression grade (TRG) system

by MRI (mrTRG) is applicable to SRCC.

Purpose: To summarize the image features of rectal SRCC on post-CRT images

corresponding to the pathology, and to determine the predicting value of mrTRG

compared with TRG by pathology (pTRG).

Methods: We retrospectively enrolled seven patients (male: female = 3:4; mean age,

45.1 years) with biopsy-pathology proved SRCC, who underwent pre- and post-CRT

MR imaging followed by surgery. An experienced gastrointestinal radiologist accessed

mrTRG using a 5-point grading system by mandard standard on T2 weighted image

(T2WI) and then added diffusion weighted image (DWI) in a 1-month interval. Additionally,

MRI features were recorded on pre- and post-CRT images as follows: pattern (target

sign) and main signal intensity of T2WI, characterized manifestation of DWI, and mean

Apparent Diffusion Coefficient (ADC)values. The mrTRG and all MR image features were

compared to the post-operative pathology.

Results: At post-CRT histology, five patients got a good response (TRG 1, n = 4; TRG

2, n = 1), one patient got a partial response, and one patient got a poor response. The

accuracy of MRI predicted the pathology response by mandard standard was 14% and

increased to 71.4% when added DWI. After CRT, different degrees of homogeneous high

SI without enhancement representing acellular mucin were observed in all patients, and

the thick-ring high SI turned into a thin-target sign in most good responders. Moreover,

the tumor volume decreased or slightly increased in good responders, while it markedly

increased in the partial and poor responder by 57% and 73.8%, respectively.

Conclusion: Homogeneous high SI on T2WI and thin target sigh on DWI were the

main MRI changes of RSRCC, which was corresponding to the mucinous regression

and represents for good response post-CRT. The mrTRG and tumor volume was not a

reliable indicator to the pathology response. We considered that DWI should be added

to T2WI to evaluate RSRCC response to CRT.

Keywords: signet ring cell carcinoma, colorectal carcinoma, magnetic resonance imaging, chemoradiotherapy,

pathology
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INTRODUCTION

Signet ring cell carcinoma (SRCC) is defined as a carcinoma
composed of >50% of signet ring cells (SRCs) by the World
Health Organization (WHO) (1). In comparison, cases with
≤50% presence of SRCs are noted to be carcinomas with
SRCs. SRCC shows more aggressive behavior and a worse
clinical outcome than adenocarcinoma (AC) and mucinous
adenocarcinoma (MAC) (2–4), even than MAC with SRCs (5,
6). Rectal SRCC (RSRCC) patients presented more frequently
with Stage III or IV disease than other subtypes. Pre-operative
chemoradiotherapy (CRT) followed by total mesorectal excision
(TME) has become a standard treatment for patients with locally
advanced rectal cancer. The patients with stage III RSRCC
treated with pre-operative radiotherapy followed by surgery had
better cause-special survival than that with surgery alone (7). In
addition, Bratland et al. (8) reported that half of six patients with
RSRCC turned into complete pathological response (pCR), and
half had no response after radiotherapy. So the precise evaluation
of the tumor regression post-CRT is required to determine
further therapeutic strategies.

MRI is routinely applied for assessing the pre-operative
stage and treatment response to pre-operative CRT. However,
the previous studies almost focused on the AC or MAC (9–
11). AC manifested as an isointense solid mass with diffusion
restriction. The tumor regression was recognized as tumor
mainly replacing by fibrosis, which showed hypointensity on
T2WI, with markedly volume shrinkage and without diffusion
restriction (12, 13). MAC manifested as a high signal intensity
mass with multiple isointense tumor foci, corresponding to large
extracellular mucin lined by columns of malignant cells, cords,
and vessels. The tumor regression of MAC depended on the
tumor foci pattern, which showed similar changes with AC.
Disappearance of the tumor foci manifests homogeneous high SI
without enhancement, which indicated good response. And only
minimal volume shrinkage was observed due to the constancy
existing of the extracellular mucin. However, few case reports
depicted SRCC as concentric wall thickening with target sign and
low SI on T2WI due to extensive scatter malignant cells, with
intracellular mucin separating the anatomical layers of the rectal
wall (14). It shows a big difference in histopathology and imaging
features from AC and MAC. Its MR manifestations of post-CRT
had not been reported, so it is unknown whether the current
mrTRG system is applicable to SRCC.

In this retrospective study, we attempted to reveal the MR
characteristics changes of RSRCC post-CRT, corresponding to
post-operative pathology, and obtain a preliminary evaluation of
association MR features to pathology tumor regression.

MATERIALS AND METHODS

Patients and Clinical Information
This retrospective study was approved by ethics committee of
the first affiliated hospital of Chongqing Medical University.
Thirty-one consecutive patients with pathology proved rectal
carcinoma with an SRC component were identified from the
electronic clinical database in our hospital between January 2012

and March 2021. The patients were included by the following
criteria: (a) patients who had locally advanced rectal cancer and
underwent neoadjuvant CRT followed by surgery within 6 weeks;
(b) patients who underwent pelvic MR scanning pre- and post-
CRT. Exclusion criteria: (a) patients with secondary rectal SRCC
(n = 1, from gastric SRCC); (b) patients with primary rectal
cancer did not undergo surgery in our hospital (n = 9) or
neoadjuvant CRT (n = 9); (c) the pre or post-CRT MRI was
unavailable (n = 3); (d) the biopsy pathology patients did not
meet the SRCC criteria by WHO (n = 2). Finally, seven patients
were enrolled.

The clinical data of the enrolled patients were also
recorded, including age, sex, colonoscopy and biopsy result, and
CRT strategies.

MR Imaging Method
MRI was performed with a 3.0-T MR imager (Signa HDxT, GE)
and a pelvic phased-array coil. The same protocol was used in
every time MR examination in all patients, which included the
following sequences at least: an oblique axial, coronal, and sagittal
T2 weighted fast spin-echo sequence without fat suppression
(TR, 2,320–3,120ms; TE, 85–110ms; flip angle, 90◦; matrix, 512
× 512; NEX, 2; slice thickness, 3mm); an oblique axial diffusion-
weighted sequence with fat suppression (TR, 4,925–6,200ms; TE,
64–71ms; flip angle, 90◦; matrix, 256 × 256; NEX, 4–5; slice
thickness, 4mm; b= 0, 600); an axial, coronal, and sagittal LAVA
sequence after contrast was injected (TR, 4.27–4.66ms; TE, 2.08–
2.22ms; flip angle, 15◦; matrix, 512× 512; slice thickness, 4mm).
The Gadopentetate Dimeglumine (Magnevist; Bayer Schering
Pharma AG, Germany) was injected into the elbow vein as a
contrast agent.

Imaging Analysis
A gastrointestinal radiologist with 12 years of experience in
abdominal MR imaging (Mao Yun, an associate professor),
who was aware of biopsy results and treatment protocol but
blind to the post-operative histopathology and other clinical
information analyzed all images independently, firstly for T2WI
of pre and post-CRT, 1 month later for T2WI with DWI. MR
image features were recorded on pre and post-CRT images as
follows: pattern (target sign or non-target sign) and main signal
intensity (low, intermediate high, or high) of T2WI, characterized
manifestation of DWI, mean ADC value, MR T stage, MRF
involvement, and EMVI. Patterns of T2WI were evaluated on
oblique axial images. Low SI was defined as lower or similar to
the skeletal muscle, intermediate high SI as slightly higher than
skeletal muscle, and high SI as markedly higher than skeletal
muscle. On DWI, the thin-target sign was defined as a thick
concentric mural characterized by high SI of thin inner and
outer layers (<5mm) and low SI of the middle layer, which
was assumed non-tumor mural. A thick ring sign was noted
in if the middle layer showed high SI or if the high SI layer
thickened above 5mm, which was hypothesized mural with
tumor infiltrated (Figure 1). The ROI on the ADC map was
drawn along the contour of the tumor area on each slice on
the workstation, and the mean ADC value was finally recorded.
The change of ADC value (δ ADC) was calculated as postADC
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FIGURE 1 | Patterns of SRCC on DWI. (A,B) Definition of thick-ring signs. The wide of the high-SI ring is above 5mm, which represents tumor tissue infiltrated all

mural layers. (C) Definition of a thin-target sign. The thick concentric mural with high SI of thin inner and outer layers (<5mm) and low SI of the middle layer, which

was assumed non-tumor mural.

value-postADC value. The T stage accessed at MR imaging based
on the depth of tumor or mucin involving: T2, confined to
muscularis propria; T3, extended to peripheral adipose tissue;
T4, involved the peritoneal reflection (T4a)/extended to adjacent
organs (T4b). Negative MRF was defined as the interval between
the outermost tumor tissue and MRF above 1mm. Otherwise,
it recorded positive MRF. The EMVI was defined as either
intermediate or high SI was observed within vessels outside
the tumor, or the contours of these vessels appeared irregular.
ymrTRGwas evaluated post-CRT using the 5-point-grade system
on T2WI (mandard standard): Grade 1, no evidence of treated
tumor; Grade 2, dense hypointense fibrosis or acellular mucin
with minimal residual tumor; Grade 3, >50% fibrosis or mucin
with an intermediate tumor signal representing residual tumor
(fibrosis and mucin > tumor); Grade 4, minimal fibrosis or
mucinous degeneration, but mostly tumor (15); and Grade 5, the
tumor that has a similar appearance as the baseline. We assumed
the low, intermediate high, and high T2-weighted SI representing
fibrosis, tumor, and mucin, respectively, while high SI without
enhancement indicated the acellular mucin. After 1 month, DWI
patterns were added to access the ymrTRG compared to pre-
CRT images; the area of diffused high SI through the mucosa to
the out layer was assumed as residue tumor, and the stratified
pattern with low SI in the middle layer was defined as tumor
regression completely.

Tumor volumes were computationally calculated by adding
the ROI of consecutive images, and the ROI of the tumor area
was drawn along the border of the tumor on each slice of oblique
axial T2WI. The reductive ratio was calculated as [(volumepre-
volumepost)/volumepre]× 100%.

Histopathology and Evaluation of Tumor
Regression
HE stain was applied for all the pathology specimens, and
the samples contained all tumor and regression tissue we
suspected. A pathologist with 10 years of experience (Qingshu
Li, an associate professor) in gastrointestinal pathology who
was aware of the biopsy results but blind to the ymrMR result
evaluated the tumor regression grade by mandard standard
(16). The distribution of tumor or regression tissue in the

mural, resection margin, LN involvement, extramural venous
invasion, and invasion to other organs was also evaluated. TRG
1 and 2 scores were considered good responses, the TRG 3
score was a partial response, and TRG 4 and 5 scores were
poor responses.

RESULTS

Patients and Clinical and Histological
Information
All enrolled seven patients included three men and four women
(median age, 45.1 years; age range, 37–63 years). The percentage
of SRC among the tumor of biopsy specimens was all above
50% (87%, 55–100%). They all accepted pelvic radiotherapy and
synchronal chemotherapy due to locally advanced rectal cancer
and positive CRM evaluated by MRI. A total dose of 50–56Gy
was administered to the pelvis in 25–28 daily fractions during 5
weeks (2 Gy/day, 5 days/week). Chemotherapy was applied with
XELOX (n = 6) or FOFIRI (n = 1) regimen for 2–5 cycles. The
mean interval between completed CRT and post-MRI was 4–
6 weeks (34.5 ± 5.4 days). The interval between post-MRI and
surgery was 11.7± 13.2 days. Surgical procedures includedDixon
(n = 3), Miles (n = 3), and TME with partial bladder resection
and lateral lymph node resection (n= 1), based on the post-CRT
MRI evaluation of a tumor site and extension.

At post-CRT histology, most tumors of the rectal mural met
complete pathological response (n = 4, TRG 1), and one patient
showed few residue tumors (TRG 2). They were considered
good responders. The poor and partial responders with positive
MRF were noted in one case, respectively. Mucinous regression
occurred in all tumors, and numerous inflammatory cells,
especially lymphocytes and some collagen fiber, coexisted in
the submucosa or outer membrane of only two patients.
Fibrous tissue containing extensive scatter SRCs with little mucin
was observed in the poor responder with low SI of T2WI.
Three (43%) of seven patients did not show inflammatory and
desmoplastic reactions. Five (71.4%) of seven cases showed a
concentric thickening mural with its layers widened by the
infiltrated tumor cells or regressed tissue without losing the rough
contour. The submucosa and muscularis proporia were mainly
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involved. The circular muscle (inner muscularis) predominately
widened, followed by longitudinal muscle (outer muscularis),
which resulted in the muscle bundles detached and fence-
like form, while a lot of mass-like mucin pool in pathology
was observed in the two patients showed MAC-like form
on MRI.

Tumor Characteristics Pre- and Post-CRT
on MRI
All cases manifested circular thickened rectal mural, and the
mean volume before CRT was 56.8± 30.6 cm3. After CRT, tumor
volume decreased or slightly increased in good responders,
while it markedly increased in the partial responder and the
poor responder by 57 and 73.8%, respectively. The tumor
shrank most in the patients with a much poorly differentiated
adenoma component.

The majority of cases presented the target sign with multiple
discontinuous rings on T2WI (five of seven), but different SI
was observed among the cases (high SI, n = 2; moderate SI,
n = 2; low SI, n = 1) pre CRT; they showed diffused or
partial thick-ring-high SI on DWI. However, the other two
patients mimicked mucinous adenocarcinoma without a target
sign on T2WI and scattered-high SI on DWI. The mean pre-
ADC value of all tumors was 1.37 ± 0.18 × 10−3 mm2/s.
After CRT, the targetoid patterns of tumor on T2WI did
not change, but different levels of the homogeneous high-SI
area without enhancement, which represented a mucin pool,
(Figure 2) was observed in all the patients. The low T2-SI of
the poor responder turned into intermediate-high tumor SI. On
post-CRT DWI, almost all good responders (4/5) turned into a
thin target sign, and the ADC value increased, while one good
responder and the partial/poor responder showed almost the
same, comparing to pre CRT (Figure 3), and the ADC value
changed slightly. The δADC value of good responders (0.346 ±

0.201 × 10−3 mm2/s) was higher than partial/poor responders
(−0.100 ± 0.028 × 10−3 mm2/s). The pre- and post-CRT
MRI features and pathology changes of all cases are shown in
Table 1.

All cases were considered locally advanced tumors on pre-
CRT MR images (T3a, n = 2; T3c, n = 1; T3, n = 1; T4a, n =

3); most of them were with regional lymph node metastasis (n =

5) and MRF involvement (n = 5), while a few cases with EMVI
involvement (n= 3). However, the post-CRT T-stage, EMVI, and
MRF involvement of all the patients post-CRT were classified at
the same level as the pre CRT on MR images.

Comparison of MR Evaluation and
Pathology TRG
MRI by a mandard standard only correctly evaluated for one
good responder of pTRG 2 (accuracy, 14%), overestimated the
tumor residue for all the patients of pCR, and underestimated
the partial and poor responders. The accuracy of DWI was 71.4%
(three good responders, one partial responder, and one poor
responder), but DWI overestimated tumor residue for two good
responders, shown in Table 2.

DISCUSSION

The RSRCC, also called linitis plastica, is due to diffuse infiltrating
of SRC and numerous desmoplastic reactions, especially in
the gastric. However, two histology patterns of infiltration in
rectal or colonal SRCC were described by WHO (1): (a) signet
ring cells floating in copious pools of extracellular mucin; and
(b) signet ring cells with a diffuse pattern of infiltration with
minimal extracellular mucin, similar to diffuse-type, poorly
cohesive carcinomas encountered in the stomach. In previous
studies (14), circumferential thickening of the rectal mural with
a concentric ring pattern (a target sign) with low SI on T2WI
was considered a characteristic of rectal SRCC (corresponds to
WHO Type b). In this study, classical targeted circumferential
thickening of the rectal mural was noted in 71.4% (five of
seven) patients. Slightly high SI with a thick-ring sign on
DWI was also a characteristic sign of these SRCCs, and it
corresponded to the diffuse distribution of SRCs in the entire
mural. Multiple disconnected rings of low SI showed in the
thickened mural either on T2WI or on enhanced phases were
also the features, which correspond to separated mural layers and
detached muscle bundles by infiltrated tumor tissue in histology,
especially circular muscle. Besides, 28.1% (two of seven) patients
mimicked mucinous adenocarcinoma without a target sign in
our cohort, which was reported in only one case by the previous
studies (17). Additionally, diffuse high SI and intermediate-
high SI were more frequently showing rather than low
SI on T2WI.

Hartman et al. (18) identified that mucin-poor signet ring
cell carcinoma has a dismal prognosis with an aggressive clinical
course, comparing to the mucin-rich SRCC in rectum. Similarly,
in our study, the patient with low T2 SI, which represented
mucin-poor tumor, showed worse CRT response than others.
Three of four patients with high SI got a good response. It
inferred that pre-treatment MRI might have the capacity to
predict the CRT response and prognosis of SRCC, and it needs
further study to confirm.

Mucinous degeneration was the dominant response to the
CRT of SRCC, and it can be observed in all patients, especially
the tumor with high SI on pre-CRT T2WI. It manifested
as homogeneous high SI without enhancement, similarly as
the form of MAC degeneration. However, the proportion of
poorly differentiated adenocarcinoma components took place
by extensive fibrosis, resulted in the moderated SI on pre-
CRT T2WI, decreased markedly. At post-CRT DWI, most
patients with good response showed thin-target signs due to
the diffused tumor cell disappearance and cellular density
decrease. Additionally, the mucin maintained made the mural
remaining thickened, and even pCR was presented. Moreover,
the ADC value of good responders increased more than
partial/poor responders.

Tumor volume change is an important indicator of tumor
treatment response. Our findings indicated that a significant
increase in volume might indicate that the tumor is not
responding well. The partial and poor responders showed
more increase in tumor volume than the good responders,
although tumor volume of the good responders did not show
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FIGURE 2 | Pre- and post-CRT rectal MR images and pathology images of a 46-year-old woman [good responder (1) with RSRCC]. (A–C) axial T2WI, DWI, and

contrast-enhanced T1WI pre CRT, the rectal mural showed a target sign with high SI on T2WI (A), a thick ring sign with slightly high SI on DWI (B), and persistent

enhancement of the entire mural layers (C). (D) The biopsy showed 100% of SRCs (Hematoxylin and eosin staining, × 400). (E–G) Axial T2WI, DWI, and delayed

contrast-enhanced T1WI post-CRT, the lesion showed similarly to that of pre CRT on T2WI (E), which resulted in mrTRG 5 in the evaluation of CRT response.

However, the thin target sign on DWI indicated complete response (F), and the decreased enhancement of the mural also indicated a good response (G). (H) An

extensive mucin pool infiltrated the mural layers with detached muscular bands (an empty triangle) (Hematoxylin and eosin staining, × 20).

FIGURE 3 | Pre- and post-CRT rectal MR images and pathology images of a 42-year-old man (a poor responder) with RSRCC. (A–C) Axial T2WI, DWI, and

contrast-enhanced T1WI pre CRT, the rectal mural showed a target sign with low SI on T2WI (A), a thick ring sign with high SI on DWI (B), and persistent

enhancement of the entire mural layers (C). (D) of the biopsy showed 100% of SRCs (Hematoxylin and eosin staining, × 400). (E–G) Axial T2WI, DWI, and delayed

contrast-enhanced T1WI post-CRT, the lesion showed a target sign with moderate SI on T2WI with a little mucin pool on T2WI (E), which resulted in mrTRG 4 in the

evaluation of CRT response. (F,G) DWI and an enhancement pattern showed similar to the pre CRT, which indicated poor response. (H) Extensive SRCs (a black

triangle) infiltrated the mural layers with detached muscular bands with fibrosis (empty arrows) and mucinous degeneration (empty triangles) (Hematoxylin and eosin

staining, × 20).

a marked reduction. We found that SRC was mostly mucus
degeneration without markedly volume reduction. In contrast,
the volume reduction of the adenocarcinoma component post-
CRT was more apparent due to the tumor cell disappearance
and fiber shrinkage. The study of Park et al. about the CRT

of MAC had a similar result (11). Meanwhile, a large number
of inflammatory cell infiltration in the submucosa of the lesion
may attribute a slight increase of volume. However, we cannot
evaluate the accuracy degeneration of SRCCs based on the
volume change.
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TABLE 1 | The main clinical, image features, and pathology information pre and post-CRT.

Good-

responder1

Good-

responder2

Good-

responder3

Good-

responder4

Good-

responder5

Partial-

responder

Poor-

responder

Age/sex 46/F 46/M 41/F 41/M 63/F 37/F 42/M

Pre-CRT

pathology and

MRI

Biopsy

pathology

(SRCs %)

100 100 60, with

poorly

differentiated

AC

95, with

poorly

differentiated

AC

55, with MAC 100 100

T2-pattern/SI Target

sign/high

Target

sign/high

Target

sign/intermediate

high

Target

sign/intermediate

high

Non-target

sign/high

Non-target

sign/high

Target

sign/low

Enhanced

pattern

Diffused

enhancement

Diffused

enhancement

Diffused

enhancement

Diffused

enhancement

Diffused

enhancement

Diffused

enhancement

Diffused

enhancement

DWI pattern Diffuse/Thick

ring

sign/slightly

high

Diffuse /Thick

ring

sign/slightly

high

Partial/thick

ring sign/high

Partial/thick

ring

sign/slightly

high

Scatter high Scatter high Thick ring

sign/ high

Post-CRT MRI T2-SI No change Extensive

acellular

mucin pool

Partial fibrosis

and acellular

mucin pool

Partial

acellular

mucin pool

Partial

acellular

mucin pool

Partial

acellular

mucin pool

and fibrosis

Focal acellular

mucin pool

Enhanced

pattern

Markedly

decrease

Markedly

decrease

Partial

decrease

Partial

decrease

Markedly

decrease

Partial

decrease

No change

DWI pattern Thin

targetoid

Thin targetoid thin targetoid

with little

scatter high

Partial/thick

ring

sign/slightly

high

Thin targetoid Thin targetoid

with little

scatter high

Thick ring

sign/ high

δVolume (%) −27% +6.4% −66% +18.3% −35.6% +57% +73.8%

δADC (×10−3

mm2/s)

+0.46 +0.39 +0.43 −0.01 +0.46 −0.03 +0.01

Post-CRT

pathology

Main

detached

layers

Propria

muscularis

Submucosa

and propria

muscularis

Submucosa

and propria

muscularis

Circular

muscle

Circular

muscle

Submucosa

and propria

muscularis

propria

muscularis

Regression

tissue

Mucin Mucin Little mucin

and extensive

fibrosis

Mucin and

lymphoceles

Mucin,

fibrosis, and

lymphocytes

Mucin Mucin and

fibrosis

TABLE 2 | Comparision of mrTRG (T2WI or T2WI + DWI) and pTRG.

Patient pTRG (score) T2WI (score) T2WI+DWI (score)

Good-responsder1 1 5 1

Good-responsder2 2 2 1

Good-responsder3 1 4 2

Good-responsder4 1 3 5

Good-responsder5 1 3 1

Partial-responder 3 2 3

Poor-responder 5 4 5

It seems that the TRG by mandard was also not satisfactory
to evaluate the RSRCCs. It almost overestimated all tumors
with good responses. Because either the stretched or broken
muscle bundles or a large number of inflammatory reactions
with lymphocyte proliferation and fibrosis were an equal and
low signal on T2WI, which mimicked residue tumor floating
in the mucin pools, so it was also challenging to evaluate
CR. A previous study (11) of rectal mucinous adenocarcinoma
mentioned that floating iso-signal tumor components could be

distinguished in high-signal mucus lakes, and the regression
of tumor components can be assessed separately. Its accuracy
is about 40.7%, and this result was better than our result of
SRCC. Because comparing to clustered with tumor cells of
mucinous adenocarcinoma, SRCs are diffusely distributed, and it
is more difficult to distinguish the tumor components from their
mimickers mentioned above. However, the mimickers on T2WI
did not show high SI onDWI, and it was easier to identify that the
thick-ring sign turned into a thin-target sign on DWI in the good
responders. Hence, it explains that T2WI with DWI has more
accuracy than TRG by mandard in evaluating tumor response.
However, a small number of scattered residual tumors have low
cell density, which resulted in low/isointense on DWI, so one
patient of pTRG Grade 2 tumors was underestimated as CR.
Additionally, a good responder of CR on post-CRT pathology
was estimated as a lot of residual tumor on both post-CRT T2WI
and DWI. We thought the long interval (36 days) between post-
CRT MRI and surgery might cause the mismatch of post-CRT
MRI to pathology.

MRI staging post-CRT did not decrease in all patients on
T2WI because of the inaccuracy of TRG.
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Limitations
There are several limitations in our study. Firstly, the cases
enrolled were too few, and only one tumor showed classical image
features as low SI on T2WI, while most tumors showed high
SI. That may result in the bias of the better CRT response than
previous pieces of research. Secondly, we did not use OS as the
observation endpoint because two of seven patients were lost
to follow-up.

CONCLUSION

Circumferential thickening of the rectal mural with a target sign
on T2WI and a thick-ring sign on DWI was the characteristic
of rectal SRCC. Homogeneous high SI on T2WI and thin target
sigh on DWI were the main MRI changes of RSRCC, which was
corresponding to the mucinous regression and represented good
response post-CRT. The mrTRG and tumor volume was not a
reliable indicator to the pathology response. We considered that
DWI should be added to T2WI to evaluate RSRCC response
to CRT.
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Value of CRP, PCT, and NLR in
Prediction of Severity and Prognosis
of Patients With Bloodstream
Infections and Sepsis
Peipei Liang and Feng Yu*

Department of Emergency Intensive Care Unit, The First Affiliated Hospital of AnHui Medical University, Hefei, China

Objective: To investigate the value of C-reactive protein (CRP), procalcitonin (PCT), and

neutrophil to lymphocyte ratio (NLR) in assessing the severity of disease in patients with

bloodstream infection and sepsis, and to analyze the relationship between the levels of

three inflammatory factors and the prognosis of patients.

Methods: The clinical data of 146 patients with bloodstream infection and sepsis

admitted to our intensive care unit (ICU) from October 2016 to May 2020 were

retrospectively analyzed. The differences in the levels of inflammatory indicators such

as CRP, PCT, and NLR within 24 h in patients with bloodstream infection sepsis with

different conditions (critical group, non-critical group) and the correlation between these

factors and the condition (acute physiology and chronic health evaluation II, APACHE

II score) were analyzed. In addition, the prognosis of all patients within 28 days was

counted, and the patients were divided into death and survival groups according to their

mortality, and the risk factors affecting their death were analyzed by logistic regression,

and the receiver operating characteristic (ROC) curve was used to analyze the value of

the relevant indicators in assessing the prognosis of patients.

Results: The levels of NLR, CRP, PCT, total bilirubin (TBIL), glutamic oxaloacetic

transaminase (AST), and serum creatinine (Scr) were significantly higher in the critically

ill group than in the non-critically ill group, where correlation analysis revealed a positive

correlation between CRP, PCT, and NLR and APACHE II scores (P < 0.05). Univariate

logistic regression analysis revealed that CRP, PCT, NLR, and APACHE II scores were

associated with patient prognosis (P < 0.05). Multi-factor logistic regression analysis

found that PCT, NLR, and APACHE II scores were independent risk factors for patient

mortality within 28 days (P < 0.05). ROC curve analysis found that PCT and NLR both

had an AUC area > 0.7 in predicting patient death within 28 days (P < 0.05).

Conclusion: Inflammatory factors such as NLR, CRP, and PCT have important clinical

applications in the assessment of the extent of disease and prognosis of patients with

bloodstream infection and sepsis.

Keywords: C-reactive protein, procalcitonin, neutrophil to lymphocyte ratio, bloodstream infection and sepsis,

prognosis, condition
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BACKGROUND

Bloodstream infection is a serious infectious disease that occurs
when pathogenic microorganisms such as bacteria and fungi
invade the blood circulation through a damaged skin mucosal
barrier, causing systemic disseminated infection, and septicemia
and bacteremia are often referred to clinically as bloodstream
infection (1, 2). Clinical practice shows (3) that patients with
bloodstream infections caused by bacterial infections have a
very high probability of developing sepsis, and some studies
(4) suggest that patients with bacterial bloodstream infections
develop rapidly and can develop septic shock within a short
period of time, which can lead to multi-organ failure or even
death in severe cases. The incidence of sepsis is increasing
every year and has a very high mortality rate (5, 6). It has
been shown (7, 8) that if patients can be treated correctly
within 1 h of onset, their survival rate can be 80% or more,
while if patients are treated more than 6 h after onset their
probability of survival is more than 30%. Thus, early risk
stratification and timely identification of critical conditions are
key to improving the short-term prognosis of patients with
bloodstream infection sepsis.

Currently, blood cultures are the gold standard for the
diagnosis of bloodstream infections, but they are time-
consuming, taking 3–7 days or more, with poor timeliness
and the possibility of contaminated specimens (9). In recent
years, some clinical studies have found that the levels of
inflammatory factors such as calcitoninogen (PCT) and C-
reactive protein (CRP) have high clinical value in the early
diagnosis of sepsis and determination of the disease (10, 11).
PCT and CRP are two important inflammatory cytokines
that are involved in apoptosis and can enable cell lysis, and
their levels are significantly increased when the organism
is infected with bacteria, but the relevance of changes in
their levels has been less studied in patients with sepsis
due to bloodstream infection (12). In addition, studies (13,
14) have shown that the neutrophil/lymphocyte ratio (NLR)
can be used to predict sepsis bloodstream infections and
help distinguish between different pathogenic species, but it
is not widely accepted by clinicians as a definitive marker
of infection and the exact threshold value is controversial.
Therefore, this study was conducted to investigate the correlation
between PCT, CRP, and NLR and the prognostic value of
bloodstream infection in patients with sepsis, in order to provide
a basis for early screening of high-risk patients and to guide
clinical treatment.

INFORMATION AND METHODS

Inclusion Criteria
One hundred and forty-six patients with bloodstream infection
sepsis (positive blood cultures) admitted to our intensive care
unit (ICU) from October 2016 to May 2020 were selected,
and only clinical data from the first admission were selected
for repeat ICU admissions during the study period. Inclusion
criteria: (1) referring to the International Consensus on the

Definition of Sepsis and Infectious Shock, Third Edition (Sepsis-
3) published in 2016 (15), the criteria for sepsis diagnosis
were (i) identification of suspected infection; (ii) presence of
a sequential organ failure score (SOFA) change ≥ 2 points;
(2) the patient’s age was ≥18 years; (3) the patient’s case
data and biochemical findings after admission were complete
and free of defects; (4) two or more positive blood cultures,
or two sites with the same positive blood culture and the
same causative organism; (5) the patient’s serum inflammatory
factors PCT, CRP and NLR levels were measured within 24 h
after admission. Exclusion criteria: (1) patients who had been
hospitalized for <24 h; (2) patients with other viral or bacterial
infections; (3) patients with immune deficiency, malignancy,
hematologic disorders, or severe psychiatric disorders; (4)
patients who had been treated with antibiotics prior to initial
admission; (5) women who were breastfeeding or pregnant; (6)
patients or family members who had requested that treatment
be abandoned.

General Information
The clinical data of 146 patients with sepsis from bloodstream
infection, 60 women and 86 men, aged 18–94 (62.45 ±

14.16) years, included in the study were retrospectively
analyzed. Information on gender, age, site of infection,
comorbidities [multiple organ failure syndrome (MODS), acute
respiratory distress syndrome (ARDS)], underlying diseases
(chronic obstructive pulmonary disease, hypertension, diabetes
mellitus), blood count [leucocytes (WBC), total bilirubin
(TBIL), D-Dimer (D-D), Alanine transaminase (ALT), aspartate
transaminase (AST), B-type natriuretic peptide (BNP), platelet
count (PLT), serum creatinine (Scr)], inflammatory factor levels
(CRP, PCT, and NLR), type of infectious strain, and APACHE
II score at 24 h of admission were collected from all patients by
case collection.

Grouping Methods
The Acute Physiology and Chronic Health Rating Scale
(APACHE II) assessment was completed within 24 h after
patients were admitted to the ICU, and patients were divided
into a critical group (67 patients with an APACHE II score
of 20 or more) and a non-critical group (79 patients with
an APACHE II score of <20) based on their scores. Patients
were observed starting from the time of admission to the
hospital and discharged with improvement or death within
28 days as the end point. The prognosis of all patients was
counted and divided into a death group (56 patients) and
a survival group (90 patients) according to their prognosis.
Among them, survival means patients who improved after
treatment in ICU and were transferred to other departments for
further treatment or discharged from the hospital; death includes
patients who died after ineffective treatment and those who were
automatically discharged.

Statistical Processing
All data collected were statistically analyzed and plotted
using SPSS 22.0 and Prism 8.0. The t-test, expressed
as mean ± standard deviation (x ± s), was used for
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measures that conformed to normal distribution and
homogeneity of variance. For the count data, the chi-
square test or Fisher’s exact test was performed. Pearson
model was used to analyze the correlation between each
index and the condition. Independent risk factors affecting
prognosis were analyzed by one-way and multi-way logistic
regression, and the ROC curve was used to evaluate the
diagnostic sensitivity, specificity, and optimal cutoff value
of each index. p < 0.05 indicated that the difference was
statistically significant.

RESULTS

Comparison of General Data and
Laboratory Indicators of Patients With
Different Conditions
We compared the general data and laboratory indices of patients
with sepsis from severe bloodstream infection with those of
patients with sepsis from non-severe bloodstream infection.
The results were no statistically significant differences between
the two groups in terms of gender, age, pulmonary infection,
abdominal infection, concurrent MODS, concurrent ARDS,
underlying disease, strain of infection, WBC level, platelet count,
ALT, D-D, BNP, and BUN levels (P > 0.05). The levels of NLR,
CRP, PCT, TBIL, AST, and Scr were higher in patients with
severe bloodstream infection and sepsis than in the non-critical

group, and the differences were statistically significant (P <

0.05; Table 1).

Analysis of the Correlation Between
Laboratory Indicators and the Degree of
Sepsis in Bloodstream Infections
Pearson correlation analysis showed that NLR, CRP and PCT
levels were positively correlated with severity of disease in
patients with bloodstream infection sepsis (r-values were 0.468,
0.456, and 0.670, respectively; all P < 0.001), while TBIL, AST,
and Scr levels were not linearly correlated with severity of disease
in patients with bloodstream infection sepsis (r-values were
0.017, 0.101, and 0.117, p-values were 0.838, 0.223, and 0.159,
respectively; Figures 1A–F).

Comparison of General Data and
Laboratory Indicators of Patients With
Different Prognosis
We compared the general data and laboratory indices of patients
in the death group with those in the survival group. The results
were no statistically significant differences between the two
groups in terms of gender, age, abdominal infection, underlying
disease, strain of infection, WBC level, platelet count, ALT, D-
D, BNP, BUN, Scr, and TBIL levels (P > 0.05). The incidence of
pulmonary infections, MODS and ARDS, the levels of NLR, CRP,
PCT, andAST, and the APACHE II score were significantly higher
in the death group than in the survival group (P < 0.05; Table 2).

TABLE 1 | Comparison of general data and laboratory indicators of patients with different conditions [(x ± s), n (%)].

Information Critical group (n = 67) Non-critical group (n = 79) χ2/t value P-value

Gender (male) 38 (56.72) 48 (60.76) 0.245 0.621

Age (years) 63.32 ± 13.45 61.57 ± 15.16 0.903 0.369

Infection status Pulmonary infection 47 (70.15) 62 (78.48) 2.094 0.148

Abdominal infection 10 (14.93) 16 (20.25) 0.703 0.402

Complicated MODS 10 (14.93) 13 (16.46) 0.064 0.800

Complicated ARDS 7 (10.45) 13 (46.46) 1.107 0.293

Underlying disease COPD 4 (5.97) 8 (10.13) 0.830 0.362

Hypertension 22 (32.84) 36 (45.57) 2.455 0.117

Diabetes mellitus 8 (11.94) 12 (15.19) 0.324 0.569

Types of bacteria Gram negative bacteria 32 (47.76) 45 (56.96) 1.231 0.267

Gram positive bacteria 28 (41.79) 41 (51.90) 1.486 0.222

NLR 27.32 ± 16.33 12.58 ± 7.14 7.250 0.000

CRP (mg/L) 143.56 ± 56.28 89.73 ± 32.51 7.204 0.000

PCT (ng/mL) 4.79 ± 1.73 1.58 ± 0.80 14.744 0.000

WBC (×109/L) 15.57 ± 8.24 13.26 ± 10.33 1.475 0.142

PLT (×109/L) 130.26 ± 62.24 113.51 ± 52.33 1.767 0.079

TBIL (µmol/L) 34.65 ± 42.13 21.83 ± 29.54 2.152 0.033

AST (U/L) 84.23 ± 33.16 56.77 ± 27.56 5.465 0.000

ALT (U/L) 37.26 ± 13.24 35.58 ± 11.48 0.821 0.413

D-D (mg/L) 4.24 ± 3.10 4.05 ± 3.25 0.360 0.720

BNP (ng/L) 3246.47 ± 3717.52 2535.24 ± 3017.28 1.276 0.204

BUN (mmol/L) 12.59 ± 5.78 11.34 ± 6.04 1.271 0.206

Scr (µmol/L) 208.13 ± 114.58 164.32 ± 132.26 2.119 0.036
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FIGURE 1 | Pearson correlation analysis showed that the levels of (A) NLR, (B) CRP, and (C) PCT were positively correlated with the severity of disease (APACHE II) in

patients with bloodstream infection sepsis (r values of 0.468, 0.456, and 0.670 respectively; all P values <0.001); (D) TBIL, (E) AST, and (F) SCR levels were not

linearly correlated with the severity of disease in patients with bloodstream infection sepsis (r values of 0.017, 0.101, and 0.117 respectively, P values of 0.838, 0.223,

and 0.159 respectively).

Logistic Regression Analysis of Risk
Factors Affecting 28 Days Mortality in
Patients With Bloodstream Infection and
Sepsis
Patients’ prognosis at 28 days was used as the dependent variable
(survival = 0, death = 1) and relevant influencing factors were
used as independent variables (see Table 3 for assignments) to
enter a single multifactorial analysis. Logisti univariate analysis
showed that NLR level, CRP level, PCT, and APACHE II
score were associated with 28 days mortality in patients with
bloodstream infection and sepsis (P < 0.05). Further multiple
regression analysis of the indicators that differed in the univariate
analysis showed that NLR level, PCT level and APACHE II score
were independent risk factors for death at 28 days in patients with
bloodstream infection and sepsis (P < 0.05; Tables 3, 4).

Analysis of the Predictive Value of Relevant
Indicators on the Prognosis of Patients
With Bloodstream Infection and Sepsis
The area under the curve (AUC) for NLR, PCT, and APACHE
II scores to predict 28 days death in patients with bloodstream
infection and sepsis were 0.791 (95% CI: 0.714–0.868), 0.830

(95% CI: 0.758–0.902), and 0.718 (95% CI: 0.636–0.800),
respectively, all with P < 0.05 (Table 5; Figure 2).

DISCUSSION

Bloodstream infection is usually defined as the same patient’s
blood samples obtained from different parts of the body to
culture the same bacteria, and the patient shows symptoms and
signs related to the pathogenic bacteria, it is a serious infectious
disease that can spread throughout the body and is often life-
threatening (16). Sepsis is usually triggered by dysregulation
of the organism’s response to infection and is an acute organ
dysfunction resulting from an abnormal immune response of
the host to infection (17). Some clinical studies (18) have shown
that among the various types of infections that cause sepsis,
bloodstream infection is the most important factor in the death
of patients with sepsis. And with the gradual increase in the
incidence of sepsis after bloodstream infection in China in
recent years, the research on the condition, prognosis assessment
and prevention and treatment of sepsis caused by bloodstream
infection has become a hot spot of concern for clinical workers.

Most scholars (19, 20) currently believe that the development,
progression and prognosis of sepsis in bloodstream infections are

Frontiers in Surgery | www.frontiersin.org 4 March 2022 | Volume 9 | Article 857218295

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Liang and Yu Inflammation/Bloodstream Infection and Sepsis

TABLE 2 | Comparison of general data and laboratory indicators of patients with different prognosis [(x ± s), n (%)].

Information Death group (n = 56) Survival group (n = 90) χ2/t value P-value

Gender (male) 36 (64.29) 50 (55.56) 0.016 0.900

Age (years) 60.23 ± 17.46 55.72 ± 17.65 1.507 0.134

Infection status Pulmonary infection 48 (85.71) 61 (67.78) 5.870 0.015

Abdominal infection 8 (14.29) 18 (20.00) 0.770 0.380

Complicated MODS 14 (25.00) 9 (10.00) 5.852 0.016

Complicated ARDS 12 (21.43) 8 (8.89) 4.592 0.032

Underlying disease COPD 6 (10.71) 6 (6.67) 1.124 0.289

Hypertension 19 (33.93) 39 (43.33) 1.275 0.259

Diabetes mellitus 6 (10.71) 14 (15.56) 0.684 0.408

Types of bacteria Gram negative bacteria 33 (58.93) 44 (48.89) 2.576 0.109

Gram positive bacteria 23 (41.07) 46 (51.11) 1.396 0.237

NLR 29.37 ± 12.24 13.52 ± 8.22 9.360 0.000

CRP (mg/L) 150.59 ± 57.37 106.24 ± 62.25 4.312 0.000

PCT (ng/mL) 9.43 ± 4.25 2.56 ± 1.61 13.844 0.000

WBC (×109/L) 15.02 ± 11.34 12.57 ± 9.43 1.411 0.160

PLT (×109/L) 132.88 ± 58.42 118.25 ± 48.37 1.639 0.103

TBIL (µmol/L) 34.77 ± 41.82 23.98 ± 31.25 1.779 0.078

AST (U/L) 82.56 ± 31.43 58.49 ± 30.24 4.607 0.000

ALT (U/L) 36.11 ± 12.25 36.59 ± 13.12 0.220 0.826

D-D (mg/L) 4.92 ± 3.21 3.89 ± 3.41 1.815 0.072

BNP (ng/L) 3,310.25 ± 3,822.01 2,843.53 ± 3,452.24 0.762 0.447

BUN (mmol/L) 13.34 ± 6.82 12.25 ± 7.27 0.902 0.369

Scr (µmol/L) 196.34 ± 119.24 173.25 ± 124.58 1.107 0.270

APACHE II (points) 25.24 ± 5.15 20.87 ± 4.23 5.578 0.000

TABLE 3 | Assignment table.

Indicator Assignment

Pulmonary infection Yes = 0, No = 1

Complicated MODS Yes = 0, No = 1

Complicated ARDS Yes = 0, No = 1

NLR Continuous variables

CRP Continuous variables

PCT Continuous variables

AST Continuous variables

APACHEII Continuous variables

related to the inflammatory response and the immune function
status of the body. It has been reported (21) that serum levels of
PCT and CRP, two important inflammatory cytokines involved
in apoptosis and capable of causing cell lysis, are significantly
increased when the body is infected with bacteria. PCT, a
precursor of calcitonin, is a 116-amino acid glycoprotein that can
be detected as a significant increase in PCT levels in the presence
of bacterial infections, but is rarely seen in viral infections and is
a sensitive substance for identifying bacterial and viral infections
(22). CRP is an acute phase reaction protein, mainly synthesized
and released by the liver, which slowly increases to hundreds
or thousands of times its normal level after 8–12 h when the
organism is invaded by pathogenicmicroorganisms or stimulated

TABLE 4 | Logistic regression analysis of risk factors affecting 28 days mortality in

patients with bloodstream infection and sepsis.

Indicators Single-factor Multi-factor

OR 95% CI P-value OR 95% CI P-value

Pulmonary

infection

1.379 0.799∼2.377 0.623 – – –

Complicated

MODS

1.525 0.695∼3.347 0.512 – – –

Complicated

ARDS

1.511 0.746∼3.049 0.324 – – –

NLR 1.923 1.575∼2.349 0.012 1.669 1.402∼1.987 0.009

CRP 1.958 1.030∼3.724 0.046 1.060 0.957∼1.173 0.206

PCT 1.684 1.347∼2.105 0.038 1.687 1.312∼2.151 0.031

AST 1.132 0.934∼1.372 0.344 – – –

APACHE II 2.387 1.223∼4.657 0.006 2.270 1.237∼4.169 0.007

by inflammation, and gradually returns to normal level after
reasonable treatment, which can reflect the severity of infection
to some extent (23). As for the relationship between NLR and
sepsis, some studies (24) have suggested that leukocytosis and
lymphopenia are a distinctive feature of severe sepsis, and some
foreign scholars (25, 26) have suggested that NLR can be used
as a marker for the early detection and diagnosis of sepsis
and that NLR is more effective than conventional inflammatory
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TABLE 5 | Analysis of the predictive value of relevant indicators on the prognosis

of patients with bloodstream infection and sepsis.

Indicators AUC 95% CI Cut-off Sensitivity (%) Specificity (%)

NLR 0.791 0.714∼0.868 0.476 64.30 83.30

PCT 0.830 0.758∼0.902 0.639 83.90 80.00

APACHE II 0.718 0.636∼0.800 0.326 89.30 43.30

FIGURE 2 | ROC curve of the predictive value of relevant indicators for 28

days death in patients with bloodstream infection and sepsis.

biomarkers. This study focused on analyzing the differences in
the levels of PCT, CRP, and NLR in patients with bloodstream
infection sepsis and correlating them with the concurrently
rated APACHEII to provide a reference basis for early clinical
assessment of the severity of sepsis patients and their prognosis.

By evaluating the value of PCT, CRP, and NLR in assessing the
condition of patients with sepsis due to bloodstream infection, it
was found that the levels of NLR, CRP, and PCTwere significantly
higher in patients with sepsis due to severe bloodstream infection
than in the non-severe group. APACHE II is currently the most
commonly used disease severity scoring system in ICU, and to
some extent the magnitude of its score can indicate the prognosis

of the disease, with the higher the score the worse the prognosis
(27). Therefore, this study further correlated the inflammatory
factors PCT, CRP, and NLR with APACHE II scores and found
that there was a positive correlation between serum PCT, CRP,
and NLR and APACHE II scores. This suggests that the severity
of the disease in patients with bloodstream infection sepsis can be
effectively reflected by the inflammatory factors PCT, CRP, and
NLR. Meanwhile, we compared patients with different prognosis
of bloodstream infection sepsis and found that higher levels of
PCT andNLR tended to suggest higher sepsis mortality, and both
had comparable predictive value for 28 days death in patients
with bloodstream infection and sepsis.

In conclusion, NLR, CRP, and PCT can effectively reflect the
severity of patients with bloodstream infection sepsis, and higher
levels of NLR, CRP, and PCT are associated with severe disease. In
addition NLR, PCT, and APACHE II scores are independent risk
factors for predicting death in 28 days of bloodstream infection
sepsis, and early monitoring of inflammatory factors for patients
with bloodstream infection sepsis can be used as a marker for
assessing the extent of patients’ disease as well as their prognosis.
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Objective: To explore the effects of two different hemostasis methods, namely, arterial

compression devices and vascular closure devices, in the ischemic cerebrovascular

intervention to provide a theoretical basis for clinical selection of hemostasis methods.

Methods: A total of 302 patients who underwent ischemic cerebrovascular intervention

in our hospital from January 2016 to December 2020 were selected as the research

subjects and randomly divided into the control group (n = 151) and the observation

group (n = 151). The patients in both groups underwent cerebrovascular intervention.

The patients in the control group were treated with an artery compressor for hemostasis

after the operation, while those in the observation group were treated with vascular

closure devices for hemostasis. The hemostatic indexes and vascular parameters at the

puncture site before and after the operation were compared between the two groups.

The comfort level of the patients was assessed at 6, 12, and 24 h after the operation with

the Kolcaba Comfort Scale score, and the postoperative complications were recorded.

Results: There was no significant difference in the success rate of hemostasis between

the two groups (p > 0.05). The hemostatic time and immobilization time of (2.69 ±

0.62) min and (4.82 ± 0.93) h in the observation group were lower than those in the

control group with (16.24 ± 3.58) min and (7.94 ± 1.86) h (p < 0.05). The differences

in the minimum inner diameter of the puncture site and its nearby vessels and the

peak velocity of blood flow between the two groups before and after the operation

were not statistically significant within or between groups (p > 0.05). The scores of

the Kolcaba comfort scale in the observation group (80.16 ± 8.49) and (93.65 ±

9.26) at 6 and 12 h, respectively, after the operation, were higher than those in the

control groups (72.08 ± 7.54) and (85.49 ± 8.63) (p < 0.05). The 24 h postoperative

Kolcaba comfort scale score was (97.54 ± 9.86) in the observation group and (96.82

± 9.64) in the control group, and the difference was not statistically significant (p >

0.05). In the control group, there were 7 cases of dysuria, 12 cases of low back pain,
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14 cases of sleep disorder, 20 cases of mental stress, and 5 cases of wound bleeding,

and the total incidence of complications was 38.41% (58/151). In the observation group,

there were 4 cases of dysuria, 8 cases of low back pain, 10 cases of sleep disorder,

14 cases of mental stress, and 3 cases of wound bleeding, and the total incidence

of complications was 25.83% (39/151). The total incidence of complications in the

observation group was lower than that in the control group (p < 0.05).

Conclusion: For patients with ischemic cerebrovascular disease undergoing femoral

artery puncture intervention, the use of vascular closure devices can stop the bleeding

quickly, which can significantly shorten the bleeding time, and the postoperative braking

time of patients is short, with high comfort and fewer complications.

Keywords: ischemic cerebrovascular diseases, cerebrovascular intervention, hemostatic methods, artery

compressor, vascular closure devices

INTRODUCTION

Cerebrovascular disease refers to acute and chronic
cerebrovascular diseases caused by various reasons. As a
common and frequently occurring disease in the nervous system,
cerebrovascular disease is currently one of the three major
diseases leading to human death, second only to cardiovascular
disease and cancer (1, 2). Ischemic cerebrovascular diseases
mainly include transient ischemic attack and cerebral infarction,
accounting for about 80% of all strokes, and the proportion is
higher in elderly patients. At present, the clinical treatments of
ischemic cerebrovascular diseases mainly include medication,
surgery, and intervention (3, 4). Traditional medication has little
effect on the formed plaques, especially the moderate and severe
vascular stenosis. Carotid endarterectomy was once the gold
standard for the treatment of carotid stenosis, but it has been
limited due to its large surgical trauma and a relatively small
scope of indications (5, 6). Interventional therapy belongs to
minimally invasive surgery, which is usually performed under
local anesthesia. Due to its advantages of not damaging brain
nerve fibers, a short time of blocking the blood flow during
surgery, and its applicability to high-level stenosis, it is one of
the most important methods for the treatment of cerebral artery
stenosis after the surgical carotid endarterectomy (7, 8). To avoid
vasospasm during cerebral vascular intervention, the femoral
artery, and the inguinal artery are usually used as puncture
vessels in clinics. However, coagulation disorders may occur due
to the treatment with anticoagulant and antiplatelet drugs during
the operation, resulting in massive and continuous bleeding,
which affects the prognosis of patients (9, 10). Therefore, it
is extremely important to select a hemostatic method with
few complications, high comfort, and easy caring. Both the
arterial compression devices and the vascular staplers are new
hemostatic devices. Studies have shown that, compared with
traditional artificial compression hemostasis, the hemostatic
effect is better (11, 12). The purpose of this study was to
investigate the application effects of two different hemostasis
methods, namely, the artery compressor and the arterial suture
device in the ischemic cerebrovascular intervention, to provide a
theoretical basis for clinical selection of hemostasis methods.

MATERIALS AND METHODS

Patients
A total of 302 patients, who underwent ischemic cerebrovascular
intervention in our hospital from January 2016 to December
2020, were selected as the research subjects. There were
177 men and 125 women; the age ranged from 40 to 78
years, with an average age of (55.86 ± 9.82) years; the
modified Rankin scale (mRS) was (3.15 ± 0.55) points.
Inclusion criteria: preoperatively enhanced CT, MRI, and digital
subtraction angiography were performed in all patients to
identify the stenotic cerebral artery vessels and sites; all the
patients underwent cerebrovascular intervention—those who
are conscious before surgery; Preoperative examination of
coagulation function, liver and kidney function, and heart
function is normal. Exclusion criteria: the patients with systemic
infectious diseases, the patients with urinary system diseases,
the patients with back pain, the patients with severe respiratory
diseases, and the patients with mental and cognitive dysfunction.
All the patients were randomly divided into the control group
(n = 151) and the observation group (n = 151). There was no
significant difference in general data between the two groups (p
> 0.05), as shown in Table 1.

Treatment Methods
All the patients in the two groups underwent cerebrovascular
intervention; before the operation, all the patients had undergone
routine electrocardiogram (ECG) and routine blood tests, as

TABLE 1 | Comparison of general data between the two groups.

Group Gender Age (years) mRS score

(points)

Male Female

Control group (n = 151) 92 59 55.67 ± 9.68 3.12 ± 0.56

Observation group (n =

151)

85 66 56.05 ± 9.95 3.18 ± 0.54

t/χ2 0.669 0.336 0.948

P 0.414 0.737 0.344
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well as liver and kidney functions and bleeding and coagulation
functions. Aspirin 300 mg/d and clopidogrel 75 mg/d were
routinely administered orally to inhibit platelet aggregation for 3
days before surgery. Stent placement: The femoral approach was
adopted, and a 6F arterial sheath was inserted into the vertebral
artery, while an 8F arterial sheath was inserted into the internal
carotid artery for systemic heparinization. The site and the degree
of arterial stenosis and collateral circulation in the ischemic area
were determined by angiography. Under the guidance of the wire
and the path diagram, a 6F/8F guide catheter was inserted into
the proximal end of the lesion. The microwire is inserted along
that guide catheter, and the head end of the microwire is inserted
through the vascular stenosis and is positioned at the distal end
thereof; then, the balloon dilatation catheter was inserted along
the microwire to expand the stenosis, and the stent was finally
placed at the stenosis. Distal brain protection devices are used for
patients with internal carotid artery stenosis. Angiography was
performed to observe the dilation of the stenosis, and balloon
dilatation was performed if necessary. The intra-cervical and
vertebral artery angiography and intracranial angiography were
repeated. The arterial dilation after stent release and the blood
supply to each branch of the intracranial segment was observed.
If no abnormality was found, the operation was terminated.

The control group was treated with arterial compression
hemostasis (Model: YM-GU-1229, Manufacturer: Tianjin Yimei
Company) after the operation. The arterial compression
hemostat was mainly composed of an elliptical pressure plate,
a fixed adhesive tape, a spiral handle, a base, and a dial. The
operator first confirmed the position of the femoral artery
puncture point, applied pressure to the puncture point, pulled
out the artery sheath, covered the puncture point with gauze,
and then pressed the artery puncture point with an oval pressure
plate, and tightly wound the femoral part with the fixed tape.
Then, the handle of the screwwas rotated clockwise for 6–8 weeks
to pressurize the puncture point to confirm that the puncture
point could bear the pressure of the pressure plate and to avoid
the puncture point bleeding due to excessive pressure. They
began to relax after dressing for 2–3 h and rotated the handle
counterclockwise for 1 turn. About 2–3 h later, the handle was
rotated counterclockwise for 1 turn, and then, it was relaxed every
30–40min for 1 turn. About 2 h later, the patient could slowly
move the lower limb, and, about 6 h later, the patient could slowly
turn over, observe exudation around the puncture point, observe
the swelling of the operative limb, completely relax about 8 h
later, and continue to observe for 30min. If there is no bleeding,
the hemostatic presser can be removed, and the patient moves
slightly on the bed.

Hemostasis in the observation group was performed using
the vascular closure devices (Model: Perclose Pro Glide,
Manufacturer: Abbo TT Labora Tories); after the vascular
condition was evaluated, the Perclose Pro Glide suture device
was used for the local suture of the punctured vessels, and 0.035
inch wire was replaced through the catheter sheath to enter
the femoral artery, followed by the guidewire into the vascular
suture device, and then out of the guidewire, and push the
suturing device until there is an obvious pulse blood flow in the
labeled tube. Position the device at about 45◦, raise the handle

to expand the pin, and press the piston assembly to complete the
endovascular knot when there is resistance in the pull-back. After
exiting the vascular suture instrument, the suture modifier was
used to push the suture knot onto the femoral artery wall, and
finally, the suture knot was tightened, and the excess suture part
was cut to complete the operation.

Observation Indicators
(1) Hemostatic effect indicators: The success rate of hemostasis,
postoperative hemostasis time, and braking time of the patients
in the two groups were recorded. Among them, the criteria
for successful hemostasis were as follows: After a one-
time suture or compression, there was no bleeding at the
puncture point, and the bleeding did not occur again at the
puncture point until discharged. Hemostasis time: the time
from the removal of the arterial sheath to the completion of
hemostasis. Braking time: the time from hemostasis to getting out
of bed.

(2) Vascular parameters of the puncture site: The minimum
inner diameter of the femoral artery within 3 cm of the puncture
site and the nearby area, the peak systolic blood flow velocity,
and the formation of femoral artery thrombosis were detected
preoperatively, and 3 days after the operation, respectively.

(3) The comfort level during hospitalization: Kolcaba comfort
scale (13) was used to score the patients at 6, 12, and 24 h after
hemostasis. The scale includes physiological dimension, psycho-
spiritual dimension, socio-cultural dimension, environmental
dimension, and the overall comfort level. The full score is 120,
and the higher the score, the higher the patient’s comfort level.

(4) Complications: The occurrence of complications such as
dysuria, low back pain, sleep disorder, mental stress, and wound
bleeding were recorded after the operation.

Statistical Methods
All data were processed with SPSS 22.0 statistical software. The
enumeration data were examined by the X2 test and expressed
by [n (%)]; the measurement data were examined by t-test and
expressed by (x ± s). The difference is statistically significant
when p < 0.05.

RESULTS

Comparison of Hemostatic Efficacy
Indicators Between the Two Groups
There were 147 cases of successful hemostasis in the control
group, and the success rate of hemostasis was 97.35% (147/151),
149 cases of successful hemostasis in the observation group,
and the success rate of hemostasis was 98.68% (149/151). There
was no significant difference in the success rate of hemostasis
between the two groups (p > 0.05). The hemostatic time and
immobilization time (2.69 ± 0.62) min and (4.82 0.93) h in the
observation group were lower than those in the control group
(16.24 ± 3.58) min and (7.94 1.86) h (p < 0.05) as shown
in Figure 1.
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FIGURE 1 | Comparison of hemostatic efficacy indicators between the two

groups. Compared with the control group, *p < 0.05.

Comparison of Vascular Parameters at the
Puncture Site Between the Two Groups
The differences in the minimum inner diameter of the puncture
site and its nearby vessels and the peak velocity of blood flow
between the two groups before and after the operation were not
statistically significant within or between groups (p > 0.05) as
shown in Figure 2.

Comparison of the Comfort Level During
Hospitalization Between the Two Groups
The scores of the Kolcaba comfort scale in the observation group
(80.16 ± 8.49), (93.65 ± 9.26) at 6 and 12 h after operation were
higher than those in the control groups (72.08 ± 7.54), (85.49 ±
8.63) (p < 0.05). The 24-h postoperative Kolcaba comfort scale
score was (97.54 ± 9.86) in the observation group and (96.82 ±

9.64) in the control group, and the difference was not statistically
significant (p > 0.05), as shown in Figure 3.

Comparison of Complications Between the
Two Groups
In the control group, there were 7 cases of dysuria, 12 cases of
low back pain, 14 cases of sleep disorder, 20 cases of mental
stress, and 5 cases of wound bleeding, and the total incidence
of complications was 38.41% (58/151). In the observation group,
there were 4 cases of dysuria, 8 cases of low back pain, 10 cases of
sleep disorder, 14 cases of mental stress, and 3 cases of wound
bleeding, and the total incidence of complications was 25.83%
(39/151). The total incidence of complications in the observation
group was lower than that in the control group (p < 0.05), as
shown in Figure 4.

DISCUSSION

Cerebrovascular disease is one of the three leading causes of
human death nowadays, with a high incidence, high disability,
high mortality, and a high recurrence rate. Cerebrovascular
interventional surgery is a commonly used method of cerebral
vascular examination and treatment, it is mainly through the
femoral artery or groin artery puncture into the cerebral vascular,
and an interventional surgery or after check can clearly display
a collateral compensatory situation of brain vascular blood flow
condition and vascular anomalies, and helps the brain aneurysm,
arteriovenous malformation in the diagnosis, and treatment of
diseases (14–16). A small amount of antiplatelet drugs and
anticoagulants is needed tomaintain smooth blood vessels during
the interventional surgery, but they often cause hemorrhage and
hematoma at the puncture site after surgery, which can further
lead to low back pain, mental stress, and dysuria. Most of the
patients with cerebrovascular disease are elderly patients with
poor physical function, varying degrees of impairment of limb
sensation and motor ability, and abnormal coagulation function.
Special attention should be paid to interventional surgery, and
the postoperative puncture site is also prone to bleeding (17, 18).
Therefore, how to quickly and effectively stop the bleeding is
extremely important.

Traditional manual compression hemostasis, vascular stapler,
and arterial compression hemostasis are currently the three
commonly used hemostasis methods at the puncture site
after interventional surgery. Traditional artificial compression
hemostasis is simple and feasible, but compression dressing is
required after hemostasis, and patients are required to stay in
bed for 24 h, which can lead to many adverse reactions, such as
dysuria and soreness of the waist and back caused by staying in
bed for a long time (19, 20). The artery compression hemostat
uses a bionic pressing plate to replace a finger, and the adhesive
tape is matched with the base so that the problem with gauze that
is difficult to fix in artificial compression hemostasis is solved;
meanwhile, nursing staff can directly observe the hemostasis
of patients and timely handle sudden unexpected situations at
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FIGURE 2 | Comparison of vascular parameters at the puncture site between the two groups.

puncture sites. Although the arterial compression device has
a good hemostatic effect, its postoperative patients need to be
braked for 8 h to move freely, which easily causes complications,
such as subcutaneous thrombosis and hematoma and is not
conducive to the recovery of patients and affects their comfort
levels (21, 22).

The results of this study showed that the hemostatic time and
the braking time after operation in the observation group were
lower than those in the control group. These results indicated that
hemostasis with a vascular stapler could shorten the hemostasis
time, and the postoperative braking time for patients was short.
The reason for this was analyzed as the vascular stapler was a
new type of hemostatic device that could directly suture and
puncture blood vessels for rapid hemostasis; besides, the amount
of blood leakage from blood vessels after suture was less, the
local hematoma was less, and the hemostatic effect was better.
Moreover, the results of this study showed that the minimum
inner diameter and the peak velocity of blood flow at the
puncture site and its nearby vessels in the two groups were
not statistically different before and after the operation within
and between groups. These results indicated that the use of
vascular staplers for hemostasis did not increase the risk of lower
extremity ischemia as compared with the arterial compression
hemostats for hemostasis.

The results of this study showed that the Kolcaba comfort
scale scores of the observation group at 6 and 12 h after
the surgery were higher than those of the control group. It
indicated that the patients using vascular stapler for hemostasis
after the neural intervention had a higher comfort level. The
reason was analyzed as follows: The hemostatic principle of
arterial hemostat was mainly to compress the vascular puncture
point with the pressure plate and fix it with adhesive tape for
hemostasis, which required long-time compression of the artery,
with high requirements on the strength and time of compression.
Generally, the bandage could not be removed until 8 h, which
might induce a variety of complications, such as lower extremity

FIGURE 3 | Comparison of the comfort level during hospitalization between

the two groups. Compared with the control group, *p < 0.05.

arterial ischemia, vasovagal reflex, and others, seriously affecting
the patient’s motor ability, and the patient’s comfort level was
poor. The vascular suture device directly sutures the punctured
blood vessels through suture lines, which are simple to operate
and rapid to stop bleeding and can significantly reduce the
compression on the artery. Moreover, the patient’s limb braking
time is short, and the patient’s motor ability is not affected, so,
the patient’s comfort level is high (23, 24). However, 24 h after
the surgery, there was no significant difference in the scores
between the two groups based on Kolcaba Comfort Scale. It
indicated that the comfort levels of the patients between the two
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FIGURE 4 | Comparison of complications between the two groups.

Compared with the control group, *p < 0.05.

groups were not significantly different 24 h after the operation.
The reasons were analyzed as follows: The patients using the
arterial compression hemostat for hemostasis couldmove slightly
on the bed 8 h after the operation so that the patients could relax
and do not feel nervous all the time. This could improve sleep
quality and significantly increase the comfort level. Moreover,
the results of this study showed that the total incidence of
complications in the observation group (25.83%) was lower than
that in the control group (38.41%). These results indicated that
hemostasis with a vascular stapler could significantly reduce
the postoperative complications of patients. Compared with
the arterial compression hemostat for hemostasis, although the
vascular stapler has a better hemostatic effect, the applicability
of the arterial compression hemostat for hemostasis is more
extensive. The vascular suture device needs to suture the blood
vessels directly. Therefore, the vascular suture device is not
suitable for patients with a puncture point at the bifurcation of

the blood vessels, a vessel diameter of < 4mm, atherosclerosis in
the blood vessel wall, repeated fitting of the blood vessel wall, and
severe tortuous iliac artery.

CONCLUSION

For patients with ischemic cerebrovascular disease undergoing
femoral artery puncture intervention, the use of vascular closure
devices can stop bleeding quickly, which can significantly shorten
the bleeding time, and the postoperative braking time of patients
is short, with high comfort and fewer complications.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Taizhou First People’s
Hospital. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

CX is responsible for the design and guidance of the study. YZ
is responsible for the inclusion of cases, the detection of results,
and the writing of the paper. Both authors of this study havemade
equal contributions.

FUNDING

This study was supported by the Zhejiang Medical and
Health Science and Technology Plan Project (No. 2020KY1041),
Zhejiang Public Welfare Technology Application, and the Social
Development Project (No. LGF19H090001).

REFERENCES

1. Yu YP, Tan L. The vulnerability of vessels involved in the role of embolism
and hypoperfusion in the mechanisms of ischemic cerebrovascular diseases.
Biomed Res Int. (2016) 2016:8531958. doi: 10.1155/2016/8531958

2. Zhao DD, Li YR, Yu XY, Zhu YZ, Ma BX. Associations between miR-146a
rs2910164 polymorphisms and risk of ischemic cardio-cerebrovascular
diseases. Medicine. (2019) 98:e17106. doi: 10.1097/MD.00000000000
17106

3. Konstantinova EV, Chipigina NS, Shurdumova MH, Kovalenko EI,
Sapozhnikov AM. Heat shock protein 70 kDa as a target for diagnostics
and therapy of cardiovascular and cerebrovascular diseases. Curr Pharm Des.

(2019) 25:710–14. doi: 10.2174/1381612825666190329123924
4. Nurmohamed MT, van der Horst-Bruinsma I, Maksymowych

WP. Cardiovascular and cerebrovascular diseases in ankylosing
spondylitis: current insights. Curr Rheumatol Rep. (2012) 14:415–21.
doi: 10.1007/s11926-012-0270-6

5. Lu J, LiuW, ZhaoH.Headache in cerebrovascular diseases. Stroke Vasc Neurol.
(2020) 5:205–10. doi: 10.1136/svn-2020-000333

6. Tuttolomondo A, Pinto A. Epigenomics in acute cerebrovascular diseases.
Epigenomics. (2020) 12:471–4. doi: 10.2217/epi-2019-0388

7. Pasarikovski C R, Tanner B K, Marques A, Da CL, Howard P, Dyer EE,
et al. Neurointerventional procedural complications in a growing Canadian
Regional Stroke Center: single hospital experience analysis in the context
of recommended case volumes. World Neurosurg. (2019) 127:e94–100.
doi: 10.1016/j.wneu.2019.02.137

8. Davis MC, Deveikis JP, Harrigan MR. Clinical presentation, imaging, and
management of complications due to neurointerventional procedures.
Semin Intervent Radiol. (2015) 32:98–107. doi: 10.1055/s-0035-15
49374

9. Zalocar L, Doroszuk G, Goland J. Transradial approach and its variations
for neurointerventional procedures: literature review. Surg Neurol Int. (2020)
11:248. doi: 10.25259/SNI_366_2020

10. Nguyen TH, Hirsch JA, Chen MM, Golding L, Leslie-
Mazwi TM, Nicola GN, et al. The impending conversion
factor crisis and neurointerventional practice. J Neurointerv

Surg. (2021) 13:301–3. doi: 10.1136/neurintsurg-2020-0
17005

Frontiers in Surgery | www.frontiersin.org 6 March 2022 | Volume 9 | Article 850139304

https://doi.org/10.1155/2016/8531958
https://doi.org/10.1097/MD.0000000000017106
https://doi.org/10.2174/1381612825666190329123924
https://doi.org/10.1007/s11926-012-0270-6
https://doi.org/10.1136/svn-2020-000333
https://doi.org/10.2217/epi-2019-0388
https://doi.org/10.1016/j.wneu.2019.02.137
https://doi.org/10.1055/s-0035-1549374
https://doi.org/10.25259/SNI_366_2020
https://doi.org/10.1136/neurintsurg-2020-017005
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhou and Xu Hemostasis After Cerebrovascular Intervention

11. Barrette LX, Vance AZ, Shamimi-Noori S, Nadolski GP, Reddy S, Kratz KM, et
al. Nonfemoral arterial hemostasis following percutaneous intervention using
a focused compression device. Cardiovasc Intervent Radiol. (2020) 43:714–20.
doi: 10.1007/s00270-020-02431-7

12. Krishnasamy VP, Hagar MJ, Scher DJ, Sanogo ML, Gabriel GE, Sarin SN.
Vascular closure devices: technical tips, complications, andmanagement. Tech
Vasc Interv Radiol. (2015) 18:100–12. doi: 10.1053/j.tvir.2015.04.008

13. Krinsky R, Murillo I, Johnson J. A practical application of Katharine
Kolcaba’s comfort theory to cardiac patients. Appl Nurs Res. (2014) 27:147–50.
doi: 10.1016/j.apnr.2014.02.004

14. Rafii MS, Hillis AE. Compendium of cerebrovascular diseases. Int Rev

Psychiatry. (2006) 18:395–407. doi: 10.1080/09540260600935405
15. Chen PP, Lou PA, Zhang P, Qiao C, Li T, Dong ZM. Trend analysis on

the death rate of ischemic heart disease and cerebrovascular disease among
Xuzhou residents from 2011 to 2015. Chin J Cardiol. (2017) 45:597–607.
doi: 10.3760/cma.j.issn.0253-3758.2017.07.009

16. Liesz A, Ruger H, Purrucker J, ZornM,Dalpke A,MohlenbruchM, et al. Stress
mediators and immune dysfunction in patients with acute cerebrovascular
diseases. PLoS ONE. (2013) 8:e74839. doi: 10.1371/journal.pone.0074839

17. Cox M, Atsina KB, Sedora-Roman NI, Pukenas BA, Parker L, Levin DC, et
al. Neurointerventional radiology for the aspiring radiology resident: current
state of the field and future directions. AJR Am J Roentgenol. (2019) 212:899–
904. doi: 10.2214/AJR.18.20336

18. Dowlati E, Zhou T, Stewart J, Felbaum DR, Liu AH, Mai JC, et al. Head
repositioning during neurointerventional procedures to optimize biplanar
imaging. J Neuroimaging. (2020) 30:603–8. doi: 10.1111/jon.12750

19. Sanghvi KA, Montgomery M, Varghese V. Effect of hemostatic device on
radial artery occlusion: a randomized comparison of compression devices
in the radial hemostasis study. Cardiovasc Revasc Med. (2018) 19:934–8.
doi: 10.1016/j.carrev.2018.08.013

20. Robertson L, Andras A, Colgan F, Jackson R. Vascular closure devices for
femoral arterial puncture site haemostasis.Cochrane Database Syst Rev. (2016)
3:D9541. doi: 10.1002/14651858.CD009541.pub2

21. Kawamura Y, Yoshimachi F, Nakamura N, Yamamoto Y, Kudo T, Ikari Y.
Impact of dedicated hemostasis device for distal radial arterial access with
an adequate hemostasis protocol on radial arterial observation by ultrasound.
Cardiovasc Interv Ther. (2021) 36:104–10. doi: 10.1007/s12928-020-00656-4

22. Sato M, Matsumaru Y, Sakai N, Imamura H, Hirohata M,
Takeuchi Y, et al. Usefulness of an access-site hemostasis device in
neuroendovascular treatment. Acta Neurochir. (2017) 159:2331–5.
doi: 10.1007/s00701-017-3299-5

23. Hurie J. Vascular closure devices are an option for antegrade access but carry
a higher rate of complications highlighting the need for careful patient and
device selection. J Vasc Surg. (2021) 73:731. doi: 10.1016/j.jvs.2020.09.008

24. Freitas B, Steiner S, Bausback Y, Staab H, Branzan D, Banning-Eichenseer
U, et al. Single-center experience with vascular closure devices in real-world
endovascular peripheral interventions. J Cardiovasc Surg. (2018) 59:797–803.
doi: 10.23736/S0021-9509.16.09207-7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhou and Xu. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org 7 March 2022 | Volume 9 | Article 850139305

https://doi.org/10.1007/s00270-020-02431-7
https://doi.org/10.1053/j.tvir.2015.04.008
https://doi.org/10.1016/j.apnr.2014.02.004
https://doi.org/10.1080/09540260600935405
https://doi.org/10.3760/cma.j.issn.0253-3758.2017.07.009
https://doi.org/10.1371/journal.pone.0074839
https://doi.org/10.2214/AJR.18.20336
https://doi.org/10.1111/jon.12750
https://doi.org/10.1016/j.carrev.2018.08.013
https://doi.org/10.1002/14651858.CD009541.pub2
https://doi.org/10.1007/s12928-020-00656-4
https://doi.org/10.1007/s00701-017-3299-5
https://doi.org/10.1016/j.jvs.2020.09.008
https://doi.org/10.23736/S0021-9509.16.09207-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


ORIGINAL RESEARCH
published: 07 March 2022

doi: 10.3389/fsurg.2022.847068

Frontiers in Surgery | www.frontiersin.org 1 March 2022 | Volume 9 | Article 847068

Edited by:

Songwen Tan,

Central South University, China

Reviewed by:

Li Zhu,

Central South University, China

Liang Hui,

Hainan General Hospital, China

*Correspondence:

Liping Yang

yangliping19831008@163.com

Specialty section:

This article was submitted to

Visceral Surgery,

a section of the journal

Frontiers in Surgery

Received: 01 January 2022

Accepted: 25 January 2022

Published: 07 March 2022

Citation:

Luo J, Xie N and Yang L (2022)

Observation of the Intervention Effect

of Biofeedback Therapy Combined

With Cluster Nursing on Perioperative

Constipation in Patients With

Thoracolumbar Fracture.

Front. Surg. 9:847068.

doi: 10.3389/fsurg.2022.847068

Observation of the Intervention Effect
of Biofeedback Therapy Combined
With Cluster Nursing on
Perioperative Constipation in
Patients With Thoracolumbar
Fracture
Jin Luo 1, Nan Xie 2 and Liping Yang 3*

1Department of Spine Surgery, Suining Central Hospital, Suining, China, 2Nursing Department, Suining Central Hospital,

Suining, China, 3Department of Arthrosurgery, Zhuji People’s Hospital of Zhejiang Province, Zhuji, China

Purpose: To discuss the intervention effect of biofeedback therapy combined with

cluster nursing on perioperative constipation in patients with thoracolumbar fracture.

Methods: From June 2019 to June 2020, a total of 482 patients with thoracolumbar

fracture who were treated by surgery in our department were selected. The random

number table method was used to divide into experimental group (n = 241) and control

group (n= 241). The control group was given routine constipation care, the experimental

groupwas given biofeedback therapy combinedwith cluster nursing based on the control

group. The constipation score, Bristol stool scale score, the short health questionnaire

(SF-36) scale score, and the satisfaction of two groups were observed.

Results: The constipation scores of the experimental group were lower than those of the

control group, while the Bristol stool scale score, SF-36 score, and satisfaction degree

of the experimental group were higher than those of the control group (p < 0.05).

Conclusion: Biofeedback therapy combined with cluster nursing has a good

intervention effect in perioperative constipation of patients with thoracolumbar fracture,

which can reduce the degree of constipation, improve stool traits, improve the quality of

life, and improve the satisfaction of patients.

Keywords: thoracolumbar fracture, constipation, perioperative, biofeedback therapy, cluster nursing

INTRODUCTION

Thoracolumbar fracture is a kind of spinal injury disease in the transition region from thoracic
segment to lumbar segment, this area is prone to stress concentration, which can lead to fracture
(1). Thoracolumbar fracture accounts for >60% of spinal injuries. When the body suffers from
acute injuries, such as car accidents, falling from a height, or when the elderly have risk factors,
such as osteoporosis, it can lead to thoracolumbar fracture (2, 3). Surgical intervention is the most
important treatment for the thoracolumbar fracture. However, due to the influence of long-term
bed rest and psychological factors, thoracolumbar fracture patients are prone to gastrointestinal
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dysfunction during the perioperative period, among which
constipation is more common (4). The main clinical
manifestations of constipation are strenuous defecation,
reduced defecation times, incomplete defecation or dry, and
hard stool (5). The incidence of constipation can occur in
50–90% of patients with thoracolumbar fractures, which usually
occur within 24 h after fracture and sometimes lasts for more
than 7 d (6). Constipation will weaken the gastrointestinal barrier
ability of patients, increase the incidence of anorectal diseases,
increase hypertension, increase oxygen consumption, and even
induce cardiovascular and cerebrovascular diseases in forced
defecation. Constipation can also lead to the poor nutritional
status of patients, causing patients to have problems, such as
irritability and anxiety. In severe cases, it may even affect fracture
healing, prolong hospitalization time, and reduce patients’
quality of life (7–9). Therefore, perioperative constipation in
patients with thoracolumbar fracture requires attention and
appropriate treatment.

Biofeedback therapy, with the help of modern physiological
scientific instruments, records much imperceptible information
of people’s psychological and physiological processes, such as
electromyography, skin electricity, electroencephalography, then
amplifies and converts them into information that people can
understand, which can be displayed in the form of vision and
hearing with easy recognition (10). When individuals are aware
of these physiological or pathological changes, medical personnel
train people to consciously control the changes in signal activities
and regulate abnormal physiological responses, so as to improve
physical functions, which have the effect of disease prevention
and disease treatment (11).

Cluster nursing based on evidence-based medicine, according
to the principle of “people-oriented” and combined with the
actual situation of the hospital and patients, to provide patients
with a variety of high-quality nursing services, which can
improve the overall quality of nursing, is conducive to improving
the prognosis of patients (12). The cluster nursing intervention
program is not only the implementation process of nursing
methods but also the management process of nursing quality.
At the same time, it also reminds medical staff to pay attention
to the relationship between a certain measure and prognosis,
thus improving the clinical treatment effect (13). A clustering
strategy is a set of intervention measures related to a certain
disease process, and compared with a single implementation, the
intervention effect is better.

In this study, the intervention effect of biofeedback therapy
combined with cluster nursing on perioperative constipation in
patients with thoracolumbar fracture was observed, in order to
improve the living standard of patients.

MATERIALS AND METHODS

Research Object
From June 2019 to June 2020, a total of 482 patients with
thoracolumbar fracture treated by surgery in our department
were selected. The random number table method was used to
divide into experimental group (n = 241) and control group
(n = 241). Inclusion criteria are as follows: (1) patients with a

thoracolumbar fracture who have undergone open surgery; (2)
the operation was performed by the same doctor; and (3) age≥18
years old. Exclusion criteria are as follows: (1) complicated with
serious physical diseases; (2) those who have mental disorders
and cannot cooperate with the investigation; (3) patients with
original gastrointestinal organic diseases; and (4) there was a
history of constipation before surgery.

Research Methods
(1) The control group was given routine constipation care,
specifically as follows: (1) Dietary guidance: patients were
instructed to eat more coarse grains, vegetables, fruits and other
cellulose-rich food, avoid eating spicy and stimulating food, easy
to produce intestinal gas, give up smoking and alcohol, drinking
water 2–3 L/d; (2) patients who had not defecated for 3 d were
given oral laxatives, such as kaiserol and fruit guide tablets, as
prescribed by the doctor; (3) manual assistance with defecation
was used if all these treatments failed; and (4) patients should
actively engage in functional exercises to prevent muscle atrophy
and joint stiffness.

(2) The experimental group was given biofeedback therapy
combined with cluster nursing based on the control group.

Biofeedback therapy: GAP-08A biofeedback therapy training
system (Mida Medical Instrument Co., Ltd.) was used. Before
training, explained the relevant precautions to the patients and
helped them to know the defecation action and the way to
coordinate muscles when defecating correctly. On the day of
training, patients were instructed to empty urine and feces, all
patients were placed in the lateral position, the proper amount
of paraffin oil was used to smear the skin around the anus
and biofeedback catheter with balloon, single-channel pressure
measuring catheter and anal electrode were inserted into the
anus and rectum of patients with a depth of about 9–10 cm, and
the catheter was adjusted to the appropriate position according
to the pressure curve. The anorectal pressure signal recorded
and amplified by the computer can be displayed by the display,
so that patients can identify whether their anorectal muscles
were moving normally or not. At the same time, with the
help of intuitive images and audio images of the biofeedback
therapy system, the patients were instructed to understand the
movement key points of abdominal exertion and anal relaxation
during correct defecation. Constant training and feedback were
conducted under real-time monitoring pressure, 40 min/time,
2–3 times a week, 10 treatments were given.

Cluster nursing: The orthopedic medical staff and relevant
professionals of the rehabilitation department were convened
to discuss together, and the clinically proven effective and
recommended elements were incorporated into the clustered
nursing plan. Standardized training was conducted for
researchers, the concept of cluster nursing was introduced,
and the evidence-based medicine basis and implementation
approach of each element were understood. The researchers
should analyze the current problems and shortcomings and
make timely adjustments to the plan according to the specific
situation of patients. The specific operations were as follows: (1)
Health education: Constipation-related knowledge presentations
were carried out to enable patients to understand its hazards and
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preventive measures. (2) The regular bowel habit was established,
and patients were instructed to drink a glass of honey water or
light salt water in the morning on the basis of a regular diet, and
to instruct patients to chew and swallow slowly when eating. (3)
Defecation-related muscle exercises: Patients were instructed
to perform anus contraction exercises, abdominal muscle
contraction exercises, abdominal deep breathing exercises, a total
of 10–15min. Patients with more than 6 thoracic fractures may
have hypertension, coronary heart disease, and cerebrovascular
accidents caused by excessive phytonerve reflexes during
abdominal deep breathing exercises. Special attention needs to
be paid to these patients clinically. (4) Rectal stimulation induces
defecation: Before the operation, the nursing staff instructed the
patient to empty the bladder and clean the hands in a six-step
wash procedure. The patient took the supine position, and the
nursing staff paid attention to the patient’s umbilicus, gently and
slowly massaged in a clockwise direction for 5–10min. Then,
nurses inserted the fingers into the patient’s anus and rotated
clockwise in the intestinal wall for 15–20 s, which could be
repeated 3–5 times to induce reflex defecation in the rectum. If
the above operations were ineffective or the bowel movement
was incomplete, the nursing staff could use their fingers to assist
the bowel movement. (5) Psychological support: Nurses gave full
affirmation to patients, dealt with patients’ negative emotions in
time, encouraged patients to express their worries and distress,
and provided psychological counseling to patients.

Observation Index
All subjects were assessed 1 month after the intervention.

The basic data of patients were collected, such as gender, age,
education level, marital status, and thoracolumbar injury severity
score (TLISS).

The constipation score method was used to assess the severity
of constipation, such as difficulty defecation, the defecation was
incomplete, defecation time, and defecation times. The score of
each item was grade 4 standard, with 0–3 points according to
different degrees. Difficulty defecation: 0 point (none), 1 point
(occasionally), 2 points (often), and 3 points (every time); the
defecation was incomplete: 0 point (none), 1 point (occasionally),
2 points (obvious), and 3 points (very obvious); defecation time:

0 point (<5min), 1 point (5–10min), 2 points (11–16min), and
3 points (>16min); and defecation times: 0 point (1–2 days), 1
point (3 days), 2 points (4–5 days), and 3 points (>5 days). The
higher the score, the more serious constipation was.

According to the Bristol stool scale, stool traits were divided
into 7 types. Type 1: stool showed nut-shaped hard balls; Type
2: stool was lumpy but sausage-like; Type 3: stool was sausage-
like with cracks on the surface; Type 4: stool surface was smooth
and soft, but it looks like sausage; Type 5: soft lump stool; Type
6: pasty stool; and Type 7: watery stool. Type 1 corresponded to 1
point, type 2 corresponded to 2 points, and so on. The higher the
score, the looser the stool was.

The short health questionnaire (SF-36) was used to evaluate
patients’ quality of life. The questionnaire consisted of 36 items,
i.e., 8 dimensions: physical function, physical function, physical
pain, general health, energy, social function, emotional function,
psychological function, and additional health changes. The total
score of each dimension was 100 points, and the final score was
the average score of each dimension. The higher the score, the
better the quality of life. The Cronbach’s α coefficient of SF-36
was 0.871.

The satisfaction questionnaire made by our hospital was used
to evaluate patients’ satisfaction with nursing work, i.e., treatment
effect, working ability, working attitude, and daily guidance. The
total score was 100 points, and the survey results were divided
into unsatisfied:<60 points, satisfied: 60–80 points, very satisfied:
>80 points, total satisfaction = (very satisfied + satisfied)/total
cases × 100%. The content validity index of the self-made
satisfaction questionnaire was 0.90.

Statistical Methods
SPSS22.0 software was used, and the measurement data were
expressed as x ± s, and t-test was used for comparison. The
counting data were expressed by %, and the χ

2-test was used for
comparison. p < 0.05, the difference was statistically significant.

RESULTS

Baseline Data of Two Groups
The baseline data of the two groups were balanced and
comparable (p > 0.05; Table 1).

TABLE 1 | Baseline data of two groups (n, %, x ± s).

Group Control group

(n = 241)

Experimental group

(n = 241)

χ
2/t-value P-value

Gender Male 136 (56.43%) 129 (53.53%) 0.411 0.522

Female 105 (43.57%) 112 (46.47%)

Age (years) 49.31 ± 8.62 48.64 ± 8.17 0.875 0.381

Education level Junior high school and below 87 (36.10%) 84 (34.85%) 0.520 0.771

Senior high school 93 (38.59%) 89 (36.93%)

College degree or above 61 (25.31%) 68 (28.22%)

Marital status Married 169 (70.12%) 166 (68.88%) 0.585 0.746

Be unmarried 42 (17.43%) 48 (19.92%)

Divorced or widowed 30 (12.45%) 27 (11.20%)

TLISS score (point) 6.46 ± 1.31 6.37 ± 1.24 0.774 0.439
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FIGURE 1 | Severity of constipation in two groups. (A) Difficulty defecation score; (B) The defecation was incomplete score; (C) Defecation time score; (D) Defecation

times score. Compared with the control group, *p < 0.05.

The Severity of Constipation in Two Groups
The constipation scores of the experimental group were lower
than those of the control group (p < 0.05; Figure 1).

Stool Traits of Two Groups
The Bristol stool scale of the experimental group was higher than
that of the control group (p < 0.05; Figure 2).

Quality of Life of Two Groups
The SF-36 score of the experimental group was higher than that
of the control group (p < 0.05; Figure 3).

Satisfaction of Two Groups
The satisfaction of the experimental group (90.46%) was higher
than that of the control group (83.40%; p < 0.05; Table 2).

DISCUSSION

Common causes of constipation in patients with a thoracolumbar
fracture are as follows: abundant sympathetic nerves are
distributed inside and outside the spinal canal, and injuries
of thoracolumbar vertebrae can stimulate sympathetic nerves,
leading to intestinal peristalsis dysfunction. After the fracture
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FIGURE 2 | Stool traits of two groups. Compared with the control group, *p <

0.05.

surgery, patients need to stay in bed for a long time, spend
less time to get out of bed, and eat fewer fruits and vegetables,
which leads to the decrease of systemic metabolism, weakened
gastrointestinal activity, reduced colonic peristalsis, and excessive
retention of colonic contents, which are closely related to
constipation. Patients with the fracture are often accompanied by
negative emotions, such as anxiety and irritability. Psychological
stress may affect gastrointestinal function through the autonomic
efferent nerve pathway (14–16). When constipation occurs in
patients with thoracolumbar fractures, feces stay in the intestinal
cavity for a long time, and wastes and poisons cannot be excreted
in time, which will lead to abdominal distension, nausea, and loss
of appetite and increase the pain of patients (17). Therefore, it
is necessary to take effective clinical nursing measures to solve
this problem.

Biofeedback therapy uses receptors to transform physiological
activity information that the human body cannot be perceived
into intuitive information that can be perceived, so that patients
can accurately perceive their own physiological activities, and
at the same time, guide patients to exercise, form a normal
physiological feedback channel, so as to achieve the purpose of
regulating their own physical functions (18). Skardoon’s et al.
team research has shown (19) that biofeedback therapy has a
better therapeutic effect than drug therapy alone, and patients
are well-tolerated by this therapy. About 88% of constipation
patients can get an improvement of symptoms, and the benefit
time of constipation patients can be as long as 44months. Verma’s

FIGURE 3 | Quality of life of two groups. Compared with the control group, *p

< 0.05.

et al. team reported (20) that biofeedback therapy can effectively
improve constipation patients’ defecation, reduce anal relaxation
pressure during simulated defecation, increase the maximum
rectal pressure during simulated defecation, and improve the
coordination between intra-abdominal pressure and pelvic floor
muscles during defecation, 62% of patients were satisfied with the
intervention effect. At present, the routine clinical intervention
methods have played a certain role in the constipation
nursing of patients with thoracolumbar fracture, but the
intervention content is relatively simple, lacking pertinence and
comprehensiveness. Cluster nursing is a method to implement
various nursing elements on the basis of evidence. According
to the actual situation of hospitals and patients, making a
series of personalized nursing measures, following the people-
oriented principle, and the implementation of optimized nursing
intervention can improve the comprehensive nursing effect to the
greatest extent (21). This nursing model is patient-centered, with
all-around intervention, all contents are in line with evidence-
based medicine, and it has the advantages of practicality and
integrity (22).

In this study, biofeedback therapy and cluster nursing
were integrated and applied to patients with thoracolumbar
fracture. The results showed that the constipation scores of the
experimental group were lower than those of the control group,
while the Bristol stool scale score, SF-36 score, and satisfaction
degree of the experimental group were higher than those
of the control group. This revealed that biofeedback therapy
combined with cluster nursing has a good intervention effect
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TABLE 2 | Satisfaction of two groups (n, %).

Group Very

satisfied

Satisfied Dissatisfied Total

satisfaction

Control group (n = 241) 117 (48.55%) 84 (39.25%) 40 (16.60%) 201 (83.40%)

Experimental group (n = 241) 145 (60.17%) 73 (30.29%) 23 (9.54%) 218 (90.46%)

χ
2-value 5.277

P-value 0.022

in perioperative constipation of patients with thoracolumbar
fracture, which can reduce the degree of constipation, improve
stool traits, improve the quality of life, and improve the
satisfaction of patients. Biofeedback therapy, with the help of
intuitive vision and hearing provided by anorectal pressure
measuring equipment, enables patients to visually perceive the
muscle activity of the anus during defecation. After repeated
training, they can understand the changes of figures or sounds
corresponding to different defecation movements, learn the
methods of relaxing pelvic floormuscles during defecation, adjust
the coordination between abdominal and anorectal muscles,
correct abnormal physiological activities, and help to improve
the score of constipation symptoms of patients (23). We use the
biofeedback system mediated by perfusion pressure sensor with
a balloon catheter, the operation steps are simple, the pressure
changes are sensitive, and the patient has well-tolerance. In
cluster nursing, health education can effectively improve the bad
living habits of patients and reduce constipation by adjusting
diet and exercising properly. Drinking honey water and light salt
water in the morning can lubricate the intestinal tract, replenish
the body’s water, and stimulate intestinal peristalsis, which help
to improve defecation function. When eating, eating slowly
can prevent patients from swallowing more air, thus reducing
abdominal distension and achieving the purpose of defecation.
The exercise of defecation-related muscles can strengthen the
strength of patients’ abdominal and pelvic muscles, while the anal
contraction training and abdominal muscle training contraction
can increase abdominal pressure, strengthen the contraction of
abdominal and anal muscles, thus promoting rectal movement
and increasing defecation feeling. Abdominal deep breathing
training can massage and pull the internal organs, strengthen
gastrointestinal peristalsis, and reduce constipation in patients.
Abdominal massage is a kind of mechanical stimulation to
the gastrointestinal tract, and signals are transmitted to the
brain through the tactile sensation and pressure receptors of
skin, and the sympathetic nervous system is reflexively excited,
which promotes the downward movement of the contents of
descending colon, thereby enhancing the body’s metabolism
and keeping the digestive system in a good balance. When the
finger is inserted into the rectum and rotated clockwise in the
intestinal wall, the signal of finger stimulation is equivalent to
that of stool to the rectal wall, which is beneficial to stimulate
the intestinal tract to empty the stool (24). In addition, the
brain-intestine axis is a biochemical signal that constantly

adjusts the internal and external environment of the body, and
mental factors are closely related to intestinal function (25).
Therefore, clustered nursing is a positive effect on reducing
the incidence of constipation by giving full recognition to
patients with thoracolumbar fracture, building self-confidence,
and reducing unhealthy psychology. The combined application
of biofeedback therapy and cluster nursing can Gather the
strengths and complement the weaknesses, which has a
better intervention effect on constipation of patients with
thoracolumbar fracture.

CONCLUSION

Through this study, it can be known that biofeedback therapy
combined with cluster nursing has a good intervention effect
in perioperative constipation of patients with thoracolumbar
fracture, which can reduce the degree of constipation, improve
stool traits, improve the quality of life, and improve the
satisfaction of patients. However, this study is a single-center
study with a short observation time, and the results of this
study may be interfered by many factors. Further multi-
center studies and extended study time are needed to clarify
the conclusion.
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Objective: To investigate the serum level of cystatin C (CysC), ischemia-modified

albumin (IMA), and lipoprotein-associated phospholipase A2 (LP-PLA2) in patients with

type 2 diabetes mellitus (T2DM) and with lower extremity atherosclerotic occlusive

disease (LEASOD) and their correlation.

Methods: FromMarch 2017 to December 2019, 110 patients with T2DMwith LEASOD,

who were treated in our hospital, were selected as the observation group. One hundred

ten healthy persons who received medical examination in our hospital during the

same period were selected as the control group. Serum CysC, IMA, LP-PLA2, and

ankle-brachial index (ABI) were detected in each group. According to the ABI index,

the observation group was divided into three subgroups, namely, the mild group (n =

45), the moderate group (n = 42), and the severe group (n = 23). Pearson correlation

analysis was used to analyze the relationship between serum CysC, IMA, and LP-PLA2

levels in patients with T2DM with LEASOD and their condition. The receiver operator

characteristic (ROC) curve was used to analyze the diagnostic value of serum CysC,

IMA, and LP-PLA2 levels in patients with T2DM with LEASOD.

Results: The serum levels of CysC, IMA, and LP-PLA2 in the observation group were

higher than those in the control group (p < 0.05). The serum levels of CysC, IMA, and

LP-PLA2 in the severe and the moderate group were higher than those in the mild group,

and the serum levels of CysC, IMA, and LP-PLA2 in the severe group were higher than

those in the moderate group (p < 0.05). Pearson correlation analysis showed that CysC,

IMA, and LP-PLA2 levels were all negatively correlated with ABI (r=−0.802, r=−0.757,

r = −0.764, p < 0.001). The ROC curve results showed that the area under the curve

(AUC) of serum CysC in the diagnosis of T2DM with LEASOD was 0.806, and the best

cut-off value was 1.74 mg/L. The AUC of serum IMA for diagnosis of T2DMwith LEASOD

was 0.772, and the best cut-off value was 92.58 g/L. The AUC of serum LP-PLA2 in the

diagnosis of T2DMwith LEASODwas 0.781, and the best cut-off value was 544.86 ng/L.

The AUC of the three combined diagnoses of T2DM with LEASOD was 0.863.
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Conclusion: Serum levels of CysC, IMA, and LP-PLA2 were increased in patients

with T2DM with LEASOD. Serum CysC, IMA, and LP-PLA2 are closely related to the

severity of the disease. The higher the serum levels of CysC, IMA, and LP-PLA2, the more

serious the degree of lower extremity arteriosclerosis occlusion, which can be used as an

important serum marker to monitor the severity of T2DM with LEASOD. The combined

detection of serum CysC, IMA, and LP-PLA2 has good diagnostic value for patients with

T2DM with LEASOD.

Keywords: type 2 diabetes mellitus, lower extremity atherosclerotic occlusive disease, cystatin C, ischemia

modified albumin, lipoprotein phospholipase A2, correlation

INTRODUCTION

Diabetes is a group of metabolic diseases caused by decreased
insulin secretion, insensitivity to insulin action of the body,
or both, with a chronic increase of blood glucose level and
multiple chronic complications as the main clinical features
(1, 2). Type 2 diabetes mellitus (T2DM) mainly occurs in
middle-aged and older people. In recent years, the incidence of
T2DM shows a rising trend. The T2DM can cause microvascular
and peripheral vascular lesions, leading to lower extremity
atherosclerotic occlusive disease (LEASOD), limb ischemia
and intermittent claudication, and even lower extremity ulcer,
gangrene, or amputation in the severe cases. LEASOD is one of
the most common peripheral arteriosclerosis occlusive diseases
in the current society, and it is an important part of systemic
arteriosclerosis disease. Its pathological changes are a group
of chronic ischemic diseases that cause arterial stenosis or
occlusion, such as thickening of the arterial intima, calcification,
and secondary thrombosis (3, 4). The incidence of LEASOD is
increasing year by year, and 70–80% of patients have no clinical
symptoms. Some early manifestations, such as fatigue after
exercise and soreness of the lower limbs, are often mistaken by
people as a presentation of old age and/or fatigue. Some patients
are insensitive to pain due to neuropathy caused by diabetes,
and most patients have intermittent claudication, resting pain,
ischemic gangrene, and other symptoms when it is difficult to
treat, thus, seriously affecting the physical and mental health and
quality of life of patients (5, 6).

Cystatin C (CysC) is a cysteine protease inhibitor that is
only cleared by a glomerular filtration and almost entirely
reabsorbed by the renal tubules. The CysC can regulate the
development of inflammation mediated by inflammatory factors
and plays an important role in the occurrence and development
of atherosclerosis (7, 8). Ischemia modified albumin (IMA) is
closely related to coronary artery disease and can be used as
an ideal marker of ischemic heart disease (9, 10). Lipoprotein-
associated phospholipase A2 (LP-PLA2), a phospholipase, can
enter the atherosclerotic plaque under the intima of blood
vessels by binding to a low-density lipoprotein, serving as a
vascular-specific inflammatory marker (11, 12). The CysC, IMA,
and LP-PLA2 are all closely related to vascular lesions and
arteriosclerosis. At present, although the technology for diagnosis
and treatment of T2DM with LEASOD has become increasingly
mature, as a chronic disease requiring continuous medication,

it is still very important to seek simple and fast serological
indicators to dynamically track the progression of the disease.
In this study, the serum levels of CysC, IMA, and LP-PLA2
in patients with T2DM with LEASOD were measured, and the
correlation with the severity of the disease was analyzed to make
an effective assessment of the degree of lesions in these patients
with this index and to provide the basis for clinical diagnosis
and treatment.

MATERIALS AND METHODS

Patients
A total of 110 patients with T2DM with LEASOD, who were
treated in our hospital fromMarch 2017 to December 2019, were
selected as the observation group. The inclusion criteria were as
follows: all patients met the diagnostic guidelines for T2DM and
lower extremity arteriosclerosis obliterans (13, 14); all patients
had a medical history of T2DM with symptoms such as limb
pain, intermittent claudication or ischemic ulcer, and gangrene
in the lower limbs, and LEASOD was confirmed through color
Doppler ultrasound, CT angiography, and other imageological
tests to detect the corresponding artery stenosis or occlusion;
and all patients should have complete clinical data. The exclusion
criteria were as follows: patients who had acute complications
of T2DM; patients with hemorrhagic diseases or disorders of
the coagulation system; patients with cerebrovascular diseases;
patients with severe cardiopulmonary liver and kidney failure;
patients with infectious or autoimmune diseases; patients with
malignant tumor/s; and patients with alcohol or drug addiction.
In the same period, 110 healthy patients, who received physical
examination in our hospital, were selected as the control group.
There was no significant difference in general data of gender and
age between the two groups (p > 0.05), indicating that they were
comparable as shown in Table 1.

Research Methods
Ten milliliters of fasting blood was collected from the patients
in the morning. The blood was allowed to stand at room
temperature for 30min before being centrifuged at 3,500 r/min
for 15min. Afterwards, supernatant was taken and stored in a 2-
ml dry and clean serum cold storage tube and stored in −70◦C
refrigerator for testing. Serum CysC and LP-PLA2 levels were
determined by ELISA, and the serum IMA level was determined
by the free cobalt colorimetric method.
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TABLE 1 | Comparison of general data between the two groups.

Group Gender Age (years) BMI (kg/m2)

Male Female

Control group (n = 110) 61 49 58.69 ± 3.57 23.38 ± 4.65

Observation group (n = 110) 59 51 58.23 ± 3.52 24.19 ± 3.58

t/χ2 0.073 0.962 1.448

P 0.787 0.337 0.149

Relevant test kits were purchased from Today’s Chemical
Technology (Shanghai) Co., Ltd, which included Ankle brachial
index (ABI) measuring instrument and a Doppler blood
flow detector EMS-9PB (Shanghai Sanwei Medical Equipment
Co., Ltd.).

After a quiet rest for 5min, the patient was placed in the supine
position. The Doppler probe was placed at the brachial artery on
the right elbow to obtain the earliest signal. The left upper arm
was then measured with the same measuring instrument, and the
side with a high value of both arms was taken as the brachial
artery systolic blood pressure. The Doppler probe obtained the
earliest signal from the right dorsal artery of the foot (or posterior
tibial artery) and was then used as the same meter to measure the
left foot. The side, with the high value of the left and right feet, was
taken as the ankle systolic blood pressure. With the ABI index
as the index of the severity of arteriosclerosis obliterans in the
lower extremities (ABI= ankle systolic pressure/brachial systolic
pressure), lower extremity ischemia could be diagnosed if ABI ≤
0.90. A lower ABI index indicated that the severity of LEASOD
was more serious (15).

According to ABI index, the observation groups were divided
into the following three subgroups: mild group (n = 45): 0.80 ≤
ABI ≤ 0.90, moderate group (n = 42): 0.60 ≤ ABI < 0.80, and
severe group (n= 23): ABI < 0.60.

Statistical Methods
All data were processed with SPSS 22.0 statistical software, and
GraphPad prism 8 was used to make statistical graphs. The t-test
was used for pairwise comparison of measurement data between
groups. Pearson correlation analysis was used for correlation
analysis. The ROC curve was used to analyze the diagnostic value
of serum CysC, IMA, and LP-PLA2 levels in patients with T2DM
with LEASOD. The difference was considered to be statistically
significant if p < 0.05.

RESULTS

Comparison of Serum CysC, IMA, and
LP-PLA2 Levels Between the Two Groups
Serum CysC, IMA, and LP-PLA2 levels in the observation group
were higher than those in the control group (p < 0.05) as shown
in Figure 1.

FIGURE 1 | Comparison of serum cystatin C (CysC), ischemia modified

albumin (IMA), and lipoprotein phospholipase A2 (LP-PLA2) levels between the

two groups. Compared with the control group, *p < 0.05.

Comparison of Serum CysC, IMA, and
LP-PLA2 Levels Among Different
Subgroups in the Observation Group
Serum CysC, IMA, and LP-PLA2 levels in the severe and the
moderate group were higher than those in the mild group. In
addition, serum CysC, IMA, and LP-PLA2 levels in the severe
group were higher than those in the moderate group (p < 0.05)
as shown in Figure 2.

Correlation Between Serum CysC, IMA,
and LP-PLA2 Levels and the Severity of the
Disease in the Observation Group
Pearson correlation analysis showed that serum CysC, IMA, and
LP-PLA2 levels were negatively correlated with the ABI index
(r=−0.802, r=−0.757, r=−0.764, p < 0.001). Therefore, they
were all positively correlated with the severity of the disease as
shown in Figure 3.
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FIGURE 2 | Comparison of serum CysC, IMA, and LP-PLA2 levels among

different subgroups in the observation group. Compared with the mild group,

*p < 0.05; compared with the moderate group, #p < 0.05.

Analysis of the Diagnostic Value of Serum
CysC, IMA, and LP-PLA2 Levels in Patients
Receiver operator characteristic (ROC) curve analysis showed
that the area under the curve (AUC) of serum CysC in the
diagnosis of T2DM with LEASOD was 0.806 (95% CI: 0.720–
0.891). When the best cut-off value was 1.74 mg/L and the
Youden index was 0.446, the sensitivity was 87.9% and the
specificity was 66.7%. The AUC of serum IMA in the diagnosis
of patients with T2DM with LEASOD was 0.772 (95% CI: 0.678–
0.866).When the best cut-off value was 92.58 g/L and the Youden
index was 0.503, the sensitivity was 69.7% and the specificity was
80.6%. The AUC of serum LP-PLA2 for the diagnosis of T2DM
with LEASOD was 0.781 (95% CI: 0.689–0.872). When the best
cut-off value was 544.86 ng/L and the Youden index was 0.473,
the sensitivity was 72.7% and the specificity was 74.6%. The AUC
of the three combined diagnoses of patients with T2DM with
LEASOD was 0.863 (95%CI: 0.791–0.935). When the Youden

index was 0.580, the sensitivity was 87.9% and the specificity was
70.1% (Table 2; Figure 4).

DISCUSSION

In recent years, the prevalence of diabetes has risen sharply
and has become one of the important chronic diseases affecting
human health with patients with T2DM in the majority (16–18).
LEASOD is one of the serious complications of diabetes. It is
caused by the influence of a long-term hyperglycemia on the
arterial wall, leading to atherosclerosis embolism in the middle
layer of the artery, obstruction of lower limb microcirculation,
blockage of peripheral nerves, and the formation of diabetic lower
limb vascular lesions. It leads to chronic ischemia of and organic
lesions of the lower limb. If not treated in time, irreversible
damage may eventually be life threatening and may result in
amputation in severe cases (19, 20). Therefore, early diagnosis
and timely understanding of the condition of the patient is
extremely important. The ABI index is characteristically non-
invasive, simple, and highly specific. The systolic blood pressure
of the ankle in normal people is basically equal to or slightly
greater than the systolic blood pressure of the brachial artery. In
patients with LEASOD, due to the stenosis or occlusion of the
artery of the lower limb, the blood perfusion of the distal artery is
reduced, and the arterial pressure of the ankle is decreased, which
is roughly proportional to the severity of the disease. Clinically,
ABI is commonly used to detect the peripheral artery disease
of lower limbs (21, 22). In this study, the severity of LEASOD
disease was assessed by ABI index.

Serum crystatin C (CysC), a secretory protein with a small
molecular weight, is a cysteine protease inhibitor which is mainly
distributed in the extracellular fluid. The highest concentration
of CysC can be found in the cerebrospinal fluid and the lowest
is in urine (23, 24). Serum CysC can freely pass through
the glomerular filtration membrane and degrade after being
mostly reabsorbed by the proximal renal tubules. It is not
secreted by the renal tubules; hence, the serum concentration
is basically determined by glomerular filtration, which is a very
ideal endogenous marker reflecting the glomerular filtration
rate. In recent years, it was found that CysC is closely
connected with cerebrovascular disease, may be involved in
many pathophysiological processes of the cardiovascular system,
can be involved in inflammation and the extracellular matrix
reconstruction process, and is closely related to the development
of the occurrence of arterial sclerosis. Some scholars believe
that the loss of CysC and the imbalance of proteolytic enzymes
and their inhibitors in the vascular wall may be one of the
pathogenesis of atherosclerosis (25, 26).

The results of this study showed that serum CysC level in
the observation group was significantly higher than that in
the control group and that there was a significant negative
correlation between CysC level and ABI index. These results
suggested that CysC might be involved in the occurrence of
T2DM with LEASOD. In addition, the higher the level of CysC,
the more serious the LEASOD condition would be, which was
positively correlated with the severity of the disease. This is
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FIGURE 3 | Correlation between serum CysC, IMA, and LP-PLA2 levels and the severity of the disease in the observation group.

TABLE 2 | Analysis of the diagnostic value of serum cystatin C (CysC), ischemia modified albumin (IMA), and lipoprotein phospholipase A2 (LP-PLA2) levels in patients.

Predictive indexes AUC 95%CI Youden index Sensitivity (%) Specificity (%) Cut-off value

CysC 0.806 0.720–0.891 0.446 87.9 66.7 1.74 mg/L

IMA 0.772 0.678–0.866 0.503 69.7 80.6 92.58 g/L

LP-PLA2 0.781 0.689–0.872 0.473 72.7 74.6 544.86 ng/L

Combined predictive 0.863 0.791–0.935 0.580 87.9 70.1 –

due to how CysC is a low-molecular-weight basic non-glycated
protein, the level of which is determined by glomerular filtration
rate, which can mediate the inflammatory response and lead to
arteriosclerosis through the regulation of inflammatory factors
and cytokines. In addition, CysC can inhibit the oxidative low-
density lipoprotein-induced apoptosis of the vascular smooth
muscle cells to stabilize plaques, thereby causing arteriosclerosis
obliteration of the lower limbs. Therefore, CysC can be used as a
serum marker for monitoring the severity of LEASOD.

At present, IMA is an ideal marker of ischemia, which
has been widely studied mainly in acute coronary syndrome,
pulmonary embolism, and cerebrovascular ischemic lesions (27,
28). IMA is an isomer converted into the n-terminus of plasma
albumin by exposure to ischemia and oxidative stress, which is
caused by changes in the amino terminus sequence of plasma

albumin that reduce the ability of metal-binding to the n-
terminus of human albumin. In some clinical and experimental
studies to date, the elevation of IMA is mainly dependent on
oxidative stress after acute ischemia. IMA is elevated during
organ ischemic necrosis and generally returns to normal within a
few hours after the reperfusion has resumed (29, 30). Therefore,
serum IMA levels can be used as important reference indicators
when predicting ischemia of atherosclerotic lesions, which is
partially consistent with the results of this study. It indicated that
IMA was involved in the occurrence of T2DM combined with
LEASOD, which was in a significant negative correlation with the
ABI index. The higher the level of IMA was, the more serious the
condition of LEASOD was, which was in a positive correlation
with the severity of the disease. Therefore, IMA can be used as a
serum marker for monitoring the severity of LEASOD.
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FIGURE 4 | Receiver operator characteristic (ROC) curve of serum CysC, IMA, and LP-PLA2 for the diagnosis of patients with T2DM with LEASOD.

Lipoprotein phospholipase A2 (LP-PLA2) is a new
vascular-specific inflammatory marker, also known as plasma
platelet activator acetylhydrolase, which is mainly secreted by
macrophages and lymphocytes in atherosclerotic plaques and
regulated by inflammatory mediators (31, 32). The LP-PLA2 in
plasmamainly existed in the form of lipoprotein particle binding,
of which about 70–80% is bound to a low-density lipoprotein
cholesterol to promote the occurrence of inflammatory reaction,
while the remaining 20–30% of LP-PLA2 is bound to a high-
density lipoprotein cholesterol or a very low-density lipoprotein
cholesterol to play an important role in the anti-oxidation and
anti-atherosclerosis effects (33, 34). A prospective study from
Sweden found a 4.4% incidence of peripheral artery disease in
5,500 middle-aged men, without a diagnosis of peripheral artery
disease and with a mean follow-up of 23.4 years. In addition,
it was found that plasma LP-PLA2 activity and quality are
risk markers for peripheral vascular disease (35). The results
of this study showed that LP-PLA2 was highly expressed in
patients with T2DM with LEASOD, and it was significantly and
negatively correlated with the ABI index, suggesting that the
higher the level of LP-PLA2 was, the more serious the condition
of LEASODwas, and it was positively correlated with the severity
of the disease. This was due to the fact that LP-PLA2 is a serine
esterase that promotes the secretion of inflammatory factors

and produces lipid proinflammatory substances, which act on
the inner epidermis to dysfunction of the vascular wall, leading
to atherosclerosis. Therefore, LP-PLA2 can be used as a serum
marker for monitoring the severity of LEASOD.

The ROC curve analysis of this study showed that the AUC
of serum CysC, IMA, and LP-PLA2 in patients with T2DM with
LEASOD were 0.806, 0.772, and 0.781, respectively, and the AUC
of patients with a combined diagnosis of the three was 0.863.
It shows that the diagnostic value of the combined diagnosis of
serum CysC, IMA, and LP-PLA2 is significantly higher than that
of a single diagnosis and has a better diagnostic value.

CONCLUSION

The serum levels of CysC, IMA, and LP-PLA2 were increased
in patients with T2DM with LEASOD. Serum CysC, IMA, and
LP-PLA2 are closely related to the severity of the disease. The
higher the serum levels of CysC, IMA, and LP-PLA2, the more
serious the degree of lower extremity arteriosclerosis occlusion,
which can be used as an important serum marker to monitor
the severity of T2DM with LEASOD. The combined detection of
serum CysC, IMA, and LP-PLA2 has good diagnostic value for
patients with T2DM with LEASOD.
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Purpose: To investigate the clinical classification, pregnancy outcomes and risk factors

of pregnant women with severe preeclampsia (SPE) complicated with HELLP (hemolysis,

elevated liver enzymes, and low platelets) syndrome.

Methods: The clinical data of 50 pregnant women diagnosed with SPE complicated

with HELLP syndrome in our hospital from January 2014 to January 2021 were

retrospectively analyzed, and they were selected as the observation group. An additional

50 maternities diagnosed with preeclampsia (PE) during the same period were selected

as the control group. The clinical classification and pregnancy outcomes of pregnant

women in the observation group were recorded. The age and gestational age of onset

of pregnancy were recorded and compared between the two groups. Univariate analysis

and multivariate logistic regression model were used to analyze the risk factors for

its occurrence.

Results: Among the 50 maternities in the observation group, there were 10 cases of

type I, accounting for 20.00%; 35 cases of type II, accounting for 70.00%; 5 cases of type

III, accounting for 10.00%. Partial 33 cases, the composition ratio of 66.00%; complete

17 cases, the composition ratio of 34.00%. Among the fetuses of 50 maternities in the

observation group, 35 were premature, accounting for 70.00%; 13 had fetal growth

restriction, accounting for 26.00%; and 2 died during perinatal period, accounting for

4.00%. Among the 50 maternities in the observation group, 48 cases were cesarean

section, the composition ratio was 96.00%; 2 cases were induced labor, the composition

ratio was 4.00%; there was no natural birth, the composition ratio was 0.00%. Univariate

analysis showed that age, gestational age at onset, gestational age at termination of

pregnancy, HGB, LDH, ALT, AST, TBIL, PLT, PT, and FIB were all associated with

the occurrence of SPE complicated with HELLP syndrome (P < 0.05). Multivariate

logistic analysis showed that gestational age at onset, gestational age at termination

of pregnancy, HGB, LDH, ALT, AST, TBIL, PLT, and FIB were independent risk factors for

SPE complicated with HELLP syndrome (P < 0.05).

Conclusion: SPE complicated with HELLP syndrome has significantly increased

adverse pregnancy outcomes. Understanding its clinical classification is of great

significance for the preventive application of platelet transfusion therapy and the selection
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of transfusion timing. Gestational age at onset and gestational age at termination of

pregnancy are independent risk factors for its occurrence. Fully understanding the

high-risk factors of HELLP syndrome, taking preventive measures in time, and carrying

out targeted nursing can effectively improve the prognosis of pregnant women and

reduce the risk of HELLP syndrome.

Keywords: HELLP syndrome, severe preeclampsia, clinical classification, pregnancy outcome, risk factors

INTRODUCTION

HELLP (hemolysis, elevated liver enzymes, and low platelets)
syndrome is a severe form of preeclampsia, which refers
to a group of clinical syndromes typically characterized by
hemolysis, elevated liver enzymes and low platelets in pregnant
women on the basis of gestational hypertension or severe
preeclampsia (SPE) and other diseases (1). Affected patients
are often accompanied by epigastric/right upper quadrant pain
(40–100% incidence) (2), hypertension and proteinuria (80–85%
incidence) (3), fatigue, nausea and vomiting, sudden weight
gain and headache etc. HELLP syndrome occurs mostly in the
second and third trimesters of pregnancy (usually between 27
and 7 weeks antenatally), and 15–30% of women present in
the puerperium (usually within 7 days after delivery) (4). The
pathological mechanism of the disease is not yet very clear,
which may be related to placental origin (5), autoimmunity (6),
mutations in coagulation factor V gene (7), fatty acid oxidation

TABLE 1 | Clinical classification of 50 maternities in observation group (n, %).

Cases Composition ratio

HELLP syndrome subtypes

Type I 10 20.00% (10/50)

Type II 35 70.00% (35/50)

Type III 5 10.00% (5/50)

Partial/complete HELLP syndrome

Partial 33 66.00% (33/50)

Complete 17 34.00% (17/50)

FIGURE 1 | Clinical classification composition ratio of 50 maternities in the observation group (n, %). (A) Clinical classification based on PLT; (B) Clinical classification

based on complete/partial classification.

disorder symptoms (8) and so on. The incidence of HELLP
syndrome is relatively low, accounting for only 0.5–0.9% of the
pregnant population (the incidence in China can be about 2.5%),
but the clinical manifestations are diverse, the disease develops
rapidly, and poses a greater risk to maternal and child health,
and the lives of mothers and children are often endangered
by delayed treatment, with a high rate of maternal and child
complications and death (9). Among them, the mortality rate of
pregnant women is 3.4–24.2%, and the mortality rate of children
in the perinatal period is as high as 7.7–60.0% (10). The vast
majority of patients with HELLP syndrome should terminate
their pregnancy by cesarean section after active treatment of
hypertensive disorder of pregnancy (HDP). However, patients
still have a 4–27% chance of recurrence when they become
pregnant again. Therefore, early detection and provision of
timely and effective interventions are particularly important.
In this study, the clinical characteristics, pregnancy outcomes
and risk factors of pregnant women with SPE complicated with
HELLP syndrome were discussed and analyzed, in order to
provide relevant reference materials for preventing and reducing
the occurrence of HELLP syndrome.

MATERIALS AND METHODS

Research Object
The clinical data of 50 pregnant women diagnosed with SPE
complicated with HELLP syndrome in our hospital from
January 2014 to January 2021 were retrospectively analyzed,
and they were selected as the observation group. Inclusion
criteria: patients with SPE combined with HELLP syndrome
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with a clear diagnosis; aged 18–50 years old; patients with
complete medical records; patients or their family members who
had signed the informed consent. Exclusion criteria: primary
hypertension combined with pregnancy; HELLP syndrome
caused by diseases other than SPE; combined with other
acute and chronic life-threatening diseases not caused by SPE;
combined with gestational diabetes mellitus, acute fatty liver
during pregnancy, autoimmune diseases; previous hematological
diseases or cardiopulmonary, hepatic and renal insufficiency;
patients transferred to hospital for treatment during treatment.
In addition, 50 pregnant and lying-in women diagnosed with
preeclampsia (PE) during the same period were selected as
the control group. An additional 50 maternal cases diagnosed
with preeclampsia (PE) during the same period were selected
as the control group. Inclusion criteria: those with a clear
diagnosis of PE; those aged 18 to 50 years; those with complete
medical records; those whose patients or their families had signed
an informed consent. Exclusion criteria: primary hypertension
combined with pregnancy; combined with gestational diabetes
mellitus, acute fatty liver during pregnancy, autoimmune
diseases; previous hematological diseases or cardiopulmonary,
hepatic and renal insufficiency; patients transferred to hospital
for treatment during treatment.

Diagnostic Criteria
In accordance with the diagnostic criteria of American College
of Obstetricians and Gynecologists (ACOG) for SPE (11).

TABLE 2 | Pregnancy outcomes and mode of delivery of 50 maternities in

observation group (n, %).

Cases Composition ratio

Pregnancy outcome

Premature delivery 35 70.00% (35/50)

Fetal growth restriction 13 26.00% (13/50)

Perinatal death of the fetus 2 4.00% (2/50)

Mode of delivery

Cesarean section 48 96.00% (48/50)

Induced labor 2 4.00% (2/50)

Natural birth 0 0.00% (0/50)

FIGURE 2 | Pregnancy outcomes and mode of delivery composition ratio of 50 maternities in the observation group (n, %). (A) Pregnancy outcomes of 50 maternities

in observation group; (B) Mode of delivery of 50 maternities in observation group.

Hypertension: systolic blood pressure ≥160 mmHg or diastolic
blood pressure ≥110 mmHg twice within 6 h of bed rest;
Proteinuria: ≥5 g/24 h, or twice urinary protein (+ + +)
at an interval of 4 h; Oliguria: 24-h urine output <500ml;
Decreased platelets (PLT): <100 × 109/L; abnormal liver
enzymes; persistent headache, visual disturbances, or other
symptoms; Heart failure, pulmonary edema, or cyanosis;
Persistent epigastric or right upper quadrant pain; Intravascular
hemolysis: anemia, jaundice, elevated lactate dehydrogenase
(LDH); Fetal growth restriction or oligohydramnios, etc. It
met the diagnostic criteria of the University of Tennessee for
HELLP syndrome (12). HELLP syndrome was considered when
any one of the following was present. Hemolysis: bilirubin
(BIL) ≥ 1.2 mg/dl, hemoglobin (HGB) slightly decreased,
lactate dehydrogenase (LDH) > 600 U/L, broken red blood
cells (RBC) on blood smear; Elevated liver enzymes: alanine
aminotransferase (ALT) ≥40 U/L or aspartate aminotransferase
(AST) ≥70 U/L; Decreased platelets (PLT): PLT<50 × 109/L
was type I, 50 × 109/L≤PLT≤100 × 109/L was type II, 100 ×

109/L<PLT<150× 109/L was type III. Partial abnormality of the
above three indicators was defined as partial HELLP syndrome,
and all abnormality was defined as complete HELLP syndrome.

Research Methods
The clinical classification and pregnancy outcomes of maternities
in the observation group were recorded. The maternal age,
gestational age of onset and laboratory parameters were recorded
and compared between the two groups. Univariate analysis was
used to analyze the related factors of HELLP syndrome, and
multivariate logistic regression model was used to analyze the
statistically significant indexes.

Observation Index
General information such as age, gestational age of onset,
gestational age of termination of pregnancy, clinical
characteristics, maternal and fetal outcomes were recorded
for all mothers. Maternal RBC, HGB, LDH, ALT, AST, TBIL,
blood urea nitrogen (BUN), blood calcium ion (Ca2+), PLT,
prothrombin time (PT), prothrombin time (TT), activated
partial thromboplastin time (APTT), fibrinogen (FIB) and other
laboratory indicators were recorded.
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Statistical Methods
SPSS 22.0 software was used for processing, and measurement
data of experimental data were expressed as mean ± standard
deviation (M ± SD). One-way analysis of variance was used
for comparison, and SNK-q method was used for pairwise
comparison. Enumeration data are expressed as (%). Multivariate
analysis was performed using a multivariate logistic regression

TABLE 3 | Results of univariate analysis of SPE complicated by HELLP syndrome

(n, M ± SD).

Factors Control group

(n = 50)

Observation

group

(n = 50)

t-value P-value

Age (years old) 30.54 ± 5.57 34.11 ± 6.15 3.042 0.003

Gestational

age at onset

(week)

33.10 ± 3.97 30.54 ± 3.02 3.629 <0.001

Gestational

age at

termination of

pregnancy

(week)

34.55 ± 3.24 31.97 ± 3.93 3.582 0.001

RBC (×1012) 4.30 ± 2.07 3.64 ± 1.45 1.847 0.068

HGB (g/L) 114.13 ± 16.12 96.36 ± 26.30 4.073 <0.001

LDH (U/L) 482.29 ±

100.23

811.84 ±

150.21

12.904 <0.001

ALT (U/L) 37.98 ± 9.36 170.21 ±

51.30

17.930 ≤0.001

AST (U/L) 37.78 ± 11.65 120.20 ±

59.40

9.628 ≤0.001

TBIL (µmol/L) 18.65 ± 2.11 56.29 ± 13.16 19.969 ≤0.001

BUN (mmol/L) 7.73 ± 3.60 8.96 ± 3.69 1.687 0.095

Blood Ca2+

(mmol/L)

1.98 ± 0.13 1.97 ± 0.15 0.356 0.722

PLT (×109/L) 132.45 ± 38.77 72.86 ± 11.64 10.409 ≤0.001

PT (s) 11.57 ± 3.21 20.34 ± 4.45 11.302 ≤0.001

TT (s) 17.22 ± 1.36 17.70 ± 1.26 1.831 0.070

APTT (s) 25.33 ± 8.26 28.32 ± 7.96 1.843 0.068

FIB (mg/dl) 3.61 ± 1.65 2.98 ± 1.44 2.034 0.045

TABLE 4 | Assignment for multivariate analysis of factors.

Factors Variables Assignment

Age X1 Continuous variable

Gestational age at onset X2 Continuous variable

Gestational age at termination of pregnancy X3 Continuous variable

HGB X4 Continuous variable

LDH X5 Continuous variable

ALT X6 Continuous variable

AST X7 Continuous variable

TBIL X8 Continuous variable

PLT X9 Continuous variable

PT X10 Continuous variable

FIB X11 Continuous variable

model. The test level was α = 0.05, and P < 0.05 was considered
statistically significant.

RESULTS

Clinical Classification of 50 Maternities in
Observation Group
Among the 50 maternities in the observation group, there were
10 cases of type I, accounting for 20.00%; 35 cases of type II,
accounting for 70.00%; 5 cases of type III, accounting for 10.00%.
Partial 33 cases, the composition ratio of 66.00%; complete 17
cases, the composition ratio of 34.00% (Table 1 and Figure 1).

Pregnancy Outcomes and Mode of Delivery
of 50 Maternities in Observation Group
Among the fetuses of 50 maternities in the observation group,
35 were premature, accounting for 70.00%; 13 had fetal growth
restriction, accounting for 26.00%; and 2 died during perinatal
period, accounting for 4.00%. Among the 50 maternities in
the observation group, 48 cases were cesarean section, the
composition ratio was 96.00%; 2 cases were induced labor, the
composition ratio was 4.00%; there was no natural birth, the
composition ratio was 0.00% (Table 2 and Figure 2).

Results of Univariate Analysis of SPE
Complicated by HELLP Syndrome
Univariate analysis showed that age, gestational age at onset,
gestational age at termination of pregnancy, HGB, LDH, ALT,
AST, TBIL, PLT, PT, and FIB were all associated with the
occurrence of HELLP syndrome (P < 0.05) (Table 3).

Results of a Multifactorial Analysis of SPE
Complicated by HELLP Syndrome
Multivariate Logistic analysis showed that gestational age at
onset, gestational age at termination of pregnancy, HGB, LDH,
ALT, AST, TBIL, PLT, and FIB were all independent risk factors
for HELLP syndrome (P < 0.05) (Tables 4, 5).

DISCUSSION

The incidence of HELLP syndrome is low, but it often leads
to maternal placental abruption, fetal distress, and perinatal
death, and has a high maternal and child mortality rate (13).
The disease is typically characterized by hemolysis, elevated liver
enzymes, and thrombocytopenia in pregnant women during
pregnancy. The clinical manifestations are diverse, and pregnant
women are often accompanied by symptoms such as fatigue
and upper abdominal pain. Early detection and early treatment
is the most effective and safe way to block the progression of
SPE complicated with HELLP syndrome and reduce adverse
outcomes. It is reported that the physiological and pathological
changes of the disease are similar to those of HDP, but the
initiation mechanism of its development into HELLP syndrome
is still unclear. Maternal unexplained systemic small blood vessel
spasm, red blood cells are squeezed and ruptured when passing
through the spastic blood vessels, resulting in hemolysis (14);
tissue ischemia and hypoxia lead to damage to important organs
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TABLE 5 | Results of a multifactorial analysis of SPE complicated by HELLP syndrome.

Factors B SE Walds P OR 95% CI

Age 0.220 0.231 2.449 0.117 1.246 0.792–1.960

Gestational age at onset 0.452 0.201 3.998 0.046 1.571 1.060–2.330

Gestational age at termination of pregnancy 0.310 0.124 4.577 0.032 1.363 1.069–1.739

HGB 0.534 0.211 5.997 0.013 1.706 1.128–2.579

LDH 0.320 0.124 6.698 0.008 1.377 1.080–1.756

ALT 0.298 0.117 3.989 0.047 1.347 1.071–1.694

AST 0.247 0.110 4.537 0.033 1.280 1.032–1.588

TBIL 0.312 0.102 4.604 0.032 1.366 1.119–1.668

PLT 0.453 0.118 5.254 0.021 1.573 1.248–1.982

PT 0.301 0.287 3.389 0.066 1.351 0.770–2.371

FIB 0.330 0.125 3.934 0.047 1.391 1.089–1.777

of the human body, after liver damage, liver enzymes are released,
resulting in elevated liver enzymes (15); exposure of collagenous
tissue after endothelial cell damage leads to platelet activation,
aggregation, and excessive consumption resulting in decreased
PLT (16) as its main pathological changes. Thus, the PLT count
has become the most important basis for the diagnosis and
staging of SPE complicated by HELLP syndrome.

The severity of the condition of maternitie complicated with
HELLP syndrome is closely related to the level of serum PLT.
In this study, PLT count was used as the clinical classification
standard of HELLP syndrome. Among the 50 maternitie in the
observation group, there were 10 cases of type I, 35 cases of
type II, and 5 cases of type III. The proportion of patients with
type II HELLP syndrome was 70.00%, which was much higher
than the other two types. Decreased PLT is an important early
warning indicator of HDP complicated with HELLP syndrome
and an important manifestation of vascular endothelial injury.
The main manifestation is that the lower the PLT, the more
severe the vascular endothelial injury and the more severe the
disease (17). In this study, the diagnosis of HELLP syndrome
was used as its clinical classification criteria. Among the 50
maternities in the observation group, there were 33 cases of
partial HELLP syndrome, accounting for 66.00%, and 17 cases
of complete HELLP syndrome, accounting for 34.00%. This is
consistent with the classification based on PLT in this study.
It also suggests that in clinical, partial HELLP syndrome is
more common than complete HELLP syndrome. According to
the progress of diagnosis and treatment of HELLP syndrome,
platelet transfusion as indicated in combination with the specific
condition of the patient is an effective treatment measure.
The study of the clinical classification of HELLP syndrome
in this study can provide reference for the preventive platelet
transfusion therapy and transfusion timing for pregnant and
lying-in women with HELLP syndrome.

The occurrence of HELLP syndrome can be accompanied
by irreversible damage to organs, often complicated by adverse
symptoms such as placental abruption, resulting in adverse
pregnancy outcomes (18). This study analyzed the pregnancy
outcomes of women with SPE complicated by HELLP syndrome.
Among the fetuses of 50 maternities in the observation group,

35 were premature, accounting for 70.00%; 13 had fetal growth
restriction, accounting for 26.00%; and 2 died during perinatal
period, accounting for 4.00%. Among the 50 maternities in the
observation group, 48 cases of cesarean section, the composition
ratio of 96.00%; 2 cases of induced labor, the composition ratio
of 4.00%; no natural delivery. Early onset and rapid progression
of HELLP syndrome can often lead to preterm delivery, and in
more severe cases, it can lead to placental decline, inadequate
placental blood and oxygen supply, fetal growth restriction and
neonatal asphyxia, which can seriously affect fetal growth and
development and increase fetal perinatal mortality (19). The
mode of delivery is related to the severity of the disease and the
gestational age of onset. If the condition of maternities is serious,
cesarean section is often chosen to terminate the pregnancy; if
the condition is mild and the intrauterine condition of the fetus
is good, labor can also be induced appropriately, but the changes
in the condition should be closely monitored during the process
of labor induction (20).

In the risk factor analysis of this study, gestational age at onset,
gestational age at termination of pregnancy, HGB, LDH, ALT,
AST, TBIL, PLT, and FIB were all independent risk factors for
HELLP syndrome. Analysis of the reasons, HELLP syndrome
onset early in gestation, often lead to premature birth and
perinatal death. The gestational age of pregnancy termination can
affect the growth of the fetus in the uterus, and premature or
untimely termination of pregnancy can affect HELLP syndrome.
For maternities whose gestational age is >34 weeks, cesarean
section is preferred, and pregnancy is terminated in time; for
those whose gestational age is <34 weeks, active antispasmodic,
antihypertensive and other treatments are required, or the
pregnancy should be terminated within 4 days of expectant
management (21). HGB is a specialized protein that transports
oxygen in erythrocytes, and reduction can lead to tissue hypoxia,
which is a risk factor for the development of HELLP syndrome
(22). The more severely damaged the liver and the higher
the serum LDH, ALT, AST and TBIL levels, the more likely
HELLP syndrome will develop (23). When hemolysis occurs,
LDH release is increased and serum LDH levels are elevated,
affecting HELLP syndrome (24). Platelets have the effect of
promoting hemostasis and can protect the endothelium of small

Frontiers in Surgery | www.frontiersin.org 5 March 2022 | Volume 9 | Article 859180325

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Huang et al. Severe Preeclampsia With HELLP Syndrome

blood vessels in the body from damage.When PLT is lowered, the
protective effect of microvessels is weakened, resulting in HELLP
syndrome. FIB is a glycoprotein that plays an important role in
human coagulation and hemostasis, and can sensitively reflect
the disorder of the coagulation system. When FIB is low, there
is a risk of massive bleeding and HELLP syndrome is prone to
occur (25).

Domestic studies have also pointed out that with the increase
of age, maternal body function declines, and the resistance to the
outside world is weakened. Therefore, advanced pregnancy is an
independent risk factor for the incidence of HELLP syndrome.
In the risk factor analysis of this study, age was associated
with the occurrence of severe preeclampsia complicated by
HELLP syndrome, but was not an independent risk factor for it.
Considering that it is related to the small sample inclusion in this
study, future studies with expanded samples are needed to further
clarify the above risk factors.

To sum up, SPE complicated with HELLP syndrome
has significantly increased adverse pregnancy outcomes.
Understanding its clinical classification is of great significance
for the preventive application of platelet transfusion therapy and
the selection of transfusion timing. Gestational age at onset and
gestational age at termination of pregnancy are independent
risk factors for its occurrence. Fully understanding the high-risk

factors of HELLP syndrome, taking preventive measures in
time, and carrying out targeted nursing can effectively improve
the prognosis of pregnant women and reduce the risk of
HELLP syndrome.
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Objective: The aim of this study is to explore the influence of finemanagement combined

with the plan-do-check-action (PDCA) cycle method on the management of ophthalmic

precision instruments.

Methods: The ophthalmic precision instruments centralized in the disinfection supply

room of our hospital were selected as the research objects and divided into groups A

and B. Traditional instrument management method was adopted in group A, and fine

management combined with the PDCA cycle method based on the group Awas adopted

in group B. The instrument management risk scores, the qualified rate of disinfection,

instrument performance grade, and incidence of toxic anterior segment syndrome (TASS)

of the two groups were compared.

Results: The risk scores of instrument management and incidence of TASS in group

B were lower than those in group A (p < 0.05). The qualified rate of disinfection and

instrument performance grades in group B were higher than those in group A (p < 0.05).

Conclusion: Fine management combined with the PDCA cycle method can improve

the qualified rate of disinfection of ophthalmic precision instruments, optimize the

performance of instruments, reduce the risk of instrument management, and reduce the

incidence of TASS.

Keywords: ophthalmic precision instruments, fine management, PDCA cycle method, disinfection qualified rate,

performance grade, failure mode and effect analysis

INTRODUCTION

Disinfection supply room is a special department of hospital, and its work quality can directly affect
nursing work and medical safety, which is closely related to nosocomial infection rate, and makes
the clinical nursing management of disinfection supply room have higher requirements. With
the continuous development of medical technology, the skill of ophthalmic surgery is gradually
improved, and fine ophthalmic instruments are the prerequisite for the successful completion of
ophthalmic surgery. However, ophthalmic precision instruments have a complicated structure, fast
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turnover, high price, high precision, and high maintenance
requirements which are difficult to clean and require high
disinfection and maintenance (1, 2). If the ophthalmic precision
instruments are not handled in time and maintained properly
in the cleaning and disinfection process, it is easy to cause
the corrosion and damage of the instruments and destroy the
performance, which will not only affect the operator’s operation
process, but also possibly lead to the phenomenon of intraocular
infection, which will adversely affect the surgical effect (3,
4). The research shows that infections caused by incomplete
sterilization of surgical instruments account for about 20% of
patients with infections after ophthalmic surgery (5). Therefore,
attention should be paid to the treatment of ophthalmic precision
instruments in clinic. Strengthening the cleaning and disinfection
of ophthalmic instruments plays an important role in improving
the safety of surgery.

At present, people’s requirements for medical services are
gradually increasing, and nursing work is gradually becoming
more refined. Fine management is an intervention means of fine
care for every detail, which can carry out quality management
from many angles, such as sorting, rectification, treatment, and
supervision, focusing on finding problems in detail, actively
looking for reasons, formulating a series of management
procedures, and comprehensively supervising the operation of
every link, so as to achieve the purpose of solving problems
(6). Fine management through process control and continuous
improvement is helpful to improve the management efficiency
of hospitals, further coordinate and unify the management
mechanism, and provide better service intervention for patients,
thus effectively avoiding nursing defects and improving the
clinical work quality (7). Plan-do-check-action (PDCA) cycle
method is a working procedure of all-round quality management,
which divides quality management into four stages: planning,
implementation, inspection, and treatment (8). In the PDCA
cycle, each stage promotes each other, interlocks with each other,
and spirals upward. The purpose of implementation is to reduce
the shortage of management schemes and improve the overall
work quality through a continuous cyclic operation (9).

At present, how to use effective methods to avoid the risk
factors of eye infection and improve the qualified rate of
disinfection of instruments has become a hot issue for the staff of
disinfection supply room and medical staff. Therefore, to explore
whether the fine management combined with the PDCA cycle
method is practical in the management of ophthalmic precision
instruments, we have carried out the following research.

MATERIALS AND METHODS

Object
In this study, 80 sets of ophthalmic instrument packages
centralized from the disinfection supply rooms of two hospitals
were selected as the research objects. A number of 40 sets
of ophthalmic instrument packages (785 ophthalmic precision
instruments) randomly selected from July 2020 to December
2020were taken as groupA, and 40 sets of ophthalmic instrument
packages (791 ophthalmic precision instruments) randomly
selected from January 2021 to June 2021 were taken as group

B. Inclusion criteria were as follows class I ophthalmic precision
instruments; the use time of surgical instruments was <2 years;
the information of surgical instruments was complete. Exclusion
criteria were experienced derusting treatment, the fact that before
the study, it was defective or the performance was greatly
reduced, and surgical instruments did not meet the management
requirements of the disinfection supply room.

Methods
Group A

A traditional instrument management method was adopted.
Cleaning and disinfection of instruments adopted traditional
manual cleaning, assigned personnel to recycle the used
instruments after the operation, and classify the instruments
before cleaning. According to the characteristics of ophthalmic
precision instruments, prewashing, soaking, rinsing, drying,
lubrication, disinfection, and sterilization were carried out in
turn. The processed instruments were inspected regularly, the
existing problems were found in time, and corresponding
measures to intervene were formulated.

Group B

On the basis of group A, fine management combined with PDCA
cycle method was adopted.

(1) ① Determining the goals that need to be achieved. It was
agreed that the qualified rate of instruments cleaning quality
should reach above 90%; hence, the two hospitals adopted
the same model and established a fine management joint
PDCA cycle method team, which included ophthalmology
specialist nurses, and disinfection supply center nurses.
The cleaning station was moved to the ophthalmology
department, and cleaning and sterilization were performed
at the disinfection supply center. After the group was
established, specialized knowledge training and technical
operation assessment were actively carried out, so as to
inspect the group members’ mastery of professional skills.
The problems existing in the management of ophthalmic
precision instruments were identified, such as the lack of
continuous and effective monitoring of the cleaning quality
of instruments, the lack of refinement in the process of
different types of instruments, and the failure to strictly
follow the cleaning process, when the workload was heavy.
The members of the group were informed of relevant
knowledge and matter needing attention in disinfection
management of ophthalmic precision instruments, and the
rules and regulations of hospital disinfection supply room
were further improved. The nurses in the disinfection and
supply room completed the classification of instruments,
clarified them into books, and placed them in the
recycling and packaging area. ② The reasons for unqualified
cleaning and disinfection quality of instruments in the past
were clarified, and the main causes were analyzed and
summarized. ③ A fine management system of ophthalmic
precision instruments was established.

(2) ① A group meeting was held, division of labor was
formulated, responsibilities were clarified, and the awareness
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of infection prevention and control of among medical staff
was improved. ② Then, through the combination of the
actual instrument and the picture of the instrument, the
department staff was trained on the related operation links of
instrument cleaning and disinfection, the atlas of ophthalmic
precision instruments was made, name and performance of
the instruments were indicated, and the nursing staff was
asked to master the cleaning points, such as matters needing
attention in packaging and maintenance, disinfection and
sterilization methods of ophthalmic precision instruments,
etc.③When checking the instruments, nurses should be paid
attention to whether the instruments were in good condition,
whether there was any defect, whether the alignment was
tight, and whether the functions were good. The instrument
was handled with care to prevent its precision from
being damaged. A special treatment table for ophthalmic
instruments was set up and they were treated separately from
ordinary instruments. ④ According to the characteristics
of the instruments, the cleaning process was established.
The scissors, pliers, tweezers, and cavity instruments were
cleaned manually, when washing the instruments manually,
the action should be gentle, and cleaning tools, such
as regular brushes and sponge brushes, should be used
correctly. The instruments with difficult cleaning and
complicated structure were cleaned ultrasonically, during
which they were first pre-cleaned by hand after which
the instrument was disassembled. The shaft joint was then
opened and then put it into an ultrasonic cleaning machine.
After cavitation and vibration for 2–3min, the joints were
cleaned by the hand-cleaning method, and the cavity was
rinsed with a high-pressure water gun. When cleaning cavity
instruments, appropriate cleaning agents should be chosen
according to the instructions of device manufacturers to
remove residual substances on the wall of the tube and then
washed with pure water. Instruments that were not resistant
to moist heat disinfection should be soaked in 75% ethanol
for disinfection and dried by an air gun. ⑤ The cleaning
methods of ophthalmic precision instruments with high
unqualified rates were analyzed. The eyelid opener should
focus on brushing the eyelid opening to remove mucus
and glue. Small scissors should focus on cleaning the blade
and the adhesive should be wiped off with alcohol gauze.
Scleral presser should focus on brushing the top pressure
and removingmucus. Duringmicroshear cleaning, the joints
should be completely opened. The ultrasonic emulsification
tube and IA head should be cleaned with a water gun and
an air gun. When cleaning the effusion box, the cavity
should be filled with water, water should be poured while
shaking, rinsing, and disinfecting. ⑥ When cleaning, the
operator should move gently without violence, and used soft
tools to clean the occlusal parts or parts with sharp tips.
A special fine basket with a built-in silicone pad to hold
ophthalmic precision instruments should be used, and the
tip of the instrument should face upward to prevent the tip
from being damaged. When packaging instruments, fine-
grained baskets, precision instrument boxes, and protective
sleeves that match the instruments should be used to avoid

instruments’ damage caused by the instrument bag being
squeezed or inverted. ⑦ After cleaning and disinfection of
ophthalmic precision instruments, the cleaner shall sign and
improve the handover register. When packing, silica gel
head and plastic protective sleeve should be used, and when
transporting, a special container to prevent the instrument
from being damaged should be used.

(3) Check the designed daily monitoring record of cleaning and
disinfection quality of ophthalmic precision instruments,
appoint team members to check the cleaning and
disinfection quality of the instruments every day, and
check whether the cleaning effect of the surfaces, shaft
joints, tooth slots, and other parts of the instruments was
up to standard, if the surface of the surgical instrument was
smooth and there was no residual bloodstain or rust stain,
it was qualified, and the registration was unqualified. The
sterilized instruments should be checked one by one for
sharpness, good function, defects, or serious corrosion. If
the instruments were defective or improperly maintained,
the nursing staff should report for repair or update the
instruments in time.

(4) A group meeting should be held once a month, the problems
existing in the inspection should be summarized, analyzed
and the reasons for unqualified disinfection quality of
instruments should be found. Specific and effective measures
to solve the problems should be put forward and the
corresponding work contents should be adjusted. A refined
work plan should be formulated for all employees to prevent
the same work defects from recurring, or the unresolved
problems will roll into the next PDCA cycle.

Observation Index
(1) The basic information of ophthalmic precision instruments,

such as service time of instruments and instrument type of
the two groups, were recorded.

(2) The management risks of ophthalmic precision instruments
according to the failure mode and effect analysis (FMEA)
evaluation standard, including unqualified cleaning quality,
instrument defect, improper handover of the instrument,
and difficulty in instrument turnover, were evaluated. The
evaluation method was divided into severity (S), occurrence
(O), and detection ability (D). On calculating the risk priority
number (RPN) = S × O × D, with a total score of 1–1,000
points, we defined RPN≥ 150 points as high risk. The higher
the score, the higher the risk of management of ophthalmic
precision instruments. The specific scoring content is shown
in Table 1.

(3) Different methods were used to evaluate the qualified rate
of disinfection of ophthalmic precision instruments. ①

Magnifying glass detection: The smoothness of the surface
of the instrument was observed under a 5x magnification
lens, and whether there was any contamination residue.
The external surface was clean and free of pollution
residue, which was qualified; ② Microbial culture detection:
sterile cotton swabs were sampled on the instruments for
bacterial culture, and the number of bacterial flora was
calculated. The number of bacteria in a single instrument
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TABLE 1 | FMEA evaluation standard.

S evaluation

1 point Without any effect on the instrument.

2–3 points Affect the instruments, not affect the normal use.

4–6 points The instrument is inconvenient to use, and the doctor is

slightly dissatisfied.

7–8 points Doctors are seriously dissatisfied with the status quo of

instruments.

9–10 points Doctors are seriously dissatisfied, and the status quo of

instruments may cause medical accidents.

O evaluation

1 point Almost impossible to happen.

2 points It may happen slightly.

3 points Could happen.

4–6 points Occasional, but unlikely.

7–8 points Be of frequent occurrence.

9–10 points Almost inevitable.

D evaluation

1–2 points Almost certainly.

3–5 points Good detection means exist.

6–8 points May be detected.

9 points It is very likely that it will not be detected.

10 points Can’t be detected with high probability.

was<20 cfu, which was qualified; ③ Adenosine triphosphate
(ATP) bioluminescence detection: the irrigating apparatus
was purified five times, irrigating fluid was collected, the
irrigating fluid with 3M ATP fluorescence detection swab
was dipped, and the ATP fluorescence value was measured.
Relative light unit ≤150 was qualified; ④ Jerry test paper
method detection: dip the washing solution with Jerry test
paper and observe the color change of the test paper. After
1min, the yellow test paper was qualified.

(4) The performance questionnaire of ophthalmic precision
instruments made by our hospital was used for evaluation.
The score range was 4–12 points, 4 points: four levels, 5–6
points: three levels, 7–9 points: two levels, and 10–12 points:
one level. The higher the score, the better the instrument
performance. Specific scoring content is shown in Table 2.

(5) A total number of 200 patients with ophthalmic surgery
were selected from each of the two groups, and the
incidence of toxic anterior segment syndrome (TASS) during
the management of the two groups was recorded. TASS
diagnostic criteria were as follows: ① 22–24 h after cataract
surgery; ② decreased vision, but no obvious pain, or mild
pain; ③ the patient had diffused corneal edema accompanied
by ciliary hyperemia, and the endothelial cell loss rate
was >70%; ④ a large amount of cellulose protrudes into
the anterior atrial abscess, and the pupil was irregularly
dilated; ⑤ there was an inflammatory reaction in the anterior
segment, but no obvious inflammatory reaction in the
posterior segment. ⑥ Gram staining and bacterial culture
were performed on aqueous humor and vitreous, and both
the results were negative.

Statistical Methods
The SPSS 22.0 software was used, the measured data
were expressed by x̄ ± s, and the t-test was used for

TABLE 2 | Ophthalmic precision instrument performance questionnaire.

Scissors type

1 point Cut thin cotton sheets, fail to cut them neatly and/or are

sticky.

2 points Cut neatly without sticking, dull.

3 points Cut it neatly without sticking.

Clamp type

1 point The palm of your hand is slapped or thrown from the air,

and it automatically pops open and/or cannot be

completely closed.

2 points It doesn’t bounce off automatically, it can clamp the No.

1 thread end, and there is a sense of pause when used.

3 points It does not bounce off automatically. When it is

completely closed, it clamps the No. 1 thread end and

does not fall off.

Tweezers type

1 point Touched by hand when closed, rough, staggered and/or

defective.

2 points Smooth, staggered or defective.

3 points Smooth, without misalignment and defects.

Cavity type

1 point Visually, there is dirt, blood, and rust. Under the condition

that the cavity is not dried, the water in the cavity is

blown to a clean white gauze with an air gun, and the

color of the gauze changes obviously.

2 points Visually, there is no dirt, blood, and rust, but the color of

gauze changed slightly.

3 points Visually, there is no dirt, blood, and rust, and the gauze is

clean as before, with the same color.

comparison. The counting data were expressed as %, and
the χ

2 test was used for comparison; p < 0.05, the difference
was significant.

RESULTS

Basic Information of Ophthalmic Precision
Instruments
There was no significant difference in the basic information of
ophthalmic precision instruments between the two groups (p >

0.05), as shown in Table 3.

Comparison of Instrument Management
Risk Scores Between Two Groups
The risk scores of instrument management in group B
were lower than those in group A (p < 0.05), as shown
in Figure 1.

Comparison of Qualified Rate of
Disinfection Between Two Groups
The qualified rate of disinfection in group B was
higher than that in group A (P < 0.05), as shown
in Table 4.
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TABLE 3 | Basic information of ophthalmic precision instruments (n, x̄ ± s, %).

Group Service time of

instruments

(months)

Instrument type

Scissors type Clamp type Tweezers type Cavity type Other type

Group A (n = 785) 13.18 ± 2.05 121 (15.41%) 164 (20.89%) 175 (22.29%) 149 (18.98%) 176 (22.42%)

Group B (n = 791) 13.26 ± 1.97 130 (16.43%) 152 (19.22%) 177 (22.38%) 153 (19.34%) 179 (22.63%)

χ
2 / t value 0.789 0.845

P-value 0.429 0.932

FIGURE 1 | Comparison of risk scores of instrument management between two groups, compared with group A, *p < 0.05.

TABLE 4 | Comparison of qualified rate of disinfection between two groups (n, %).

Group Magnifying glass

detection

Microbial culture

detection

ATP

bioluminescence

detection

Jerry test paper

method

detection

Group A (n = 785) 776 (98.85%) 773 (98.47%) 743 (94.65%) 712 (90.70%)

Group B (n = 791) 791 (100.00%) 790 (99.87%) 768 (97.09%) 742 (93.81%)

χ
2 value 9.121 9.470 5.945 5.318

P-value 0.003 0.002 0.015 0.021
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Comparison of Instrument Performance
Grade Between Two Groups
The instrument performance grade in group B was better than
that in group A (rank sum test z = 4.012, p < 0.05), as shown in
Figure 2.

Comparison of the Incidence of TASS
Between Two Groups
The incidence of TASS in group B (0.50%) was lower than that in
group A (3.50%) (p < 0.05), as shown in Table 5.

DISCUSSION

People’s eye structure is complex and there are many kinds of
diseases. To meet the needs of various ophthalmic operations,
ophthalmic surgical instruments are developing toward
complexity and refinement. This not only brings convenience
to ophthalmic surgery, but also increases the management
difficulty of ophthalmic precision instruments. Ophthalmic
precision instruments are easily damaged, and have high
maintenance requirements. If the bacteria of the instruments
are not completely eliminated or the cleaning quality is not up
to standard, it will adversely affect the operation effect (10, 11).
Therefore, it is of great significance to find a scientific instrument
management method to promote the smooth development of
ophthalmic surgery.

Although the traditional instrument management method
adopted in the disinfection supply room can achieve a good
management effect, there are relatively many problems and high
instrument loss. Improper management can damage ophthalmic
precision instruments, cause waste of medical resources, may
also damage patients, affect the safety of clinical use, and cause
medical accidents andmedical disputes (12). Fine management is
a management means to formulate a series of detailed operations

FIGURE 2 | Comparison of instrument performance grade between two

groups.

according to the actual situation, which can identify, observe,
extend the details, and improve the overall medical quality
(13). This model starts with details, with the idea of improving
management level, and continuously optimizes the intervention
scheme, which can meet the requirements of managers to the
greatest extent, and is professional and comprehensive (14).
The PDCA cycle method includes small cycle and large cycle,
which is a process of dynamic cycle rising step by step, and is
managed repeatedly (15). Before the implementation of PDCA
cycle method, it is necessary to set up an activity group to find
and analyze the causes of past management errors, and then
determine the expected goals, formulate improvement plans,
and then carry out implementation and inspection. Finally,
evaluate the effectiveness of improvement measures, think about
unresolved problems, and enter the next round of PDCA
cycle (16). Fine management and PDCA cycle method have
received extensive attention in clinic. Therefore, we applied
the two methods to the management of ophthalmic precision
instruments and achieved good results.

Toxic anterior segment syndrome is an acute noninfectious
postoperative inflammatory reaction, and it has become one of
the common complications after eye surgery. The main clinical
manifestations are diffused corneal edema and irregular pupil
enlargement caused by anterior chamber cellulose exudation.
At present, it is generally believed that the occurrence of
TASS is closely related to the imperfect cleaning technology
and incomplete disinfection of surgical instruments. In this
study, compared with group A, group B has a lower risk
score of instrument management, lower incidence of TASS, and
better-qualified rate of disinfection and instrument performance.
This suggests that fine management combined with PDCA
cycle method can improve the qualified rate of disinfection of
ophthalmic precision instruments, optimize the performance
of instruments, reduce the risk of instrument management,
and reduce the incidence of TASS. Fine management can
optimize the operation process of each link, establish and
improve the instrument maintenance measures, control the
occurrence of risk factors, effectively improve the instrument
performance, reduce the instrument loss, significantly improve
the cleaning quality and functional quality of instruments, and
ensure smooth operation. The quality of medical staff is an
important prerequisite for fine management. Fine management
can actively carry out specialized knowledge training and
inform team members of relevant knowledge and precautions in
disinfection management of ophthalmic precision instruments,
so as to improve the awareness of prevention and control

TABLE 5 | Comparison of the incidence of TASS between two groups (n, %).

Group Number of TASS cases Incidence of TASS

Group A (n = 200) 7 3.50%

Group B (n = 200) 1 0.50%

χ
2 value 4.592

P-value 0.032
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of infection among medical staff and ensure the cleaning
quality and performance of ophthalmic surgical instruments
in good condition, which is very important to ensure the
safety of surgery, prolong the service life of instruments, and
reduce medical costs. In the fine management, by optimizing
the process of recycling, cleaning, packaging, sterilization and
transportation of instruments, and strengthening the disinfection
management of the storage environment of instruments, we can
not only avoid the errors of instruments, but also avoid the
pollution and damage of instruments. Cleaning instruments by
combining both manual and utrasonic methods is time- and
labor-saving, quick and convenient, and can thoroughly clean
small stains. The administrator needs to carefully check whether
each instrument is in good condition and without defects,
strengthen the daily maintenance of precision instruments, and
ensure that the instruments are in the best use state (17–19).
The PDCA cycle method adopts different cleaning methods for
different instrument fineness. Solid instruments are cleaned by
hand, instruments with complicated structures are disassembled
and cleaned ultrasonically, and cavities are repeatedly washed
by a high-pressure water gun. When cleaning, appropriate
cleaning agents are injected into the cavity. Additionally, nurses
focus on cleaning and disinfection of instruments with high
unqualified rate, thus effectively avoiding potential safety hazards
in the management process and providing effective guarantee
for improving the quality of instruments. In the process of
implementing the PDCA cycle method, after each cycle, the
group will integrate the problems existing in the instrument
management, analyze and find out the reasons, formulate
targeted improvement plans, adjust the work specifications,
supervise and inspect, evaluate the improvement measures after

inspection, and summarize the management experience. In
addition, the manager will modify the measures with inaccurate
management effect and incorporate new problems into the next
PDCA cycle, so as to improve the instrument management
quality in the continuous cycle and achieve the purpose of
functional quality control (20–22). According to the uniqueness
of ophthalmic precision instruments, fine management, and the
PDCA cycle method are carried out on the basis of routine
management, and the quality of ophthalmic precision instrument
management has been greatly improved.

CONCLUSION

To sum up, fine management combined with the PDCA
cycle method can improve the qualified rate of disinfection of
ophthalmic precision instruments, optimize the performance of
instruments, reduce the risk of instrument management, and
reduce the incidence of TASS.
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Background: As a common clinical superficial fungal infection, the diagnosis of

onychomycosis relies on clinical features, traditional KOH direct microscopy and fungal

culture. In recent years, dermoscopy has beenwidely used in the diagnosis and treatment

of infectious diseases and has provided new options for the diagnosis of onychomycosis.

Objective: To evaluate the value of dermoscopy in the clinical diagnosis of

onychomycosis and to explore the relationship between each clinical subtype and the

dermoscopic pattern.

Methods: A retrospective study of 114 cases of clinically suspected onychomycosis

was conducted to compare the differences between dermoscopy and fungal pathogenic

examination (microscopy and culture) in the diagnostic sensitivity of onychomycosis and

to analyze the relationship between nine common dermoscopic modalities and clinical

subtypes of onychomycosis.

Results: Among the 114 proposed patients, 87 nails with positive fluorescent staining

microscopy and/or positive fungal cultures were diagnosed as onychomycosis. The

sensitivity and specificity of dermatoscopy, using the mycological findings as a reference,

were 86.21 and 33.33%, respectively. The incidence of common dermatoscopic patterns

in the 87 nails with confirmed onychomycosis was as follows: white flocculation in 76

cases (87.35%), longitudinal nail pattern in 72 cases (82.76%), jagged changes in the

distal nail plate in 69 cases (79.31%) and yellow staining in 46 cases (52.87%), these

four patterns were more commonly seen in the distal lateral subungual onychomycosis

and total dystrophic onychomycosis, but there was no statistical difference in the positive

dermatoscopic pattern between these two types (P > 0.05).

Conclusion: Dermoscopy can be an important aid in the diagnosis of onychomycosis,

especially when fungal microscopy or culture is not appropriate, but this method is still

not a substitute for fungal microscopy and culture.

Keywords: onychomycosis, dermoscopy, fluorescence microscopy, sensitivity, diagnosis

INTRODUCTION

Onychomycosis is a fungal infection of the fingernails caused by dermatophytes, non-
dermatophytes and yeasts, with a global prevalence ranging from 2 to 13% in all age groups (1).
Onychomycosis accounts for ∼50% of all nail diseases (2) and 30% of superficial fungal diseases
(3), it is also the most common nail disease in the clinic, nail trauma, poor life hygiene habits, and
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concomitant autoimmune diseases can easily lead to the
development of nail fungus, in addition to its occurrence is
also associated with factors such as economic and work stress,
social exclusion and reduced quality of life (4, 5). Onychomycosis
is mainly characterized by changes in the shape and color of
the nail, affecting the patient’s image and even secondary social
difficulties, and because it is difficult to eradicate it can easily
become a source of recurrent infections of other superficial fungal
diseases. The rate of positive tests for nail fungal pathogenesis
is the lowest of all superficial fungal diseases and is the most
difficult type to diagnose and takes longer to administer, while
accurate diagnosis is essential for the ongoing treatment and
management of nail fungal disease (5, 6). The most widely used
diagnostic method for nail fungal disease is still the traditional
10% KOH (potassium hydroxide) direct microscopy and fungal
culture, however, its diagnostic sensitivity and specificity depends
on the level of the examiner and the examination equipment, and
the detection rate is <50% (7). Therefore, the search for other
means to diagnose or aid in the diagnosis of the disease is a
current clinical concern.

With the development of science and technology, new tests
and examinations are emerging (6, 8–10). When comparing the
advantages and disadvantages of PAS staining of nail tissue,
KOH, and fungal culture in the diagnosis of onychomycosis,
Haghani (11) used positive fluorescent staining as the diagnostic
criterion for nail fungal infection. Modern dermoscopy, as a non-
invasive, easy-to-use, and timely return portable examination
tool, is a new and important adjunct to clinical work in
dermatology and diagnostic methods, and has been widely used
in China in recent years, and more and more physicians are
using dermoscopy for onychomycosis in patients who are not
suitable for routine fungal microscopy or culture (12, 13). In this
study, we observed the use of dermoscopy in the diagnosis of
onychomycosis in Shanxi, China.

MATERIALS AND METHODS

We used a retrospective study of patients with a proposed
diagnosis of onychomycosis in our outpatient clinic from
September 2017 to May 2018. Those who received antifungal
medication in the last 6 months were excluded, and the largest
lesion area was selected when multiple toenails were involved
in the same patient. Each participant was given a detailed
medical history, and gender, age, site of onset, number of
nails, morphological characteristics and clinical subtypes were
recorded separately, and the information recorded was classified
and organized. All diseased nails were perfected with clinical
staging observations, calcofluor white (CFW) fungal microscopy,
fungal culture and dermoscopy. The study was conducted in
accordance with the principles of the Declaration of Helsinki
and was approved by the local medical ethics committee. All
patients were informed about the study and signed an informed
consent form.

Dermatoscopic examination and diagnostic basis
Macrophotography of the diseased nail and acquisition of
dermatoscopic images (×20 non-infiltrating mode) were

FIGURE 1 | Jagged distal nail plate changes.

performed by a dermatoscopic image processing workstation
(manufacturer: Guangzhou Chuang Hong Medical Technology
Co., Ltd., China, model: CH-DSIS-2000). Selection criteria for
dermatoscopic images of onychomycosis: to avoid subjectivity,
all dermatoscopic images were analyzed by two physicians and
those with consistent results were selected. The diagnosis of
onychomycosis was based on two or more of the currently
accepted four patterns of dermoscopic examination of
onychomycosis: “short spiny pattern, longitudinal striae, distal
irregular interrupted pattern and linear pattern” (14). However,
in practice, the dermoscopic changes of onychomycosiss were
not limited to the above four types. Therefore, the group
referred to the dermoscopic patterns of common nail diseases
described by Piraccini et al. (14) and Nakamura and Costa
(15) and combined with clinical experience, the following nine
patterns were selected for observation of the selected diseased
nails: serrated distal nail plate changes (Figure 1), longitudinal
nail striae (Figure 2), white flocculent changes (Figure 3),
subungualhyperkeratosis and debris (Figure 4), longitudinal
nail fissures (Figure 2), bleeding under the nail (Figure 5),
yellow homogeneous stains, punctate depression deformation
(Figure 6), and peri nail erythema (Figure 7).

Inclusion criteria: (1) patients who had not received antifungal
medication in the last 6 months; (2) patients with nail changes
and positive mycological microscopy (i.e., clear inky filaments
observed under the microscope). Exclusion criteria: (1) Patients
with co-morbidities such as psoriasis or chronic nail infection
that may lead to nail changes; (2) Patients who were unable to
cooperate with the retention of clinical and dermoscopic images.

Fungal examination of nail specimens: disinfected the
diseased nail with 75% ethanol and scrape the suspected lesion
into two equal parts, one for fungal microscopy and one for
fungal culture. The collected nail debris specimens were placed
on slides with 1 drop of fungal fluorescence staining sdution
(Jiangsu Lifetime Biological Technology Co., Ltd., China) mixed
thoroughly and left to stand for about 1–3min after staining and
then the slides were covered and observed under a fluorescent
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FIGURE 2 | Thin arrows indicate longitudinal striae; thick arrows indicate

longitudinal nail fissures.

FIGURE 3 | White flocculent nail plate changes.

FIGURE 4 | Subungualhyperkeratosis and debris.

microscope (Model: Olympus CX23, Japan, wavelength 340–
380 nm) and observed under a fluorescent microscope, positive

FIGURE 5 | Bleeding under the nail.

FIGURE 6 | Punctate depression of the nail plate.

FIGURE 7 | Peri nail erythema.

microscopy was diagnosed by the emission of bright blue
fluorescent mycelial structures. This was done by two technicians
simultaneously and those with consistent results were included
in this study. Inoculate nail scraps in Sabouraud’s Medium
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containing chloramphenicol and actinomycin and incubate at
25◦C. Observed and recorded the growth of colonies every
other day from the 3rd day after inoculation for a period of
3 weeks.

Statistical methods: The sensitivity and specificity of
dermatoscopy and mycological examination were compared
with reference to fungal microscopy and culture results. The
relationship between dermatoscopic patterns and clinical
subtypes was further analyzed in nails diagnosed with
onychomycosis. Data were expressed as number of cases
and percentages, and all data were expressed as count data,
except for the age of the subjects, which was described as mean
± standard deviation. P < 0.05 indicated that the difference is
statistically significant.

RESULTS

Dermatoscopic and Fungal Findings
A total of 114 patients, 68 women and 46 men, aged 40.24 ±

16.33 years old (6–78 years old), with a clinical diagnosis of
nail fungal disease were enrolled based on dermoscopic and
fungal examination findings. The positive rates of dermoscopy,
CFW fungal microscopy and fungal culture in all cases
were: 81.58% (93/114), 71.93% (82/114), and 46.49% (53/114),
respectively (see Table 1).

Observations of Dermoscopic Sensitivity
and Specificity
A positive fungal microscopy and/or culture result of either
was used as a positive fungal mycological result to confirm
the diagnosis of onychomycosis. This result is also used
as a reference to observe the sensitivity and specificity of
dermoscopy (Tables 2–4).

Based on Table 2, it is clear that there were 87 cases
of onychomycosis, the positive rate of fungal microscopy
was 82/87 = 94.25% and the positive rate of fungal
culture was 53/87 = 60.92%. Among the 114 patients,
87 had positive mycological results and 27 had negative
mycological results.

According to Table 3, it can be seen that there were 75
cases with consistent positive dermoscopic and fungal results
and 9 cases with consistent negative results, a total of 84 cases,
accounting for 96.55% of onychomycosis.

According to Table 4, the sensitivity of dermoscopy for
onychomycosis was 86.21%, i.e., dermoscopy easily detects
onychomycosis but is not very specific and may misdiagnose
nails with similar clinical presentation but caused by other
causes as onychomycosis. The positive predictive value (PPV),
i.e., the ability of dermoscopy to predict onychomycosis, was
80.65%, which is good. However, the kappa values indicated
that the agreement between the two methods was not high, i.e.,
overall, dermoscopy as a diagnostic method for onychomycosis
does not appear to be better than microscopy and culture
at present.

Distribution of Different Dermoscopic
Patterns in Clinical Subtypes of
Onychomycosis
As seen in Table 5, of the 87 cases with positive CFWmicroscopy
and positive culture confirming the diagnosis of onychomycosis,
the number of cases of each clinical subtype was 3 (3.45%)
for white superficial onychomycosis (SWO), 59 (67.82%) for
distal lateral subungual onychomycosis (DLSO), 6 (6.90%) for
proximal subungual onychomycosis (PSO) and 19 (21.83%) for
total dystrophic onychomycosis (TDO), with DLSO and TDO
being the most common subtypes, which is consistent with
previous literature (5).

Intergroup Comparison of Dermoscopic
Patterns Between the Two Subtypes of
DLSO and TDO
As seen in Table 5, of the four common types of onychomycosis,
SWO (3 cases) and PSO (6 cases) were not statistically
significant for analysis due to the small number of cases. In
contrast, the two clinical subtypes of DLSO (59 cases) and
TDO (19 cases) totaled 78 cases, accounting for 89.66% of
clinically diagnosed onychomycosis. Therefore, we compared
the relationship between dermatoscopic patterns and clinical
typing for both DLSO and TDO subtypes and found that P
> 0.05 (P = 0.239), i.e., there was no statistical difference
in the distribution of dermatoscopic patterns in these two
clinical subtypes (Table 6). However, further analysis of the
relationship between the dermatoscopic pattern and clinical
staging revealed that nail white flocculation, longitudinal nail
striae, jagged changes in the distal nail plate, yellow nail plate
staining, and subcutaneous nail keratin accumulation were all
more prevalent in the DLSO subtype and the TDO subtype
and were the most common dermatoscopic patterns in the
clinical setting.

DISCUSSION

The incidence of onychomycosis is increasing year on year,
accounting for 90% of toenail infections and at least 50% of
fingernail infections, and the incidence of onychomycosis varies
slightly between age groups. The incidence is 10% in the general
population, 20% in those aged 60 years and older, and over
50% in those aged 70 years and older (16–18). Onychomycosis
mainly manifests as changes in the color and shape of the nail
plate, similar to psoriasis. Nail changes due to inflammatory
diseases such as lichen planus, pemphigus, viral warts, and
chronic nail fungus are similar, and if the diagnosis is inaccurate
it is easy to cause misdiagnosis, thus seriously affecting the
quality of life of patients, so a clear diagnosis is very important
(19). Direct microscopy with 10% potassium hydroxide (KOH),
fungal culture, histopathological assessment, CFW examination,
enzyme analysis and polymerase chain reaction are all used in
the diagnosis of onychomycosis, with fungal microscopy and
culture being themost common andwidespreadmethods, but the
sensitivity and specificity of these two methods vary considerably
between centers due to the varying levels of testers (20). CFW
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TABLE 1 | Clinical staging of 114 patients and positivity rate of the three tests.

SWO DLSO PSO TDO Total

# % # % # % # % # %

Total number of cases 3 2.63 78 68.42 12 10.53 21 18.42 114

CFW positive 3 2.63 56 49.12 6 5.26 17 14.91 82 71.93

Dermoscopy positive 2 1.75 68 59.65 7 6.14 16 14.04 93 81.58

Culture positive 1 0.88 37 32.45 3 2.63 12 10.53 53 46.49

Among the 114 patients, the positive rates of dermoscopy, CFW microscopy and fungal culture were 81.58, 71.93, and 46.49% respectively.

# Is the number of cases and % is the percentage of the subtype in the total number of lines.

SWO, white superficial onychomycosis; DLSO, distal lateral subungual onychomycosis; PSO, proximal subungual onychomycosis; TDO, total dystrophic onychomycosis.

TABLE 2 | CFW microscopy and fungal culture results.

CFW

microscopy

Fungal

cultures

Number

of cases

Positive for both + + 48

Positive CFW microscopy only + – 34

Positive fungal culture only – + 5

Negative for both – – 27

TABLE 3 | Dermatoscopic and fungal mycological results.

Dermatoscopic Fungal

mycological

Number

of case

Positive for both + + 75

Positive dermoscopy only + – 18

Positive fungal examination only – + 12

Negative for both – – 9

TABLE 4 | Analysis of the value of dermoscopic testing.

Dermoscope (%)

Sensitivity 86.21

Specificity 33.33

Positive predictive value 80.65

Negative predictive value 42.86

Compliance rate 73.68

Kappa value 21.16

has a strong affinity for chitin chitinous substance and cellulose
of the fungal cell wall and fluoresces bright blue under ultraviolet
light for easy identification, so its sensitivity and specificity are
significantly higher than KOH microscopy whether it is used
for dander, body fluids or nail specimens (21), and has been
widely used in fungal microscopy for onychomycosis in China
in recent years. Dermatoscopy, as a non-invasive testing tool,
can identify structures that are not visible to the naked eye or
not easily identified clearly, and is widely used for the diagnosis
and differential diagnosis of pigmented skin diseases and certain
skin tumors.

It has been confirmed by domestic and international studies
(12, 15) that dermatoscopy has been shown to be useful in
the diagnosis of onychomycosis, especially in the distal lateral
subxiphoid nail type where the dermatoscopic presentation is
specific. For patients who are not suitable for fungal microscopy
or culture, dermatoscopy is increasingly used to assist in the
diagnosis of onychomycosis.

In the 114 patients with suspected onychomycosis in our
study, the rate of positive CFW microscopy (71.93%) was higher
than that of fungal culture (46.49%), in agreement with that
reported by Dass et al. (22), and the rate of positive dermoscopy
(81.58%) was also slightly higher than that of CFW microscopy.
When fungal mycological results were used as a reference, the
sensitivity of dermatoscopy was 86.21%, but the specificity was
33.33%, which may be influenced by the combined drawbacks
of the respective dermatoscopic and pathogenic examinations.
The tendency for false positives in dermatoscopic diagnosis
due to the similar clinical presentation of nail damage from
various causes and the limitations of nail specimens taken
during pathogenic examination are the main reasons for their
false negatives. The high positive predictive value and low
negative predictive value of dermoscopy further suggest that
dermoscopy is comparable to CFW microscopy in terms of
sensitivity, although less specificity. However, as a non-invasive
diagnostic imaging technique, it is still a good option for
patients for whom nail specimen sampling is inconvenient
and for primary screening and condition monitoring
of onychomycosis.

The dermatoscopic pattern of onychomycosis and its
differentiation from other nail diseases has been reported (23,
24), but relatively few studies have addressed the presentation of
the dermatoscopic pattern in different clinical subtypes. Piraccini
et al. (14) first proposed that the characteristic dermoscopic
pattern of DLSO onychomycosis is a serrated edge at the
junction of the diseased nail and the normal nail with the tip
facing the nail bed, while the characteristic pattern of traumatic
nail injury is a wavy edge at the border of the diseased nail
and the normal nail. However, the dermatoscopic patterns of
the other three clinical subtypes of onychomycosis are still
inconclusive. Jesus-Silva et al. (25) analyzed the correlation
between KOH microscopy and dermoscopic patterns in 178
diseased nails with clinically suspected onychomycosis and
found that longitudinal nail stripes and serrated edges were
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TABLE 5 | Clinical typing and dermoscopic pattern distribution of 87 patients with onychomycosis.

SWO DLSO PSO TDO TOTAL

# % # % # % # % # %

Total 3 3.45 59 67.82 6 6.90 19 21.83 87 100

Distal serration 2 2.30 51 58.62 2 2.3 14 16.09 69 79.31

Longitudinal nail stripe 1 1.15 52 59.77 3 3.45 16 18.39 72 82.76

White flocculation 3 3.45 49 56.32 6 6.90 18 20.69 76 87.35

Sub nail keratin build up 0 0 28 32.18 0 0 13 14.94 41 47.13

Longitudinal nail fissures 0 0 11 12.64 0 0 5 5.75 16 18.39

Bleeding under the nail 0 0 17 19.54 0 0 8 9.19 25 28.74

Yellow stain 0 0 34 39.08 1 1.15 11 12.64 46 52.87

Nail plate depression and deformation 1 1.15 21 24.14 0 0 7 8.05 29 33.33

Erythema around the nail 0 0 0 0 1 1.15 3 3.45 4 4.60

# Is the number of cases, % is the percentage of cases in this group out of 87 cases of nail fungal disease.

SWO, white superficial onychomycosis; DLSO, distal lateral subungual onychomycosis; PSO, proximal subungual onychomycosis; TDO, total dystrophic onychomycosis.

TABLE 6 | Distribution of dermoscopic dermatoscopic patterns between two

subtypes of DLSO and TDO in 78 cases of onychomycosis.

ITEM DLSO

(n = 59)

TDO

(n = 19)

P-value

Distal serration 51 14 0.239

Longitudinal nail stripe 52 16

White flocculation 49 18

Sub nail keratin build up 28 13

Longitudinal nail fissures 11 5

Bleeding under the nail 17 8

Yellow stain 34 11

Nail plate depression and

deformation

21 7

Erythema around the nail 0 3

more commonly associated with DLSO or TDO subtypes, and
the incidence of positive distal serrated patterns in nails with
pathogenically confirmed DLSO subtypes in this study was
only 43.59%, which is inconsistent with Piraccini’s et al. (14)
who concluded that the sensitivity of the serrated pattern in
the DLSO subtype was 100%. The present study also found a
high rate of positivity for the distal serrated margin and nail
longitudinal pattern in the DLSO subtype and TDO subtype,
in agreement with the Jesus-Silva findings (25). However, the
statistical analysis of the longitudinal nail striae and the distal
serrated edge of the nail plate showed no statistically significant
difference between the DLSO and TDO subtypes (P > 0.05),
in agreement with Jesus-Silva’s conclusions (25) but not with
Chetana et al. (26), which may be related to the small number
of cases included. Since DLSO is most common clinically and
can eventually progress to TDO, distal serrated margins and
longitudinal nail striae are also highly positive in the TDO
subtype (14/19, 16/19). The yellow stain pattern is characterized

by a stained yellow homogeneous change in the nail plate,
while the subcutaneous keratin accumulation pattern refers
to a ruinous accumulation of keratin on the ventral side of
the nail plate (27). In the present study these two patterns
were also more positive in the DLSO and TDO subtypes,
and the statistical difference in dermoscopic pattern between
these two subtypes was not statistically significant, which still
needs to be confirmed in a large sample study. In addition,
white flocculent changes of the nail plate are usually a clinical
feature of the SWO type, and we found that this pattern, in
addition to being seen in all SWO cases (3/3), also had a high
positive rate in the DLSO subtype (49/59) and TDO subtype
(18/19), with this dermoscopic pattern accounting for 87.35%
of all onychomycosiss, suggesting that the latter two types of
onychomycosis are highly susceptible to coexistence with the
SWO subtype. We also found a case of PSO subtype with a
white nail involving the proximal 4/5 of the nail plate and a
serrated edge with the tip toward the free edge of the nail on the
lateral edge of the white nail, as reported by Yorulmaz and Yalcin
(27). In summary, we suggest that the longitudinal stripe pattern,
the distal serrated pattern and the sub nail cuticle accumulation
pattern are more likely to occur in the DLSO and TDO
subtypes, as in the existing reports (25–27), whereas the yellow
stain pattern is mostly used for the microscopic description
of onychomycosis in the existing reports, and its diagnostic
value is debatable.

This paper is the pioneer in comparing the value of
dermoscopy and mycological examination in the diagnosis
of onychomycosis, which is less well reported in the existing
literature. In addition, the occurrence of nine dermoscopic
patterns in different clinical subtypes of onychomycosis
was analyzed, and it was concluded that dermoscopy can
be a rapid, non-invasive and effective tool for the diagnosis
of onychomycosis by combined fungal pathogenesis. The
correlation between dermatoscopic patterns and clinical
subtypes of onychomycosis needs to be further investigated in
large samples.
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To study the expression of under expressed transcription factor Twist1 in preeclampsia

(PE) and its effect on the invasion of placental trophoblast cells and to explore its related

mechanism on the development of PE by establishing a pregnant rat model. Methods:

the villi were collected from the induced abortion in the first trimester (6–8 weeks), the

normal placenta (18–20 weeks) induced by the second trimester, the term placenta tissue

of normal pregnancy (37–40 weeks), and the placental tissue of patients with PE, to

detect the expression of Twist1. Trophoblast cells were subjected to primary culture in

placental tissues of normal pregnant women and placental tissues of PE patients. The

invasion ability of the two groups of trophoblasts was detected, and the primary cultured

trophoblasts were divided into two groups: an experimental group and a control group.

Specific Twist1 siRNA was added to the experimental group, and no reagents were

added to the control group. The above-mentioned cells were given different interventions.

To explore the effect of Twist1 on trophoblast cell invasion, cells were cultivated for 72 h.

The SD rats were conceived. After the pregnancy was stable, the SD rats in different

groups were treated with different treatments (interference with Twist1), and the average

systolic blood pressure and urine protein of the gestational mothers in the different

treatment groups were measured at 1 week, 2 weeks, and full-term pregnancy. The

expression of Twist1 in the placenta tissue of SD rats with different interventions at

full-term pregnancy was detected. The results showed that Twist1 expression is down-

regulated in PE, and the invasion ability of placental trophoblast cells in PE patients is

weak. After inhibiting Twist1, the mean tail artery pressure and urine protein level of SD

pregnant rats increase, showing a trend of PE. The mechanism may be related to the

inhibition of the placenta by Twist1 Trophoblast cell invasion.

Keywords: preeclampsia, transcription factor Twist1, placental trophoblast cells, invasion ability, urine protein

INTRODUCTION

Preeclampsia (PE) is a special type of hypertensive disorder complicating pregnancy (HDCP).
The main characteristics are hypertension, proteinuria, and edema after 20 weeks of pregnancy,
and blood pressure returns to normal after delivery (1). Due to differences in geography, society,
economy, ethnicity, and culture, the incidence is different in different regions. Worldwide, the
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incidence of PE is about 2–8%, while the incidence of PE in our
country is relatively high, about 9.4%. Although more and more
countries continue to improve the health of mothers and babies,
more than 500,000 women die of pregnancy-related diseases
every year, and about 10–15% of pregnant women die directly
from PE and eclampsia (2–4).

The basic pathophysiological changes of PE are manifested
as small vasospasm, vascular endothelial injury, reduced blood
perfusion in the patient, multiple organs are damaged by
ischemia and hypoxia, and insufficient placental perfusion can
lead to fetal injury (5). It is currently believed that shallow
placental implantation is the basis for the onset of PE, leading to
long-term ischemia and oxidative stress in the placenta, releasing
abnormal placental factors into the maternal blood circulation
and inducing PE (6). Placental trophoblasts are the performers
of the infiltration of the placenta into the endometrium and
myometrium. In the first trimester, the placental trophoblast cells
are in a physiological hypoxic state, and then the trophoblast
cells gradually infiltrate the endometrium to the inner 1/3 of
the muscle layer and enter the lumen of the uterine spiral
arterioles to replace the vascular endothelium, resulting in
enlargement of the lumen. The villi area of the placenta
gradually expands, the blood supply resistance of the uterus–
placenta decreases, the blood volume increases, and the hypoxic
state of placental trophoblast cells is corrected. The increased
apoptosis rate of placental trophoblast cells and decreased
invasion ability will cause insufficient placental infiltration and
uterine vascular remodeling, resulting in insufficient placental
blood supply and oxidative stress in trophoblast cells, which
ultimately leads to the occurrence of PE (7). Therefore,
exploring the factors that regulate the activity and function
of trophoblasts and their intervention methods are the key
points to clarify the pathogenesis of PE and guide its prevention
and treatment.

Abnormal trophoblast cell invasion and spiral artery
remodeling disorder cause decreased placental perfusion,
ischemia, and hypoxia, which is one of the most important
pathogenesis of PE, and Twist1 can regulate cell differentiation
and inhibit apoptosis in a variety of human tissues and tumors.
Twist1 is widely expressed in placental trophoblasts, and its
expression level shows a gestational week-dependent increase
(8, 9). It is reported in the literature that Twist1 has the ability
to promote the differentiation of trophoblasts (10), so we
speculate that it may play an important role in the pathogenesis
of placental-related disease-PE during pregnancy, but the
correlation between the two needs to be further confirmed.
Studies have shown (11) that Twist1 can directly regulate the
activity and function of trophoblast cells, but the mechanism
of action is unknown. Therefore, this study collected different
placental tissues to detect the expression of Twist1 and
explored the effect of Twist1 on the invasion of trophoblasts
by isolating placental trophoblasts. It also analyzed the effect
of Twist1 in SD-conceived rats and explored the relevant
mechanism of Twist1’s influence on PE. The specific report is
as follows.

MATERIALS AND METHODS

Clinical Samples
From July 2018 to July 2020, the experiment collected chorionic
villi in the first trimester of pregnancy (6–8 weeks), normal
placenta (18–20 weeks), normal pregnancy full-term placenta
(37–40 weeks), and placental tissue of PE (34–37 weeks). PE is
characterized by hypertension after 20 weeks of pregnancy, blood
pressure≥140/90mmHg, accompanied by proteinuria (≥300mg
protein/24 h), liver and kidney damage, pulmonary edema,
central nervous system abnormalities, or visual impairment.
None of the subjects developed thrombocytopenia syndrome.
The study excluded patients with smoking, drinking, chronic
hypertension, nephritis, cardiovascular disease comorbidities,
multiple pregnancies, fetal chromosomal abnormalities, or other
fetal abnormalities. All cases were delivered by cesarean section
before delivery. All cases signed an informed consent form for
the use of placental specimens and the study was approved by the
ethics committee of our hospital.

Isolation and Culture of Placental
Trophoblasts
The modified density gradient centrifugation method was used
to separate and culture the trophoblast cells from the placental
tissue of normal pregnancy and the placenta of patients with
PE. The chorionic trophoblast tissue was cut and added in equal
volumes of trypsin (2.5 g/L) and DNase (100 U/ml) in a 37◦C
water bath for 3 × 10min and DMEM/F12 culture medium
containing 10% fetal bovine serum was added to terminate
the digested part and finally, the centrifugation was performed
at 1,200 r/min for 5min to obtain the cell suspension. The
supernatant was discarded and resuspended in the DMEM/F12
medium culture. The cell suspension was divided into 2 parts,
the first part was added to the cell Percoll separation solution,
and the second part was added in the upper layer of the
lymphocyte separation solution, and centrifuged at 1,500 r/min
for 30min with a centrifugal radius of 12 cm. A gray cloud-like
cell layer at the junction of the different concentrations of the
Percoll separation solution was observed, sucked the cell layer,
and the cell layer between the lymphocyte separation solution
and the culture solution was also observed. Both layers were
washed two times with the culture solution and antibiotic saline
and centrifuged at 1,200 r/min for 5min (centrifugal radius =
12 cm). These cells were resuspended in the DMEM/F12 medium
containing 20% fetal bovine serum, inoculated the culture plate at
1.0 × 105/ml, and continued to culture for 72 h in an incubator
with 5% CO2, saturated humidity at 37◦C.

Identification of Trophoblasts
An inverted optical microscope (Jinan Jiawan Biotechnology Co.,
Ltd.) was used to observe the morphology of trophoblast cells;
after cells were cultured for 72 h, 500 µl of freshly separated cell
suspension was taken, fixed, and ruptured and 2µl each of mouse
anti-human CK-7 monoclonal antibody and goat anti-mouse
IgG were added and shaken and incubated at 4◦C for 20min.
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Flow cytometry was used to detect the CK-7 expression, and the
percentage of CK-7 positive expressing cells was used to identify
the purity of the cell.

Cell Transfection
The logarithmic trophoblast cells from normal pregnancy term
placenta tissue were taken. When the cells were about 80% of
the bottom of the bottle, trypsin digestion and passage and
inoculation of 1 × 105 cells per well on a 12-well cell culture
plate were performed. At the bottom of the bottle, cells were
transfected according to the instructions of the Lipofectamine
2000 kit (Shanghai Duma Biotechnology Co., Ltd.). The Twist1
negative control plasmid and Twist1 interference plasmid were
transfected into trophoblast cells, which were the si-NC group
and si-Twist1 group, respectively, and the untreated cells were
used as the blank control group. Each group has 5 duplicate wells,
and the transfection efficiency of the cells was observed 48 h after
transfection with a fluorescence microscope.

Detection of Twist1 Expression
The RT-qPCR and Western blotting were used to detect Twist1
mRNA and protein expression levels in tissues and cells. The
TRIzol kit (Shanghai Yihui Biotechnology Technology Co.,
Ltd.) was used to obtain total RNA, which was subsequently
reverse transcribed into cDNA and identified by agarose gel
electrophoresis, identification, according to the RT-qPCR
SYBR II kit (Shanghai Jizhi Biochemical Technology Co.,
Ltd.) instructions set the total reaction system to 20 µl,
reaction conditions: 94◦C pre-denaturation 5min; denaturation
at 95◦C for 30 s, annealing at 60◦C for 30 s, extension at
72◦C for 50 s, repeat 40 cycles; and extension at 72◦C for
5min. Using β-actin as the internal reference gene, the
2−11Ctmethod (12) was used to calculate the expression
level of Twist1 mRNA in tissues and cells. Primer sequence:
Twist1, Forward: 5′-GAGCTGGACTCCAAGATGG-3′, Reverse:
5′-TTAAGAAATCTAGGTCTCCGGC-3′; β-actin, Forward:
5′-GTGCACACGCACTGCACGCTGCACAC-3′, Reverse:
5′-TCGCCACTCACGTG-3′. The experiment was repeated 3
times and the average value was taken. In Western blotting, the
following steps were performed: the tissue or cells were lysed on
ice for 30min, centrifuged and the protein was quantified, the
sample was mixed with the loading buffer, denatured in a boiling
water bath, centrifuged to collect the supernatant, separated by
electrophoresis, wet transferred to the membrane, and sealed
with 5% skimmed milk powder at room temperature for 2 h.
Then, rabbit anti-rat Twist1 monoclonal antibody (1:1000)
was added, incubated overnight at 4◦C on a shaker, and goat
anti-rabbit IgG secondary antibody (1:8000) was added after
washing with TBST and incubated at room temperature for 1 h.
It was added to the ECL darkroom for visualization, and the ratio
of the gray value of the Twist1 protein band to the gray value
of the internal reference β-actin band was used to indicate the
protein expression level.

Detection of Cell Invasion Ability
A Transwell chamber (Shanghai Yanhui Biotechnology Co., Ltd.)
experiment was used to detect the cell invasion ability of each

group. Matrigel (diluted with PBS to 1 g/L) was pre-laid in a
Transwell chamber with 50 µl per well. Cells with a density
of 5.0 × 105/ml were added to the upper chamber, and 600
µl containing 10% fetal bovine serum was added to the lower
chamber. RPMI medium, routinely cultured for 28 h until the
cells degrade Matrigel, took the bottom filter membrane, washed
with PBS, fixed with 0.25% glutaraldehyde, stained with 0.1%
crystal violet after 20min, wiped off the upper cells with a sterile
cotton swab after 30min, washed, dried, observed the staining
under a microscope. Five fields were randomly selected and the
average number of cells passing through the micropores in each
field was calculated. This represents the cell invasion ability. The
experiment was repeated 3 times and the average value was taken.

Conception and Grouping of SD Rats
Thirty SD female rats and 60 male rats (Hunan Slike Jingda
Laboratory Animal Co., Ltd.) of the same weight and age
were selected, and the SD female and male rats were caged
together 1:2. The next morning, the vaginal plug was found to
be the first day of pregnancy (“vaginal plug,” also known as
“vaginal suppository” or “mating suppository,” is a substance
formed after the coagulation of semen existing in the vagina
after mating of animals for ∼24 h [short 4–5 h, long 48 h] to
fall off automatically). The pregnant rats were divided into two
groups, the normal group and the Twist1 inhibition group, with
8 rats in each group. After the pregnancy was stable, SD rats in
different groups were given different treatments. The treatment
group was given an intravenous injection of Twist1 antibody,
and the control group was given an intravenous injection of
normal saline.

Detection of Mean Tail Artery Pressure
The BP-2000 blood pressure analysis system was used to detect
blood pressure before and after the operation. The rat was fixed
in a heating bag in the cage, and after preheating at a temperature
of 38◦C for 10min, the rat’s tail was passed through a pressure
sensor and fixed to the root of the rat’s tail. The tail artery
of the rat was brought into close contact with the pressure
sensor, the waveform of the blood pressure measurement system
was observed, and the blood pressure was measured after the
waveform stabilized. The blood pressure of rats was detected at
1 week, 2 weeks, and full-term; each time, the measurement was
repeated 3 times, the systolic and diastolic blood pressure were
measured, the average arterial pressure was obtained, where the
average arterial pressure = (systolic blood pressure + diastolic
blood pressure× 2)/3.

Detection of Urine Protein Content
The blood pressure was measured and transient urine samples
were collected from rats, and urine albumin and creatinine
were measured using urine albumin ELISA kit and creatinine
detection kit (Shanghai Fantai Biotechnology Co., Ltd.),
respectively. The ratio of urine albumin to urine creatinine
was used as the criterion for proteinuria. The urinary
microalbumin/creatinine ratios of the two groups of rats at
1 week, 2 weeks, and full-term were determined. After the mean
tail artery pressure and urine protein were detected at the full
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FIGURE 1 | The expression of Twist1 mRNA and protein in different placental tissues. (A,B) The expression of Twist1 mRNA and protein; Compared with Normal

pregnancy term placenta, *p < 0.05; compared with Chorionic Abortion in Early Pregnancy, #p < 0.05.

FIGURE 2 | Identification of primary trophoblast cells and the expression of Twist1 mRNA and protein in the cells. (A) Identification of Primary Trophoblasts; (B,C) The

expression of Twist1 mRNA and protein; Compared with Normal placental cells, *p < 0.05.

term of pregnancy, the pregnancy of SD rats after different
treatments was terminated, and the placental tissue was extracted
to detect the expression of Twist1 mRNA and protein in rat
placental tissue according to the method described in Detection
of Twist1 Expression.

Statistical Methods
The SPSS20.0 statistical software was used for data analysis. All
experimental data were normally distributed, and the results
were expressed as mean ± SD. The comparison between the
two groups was performed by an independent sample t-test. The
difference was statistically significant with p < 0.05.

RESULTS

The Expression of Twist1 MRNA and
Protein in Different Placental Tissues
Compared with normal pregnancy full-term placenta tissue, the
expression of Twist1 mRNA and protein in the placenta tissue
of patients with early abortion and PE was significantly reduced,

and the changes in placenta tissue of patients with PE were more
obvious (p < 0.05), as shown in Figures 1A,B.

Identification of Primary Trophoblasts and
the Expression of Twist1 MRNA and
Protein in the Cells
The primary placental trophoblast cells were detected by flow
cytometry. The cell surface-expressed abundant CK-7 and the
percentage of CK-7 positive expressing cells were 97.3%, as
shown in Figure 2A. The expression of Twist1 mRNA and
protein in PE placental cells was significantly lower than that of
normal placental cells (p < 0.05), as shown in Figures 2B,C.

The Effect of Interference With Twist1 on
Trophoblast Cell Invasion
After the trophoblast cells were isolated, it was observed that the
trophoblast cells of PE patients had weaker invasion ability than
normal pregnant women’s trophoblast cells (p < 0.05), as shown
in Figure 3A. The invasion ability was significantly weakened (p
< 0.05), as shown in Figures 3B–D.
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FIGURE 3 | The effect of interference with Twist1 on trophoblast cell invasion. (A) Detection of the invasive ability of trophoblasts; (B,C) The expression of Twist1

mRNA and protein; (D) Detection of the invasive ability of trophoblasts; Compared with Normal placental cells and si-NC group, *p < 0.05.

The Effect of Inhibiting Twist1 on Mean Tail
Artery Pressure and Urine Protein in
Female Mice
The observation of SD conceived rats with different treatments
found that compared with the normal group, the average tail
artery pressure and urine protein level of rats in the Twist1
inhibition group increased significantly at 1, 2, and 3 weeks (p
< 0.05), as shown in Figures 4A,B.

The Expression of Twist1 MRNA and
Protein in the Placenta of Two Pregnant
Rats
After the term, the expression of Twist1 in the placenta tissue was
detected and it was found that the expression of Twist1 mRNA
and protein in the placenta tissue of the Twist1 inhibition group
was significantly lower than that of the normal group (p < 0.05),
as shown in Figures 5A,B.
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FIGURE 4 | The effect of inhibiting Twist1 on mean tail artery pressure and urine protein in female mice. (A,B) Detection of Mean Tail Arterial Pressure and Urine

Protein in Female Rats; Compared with Normal group, *p < 0.05; compared with Twist1 inhibition group of 1 week, #p < 0.05; compared with Twist1 inhibition group

of 2 week, +p < 0.05.

FIGURE 5 | The expression of Twist1 mRNA and protein in the placenta of two pregnant rats. (A,B) The expression of Twist1 mRNA and protein; Compared with

Normal group, *p < 0.05.

DISCUSSION

Preeclampsia manifests as hypertension, proteinuria, and is often
accompanied by edema. PE with severe clinical manifestations
is called severe PE, including severe hypertension, abnormal
nerve, and circulatory and organ dysfunction (13). If PE is not
well controlled, it can progress to eclampsia. It is possible to
develop a variety of complications that threaten the lives of
mothers and children, including hemolysis, elevated creatinine
levels, low platelet syndrome, placental abruption, multiple organ
dysfunction, diffuse intravascular coagulation, fetal distress,
fetal intrauterine growth restriction, and stillbirth (14–16).
Worldwide, the incidence of PE fluctuates from 5 to 12%, and
the mortality rate of patients with eclampsia can reach 1%.
Epidemiological investigations show that high-risk factors for

PE include advanced age (≥40 years), diabetes, obesity, multiple
pregnancies, family history of PE, and thrombotic vascular
disease. The etiology and pathogenesis of PE have not yet been
fully elucidated. At present, it is generally believed that the
occurrence and development of PE involve a variety of factors,
such as abnormal trophoblast cell invasion, abnormal immune
regulation, endothelial cell damage, genetic factors, and systemic
inflammation (17–19).

Trophoblasts are the main component of the placental
structure and play an important role in the formation of
the placenta and the maintenance of the normal development
of the fetus. In the early stage of blastocyst implantation,
trophectoderm cells differentiate into two types of trophoblast
cells, namely cytotrophoblast cells and syncytial trophoblast cells
(20). In the early stage of blastocyst implantation, trophectoderm
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cells differentiate into two types of trophoblast cells, namely
cytotrophoblast cells and syncytial trophoblast cells. There are
two different differentiation pathways for cytotrophoblast cells:
One is to fuse with syncytiotrophoblast cells, and the other one
is to differentiate into infiltrating extravillous trophoblast cells
(EVTs). Some EVTs infiltrate the deep layer of the endometrium
to the inner third of the myometrium and are called interstitial
trophoblast cells; some of the trophoblast cells that invade the
maternal uterine spiral artery are called intravascular trophoblast
cells. There are two stages of EVTs, invasion and placenta
formation during pregnancy. In the first stage, 10 weeks before
pregnancy, EVTs successfully invaded the decidua tissue of the
uterus. If this process is blocked, it will lead to miscarriage.
In the second stage, 10–18 weeks, EVTs successfully invade
the subdecidual muscle layer and uterine SPA. The endothelial
cells and smooth muscle cells of SPA undergo apoptosis, and
gradually replace the vascular endothelium and vascular smooth
muscle cells (VSMCs). The vascular basement membrane is
degraded. The elastic fibers of the tube wall degeneration to
form fibrin-like substances, which lead to changes in vascular
resistance, forming a high-flow, low-resistance SPA, ensuring
that sufficient circulating blood flow is provided for the fetal
placenta (21). Therefore, damage to trophoblasts may also lead
to the development of PE.

In female reproductive function, Twist1 can regulate the
decidualization of uterine stromal cells, embryonic development,
and organ differentiation (22). The development of the placenta
and tumor growth has very similar characteristics in many
aspects, so it can be speculated that the regulatory mechanism
of Twist1 on tumor cell apoptosis also acts on trophoblast cells
(23). In the study, focusing on the changes and nourish PE
contact cell activity and function, by regulating the expression
Twist1 detected trophoblast cell invasion ability change, thereby
further exploring the role of Twist1 in placental development
and pathogenesis of PE. The study found that compared with
normal pregnancy full-term placenta tissue, the expression of
Twist1 mRNA and protein in the chorionic tissue of early
abortion and the placenta of PE patients were significantly
reduced, and the chorionic tissue of the placental tissue of PE
patients was significantly reduced compared with that of the
early stage aborted chorionic tissue, which is partly consistent
with the research results of Ma et al. (10). Twist1 is an
evolutionarily highly conserved transcription factor, which is
widely expressed in a variety of normal tissues and tumor cells
and plays a regulatory role (24). Due to insufficient gestational
age in abortion patients, the placental tissue of PE patients
presents pathological changes. The decrease of Twist1 expression
may indicate that it is related to the gestational age and
pathological changes.

In order to explore the role of Twist1 in PE, linked it
with trophoblasts, after we separated the trophoblasts, we
observed that the trophoblasts of PE patients were weaker
than the trophoblasts of normal pregnant women, suggesting
that impaired trophoblast invasion may be the cause of the
development of PE. After interfering with Twist1, it was
found that the invasion ability of cells was also significantly
weakened, suggesting that Twist1 can regulate the invasion ability
of trophoblasts.

This also explains the reason for the low expression of
Twist1 in the placental tissues of PE patients. The reduced
expression of Twist1 weakens the invasion ability of trophoblasts,
hinders the invasion of trophoblasts, and leads to obstacles
to SPA remodeling. At the same time, oxygen free radicals
are released and the vascular endothelium is damaged, causing
the production of PE. Animal experiments were conducted to
explore the effects of Twist1 on the body. Observation of SD
conceived rats with different treatments found that after Twist1
inhibition, the average tail artery pressure and urine protein levels
of the rats increased significantly at 1 week, 2 weeks, and full-
term. Hypertension and proteinuria are the main manifestations
of PE. After the term, the expression of Twist1 in the placenta
tissue was detected, and it was found that the expression of Twist1
mRNA and protein in the placenta tissue of the Twist1 inhibition
group was significantly lower than that of the normal group. It
shows that the in vivo experiment interferes with the success
of Twist1, and the insufficient expression of Twist1 can make
pregnant female mice show PE morbidity.

CONCLUSION

In summary, the expression of Twist1 is downregulated in PE,
and the invasion ability of trophoblast cells in the placental
tissue of PE patients is weak. After inhibiting Twist1, the mean
tail artery pressure and urine protein level of SD conceived
rats increased, showing a trend of PE. The mechanism may be
related to the ability of Twist1 to inhibit the invasion of placental
trophoblast cells.
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Purpose: To explore the application effect of plan-do-check-action (PDCA) cycle

management combined with risk factor management nursing in an operating room.

Methods: A total of 150 surgical patients in our hospital from November 2020 to

February 2021 were selected as the conventional group, and 150 surgical patients in

our hospital from March 2021 to June 2021 were selected as the research group.

The conventional group implemented routine infection management, and the research

group implemented PDCA cycle management combined with risk factor management.

Detection of pathogenic bacteria, incidence of incision infection, infection control,

occurrence of irregular events, and nursing quality in the operating room were observed

in the two groups.

Results: The detection rate of Gram-negative bacillus andGram-positive cocci, infection

rate of incision, and total incidence of irregular events in the research group were lower

than those in the conventional group (P< 0.05). The qualified rate of disinfection of object

surface, hands of medical staff and air, and nursing quality scores in the research group

were higher than those in the conventional group (P < 0.05).

Conclusion: Plan-do-check-action (PDCA) cycle management combined with risk

factor management nursing can reduce the detection rate of pathogenic bacteria and

infection rate of incision in the operating room, reduce the incidence of irregular events,

improve the qualified rate of disinfection, and greatly improve the quality of nursing, which

can be considered to be widely used in clinical practice.

Keywords: PDCA cycle management, risk factor management, operating room, infection rate, nursing quality

INTRODUCTION

An operating room is the main place for disease treatment and emergency rescue of surgical
patients. The patient’s condition in an operating room is complex and changeable, and has a
high risk. An operating room is the place where hospital infection is most likely to occur. In
an operating room, air, particles, hands of medical staff, and other factors may become the way
of infection for patients (1, 2). Once patients are infected in an operating room, it may cause
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other diseases, which will affect the therapeutic effect and clinical
outcome of an operation, and even threaten the patient’s life.
At the same time, infection of patients in an operating room
will increase hospital dispute rate and increase the workload of
medical staff (3, 4). An operating room has a wide range of work,
many complicated events, many medical staff, and high risk of
infection. Therefore, compared with outpatient and inpatient
areas, an operating room has higher requirements for nursing
quality management (5). However, at present, there is a big
gap between actual infection management status and expected
nursing goals in most operating rooms. The quality of infection
management in an operating room not only directly affects the
life safety of surgical patients but is also closely related to the
service quality of the whole surgical system. How to build a high-
quality infection control management system, ensure the safety
of surgical patients, and improve the quality of operating room
environments is the clear goal of operating room managers.

Plan-do-check-action (PDCA) cycle management is an
effective management tool. The PDCA cycle divides quality
management into four stages: plan, do, check, and action;
it also divides quality management into eight steps: asking
questions, setting goals, drawing up plans, implementing plans,
checking results, finding out problems, solving problems, and
putting forward new plans (6). In PDCA cycle management,
every link is closely linked, and it is implemented repeatedly
without stopping, so management objectives can be achieved
step by step (7). PDCA cycle management is a scientific
and comprehensive working procedure of quality management.
Applying PDCA cycle management to nursing management
can obviously improve nursing quality and reduce shortage in
management scheme, so as to obtain better overall hospital
quality (8). Risk factor management refers to the process of
minimizing the probability of risk occurrence by studying the
occurrence law of risk and thinking about how to control risk and
deal with risk factors in the management system (9). Applying
risk factor management to nursing work by risk identification
and risk assessment can improve the risk awareness of medical
staff, effectively prevent the occurrence of risk factors, reduce
harm to patients and hospitals, reduce economic losses, and
obtain greatest security (10).

At present, PDCA cycle management and risk factor
management have been widely recognized by people in the field
of nursing management at home and abroad. However, the effect
of applying the above twomanagement methods to infection care
in operating rooms is worth considering by medical staff. PDCA
cycle management combined with risk factor management
nursing is implemented in infection management of operating
rooms in our hospital. Detailed intervention methods and
intervention effects are summarized as follows.

MATERIALS AND METHODS

Research Object
A total 150 surgical patients in our hospital from November
2020 to February 2021 were selected as the conventional group,
and 150 surgical patients in our hospital from March 2021 to
June 2021 were selected as the research group. Inclusion criteria

were: ① no serious organ diseases, ② no severe anemia, and
③ normal intelligence. Exclusion criteria were: ① an infection
existed before admission, ② complicated with immune system
diseases, ③ complicated with malignant tumor, and ④ poor
compliance. The general data of the two groups were balanced
and comparable (P > 0.05). See Table 1 for specific general data.

Research Methods
(1) The conventional group implemented routine infection

management, including environmental disinfection of
operating room, sterilization of instruments, prevention of
incision infection, disinfection and isolation, hand hygiene
of medical staff, and management of sterile goods, etc.

(2) The research group implemented PDCA cycle management
combined with risk factor management. The specific nursing
methods were as follows.

Risk management nursing: we investigated the risk factors of
infection in the operating room, such as nurses’ lack of awareness
of infection risk, inadequate management, personnel turnover,
and other factors; we formulated a reasonable and preventable
management system according to identified infection risk factors,
summarized the risk factors, and gave early warning and feedback
to doctors in time for factors that were highly suspected to cause
surgical infection. A hospital sense control team was established,
which was composed of nurses with working experience > 10
years, and nursing staff with the title of chief nurse or above. The
team members discussed the influencing reasons of risk factors
together and adjusted the management plan appropriately. We
updated various infection rules and regulations according to
the actual situation of the hospital, including disinfection,
hand washing, sanitation, visit, waste treatment, and other
projects; we formulated an infection monitoring record list;
regular inspections and supervision of disinfection and isolation
of the operating room were carried out, and infection
management was carried out under the guidance of PDCA
cycle management.

Plan-do-check-action (PDCA) cycle management: ① plan:
observed the management status of the operating room, find
out core problems at present, establish an infection management
plan for the operating room with reference to “Hospital Infection
Management Standard”, and formulate an investigation table of
nursing quality in the operating room, including environmental
management, nursing safety, item management, disinfection
and isolation, etc; ② do: the department regularly organized
training to urge medical staff to master the knowledge of hand
hygiene, disinfection and isolation, dressing in the operating
room and medical wastes, and implement various rules and
regulations; detailed instructions of seven washing techniques
and precautions for hand disinfection were pasted above the
sink, and monitor whether the operating staff strictly followed
the operating rules of hand washing and disinfection; The
operating room was scientifically arranged, the passage of
medical staff was reasonably arranged, the number of visitors
to an operation was limited, the sterile operating room, the
general operating room, and the infection operating room
were strictly distinguished, inter-surgery was prohibited, the
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TABLE 1 | Comparison of general data between the two groups (n, %).

Group Gender Age (years)

Male Female <40 ≥40 Class I incision Class II incision Class III incision

Conventional group (n = 150) 89 (59.33%) 61 (40.67%) 68 (45.33%) 82 (54.67%)

Research group (n = 150) 93 (62.00%) 57 (38.00%) 61 (40.67%) 89 (59.33%)

χ
2value 0.224 0.666

P-value 0.636 0.414

flow of items was controlled, and the items and equipment
in the operating room were fixed and did not frequently
change locations; a chlorinated disinfectant was used to wipe
the surface of objects in and the floor of the operating room
to ensure that surgical items were dry and sterile. The area
above the shoulder of the operator and below the belly button
was the area with bacteria. The sterile table cloth sag >

30 cm should be replaced immediately after being touched;
the sterilized surgical items were managed by a dedicated
person, the sterile validity period of disposable articles should
be checked, the sealing property should be checked, and
medical wastes should be classified and disposed according
to the medical waste specification after use; ③ check: key
links of infection control, such as surgical instruments, sterile
materials, disinfectants were regularly checked, and various
infection management tasks were filled in the supervision
record form; the operating room was comprehensively reviewed
according to the operating room nursing quality inspection
form. In the check, the hospital infection office personnel
participated in the supervision, analyzed existing infection
prevention and control problems, and negotiated to solve the
problems. Methods such as theoretical assessment, operational
skill assessment, and random questioning were used to assess
the knowledge of nurses on the prevention of infection in
the operating room, and spot-checked on infection control
has been implemented; ④ action: summarized the problems
and risk factors of infection in operating room, found out the
inadequacies of management from an objective point of view,
adjusted the management plan according to the characteristics
of departments, formulated targeted solutions, and rectified
deficiencies one by one. Unsolvable problems and improvement
goals were put into the next PDCA cycle mode, so that the
infection control work in the operating room was continuously
and systematically monitored.

Observation Index
① Blood 2ml was taken from patients in both groups 24 h after

operation, and pathogen culture was conducted to observe
the detection rate of pathogenic bacteria in the two groups
of patients.

② Criteria for determining infection referred to the hospital
infection criteria (11), and infection rates of various surgical
incisions in the operating room were observed.

③ After the operation, sterile cotton swab was dipped in a
sampling solution and evenly smeared on the surface of
the object 5 cm × 5 cm back and forth. The cotton swab

was placed in a test tube with 5ml sampling solution and
vibrated 80 times. After proper dilution, it was inoculated on
a common nutrient agar plate to count the viable bacteria.
Six objects were sampled on the surface at a time, with a
sampling area of 100 cm2. The sampling method of medical
staff ’s hands was the same as that of the objects, with six
people being sampled at a time, and the sampling area was
60 cm2 of both hands. Natural sedimentation method was
used for environmental sampling, and the diameter of the
plate was 9 cm. Five sampling sites were arranged in each
operating room, which were exposed for 30min, with a
swab dipped in the sample solution spread evenly over a
plate. The qualification of the operating room disinfection
was determined according to the sanitary standards for
hospital disinfection (12): the operating environment belongs
to Class I environment, with the total number of bacterial
colonies in the air ≤ 10 cfu/m3, the total number of
bacterial colonies on the surface of objects ≤ 5 cfu/m2,
and the total number of bacterial colonies on the hands of
medical staff ≤ 5 cfu/m2. Disinfectant for sterilization in
use: aseptic growth; the amount of bacteria contaminated
by skin and mucosal disinfectant in use: ≤ 10 cfu/ml;
the amount of bacteria contaminated by other disinfectant
in use: ≤ 100 cfu/ml; no pathogenic bacteria detected
was considered qualified, and no bacterial growth was
considered qualified.

④ Irregular events such as sterilization of instruments were not
standardized, hand hygiene was incomplete, and frequent
personnel activities and improper disposal of surgical wastes
were recorded in the process of surgical nursing.

⑤ Members of the nursing quality monitoring team used the
operating room nursing quality evaluation table made by
the hospital, including environmental management, nursing
safety, item management, disinfection,and isolation. There
were 10 items in each dimension, which were recorded as
0∼10 points, and total score was 100 points; the higher the

score, the better the nursing quality.

Statistical Methods
The SPSS 22.0 software was used for analysis. The measurement
data was mean± standard deviation (x± s), the comparison was
made by t-test, the count data was ratio (%), and the comparison
was made by χ

2 test.
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RESULTS

Detection of Pathogenic Bacteria in the
Two Groups
Detection rates of Gram-negative bacillus and Gram-positive
cocci in the research group are lower than those in the
conventional group (P < 0.05), as shown in Table 2.

Incidence of Surgical Incision Infection in
the Two Groups
The rate of incision infection in the research group is lower than
that in the conventional group (P < 0.05), as shown in Table 3.

Infection Control in the Two Groups
Qualified rates of disinfection of object surface, hands of medical
staff, and air in the research group are higher than those in the
conventional group (P < 0.05), as shown in Table 4.

Occurrence of Irregular Events in the Two
Groups
The total incidence of irregular events in the research group is
lower than that in the conventional group (P < 0.05), as shown
in Table 5.

TABLE 2 | Detection of pathogenic bacteria in the two groups (n, %).

Group Gram-negative bacillus Gram-positive cocci

Conventional group (n = 150) 14 (9.33%) 11 (7.33%)

Research group (n = 150) 5 (3.33%) 3 (2.00%)

χ
2value 4.551 4.795

P-value 0.033 0.029

Nursing Quality in the Operating Room for
the Two Groups
Nursing quality scores of the research group are higher than those
of the conventional group (P < 0.05), as shown in Figure 1.

DISCUSSION

Studies have shown that additional mortality rate caused by
patients infected in hospitals is 4∼33%, which not only seriously
endangers the life and health of patients but also increases
hospitalization days, cost of treatment, and doctor-patient
conflicts, causing certain negative impacts on patients and the
society (13). With the improvement of people’s health awareness,
people have a deeper understanding of medical information,
patients’ requirements for medical care are gradually increasing,
and medical institutions are paying more and more attention
to bacteria. An operating room is one of the main departments
of hospital infection, and there are many risk factors leading
to patient infection, such as unqualified air disinfection in the
operating room, incomplete sterilization of surgical instruments,
nonstandard placement of surgical items, weak awareness of
infection prevention and control among medical staff, and
frequent walking of visitors (14, 15). The management of
infections in operating rooms cannot be ignored for the surgical
effect of patients, and reducing infections has become the key
concern of operating room services.

Risk management is a management concept with risk
prevention awareness. By summarizing the accumulated
experience of medical staff for many years, we can identify
risk factors that may lead to unsafe nursing events, formulate
targeted intervention measures according to screened high-risk
factors, and regularly evaluate changes in risk factors, explore
items that need improvement, and adjust intervention schemes,
so as to avoid the occurrence of adverse phenomena (16, 17). In

TABLE 3 | Incidence of surgical incision infection in the two groups (n, %).

Group Class I incision Class II incision Class III incision Total incision infection

rate

Conventional group (n = 150) 3 (2.00%) 8 (5.33%) 6 (4.00%) 17 (11.33%)

Research group (n = 150) 1 (0.67%) 3 (2.00%) 2 (1.33%) 6 (4.00%)

χ
2value 5.698

P-value 0.017

TABLE 4 | Infection control in the two groups (n, %).

Group Qualified rate of disinfection

Object surface Hand of medical

staff

Air Sterile articles Disinfector

Conventional group (n = 150) 138 (92.00%) 128 (85.33%) 135 (90.00%) 149 (99.33%) 146(97.33%)

Research group (n = 150) 146 (97.33%) 141 (94.00%) 144 (96.00%) 150 (100.00%) 149(99.33%)

χ
2value 4.225 6.080 4.147 1.003 1.831

P-value 0.040 0.014 0.042 0.317 0.176
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TABLE 5 | Occurrence of irregular events in the two groups (n, %).

Group Sterilization of

instruments was not

standardized

Hand hygiene was

incomplete

Frequent personnel

activities

Improper disposal of

surgical wastes

Total incidence rate

Conventional group (n = 150) 3 (2.00%) 4 (2.67%) 6 (4.00%) 2 (1.33%) 15 (10.00%)

Research group (n = 150) 1 (0.67%) 1 (0.67%) 2 (1.33%) 1 (0.67%) 5 (3.33%)

χ
2value 5.357

P-value 0.021

FIGURE 1 | Nursing quality in operating room for the two groups. (A) Environmental management score. (B) Nursing safety score. (C) Item management score.

(D) Disinfection and isolation score. Compared with the conventional group, *P < 0.05.

this management mode, risk factors are basically factors that can
be intervened with and changed, and can be used as the focal
point of risk control. By forward-looking analysis, nurses can
implement corresponding treatment measures, thus reducing
the probability of unsafe events, improving patients’ satisfaction,
reducing medical disputes, and meeting patients’ medical
needs with best nursing service (18, 19). In addition, PDCA
cycle management is a step-by-step process of dynamic cycle
according to the specific situation of each department, making
targeted goals and plans, implementing PDCA small cycle and
large cycle, gradually improving the quality of nursing work
under repeated plan-do-check-action, and, finally, achieving
the ideal goal (20). PDCA cycle is a comprehensive cycle, the
four stages are inseparable, and the cycle is continuous, with

standardization and institutionalization (21). In the PDCA
cycle, the small cycle is the decomposition and guarantee of
the implementation of the large cycle. Every time the PDCA
small cycle is implemented, some management results will be
achieved, management level will be improved, and work quality
will be improved. After the small cycle ends, it is necessary to
summarize, analyze, and update the plan and adjust the scheme,
and then enter the next small cycle, which urges the large cycle to
keep moving forward (22–24).

According to the actual situation of the operating room,
we carried out PDCA cycle management combined with risk
factor management nursing. The main intervention items
included risk factor assessment, operating room environmental
management, goods management, hand hygiene management,
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aseptic management, and other measures. After the intervention,
the detection rate of pathogenic bacteria, rate of incision
infection, and total rate of occurrence of irregular events
were lower than those in patients with routine nursing,
and disinfection qualified rate and nursing quality score
were higher. Risk factor management can supervise and
restrict every PDCA link in infection control in operating
rooms, and form a reciprocating cycle of risk assessment
and risk control, factors that easily lead to infection can be
evaluated more objectively, and corresponding interventions
targeted at potential risks can be implemented while ensuring
the disinfection quality of operating rooms, which has a
positive effect on reducing infection in operating rooms and
improving the quality of operation (25). The combination
of the two management measures could create a virtuous
cycle of management improvements in the operating room
targeting infection risk factors, and the infection management
time of nursing staff can be shortened. At the same time,
in the development of PDCA cycle combined with risk
factor management, we strengthen the supervision and
management of infection control through various forms
of disinfection qualification rate assessment and bacterial
examination, enhance the disinfection consciousness and aseptic
operation consciousness of operating room staff, and realize
the management concept of prevention first, thus significantly
improving the effect of disinfection and sterilization, reducing
irregular events in the operating room, and building a safe
operating environment, which is conducive to wound healing of
surgical patients and achieving good results in infection nursing
in the operating room.

CONCLUSION

To sum up, PDCA cycle management combined with risk
factor management nursing can reduce the detection rate of
pathogenic bacteria and rate of incision infection in operating
rooms, reduce the incidence of irregular events, improve the
qualified rate of disinfection, and greatly improve the quality
of nursing, which can be considered to be widely used in
clinical practice.
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Background: Prostate cancer (PCa) is one of the most popular cancer types in men.

Nevertheless, the pathogenic mechanisms of PCa are poorly understood. Hence, we

aimed to identify the potential genetic biomarker of PCa in the present study.

Methods: High-throughput data set GSE46602 was obtained from the comprehensive

gene expression database (GEO) for screening differentially expressed genes (DEGs).

The common DEGs were further screened out using The Cancer Genome Atlas

(TCGA) dataset. Functional enrichment analysis includes Gene Ontology (GO) and Kyoto

Encyclopedia of Genes and Genomes (KEGG) to study related mechanisms. The Cox

and Lasso regression analyses were carried out to compress the target genes and

construct the high-risk and low-risk genemodel. Survival analyses were performed based

on the gene risk signature model. The CIBERSORT algorithm was performed to clarify

the correlation of the high- and low-risk gene model in risk and infiltration of immune cells

in PCa.

Results: A total of 385 common DEGs were obtained. The results of functional

enrichment analysis show that common DEGs play an important role in PCa. A

three-gene signature model (KCNK3, AK5, and ARHGEF38) was established, and the

model was significantly associated with cancer-related pathways, overall survival (OS),

and tumor microenvironment (TME)-related immune cells in PCa.

Conclusion: This new risk model may contribute to further investigation in the

immune-related pathogenesis in progression of PCa.

Keywords: prostate cancer (PCa), bioinformatics analysis, immune cell infiltration, survival analysis, ARHGEF38,

KCNK3, AK5

INTRODUCTION

Prostate cancer is regarded as the second foremost reason of death from cancer in men that affects
men’s health worldwide (1–3), especially in European and American countries (4–6). Surgery
and radiotherapy are considered to be the most effective treatment strategies at an early stage
(7). Androgen deprivation therapy (ADT) is the main treatment for advanced prostate cancer
(8). Although the incidence rate of prostate cancer is low in China, the life span and the dietary
structure change are also increasing year by year, with poor differentiation, high malignancy, and
poor prognosis (9). Metastatic events are the main cause of death for men with prostate cancer
for the reason that PCa can spread to multiple organs in the body (10). The 5 year survival ratio
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of metastatic prostate cancer is only about 30%. Nevertheless,
androgen-deprivation therapy, in general, is not curative.
Patients can develop to castration-resistant prostate cancer,
which is lethal (10, 11). Therefore, timely diagnosis of PCa is of
great importance for treatment and prognosis.

As a heterogeneous disease, the progression of PCa is closely
associated with genome instability (12). Studies have indicated
that PCa includes a complicated pathogenesis driven by multiple
molecular pathways that are highly associated with the survival,
metabolic, and metastatic characteristics of aggressive cancers
(13). The genes are considered as loci of susceptibility to
tumorigenesis in humans (14). Alterations in expression of
genetic biomarker have been reported in various tumors (15, 16).
However, in the current study, the development and progression
of PCa are poorly understood at molecular and genetic levels.

Tumor immunotherapy is becoming a pillar of the cancer
therapy armamentarium (17, 18). A growing number of studies
suggest that immune responses may be involved in the clinical
outcome of prostate cancer (19–21). As we know, tumor-
infiltrating immune cells play a very important regulatory role in
the tumor microenvironment and are an attractive therapeutic
target (22). PCa has been shown to be significantly associated
with immune infiltration in several clinical and genomic trials
(23, 24). Multiple genes, such as COL3A1, RAC1, FN1, SDC2, and
TNB-585, have been proved to be associated with high infiltration
immune cells in prostate cancer (25, 26).

Bioinformatics analysis based on high-throughput next-
generation sequencing technology enhances our understanding
of gene expression function in cancer (27). In addition,
transcriptomic data analysis is a useful method to identify DEGs
at the genome-wide level, which is beneficial for our better
understanding of the potential molecular mechanisms of the
regulatory role of gene expression (28). Hence, the application of
bioinformatics is useful for the investigation into the underlying
mechanism of molecular cell biology in PCa.

In this study, through the integrated analysis of PCa data
from the public databases, we screened out the potential
genetic biomarkers that play a vital role in PCa. Functional
enrichment analysis was performed to study the related
underlying mechanism and signaling pathways, including gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG). The Cox regression and Lasso regression analyses were
conducted to construct the high- and low-risk gene model. The
CIBERSORT algorithm was utilized to clarify the correlation of
high-risk and low-risk gene model in risk and infiltration of
immune cells in PCa. Integrated analysis for identifying novel
biomarkers might be beneficial to PCa treatment and has a better
understanding of the pathological mechanism.

MATERIALS AND METHODS

Data Preparation and Processing
The high-throughput datasets GSE46602 (29) of PCa was
acquired from the public GEO database (https://www.ncbi.
nlm.nih.gov/geo). The GSE46602 dataset contains 36 tumor
tissues and 14 normal prostate biopsies. In addition, the RNA-
sequencing data of PCa and normal control tissues were

obtained from the The Cancer Genome Atlas (TCGA) database
(https://portal.gdc.cancer.gov/). The PCa samples were analyzed
using integrated bioinformatics methods, and samples without
complete clinical information were excluded. In addition, the
RNA-seq data and clinical information of 492 PCa samples were
obtained from the TCGA database.

Identification of Differential Expression
Genes (DEGs) in PCa
The RNA expression profile carried out normalization with the
Affy package. The RNA expression profile was analyzed by the
limma R package (30). The DEGs were displayed in the form of
the volcano plot and heat maps and identified old change of log2
> 1.5 and p-value< 0.05. The R ggplot2 package in the R analysis
platform was plotted to present the heat maps and clustering
of DEGs.

Functional Enrichment Analysis
To evaluate the potential role of common DEGs in PCa
development, GO functional enrichment analyses were used
to analyze the biological process (BP), cellular component
(CC), and molecular function (MF) of DEGs. In the current
study, GO analysis of DEGs was performed by DAVID
(31, 32) (https://david.ncifcrf.gov/conversion.jsp). Functional
enrichment analysis of KEGG was mainly used to analyze
the signaling/metabolic pathway through which differentially
expressed genes may perform their biological functions (33). P-
value< 0.05 was considered as the critical value for screening the
significant enrichment pathway.

Cox Regression and Lasso Regression
Analysis
Lasso regression was performed to characterize the high
frequency features (34). Then, the univariate Cox regression
analysis was performed to screen out the genes with significant
correlation (p < 0.05). Next, the least absolute shrinkage and
selection operator (lasso) regression was carried out to further
reduce the number of genes. We used the glmnet3 package
(35) to conduct Lasso cox regression analysis based on machine
learning to identify the optimal prognostic signature. In the
next step, multivariate regression analysis was carried out, step
function was used for stepwise regression screening, and finally,
the model constructed by the three genes was obtained. Based on
the expression of 3 genes in the constructed model, a new risk
scoring model was constructed by multivariate Cox regression
evaluation. The risk score was then determined, and the sample
was stratified into high- and low-risk groups according to the
median risk score to verify whether the risk score was an
independent predictor.

Immune Infiltration by the Cibersort
Analysis
CIBERSORT algorithm (36) was a mean to discriminate a
signature between twenty-two human immune cell phenotypes,
including memory B cells, activated CD4+ T cells, neutrophils,
and so on. The CIBERSORT algorithm was used to quantify the
proportion of immune cells in PCa. PCa gene expression profiles
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FIGURE 1 | The differentially expressed genes (DEGs) in prostate cancer. (A) The Volcano plot shows the differentially expressed genes in the dataset GSE46602. The

red color indicates the upregulated genes in prostate cancer, and the green color indicates the downregulated genes in prostate cancer. (B) The heat map shows the

DEGs between prostate cancer tissue and normal controls.

from the TCGA database were uploaded to the CIBERSORT, and
1,000 permutations were run. Data with p-value < 0.05 after
the CIBERSORT were performed for the analysis to improve
the accuracy of the deconvolution method. The CIBERSORT
software package in R software was used for data analysis. Wilcox
test was used to compare the relative abundance of the TIIC
between high- and low-risk groups.

Survival Analysis
Correlation between 3 genes and the overall survival of patients
with PCa were analyzed utilizing the GEPIA database (37).
According to each hub gene’s best-separation cutoff value,
samples of patients with PCa within the dataset were divided into
two groups to obtain the Kaplan–Meier (K–M) survival curves.
ROC curves were carried out to investigate the prognostic value
in 1, 3, and 5 years by utilizing the survival ROC package (v1.0.34)
based on the GSE46602 dataset.

Gene Set Enrichment Analysis (GSEA) of
High- and Low-Risk Patients With Pc
GSEA (Version 4.1.0) was used to screen for gene
clusters associated with risk score phenotypes, which were
overrepresented in large groups of genes. Enriched P-values
were calculated based on 1,000 permutations; FDR values
were calculated using the Benjamini–Hochberg multiple test
correction program (p < 0.05). In addition, the enrichment
pathways of each phenotype were classified by nominal P-value
and standard enrichment score (NES) (38).

RESULTS

Identification of Differentially Expressed
Genes
Firstly, in order to find out the difference in genetic expression
between PC tissue and normal tissue, DEGs were identified
based on the RNA-Seq dataset (GSE46602) (p < 0.05 and log2
FC > 1.5). As seen in Figure 1A, a total of 841 DE-pcRNAs
were identified, which include 269 upregulated DEGs and 572
downregulated DE-pcRNAs. What is more, to have a clearer
understanding of the expression distribution of differential
genes in the ischemic stroke group and the normal group,
we performed heat map cluster analysis on DEGs (Figure 1B).
Besides, we also screened out the TCGA database for DEGs in
PCa and took the intersection with DEGs in the GEO database. A
total of 385 common DEGs were obtained.

Functional Enrichment Analysis of
Common DEGs
Thereafter, to further uncover the function and pathways
of common DEGs in PCa, functional enrichment analysis,
including GO and KEGG functional enrichment analysis, was
conducted. The top 10 significantly enriched terms of biological
processes (BP), cell component (CC), and molecular function
(MF) were shown. As seen in Figure 2A, terms like response
to oxidative stress and epithelial cell morphogenesis were
significantly enriched in BP (Figure 2A), collagen–containing
extracellular matrix and basement membrane were significantly
enriched in CC (Figure 2B), extracellular matrix structural
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FIGURE 2 | Functional enrichment analyses of the common DEGs. (A) The top 10 significantly enriched biological process terms. (B) The top 10 significantly enriched

cellular component terms. (C) The top 10 significantly enriched molecular function terms. (D) The KEGG pathway analysis of the common DEGs.

constituent and peroxidase activity were significantly enriched
in CC (Figure 2C). What is more, the results of the KEGG
pathways analysis of DEGs showed that signaling pathways like
glutathione metabolism, histidine metabolism, and so on were
significantly enriched (Figure 2D). The functional enrichment
results revealed that the common DEGs are vital to the progress
of PCa.

Cox Regression and Lasso Regression
Analysis
In the next step, to further compress the target gene and
construct immune gene models, Cox regression analysis was
carried out with a threshold of p < 0.05. Lasso regression, a
kind of compression estimation (39), was further compressed to
reduce the number of genes (Figures 3A,B), and six genes were
obtained. Then, multivariate regression analysis was performed.
Step function was used to screen by the stepwise regression
method, and finally, the risk model constructed by three genes
(KCNK3, AK5, and ARHGEF38) was obtained. Next, the samples

were divided into high-risk and low-risk groups based on the
risk model for the following analysis. The expression level of
KCNK3, AK5, and ARHGEF38 in primary tumor and solid
normal tissue is shown in Figure 3C. AK5 and ARHGEF38
have lower expression in the solid normal tissue compared to
primary tumor. The expression of KCNK3 is higher in the
primary tumor. Besides, the relative expression of KCNK3,
AK5, and ARHGEF38 in low-risk and high-risk samples is
presented in Figure 3D. The sensitivity and specificity of
the risk score model were demonstrated by constructing an
ROC curve. The area under the curve (AUC) was calculated
to be 0.6 at 1 year, 0.87 at 3 years, and 0.88 at 5 years
(Figure 3E).

Survival Analysis of the Risk Model
To investigate the clinical significance of the risk model, the
survival analyses were performed. Overall survival (OS) analysis
was conducted to assess the effectiveness of the KCNK3, AK5,
and ARHGEF38. As seen in Figures 4A–C, the high expression
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FIGURE 3 | Cox regression and lasso regression analysis. (A,B) Cox regression and Lasso regression were performed to obtain six genes. (C) The relative expression

of AK5, KCNK3, and ARHGEF38 in primary tumor and normal solid tissue. (D) The heat map of AK5, KCNK3, and ARHGEF38 expression profiles.

(E) Time-dependent ROC curves.

of ARHGEF38 was associated with a lower survival probability
(p = 0.00226), while the high expression of KCNK3 (p =

0.0339) and AK5 (p = 0.0382) was related to a better survival
probability. The results indicated that gene changes of KCNK3,
AK5, and ARHGEF38 were significantly related to the OS
of patients with PCa. What is more, patients with high-risk
(red line) PCa presented remarkably worse OS than low-risk
ones (blue line). As shown in the survival risk heat map,
patients with PCa with higher risk scores had higher mortality
(Figures 4E,F).

Immune Cell Infiltration Analysis
The immune microenvironment is highly correlated with
its overall survival (40). In order to study the correlation
between immune microenvironment and the risk model,
CIBERSORT algorithm, to evaluate the infiltration of twenty-
two kinds of immune cells in PCa tissues, was performed
(Figure 5A). Infiltration of plasma cells, mast cells resting,
M0 macrophages, B cells memory, NK cells activated, M2
macrophages, dendritic cells activated, eosinophils was
remarkably different in the high-risk and low-risk groups
(Figure 5B). Other types of immune cells did not differ
significantly between the two groups. The above results
demonstrated that macrophages may be significant in the
development and progression of PCa. The estimated method
was utilized to predict tumor purity, stromal score, and immune.
Significantly different in the high-risk and low-risk groups
were shown in in Figures 5C–E. What is more, in order to

distinguish the gene expression profiles between high-risk
and low-risk PCa samples, GSEA analysis was performed to
characterize important functional phenotypes and different
gene sets between the high-risk and low-risk score groups.
GSEA indicated enrichment of gene sets associated with
aminoacyl-tRNA biosynthesis, chemical carcinogenesis—DNA
adducts, drug metabolism-cytochrome P450, Fanconi anemia
pathway, glycosphingolipid biosynthesis-ganglio series, histidine
metabolism, nucleocytoplasmic transport, Ribosome biogenesis
in eukaryotes, RNA degradation, staphylococcus aureus infection
(Figure 5F).

DISCUSSION

Prostate cancer (PCa) is one of the pervasive carcinoma
occurring in men and a large health burden worldwide (41).
The lethality of PCa is due to the lack of treatment options
that can produce a lasting response at the genetic and cellular
biological levels (42, 43). The progression and pathogenic
mechanisms of PCa remain unclear. Currently, analysis used
for gene expression has benefit analysis for oncological research
with the development in sequencing technologies. In this
study, the high-throughput dataset of PCa (GSE46602) was
obtained from the GEO database for further comprehensive
bioinformatics analyses.

The PCa-related DEGs were screened out and explored,
and the related biological processes and signaling pathways
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FIGURE 4 | Survival analysis of the risk model. (A–C) The overall survival (OS) analysis in high and low AK5, KCNK3, and ARHGEF38 expression samples. (D)

Kaplan–Meier survival analyses show the OS of patients in the high-risk score and the low-risk score groups. (E,F) The risk plot between the high- and low-risk

score groups.

that make a better understanding of their functions were also
studied. Terms like response to oxidative stress were significantly
enriched in BP. Oxidative stress referred to the increase in
the formation of reactive oxygen species, which destroys the
body’s antioxidant protection and causes a variety of diseases,
including various cancers (44). Mukha et al. indicated that
PCa cells can be radiosensitized by glutamine deprivation,
resulting in DNA damage, oxidative stress, and epigenetic
modifications (45). Glutathione-related metabolism is the main
mechanism of cellular resistance to oxidative stress factors
(46). The results of the KEGG analysis of DEGs demonstrated
that glutathione metabolism and histidine metabolism were
significantly enriched. The functional enrichment results suggest
that the common DEGs were a vital regulator in the procession
of PCa.

About 15% of patients with PCa are diagnosed with high-
risk disease (47). Therefore, through utilizing univariate Cox and
iterative lasso Cox regression analyses, a 3-gene (KCNK3, AK5,
and ARHGEF38) risk signature model in PCas was constructed.
The ROC curves further approved the accuracy of our risk

model. It is reported that KCNK3 influenced physiological
processes, ranging from vascular tone to metabolic diet through
inflammation (48). Also, KCNK3 was correlated with prolonged
survival after surgery in colorectal cancer (49). AK5 was
reported as a new prognosis marker that promotes autophagy
and proliferation in human gastric cancer (33). Interestingly,
ARHGEF3 was proved to be an oncogene and may be a novel
biomarker for predicting invasive PCa (50).

The 3-gene risk signature model emerges clinical significance.
The results indicated that gene changes of KCNK3, AK5,
and ARHGEF38 were remarkedly associated with the overall
survival of patients with PCa. What is more, patients with
high-risk PCa have remarkably worse OS than low-risk ones.
Dysregulated expression of ARHGEF38 is associated with
poor prognosis in nasopharyngeal carcinoma (51). Currently,
immunotherapy has not been utilized in advanced PCa, and
more novel methods are needed to overcome immune rejection
and suppressive tumor microenvironment (52). As for the
immune microenvironment, 8 kinds of immune related cells
were remarkably various between the high-risk and low-risk
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FIGURE 5 | Immune cell infiltration in PCa tissues of high- and low-risk patients. (A) The distribution of 22 types of immune cells between primary and metastatic PCa

tissues. (B) Comparisons between immune cells in the high- and low-risk groups in TCGA. *p < 0.05, **p < 0.01, ****p < 0.0001. The stromal score (C), tumor purity

(D), immune score (E) in the high- and low-risk groups. (F) The GSEA analysis was performed to characterize important functional phenotypes and different gene sets

between the high-risk and low-risk score groups.
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score groups, including plasma cells, mast cells resting, M0
macrophages, M2 macrophages, NK cells activated, B cells
memory, dendritic cells activated, and eosinophils. The risk
model could further illuminate the immune-related pathogenesis
of the therapeutic method by permitting early diagnosis and
prognosis of PCa.

CONCLUSION

In this study, we unraveled the DEGs in PCa from GEO datasets,
which were further verified by TCGA data and identified the
common DEGs. The functional enrichment results suggest that
the commonDEGs play an important role in the progress of PCa.
A three-gene signature model (KCNK3, AK5, and ARHGEF38)
was constructed, and the model was significantly related to
cancer-related pathways, overall survival, and TME cells in PCa.
This new risk model might benefit the further elucidation about
the immune-related progression in PCa.
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Objective: To observe the efficacy of complete video-assisted thoracoscopic surgery

(CVATS) and traditional open surgery (TOS) in the treatment of elderly patients with

non-small cell lung cancer (NSCLC) and their influence on cardiopulmonary function.

Methods: A total of 120 elderly patients with primary NSCLCwhowere treated surgically

in our hospital from January 2018 to January 2021 were selected and divided into the

study group and the control group according to the different surgical procedures, 60

patients in each group. CVATS was used in the observation group and TOS in the control

group. The surgical indexes and cardiopulmonary function indexes were observed and

compared between the two groups. The serum C-reactive protein (CRP) level and visual

analog scale’s (VAS) score of the patients at different time points were detected. The

incidence of postoperative complications was compared between the two groups.

Results: The perioperative indexes such as operation time were significantly different

between the two groups (p < 0.05), but the number of lymph node dissection was not

significantly different (p > 0.05). The serum CRP level and VAS score of the observation

group were significantly lower than those of the control group on the 1st, 3rd, and 7th

postoperative days (p < 0.05). There were significant differences in cardiopulmonary

function between the two groups on the 7th postoperative day (p < 0.05). The incidence

of adverse reactions in the observation group was significantly lower than that in the

control group (p > 0.05).

Conclusion: CVATS is effective in the treatment of NSCLC. Compared with TOS

therapy, CVATS has less damage to cardiopulmonary function and fewer complications,

which is conducive to the rehabilitation of elderly patients. It is a safe and reliable scheme

for the treatment of elderly patients with NSCLC.

Keywords: non-small cell lung cancer, complete video-assisted thoracoscopic surgery, traditional open surgery,

cardiopulmonary function, lymph node dissection

INTRODUCTION

Due to the popularity of low-dose chest CT physical examination in recent years, the detection rate
of early lung cancer manifested as lung ground-glass nodule has greatly improved. At the same
time, with the aging of the population and the serious pollution of the surrounding environment,
the proportion of elderly patients is also increasing gradually (1, 2). Non-small cell lung cancer

368

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://www.frontiersin.org/journals/surgery#editorial-board
https://doi.org/10.3389/fsurg.2022.863273
http://crossmark.crossref.org/dialog/?doi=10.3389/fsurg.2022.863273&domain=pdf&date_stamp=2022-03-18
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles
https://creativecommons.org/licenses/by/4.0/
mailto:maoyiyinyajun@njmu.edu.cn
https://doi.org/10.3389/fsurg.2022.863273
https://www.frontiersin.org/articles/10.3389/fsurg.2022.863273/full


Mao et al. Complete Video-Assisted Thoracoscopic Surgery

(NSCLC) is a common malignant tumor disease, which has
no specific typical symptoms in the early stage, and is usually
diagnosed in the middle or late stage. At this time, it has lost
the best treatment opportunity for surgical resection. For some
early patients, at this time, the tumor focus is small, and there
is no sign of diffusion or metastasis. At this point, surgical
resection is still the main treatment for patients. Pulmonary
lobectomy is currently the most commonly used treatment for
early-stage NSCLC in clinics. Most of the traditional treatments
are traditional open surgery (TOS). However, due to the weak
constitution and poor lung function of elderly patients, there are
many complications after lobectomy, and the early mortality is
high (3).

CVATS is suitable for biopsy of nodular masses in lung,
resection of benignmasses in lung and lobectomy, etc. Compared
with the TOS, the CVATS has the advantages of clearer tissue
display of surgical field tissue, stronger advantages of minimally
invasive and more precise operation. Complete video-assisted
thoracoscopic surgery (CVATS) is performed through a small
thoracotomy incision and two or three small incisions. It does
not need chest support or ribs cutting during the operation
and has little influence on the structure of the chest and the
function of respiratory muscle, thus reducing the trauma and
promoting postoperative recovery (4, 5). However, the effect and
the prognosis of lymph node dissection need further study. In
this study, we compared the clinical efficacy of CVATS and TOS
in the treatment of elderly patients with NSCLC and the impact
on the cardiopulmonary function of the patients in order to
explore whether CVATS can bring better surgical outcomes for
the elderly patients.

DATA AND METHODS

General Information
A total of 120 elderly patients with primary NSCLC who were
treated surgically in our hospital from January 2018 to January
2021 were selected and divided into a study group and a control
group according to the different surgical procedures, 60 patients
in each group. CVATS was used in the observation group, and
TOS was used in the control group. Inclusion criteria: all the
patients were diagnosed with NSCLC by imaging and pathology
before operation and had clinical stages of stage I-III a; all
the patients can tolerate the surgical treatment and have good
compliance after preoperative evaluation. Exclusion criteria: the
patients with preoperative radiotherapy and chemotherapy or
dysfunction of important organs, such as heart, liver and brain;
exclusion of other types of lung tumors and distant metastasis;
the patients with previous thoracic surgery were excluded.

Research Methods
TOS was adopted in the control group. After tracheal intubation
and general anesthesia, a 20–25-cm incision was made in the fifth
intercostal space. After anatomical lobectomy, the lymph nodes
were systematically cleaned. After the operation, a drainage tube
was placed through the midline of the armpit of the seventh
intercostal space.

CVATS was used in the observation group. After general
anesthesia, the patient was placed in the healthy lateral position,
and an incision of about 1.5–2 cm in length was made between
the 7th rib at the midline level of armpit, which was inserted
into thoracoscope. A surgical incision was made in the 4th
or 5th intercostal space at the level of axillary front line as
the main surgical incision, with the length of about 2–3 cm,
and a surgical incision was made in the 7th intercostal space
at the level of scapular downline as the auxiliary surgical
incision with the length of about 1.5–2 cm. The operation of
the surgical instruments was completely supervised by video-
assisted thoracoscopy. The patient’s thoracic adhesion, lesion site,
tumor size, infiltration range, enlargement, and metastasis of
mediastinal lymph nodes in thoracic cavity were investigated,
and then lobectomy was performed. Sequentially dissect the
hilar structure to continuously cut off the pulmonary vessels,
bronchi, and pulmonary fissure, and then free the pulmonary
veins and artery branches. Lung lobes were removed through
the main operation hole, and the thoracic and mediastinal
lymph nodes were cleaned systematically. After the surgery, the
drainage tube was inserted through the axillary midline of the 7th
intercostal space.

Both groups of the patients were given routine nursing and
symptomatic treatment after the operation.

Observation Indicators
(1) The operation indexes of the patients in the two groups, such

as operation time, bleeding volume, number of lymph node
cleanings, postoperative drainage volume, and hospital stay,
were observed and compared.

(2) The peripheral venous blood samples of the patients in the
two groups were collected preoperatively and on the 1st, 3rd,
and 7th postoperative days, and the serumC-reactive protein
(CRP) levels were detected and compared.

(3) The visual analog scale (VAS) was applied to evaluate
and compare the pain severity on the 1st, 3rd, and 7th
postoperative days. VAS scoring criteria: 0 point means no
pain, 10 points mean the most pain, < 3 points mean good
analgesia, and ≥ 5 points mean poor analgesic effect.

(4) Perioperative cardiopulmonary indicators [heart rate (HR),
forced expiratory volume in 1 s (FEV1), maximum voluntary
ventilation (MVV), diffusion of lung CO (DLCO)] of the two
groups were compared and analyzed.

(5) The incidence of postoperative complications was observed
and compared between the two groups.

Statistical Methods
SPSS22.0 software was used for processing. The measurement
data of the experimental data were expressed as mean standard
deviation (x ± s). All the data were in normal distribution,
and the means between the two groups were compared by
independent sample t-test. ANOVA was used to compare
multiple time points. The count data were expressed as (%),
and the comparison was performed using χ

2 test. The test level
was α = 0.05, and p < 0.05 indicated that the difference was
statistically significant.
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RESULTS

Patients With General Data Comparison
There was no significant difference in general information,
such as gender, age, disease type, pathological type, clinical
stage, and differentiation degree between the two groups
(p > 0.05), indicating that they were comparable, as shown
in Table 1.

Comparison of Surgical Indicators
Between the Two Groups
The operation time, bleeding volume, drainage volume, and
hospital stay of the patients in the observation group were
lower than those in the control group (p < 0.05). There
was no significant difference in the number of lymph node
dissection between the two groups (p > 0.05), as shown
in Table 2.

Comparison of CRP Levels Between the
Two Groups
Serum CRP levels preoperative between the two groups had
no significant difference (p > 0.05), but it peaked on the 1st
postoperative day and began to decline on the 3rd and 7th

postoperative days. In addition, serum CRP levels of the patients
in the observation group at each time point in postoperative were
significantly lower than those in the control group (p < 0.05), as
shown in Figure 1.

Comparison of VAS Scores Postoperative
Between the Two Groups
The VAS scores of the patients in the two groups decreased
sequentially at each time point postoperatively, and the VAS
scores of the patients in the observation group at each time point
at the 1st, 3rd, and 7th postoperative days were significantly
lower than those in the control group (p < 0.05), as shown
in Figure 2.

Comparison of Cardiopulmonary Function
Indexes During Postoperative Between the
Two Groups
After the operation, the HR and DLCD in the observation
group were higher than those in the control group, while FEV1

and MVV were lower than those in the control group. These
differences were statistically significant (p < 0.05), as shown in
Figures 3–6.

TABLE 1 | Comparison of general data of patients between the two groups (n, x ± s).

Group Gender Disease type Pathological type

Male Female Central Peripheral Glandular Squamous Other

type type cancer carcinoma

Control group 37 (61.67) 23 (38.33) 31 (51.67) 29 (48.33) 22 (36.67) 35 (58.33) 3 (5.00)

(n = 60)

Observation group 35 (58.33) 25 (41.67) 33 (55.00) 27 (45.00) 20 (33.33) 36 (60.00) 4 (6.67)

(n = 60)

χ
2 value 0.139 0.134 0.252

P value 0.709 0.714 0.882

Group Age (years) Clinical stages Differentiation degree

Stage I Stage II Stage IIIa Poorly differentiated Intermediate differentiation Highly differentiated

Control group 67.83 ± 2.14 29 (48.33) 21 (35.00) 10 (16.67) 12 (20.00) 39 (65.00) 9 (15.00)

(n = 60)

Observation group 68.18 ± 2.87 27 (45.00) 22 (36.67) 11 (18.33) 14 (23.33) 41 (68.33) 5 (8.33)

(n = 60)

t/χ2 value 0.757 0.142 1.347

P value 0.450 0.931 0.510

TABLE 2 | Comparison of surgical indexes between the two groups (n, x ± s).

Operation Bleeding Number of lymph Drainage Hospital

Group N time (min) volume (ml) node dissection (units) volume (ml) stay (d)

Control group 60 179.62 ± 31.25 372.91 ± 70.28 18.06 ± 4.12 2086.61 ± 427.63 12.36 ± 2.95

Observation group 60 120.48 ± 33.94 246.83 ± 69.82 18.53 ± 3.92 1394.52 ± 357.19 7.05 ± 1.83

t value 9.929 9.858 0.640 9.621 11.848

P value <0.001 <0.001 0.523 <0.001 <0.001
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FIGURE 1 | Comparison of CRP levels in the patients of the two groups.

Compared with preoperative, *p < 0.05. Compared with the control group,
#p < 0.05.

FIGURE 2 | Comparison of VAS scores in the patients of the two groups.

Compared with postoperative, *p < 0.05. Compared with the control group,
#p < 0.05.

Comparison of the Incidence of Adverse
Reactions Between the Two Groups
The incidence of adverse reactions in the observation group was
significantly lower than that in the control group (p > 0.05), as
shown in Figure 7.

DISCUSSION

Because of the abundant blood supply to the lungs, blood
metastasis can occur in the early stage, and there is no specific
clinical manifestations. The main reason for poor treatment
effect is the low early diagnosis rate (6). Although radiotherapy,
chemotherapy, and biotherapy can prolong the survival time of
patients with lung cancer, surgery is still the only way to achieve
radical cure (7, 8). The objective of surgery is to remove as many
lesions and lymph nodes as possible, and, at the same time, to
maximize the preservation of intact lung tissue so as to ensure
surgical effect and bring long-term survival benefits for patients.

FIGURE 3 | Comparison of HR changes in the patients of the two groups.

Compared with preoperative, *p < 0.05. Compared with the control group,
#p < 0.05.

FIGURE 4 | Comparison of FEV1 changes in the patients of the two groups.

Compared with preoperative, *p < 0.05. Compared with the control group,
#p < 0.05.

Elderly patients with lung cancer are a special group. Because of
physiological factors and physical function degradation, young
people are often diagnosed at an early stage, but they give up
radical lobectomy because they cannot tolerate lobectomy. On
the other hand, the elderly often have other diseases, whichmakes
the treatment of elderly patients with lung cancer much more
complicated (9, 10).

With the development of video-assisted thoracoscopic surgery
and the skill of surgeons, it provides another option for elderly
patients with lung cancer. Previous studies have shown that,
compared with TOS, CVATS for patients with early NSCLC
can relieve postoperative pain, have better postoperative lung
function, shorter hospital stay, and a similar long-term survival
rate (11, 12). CVATS has a clear vision and no blind spots, which
is conducive to the accurate operation of doctors. To a greater
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FIGURE 5 | Comparison of MVV changes in the patients of the two groups.

Compared with preoperative, *p < 0.05. Compared with the control group,
#p < 0.05.

FIGURE 6 | Comparison of DLCD changes in the patients of the two groups.

Compared with preoperative, *p < 0.05. Compared with the control group,
#p < 0.05.

extent, the accidental injuries during the surgery were reduced,
and the amount of bleeding and postoperative drainage was
further reduced. Besides, the surgical instruments are mature,
accurate, and limited, which are convenient for lobectomy and
lymph node dissection (13, 14). In this study, the perioperative
indicators such as operation time were significantly different
between the two groups of the patients, but the number of lymph
node dissection was not significantly different. It is suggested that
CVATS can not only achieve the lymph node dissection effect of
traditional TOS but also can be safe and reliable, which accords
with the principle of radical resection of tumor. CVATS requires
a high degree of surgery, and the operator must be familiar with
the skills of thoracic anatomy and endoscopy. The amount of
bleeding and operation time are a comprehensive response of
the operator to the degree of operation proficiency, and also a

FIGURE 7 | Comparison of the incidence of adverse reactions between the

two groups. Compared with the control group, *p < 0.05.

response of the operation to the degree of injury of the patient.
The advantages of CVATS also lie in the fact that the surgical
incision is small, and it is not necessary to cut off the intercostal
muscles and ribs, so it has little effect on the muscular nerves
and thoracic structure, which is conducive to reducing the degree
of pain after surgery and has certain positive significance for
the rehabilitation of patients after surgery (15, 16). This study
showed that the VAS scores of the observation group at each
time point postoperative were significantly lower than those in
the control group.

At present, the comparison between CVATS and TOS is
mostly based on some indexes such as clinical efficacy. In fact,
in addition to the macroscopic indexes of clinical trauma, the
evaluation of the effects of the two kinds of surgery can also
be analyzed in the macroscopic aspect. In the case of infection
or some tissue damage, CRP content usually increases rapidly,
and it is a non-specific inflammatory marker (17, 18). In this
study, the serum CRP levels in the observation group at each
time point postoperative were significantly lower than those
in the control group. The above results show that, compared
with TOS, CVATS can reduce the patients’ early injury, reduces
the level of postoperative stress reaction, and relieves the
body’s inflammatory reaction, thus promoting the postoperative
rehabilitation process (19).

Cardiopulmonary function of the human body can
directly affect the activities of other organs and muscles.
Cardiopulmonary function represents whether the patient’s
cardiopulmonary function is suitable for operation or not,
and it is closely related to the occurrence of postoperative
cardiopulmonary complications. If surgical trauma causes great
damage to the cardiopulmonary function, the probability of
postoperative cardiopulmonary complications will increase (20).
It has been pointed out that CVATS is minimally invasive, and it
has little influence on patients’ immunity and cardiopulmonary
function, thus contributing patients’ rapid recovery (21). The
results of this study showed that the cardiopulmonary function
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of the observation group was significantly better than that of the
patients in the control group. TOS can damage thoracic integrity,
causing damage to the intercostal nerves and great invasive
damage to cardiopulmonary function in the early postoperative
period. In contrast, CVATS does not need to divide muscles and
ribs, and has less damage to the surrounding normal lung tissue,
thus retaining the integrity of the patient’s chest to the maximum
extent. At the same time, CVATS can avoid the excessive injury
to respiratory muscles (such as serratus anterior, latissimus dorsi,
and intercostal muscles), which is of great clinical significance
for the protection of postoperative cardiopulmonary function
and is conducive to reducing the occurrence of postoperative
cardiopulmonary complications (22, 23). Therefore, the
cardiopulmonary function of the elderly patients using CVATS
is better than TOS. The study also showed that the incidence
of adverse reactions in the observation group was significantly
lower than that in the control group. This shows that CVATS is
safe for the elderly, and the incidence of complications can be
controlled within an acceptable range (24, 25).

In summary, CVATS has a reliable curative effect on the
treatment of NSCLC. Compared with TOS treatment, CVATS
has less damage to cardiopulmonary function and fewer
complications, which is conducive to the rehabilitation of elderly
patients. CVATS is a safe and reliable scheme for the treatment

of elderly patients with NSCLC. However, due to the small
number of observations cases and short follow-up time, we still
need to continue to explore in future studies to optimize the
choice of surgical methods and realize the principle of optimal
patient benefits.
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Purpose: To explore the practical value of enteral nutrition care guided by

evidence-based concepts in preventing enteral nutritional complications in critically ill

neurosurgical patients.

Methods: Three hundred critically ill patients from March 2020 to October 2021 from

our neurosurgery department were included in the study. Patients were divided into

a control group (March to December 2020, n = 150) and a study group (January

to October 2021, n = 150) according to the order of their admission. The control

group received conventional enteral nutrition care, and the study group received enteral

nutrition care based on evidence-based concept guidance. The levels of serum nutritional

indicators [hemoglobin (Hb), albumin (ALB), and total protein (TP)], feeding compliance

rate, the incidence of complications (gastric retention, bloating, diarrhea, reflux, vomiting,

aspiration, stress ulcers, etc.), and prognosis during the observation period were

compared between the two groups. The scores of the questionnaire of knowledge,

attitude, and practice on nutrition among neurosurgical nurses before and after the

implementation of evidence-based care were compared among nursing staff in the

study group.

Results: At 1 and 2 weeks after enrollment, Hb, ALB, and TP levels were lower in

both groups than before enrollment in the same group (P < 0.05). At 2 weeks after

enrollment, Hb, ALB, and TP levels were higher in both groups than at 1 week after

enrollment in the same group (P < 0.05). At 1 and 2 weeks after enrollment, Hb, ALB,

and TP levels were higher in the study group than in the control group (P < 0.05).

At 7 days after feeding, the feeding compliance rate was higher in the study group

(94.67%) than in the control group (70.00%) (P < 0.05). The total complication rate

was lower in the study group (8.00%) than in the control group (16.00%) (P < 0.05).

The percentage of good prognosis was higher in the study group (34.00%) than in

the control group (23.33%) (P < 0.05). After the implementation of evidence-based
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care, caregivers in the study group scored higher on nutrition knowledge, nutrition

attitudes, and nutrition practices than those before the implementation (P < 0.05).

Conclusion: The implementation of evidence-based nursing interventions in critically

ill neurosurgical patients based on evidence-based concepts is of great clinical

value in correcting their nutritional status, preventing enteral nutritional complications,

improving prognosis, and enhancing the nutritional knowledge, attitudes, and practices

of nursing staff.

Keywords: neurosurgery, critically ill patients, evidence-based concepts, enteral nutritional complications, serum

nutritional indicators

INTRODUCTION

The scope of neurosurgery treatment mainly includes critically
ill patients who suffer from severe craniocerebral injury and
hypertensive cerebral hemorrhage and require microsurgical
treatment of various craniocerebral and spinal cord tumors (1).
It has been reported that, after severe trauma to the brain, the
body may be accompanied by stress-induced hyperglycemia and
negative nitrogen balance, which can accelerate the metabolism
and decomposition of the body, resulting in malnutrition (2). In
the process of treating such patients, a certain amount of enteral
nutrition support is often needed in the clinic to combat high
stress, high metabolism, and high decomposition state of the
body of critically ill patients (3). Early enteral nutrition support
is an effective treatment method to correct the nutritional status
of patients and improve their immunity. However, all systems
in critically ill neurosurgical patients are more fragile. Also,
the functions of various systems in critically ill neurosurgical
patients are relatively fragile and tend to be less tolerant of
enteral nutrition. During enteral nutrition supply, patients are
prone to common complications and intolerance of the digestive
tract and the respiratory system, such as gastric retention (4),
bloating (5), diarrhea (6), reflux (7), vomiting (8), aspiration
pneumonia (9), and stress ulcers (10). The above not only
affects the effectiveness of nutritional supply in patients but
also causes suffering to their physical and mental health. How
to reduce the complications of enteral nutrition in critically
ill neurosurgical patients has become a major and difficult
problem that needs to be solved urgently by neurosurgical
healthcare professionals.

In recent years, enteral nutrition guidelines and expert
consensus for critically ill patients have been established from
different perspectives at home and abroad (11–13). It is used
to relieve the nursing confusion of clinical nurses during the
feeding process, standardize the safe feeding plan, and reduce
the intolerance and complications of the gastrointestinal tract
and the respiratory tract of patients. This study investigates
the value of enteral nutrition care based on evidence-
based concepts to prevent enteral nutritional complications
in critically ill neurosurgical patients by integrating the best
evidence-based medical evidence that is available, the actual
situation of the patient, and the personal skills and clinical
experience of the caregiver, with the aim of obtaining better
care outcomes.

MATERIALS AND METHODS

Research Object
Three hundred critically ill patients fromMarch 2020 to October
2021 in our neurosurgery department were included in the
study. Inclusion criteria: time from onset to rescue ≤12 h;
Glasgow coma scale (GCS) score ≤8 scores; neurosurgical
severe cases such as craniocerebral trauma, cerebral hemorrhage,
and intracranial tumor diagnosed by imaging; those who were
expected to be fed via nasogastric or nasoenteric tube for ≥7
days; those who did not have obvious important organ lesions;
and those who had signed the informed consent. Exclusion
criteria: Those with a previous history of intestinal obstruction;
those with previous severe nutritional disorders or digestive
insufficiency, intestinal dysfunction, or cirrhosis; those with
combined symptoms of gastrointestinal bleeding; and those
with combined endocrine diseases. Patients were divided into
a control group (March to December 2020, n = 150) and a
study group (January to October 2021, n = 150) according
to the order of their admission. Comparison of the general
conditions such as age, GCS score, and primary disease between
the two groups in Table 1 was not statistically significant and was
comparable (p > 0.05).

Research Methods
Control Group
Nursing care was implemented according to the assessment and
observation points, operation points, and precautions specified
in the nursing practice guidelines (2011 version) issued by the
National Health and Wellness Commission on enteral nutrition
support. Within 24 h of patient enrollment, nutritional screening
was completed using the Nutritional Risk Screening Assessment
Form (NRS 2002) (14). The patient was given parenteral
nutrition support 24 h after the injury. Patients were given enteral
nutritional support 48 h after injury or after the recovery of
postoperative bowel sounds. During the period, the patient’s oral
care should be done. If gastric retention, diarrhea, vomiting, and
other discomforts occurred, the enteral nutrition support was
stopped or the enteral nutrition formula was changed or the
medication was administered as prescribed by the doctor, and the
enteral nutrition supply was restarted after the symptoms were
relieved or disappeared.
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TABLE 1 | Comparison of general conditions of two groups.

Items Control group (n = 150) Study group (n = 150) t/χ2 value P-value

Age (years old) 57.52 ± 6.33 58.01 ± 6.07 0.684 0.494

GCS score (scores) 6.07 ± 0.83 6.05 ± 0.86 0.205 0.838

Gender [n (%)] 0.120 0.729

Male 81 (54.00) 78 (52.00)

Female 69 (46.00) 72 (48.00)

Primary disease [n (%)] 1.400 0.706

Craniocerebral trauma 56 (37.33) 53 (35.33)

Cerebral hemorrhage 47 (31.33) 49 (32.67)

Intracranial tumors 25 (16.67) 20 (13.33)

Others 22 (14.67) 28 (18.67)

Treatment modality [n (%)] 2.377 0.123

Surgery 145 (96.67) 139 (92.67)

Conservative treatment 5 (3.33) 11 (7.33)

Study Group
Patients were treated with enteral nutrition care guided by
evidence-based concepts. (1) Establishing an evidence-based
care team: It consisted of nurse leaders and specialist nurses
from the Department of Neurosurgery who had undergone
evidence-based care learning and training, a total of 10
people. (2) Screening for evidence-based care evidence: First,
keywords such as “neurosurgery,” “critically ill patients,” “enteral
nutrition,” and “evidence-based care” were searched through
Chinese and foreign databases to find evidence supported by
evidence-based medicine (50 documents were searched). Then,
the evidence-based care team selected high-quality, authentic,
reliable, and practical evidence combined with the clinical
experience and skills of the caregivers to form an enteral
nutrition support program for neurosurgical patients with severe
illnesses. (3) Evidence-based care for enteral nutrition time:
Early enteral nutrition solution (Peptison) was given to patients
after injury or 24 h after surgery, and a gastrointestinal drug
(Metoclopramide) was administered. (4) Evidence-based care for
nutrition programs: On days 1 to 2, calories were supplied at 500
kcal/d and nutritional preparations were pumped at a rate of 20
ml/h. On days 3 to 5, calories were supplied at 25–30 kcal/(kg·d),
pumped at a rate of 30–50 ml/h, with parenteral nutrition
supplementation as appropriate during this period. After the
5th day, calories were supplied at 25–30 kcal/(kg·d), pumped
at a rate of 80–100 ml/h, and supported entirely by enteral
nutrition. (5) Evidence-based care for nutritional modalities:
Nasoenteric tube placement was used. The placement depth
was 110–120 cm for men and 105–110 cm for women. After
placement, the position of the bowel canal was determined by
a chest radiograph. (6) Evidence-based care for the prevention
of complications: Before feeding, the patient’s nasoenteric tube
position was determined, the patient’s degree of consciousness
impairment, choking reflex, and other feeding conditions were
assessed, and an individualized feeding plan for the patient
was developed accordingly. During feeding, the head of the
bed was elevated ≥30◦ if not contraindicated; if the patient
vomited, the head was tilted to the side and nasal feeding

was suspended; and if the patient had abdominal distention or
poor digestion, appropriate gastrointestinal drugs were given. A
stable pumping rate was maintained, starting from a minimum
rate of 20 ml/h and not exceeding a maximum of 120 ml/h.
Appropriate abdominal massage was given to the patient after
feeding. Feeding was suspended before extubation of tracheal
intubation or before lumbar puncture. The researcher used gentle
movements when performing suction, turning, etc. After the
patients’ vital signs were stabilized, respiratory function and
swallowing function training were started as early as possible;
constipated patients were given glycerol enema as appropriate.

Observation Index
Before enrollment and at 1 and 2 weeks after enrollment,
fasting venous blood was drawn from patients in both groups
to measure serum nutritional index [hemoglobin (Hb), albumin
(ALB), and total protein (TP)] levels. Hb and ALB were
measured by enzyme-linked immunosorbent assay, and TP was
measured by biuret colorimetry. Hb and ALB detection kits
were purchased fromWuhan Cloud Clone Technology Co., Ltd.,
and TP detection kits were purchased from Shanghai Yuanye
Biotechnology Co., Ltd.

The feeding compliance rate at 7 days after feeding between
the two groups was compared, i.e., the percentage of the
actual feeding amount and the planned feeding amount of the
patient. The planned feeding amount was calculated using the
Nutritional Risk Screening Assessment Form (NRS 2002), and at
the same time, the actual daily feeding amount of the patient was
monitored and recorded.

The incidence of complications, such as gastric retention,
bloating, diarrhea, reflux, vomiting, aspiration, and stress ulcers,
during feeding was compared between the two groups.

The prognostic status of both groups was assessed according
to the Oxford Handicap Score (OHS) and the Glasgow Outcome
Score (GOS). There were four grades of prognostic status: good
prognosis, moderate disability, severe disability or vegetative
survival, and death. The grading criteria of the two tables are
shown in Table 2.
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The scores of the caregivers on the questionnaire on nutrition
knowledge, attitude, and practice of surgical nurses before and
after implementation of evidence-based care were compared.
The scale was publicly published by Kobe (15) in 2006 and

TABLE 2 | The Oxford Handicap Score (OHS) and the Glasgow Outcome Score

(GOS) grading standards.

Prognostic status OHS (score) GOS (score)

Good prognosis ≤1 =5

Moderate disability 2-3 =4

Severe disability or vegetative survival 4-5 2-3

Death 6 =1

was Chineseized by domestic scholars in 2009. A total of
3 entries were included: nutrition knowledge (0–30 scores),
nutrition attitude (20–100 scores), and nutrition practice (12–
60 scores). A total of 20 questionnaires were distributed in this
study and 20 were validly returned, with a valid return rate
of 100%.

Statistical Methods
SPSS 22.0 software was applied, and the measurement
data were expressed as mean±standard deviation
(M ± SD) and were compared by t-test. Count
data were expressed as a ratio (%), and the χ

2 test
was used for comparison. P < 0.05 was considered
statistically significant.

FIGURE 1 | Comparison of serum nutritional index levels between the two groups (M ± SD, g/L). (A) Hb levels (g/L). (B) ALB levels (g/L). (C) TP levels (g/L).

Compared with the same group before enrollment, ①P<0.05; compared with the same group at 1 week after enrollment, ②P<0.05; compared with the control group

at the same time point, ③P < 0.05.
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FIGURE 2 | Comparison of feeding compliance rates between the two groups

(n, %). Compared with the control group, ①P < 0.05.

RESULTS

Comparison of Serum Nutritional Index
Levels Between the Two Groups
At 1 and 2 weeks after enrollment, Hb, ALB, and TP levels were
lower in both groups than before enrollment in the same group
(P < 0.05). At 2 weeks after enrollment, Hb, ALB, and TP levels
were higher in both groups than at 1 week after enrollment in the
same group (P < 0.05). At 1 and 2 weeks after enrollment, Hb,
ALB, and TP levels were higher in the study group than in the
control group (P < 0.05) (Figure 1).

Comparison of Feeding Compliance Rates
Between the Two Groups
At 7 days after feeding, the feeding compliance rate was higher in
the study group (94.67%) than in the control group (70.00%) (P
< 0.05) (Figure 2).

Comparison of Complication Rates
Between the Two Groups
The total complication rate was lower in the study group (8.00%)
than in the control group (16.00%) (P < 0.05) (Figure 3).

Comparison of Prognostic Status Between
the Two Groups
The percentage of good prognosis was higher in the
study group (34.00%) than in the control group (23.33%)
(P < 0.05) (Figure 4).

Comparison of Nutrition Knowledge,
Attitude, and Practice Scores of Caregivers
in the Study Group Before and After Care
Implementation
After the implementation of evidence-based care, caregivers in
the study group scored higher on nutrition knowledge, nutrition
attitudes, and nutrition practices than before the implementation
(P < 0.05) (Figure 5).

DISCUSSION

It has been demonstrated that early enteral nutrition support
applied to critically ill patients can effectively prevent their
secondary injuries and circumvent the occurrence of disability
and death (16). Nevertheless, there are controversies regarding
the nutrition time, the nutrition program, the nutrition
approaches, and the nutrition complications on how to
effectively and safely give early enteral nutrition support (17).
Evidence-based care is an important application of evidence-
based medicine in the field of nursing as a way to improve
nursing practice. It contains four continuums of evidence-based
questions, evidence-based support, evidence-based observation,
and evidence-based application (18). It requires nursing staff to
organically combine the best nursing research evidence currently
available with the personal experience, and skills of the nursing
staff, the actual situation, and the nursing needs of patients.
Through research to guide practice, through research to drive
practice, and then formulate a scientific, effective and complete
nursing program. This study explored the practical value of
enteral nutrition nursing under the guidance of evidence-based
concepts in preventing enteral nutritional complications in
critically ill neurosurgical patients.

According to the evidence of evidence-based medicine (19),
when the intestinal function permits, enteral nutrition support is
given to patients after injury or 1 to 2 days after surgery, which
helps to maintain their intestinal barrier function; according to
the difference in the energy metabolism of patients, the necessary
energy supply is given to the body, which helps to ensure the
nutritional status and immune function of patients. However, the
specific implementation of all these measures is more difficult. In
this study, based on the evidence-based concept, the evidence-
based care team screened high-quality, authentic, reliable, and
practical evidence-based medical evidence through data retrieval
and combined their own clinical experience and skills to develop
and form an enteral nutrition support program for critically ill
neurosurgical patients.

In the study results, at 1 and 2 weeks after enrollment,
Hb, ALB, and TP levels were lower in both the groups than
before enrollment in the same group (P < 0.05); at 2 weeks
after enrollment, Hb, ALB, and TP levels were higher in
both groups than at 1 week after enrollment in the same
group (P < 0.05); at 1 and 2 weeks after enrollment, Hb,
ALB, and TP levels were higher in the study group than in
the control group (P < 0.05) l and at 7 days after feeding,
the feeding compliance rate was higher in the study group
(94.67%) than in the control group (70.00%) (P < 0.05). This
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FIGURE 3 | Comparison of complication rates between the two groups (n, %). Comparison with the control group on the same parameters, ①P < 0.05.

FIGURE 4 | Comparison of prognostic status between the two groups (n, %). No death prognosis in both groups. Comparison with the control group on the same

parameters, ①P < 0.05.

suggests that enteral nutrition support based on evidence-based
concepts can help correct the nutritional status of critically
ill neurosurgical patients. To analyze the possible reasons: the
organs and systems of neurosurgical patients are fragile, but the
function of their small bowel is in a relatively normal state, so
the use of the nasoenteric tube feeding method based on the

evidence-based concept in this study would be more helpful to
promote the effect of enteral nutrition supply than nasogastric
tube feeding method; and the early administration of enteral
nutrition solution and progastric motivational drugs after injury
or 24 h postoperatively in evidence-based care helps maintain the
structural and functional integrity of the gastrointestinal mucosa
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FIGURE 5 | Comparison of nutrition knowledge, attitude, and practice scores of caregivers in the study group before and after care implementation (M ± SD, scores).

Comparison with the same dimension before implementation, ①P < 0.05.

of patients; in terms of nutritional programs, evidence-based
care can provide patients with scientific and reasonable energy
supply programs and contribute to the stabilization of the
metabolic level of the organism and the maintenance of immune
function by enhancing nutritional risk assessment, calculating
energy expenditure and basal consumption at different time
points according to energy metabolic differences of patients, and
controlling the drip rate of nutritional fluids (20).

The application of nasogastric tube feeding for enteral
nutrition support in critically ill neurosurgical patients is
universally effective, but the complications it causes are manifold
(21). It is common to have gastric retention, nausea, vomiting,
reflux, and aspiration, all of which are among the main causes
of feeding intolerance and poor prognosis in patients. In this
study, the total complication rate of the study group was lower
than that of the control group, the percentage of good prognosis
was higher than that of the control group (P < 0.05), the
incidence of moderate and severe disability or vegetative survival
was comparable in both groups, and no death occurred in
either group (P > 0.05). This indicates that the enteral nutrition
method based on an evidence-based concept contributes to
the reduction of enteral nutritional complications and the
improvement of prognosis in critically ill neurosurgical patients.
Analyzing the reasons for this may be related to the fact that
this study took a nasoenteric tube as the nutritional support
route based on evidence-based concepts and was supplemented
with comprehensive care measures for preventing complications.
The application of the nasoenteric tube in this study, which
was delivered to the duodenum and jejunum of the patient
through the pylorus of the stomach, could prevent complications
such as reflux, gastric retention, and aspiration pneumonia.

Elevating the patient’s head could also prevent regurgitation, and
controlling the pumping speed and temperature of the nutrient
solution could protect gastrointestinal function, prevent bloating,
prevent diarrhea, etc. (22). There is also evidence that the start
time of early enteral nutrition support in patients with severe
traumatic brain injury positively correlated with the degree of
neurological improvement and survival (23). In this study, based
on evidence-based concepts, early enteral nutrition given to
patients after injury or 24 h after surgery could promote the
early recovery of nutritional status and neurological function
of patients, so the clinical prognosis was good. In addition,
according to the survey, clinical nurses in China have inadequate
knowledge of nutrition screening and a biased understanding of
the effectiveness of enteral nutrition support. The results of this
study showed that, after the implementation of evidence-based
care, caregivers in the study group scored higher on nutrition
knowledge, nutrition attitudes, and nutrition practices than
before the implementation. This shows that enteral nutrition
nursing under the guidance of the evidence-based concept has
a certain effect in improving the nutritional knowledge, attitude,
and practice level of nursing staff. This may be because, before
the implementation of evidence-based nursing, nurses lacked
relevant nursing knowledge of enteral nutritional complications,
and there were irregular operating procedures, whereas, after
the establishment of the evidence-based care team in the study,
a manual on enteral nutrition for critically ill neurosurgical
patients based on evidence-based evidence was formed, which
provided both evidence resources and dissemination tools for the
management of enteral nutritional complications for critically ill
patients and met the needs of clinical nurses to obtain knowledge
and information.
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CONCLUSION

The implementation of evidence-based nursing interventions
in critically ill neurosurgical patients based on evidence-based
concepts is of great clinical value in correcting their nutritional
status, preventing enteral nutritional complications, improving
prognosis, and enhancing the nutritional knowledge, attitudes,
and practices of nursing staff.
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Background: To search and obtain the relevant evidence of prevention and

management of lower extremity deep venous thrombosis (DVT) after gynecological

malignant tumor operation and to summarize the relevant evidence.

Methods: We searched the JBI evidence summary, up to date, the national

comprehensive cancer network of the United States, the guide library of the

National Institute of clinical medicine of the United Kingdom, PubMed, the Chinese

biomedical literature database, CNKI, Wanfang, and other relevant evidence on the

prevention and management of DVT in patients with gynecological malignant tumors.

It includes clinical practice guidelines, best practice information book, expert consensus,

evidence summary, original research, etc. The retrieval time limit is from database

establishment till August 20, 2021. Two researchers independently evaluated the

literature quality, combined with professional judgment, and extracted the literature that

met the standards.

Results: Finally, 18 literatures were included, including eight guidelines, three evidence

summaries, four systematic evaluations, two expert consensuses, and one best practice

information volume. A total of 26 pieces of the best evidence on the prevention and

management of postoperative venous thrombosis in gynecological malignant tumors

were summarized. It includes risk assessment, drug prevention, mechanical prevention,

management strategy, and health education.

Conclusion: This study summarized the best evidence of risk, prevention, and health

management of DVT in postoperative patients with gynecological malignant tumors to

provide evidence-based basis for clinical nurses and to improve the nursing level.
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INTRODUCTION

According to the latest data released by the international agency
for research on cancer (IARC) (1), the global cancer burden has
risen to 19.3 million new cases and 10million deaths in 2020. The
second leading cause of death in cancer patients is deep venous
thromboembolism (DVT) (2). The incidence of postoperative
DVT in gynecological malignant tumors is as high as 19.6–
38% (3). DVT refers to abnormal coagulation of blood in the
deep vein, which blocks venous lumen and leads to abnormal
venous reflux (4). If it is not found and effectively controlled
in time, it can cause pulmonary embolism and even disability
and death (5). Therefore, the importance of prevention and
management of postoperative deep venous thrombosis (DVT)
in gynecological malignant tumors cannot be ignored. There
are many studies on DVT prevention at home and abroad,
mainly in the form of literature review, and the research method
is relatively single. Although China has published guidelines
for the prevention of thrombotic diseases, there is a lack of
guidelines or best practice manuals for the prevention and
management of postoperative DVT of gynecological malignant
tumors. This study systematically searched the relevant literature
on the prevention and management of postoperative DVT of
gynecological malignant tumors at home and abroad, evaluated,
classified, and summarized the evidence by using the method
of evidence-based nursing, and finally formed the best evidence
to provide references for the prevention and management of
postoperative DVT of gynecological malignant tumors.

MATERIALS AND METHODS

Search Strategy and Selection Criteria
The problem development tool of evidence-based nursing center
of Fudan University was adopted to form evidence-based nursing
problems based on pipost (6). They included the following: (1)
evidence application target population (P): patients with
gynecological malignant tumors after operation; (2) intervention
(I): evaluation, prevention, drug and physical intervention
methods of DVT; (3) professional (P): clinicians and nurses;
(4) outcome (o): incidence of DVT, patients’ cognition of DVT
prevention, and compliance with prevention and management
measures. Acceptance, cognition, and implementation of
evidence by medical staff; (5) setting (s): gynecological ward
and operating room; (6) type of evidence (T): guide, expert
consensus, best practice information book, system evaluation,
and evidence summary.

The evidence retrieval is carried out according to the
“6S” evidence model (7). The databases searched are:
computer search up to date (Chinese version), JBI evidence
summary, National Comprehensive Cancer Network
(NCCN), National Institute for health and care excellence
(NICE), PubMed, Chinese biomedical literature database,
CNKI, Wanfang. The English search subject words are:
“deep vein thrombosis/deep venous thrombosis/venous
thrombosis/deep venous thrombosis/thrombemembolism/”
cancer/ gynecological cancers/gynecological malignant tumors
“risk assessment/assessment/risk factors.”

Inclusion criteria are as follows: the subjects were patients
after radical operation of gynecological malignant tumors,
and the evidence applicable to patients after operation of
gynecological malignant tumors were also included; research
involving evaluation and intervention of DVT; outcome
measures included complications caused by DVT; research types
include evidence summary, best clinical practice information
book, guidelines (2016–2021), expert consensus, systematic
evaluation, etc. The research language is English. Exclusion
criteria include the following: incomplete literature and
information that cannot obtain the full text, where the literature
includes abstract, plan, report, and draft; and studies that did not
pass literature evaluation.

Data Collection
Two researchers with an evidence-based medicine background
independently completed the quality evaluation of the included
literature to determine the inclusion and exclusion criteria of the
literature. In case of disagreement, the evidence-based nursing
team composed of nursing management and gynecological
nursing experts in our hospital shall decide to include or
eliminate the research. After the evidence was extracted, another
researcher carefully checked it again to ensure the accuracy of
the data. When the evidence conclusions from different sources
conflict, the inclusion principle followed in this study is evidence-
based evidence first, high-quality evidence first, and the latest
published guidelines and authoritative literature first (8).

Literature quality evaluation criteria: (1) the guideline adopts
the British clinical guidelines research and evaluation system
(9) (the approval of guidelines for research and evaluation
instrument, agree II) updated in 2012, including 6 independent
fields and 23 items. Grade seven scoring method is adopted (one
means highly disagree and seven means highly agree). The score
of each field is the sum of the scores of each item in the field and
is normalized to the percentage of the highest possible score in
the field. Standardized percentage of each field = (actual score–
minimum possible score)/(maximum possible score–minimum
possible score) × 100%. The higher the score, the higher the
quality of the guide. It is divided into three recommendation
levels: Grade A, and 6 areas with scores ≥ 60%, which is strongly
recommended; Grade B, with scores of 30–60% in at least three
fields, which is recommended; Grade C, with scores ≤ 30 in
at least three fields, which is not recommended temporarily
(9). (2) Expert consensus, systematic evaluation, case-control,
and randomized control were used to evaluate the literature
according to the evaluation criteria of JBI evidence-based health
care center in Australia (2016) (10). The evaluation items of the
evaluation tools of different research types are different, but the
unified evaluation criteria adopted by each item are “yes, no
and unclear”; (3) the quality evaluation of evidence summary is
directly based on the original research literature to classify the
evidence level and the recommendation level, and the quality
evaluation tools for various original studies of the JBI evidence-
based health care center in Australia are used for evaluation (11);
(4) the quality evaluation of clinical decision-making and best
practice can be traced back to the original literature on which the
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evidence is based, and the relevant evaluation criteria are selected
for evaluation according to the literature type.

Statistical Analysis
A network meta-analysis was conducted on the occurrence of
lower extremity deep venous embolism in the perioperative
period of gynecological malignant tumors. We use an extension
of the frequency random-effects model for multiple comparisons.
The network meta-analysis was performed using Stata’s mvmeta
command. We used the raw data in the 2 × 2 table in the
analysis. The odds ratio, risk ratio or ratio, and appropriate
variance are calculated and combined in the analysis to obtain
the overall relative risk. An interaction term is added to the
model to estimate the difference between direct and indirect
evidence results. All potential interactions were tested in an
overall test to determine whether there were any inconsistencies
in our network meta-analysis. The following sensitivity analyses
are planned: each study design, each funding source (whether
industry-sponsored or not), within the first user, and based on
the risk of bias. All statistical analyses were performed using Stata
version 22.0.

RESULTS

Characteristics of Included Studies
A total of 345 relevant literatures were initially retrieved and 18
were finally included, including eight guidelines, three evidence
summaries, four systematic evaluations, two expert consensuses,
and 1 best practice information volume. The PRISMA flow
diagram is shown in Figure 1. The relevant information of the
included literature is shown in Table 1 (1, 6, 12–29). A total of
8 guidelines (12–18, 30) were included in this study, including
two from the national comprehensive cancer network of the
United States, two from the guide library of the National Institute
of clinical medicine of the United Kingdom, two from PubMed,
and two from HowNet. The quality evaluation results of the
guidelines are shown in Table 2 (1, 3, 5, 6, 12–15).

Four systematic reviews (19–21, 28) were included in this
study, including one (19) from PubMed, two (20, 28) from
the Cochrane Library, and one (21) from MEDLINE. Among
the systematic evaluation quality evaluation results by Insin et
al. (19), only the evaluation result of item seven “whether the
proposed further research direction is appropriate” is “unclear,”
and the evaluation results of other items are “yes”. In the
systematic evaluation quality evaluation results by Hajibandeh
et al. (20), only the evaluation result of Item nine “whether to
evaluate the possibility of publication bias” is “no,” and other
items are “yes” (Kahn et al. and Pavon et al.). Only in Item four
“is the retrieved database or resources sufficient?” the evaluation
result is “no,” and the evaluation result of other items is “yes.” The
overall quality evaluation is high. Two expert consensuses articles
(1, 25) were included in this study and derived from HowNet
(1) and Wanfang medical database (25), and their quality was
evaluated according to the standards of the JBI evidence-based
practice center in Australia. All the item options of the two items
were “yes.” One best practice manual from JBI and three evidence
summaries from JBI are traced back to the original literature,

including one guide and two systematic reviews. One guideline
(13) coincides with the literature included in this study, and
the evaluation result of item four of the remaining systematic
evaluation is “no” and the rest is “yes”; one item nine evaluation
result of the article is “no,” and the rest is “yes”.

By summarizing the evidence of prevention and management
of venous thromboembolism after gynecological malignant
tumor operation, 26 pieces of evidence were formed from
five aspects: risk assessment, drug prevention, mechanical
prevention, management strategy, and health education. In this
study, the evidence classification and evidence recommendation
level system of JBI evidence-based health care center in Australia
(2014) (26) was used to divide the evidence level included in
this study into five levels 1–5. According to the preciseness and
scientificity of the research design, the recommendation level was
divided into A-level recommendation (strong recommendation)
and B-level recommendation (weak recommendation).

Risk Assessment
Evidence 1–3 summarizes the methods, contents, and high-
risk factors of postoperative DVT evaluation of gynecological
malignant tumors. The commonly used VTE risk evaluation
tool caprini (1) scoring scale is used to calculate the total score
through risk factors and assignment. The risk is divided into low
risk (0–1), medium risk (2), high risk (3–4), and very high risk
(≥5). Caprini thrombus risk assessment scale is used to assess
high-risk groups, and its sensitivity and specificity should be
improved. At present, most risk assessment tools are based on
retrospective analysis, and a large sample prospective research is
needed in the future.

Evidence 4–6 summarizes the evaluation methods of DVT,
including imaging evaluation, test evaluation, and clinical
performance evaluation. The typical clinical manifestations of
DVT are swelling and pain of the affected limb, and then
changes in limb skin color and temperature (not all patients
have the above symptoms). The preferred imaging method for
the preliminary diagnosis of DVT is Doppler ultrasound. The
routine laboratory examination indexes are D-dimer and protein
C/s activity. If the patient has no clinical manifestations related
to DVT and if the D-dimer test is negative, unstable, or active
DVT can be excluded (22). Mastering the methods and contents
of evaluation is of great significance to effectively prevent and
manage the occurrence of postoperative DVT of gynecological
malignant tumors.

Evidence 7–10 summarizes the methods of DVT drug
prevention for gynecological malignant tumors. Drug prevention
should be considered when the risk of thrombosis is greater
than the risk of bleeding (17). About 2–12 h before operation,
the highest dose of low molecular weight heparin (13) was used
to prevent postoperative venous thromboembolism in patients
with gynecological malignant cancer without relevant treatment
contraindications (12).

The use of low molecular weight heparin for gynecologic
malignancies after laparotomy and laparoscopy was extended to 4
weeks (for patients with a high risk of venous thromboembolism
and a low risk of bleeding) (13). The high incidence period
of DVT is the first 6 months after cancer diagnosis. Once
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FIGURE 1 | PRISMA flow diagram for the meta-analysis.

patients with gynecological malignant tumors are diagnosed with
DVT, anticoagulant therapy should be started immediately (25).
Therefore, early assessment and detection of risk factors of DVT
and timely adoption of effective drug prevention can effectively
reduce the incidence of DVT.

Evidence 11–15 summarizes the methods of mechanical
prevention of DVT in gynecological malignant tumors,
including intermittent pneumatic compression (IPC), plantar
venous pump (VFP), neuromuscular electrical stimulation

(20), and graded compression stockings (GCS). If there is no
contraindication, it is recommended that the patient can use the
portable intermittent pneumatic compression (IPC) on both legs
until the end of the operation. IPC is preferred to patients with
high bleeding risk. GCS is preferred and worn all day. Different
models are selected according to the diameter of lower limbs,
and grade I pressure is preferred. During the GCS period, the
temperature, blood supply, dorsalis pedis artery pulsation, limb
sensation, and leg circumference of patients’ lower limb skin
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TABLE 1 | General information included in the literature.

Number Included literature Research topics Nature of evidence Database source Publication time

1 NCCN (1) GLOBOCAN Estimates of

Incidence

Guide NCCN 2021

2 Farge et al. (12) Treatment and prophylaxis

of venous

thromboembolism

System evaluation Pubmed 2019

3 Liew et al. (13) Asian venous

thromboembolism

guidelines

System evaluation Pubmed 2017

4 Wade et al. (14) Graduated compression

stockings for the prevention

of deep-vein thrombosis

System evaluation JBI 2015

5 NICE (15) Reducing the risk of

hospital-acquired deep vein

thrombosis

Guide NICE 2019

6 Streiff et al. (16) Cancer-associated venous

thromboembolic disease

System evaluation Pubmed 2018

7 Wu and Cheng (17) Analysis of perioperative risk

factors

System evaluation Pubmed 2020

8 Guo et al. (18) Coagulation alteration and

deep vein thrombosis

System evaluation Medline 2018

9 Insin et al. (19) Prevention of venous

thromboembolism

System evaluation Cochrane Library 2021

10 Hajibandeh et al. (20) Prevention of venous

thromboembolism

System evaluation Pubmed 2017

11 Pavon et al. (21) Effectiveness of intermittent

pneumatic compression

devices

System evaluation Cochrane Library 2016

12 Buesing et al. (22) Deep venous thrombosis

and venous

thromboembolism

prophylaxis

System evaluation MedLine 2015

13 Lieberman (23) Deep vein thrombosis

prophylaxis

System evaluation JBI 2018

14 Fan et al. (24) Perioperative prevalence of

deep vein thrombosis

System evaluation JBI 2020

15 Li et al. (25) Incidence and locations of

deep venous thrombosis

System evaluation Pubmed 2020

16 Matsusaki et al. (26) Central venous thrombosis

and perioperative vascular

access

System evaluation Cochrane Library 2012

17 NCCN (6) Deep vein thrombosis and

serum D-dimer

Guide NCCN 2020

18 Gantz et al. (27) Incidence and cost in

emergency general surgery

System evaluation Pubmed 2020

were evaluated every day, and the integrity and flatness of GCs
were regularly checked to ensure the effectiveness of pressure
(1). Inferior vena cava (IVC) can be prevented in patients
with acute proximal lower extremity DVT who are absolutely
contraindicated by anticoagulant treatment. The temporary or
recyclable filter is preferred, and the filter shall be taken out in
time after the risk of PE is relieved (13). The use of inferior vena
cava filters is not recommended for routine prevention (29).

Although the latest version of the guidelines for the diagnosis
and treatment of DVT (Third edition) in China affirms
the role of mechanical and drug prevention, according to

the investigation on the implementation status of DVT risk
assessment and prevention in general surgery conducted by
Shanghai DVT prevention and control alliance in 2019, the
risk assessment rate of DVT in general surgery is only 61.9%,
It can be reflected from the side that the risk assessment and
prevention implementation of DVT in China need to be further
improved (27).

Evidence 16 indicates that when patients with malignant
tumors are diagnosed with DVT, the initial treatment is to
use low molecular weight heparin (LMWH) (24) when the
creatinine clearance rate is ≥30 ml/min. When treating venous

Frontiers in Surgery | www.frontiersin.org 5 March 2022 | Volume 9 | Article 841275388

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Hu et al. DVT in Gynecological Malignant Tumors

T
A
B
L
E
2
|
Q
u
a
lit
y
e
va
lu
a
tio

n
re
su

lts
in
c
lu
d
e
d
in

th
e
g
u
id
e
lin
e
s.

In
c
lu
s
io
n

S
c
o
p
e
a
n
d

R
ig
o
r
o
f

C
la
ri
ty

a
n
d

E
d
it
o
ri
a
l

N
u
m
b
e
r
o
f

≥
3
0
%

R
e
c
o
m
m
e
n
d
a
ti
o
n

g
u
id
e
li
n
e
s

p
u
rp
o
s
e

P
a
rt
ic
ip
a
n
ts

p
ro
d
u
c
ti
o
n

c
la
ri
ty

A
p
p
li
c
a
b
il
it
y

in
d
e
p
e
n
d
e
n
c
e

fi
e
ld
s

≥
6
0
%

(P
C
s
.)

fi
e
ld
s

le
v
e
l

N
C
C
N
(1
)

9
8
.3
2

8
8
.7
4

9
0
.4
3

9
3
.3
4

9
1
.6
5

1
0
0

6
6

A

F
a
rg
e
e
t
a
l.
(1
2
)

1
0
0

8
9
.6
7

1
0
0

9
8
.7
8

9
7
.9
1

1
0
0

6
6

A

L
ie
w

e
t
a
l.
(1
3
)

8
7
.5
1

5
6
.3
8

8
6
.2
8

7
8
.4
1

8
6
.5
2

4
8
.8
2

4
6

B

W
a
d
e
e
t
a
l.
(1
4
)

9
7
.2
2

8
8
.8
9

5
8
.3
1

6
7
.8
7

4
2
.1
6

6
8
.5
2

3
6

B

N
IC
E
(1
5
)

7
8
.4
8

8
9
.6
4

4
6
.7
8

8
4
.2
3

5
8
.3
3

4
3
.1
5

3
6

B

N
C
C
N
(6
)

7
6
.9
1

6
1
.9
1

6
8
.3
8

7
7
.6
2

7
3
.7
2

8
9
.2
3

6
6

A

N
ic
kl
a
s
e
t
a
l.
(3
)

8
7
.8
1

5
8
.7
2

9
5
.4
2

7
4
.1
2

8
2
.4
7

8
8
.4
8

5
6

B

A
u
fw
e
rb
e
r
e
t
a
l.
(5
)

9
3
.3
2

7
8
.7
2

8
7
.2
8

6
7
.4
3

7
3
.3
4

5
6
.5
2

5
6

B

thromboembolism in cancer patients, low molecular weight
heparin or direct oral anticoagulant drugs should be used for at
least 6 months (28).

Evidence 18–19 summarize the need to manage the
risk of bleeding when deciding to use anticoagulants for
thromboprophylaxis. When the patient’s condition worsens,
different anticoagulant drugs are replaced, and surgery is
performed, the bleeding risk needs to be reassessed and
corresponding management measures should be taken (19).
Patients with gynecological malignant tumor DVT should
receive anticoagulant therapy for at least 3–6 months,
and patients with DVT combined with PE should receive
anticoagulant therapy for at least 6–12 months. For patients with
persistent DVT risk factors, indefinite anticoagulation should be
considered (16).

Evidence 17 summarizes the bleeding management.
When the patient has bleeding during anticoagulation, it
is necessary to immediately ask the time of the last use of
anticoagulant drugs, test the blood creatinine clearance and
hemoglobin to quickly evaluate the coagulation function,
and take corresponding treatment measures according to
the severity of bleeding and the individual situation of the
patient (18).

Evidence 20–21 summarize the health education on DVT
prevention and management of gynecological malignant tumors,
explain the relevant knowledge of thrombosis prevention to
patients, and guide patients to develop scientific and reasonable
eating habits and healthy lifestyle, such as quitting smoking
and alcohol, controlling blood glucose and blood lipid (14).
These evidence encourage patients to move and get out of bed
early after operation, guide patients to exercise ankle pump to
promote lower limb blood circulation, and remind patients to
pay attention to the use of bed bars to prevent falling off the
bed (19).

Evidence 22–23 summarizes the appropriate rehydration
of postoperative patients, educating patients to drink
1,500–2,500 ml/day to avoid blood concentration (14).
The upper limb with PICC catheterization side can relax
and clench to promote the blood circulation of the upper
limb (13).

Evidence 24–26 summarize the health education related to
mechanical prevention, inform patients and family members
of the risks and consequences of DVT and the necessity of
taking mechanical preventive measures, and guide the correct
application of mechanical pre-treatment methods, precautions,
possible adverse reactions, and response plans. If GCS is used,
it is recommended to wear it both during the day and at
night. GCS has to be taken off every day for limb evaluation,
such as skin cleanliness, temperature, dorsalis pedis artery
pulsation, limb sensation, and leg circumference (23). The
flatness and integrity of GCs surface to ensure the effectiveness
of pressure has to be regularly checked. Even if relevant
preventive measures are implemented, the risk of DVT will
be greatly reduced, but it cannot be completely avoided.
Therefore, clinical doctors need to take individualized health
education according to the different conditions of patients with
gynecological malignant tumors to improve their quality of life
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and treatment compliance, and also to reduce the incidence of
venous thrombosis.

DISCUSSION

Deep venous thrombosis is a frequently occurring disease with
multiple factors and polygenic defects. It is a disease with high
mortality. This study analyzed the risk factors of perioperative
DVT patients with gynecological malignant tumors in China. It
plays an important role in determining high-risk groups of DVT,
implementing individualized prevention strategies, and reducing
incidence rate and mortality. The clinical manifestations of DVT
patients are non-specific, and this makes clinicians ignore the
severity of their condition. This study shows that the most
common clinical manifestations of DVT are swelling and pain of
affected limbs, up to 68.23%. It is pointed out in the literature
at home and abroad that the peripheral diameter of the lower
leg should be measured when diagnosing DVT. Nicklas et al.
(3) even proposed that the difference in the circumference of
both legs I > 2 cm can be used as a clinical sign of DVT,
which has high diagnostic sensitivity. Therefore, it is suggested
that measuring the leg circumference in clinical work is also an
inspection method that cannot be ignored.

In addition, the results of this study showed that when
DVT had pulmonary symptoms, the main manifestations were
dyspnea, chest pain, cough, and rapid heart rate. However,
patients with pulmonary embolism are often complicated with
some respiratory and cardiovascular diseases, and the symptoms
and signs are lack of specificity. So it is difficult to distinguish
the real cause of the patient and easy to miss diagnosis or
misdiagnose. At present, clinical practice has confirmed that
only 20% of patients with the traditional triple syndrome of
pulmonary embolism (dyspnea, chest pain, and hemoptysis) exist
at the same time. In addition, more patients with DVT and
PE are asymptomatic, or their clinical symptoms and signs lack
specificity, which makes the diagnosis difficult. Therefore, we
should pay attention to risk factors and combine correct auxiliary
examinations to diagnose DVT.

Risk Factors of DVT
Previous studies have found that the three elements of the
pathogenesis of DVT are slow blood flow, abnormal blood
composition, and venous endothelial injury. Therefore, in the
perioperative period of gynecological malignant tumors, any
etiology causing these three factors can lead to DVT, including
primary and secondary. In addition to age, which has been
proved to be an independent and important risk factor for DVT,
there are also many risk factors. This study found that among the
risk factors of DVT, age >40 years old ranked first, suggesting
that the incidence of DVT after 40 years old increased. This
may be associated with increasing age. Rough vascular intima,
increased chance of endothelial damage, increased production of
procoagulant substances, and hypercoagulability are also closely
related to the occurrence of DVT. Especially in patients with
hypertension, hyperlipidemia, diabetes, coronary heart disease,
cancer, etc. In addition, it may also be related to the increase of
blood viscosity and the change of gonadotropin sex hormone.

The results of this study show that the clear risk factors that
can be found in patients with DVT also include surgery,
smoking, heart disease, malignant tumor, hypertension, trauma,
bed rest, previous DVT history, etc., and some patients have
more than two risk factors, suggesting that multiple risk factors
are synergistic and superimposed, which is more likely to lead
to thrombosis.

The results of this study showed that the DVT related to
surgery accounted for 27.51%. Preoperative fasting, anesthesia,
long-term postoperative braking, and surgical trauma can affect
limb movement, resulting in slow venous blood flow, and
the damage of vascular wall can promote the adhesion and
aggregation of platelets. Trauma, blood loss, and hypoxia can
activate the coagulation system as stressors, which is conducive
to thrombosis. Smoking was also a common risk factor in
this study (18.56%). A large number of studies have shown
that smoking is related to a variety of thrombotic diseases.
Smoking can increase platelet activity and enhance platelet
aggregation, where the level of fibrinogen in smokers increases.
At the same time, carbon monoxide and nicotine produced by
smoking can directly damage vascular endothelium and affect
the antithrombotic effect of endothelium. The risk factors of
heart disease include congenital heart disease, angina pectoris,
and myocardial infarction, and can promote the occurrence
of DVT. Studies have shown that the activation of platelet
and coagulation system and fibrin renewal are significantly
accelerated, coagulation factors are increased, and anticoagulants
are reduced. Patients with cardiac insufficiency are blocked by
venous reflux, causing blood stasis and DVT.

The relationship between malignant tumor and thrombosis
is close and complex. DVT is not only a common complication
of tumor patients, but also a sign and signal of occult
tumor, which can provide opportunities for early diagnosis
and treatment of tumor patients. Tumor can not only secrete
procoagulant substances to promote platelet aggregation and
release, but also secrete fibrinolytic activity inhibitors, resulting in
hypercoagulable state. Some chemotherapeutic drugs can cause
the deficiency of protein C and protein S and the decrease of
antithrombin. In addition, tumor compression on blood vessels,
long-term bed rest, and other factors can promote the formation
of DVT. A high proportion of patients included in this study were
found to have tumors, which once again confirmed the obvious
correlation between tumors and DVT.

Long-term bed rest is the most important risk factor for
DVT. Some studies have pointed out that the detection rate of
DVT is only 15% in those who stay in bed for <1 week, and
higher than 80% in those who stay in bed for more than 1 week.
Due to the loss of the function of muscle pump, local blood
flow stagnates in bedridden patients, causing venous dilatation,
vascular endothelial injury, and coagulation factor accumulation
activating the coagulation system and promoting the formation
of thrombosis. The results of this study showed that 6.59% of
DVT patients had bedridden factors. The previous history of
DVT is one of the common risk factors for DVT recurrence,
especially when these patients are in the period of major surgery
or serious medical diseases requiring hospitalization. According
to literature reports, the risk of DVT in hospitalized patients
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with a previous history of PTE or DVT was 7.9 times that
of general hospitalized patients. In the 6-month course of
DVT anticoagulation, the recurrence rate of DVT was twice
that of patients without previous history of DVT. Diabetes
and hypertension can lead to vascular endothelial cell injury,
platelet activation, coagulation, fibrinolytic system imbalance,
hypercoagulability state, thereby inducing the formation of DVT.
Infection and rheumatic diseases can cause vascular endothelial
injury, which creates favorable conditions for thrombosis.
Polycythemia vera and primary thrombocytosis in hematological
diseases can cause the blood to be in a state of high viscosity,
resulting in slow blood flow and thrombosis.

In addition to the acquired risk factors, DVT also has genetic
risk factors, including antithrombin deficiency, protein C, and
protein S genetic deficiency. In recent years, it has been reported
that the genetic risk factors of DVT are mainly coagulation
factor V mutation and activated protein C resistance. Wang’s
study shows that FV Leiden mutation exists in the normal
population of China. The relationship between FV Leiden, anti-
APC, and venous thrombosis in China needs further study in
the future. This study summarizes the characteristics of DVT
patients in China, which is of great significance to understand
and control venous thrombosis. It is an important strategy to be
alert to risk factors, recognize the characteristics of clinical signs,
and use accurate examination methods to diagnose DVT. Early
correction of risk factors and early intervention and treatment are
key factors to prevent DVT and reduce the mortality of patients.

Clinical Implications of the Study
This article summarizes the current prevention and management
of DVT in postoperative patients with gynecological malignant
tumors, which provides evidence basis for clinical nurses and

nursing managers. In the process of evidence application, we
need to fully consider the specific situation of departments
and the intention of patients. Most of the literatures included
in this study are in foreign languages. Due to different
regions, values, and medical levels, clinical nurses must be
able to use the same principle according to the feasibility,
suitability, clinical significance, and effectiveness of the
evidence (26).

CONCLUSION

Before the application of evidence, it is verified in practice
according to the applicability and popularization of evidence.
We should comprehensively evaluate patients’ self-care
ability, understanding ability, and coagulation function
and then formulate personalized DVT prevention and
management measures to improve patients’ compliance,
and finally effectively apply the best evidence to
clinical practice.
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Objective: To analyze the risk factors associated with the development of placenta

praevia (PP) in first-time pregnant patients and to observe the perinatal clinical outcomes

of patients.

Methods: The clinical data of 112 pregnant women with PP (PP group) and 224

pregnant women with normal placental position (general group) who delivered in our

hospital from August 2016 to August 2021 were retrospectively analyzed. Baseline

demographic data such as age, gestational week, uterine history, assisted reproductive

technology use, pregnancy comorbidities, pre-pregnancy body mass index (BMI),

smoking, alcohol consumption, placental position, educational level, work were collected

from both groups, and logistic regression models were used to analyze the factors

influencing the occurrence of PP in patients with first pregnancy. Perinatal outcomes such

as implementation of hemostatic treatment (uterine balloon compression, arterial ligation,

and B-Lynch suture), maternal postpartum related indicators (amount of postpartum

bleeding, incidence of postpartum hemorrhage, blood transfusion rate, blood transfusion

volume, and length of hospital stay), and neonatal condition (birth weight, Apgar score

at 1 and 5min after birth) were counted and compared between the two groups.

Results: Histories of endometriosis, use of assisted reproductive technology, and

smoking or secondhand smoke inhalation were all high risk factors for PP in patients

with first pregnancies, and the proportion of maternal and neonatal adverse outcomes

was significantly higher in the PP group than in the general group (P < 0.05).

Conclusion: Histories of endometriosis, smoking (secondhand smoke), and use of

assisted reproductive technologies are independent risk factors for PP in patients with

first pregnancies, which can increase the risk of labor and death of the newborn.
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PREFACE

Placenta praevia (PP) is one of the most common conditions
causing vaginal bleeding during pregnancy and usually occurring
after 28 weeks of gestation. It means that the lower edge of
the placenta is attached to the lower part of the uterus or
reaches (covers) the inner cervical os and the edge of the
placenta is lower than the fetal presentation (1). According to
the literature, the incidence of PP shows an increasing trend
year by year with the increase of cesarean section rate, abortion
rate, and uterine operations (2–4). The presence of PP can
increase the risk of maternal hemorrhage in late pregnancy,
during labor, and in the postpartum period, and in severe cases
can lead to hemodynamic instability, reduced oxygen supply, and
organ damage causing emergency unscheduled surgery requiring
massive blood transfusion; it can also produce serious symptoms
such as disseminated intravascular coagulation and multiple
organ dysfunction syndrome, which are the main causes of
maternal and perinatal death (5, 6).

The exact pathogenesis of PP has not yet been elucidated.
Some studies (7–9) suggest that it may be related to damage
to the endometrial layer of the uterus due to multiple cesarean
sections, multiple abortions, multiple curettage and other uterine
operations, and poor blood supply to the placenta during
pregnancy; it may also be related to abnormalities in the
placenta itself in pregnant patients; it may also be related to

TABLE 1 | Univariate analysis of PP in first-time pregnant patients [mean, SD (n, %)].

Indicators PP group (n = 112) General group (n = 224) t/χ2-value P-value

Age (years old) 29.46 ± 6.43 30.21 ± 5.22 1.147 0.252

Week of gestation (weeks) 36.26 ± 3.23 35.48 ± 4.51 1.632 0.104

History of uterine fibroids Yes 7 (6.25) 4 (1.79) 4.699 0.030

No 105 (93.75) 220 (98.21)

History of endometriosis Yes 13 (11.61) 8 (3.57) 8.229 0.004

No 99 (88.39) 216 (96.43)

Application of assisted reproductive technology Yes 10 (8.93) 7 (3.13) 5.236 0.022

No 102 (91.07) 217 (96.87)

Combined gestational hypertension Yes 8 (7.14) 17 (7.59) 0.022 0.883

No 104 (92.86) 207 (92.41)

Combined gestational diabetes Yes 7 (6.25) 15 (6.70) 0.024 0.876

No 105 (93.75) 209 (93.30)

Pre-pregnancy BMI (kg/m2) 23.37 ± 4.33 24.21 ± 3.58 1.888 0.060

Drinking Yes 35 (31.25) 43 (19.20) 6.086 0.014

No 77 (68.75) 181 (80.80)

Smoking (second-hand smoke) Yes 63 (56.25) 82 (36.61) 11.744 0.001

No 49 (43.75) 142 (63.39)

Placental position Anterior 45 (40.18) 116 (51.79) 4.031 0.045

Posterior 67 (59.82) 108 (48.21)

Educational level Primary and below 16 (14.29) 29 (12.95) 0.762 0.683

Junior - Senior 40 (35.71) 91 (40.63)

University and above 56 (50.00) 104 (46.43)

Work Practitioners 69 (61.61) 130 (58.04) 0.394 0.530

None 43 (38.39) 94 (41.96)

the advanced age of the pregnant woman, history of multiple
pregnancies and multiple deliveries. In addition, as the frequency
of assisted reproductive techniques such as in vitro fertilization-
embryo transfer increases in infertile patients, the use of
ovulation-promoting drugs may also cause the placenta to
develop asynchronously with the endometrium, leading to the
development of PP. In recent years, the incidence of PP has
increased, so it is significant to explore the risk factors associated
with the occurrence of PP to reduce the occurrence of adverse
maternal and perinatal outcomes (10). However, most of the
current studies are on the risk factors associated with the
development of PP in patients with a history of prior pregnancy
and delivery (11, 12), and there are few reports on the factors

TABLE 2 | Assignments.

Influencing factors Assignment

History of uterine fibroids Yes = 0, no = 1

History of endometriosis Yes = 0, no = 1

Application of assisted reproductive technology Yes = 0, no = 1

Posterior placenta Yes = 0, no = 1

Smoking (secondhand smoke) Yes = 0, no = 1

Alcohol consumption Yes = 0, no = 1
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influencing the development of PP in first-time pregnant women
and the perinatal clinical outcomes. Clinical data show (13)
that the incidence of PP in first-time pregnant patients is also
increasing year by year, and the etiology is unclear. Based on
this, this study analyzed the influencing factors related to the
occurrence of PP in first-time pregnant patients and observed
the perinatal outcomes such as the implementation of hemostatic
treatment, maternal related indicators, and neonatal conditions
in both groups. The aim was to identify high-risk factors early so
that close monitoring during pregnancy, and active prevention of
related complications intraoperatively and postpartum.

DATA AND METHODS

Study Population and Grouping
Retrospective analysis of the clinical data of patients who
delivered by cesarean section in our hospital from August 2016
to August 2021. Diagnostic criteria (14) for PP: placenta attached
to the lower uterine segment reaching or covering the internal
cervical os after 28 weeks of gestation and positioned below
the previa; also intraoperative diagnosis based on the position

of the placenta. Inclusion criteria: (1) 28 weeks < pregnancy
time < 41 weeks; (2) first pregnancy; (3) singleton with normal
fetal position; (4) cesarean section to termination pregnancy;
(5) complete case information; (6) meets the diagnostic criteria
for PP. Exclusion criteria: (1) patients with previous history of
miscarriage, cesarean section, or pregnancy; (2) patients with
hematologic disorders, malignant tumors, or infectious diseases;
(3) previous or existing mental disorders. A total of 336 cases
were included in the study, of which 112 pregnant women with
PP were counted in the PP group and 224 pregnant women with
normal placenta position were counted in the general group.

Clinical Data Collection
Age, gestational week, uterine history (fibroids, endometriosis),
assisted reproductive technology use (yes, no), pregnancy
comorbidities (gestational hypertension, gestational diabetes),
pre-pregnancy body mass index (BMI), smoking (including
secondhand smoke, yes, no), alcohol consumption (yes, no),
placental position (anterior, posterior), educational level
(Primary and below, Junior–Senior, University and above), work
(practitioners, none), and other information. Perinatal outcomes

TABLE 3 | Multifactorial analysis of PP in first-time pregnant patients.

Indicators B SE Walds P OR (95% CI)

History of uterine fibroids 0.316 0.213 3.058 0.160 1.372 (0.903∼2.082)

History of endometriosis 1.324 0.622 32.247 <0.001 3.758 (1.111∼12.719)

Application of assisted reproductive technology 1.225 0.438 35.158 <0.001 3.404 (1.443∼8.032)

Posterior placenta 0.717 0.634 2.331 0.324 2.048 (0.591∼7.097)

Smoking (secondhand smoke) 1.052 0.413 16.138 <0.001 2.866 (1.276∼6.440)

Alcohol consumption 0.531 0.463 3.423 0.152 1.701 (0.686∼4.214)

FIGURE 1 | Histogram of the implementation of hemostatic measures in both groups. # indicates comparison between two groups, P < 0.05.
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such as implementation of hemostatic treatment (uterine balloon
compression, arterial ligation, and B-Lynch suture), maternal
postpartum related indicators (amount of postpartum bleeding,
incidence of postpartum hemorrhage, blood transfusion rate,
blood transfusion volume, and length of hospital stay), and
neonatal condition (birth weight, Apgar score at 1 and 5min
after birth) were also counted in both groups.

Statistical Methods
SPSS 20.0 was used for data processing and analysis, and
patients’ past medical history, comorbidities, and other count
data were described by descriptive statistics such as frequency
and percentage (n, %), and the χ

2 test was used for comparison
between two groups. Patients’ age, BMI and other measurement

data were described by statistical indicators such as mean
and standard deviation (meam, SD), and t-test was used
for comparison between two groups. A multifactorial logistic
regression model was used to analyse the risk factors associated
with the development of PP in first-time pregnant patients. The
difference was considered statistically significant at P < 0.05.

RESULTS

Univariate Analysis of PP in First-Time
Pregnant Patients
A comparison of the clinical data of pregnant women in
the PP group with those in the general group showed that

FIGURE 2 | (A–E) Histogram of maternal postpartum conditions in both groups. # indicates comparison between two groups, P < 0.05.
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the proportions of history of uterine fibroids, history of
endometriosis, application of assisted reproductive technology,
posterior placenta, smoking (secondhand smoke), and alcohol
consumption were significantly higher in the PP group compared
with the general group (P < 0.05). In contrast, there were
no statistically significant differences between the two groups
in terms of age, gestational week, combined gestational
hypertension, combined gestational diabetes, pre-pregnancy
BMI, education level, and whether or not they worked (P > 0.05),
as shown in Table 1.

Multifactorial Analysis of PP in First-Time
Pregnant Patients
The presence or absence of PP in patients with first pregnancy
was used as the dependent variable (Assignment: yes= 0, no= 1),
and the indicators that differed in the univariate analysis, such as
history of uterine fibroids, history of endometriosis, application
of assisted reproductive technology, posterior placenta, smoking
(secondhand smoke), and alcohol consumption were used as
independent variables (see Table 2 for assignments) into a
multifactorial logistic regression model. The results showed that
history of endometriosis, application of assisted reproductive
technology, and smoking (secondhand smoke) were independent
risk factors for the development of PP in patients with first
pregnancy (P < 0.05, Table 3).

Comparison of the Implementation of
Intraoperative Hemostatic Treatment in the
Two Groups
The probability of patients in the PP group having intraoperative
haemostatic treatments such as intrauterine balloon
compression, arterial ligation, B-Lynch suture and local
figure-of-eight suture was 9.82% (11 cases), 7.14% (8 cases),
6.25% (7 cases), and 33.04% (37 cases), respectively. In the
general group, the probabilities were 1.34% (3 cases), 2.23%
(5 cases), 3.13% (7 cases), and 21.43% (48 cases), respectively.
This shows that the proportion of hemostatic measures such
as uterine balloon compression, arterial ligation, and local
figure-of-eight sutures performed was significantly higher in the
PP group than in the general group (P < 0.05; see Figure 1).

Comparison of Postpartum Conditions
Between the Two Groups
Postpartum hemorrhage (a), postpartum hemorrhage rate (b),
blood transfusion rate (c), blood transfusion volume (d), and
hospital stay (e) were significantly at higher levels in the PP
group when compared with the general group (P < 0.05,
Figures 2A–E).

Comparison of Neonatal Conditions
Between the Two Groups
Neonatal birth weight (a), 1-min Apgar score (b), and 5-min
Apgar score (c) were significantly lower in the PP group when
compared with the general group (P < 0.05, Figures 3A–C).

FIGURE 3 | (A–C) Histogram of neonatal conditions in both groups.
# indicates comparison between two groups, P < 0.05.

DISCUSSION

PP is a common and serious complication of pregnancy and is
one of the main causes of maternal hemorrhage in the second
trimester, and can also cause maternal postpartum hemorrhage,
amniotic fluid embolism, and other adverse events (15, 16).
In addition, studies (17, 18) have shown that the incidence of
preterm fetal delivery and low birth weight fetuses is significantly
higher in women with PP than in those with normal placental
position, which shows that the occurrence of PP can also increase
the risk of adverse neonatal outcomes, bring serious adverse
effects to the family and society. Therefore, it is particularly
important to investigate the risk factors associated with the
occurrence of PP to reduce the occurrence of adverse maternal
and infant outcomes. The current literature (19, 20) mostly
examines risk factors for the occurrence of PP in transmaternal
women with childbirth history, such as history of miscarriage,
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history of cesarean delivery, and age. However, reports on the
risk factors associated with the development of placenta previa
in first-time pregnant patients are rare. Based on the purpose of
clarifying the etiology of placenta previa in first-time pregnant
women, this study was conducted to observe 336 pregnant
women admitted to our hospital as follows.

History of Endometriosis
This study found that first-time pregnant patients with a history
of endometriosis were 3.25 times more likely to develop PP
than pregnant women without a history of endometriosis. The
results of logistic multivariate analysis indicated that history
of endometriosis was an independent risk factor for the
development of PP in first-time pregnant patients. Analysis of
the reasons for this may be the presence of pelvic adhesions
in patients with endometriosis, an abnormally fixed position
of the uterus, restricted mobility of the uterus or abnormal
contraction of the uterine musculature, which in turn leads to
the downward displacement of the placenta to form PP (21). It
has been suggested (22) that endometriosis can alter endometrial
properties and affect the expression of various factors, especially
during the period of placental implantation. It has also been
shown (23) that proper progesterone levels play an important
role in regulating the endometrium and that endometriosis can
cause progesterone resistance, which can lead to the development
of PP.

Application of Assisted Reproductive
Technology
The results of this study found that the use of assisted
reproductive technology was an independent risk factor for
PP in first-time pregnant patients (OR: 3.404, 95% CI: 1.443–
8.032). With the widespread application of assisted reproductive
technology in clinical practice, the risk of pregnancy related to
it has gradually attracted people’s attention, and most of the
people who use assisted reproductive technology are older, have a
history of endometriosis, and have a history of chronic salpingitis
(24). In addition to related confounding factors, the application
of assisted reproductive technology often requires the use of
ovulation-stimulating drugs to change the level of sex hormones
in the patients, which may lead to dysregulated or uncontrolled
expression of genes related to endometrial turnover, making the
asynchrony between endometrial and embryonic development
more pronounced and resulting in the formation of PP (25, 26).
It has also been suggested (27) that during implantation of
the embryo through the mid-uterine cavity using mechanical
methods, the transfer tube causes prostaglandin release during
passage through the cervical os, leading to uterine contraction,
which may result in implantation of the placenta in the lower
uterine segment, significantly increasing the probability of PP.

Smoking or Inhalation of Second-Hand
Smoke
Whether smoking or inhalation of secondhand smoke is a risk
factor for PP has been controversial in previous national and

international studies. A study by Hung et al. (28) confirmed
that the risk of PP due to smoking or passive smoking is 2.2
times higher than that of non-smoking or passive smoking. The
results of this study showed that smoking or secondhand smoke
inhalation was an independent risk factor for PP in first-time
pregnant patients (OR: 2.866, 95% CI: 1.276–6.440). Analyzing
the reasons for this, exposure to nicotine and carbon monoxide
when pregnant women smoke or inhale secondhand smoke can
cause chronic placental hypoxia, and placental hypoxia can lead
to necrosis in the decidua of the uterus and microthrombus
formation in the placenta, presumably extending and expanding
to cover the endocervix in order to obtain more nutrients leading
to PP (29, 30).

In addition, the study also looked at maternal and neonatal
conditions in both groups and showed that intraoperative
haemostatic measures such as intrauterine balloon compression,
arterial ligation and local figure-of-eight sutures were used
significantly more frequently in the PP group than in the general
group of pregnant women. Postpartum hemorrhage, postpartum
hemorrhage, blood transfusion rate, transfusion volume, and
length of stay were significantly higher in the PP group compared
to the general group, while the PP group had lower birth weight,
1 and 5min Apgar scores. This suggests that the occurrence of
PP has a more detrimental effect on both the mother and the
neonate, increasing the risk of labor, as well as causing respiratory
distress in the neonate and increasing the risk of neonatal death.

In summary, histories of endometriosis, use of assisted
reproductive technology, and smoking or secondhand smoke
inhalation are all high-risk factors for PP in first-time pregnant
patients. Therefore, we should strengthen the promotion of
reproductive health information, avoid smoking or secondhand
smoke inhalation in pregnant women, and pay close attention
to patients with these risk factors in clinical practice, and
take appropriate measures to improve the outcome of patients
and newborns.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Local Medical Ethics Committee. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

All authors contributed to this experiment, including
experimental design, case collection, data analysis, and paper
writing. All authors read and agreed to the final version.

Frontiers in Surgery | www.frontiersin.org 6 March 2022 | Volume 9 | Article 862655398

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhou et al. First-Time Pregnancy/Placenta Praevia

REFERENCES

1. Jain V, Bos H, Bujold E. Guideline No. 402: diagnosis and
management of placenta previa. J Obstet Gynaecol Can. (2020)
42:906–17.e1. doi: 10.1016/j.jogc.2019.07.019

2. Park HS, Cho HS. Management of massive hemorrhage in pregnant
women with placenta previa. Anesth Pain Med (Seoul). (2020) 15:409–
16. doi: 10.17085/apm.20076

3. Kingdom JC, Hobson SR, Murji A, Allen L, Windrim RC, Lockhart E, et al.
Minimizing surgical blood loss at cesarean hysterectomy for placenta previa
with evidence of placenta increta or placenta percreta: the state of play in 2020.
Am J Obstet Gynecol. (2020) 223:322–9. doi: 10.1016/j.ajog.2020.01.044

4. Liu B, Deng S, Lin M, Chen Y, Cai J, Yang J, et al. Prediction of
cesarean hysterectomy in placenta previa complicated with prior
cesarean: a retrospective study. BMC Pregnancy Childbirth. (2020)
20:81. doi: 10.1186/s12884-020-2790-9

5. Carusi DA, Fox KA, Lyell DJ, Perlman NC, Aalipour S, Einerson BD, et al.
Placenta accreta spectrum without placenta previa. Obstet Gynecol. (2020)
136:458–65. doi: 10.1097/AOG.0000000000003970

6. Wasim T, Bushra N, Riaz S, Iqbal HI. Fetomaternal outcome in patients with
placenta previa. Pak J Med Sci. (2020) 36:952–7. doi: 10.12669/pjms.36.5.1647

7. Shainker SA, Coleman B, Timor-Tritsch IE, Bhide A, Bromley B, Cahill AG,
et al. Society for maternal-fetal medicine. Electronic address: pubs@smfm.org.
Special Report of the Society for Maternal-Fetal Medicine Placenta Accreta
Spectrum Ultrasound Marker Task Force: Consensus on definition of
markers and approach to the ultrasound examination in pregnancies at
risk for placenta accreta spectrum. Am J Obstet Gynecol. (2021) 224:B2–
B14. doi: 10.1016/j.ajog.2020.09.001

8. Balachandar K, Melov SJ, Nayyar R. The risk of adverse maternal outcomes in
cases of placenta praevia in an Australian population between 2007 and 2017.
Aust N Z J Obstet Gynaecol. (2020) 60:890–5. doi: 10.1111/ajo.13172

9. Adere A, Mulu A, Temesgen F. Neonatal and maternal complications of
placenta praevia and its risk factors in Tikur Anbessa specialized and gandhi
memorial hospitals: unmatched case-control study. J Pregnancy. (2020)
2020:5630296. doi: 10.1155/2020/5630296

10. Takeda S, Takeda J, Makino S. Cesarean section for placenta previa
and placenta previa accreta spectrum. Surg J (N Y). (2020) 6:S110–
S21. doi: 10.1055/s-0039-3402036

11. King LJ, Dhanya Mackeen A, Nordberg C, Paglia MJ. Maternal risk
factors associated with persistent placenta previa. Placenta. (2020) 99:189–
92. doi: 10.1016/j.placenta.2020.08.004

12. Jansen CHJR, Kleinrouweler CE, van Leeuwen L, Ruiter L, Mol BW, Pajkrt E.
Which second trimester placenta previa remains a placenta previa in the third
trimester: a prospective cohort study. Eur J Obstet Gynecol Reprod Biol. (2020)
254:119–23. doi: 10.1016/j.ejogrb.2020.08.038

13. Matsuzaki S, Nagase Y, Ueda Y, Kakuda M, Maeda M, Matsuzaki S,
et al. Placenta previa complicated with endometriosis: contemporary
clinical management, molecular mechanisms, and future research
opportunities. Biomedicines. (2021) 9:1536. doi: 10.3390/biomedicines9
111536

14. Ueno Y, Kitajima K, Kawakami F,Maeda T, Suenaga Y, Takahashi S, et al. Novel
MRI finding for diagnosis of invasive placenta praevia: evaluation of findings
for 65 patients using clinical and histopathological correlations. Eur Radiol.
(2014) 24:881–8. doi: 10.1007/s00330-013-3076-7

15. Ma Y, You Y, Jiang X, Lin X. Use of nitroglycerin for parallel transverse uterine
cesarean section in patients with pernicious placenta previa and placenta
accrete and predicted difficult airway: a case report and review of literature.
Medicine (Baltimore). (2020) 99:e18943. doi: 10.1097/MD.0000000000018943

16. Wan Adnan WF, Shamsudin F, Mohamad Zon E. Uterine torsion in patient
with major placenta previa. Eur J Obstet Gynecol Reprod Biol. (2021) 258:467–
469. doi: 10.1016/j.ejogrb.2020.12.007

17. Ishibashi H, Miyamoto M, Shinmoto H, Soga S, Matsuura H, Kakimoto S,
et al. The use of magnetic resonance imaging to predict placenta previa
with placenta accreta spectrum. Acta Obstet Gynecol Scand. (2020) 99:1657–
65. doi: 10.1111/aogs.13937

18. Balayla J, Desilets J, Shrem G. Placenta previa and the risk of intrauterine
growth restriction (IUGR): a systematic review and meta-analysis. J Perinat
Med. (2019) 47:577–84. doi: 10.1515/jpm-2019-0116

19. Feng Y, Li XY, Xiao J, Li W, Liu J, Zeng X, et al. Risk factors and pregnancy
outcomes: complete versus incomplete placenta previa in mid-pregnancy.
Curr Med Sci. (2018) 38:597–601. doi: 10.1007/s11596-018-1919-9

20. Kancherla V, Räisänen S, Gissler M, Kramer MR, Heinonen S. Placenta
previa and risk of major congenital malformations among singleton
births in Finland. Birth Defects Res A Clin Mol Teratol. (2015) 103:527–
35. doi: 10.1002/bdra.23371

21. Matsuzaki S, Nagase Y, Ueda Y, Lee M, Matsuzaki S, Maeda M, et al.
The association of endometriosis with placenta previa and postpartum
hemorrhage: a systematic review and meta-analysis. Am J Obstet Gynecol

MFM. (2021) 3:100417. doi: 10.1016/j.ajogmf.2021.100417
22. Gasparri ML, Nirgianakis K, Taghavi K, Papadia A, Mueller MD. Placenta

previa and placental abruption after assisted reproductive technology in
patients with endometriosis: a systematic review and meta-analysis. Arch
Gynecol Obstet. (2018) 298:27–34. doi: 10.1007/s00404-018-4765-x

23. Takemura Y, Osuga Y, Fujimoto A, Oi N, Tsutsumi R, Koizumi M, et al.
Increased risk of placenta previa is associated with endometriosis and tubal
factor infertility in assisted reproductive technology pregnancy. Gynecol

Endocrinol. (2013) 29:113–5. doi: 10.3109/09513590.2012.706669
24. Petersen SH, Bergh C, Gissler M, Åsvold BO, Romundstad LB, Tiitinen A,

et al. Time trends in placenta-mediated pregnancy complications after assisted
reproductive technology in the Nordic countries. Am J Obstet Gynecol. (2020)
223:226.e1–e19. doi: 10.1016/j.ajog.2020.02.030

25. Jeon H, Min J, Kim DK, Seo H, Kim S, Kim YS. Women with endometriosis,
especially those who conceived with assisted reproductive technology, have
increased risk of placenta previa: meta-analyses. J Korean Med Sci. (2018)
33:e234. doi: 10.3346/jkms.2018.33.e234

26. Sakai Y, Ono M, Iizuka T, Kagami K, Masumoto S, Nakayama M, et al.
Embryo transfer associated with hormone replacement therapy cycles using
assisted reproductive technology increases placenta accreta spectrum. J Obstet
Gynaecol Res. (2019) 45:2394–9. doi: 10.1111/jog.14111

27. Qin JB, Wang H, Sheng X, Xie Q, Gao S. Assisted reproductive technology
and risk of adverse obstetric outcomes in dichorionic twin pregnancies:
a systematic review and meta-analysis. Fertil Steril. (2016) 105:1180–
92. doi: 10.1016/j.fertnstert.2015.12.131

28. Hung TH, Hsieh CC, Hsu JJ, Chiu TH, Lo LM, Hsieh TT. Risk factors
for placenta previa in an Asian population. Int J Gynaecol Obstet. (2007)
97:26–30. doi: 10.1016/j.ijgo.2006.12.006

29. Shobeiri F, Jenabi E. Smoking and placenta previa: a meta-analysis. J Matern

Fetal Neonatal Med. (2017) 30:2985–90. doi: 10.1080/14767058.2016.1271405
30. TsujiM, Shibata E, AskewDJ,Morokuma S, Aiko Y, Senju A, et al. Associations

between metal concentrations in whole blood and placenta previa and
placenta accreta: the Japan Environment and Children’s Study (JECS). Environ
Health Prev Med. (2019) 24:40. doi: 10.1186/s12199-019-0795-7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhou, Zhao and Li. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org 7 March 2022 | Volume 9 | Article 862655399

https://doi.org/10.1016/j.jogc.2019.07.019
https://doi.org/10.17085/apm.20076
https://doi.org/10.1016/j.ajog.2020.01.044
https://doi.org/10.1186/s12884-020-2790-9
https://doi.org/10.1097/AOG.0000000000003970
https://doi.org/10.12669/pjms.36.5.1647
https://doi.org/10.1016/j.ajog.2020.09.001
https://doi.org/10.1111/ajo.13172
https://doi.org/10.1155/2020/5630296
https://doi.org/10.1055/s-0039-3402036
https://doi.org/10.1016/j.placenta.2020.08.004
https://doi.org/10.1016/j.ejogrb.2020.08.038
https://doi.org/10.3390/biomedicines9111536
https://doi.org/10.1007/s00330-013-3076-7
https://doi.org/10.1097/MD.0000000000018943
https://doi.org/10.1016/j.ejogrb.2020.12.007
https://doi.org/10.1111/aogs.13937
https://doi.org/10.1515/jpm-2019-0116
https://doi.org/10.1007/s11596-018-1919-9
https://doi.org/10.1002/bdra.23371
https://doi.org/10.1016/j.ajogmf.2021.100417
https://doi.org/10.1007/s00404-018-4765-x
https://doi.org/10.3109/09513590.2012.706669
https://doi.org/10.1016/j.ajog.2020.02.030
https://doi.org/10.3346/jkms.2018.33.e234
https://doi.org/10.1111/jog.14111
https://doi.org/10.1016/j.fertnstert.2015.12.131
https://doi.org/10.1016/j.ijgo.2006.12.006
https://doi.org/10.1080/14767058.2016.1271405
https://doi.org/10.1186/s12199-019-0795-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


ORIGINAL RESEARCH
published: 24 March 2022

doi: 10.3389/fsurg.2022.865238

Frontiers in Surgery | www.frontiersin.org 1 March 2022 | Volume 9 | Article 865238

Edited by:

Songwen Tan,

Central South University, China

Reviewed by:

Li Zhang,

University of South China, China

Fenglong Sun,

Capital University of Medical

Sciences, China

*Correspondence:

Xiang Shen

shenxiang19750901@163.com

Specialty section:

This article was submitted to

Visceral Surgery,

a section of the journal

Frontiers in Surgery

Received: 29 January 2022

Accepted: 22 February 2022

Published: 24 March 2022

Citation:

Li Q, Wang Y and Shen X (2022) Effect

of Psychological Support Therapy on

Psychological State, Pain, and Quality

of Life of Elderly Patients With Femoral

Neck Fracture. Front. Surg. 9:865238.

doi: 10.3389/fsurg.2022.865238

Effect of Psychological Support
Therapy on Psychological State,
Pain, and Quality of Life of Elderly
Patients With Femoral Neck Fracture
Qun Li, Yin Wang and Xiang Shen*

Department of Orthopedics, The Fourth Hospital of Changsha, Affiliated Changsha Hospital of Hunan Normal University,

Changsha, China

Purpose: To explore the intervention effect of psychological support therapy (PST) on

elderly patients with femoral neck fracture.

Methods: A total of 82 elderly patients with femoral neck fractures admitted to our

hospital from July 2020 to June 2021 were selected. Patients were randomly divided into

conventional group (n = 41) and intervention group (n = 41). The conventional group

received routine nursing care. The intervention group was given PST on the basis of

the conventional group. The joint function, psychological state, pain, quality of life, and

nursing satisfaction of both groups were observed.

Results: Compared with before intervention, the Harris hip joint score and the General

Quality-of-Life Inventory-74 scores of both groups increased after the intervention, and

the increase was more obvious in the intervention group (p < 0.05). Compared with

before intervention, the self-rating anxiety scale, the self-rating depression scale scores,

and the visual analog scales score in both groups decreased after the intervention,

and the decrease was more obvious in the intervention group (p < 0.05). The total

satisfaction of the intervention group (92.68%) was higher than that of the conventional

group (75.61%) (p < 0.05).

Conclusion: Psychological support therapy has a certain intervention effect on elderly

patients with femoral neck fracture, which can improve psychological state, reduce pain,

improve quality of life, and improve nursing satisfaction.

Keywords: femoral neck fracture, psychological support therapy, psychological state, pain, quality of life

INTRODUCTION

With the aging of the population and the development of transportation in China, the incidence
of fractures among the elderly is increasing year by year, and most patients with fractures suffer
from sudden accidental injuries, which are mainly manifested by the change from mobility to
bedridden, leading to the inability of patients to take care of themselves (1). Femoral neck fracture
is a fracture from the femoral head to the base of femoral neck, which is a common hip fracture
type in orthopedics, and its incidence rate accounts for 46.39% of all fractures in the elderly
(2). Because of the particularity of anatomical structure and physiology of femoral neck in the
elderly, hip joint function recovery of patients after fracture is often poor, and even avascular
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necrosis of femoral head and joint stiffness may occur. Some
elderly patients with a fracture are prone to complications such
as pneumonia, cardiovascular and cerebrovascular diseases, deep
vein thrombosis, skin pressure injury, urinary system infection,
etc., which can lead to death in severe cases (3, 4). Femoral neck
fracture has become a type of disease that seriously affects the
quality of life of the elderly. With the continuous improvement
of medical technology and the continuous development of
orthopedic internal fixation materials in China, total hip
arthroplasty has become the main method to treat femoral neck
fracture, it can effectively correct joint deformity, maintain joint
stability, and promote joint function recovery (5). However,
patients with femoral neck fracture have limited activities,
decreased self-care ability, and are prone to negative emotions
such as anxiety and depression. At the same time, fracture pain,
surgical trauma, changes of hospitalization role, and so on have
caused different degrees of psychological stress to patients. Poor
psychological state will restrict the functions of patients’ various
organs and systems through related endocrine and immune
mechanisms, thus affecting the therapeutic effect and disease
rehabilitation of patients (6, 7). How to improve the physical and
psychological health of patients with femoral neck fracture has
become the focus of clinical attention.

For elderly patients with femoral neck fracture, although the
surgical technique is important, good post-operative recovery
cannot be separated from scientific and effective nursing
measures. At present, with the increasing demand of people
for medical services, nursing work has been innovated and
reformed. Some psychological studies have proved that people
are often irrational under stress, and psychological support
therapy (PST) is a key point that needs clinical attention at
present, including emotion, mentality, personality, and other
aspects (8). During the implementation of PST, it is beneficial
to the treatment and rehabilitation of patients by helping them
understand problems, improve their emotions, and enhance their
confidence. Psychological intervention for patients in various
ways can improve the central nervous system, affect the immune
mechanism, and then alleviate the psychological disorder of
patients (9, 10). We aim to explore the intervention effect of PST
on elderly patients with femoral neck fracture and its influence
on psychological state, pain, and quality of life.

MATERIALS AND METHODS

Research Object
In total, 82 elderly patients with femoral neck fractures admitted
to our hospital from July 2020 to June 2021 were selected.
Inclusion criteria: the femoral neck fracture was diagnosed when:
(1) the patient had tripped and fell; (2) there were clear signs,
swelling, pain, limited movement of the affected side of the
medullary joint, shortening of the lower limb, external rotation
deformity, and there was shock pain when tapping lengthwise;
and (3) radiographs of the medullary joint showed femoral
neck fracture; all patients who had a definite history of trauma;
patients who had normal weight-bearing and walking ability
before fracture, and the activity level was good; and patients
who had received surgical treatment, age ≥60 years old, primary

school education or above, able to communicate independently,
and complete questionnaire independently. Exclusion criteria:
multiple fractures; pathological femoral neck fracture due to
osteomyelitis; past history of long-term use of analgesics;
cognitive disorder and consciousness disorder; poor compliance;
complicated with other serious organic diseases; vital signs are
unstable; and patients who have participated in other clinical
studies. Elimination criteria: follow-up patients who have fallen
off; patients with recurrent femoral neck fracture during follow-
up; in the course of the study, other diseases occurred in patients,
which affected the results of the study; and transferred to hospital
for other reasons during treatment. Patients were randomly
divided into conventional group (n= 41) and intervention group
(n = 41). The general data of the two groups were balanced and
comparable (p > 0.05), as shown in Table 1.

Methods
The conventional group received routine nursing care, which
included: (1) health education, information about the causes and
preventive measures of fracture complications and other related
knowledge, and implementation of psychological intervention
and dietary guidance; (2) oral analgesic drugs or analgesic pump
to relieve pain; and (3) guided functional exercise, priority to rest,
passive massage of the affected limb and ankle dorsiflexion after
the operation, and instructions to patients to take regular care
and follow-up by telephone.

The intervention group was given PST on the basis of the
conventional group. (1) The department sets up a psychological
support group, whose members were composed of nurses with
solid nursing skills and doctors with rich clinical experience.
Psychological counselors should train the group members in
psychological intervention skills, including how to understand
patients’ bad psychological emotions, how to effectively improve
patients’ bad psychological emotions, and communication skills
with patients. (2) Elderly patients with fracture often have a
poor understanding of the content of psychological intervention
due to the decline of cognitive function and reaction. Therefore,
in the implementation of PST, team members should patiently
answer patients’ questions, understand patients’ needs, and
take targeted intervention measures. The group evaluated
the psychological status of the elderly patients with fracture,
interviewed the patients, observed the changes in the patients’
behaviors, obtained a comprehensive understanding of the
patients’ psychological emotions after fracture, and gave targeted
psychological guidance according to the patients’ psychological
status. (3) According to the patient’s education level and
knowledge acceptance ability, an appropriate way was chosen
to explain the fracture-related knowledge to the patient. In the
process of the functional exercise, the importance of functional
exercise was explained for the physical rehabilitation of patients.
For patients and their families who have problems, explained
them in time to eliminate the patients’ confusion and relieve their
anxiety. (4) Nursing staff need to strengthen communication
with patients, gave psychological counseling according to their
personality characteristics, explained the correlation between
emotions and post-operative recovery and the negative influence
of bad emotions on the treatment effect, and told patients
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TABLE 1 | Comparison of general data between the two groups (n, %, x̄ ± s).

Group Gender Average age (years) Complicated disease

Male Female Hypertension Diabetes Coronary heart disease

Conventional group (n = 41) 26 (63.41%) 15 (36.59%) 72.16 ± 2.58 15 (36.58%) 13 (31.71%) 12 (29.27%)

Intervention group (n = 41) 24 (58.54%) 17 (41.46%) 72.39 ± 2.47 16 (39.02%) 11 (26.83%) 10 (24.39%)

χ
2/t value 0.205 0.412 0.264

p-value 0.651 0.681 0.876

to keep a good attitude and build up treatment confidence.
(5) Encouraged patients to maintain communication with the
outside world, strive for the support of family members, and
instructed patients’ families to spend more time with patients,
communicate with patients, and listen patiently to help patients
adjust themselves and reduce negative emotions. (6) Patients’
favorite and soothing light music or TV series to be played
to divert patients’ attention, make them have fun, raise their
pain threshold, and relieve their nervousness and pessimism. (7)
Patients who successfully recovered after fracture were invited
to share their experience on-site, so as to encourage patients
to establish a good attitude and strengthen their confidence
in rehabilitation.

Observation Index
Before and 1 month after intervention, the Harris hip joint score
was used to evaluate the joint function of patients. The main
contents were hip deformity (4 points), pain (44 points), range
of motion (5 points), and function (47 points), with a total score
of 100 points. The higher the score, the better the hip function.

Before and 1-month after intervention, the self-rating anxiety
scale (SAS) and the self-rating depression scale (SDS) were used
to evaluate the psychological state of patients. SAS and SDS have
a total of 20 entries, using the four-level scoring method. The
higher the score, the worse the psychological state.

Before and 1-month after intervention, the patients’ pain was
evaluated by the visual analog scale (VAS). According to the pain,
the horizontal line of 10 cm was marked, which was divided into
0–10 points. The higher the score, the stronger the pain.

Before and 1 month after intervention, the patients’ quality of
life was evaluated by the General Quality-of-Life Inventory-74
(GQOL-74). There were 74 items in the questionnaire, and the
main contents were physical function (5 factors), psychological
function (5 factors), social function (5 factors), and living state (4
factors), with a total score of 100 points. The higher the score, the
better the quality of life.

One month after intervention, the self-made satisfaction
questionnaire of our hospital was used to evaluate patients’
nursing satisfaction. The main contents were daily guidance,
precautions, civilized medical practice, nursing quality, health
education and comprehensive management, etc., with a total
score of 100 points: >85: very satisfied, 70–85: satisfied, 60–70:
generally satisfied, <60: dissatisfied, total satisfaction = (very
satisfied + satisfied)/total number of cases × 100%. The content
validity index of the self-made satisfaction questionnaire was
0.79, and the reliability coefficient of Cronbach’s α was 0.83.

FIGURE 1 | Joint function of two groups. Compared with before intervention,

*p < 0.05; compared with the conventional group, #p < 0.05.

Statistical Methods
The SPSS 22.0 software was used for analysis, measurement data
were expressed as x̄ ± s, and the t-test was used to analyze
the comparison. Count data were expressed as a ratio, the χ

2-
test was used to analyze the comparison, and p < 0.05 was
statistically significant.

RESULTS

Joint Function of Two Groups
Compared with before intervention, the Harris hip joint score of
both groups increased after the intervention, and the increase was
more obvious in the intervention group (p < 0.05), as shown in
Figure 1.

Psychological State of Two Groups
Compared with before intervention, SAS and SDS scores in both
groups decreased after the intervention, and the decrease was
more obvious in the intervention group (p < 0.05), as shown in
Figure 2.

Pain in Two Groups
Compared with before intervention, the VAS score of both
groups decreased after the intervention, and the decrease was
more obvious in the intervention group (p < 0.05), as shown in
Figure 3.
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FIGURE 2 | Psychological state of two groups. Compared with before intervention, *p < 0.05; compared with the conventional group, #p < 0.05.

FIGURE 3 | Pain in two groups. Compared with before intervention, *p <

0.05; compared with the conventional group, #p < 0.05.

Quality of Life of Two Groups
Compared with before intervention, the GQOL-74 scores of both
groups increased after the intervention, and the increase was
more obvious in the intervention group (p < 0.05), as shown in
Figure 4.

Nursing Satisfaction of Two Groups
The total satisfaction of the intervention group (92.68%) was
higher than that of the conventional group (75.61%; p < 0.05),
as shown in Table 2.

DISCUSSION

Femoral neck fractures often occur in the elderly, and the reason
is that the physical function of the elderly is declining, and most
of them are often complicated with chronic diseases such as
hypertension and diabetes, with limited absorption of nutrients
and obvious osteoporosis (11). At present, surgical treatment

is widely used for hip fracture clinically, which can reduce
the incidence and mortality of complications and has a good
improvement effect (12). However, because most of the patients
are elderly people, they have poor psychological endurance,
lack knowledge about diseases and operations, and worry too
much about whether the fracture site can return to normal after
operation, which will lead to a certain degree of psychological
disorder. As patients with fractures need to stay in bed for
a long time after operation, and the post-operative mobility
disorder and pain will further aggravate the patient’s anxiety,
insecurity, depression, and other negative psychology (13, 14).
When the patient is in a bad psychological state for a long time,
excessive stress will lead to a series of neuroendocrine reactions
in the body, and the levels of catecholamine transmitters and
adrenocortical hormones in blood will increase, which will
increase the oxygen consumption of the body and aggravate the
heart load, which is not conducive to the recovery of patients with
femoral neck fracture (15, 16). Therefore, it is of great significance
to take effective nursing intervention for elderly patients with
femoral neck fracture after operation, and the psychological
nursing of patients with fracture has aroused great concern in
medical circles.

Traditional nursing methods for elderly patients with femoral
neck fracture can shorten the time of stay in bed and improve
the physical disorder, but this nursing measure is easy to
ignore the psychological state and functional rehabilitation of
patients after operation (17). Psychologically unhealthy patients
often have neuroendocrine disorders, in which substance P
and serotonin are not only strong pain-causing substances
but also participate in the occurrence of anxiety and bad
emotions (18). With the transformation of modern medical
model from biological model to biological–psychological–social
model, PST is increasingly favored by clinical nursing. PST
can improve the psychological homeostasis, maintain normal
stress ability, and eliminate adverse emotional reactions by
adjusting patients’ psychological health (19). In recent years,
many scholars’ studies have shown that it is very important
to take positive psychological assessment and corresponding
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FIGURE 4 | Quality-of-life of two groups. Compared with before intervention, *p < 0.05; compared with the conventional group, #p < 0.05.

TABLE 2 | Nursing satisfaction of two groups (n, %).

Group Very satisfied Satisfied Generally satisfaction Dissatisfied Total satisfaction

Conventional group (n = 41) 17 (41.46%) 14 (34.15%) 6 (14.63%) 4 (9.76%) 31 (75.61%)

Intervention group (n = 41) 22 (53.66%) 16 (39.02%) 2 (4.88%) 1 (2.44%) 38 (92.68%)

χ
2 value 4.479

p-value 0.034

nursing care for patients with fractures while recovering their
post-operative function, which is conducive to improving their
quality of life. Johnson’s team found that long-term non-
union after fracture would cause great psychological pressure
on patients, which often leads to psychological disorder. It
is necessary to identify patients’ psychological problems early
and give targeted psychological treatment (20). Yadav’s team
research shows that the nursing mode of health education
for patients with fractures by using digital education platform
can prevent fractures caused by falling again, limit the
psychology of “fear of falling,” and improve the confidence of
patients (21).

In this study, the Harris hip joint score and the GQOL-74
score in the PST group were significantly increased, the SAS,
SDS score, and VAS score were significantly decreased, and
the total nursing satisfaction was 92.68% in the PST group.
The results showed that PST has a positive effect on the
psychological state, pain, and quality of life of elderly patients
with femoral neck fracture. We think that in the implementation
of PST, through the evaluation of the psychological status
of elderly patients with fracture, we can understand the
psychological mood of patients after fracture, analyze the causes
of the formation of negative psychology, conduct psychological
counseling for patients, increase the communication between
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nurses and patients, and gain the trust of patients, which play
an important role in accelerating the rehabilitation of fractures.
Medical staff encourage patients to set up a healthy state
of mind, explain the harm of negative psychology to them,
encourage patients to take the initiative to express, patiently
answer their doubts, eliminate patients’ misconceptions about
diseases, alleviate patients’ concerns, make patients have a
correct view on diseases, and relieve psychological pressure,
thus encouraging patients to develop the habit of self-regulating
emotions (22). PST can improve patients’ ability to deal
with pain, reduce their psychological burden, and enhance
confidence in recovery, thereby strengthening the psychological
and physiological adaptation mechanism, enhancing patients’
tolerance to stimulation and adaptive response, and further
reducing pain (23). In addition, after the implementation
of PST, nurses encourage patients with fracture to keep in
communication with the outside world and instruct their
relatives and friends to take care for them as much as possible, so
that patients could get high-quality social support, relieve their
anxiety and depression, and improve their unhealthy psychology
from all aspects. By playing their favorite light music or TV
drama for patients, PST can guide patients to imagine the
beautiful things in life and divert patient’s attention, so as to
reduce the bad beliefs brought by diseases, delight their body
and mind, raise the pain threshold, help patients form a positive
psychological state, and improve the satisfaction evaluation of
patients and their families on medical care.

CONCLUSION

To sum up, PST has a certain intervention effect on elderly
patients with femoral neck fracture, which can improve
psychological state, reduce pain, improve quality of life, and
improve nursing satisfaction.
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Objective: The objective of this study was to explore the nursing effect and negative

psychological stress response of elderly patients with femoral neck fracture by applying

the high-quality nursing mode of medical care.

Methods: A total of 130 elderly patients with femoral neck fractures hospitalized in

our hospital from January 2020 to June 2021 were randomly divided into the control

group and observation group, with 65 patients in each group. The control group adopted

the conventional nursing mode, while the observation group adopted the high-quality

nursing mode of medical care. The observation indexes selected in this study are nursing

satisfaction, hip flexion activity on the 1, 15, and 30 days after the operation, the time

when the affected limb was lifted off the bed actively, and the anxiety and depression

of patients.

Results: On the 1, 15, and 30 days after the operation, there were statistically significant

differences between the two groups in hip flexion activity and the time when the affected

limb was lifted off the bed (P < 0.05). The nursing satisfaction of the observation group

was 95.38%, which was statistically significant compared with the 80.00% of the control

group (P < 0.05). After treatment, the self rating depression scale (SDS) and self rating

anxiety scale (SAS) scores in the observation group were lower than those in the control

group (P < 0.05).

Conclusion: The high-quality nursing model of medical care can effectively promote

the rehabilitation of elderly patients with femoral neck fracture, reduce the negative

psychological stress reaction of patients, and improve nursing satisfaction, which has

important application value and guiding significance for the nursing of patients with

femoral neck fracture.
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INTRODUCTION

Femoral neck fracture is a common and frequently-occurring
disease in clinics, with the highest incidence rate among
middle-aged and elderly patients, accounting for 3.58% of all
fractures. Femoral neck fracture is a serious type of fracture
and it takes a long time to reconstruct or recover the fracture
site after an operation, which has brought serious adverse
effects to the patients’ normal work and life (1, 2). Elderly
patients with femoral neck fractures will feel obvious pain at
the broken end of the fracture, especially when moving the
injured limbs. Pain has a variety of adverse effects on the body,
which not only form complex physiological reactions and affect
the rehabilitation exercise of patients but also lead to negative
emotions of patients (3).

At present, the treatment of femoral neck fracture mainly
uses artificial hip joint replacement, which can relieve the
pain of patients as soon as possible, reduce the damage to
patients’ bodies, and restore normal life. However, the curative
effect of the operation is closely related to good nursing care,
so it is necessary to strengthen nursing management during
the perioperative period to promote the early recovery of
patients. Medical integration refers to the process in which
doctors and nurses provide medical care services to patients
with certain professional knowledge and ability through open
coordination and communication on the premise of equality,
independence, mutual respect, and trust (4, 5). The integrated
high-quality nursing model of medical care is a new type
of whole-course management model, which is widely used in
clinical nursing. However, there are few in-depth reports on
the application of the integrated high-quality nursing model
of medical care in the perioperative period of elderly patients
with femoral neck fractures. At present, the nursing work for
elderly patients is still based on the traditional medical model
of “independent evaluation of medical care, doctors’ orders, and
nurses’ orders,” which lacks the cooperation and communication
between doctors and nurses. This study focuses on the in-depth
analysis of the high-quality nursing model of medical care for
elderly patients with femoral neck fracture, which is reported
as follows.

DATA AND METHODS

General Information
A total of 130 elderly patients with femoral neck fractures
hospitalized in our hospital from January 2020 to June 2021 were
selected and divided into the control group and the observation
group with 65 patients in each group according to the random
number table method. Inclusion criteria: age ≥60 years old;
imaging diagnosis is femoral neck fracture; postoperative hospital
stay > 5 days; awareness, communication skills, and no surgical
contraindications. Exclusion criteria: accompanied by serious
heart, lung, liver, kidney, and other diseases; Complicated with
neurological, immune, and endocrine system diseases; Severe
preoperative malnutrition; Poor foundation, unable to tolerate
surgery. This study was approved by the Ethics Committee of our
hospital and the patients’ and their families informed consent.

Research Methods
Nursing Method of the Control Group: The Patients

Were Nursed by Conventional Nursing Mode
Doctors and nurses made ward rounds every day to make
treatment and care plans, respectively, and implement the plans,
respectively, such as fasting and water deprivation for 6 h after
operation, general diet for 6 h, absolutely lying in bed after the
operation, with the affected limb higher or slightly higher than
the heart level, maintaining knee joint flexion of 20–30 degrees,
performing metatarsophalangeal joint and toe joint movement of
the affected limb after anesthesia recovery after the operation, and
performing doctor-permittedmovement after except fixation 6–8
weeks after the operation.

Nursing Method of Observation Group: Adopt the

High-Quality Nursing Mode of Medical Care
1. Establish a medical and nursing integrated diagnosis and

treatment team: its members include doctors and nurses at
all levels, and the department heads and head nurses are
responsible for it. In the observation group, the medical staff
in the group jointly completed the medical history collection,
physical examination, and condition evaluation. The doctors
wrote inpatientmedical records and nurses set up nursing logs.

2. Integrated medical ward rounds: doctors and nurses make
ward rounds every morning and evening to learn about the
patient’s condition and the implementation of treatment. The
degree of limb swelling, self-care ability of patients in daily
life, implementation of doctor’s advice, adverse drug reactions
reported by doctors, etc. design the record of joint medical
rounds, convey the opinions of doctors to all nurses in this
group, and adjust the functional exercise and nursing plan.

3. Painless handling. Doctors and nurses cooperate with each
other in transportation. The doctors are responsible for pulling
the affected limb and choosing different numbers of nurses
according to the patient’s weight. Nurses respectively support
the patient’s torso and the contralateral lower limbs so that
the patient can maintain the abduction neutral position. The
doctor gave the orders, and at the same time, the doctor lifted
the patient. Under the doctor’s traction, the affected limb is
always on the same horizontal line as the patient’s longitudinal
axis. After the operation, the doctors and nurses put the patient
together in a comfortable position.

4. Quality environmental care. For patients hospitalized for a
long time, the ward environment should be kept clean to
prevent hospital infection. Ventilation keeps the air in the
ward fresh every day. A total of 84 kinds of disinfectants are
used to wipe the table and floor every day.

5. Integration of medical care and functional exercise:
Individualized functional exercise programs for patients
should be developed based on the general situation of patients,
osteoporosis, and self-care ability in daily life. Under the
guidance of the doctor and the assistance of nurses, the
patients’ families were instructed to do the decompression
exercise to reduce the pressure of the calf and thigh muscle
from the patient’s heel 6 h after the operation, three times
a day, each time for 15min, and 48 h after the operation,
the patients were treated with double lower limb pneumatic
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TABLE 1 | Comparison of general information of two groups of patients.

Group Number Gender Age (years) Cause of injury Fracture site

Male Woman Traffic accident Wrestling Fall down Other Left side Right side

Control group 65 34 31 71.02 ± 3.27 15 34 6 10 39 26

Observation group 65 35 30 70.94 ± 3.11 19 32 8 6 37 28

t/χ2 value 0.031 0.143 1.817 0.127

P value 0.860 0.887 0.611 0.722

pump. Exercise should be carried out step by step under the
guidance of a doctor, and should not be too hasty to avoid
injury again.

6. Psychological care. According to the patient’s education
level and knowledge receiving ability, choose a suitable
way to explain the disease and the correlation between
postoperative rehabilitation-related knowledge, emotion, and
postoperative recovery, so that patients can do a good
job in ideological work Tell the patients to keep a
good attitude and insist on rehabilitation training, which
will help to improve the rehabilitation effect. Doctors
and nurses must actively answer the problems existing
in the patients’ treatment and rehabilitation. Encourage
the patients to maintain communication with the outside
world and win the support of family members, especially
children or spouses of patients. Help the patients to
establish reasonable cognition, reduce negative emotions,
and build their confidence to cooperate with the treatment
and rehabilitation exercises. During the implementation
of psychological nursing, the nurses implemented the
corresponding functional exercise measures for the patients
and signed them to ensure that the nursing measures were
in place.

Observation Indicators
The observation indexes selected in this study are nursing
satisfaction, hip flexion activity on the 1, 15, and 30 days after
the operation, the time when the affected limb is lifted off the bed
actively, and the anxiety and depression of patients. Among them,
nursing satisfaction wasmeasured by the self-made questionnaire
of clinical nursing satisfaction of patients in our hospital. Out
of 100, >85 is very satisfactory, 70–85 is satisfactory, 60–70 is
fair, <60 is unsatisfactory, and satisfaction = very satisfactory
rate+satisfactory rate. The content validity index of the self-made
questionnaire in our hospital was 0.83, and the α coefficient of
Kehlenbach was 0.816, with good reliability and validity. The self-
rating anxiety scale (SAS) and self-rating depression scale (SDS)
were used to evaluate the anxiety and depression of patients
before nursing (when entering the group) and after nursing (30
days after the operation). The cut-off value of the SAS scale
is 50 points, 50–59 points for mild anxiety, 60–69 points for
moderate anxiety, and 69 points or more for severe anxiety. The
demarcation value of the SDS scale is 53 points, 53–62 points for
mild depression, 63–72 points for moderate depression, and 72
points or more for severe depression.

TABLE 2 | Comparison of flexion range of hip joint between two groups.

Group Number Hip joint flexion range of motion (◦)

1d 15d 30d

Control group 65 46.59 ± 7.39 61.83 ± 6.03 81.21 ± 5.29

Observation group 65 55.80 ± 6.27 74.25 ± 7.24 105.28 ± 9.13

t value 7.662 10.627 18.391

P value <0.001 <0.001 <0.001

Statistical Methods
The SPSS22.0 software (IBM Corp., Armonk, NY, USA) was used
to process the experimental data. The experimental data were in
accordance with the normal distribution. The measurement data
were expressed by the mean SD (x ± s), and the counting data
was expressed by (%). The t-test analysis was used for pairwise
comparison of measurement data between groups, and the χ

2

test was used for counting data. The test level is α = 0.05, and
the difference is statistically significant when P < 0.05.

RESULTS

Comparison of General Data of Two
Groups of Patients
There was no significant difference in general data such as gender
and age between the two groups (P > 0.05). As shown in Table 1.

Comparison of Hip Joint Flexion Range of
Motion Between Two Groups
There was a statistically significant difference in the hip joint
flexion range of motion of the patients in the observation group is
higher than that of the patients in the control group on the 1, 15,
and 30 days after the operation (P < 0.05). As shown in Table 2.

Comparison of Active Lifting Time of
Affected Limb From Bed Between Two
Groups of Patients
There was a statistically significant difference in the time when
the affected limb was lifted off the bed surface between the two
groups (P < 0.05). As shown in Figure 1.
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FIGURE 1 | Comparison of active lifting time of affected limb from bed between two groups of patients. Compared with the control group, *t = 16.465, P < 0.001.

FIGURE 2 | Comparison of nursing satisfaction between two groups of patients. Compared with the control group, *χ2= 9.049, P = 0.029.

Comparison of Nursing Satisfaction
Between Two Groups of Patients
The nursing satisfaction of the observation group was 95.38%,
which was statistically significant compared with the 80.00% of
the control group (P < 0.05). As shown in Figure 2.

Comparison of the SDS and SAS Scores
Between the Two Groups Before and After
Treatment
After treatment, the SDS and SAS scores of the patients in the
observation group were lower than those in the control group,

and the difference was statistically significant (P < 0.05). As
shown in Table 3.

DISCUSSION

With the arrival of China’s aging society, the incidence
of osteoporosis is getting higher and higher, and the
incidence of femoral neck fracture is on the rise, which
has aroused great concern in medical circles. For the
treatment of this disease, surgery is widely favored by
patients and doctors for its definite curative effect and
low incidence of complications (6). A large number
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TABLE 3 | Comparison of the SDS and SAS scores between the two groups before and after treatment.

Group Number SDS score SAS score

Before

treatment

After

treatment

Before

treatment

After

treatment

Control group 65 60.15 ± 7.03 49.37 ± 6.19 57.92 ± 6.31 47.29 ± 5.02

Observation group 65 59.23 ± 6.71 32.85 ± 5.93 59.12 ± 6.69 31.94 ± 6.18

t value 0.763 15.537 1.052 15.543

P value 0.447 <0.001 0.295 <0.001

of clinical studies have proved that good nursing
intervention to patients with femoral neck fracture can
promote postoperative rehabilitation of elderly patients
(7, 8).

The high-quality nursing mode of medical care integrates the
etiology, manifestation, prevention, rehabilitation, and nursing
of elderly patients with femoral neck fracture, finds out
the changes of patients’ condition in time, and breaks the
original pattern of the doctor-patient nurse-patient parallel
(9). The high-quality nursing mode of medical and nursing
integration has set up a brand-new three-dimensional integrated
working pattern of doctors, nurses, and patients, implements
the joint ward rounds of doctors and nurses, and made
targeted planning of perioperative nursing measures of patients,
making the cooperation between doctors and nurses more
systematic (10).

The high-quality nursing mode of medical integration can
help nurses understand the key points of the patients’ functional
exercise. Doctors and nurses can jointly guide patients to carry
out individualized functional exercises to ensure the safety
and effectiveness of functional exercise. At the same time,
targeted education should be taken to improve the quality of
functional exercise and patient compliance according to the
patient’s mastery (11, 12). The observation group implemented
the high-quality nursing mode of integrated nursing of medical
staff and worked out the early functional exercise plan of
the affected limb to help patients recover. The observation
indexes were all better than those of the control group.
Especially on the 1, 15, and 30 days after the operation, the
improvement effect of hip flexion activity, the time for the
affected limb to lift off the bed surface, and other indexes
are better than that of the control group, which provides
powerful help for achieving the ideal rehabilitation effect. It
can be seen that the high-quality nursing model of integration
of medical care and nursing adopted in this study has
achieved an ideal nursing effect, shortened the recovery time
of patients, and laid a solid foundation for them to resume a
normal life.

In the process of implementing the high-quality nursing
model of medical integration, patients are also involved, and
the relationship between doctors and patients is transformed
into a new cooperative relationship (13). This study shows
that the nursing satisfaction of the observation group is
significantly higher than that of the control group. In the

process of patient treatment, the medical staff really take the
patients as their own responsibilities and obligations and do
their duty to the patients in charge, so that patients can
enjoy high-quality and satisfactory care, meet the knowledge
needs of patients and their families, further deepen and
highlight the connotation of high-quality medical services, and
improve patient satisfaction (14). It has important application
value and guiding significance for the treatment of patients
with femoral neck fractures or fractures in other parts of
lower limbs.

Although the operation has a good effect on femoral neck
fracture, because most of the patients are elderly, they have
poor psychological endurance, slow reaction, unclear language
expression, lack of understanding of diseases and operations
knowledge, and worry too much that the fracture site will
return to normal after the operation, which will easily lead
to negative psychology such as anxiety and depression, etc. If
they are not dealt with in time and effectively, it will affect
the postoperative recovery of patients (15, 16). This study
showed that after treatment, the SDS and SAS scores of the
patients in the observation group were significantly lower than
those in the control group after treatment. It shows that the
high-quality nursing mode of integrating medical care with
nursing care has a certain effect on improving patients’ negative
emotions. From the patient’s point of view, the integrated high-
quality nursing model, clear division of labor between doctors
and nurses, and personalized high-quality nursing service
greatly improve the nursing quality. Compared with simple
clinical treatment and routine nursing, it can relieve patients’
negative psychological stress and promote their rehabilitation
(17, 18).

To sum up, the high-quality nursing model of medical and
nursing integration can effectively promote the rehabilitation
of elderly patients with femoral neck fracture, reduce the
negative psychological stress reaction of patients and improve
nursing satisfaction, which has important application value and
guiding significance for the nursing of patients with femoral
neck fracture.
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Objective: To explore the differences among volumetric CT dose index (CTDIvol), body-

specific dose assessment (SSDEED) based on effective diameter (ED), and SSDEWED

based on water equivalent diameter (WED) in evaluating the radiation dose of adult

thoracic and abdominal CT scanning.

Methods: From January 2021 to October 2021, enhanced chest CT scans of 100

patients and enhanced abdomen CT scans of another 100 patients were collected.

According to the body mass index (BMI), they can be divided into groups A and D (BMI <

20 kg/m2), groups B and E (20 kg/m2 ≤ BMI ≤ 24.9 kg/m2), and groups C and F (BMI >

24.9 kg/m2). The CTDIvol, anteroposterior diameter (AP), and the left and rght diameter

(LAT) of all the patients were recorded, and the ED, water equivalent diameter (WED),

the conversion factor (fsize,ED), (fsize,WED), SSDEED, and SSDEWED were calculated. The

differences were compared between the different groups.

Results: The AP, LAT, ED, and WED of groups B, E, C, and F were higher than those

of groups A and D, and those of groups C and F were higher than those of groups B

and E (P < 0.05). The fsize,ED and fsize,WED of groups B, E, C, and F are lower than those

of groups A and D, and those of groups C and F are lower than those of groups B and

E (P < 0.05). CTDIvol, SSDEED, and SSDEWED in groups B, E, C, and F are higher than

those in groups A and D, and those in groups C and F are higher than those in groups B

and E (p < 0.05). In the same group, patients with chest- and abdomen-enhanced have

higher SSDEWED and SSDEED than CTDIvol, patients with chest-enhanced CT scans

have higher SSDEWED than SSDEED, and patients with abdomen-enhanced CT scans

have higher SSDEED than SSDEWED (P < 0.05).

Conclusion: CTDIvol and ED-based SSDEED underestimated the radiation dose of the

subject exposed, where the patient was actually exposed to a greater dose. However,

SSDEWED based on WED considers better the difference in patient size and attenuation

characteristics, and can more accurately evaluate the radiation dose received by patients

of different sizes during the chest and abdomen CT scan.

Keywords: volume CT dose index, effective diameter, equivalent diameter of water, body specific dose

assessment, CT scanning
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INTRODUCTION

With the rapid development of clinical diagnosis and treatment
and radiology technology, the application and popularity of CT
examination are constantly improving, and the ionizing radiation
received by patients is also constantly increasing, which has
aroused widespread concern about the potential cancer risk
(1). The radiation diagnosed by CT is usually higher than that
reported, so it is necessary to accurately evaluate and strictly
control the radiation dose of CT. At present, the CT radiation
dose index (CTDIvol) under the reference standard phantom
is usually used to characterize the CT radiation dose clinically,
and its value reflects the radiation dose output by the CT
equipment but does not consider the patient’s body shape factor.
In the actual scanning process, different objects have different
scanning diameters and attenuation coefficients (2). Therefore,
it is inaccurate to evaluate the effective dose of CT in patients
with CTDIvol index. The research of Kidoh et al. (3) shows
that there is a strong correlation between the specific body
dose assessment (SSDE) of patients and the average skin dose,
which can more accurately estimate the error of radiation dose
reduction. Based on the factors of the patient’s body shape,
American Medical Physics Association proposed to use effective
diameter (ED) and water equivalent diameter (WED) to estimate
the specific dose assessment (SSDE) based on the patient’s body
shape to make up and correct the influence of body shape on
CTDIvol and other indicators (4). In this study, we compare the
differences among CTDIvol, ED-based SSDEED, and WED-based
SSDEWED in evaluating the radiation dose of CT scan in the
chest and the abdomen of adults with different body mass index
(BMI) and discuss the further application of different radiation
dose evaluation methods in clinic to provide a reference for
clinical research.

DATA AND METHODS

General Information
Enhanced chest CT scans of 100 patients and enhanced abdomen
CT scans of another 100 patients were collected from January
2021 to October 2021 in our hospital. Inclusion criteria: patients
and families members’ informed consent; complete clinical image
data; clear image, which can meet the research requirements; no
metal artifact affecting the radiation dose. Among 200 patients,
there were 118 men and 82 women, 21–72 years of age with an
average of (48.92 ± 7.24) years, and a body mass index (BMI)
of (24.02±3.19) kg/m2. This study was approved by the Ethics
Committee of our hospital, and the patients and their families
provided informed consent.

Research Methods
GE 128-slice spiral CT scanner was used. The patient was placed
in the supine position, feet moved forward, hands raised. The
chest scanning was from the top of the lung to the bottom of
the lung and abdominal scanning was from the top of the liver
to the lower pole of both the kidneys. During the scan, the
patient was told to hold his/her breath. The scanning parameters
are: adopting automatic tube current modulation technology,

the tube current is 80–370 mAs, the tube voltage is 120 kV, the
detector collimation is 64 lli.625mm, the screw pitch is 0.993,
and the X-ray tube rotation time is 0.75 s. All scanned images
were transmitted to the image storage and transmission system
for measurement, and CTDIvol of all patients was recorded. The
anteroposterior diameter (AP) and left-right diameter (LAT) of
all the patients were measured (at the level of left renal vein
trunk and nipple) using workstation measurement software, and
ED =

√
AP × ALT, conversion factor (f size,ED) = a×e−b×ED,

and SSDEED = ff size,ED × CTDIvol were calculated at the same
time (5).

An elliptical ROI was selected, including the whole section
(except the bed board), the average CT value and area (A)

of ROI was recorded, and the WED =
√
(2)

(

CT
1000 + 1

)

×
A ,

the conversion factor (f size,WED) = a×e−b×WED, and SSDEWED

= f size,WED×CTDIvol for each patient was calculated. In this
examination, all subjects used a 16-cm phantom in the scanning
except the scout, and the other four enhanced scans used a 32-cm
standard phantom to obtain CTDIvol values (6).

A total of 100 patients with enhanced chest CT scanning and
100 patients with enhanced abdomen CT scanning were divided
into groups according to BMI. Patients with enhanced chest CT
scan were divided into 30 patients in group A (BMI < 20 kg/m2),
36 patients in group B (20 kg/m2 ≤ BMI ≤ 24.9 kg/m2), and 34
patients in group C (BMI> 24.9 kg/m2). Patients with abdominal
enhanced CT scan were divided into 31 patients in group D (BMI
< 20 kg/m2), 35 patients in group E (20 kg/m2 ≤ BMI ≤ 24.9
kg/m2), and 34 patients in group F (BMI > 24.9 kg/m2).

Statistical Methods
SPSS22.0 software was used for processing, experimental data
were measured using mean standard deviation (±s), and one-
way analysis of variance was used to compare the differences
between the groups in AP, LAT, ED, f sizeED, WED, and f sizeWED,
respectively. The differences of CTDIvol, SSDEED, and SSDEWED

among different BMI groups were compared using the t-test. The
test level is α =0.05, and the difference is statistically significant
when P < 0.05.

RESULTS

Comparison of AP, LAT, ED, fsize,ED, WED,
and fsize,WED in Patients With Enhanced
Chest CT Scan
The AP, LAT, ED, and WED of groups B and C are all higher
than those of group A, and that of group C is higher than that of
group B, with statistical significance (P < 0.05). The f size,ED and
f size,WED of group B and C are lower than that of group A, and
that of group C is lower than that of group B (P< 0.05), as shown
in Table 1.

Comparison of CTDIvol, SSDEED, and
SSDEWED in Patients With Enhanced Chest
CT Scan
The values of CTDIvol, SSDEED, and SSDEWED in groups B and C
are higher than those in group A, and those in group C are higher
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TABLE 1 | Comparison of AP, LAT, ED, fsize,ED, WED and fsize,WED in patients with enhanced chest CT scan (n,±s).

Group AP (cm) LAT (cm) ED (cm) fsize,ED WED (cm) fsize,WED

Group A (n = 30) 21.63 ± 62.14 30.19 ± 12.51 25.55 ± 51.71 1.44 450.07 20.91 ± 91.45 1.71 790.13

Group B (n = 36) 22.65 ± 62.67a 32.17 ± 12.73a 26.99 ± 91.92a 1.37 390.06a 22.81 ± 81.52a 1.59 580.09a

Group C (n = 34) 24.99 ± 92.81ab 35.04 ± 03.05ab 29.59 ± 52.27ab 1.25 250.04ab 26.17 ± 11.96ab 1.41 410.08ab

F-value 14.496 24.847 34.461 98.750 82.678 72.400

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Compared with group A, aP < 0.05. Compared with group B, bP < 0.05.

TABLE 2 | Comparison of CTDIvol, SSDEED, and SSDEWED in patients with

enhanced chest CT scan (n, ±s).

Group CTDIvol (mGy) SSDEED (mGy) SSDEWED (mGy)

Group A (n = 30) 3.74 7 0.61 5.32 3 0.73c 6.34 3 1.04cd

Group B (n = 36) 4.36 3 0.67a 5.89 8 0.89ac 6.90 9 1.02acd

Group C (n = 34) 6.53 5 0.75ab 8.03 0 1.16abc 9.12 1 1.48abcd

F-value 151.948 74.670 50.612

P-value <0.001 <0.001 <0.001

Compared with group A, aP < 0.05. Compared with group B, bP < 0.05. Compared

with CTDIvol in the same group, cP < 0.05. Compared with SSDEED in the same group,
dP < 0.05.

than those in group B, with statistical significance (P < 0.05).
In the same group, SSDEED and SSDEWED were higher than
CTDIvol; SSDEWED was higher than SSDEED; and the difference
was statistically significant (p < 0.05), as shown in Table 2.

Comparison of AP, LAT, ED, fsize,ED, WED,
and fsize,WED in Patients With Abdominal
CT Enhanced Scanning
The AP, LAT, ED, andWED of groups E and F are all higher than
those of group D, and those of group F are higher than those
of group E, with statistical significance (P < 0.05). The f size,ED
and f size,WED of group E and F are lower than those of group D,
and that of group F is lower than that of group E, with statistical
significance (P < 0.05), as shown in Table 3.

Comparison of CTDIvol, SSDEED, and
SSDEWED in Patients With Abdominal CT
Enhanced Scanning
The values of CTDIvol, SSDEED, and SSDEWED in groups E and F
are higher than those in group D, and those in group F are higher
than those in group E, with statistical significance (p < 0.05).
In the same group, SSDEED and SSDEWED were higher than
CTDIvol, SSDEED was higher than SSDEWED, and the difference
was statistically significant (P < 0.05), as shown in Table 4.

DISCUSSION

The area on the parallel lines along the axis (z) under the single-
layer scanning dose distribution curve is denoted by CDTI.

Due to some limitations in its measurement, CDTI100, CDTIW,
and CTDIvol were subsequently exported. CTDIvol can be used
to compare the radiation doses from different CT scanners.
CTDIvol represents the radiation dose value of one-layer images
along the rotation axis, which is the radiation dose output level
calculated based on the standard phantom. However, it has
nothing to do with the scanning length. It reflects the radiation
dose level output of the equipment, rather than the radiation
dose received by patients, and can not truly reflect the radiation
dose assessment received by patients with different body types
(7, 8). Therefore, when CTDIvol is used to evaluate the radiation
dose received by patients, the problem of underestimating the
radiation dose received by patients with low body weight will
appear (9). CTDIvol is very sensitive to the changes of scanning
parameters, such as tube voltage, tube current, X-ray tube
rotation time, etc. For different human bodies, its scanning
diameter is different and the radiation dose is different. The
emergence of SSDE parameter solves this problem.

Body-specific dose estimation is a CT dose estimation
value corrected by the patient’s body shape. It is obtained
by standardizing CTDIvol with f on the basis of CTDIvol.
Considering f, a factor related to the patient’s body shape, it can
more accurately evaluate the actual radiation dose received by
the patient (10). Australia, New Zealand, and other countries
have suggested using SSDE in chest examination to establish the
dose reference (11, 12). The results show that with the increase
of BMI, AP, LAT, ED, and WED of different types of patients’
chest and abdomen enhanced CT scans all increased to varying
degrees, while f size,ED, f size,WED showed a downward trend. In
this study, the standard phantom with a diameter of 32 cm was
used, but the ED of abdominal CT scan in most patients was
<30 cm, and only 6 patients had an ED that fluctuated in the
range of 30–32 cm, which was obviously different from that of the
standard phantom. This study also shows that CTDIvol is used to
evaluate the radiation dose in enhanced CT scans of the chest
and abdomen, which is obviously lower than that of SSDEED and
SSDEWED, and there is a problem of underestimating the actual
radiation dose.

The SSDE effectively makes up for the deficiency of CTDIvol
in body shape difference and tissue attenuation. Based on the
method of ED evaluation, it is assumed that the patient’s body
cross-section is elliptical, and the internal components are all
water, and then the circle diameter F equal to the elliptical area is
used to correct. However, it is not suitable for this changeable and
irregular geometric shape of the human body, and the radiation
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TABLE 3 | Comparison of AP, LAT, ED, fsize,ED, WED, and fsize,WED in patients with abdominal CT enhanced scanning (n, ±s).

Group AP (cm) LAT (cm) ED (cm) fsize,ED WED (cm) fsize,WED

Group D (n = 31) 18.92 ± 91.84 27.84 ± 82.01 22.95 ± 91.24 1.59 590.17 23.82 ± 82.06 1.54 580.18

Group E (n = 35) 20.16 ± 11.97a 29.23 ± 2.27a 24.28 ± 21.37a 1.51 520.15a 25.68 ± 62.21a 1.44 460.16a

Group F (n = 34) 21.75 ± 72.03ab 31.49 ± 42.64ab 26.17 ± 11.52ab 1.41 410.13ab 28.94 ± 92.74ab 1.27 290.13ab

F-value 17.223 20.469 211.461 64.629 39.462 22.746

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Compared with group D, aP < 0.05. Compared with group E, bP < 0.05.

TABLE 4 | Comparison of CTDIvol, SSDEED and SSDEWED in patients with

abdominal CT enhanced scan (n, ±s).

Group CTDIvol (mGy) SSDEED (mGy) SSDEWED (mGy)

Group D (n = 31) 3.52 5 0.55 5.52 5 0.91c 5.35 3 0.84cd

Group E (n = 35) 4.19 1 0.58a 6.28 2 0.96ac 5.96 9 0.89acd

Group F (n = 34) 6.09 0 0.69ab 8.50 5 1.17abc 7.67 6 1.02abcd

F-value 155.919 39.510 56.389

P-value <0.001 <0.001 <0.001

Compared with group D, aP < 0.05. Compared with group E, bP < 0.05. Compared

with CTDIvol in the same group, cP < 0.05. Compared with SSDEED in the same group,
dP < 0.05.

dose will be underestimated when the tissue density of the CT
scan is quite different from that of water (13, 14). The method of
calculating radiation dose based on WED can consider the size
and X-ray attenuation factors of different parts of the patient’s
chest and abdomen. It is closely related to X-ray imaging and
is suitable for irregular and uneven tissues of the human body
(15, 16). However, there are few SSDE based onWED. This study
discusses the application of SSDE based on WED calculation in
the adult thorax and abdomen by comparing the differences of
three different body-specific dose assessments in the body.

The results show that with the increase of BMI, the values
of SSDEED and SSDEWED gradually increase. The SSDEWED of
patients with enhanced CT scan in the chest is higher than that
of SSDEED, while that of patients with enhanced CT scan in the
abdomen is lower than that of SSDEED. Since the air content in
the chest is obviously lower than that in the water model and the
overall attenuation in the chest area is obviously lower than that
in the water model, the average CT value corresponding to X-
ray attenuation in vivo is negative, while the density of abdomen
tissues is roughly the same as that in the water model, the overall
attenuation is consistent with that in the water model, and the
average CT value corresponding to X-ray attenuation is positive.
With the increase of BMI, the difference between SSDEED and
SSDEWED also gradually increases (17).

There are still some limitations in this research. This study
involves only adult patients. Some studies based on ED SSDEED
show that it is meaningful for infants and young children (18). At
the same time, the number of cases distributed in different BMI
ranges is relatively small, which needs to be further discussed in
the follow-up study.

To sum up, CTDIvol and ED-based SSDEED underestimated
the radiation dose to which the subject was exposed, and
the patient was actually exposed to a greater dose. However,
SSDEWED based on WED better considers the difference
in patient size and attenuation characteristics, and can
more accurately evaluate the radiation dose received by
patients of different sizes during the chest and abdomen
CT scan.
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Effects of Nifedipine Tablets
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on Blood Coagulation Index,
Oxidative Stress, NO and ET-1 Levels
in Patients With Pregnancy
Hypertension
Xiaomei Yu and Qiang Zhou*

Department of Obstetrics, Weifang People’s Hospital, Weifang, China

Objective: To explore the effects of nifedipine tablets combined with magnesium sulfate

on blood coagulation indexes, oxidative stress and levels of NO and ET-1 in patients with

Pregnancy-induced hypertension syndrome (PIH).

Methods: A total of 110 patients with hypertension during pregnancy were admitted

to our hospital from January 2020 to January 2021. According to the random number

table method, 110 patients were divided into the control group and the therapy group,

with 55 cases in each group. The blood pressure levels (systolic and diastolic blood

pressure), coagulation indexes (TT, PT, APTT, Fib), oxidative stress indexes (LPO, MDA,

SOD), vascular endothelial function (ET-1, NO), clinical efficacy and adverse reactions of

the two groups were compared.

Results: After therapy, the systolic blood pressure and diastolic blood pressure of the

two groups were significantly decreased, and the therapy group was significantly lower

than the control group (P < 0.05). After therapy, PT, TT, and APTT in two groups were

significantly increased, and Fib was significantly decreased, and PT, TT, APTT in the

therapy group were higher than those in the control group, and Fib was lower than that in

the control group (P< 0.05). After therapy, LPO andMDA in two groups were significantly

decreased, and SODwas significantly increased, and LPO andMDA in the therapy group

were lower than those in the control group, and SOD was higher than that in the control

group (P < 0.05). After therapy, ET-1 in two groups were significantly increased, and NO

and ET-1/NO was significantly decreased, and ET-1 in the therapy group was higher than

that in the control group, and NO and ET-1/NO were lower those in the control group

(P < 0.05). The total clinical effective rate of patients in the therapy group was 94.5%,

and in the control group was 81.8%, the therapy group was significantly better than the

control group (P < 0.05). The total incidence of adverse reactions in the therapy group

was 7.3%, and in the control group was 21.8%, the therapy group was significantly lower

than the control group (P < 0.05).
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Conclusion: Nifedipine tablets combinedwithmagnesium sulfate in the treatment of PIH

can improve the blood coagulation function of patients, reduce oxidative stress damage,

adjust the serum levels of ET-1 and NO, and improve the clinical efficacy.

Keywords: nifedipine tablets, magnesium sulfate, pregnancy-induced hypertension, coagulation indicators,

oxidative stress, NO, ET-1

INTRODUCTION

Pregnancy-induced hypertension syndrome (PIH) is also known
as pregnancy-induced hypertension. It usually occurs at 20
weeks of gestation or 2 weeks after delivery. In addition to
high blood pressure, it can also be accompanied by edema,
proteinuria, thrombocytopenia, and liver Clinical manifestations
such as functional impairment (1, 2). PIH is more harmful to
mothers and babies. It can cause high-risk complications such as
miscarriage and postpartum hemorrhage. It greatly increases the
risk of maternal delivery and affects the outcome of pregnancy.
It is one of the main factors leading to maternal and perinatal
death. Studies have shown that PIH is not treated in time, it
will cause systemic dysfunction, secondary coma, convulsions,
etc., and the main lesion of PIH is the spasm of arterioles in
the whole body, which leads to the vasospasm of important
organs in the whole body. Therefore, it is necessary not only
to effectively control blood pressure during treatment, the key
is to relieve the spasm (3). At present, the clinical treatment
of hypertension in pregnancy is mainly based on drug therapy,
which to a certain extent can help relieve patients’ spasms, reduce
patients’ blood pressure, and reduce and improve cardiac load
at the same time. However, in the course of drug treatment,
certain drugs will inevitably cause a certain degree of damage
to the fetus. Therefore, care must be taken in the choice of
drugs during the treatment process. At present, the main drugs
used in the treatment of pregnancy-induced hypertension are
magnesium sulfate and nifedipine tablets. Nifedipine tablets can
inhibit the influx of calcium ions into the cells by obstructing
the membrane transport of calcium ions in the myocardium
and vascular smooth muscle, which increases the coronary blood
flow and improves the tolerance of the myocardium to ischemia,
thereby achieving the effect of lowering blood pressure (4, 5).
Magnesium sulfate can inhibit the central nervous system, relax
skeletal muscles, have the effects of sedation, antispasm, and
reduce intracranial pressure. It is often used to treat convulsions,
eclampsia, uremia, tetanus and hypertensive encephalopathy (6).
Nitric oxide (NO) is themost representative endogenous relaxing
factor, and Endothelin-1 (ET-1) is a strong vasoconstrictor found
so far, which is related to inflammatory reactions In the process,
monocyte infiltration is related, and it is a type of inflammatory
cytokines with chemotactic function (7, 8), but the expression
of the two in the serum of gestational diabetes patients is
currently unclear. Therefore, the purpose of this study is to
treat patients with pregnancy-induced hypertension through the
clinical efficacy of nifedipine tablets combined with magnesium
sulfate intervention, as well as the effects of patients’ blood
coagulation, oxidative stress indicators, and NO and ET-1 levels.

MATERIALS AND METHODS

General Information and Grouping
A total of 110 patients with hypertension during pregnancy were
admitted to our hospital from January 2020 to January 2021.
According to the random number table method, 110 patients
were divided into the control group and the therapy group,
with 55 cases in each group. The patients in the therapy group
were 21–36 years old, with an average age of (29.64 ± 2.13)
years; 40 cases of primiparas and 15 cases of postpartum women;
gestational age was 32–40 weeks, with an average of (36.02 ±

2.13) weeks; systolic blood pressure was 141–165 mmHg, average
systolic blood pressure (153.64 ± 2.13) mmHg; diastolic blood
pressure 93–109 mmHg, average diastolic blood pressure (96.15
± 2.58) mmHg. The control group was 22–35 years old, with
an average age of (28.95 ± 2.06) years; 38 cases of primiparous
women and 17 cases of postpartum women; gestational age was
33–39 weeks, with an average of (35.67 ± 2.01) weeks; systolic
blood pressure was 140–161 mmHg, The average systolic blood
pressure was (151.38± 2.06) mmHg; the diastolic blood pressure
was 91–105 mmHg, and the average diastolic blood pressure was
(93.06 ± 2.11) mmHg. All patients met the relevant diagnostic
criteria of our hospital for pregnancy-induced hypertension.
There was no statistically significant difference between the two
groups of patients in general information such as age, gestational
age, and birth experience (P > 0.05).

Inclusion Criteria
All patients were diagnosed with pregnancy-induced
hypertension, systolic blood pressure ≧140 mmHg and diastolic
blood pressure ≧90 mmHg, accompanied by proteinuria 0.3
g/24 h, or random urine protein (+). All patients underwent
routine fundus examination, blood coagulation function
examination, biochemical index examinations such as heart,
liver, kidney function, blood electrolytes, fetal growth and
development index examination, cardiac ultrasonography,
liver, gallbladder, spleen and kidney ultrasound examination to
rule out important organ diseases. This subject was approved
by the hospital ethics committee, and the patients and their
families voluntarily participated in this experiment and signed
an informed consent form.

Exclusion Criteria
Patients with history of hypertension, history of diabetes,
abnormal blood biochemistry and urine tests before pregnancy.
Patients with liver, kidney and other organ diseases. Those
who were allergic to the drugs used in this study. Complicated
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with hematological diseases. Combined with malignant tumor.
Cognitive impairment. Incomplete clinical data.

Treatment Methods
Patients in the control group were given magnesium sulfate
intervention treatment. The total dosage of magnesium sulfate
was 20 g for 24 h on the 1st day; the loading dose was 25%
magnesium sulfate injection (Hangzhou Minsheng Medical
Liquid Co., Ltd., product batch number 1409281, National
Medicine Standard H33021961) 20ml (5 g) Dilute with 20ml of
5% glucose injection, and slowly inject intravenously within 15–
20min; then used a maintenance meter, that was, 60ml (15 g)
of 25% magnesium sulfate and dilute with 500ml of 5% glucose
injection for intravenous infusion, 1–2 g/h intravenous drip for
maintenance. After that, 60ml (5 g) of magnesium sulfate was
used daily. Knee tendon reflex examinations should be done
regularly before and during medication to measure the patient’s
breathing frequency and urine output. If the knee tendon reflex
was found to be significantly weakened or disappeared, or the
number of breaths was <16 times/min, the patient’s urine output
was <25 ml/h, the medication should be stopped immediately,
7 days as a course of treatment. On the basis of the control
group, the therapy group was given nifedipine (CSPC Ouyi
Pharmaceutical Co., Ltd., approval number: H13021315), 3 times
a day, 10mg each time, orally with warm water, 7 days as a course
of treatment.

The principle of medication is to be treated in strict
accordance with the treatment standards for hypertension in
pregnancy in the Guidelines for the Diagnosis and Treatment
of Hypertension in Pregnancy. During the administration and
treatment of the two groups of patients, the relevant medical staff
should pay close attention to the patients’ usual urine output, fetal
heart rate, respiration, and magnesium ion levels to prevent the
patients from experiencing poisoning symptoms. And during the
treatment, the patient’s blood pressure, heart rate, and breathing
changes are recorded in detail, and adverse reactions and changes
in symptoms such as dizziness and headache are observed.
Record the occurrence of pregnancy complications.

Observation Indicators
Blood Pressure Detection
The systolic blood pressure (SBP) and diastolic blood pressure
(DBP) of the two groups of patients before and after therapy were
measured and compared.

Coagulation Index
Before and after therapy, 5ml of fasting cubital venous blood was
collected from the two groups of patients in the morning during
the obstetric examination, centrifuged at 3,500 r/min for 10min
to take the upper serum, and placed in the refrigerator at −80◦C
for later use. Use CA8000 automatic blood coagulation analyzer
(Syames, Japan) and supporting kits to measure coagulation
function related indexes, including prothrombin time (PT),
thrombin time (TT), fibrinogen (Fib), activated thrombin
Original time (APTT).

Oxidative Stress Indicators
Take the sera of the two groups of patients in 1.5.2, and ELISA kit
(Jiangsu Kejing Biological Company) to detect the serum levels of
lipid peroxide (LPO), malondialdehyde (MDA), and superoxide
dismutase (SOD).

Vascular Endothelial Function
Take the serum of the two groups of patients in 1.5.2, use
the BS-800 automatic biochemical analyzer (Zhengzhou Nanbei
Instrument Equipment Co.Ltd.) to detect serum endothelin 1
(ET-1), nitric oxide (NO) and ET-1/ NO level.

Judgment of Clinical Efficacy
Compare the clinical effects of the therapy group and the control
group. Significantly effective: after therapy, the patient’s systolic
blood pressure is less than or equal to 140 mmHg, and the
diastolic blood pressure is less than or equal to 90 mmHg; or
the patient’s systolic blood pressure drops >30 mmHg, and the
diastolic blood pressure drops>15mmHg; the patient’s dizziness,
headache and abdominal discomfort and other clinical symptoms
have basically disappeared, and no postpartum complications
appear. Effective: after therapy, the patient’s systolic blood
pressure is ≧140 and ≦150 mmHg, and the diastolic blood
pressure is ≧90 and ≦100 mmHg. The clinical symptoms
such as dizziness, headache, and abdominal discomfort are
significantly improved, and no postpartum complications occur.
Ineffective: after therapy, the patient has systolic blood pressure
≧150 mmHg, diastolic blood pressure ≧100 mmHg, clinical
symptoms are not improved or even worsened, with mild edema
and proteinuria.

Adverse Reactions
Observe and record the occurrence of adverse pregnancy
outcomes such as premature birth, postpartum hemorrhage, fetal
distress, and very low birth weight infants in the two groups.

Statistical Methods
Graphpad priam 8.0 software was used for data analysis, and the
measurement data were expressed as mean± standard deviation.
The t-test was in accordance with the normal distribution,
and the Wilcoxon test was not in accordance with the normal
distribution. The measurement data used χ

2, and P < 0.05
indicated that the difference was statistically significant.

RESULTS

Comparison of Blood Pressure Levels
Between the Two Groups
Before therapy, there was no significant difference in systolic
blood pressure and diastolic blood pressure between the two
groups (P > 0.05). After therapy, the systolic blood pressure
and diastolic blood pressure of the two groups were significantly
decreased, and the therapy group was significantly lower than the
control group (P < 0.05) (Figure 1).
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FIGURE 1 | Comparison of blood pressure levels between the two groups (x ± s, n = 55). (A) was comparison of systolic blood pressure between the two groups.

(B) was comparison of diastolic blood pressure between the two groups. *P < 0.05 was compared with the same group before therapy, 1P < 0.05 was compared

with the control group after therapy.

FIGURE 2 | Comparison of coagulation indexes between the two groups (x ± s, n = 55). (A) was comparison of PT between the two groups. (B) was comparison of

TT between the two groups. (C) was comparison of APTT between the two groups. (D) was comparison of Fib between the two groups. *P < 0.05 was compared

with the same group before therapy, 1P < 0.05 was compared with the control group after therapy.
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Comparison of Coagulation Indexes
Between the Two Groups
Before therapy, there was no significant difference in PT, TT,
APTT, and Fib between the two groups (P > 0.05). After therapy,
PT, TT, and APTT in two groups were significantly increased,
and Fib was significantly decreased, and PT, TT, APTT in the
therapy group were higher than those in the control group,
and Fib was lower than that in the control group (P < 0.05)
(Figure 2).

Comparison of Oxidative Stress Indicators
Between the Two Groups
Before therapy, there was no significant difference in LPO, MDA
and SOD between the two groups (P > 0.05). After therapy,
LPO and MDA in two groups were significantly decreased, and
SOD was significantly increased, and LPO and MDA in the
therapy group were lower than those in the control group, and
SOD was higher than that in the control group (P < 0.05)
(Figure 3).

Comparison of Vascular Endothelial
Function Between the Two Groups
Before therapy, there was no significant difference in ET-1, NO,
ET-1/NO between the two groups (P > 0.05). After therapy,
ET-1 in two groups were significantly increased, and NO and
ET-1/NO was significantly decreased, and ET-1 in the therapy
group was higher than that in the control group, and NO and
ET-1/NO were lower those in the control group (P < 0.05)
(Figure 4).

Comparison of Clinical Efficacy Between
the Two Groups
The total clinical effective rate of patients in the therapy
group was 94.5%, and the total clinical effective rate of
patients in the control group was 81.8%. Compared with
the clinical efficacy between the groups, the therapy group
was significantly better than the control group, and the
difference was statistically significant (P < 0.05) (Table 1 and
Figure 5).

FIGURE 3 | Comparison of oxidative stress indicators between the two groups (x ± s, n = 55). (A) was comparison of LPO between the two groups. (B) was

comparison of MDA between the two groups. (C) was comparison of SOD between the two groups. *P < 0.05 was compared with the same group before therapy,
1P < 0.05 was compared with the control group after therapy.

FIGURE 4 | Comparison of vascular endothelial function between the two groups (x ± s, n = 55). (A) was comparison of ET-1 between the two groups. (B) was

comparison of NO between the two groups. (C) was comparison of ET-1/NO between the two groups. *P < 0.05 was compared with the same group before therapy,
1P < 0.05 was compared with the control group after therapy.
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Comparison of Adverse Reactions
Between the Two Groups
The total incidence of adverse reactions in the therapy group was
7.3%, and the total incidence of adverse reactions in the control
group was 21.8%. The incidence of adverse reactions between the
groups was significantly lower in the therapy group than in the
control group, and the difference was statistically significant (P <

0.05) (Table 2 and Figure 6).

DISCUSSION

Pregnancy hypertension refers to a state in which both increased
blood pressure and pregnancy coexist. It has a serious impact
on the health of pregnant women and fetuses. If they cannot
be effectively controlled in time, they will cause serious

TABLE 1 | Comparison of clinical efficacy between the two groups (n = 55, %).

Group Markedly effective Efficient Invalid Total effective

Therapy group 45 (81.82) 7 (12.73) 3 (5.45) 52 (94.55)

Control group 30 (54.55) 15 (27.27) 10 (18.18) 45 (81.82)

χ
2 4.274

P 0.039

consequences with maternal or perinatal death (9). Therefore,
how to effectively treat pregnancy-induced hypertension has
always been the focus of clinical research. At present, drug
therapy is the main treatment method used in clinical practice.
The purpose of treatment is mainly to relieve spasm, expand
blood volume, reduce blood pressure, sedation, diuresis and
termination of pregnancy. However, in the course of drug
treatment, certain drugs will inevitably cause a certain degree
of harm to the fetus. Therefore, it is necessary to be cautious
in the choice of drugs during treatment. Magnesium sulfate
is the drug of choice for the treatment of hypertension in
pregnancy. It can inhibit the central nervous system and
block the conduction at the peripheral neuromuscular joints.
It can calm, relieve spasm and relax skeletal muscles; it
can also reduce intracranial pressure and relax peripherals.
Vascular smooth muscle destroys sympathetic ganglion impulse
conduction, promotes vasodilation and lowers blood pressure; in
addition, magnesium sulfate also has the effect of accelerating
protein metabolism, anti-inflammatory and de-seeding, thereby
effectively alleviating the symptoms of proteinuria and edema in
patients (10). However, the use of magnesium sulfate alone is
prone to adverse reactions, and its use has certain limitations. It
has been reported that the combined use of magnesium sulfate
and nifedipine tablets can improve the effective rate of clinical
treatment. Nifedipine is a calcium antagonist, which can relax
vascular smooth muscle, expand blood vessels, reduce peripheral

FIGURE 5 | Comparison of clinical efficacy between the two groups (n = 55, %). (A) Comparison of the number of clinical efficacy between the two groups. (B)

Comparison of the incidence of clinical efficacy between the two groups.

TABLE 2 | Comparison of adverse reactions between the two groups (n = 55, %).

Group Premature birth Postpartum hemorrhage Fetal distress Very low birth weight infant Total incidence

Therapy group 3 (5.45) 0 (0.00) 1 (1.82) 0 (0.00) 4 (7.27)

Control group 5 (9.09) 3 (5.45) 3 (5.45) 1 (1.82) 12 (21.82)

χ
2 4.681

P 0.031
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FIGURE 6 | Comparison of adverse reactions between the two groups. (A) Comparison of the number of adverse reactions between the two groups. (B) Comparison

of the incidence of adverse reactions between the two groups.

vascular resistance, lower blood pressure, and it can reduce
afterload, suitable for long-term use, and can make up for the
defects of magnesium sulfate (11). The results of this study
showed that the blood pressure and clinical efficacy of patients
in the therapy group were significantly better than those in
the control group, and the difference was statistically significant
(P < 0.05). The results of this study are consistent with the
above reports.

When the body’s blood coagulation function is abnormal,
the blood coagulation function and anticoagulant function in
the body will be out of balance (12). The coagulation indexes
(TT, PT, Fib, APTT) selected in this study are commonly used
indexes for clinical coagulation function tests. TT can indicate
the abnormal state of the endogenous coagulation system, PT
can indicate the abnormal state of the exogenous coagulation
system, Fib can show whether its content in human plasma is
at a normal level, and APTT can show the abnormal degree
of thrombin activity. It was shown that the blood of patients
with pregnancy-induced hypertension was in a hypercoagulable
state, with lower TT, PT and APTT levels and higher Fib
levels than those of normal pregnant women. The results of
this study showed that after therapy, serum TT, PT and APTT
levels were higher in the treatment group than in the control
group, and Fib levels were lower than in the control group. It
was suggested that the combination of nifedipine tablets and
magnesium sulfate was effective in improving hypercoagulability
in patients with pregnancy-induced hypertension, and was
more effective than magnesium sulfate alone. SONG (13)
and others have confirmed that nifedipine combined with
magnesium sulfate has a good therapeutic effect on patients
with pregnancy-induced hypertension, and the clinical effect
is significant.

Studies have found that the occurrence and development
of hypertension are closely related to the excessive production

of reactive oxygen species leading to oxidative stress or the
body’s ability to resist internal antioxidants (14). In patients
with pregnancy-induced hypertension, the activity and content
of antioxidant enzymes are found to be low, such as SOD,
on the contrary, a large amount of peroxidation products are
generated in the body, such as LPO and MDA. Therefore, it
is of great significance to explore the level of oxidative stress
in patients. The results of this study showed that the oxidative
stress level of the two groups of patients after therapy was
significantly improved compared with that before treatment, and
the serum LPO and MDA of the therapy group were lower
than those of the control group, and the SOD level was higher
than that of the control group, suggesting that nifedipine tablets
combined with magnesium sulfate. It can improve the oxidative
stress response of patients with pregnancy-induced hypertension,
enhance the body’s antioxidant capacity, and reduce the degree
of endothelial damage. Vascular endothelial cell injury is one of
the pathologies of pregnancy-induced hypertension. After injury,
vascular endothelial cells secrete too much vasoconstrictor factor
ET, and less secrete vasodilator factor NO (15). ET-1 is the most
active endogenous vasoconstrictor peptide found so far, which
can promote the proliferation of vascular smooth muscle cells
and contract blood vessels. In normal pregnancy, ET-1 is at a
normal level, and its increase will cause systemic arteriole spasm,
promote the secretion of aldosterone and angiotensin, increase
peripheral vascular resistance, and increase blood pressure. The
possible mechanism for the increase of ET-1 is that there are
endothelial cytotoxic factors that can cause vascular endothelial
cell damage in patients with pregnancy-induced hypertension,
release a large amount of ET-1 to promote vasoconstriction,
and ischemia and hypoxia further aggravate endothelial cell
damage, and then form a vicious circle (16). NO is a very active
vasodilator released by vascular endothelial cells. It has the effect
of inhibiting platelet adhesion, aggregation and vascular smooth
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muscle cell growth, and can maintain high blood flow and low
blood pressure during healthy pregnancy. Studies have reported
that the plasma nitrite level in healthy non-pregnant women is
lower than that in healthy pregnant women. The level of NO
increases significantly in the first trimester and decreases in the
third trimester, and returns to normal after delivery, suggesting
a significant increase in NO release during pregnancy (17). The
dynamic balance between NO and ET can affect the integrity of
endothelial cell function to a large extent, and endothelial cell
damage can lead to an imbalance between NO and ET (18, 19).
Therefore, the abnormal changes in serum ET-1 and NO levels
can reflect abnormal vascular endothelial function. The increase
in serum ET-1 level and the decrease in NO concentration are
one of themechanisms of the pathogenesis of pregnancy-induced
hypertension. Zhang et al. (20) and other studies have confirmed
that nifedipine tablets combined with magnesium sulfate in the
treatment of hypertension during pregnancy can increase the
effective rate of treatment, improve the patient’s hemodynamics,
and at the same time regulate the patient’s plasma ET-1 and NO
levels, and improve the function of vascular endothelial cells,
and safe and effective. The results of this study showed that
after therapy, ET-1 in two groups were significantly increased,
and NO and ET-1/NO was significantly decreased, and ET-1 in
the therapy group was higher than that in the control group,
and NO and ET-1/NO were lower those in the control group. It
was suggested that nifedipine tablets combined with magnesium
sulfate can improve the degree of vascular endothelial cell
damage in patients with pregnancy-induced hypertension by

improving serum ET-1 and NO levels, which is consistent with
the above view.

In summary, nifedipine tablets combined with magnesium
sulfate in the treatment of pregnancy-induced hypertension can
improve the coagulation function of patients, reduce oxidative
stress damage, regulate the levels of ET-1 and NO in patients’
serum, and improve clinical efficacy.
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Purpose: To observe the correlation between hypothyroidism during pregnancy and

glucose and lipid metabolism in pregnant women and its influence on a pregnancy

outcome and fetal growth and development.

Methods: About 152 patients with hypothyroidism during pregnancy in our hospital

from June 2017 to June 2020 were selected as the observation group and divided

into the overt hypothyroidism (OH) group, the subclinical hypothyroidism (SCH) group,

and the low T4 group. Another 60 pregnant women with normal antenatal examination

and normal thyroid function were selected as the normal group. The glucose and lipid

metabolism indexes of each group were compared. The pregnant women in the OH

group and the SCH group were given levothyroxine intervention, and the pregnancy

outcome and infant development of the two groups were compared.

Results: The fasting blood glucose and hemoglobin A1c, triglyceride and low-density

lipoprotein of the OH group and the SCH group were higher than the low T4 group

and the normal group, and the OH group was higher than the SCH group (p <

0.05). The incidence of premature delivery and premature rupture of membranes at

term (PROM at term) in the hypothyroidism non-control group was higher than the

hypothyroidism control group (p < 0.05). The mental development index and the

psychomotor development index in the hypothyroidism non-control group were lower

than the hypothyroidism control group (p < 0.05).

Conclusion: Pregnant women with hypothyroidism during pregnancy are more prone

to glucose and lipid metabolism disorder, which increases the risk of premature delivery

and PROM at term, and has certain influence on the intellectual development and

psychomotor development of infants.

Keywords: hypothyroidism during pregnancy, glucose metabolism, lipid metabolism, pregnancy outcome, fetal

growth and development
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INTRODUCTION

Thyroid dysfunction is one of the common endocrine
complications in pregnancy, especially hypothyroidism in
pregnancy. Thyroid hormone (TH) is the most important
endocrine hormone in the body, which can promote the
synthesis of protein, RNA, DNA, and special enzymes in
fetal tissues and cells, TH can regulate the metabolism of
carbohydrates, calcium, phosphorus, fat, and other energy
substances in pregnant women and fetus, and promote the
growth and development of fetal bones and reproductive organs,
and is very important to maintain the normal development and
maturity of fetus (1, 2). During pregnancy, the hypothalamus-
pituitary-thyroid regulatory system of pregnant women is in a
stress state, and, during pregnancy, it is in a special endocrine
state, which leads to the decrease of TH synthesis and the
defect of thyroid receptor function, resulting in the decrease
of the utilization rate of TH (3). Hypothyroidism can lead to a
series of related clinical symptoms such as hypometabolism in
pregnant women, with listlessness, fatigue, lethargy, pale face,
rough skin, and decreased heart rate as the main manifestations
(4). The incidence of hypothyroidism is high among women of
childbearing age. The incidence of overt hypothyroidism (OH)
in pregnant women is 1–2%, that of subclinical hypothyroidism
(SCH) is 2–5%, and that of isolated low T4 is 8–10% (5).
Generally speaking, hypothyroidism is often ignored by people
because the onset of hypothyroidism is hidden. In recent years,
some scholars have suggested that hypothyroidism during
pregnancy may affect maternal glucose and lipid metabolism and
offspring development, which seriously endangers maternal and
infant health (6). In this study, we observed the glucose and lipid
metabolism and a pregnancy outcome of pregnant women with
hypothyroidism during pregnancy, and followed up the fetus
in order to improve the clinical outcome of pregnant women
and fetus.

MATERIALS AND METHODS

Object
About 152 patients with hypothyroidism during pregnancy in
our hospital from June 2017 to June 2020 were selected as the
observation group. Inclusion criteria: age > 18 years old; the first
gestational week was <28 weeks; single pregnancy; the patient
had a formal birth examination in the department of obstetrics
of our hospital and delivered in our hospital. Exclusion criteria:
a history of thyroid disease before pregnancy; pre-pregnancy
with abnormal glucose and lipid metabolism-related diseases; in
the past 3 months, patient has taken drugs that affect thyroid
hormones or glucose and lipid metabolism indexes; the fetus
was lost before 28 weeks of gestation; complicated with serious
organic diseases; lost or dropped out of the study. Another 60
pregnant women with normal antenatal examination and normal
thyroid function were selected as the normal group. All the
subjects were informed and agreed, and this study was reviewed
by the ethics committee.

Research Methods
In the second trimester of pregnancy (14–27+6 weeks of
pregnancy), in the morning, 3ml of fasting venous blood was
collected from all the subjects, and the blood was centrifuged
at 3,500 r/5min for 5min at room temperature, and the serum
was separated. The levels of serum-free triiodothyronine (FT3),
free tetraiodothyronine (FT4), and thyroid-stimulating hormone
(TSH) were detected by an automatic chemiluminescence
instrument. Fasting blood glucose (FBG) and hemoglobin A1c
(HbA1c) were measured. Triglyceride (TG), total cholesterol
(TC), high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) were measured.

According to the diagnostic criteria of hypothyroidism during
pregnancy (7), patients with hypothyroidism were divided into:
the (1) OH group: serum TSH > 3.6 mIU/L and FT4 decreased,
or serum TSH> 10mIU/L regardless of whether FT4 was normal
or not; the (2) SCH group: serum TSH > 3.6 mIU/L, the serum
FT4 level was normal; the (3) Low T4 group: the TSH level was
normal, but the serum FT4 level was lower than normal.

From the date of the diagnosis, the pregnant women with
SCH and OH were treated with levothyroxine sodium tablets
(specification: 50 ug), and FT3, FT4, and TSHwere detected every
4 weeks. The therapeutic target of serum TSH was: 2–3. mIU/L
in the second trimester. The dosage of levothyroxine sodium
tablets had large individual variability, which required clinicians
to evaluate factors, such as the cause of hypothyroidism, pre-
pregnancy TSH levels, and other factors before treatment,
and adjust the dosage according to individual circumstances.
Pregnant women with hypothyroidism will not be treated; only
FT3, FT4, and TSHwill be detected everymonth, and then treated
if the disease meets the requirements of SCH or OH. According
to the level of serum TSH of the pregnant women before labor,
they were divided into the hypothyroidism control group, and
the serum TSHwas kept in the target range through treatment; in
the uncontrolled hypothyroidism group, the serum TSH was not
controlled within the target range due to various reasons, such
as the pregnant women’s disobedience to the doctor’s advice and
refusal for treatment.

Evaluation Methods
All the subjects were followed up until delivery, and adverse
pregnancy outcomes, such as premature delivery (delivery
between >28 weeks and <37 weeks of gestation), abortion
(termination of pregnancy due to pregnancy <28 weeks and
fetal weight < 1,000 g), premature rupture of membranes at term
(PROM at term) (After 37 weeks of gestation, the membranes
rupture naturally), infants of low-birth weight (fetal birth weight
< 2,500 g), and fetal distress (fetal heart rate, <120 beats/min or
>160 beats/min on auscultation test) were recorded.

Within 18 months of live births, infants’ intelligence
development and psychomotor development were measured by
Bayley scales of infant development (BSID) (revised edition
of Chinese cities), and mental development index (MDI) and
psychomotor development index (PDI) were calculated (8). MDI
was used to test the infant’s response to stimuli, hand-eye
coordination, language, exploratory activities, cognitive ability,
etc.; PDI was used to test the gross motor and fine motor of
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all parts of the infant’s body. MDI included 163 items and PDI
included 81 items. The larger the index, the better the infant’s
development. The test results show that the developmental
quotient ≤69 was diagnosed as developmental retardation. The
infants were tested in a testing room by specially trained testers.

Statistical Methods
SPSS22.0 software was used for analysis, and the measured data
were expressed by x ± s and compared by t-test. The counting
data were expressed as % and compared by χ

2 test. p < 0.05, the
difference was statistically significant.

RESULTS

Incidence of Hypothyroidism During
Pregnancy
There were 152 cases in the observation group, including 56
pregnant womenwithOH, 53 pregnant womenwith SCH, and 43
cases with low T4. During the study period, no pregnant women
with low T4 changed into SCH or OH. After the treatment,
hypothyroidism was controlled in 85 cases and uncontrolled in
24 cases among the 109 pregnant women with SCH or OH.

Comparison of Blood Glucose Levels in
Each Group
The FBG and HbA1c of the OH group and the SCH group were
higher than the low T4 group and the normal group, and the OH
group was higher than the SCH group (p < 0.05), as shown in
Figure 1.

Comparison of Blood Lipid Levels in Each
Group
The TG and LDL of the OH group and the SCH group were
higher than the low T4 group and the normal group, and the OH
group was higher than the SCH group (p < 0.05), as shown in
Figure 2.

Comparison of Adverse Pregnancy
Outcomes Between the Two Groups
The incidence of premature delivery and PROM at term in
the hypothyroidism non-control group was higher than the
hypothyroidism control group (p < 0.05), as shown in Table 1.

Comparison of Fetal Growth and
Development Between the Two Groups
The MDI and PDI in the hypothyroidism non-control group
were lower than the hypothyroidism control group (p < 0.05),
as shown in Figure 3.

DISCUSSION

Studies have shown that severe thyroid dysfunction is closely
related to female infertility, poor pregnancy outcomes, and
offspring stunting (9). At present, during pregnancy, thyroid
function can be evaluated by detecting serum FT3, FT4, and
TSH levels. Some scholars believe that hypothyroidism in
early pregnancy does not increase the risk of dysglycemia and
dyslipidemia, while the levels of FT4 and TSH in the second
trimester are related to glucose and lipid metabolism (10).
Therefore, by detecting the levels of FT3, FT4, and TSH in
pregnant women in the second trimester, we divided the patients
with hypothyroidism into the OH group, the SCH group, and
the low T4 group, observed the glucose and lipid metabolism in
pregnant women, and discussed the influence of hypothyroidism
on a pregnancy outcome and fetal growth and development.

In this study, FBG, HbA1c, TG, and LDL in the OH
group and the SCH group are higher than the low T4 group
and the normal group, and the increase in the OH group
is more significant, which indicates that pregnant women
with hypothyroidism during pregnancy are more prone to
glucose and lipid metabolism disorder. TH has a two-way
characteristic in regulating glucose metabolism of the body.
On the one hand, it can increase blood glucose by promoting
the decomposition and utilization of glycogen, enhancing
gluconeogenesis and increasing the rate of glucose metabolism.
On the other hand, it can increase glycolysis by increasing insulin

FIGURE 1 | Comparison of blood glucose levels in each group; compared with the normal group, *p < 0.05; compared with the low T4 group, #p < 0.05; compared

with the SCH group, 1p < 0.05.
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FIGURE 2 | Comparison of blood lipid levels in each group: compared with the normal group, *p < 0.05; compared with the low T4 group, #p < 0.05; compared

with the SCH group, 1p < 0.05.

TABLE 1 | Comparison of adverse pregnancy outcomes between the two groups (n,%).

Group Premature delivery Abortion PROM at term Infant of low-birth weight Fetal distress

Hypothyroidism non-control 3 (12.50%) 2 (8.33%) 5 (20.83%) 1 (4.17%) 3 (12.50%)

group (n = 24)

Hypothyroidism control 2 (2.35%) 2 (2.35%) 6 (7.06%) 3 (3.53%) 7 (8.24%)

group (n = 85)

χ
2value 4.403 1.894 3.914 0.021 0.409

P-value 0.036 0.169 0.048 0.883 0.523

secretion, thereby reducing blood glucose (11, 12). For patients
with hypothyroidism, most patients will have positive thyroid
peroxidase antibody, TH decreased and abnormal immune
function, which will further affect the utilization of insulin in
peripheral tissues. The phenomenon of insulin resistance in
pregnant women will lead to abnormal glucose metabolism and
promote the change of fasting glucose tolerance, and thus lead to
the increase of blood glucose (13). Jia’s team found that maternal
glucose metabolism during pregnancy was more sensitive to
changes of thyroid hormone than that during non-pregnancy,

and the incidence of gestational diabetes in pregnant women
with hypothyroidism was higher than that in pregnant women
with normal thyroid function (14). In addition, hypothyroidism
is also closely related to the fat metabolism of pregnant women.
The main reasons are as follows: (1) TH has influence on the
fat synthesis, transportation, and degradation. Compared with
the normal population, the cholesterol transport level in the
patients with hypothyroidism decreased, the carrying capacity
of apolipoprotein to TG and LDL was affected, and the activity
of lipoprotein decreased, resulting in the decrease of cholesterol
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FIGURE 3 | Comparison of fetal growth and development between the two groups: compared with the hypothyroidism non-control group, *p < 0.05.

clearance and degradation, so the concentration of TG and LDL
in blood increased. (2) By regulating the expression of the LDL
receptor and the activity of lipoprotein lipase on the surface of
liver cells, the occurrence of hypothyroidism can interfere with
the reverse transport process of cholesterol in liver epithelial cells
by promoting the occurrence of oxidative stress disorder in vivo,
and lead to the decrease of LDL receptor sensitivity, the decrease
of the number and activity of the LDL receptor on the surface
of liver cells, the decrease of LDL clearance and degradation,
the accumulation of LDL, and the abnormality of serum lipid
metabolism. (3) Hypothyroidismwill cause a large amount of free
fatty acids to flow into the liver, which will increase the synthesis
of LDL in the liver, and eventually lead to the increase of TG and
LDL content (15–17).

This study also found that treatment with levothyroxine
sodium tablets significantly improved thyroid function of
patients with hypothyroidism during pregnancy, and the risk of
premature delivery and PROM was lower. Without treatment
for hypothyroidism during pregnancy, the metabolism of
blood glucose and blood lipid may be disordered, and TH
is directly involved in placenta development, and OH or
SCH may lead to mild deficiency of TH, which may lead
to premature birth of newborn (18). At the same time,
due to the influence of gestational diabetes mellitus, lower
genital tract infection, mechanical stimulation, the increase
of interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α)
cytokines, and other factors, PROM at term has become one
of the clinical adverse pregnancy outcomes (19). Adipose is
involved in the energy metabolism of pregnant and lying-in
women. IL-6 and TNF-α are endocrine hormones secreted by
adipose tissue. The serum of TSH can regulate the endocrine
function of adipose tissue to a certain extent (20). However,
in the body of pregnant women with OH or SCH, the
serum TSH level is obviously increased, which can promote
the secretion of leptin, adiponectin, IL-6, TNF-α, and other
inflammatory factors in adipose tissue, leading to PROM at
term (21).

In addition, TH not only affects the proliferation and
migration of neurons in cerebral cortex, and the uplift of
hippocampus and inner pleural ganglion but also influences

the formation of axons and dendrites, and myelination (22).
During pregnancy, the fetus needs TH to ensure the development
of normal nervous system and other organ systems, and TH
plays a key role in the development and maturation of the
fetal brain (23). Once hypothyroidism occurs during pregnancy,
the increase of TSH level may inhibit the secretion of human
chorionic gonadotropin by placenta to a certain extent, resulting
in an irreversible influence on the development of placenta and
fetus and damages the development of fetal nervous system (24).
Moreover, long-term hypothyroidism will make the abnormal
blood glucose and blood lipid levels of pregnant women for
a long time, resulting in the damage of the blood vessel wall
and the decrease of blood flow supply, which will further lead
to the decrease of blood flow to various organs of the body,
resulting in the lack of oxygen supply to cells, and, in severe
cases, placenta aging will occur, resulting in the limitation of fetal
growth and development (25). The above research is consistent
with our results. We have observed that, after hypothyroidism
control, infants’ intelligence and psychomotor development
are better.

CONCLUSION

To sum up, pregnant women with hypothyroidism during
pregnancy are more prone to glucose and lipid metabolism
disorder, which increases the risk of premature delivery and
PROM at term, and has certain influence on the intellectual
development and psychomotor development of infants. The
results suggest that doctors should screen thyroid function
during pregnancy, pay attention to the changes of glucose
and lipid metabolism indexes of pregnant women with
hypothyroidism, and actively give treatment according to the
actual situation of patients so as to improve the maternal and
child outcomes.
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Objectives: To test the validity and reliability of the Secondary Traumatic Stress

Scale—Chinese version in clinical nurses.

Methods: According to the translation principles of the Brislin Scale, the original

scale was translated, back translated and cross-culturally adapted to form the Chinese

version of the Secondary Traumatic Stress Scale. Nurses in three general hospitals

in Changsha, Hunan province were surveyed by convenient sampling method from

July 2020 to September 2021. Exploratory factor analysis, confirmatory factor analysis,

content validity and criterion validity was used to evaluate the validity of the scale. Internal

consistency Cronbach’s α coefficient, split-half reliability and test-retest reliability were

used to evaluate the reliability of the scale.

Results: A total of 678 nurses were included in the study. There were 460 people

in sample 1 and 218 people in sample 2. Two common factors were extracted by

exploratory factor analysis. The cumulative contribution was 65.560%. The two-factor

structure model was good (χ2/df = 3.137, CFI = 0.928, IFI = 0.929, GFI = 0.842, TLI =

0.917, RMSEA = 0.099). The I-CVI of the scale was 0.8–1.0. The S-CVI/Ave was 0.94.

The Cronbach’s alpha coefficient is 0.956. The broken half reliability is 0.920. The retest

reliability is 0.910.

Conclusion: This study identified two components of the Secondary Traumatic Stress

Scale—Chinese version, which has 2 dimensions and 17 items. With good validity and

reliability, it is suitable for the assessment of secondary traumatic stress among clinical

nurses in the Chinese context.

Keywords: secondary traumatic stress, validity, reliability, scale, Chinesization

INTRODUCTION

Secondary traumatic stress (STS) is a pattern of psychological symptoms in which the helper
exhibits disturbing or painful psychological symptoms during or after helping without directly
experiencing a traumatic event (1). STS was originally described as Compassion fatigue (CF)
(2). But it does not include the concept of empathy. They should therefore be defined and
measured differently (3, 4). Symptoms of STS include exhaustion, hyperarousal, avoidance and
numbness. Similar to Post-traumatic stress disorder (PTSD) (5). The difference is that PTSD
occurs in individuals who have direct exposure to traumatic events (6), whereas STS occurs in
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professionals who have indirect exposure to traumatic
individuals (1). At the beginning, STS had some similarities
with PTSD and CF. Researchers often assess STS using measures
of PTSD or the Occupational Quality of Life Scale (ProQOL)
(7). Neither was specifically designed for that purpose. The
Secondary Traumatic Stress Scale (STSS) (1) was compiled by
Bride BE in 2004 according to the concept of STS proposed
by Figley. It measures intrusion, avoidance, and arousal
symptoms triggered by indirect exposure to traumatic events.
Its psychometric properties have been validated (8). Over the
past decade, STSS has become the standard tool for assessing
STS. It has been used by doctors, nurses, midwives, respiratory
therapists, mental health workers and other social workers in
many regions (9–12). It has been translated into Hungarian (13),
French (14), German (15), Japanese (16) and other languages.

The stimulation induced by STS was short in duration. STS
can suddenly occur without much warning (17). The incidence
of STS may be high for frontline mental health professionals
and social workers (including nurses, mental psychiatrists, first
responders, and victim advocates, etc.) (5, 18, 19). Because
they frequently work with victims of all forms of trauma,
such as listening to trauma victims describe the physical and
psychological horrors they have experienced, providing a variety
of services including emotional support, in-person counseling
and psychological education information. As a key member of
the medical treatment team, nurses are usually the first people
to contact patients and their families. Nurses are also the main
personnel to observe patients’ pain and distress symptoms. Their
professional clinical competence is the basic requirement to
provide safe and effective care for patients. A large number of
studies have shown that STS is common among nurses (20,
21). STS can have a wide range of impacts on personal and
professional life, including various somatization symptoms, sleep
disorders, depression, anxiety, interpersonal relationship damage
and other aspects (22). Most of them are negative, which may
affect the ability level and nursing quality of nurses (23). This
will affect patient satisfaction and even the stable development
of the hospital. Improving the mental health of nursing staff
can effectively improve the nursing level (24). Therefore, it is
necessary to assess the STS of clinical nurses effectively.

Although the compassion fatigue scale has been sinicized and
put into use by scholars. Zakeri (25) pointed out that we should
study STS and compassion fatigue as independent but related
structures. It also focuses on understanding the factors related
to STS in nurses. So as to help them reduce STS. Currently,
there is a lack of assessment tools to directly measure STS among
nursing staff in China, which is not conducive to understanding
the current situation of STS among nursing staff in China, nor
to promoting corresponding social support systems and using
positive coping mechanisms to reduce STS. Given the potential
harmful effects of STS and the fact that effective interventions
depend on accurate assessment. The introduction of STSS can
help to quickly identify the mental state of nursing staff. To
provide a basis for timely and accurate targeted interventions.
Therefore, this study aims to sinicize STSS and evaluate the
validity and reliability of the Chinese version of STSS (C-STSS)
in nursing staff. To provide a reliable tool for assessing STS of
clinical nursing staff.

METHODS

Participants
The participants included 678 clinical nurses from three general
hospitals in Changsha, Hunan province (Hunan Provincial
People’s Hospital, Hunan Provincial Second People’s Hospital,
Changsha Xingsha Hospital). All of them had worked for more
than one year.

Sample 1: A total of 460 clinical nurses were included.
Sample 2: A total of 218 clinical nurses were included.

The proposal of this research was approved by the ethics
committee of Hunan Provincial People’s Hospital (The first
affiliated hospital of Hunan normal university). All subjects gave
informed consent to this study.

Measures
Secondary Traumatic Stress (STSS)
The scale is a self-rating scale. The frequency of STS-related
symptoms in the previous 7 days was assessed. It consists of three
subscales of intrusion, avoidance and arousal, with 17 items in
total. Likert grade 5 scoring method was adopted. The higher
the score was, the higher the frequency of symptoms appeared.
A total score below 28 is classified as “no STS”. 28-37 is “mild
STS”. 38-43 is “moderate STS”. 44-48 is “high STS”. More than
49 is “severe STS”. The Cronbach’s α coefficients of the total scale
were 0.94. The α coefficients of the three subscales were 0.83, 0.89
and 0.85 (8).

Post-traumatic Stress Disorder Scale Civilian Version

(PCL-C)
There are 17 items in this scale. It includes three dimensions:
reexperience, avoidance and over-arousal. To assess individual
PTSD symptoms and their severity. Likert 5-level scoringmethod
is adopted, with a total score of 17-85. The higher the score, the
more severe the PTSD degree (26). The Cronbach’s α coefficient
of the scale in this study was 0.956.

Chinese Version of the Compassion Fatigue Scale

(C-CFS)
A total of 30 items. It is mainly used for measuring the clinical
nurses in satisfaction, traumatic stress, job burnout, intrusive
thoughts and fears of five aspects. Likert grade 5 scoring method
was adopted. Score 1-5 points from “none” to “always”. A few
items are scored backwards. The higher the score prompt more
sympathy for the degree of fatigue (27). The Cronbach’s α

coefficient of the scale in this study was 0.930.

Procedures
Translating-back translation scale using Brislin’s intercultural
translation model. Firstly, two bilingual experts were invited to
translate STSS. One was a doctor of nursing who was familiar
with psychological terms. The other was a non-medical person.
Then, the research team members compared and merged the
Chinese versions translated by the two experts. The differences
were discussed with two experts. Form proofread version STSS.
Then, a nursing master candidate with overseas study experience
and a bilingual expert were invited to translate the Chinese
proofread version of STSS back into English. In order to ensure
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TABLE 1 | The personal and demographic information of the participating in the study.

Sample 1 Variable Number (n) Percentage (%) Sample 2 Variable Number (n) Percentage (%)

Age <25y old 117 25.4 Age <25y old 24 11.0

25–30y old 143 31.1 25–30y old 66 30.3

30–40y old 157 34.1 30–40y old 113 51.8

>40y old 43 9.3 >40y old 15 6.9

Gender Male 15 3.3 Gender Male 17 7.8

Female 445 96.7 Female 201 92.2

Type of education High school degree 100 21.7 Type of education High school degree 19 8.7

Bachelor degree 351 76.3 Bachelor degree 185 84.9

Master degree or above 9 2.0 Master degree or above 14 6.4

Professional qualification Primary 300 65.2 Professional qualification Primary 123 56.4

Intermediate 135 29.3 Intermediate 83 38.1

Senior 25 5.4 Senior 12 5.5

the quality of translation, they were not informed that they were
doing translation work. A bilingual expert and research team
members will compare and discuss the translated version with
the original version to form the first version of STSS.

In order to ensure the pertinence and effectiveness of the scale
after Chinese version, five experts were invited to form a cultural
debugging group (doctor of psychology, master of psychology
and doctor of nursing) through face-to-face discussion or E-mail
to debug the preliminary STSS. Comments and suggestions were
put forward based on whether the meaning of each item in the
questionnaire was clear, whether the language expression was
simple, accurate, direct and easy to understand. Then the items
were revised and integrated again.

The convenience sampling method was used to conduct a
preliminary survey in June 2020. 40 clinical nurses who met the
inclusion and exclusion criteria were selected for the preliminary
experiment. The internal consistency reliability of the C-STSS
was calculated according to the results of the preliminary
experiment. The results showed that all 40 clinical nurses could
understand the meaning of each item in the scale. The average
time to complete the questionnaire was 5-10min. The analysis
of the investigation results of the 40 subjects showed that the
Cronbach’s α coefficient of the C-STSS was 0.943.

Data Collection
The convenience sampling method was used to investigate
the clinical nursing staff in three general hospitals by using
questionnaire star in two stages. Before data collection, use
uniform standard guidance language. It is stipulated that the
questionnaire can be submitted only after all items have been
answered to avoid missing selection. The same client can only
submit once. In the first stage, 460 valid questionnaires (sample
1) were collected. 218 valid questionnaires (sample 2) were
collected in the second stage. A total of 678 questionnaires
were collected.

Statistical Methods
In this study, frequency and percentage were used to describe
the general data of the research object. SPSS 26.0 was used for

exploratory factor analysis of sample 1 (n = 460). The content
validity, internal consistency reliability, half-fold reliability and
retest reliability of the scale were evaluated. AMOS 21.0 was used
for confirmatory factor analysis and criterion validity analysis of
sample 2 (n= 218). Test level α = 0.05.

RESULTS

Demographics
Table 1 displays the demographics of both samples. A total of 460
clinical nurses were included in Sample 1. 15 cases were male
(3.3%). Female 445 cases (96.7%). A total of 218 clinical nurses
were included in Sample 2. 17 cases were male (7.8%). Female
201 cases (92.2%).

Validity
Structural Validity

Exploratory Factor Analysis
The results of Bartlett’s sphericity test showed that the KMO value
was 0.968. The Bartlett’s sphericity test χ

2 value was 5,767.238.
The degree of freedom was 136 (P < 0.001). It suggests that
the data in this study are suitable for factor analysis. Principal
component analysis (PCA) was used to extract factors with
characteristic roots >1 without limiting the number of factors.
Run a lithograph at the same time. Two common factors were
extracted, with a cumulative contribution rate of 65.560%. The
maximum variance orthogonal rotation method was adopted for
exploratory factor analysis. The factor load matrix was rotated.
There is no item with factor load < 0.40 in the corresponding
common factor. And no items with a common degree < 0.2.
Therefore, the questionnaire with 17 items and 2 common factors
was finally formed. The cumulative variance contribution rate
was 65.560% (Table 2). Factors are defined according to the items
and meanings contained in each common factor. Factor 1 stress
(Including items 1, 4, 5, 7, 8, 9, 11, 15, 16, 17. A total of 10 items.
Cronbach’s α 0.718). Factor 2 invasion and avoidance (Including
items 2, 3, 6, 10, 12, 13, 14. A total of 7 items. Cronbach’s α 0.696).
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TABLE 2 | C-STSS exploratory factor analysis results (n = 460).

Item x ± SD Factor 1 Factor 2 Common degrees

I was less active than usual. 3.18 ± 1.007 0.799 0.690

I felt discouraged about the future. 2.79 ± 1.024 0.780 0.721

I had little interest in being around others. 2.64 ± 1.025 0.746 0.686

I had trouble concentrating. 2.70 ± 0.941 0.746 0.712

I felt jumpy. 2.86 ± 0.996 0.720 0.710

I felt emotionally numb. 2.66 ± 0.977 0.679 0.622

I expected something bad to happen. 2.55 ± 0.974 0.630 0.702

I had trouble sleeping. 2.93 ± 1.052 0.617 0.457

I was easily annoyed. 2.73 ± 0.992 0.601 0.600

I noticed gaps in my memory about patient sessions. 2.63 ± 0.920 0.552 0.397

I wanted to avoid working with some patients. 2.31 ± 0.959 0.813 0.767

I avoided people, places, or things that reminded me of my work with patients. 2.36 ± 0.952 0.756 0.721

I had disturbing dreams about my work with patients. 2.16 ± 0.953 0.745 0.667

My heart started pounding when I thought about my work with patients. 2.61 ± 0.998 0.737 0.623

It seemed as if I was reliving the trauma(s) experienced by my patient(s). 2.35 ± 0.997 0.733 0.650

Reminders of my work with patients upsets me. 2.50 ± 0.955 0.733 0.738

I thought about my work with patients when I didn’t intend to. 2.66 ± 0.928 0.716 0.682

Eigenvalue 5.717 5.429

Explanatory variance percentage 33.627 31.933

Cumulative contribution rate 65.560

Confirmatory Factor Analysis
AMOS was used to perform confirmatory factor analysis on the
relevant data of sample 2 (n = 218). The fitting indexes of the
model were as follows. The χ

2/ DF was 3.137. The CFI was 0.928.
The GFI was 0.842. The IFI was 0.929. The TLI was 0.917. The
RMR was 0.048. The RMSEA was 0.099.

Content Validity
In this study, 10 experts from psychology related fields were
invited to form an expert group to score the scale with level 4
Content Validity Index (CVI). All the experts had been engaged
in psychology-related treatment and nursing or research formore
than 5 years. Members of the expert panel evaluated each item of
the questionnaire. Finally calculated the Item-Content Validity
Index (I-CVI) of the C-STSS. I-CVI ranged from 0.80 to 1.00.
The scale-content Validity Index (S-CVI) was 0.94. The results
are shown in Table 3.

Criterion Correlation Validity
PCL-C and C-CFS are used as calibration tools of C-STSS. The
total score of STSS and its two factors (stress, invasion and
avoidance) were positively correlated with the total score of PCL-
C and its subscales (re-experience, avoidance and over-arousal)
(P<0.01). It was positively correlated with the total score of C-
CFS and its four factors (traumatic stress, job burnout, intrusive
thinking, fear) (P < 0.01) (Table 4).

Reliability
The results of this study show that the Cronbach’s α coefficient of
C-STSS is 0.956. The Cronbach’s α coefficient of stress dimension
is 0.931. The Cronbach’s α coefficient of invasion and avoidance

TABLE 3 | Content validity of C-STSS (n = 17).

Item I-CVI

I felt emotionally numb. 0.9

My heart started pounding when I thought about my work

with patients.

0.9

It seemed as if I was reliving the trauma(s) experienced by my

patient(s).

0.8

I had trouble sleeping. 0.8

I felt discouraged about the future. 1.0

Reminders of my work with patients upsets me. 1.0

I had little interest in being around others. 0.9

I felt jumpy. 1.0

I was less active than usual. 1.0

I thought about my work with patients when I didn’t intend to. 0.9

I had trouble concentrating. 0.9

I avoided people, places, or things that reminded me of my

work with patients.

1.0

I had disturbing dreams about my work with patients. 1.0

I wanted to avoid working with some patients. 1.0

I was easily annoyed. 1.0

I expected something bad to happen. 0.9

I noticed gaps in my memory about patient sessions. 0.9

S-CVI/Ave 0.94

dimension is 0.926. All were >0.70. The half-reliability of the
C-STSS is 0.934. The half-reliability of the two dimensions is
0.920. Forty nurses were selected for retest at intervals of 2
weeks for convenience. The retest reliability of The C-STSS was
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TABLE 4 | Correlation between C-STSS score and criteria [r, (n = 218)].

Scale C-STSS score Stress Invasion and evasion

PCL-C 0.881** 0.875** 0.800**

Re-experience 0.767** 0.724** 0.750**

Avoidance 0.828** 0.809** 0.772**

Over-arousal 0.799** 0.849** 0.647**

C-CFS 0.629** 0.580** 0.635**

Satisfaction 0.061 0.077 0.033

Traumatic stress 0.709** 0.620** 0.766**

Job burnout 0.729** 0.682** 0.723**

Intrusive thinking 0.704** 0.605** 0.774**

Fear 0.661** 0.666** 0.587**

**P < 0.01.

0.910. The retest reliability of the two dimensions was 0.753 and
0.888 respectively.

DISCUSSION

With the transformation of biology-psychology-social medicine
model, strengthening the construction of mental health service
system and standardization of management related policies.
The concern for the mental state of clinical medical workers
has become a widespread concern in the society (28). As the
susceptible population of STS, the inappropriate psychological
stress of nursing staff not only affects their physical and mental
health, but also affects the quality of nursing service (29, 30).
Therefore, it is particularly important to select appropriate
and reliable assessment tools for early identification of related
symptoms. The purpose of this study is to provide a reliable tool
for the evaluation of STS for clinical nurses by sinicizing STSS
and testing the reliability and validity of the application of STSS
in clinical nurses.

Validity refers to the accuracy, validity and correctness of the
measurement content of an evaluation scale. Including structure
validity and content validity (31). Exploratory factor analysis was
used to verify the structural validity of the C-STSS in this study.
Principal component analysis was used to extract the common
factor and generate the gravel map of the factor structure. The
item could be considered to be in the factor when the factor
load value and common degree ≥0.40. The exploratory factor
analysis results of this study showed that the C-STSS extracted
two common factors and retained all the items in the original
scale, with a cumulative contribution rate of 65.560%. Finally, a
questionnaire with 2 dimensions and 17 items was formed. One
less than the three dimensions in the original scale. The item
distribution was not completely consistent with the original scale.
The reasons may be as follows: ①regional cultural differences;
②differences in research objects, such as gender, age, position,
economic status, etc.; ③time difference. By careful analysis of
the items contained in the two dimensions of C-STSS, it can
be found that the first dimension—stress dimension (items 1,
4, 5, 7, 8, 9, 11, 15, 16, 17) mainly describes the influence

of STS on helpers’ daily life and psychological state (including
sleep, mood, concentration, enthusiasm, etc.). And dimension
2—invasion and avoidance dimension (items 2, 3, 6, 10, 12, 13,
14) mainly describe the content related to the trauma victims
they help.

In order to further confirm the rationality of this dimension
division, this study conducted an in-depth analysis of the
dimensions of the scale and the distribution of items contained
in it. The results showed that the validity of all dimensions and
the overall validity of the C-STSS was good. The I-CVI of The
C-STSS ranged from 0.80 to 1.00. Both >0.80. The S-CVI/Ave
was 0.94. Greater than 0.90. This indicates that each item of the
scale had high content validity. The results of internal correlation
analysis showed that the correlation coefficient between each item
of the scale and the total score of the scale was 0.616–0.834.
The correlation coefficient between stress dimension and the
total table was 0.965. The correlation coefficient between invasion
and avoidance dimension and the total table was 0.932. The
correlation coefficient between the two dimensions was 0.806.
All of them were statistically significant (P < 0.001). This shows
that the internal consistency of the scale is good. In addition,
the correlation coefficients between the two dimensions and the
total table are higher than those between the two dimensions,
indicating that each dimension is consistent with the overall
concept and relatively independent. Finally, according to the
fitting results of the model by confirmatory factor analysis, it can
be seen that all fitting indexes reach the ideal standard. Themodel
fits well.

Reliability is to evaluate the stability, equality and internal
consistency of the results measured by the scale. Including
internal and external reliability. The greater the reliability
of the scale, the smaller the standard error of measurement
(32). The internal consistency reflects the internal reliability
among the measurement items. It checks whether each item
of the scale measures the same content. The results of this
study show that the Cronbach’s α coefficient of The C-STSS
is 0.956. The Cronbach’s α coefficient of stress dimension is
0.931. The Cronbach’s α coefficient of invasion and avoidance
dimension is 0.926. All >0.70. Indicating that the C-STSS has
good internal consistency. The half-fold reliability of C-STSS
is 0.934. The half-fold reliability of both dimensions is 0.920.
Indicating that the scale has good internal relevance. The most
commonly used evaluation index of external reliability is retest
reliability. The retest reliability of The C-STSS is 0.910, >0.80.
The retest reliability of the 2 dimensions is 0.753 and 0.888,
which indicating that the scale has good cross-time stability.
Therefore, the C-STSS has good internal and external reliability
and is reliable.

CONCLUSIONS

Due to specific occupational factors, long-term exposure of
nurses to stressors may result in job dissatisfaction or burnout.
Especially in the context of the COVID-19 epidemic in the
past 2 years, their work intensity and psychological stress often
exceed load. The psychological problems of medical workers
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have become a topic of general concern. The psychosomatic
health of nursing staff needs more attention and intervention.
The C-STSS is an easy-to-implement scale with 17 items. It has
a high level of internal consistency reliability and validity. All
the evaluation indexes of the scale meet the requirements of
measurement, which can be used for the evaluation of STS of
clinical medical staff. The application of this scale in China has
certain significance.

Limitations
The sampling sites in this study are only in Changsha city of
Hunan Province. It doesn’t represent all caregivers in the country.
The sample range can be expanded in the future to further verify
its applicability. In addition, the subjects were all nursing staff.
Cannot represent other social workers such as: mental health
professionals, child protection workers, etc. The scale can be
further expanded by studying other social workers.
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Oblique Lumbar Interbody Fusion
Using a Stand-Alone Construct for
the Treatment of Adjacent-Segment
Lumbar Degenerative Disease
Wang Kai, Cheng Cheng, Qingyu Yao, Can Zhang, Fengzeng Jian and Hao Wu*

Department of Neurosurgery, Xuanwu Hospital of Capital Medical University, Beijing, China

Objective: Adjacent-segment disease (ASD) is common in patients undergone previous

lumbar fusion. A typical revision treatment from posterior approach requires management

of postoperative scar tissue and previously implanted instrumentation. An oblique

lumbar interbody fusion (OLIF) approach allows surgeon to reduce the potential risk of

posterior approach. This study aimed to analyze the clinical and radiographic efficacy of

stand-alone OLIF for the treatment of lumbar adjacent-segment disease.

Methods: A total of 13 consecutive patients who underwent stand-alone OLIF for

the treatment of adjacent-segment disease from December 2016 to January 2019

were reviewed. Visual analog scale (VAS) of back pain and leg pain and the Oswestry

Disability Index (ODI) before surgery and at last postoperative clinic visits were obtained.

Radiography, CT and MRI before and at last follow-up after surgery was evaluated in

all patients.

Results: During the study period, 13 cases were successfully treated with stand-alone

OLIF. The mean follow-up was 17.7 ± 8.3 months. The back pain VAS improved from

6.2± 1.0 to 2.0± 1.1 (P < 0.01), and the leg pain VAS improved from 7.0± 1.9 to 1.0±

0.9 (P < 0.01). ODI improved from 28.0 ± 7.5 to 10.8 ± 4.0 (P < 0.01). The disc height

(DH) increased from 9 ± 2 to 12 ± 2mm (P < 0.01), the cross-sectional area (CSA) of

spinal canal increased from 85 ± 26 to 132 ± 24 mm2 (P < 0.01), the foraminal height

increased from 17 ± 2 to 21 ± 3mm (P < 0.01) and the CSA of foramen increased from

95 ± 25 to 155 ± 36 mm2 (P < 0.01). Cage subsidence was observed in 2 cases.

Conclusions: Stand-alone OLIF provides a safe and effective alternative way to

treat ASD.

Keywords: oblique lumbar interbody fusion, stand-alone, adjacent-segment disease, visual analog scale,

Oswestry Disability Index

INTRODUCTION

Adjacent-segment disease (ASD) is a common phenomenon following lumbar spinal fusion (1).
The development of adjacent segment disease is undoubtedly multifactorial. While some studies
attribute this to increased motion and biomechanical forces on the unfused segments, it is also
clear that patient characteristics, including age, sex and previously lumbar degeneration could
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predispose the patient to further degeneration (2–5). Many
studies have shown that the rate of ASD is∼3% per year (6). The
patients developing ASD experience axial pain, radiculopathy or
neurogenic claudication (3, 7).

Operative management to achieve decompression and
stabilization for symptomatic ASD should be considered
after failure of non-operative management (6). Traditionally,
this is performed posteriorly with laminectomy, extension of
the instrumentation and fusion level. However, this method
requires extensive soft tissue dissection to expose the previously
implanted hardware, adding to prolonged operation time, blood
loss, postoperative pain and prolonging recovery with high
associated health care costs (3, 8, 9). In addition, exposing the
previous laminectomy site poses a higher risk of dural violations
and Cerebrospinal Fluid (CSF) leakage due to postoperative scar
tissue (3, 10). As minimally invasive lateral lumbar interbody
fusion has become increasingly popular over the past decade,
it offers the surgeon an alternative strategy for revision surgery
to avoid these risks (3). It allows the surgeon to achieve
indirect decompression and interbody fusion. The effectiveness
of indirect decompression relies on distraction across the
intervertebral space to stretch the spinal ligaments and enlarge
the central canal as well as increase the foraminal space for the
exiting nerve root (11–13). However, the transpsoas approach
is associated with direct muscle injury and a risk of injury to
the lumbar plexus as it courses through the psoas (14–16). The
oblique lumbar interbody fusion (OLIF) was introduced as an
alternative procedure to the transpsoas approach, allowing for
psoas preservation and avoids the lumbar plexus (17, 18). Several
studies have reported promising results of OLIF for primary
surgery of lumbar degenerative disease (12, 13, 18–20). However,
there are few reports of stand-alone OLIF for treatment of ASD
(21). The radiographic indirect decompression effect of spinal
canal and foramen, namely the CSA of spinal canal and foramen,
has not been evaluated yet.

Here, we report a consecutive series of patients who had
undergone stand-alone OLIF without additional instrumentation
to achieve indirect decompression and stabilization for ASD and
evaluate the clinical and radiographic efficacy of this approach.

PATIENT AND METHODS

Study Population
This is a retrospective study. A total of 13 consecutive patients
who had undergone stand-alone OLIF for ASD after lumbar
fusion in Xuanwu Hospital between December 2016 and January
2019 were included in this study based on the following inclusion
criteria: (I) clinical and radiographic findings as reported by
Cheh et al. were consistent with progressive degeneration at
the adjacent spinal level with associated new back and/or leg
symptoms (2); (II) refractory to conservative measures including
NSAIDs and epidural injection; (II) single-level stand-alone
OLIF for the treatment of ASD to a lumbar fusion construct.
Patients were excluded from the study if they had undergone
surgery for a non-degenerative etiology such as infection or
trauma. Medical records, operative reports and radiographic
imaging studies were retrospectively reviewed.

FIGURE 1 | Images obtained in a 62-year-old woman who had an L4–L5

posterior instrumented fusion 6 years earlier. She experienced new back and

leg pain and intermittent claudication due to adjacent-segment degeneration

and stenosis for 3 months. (A) Pre-operative sagittal MRI; (B) Sagittal MRI at

last follow-up post-operative; (C) Pre-operative axial MRI through the L3–4

and CSA (the yellow contour line illustrates); (D) Post-operative axial MRI

through the L3–4 and CSA (the yellow contour line illustrates).

Surgical Technique
A stand-alone procedure was defined by the absence of
instrumentation at the OLIF level. The OLIF procedures were
performed using the OLIF (DePuy Synthes, Raynham, MA,
USA), as similarly described in previous reports (18). The patient
was put in the right lateral decubitus position with spine flex to
increase the distance between the iliac crest and the rib cage.
A 4-cm skin incision was made about 5 cm anterior to the mid
portion of an intervertebral disc of interest, parallel to the fibers
of the external oblique. The retroperitoneal space is accessed
by blunt dissection. The peritoneal content was mobilized
anteriorly and the psoas muscle was retracted posteriorly,
revealing the intervertebral disc. After confirming the segment
of intervertebral disc with fluoroscopy, we incised the annulus,
remove the disc material with curettes and rongeurs and prepare
the endplates. An appropriately sized polyetheretherketone
(PEEK) cage (DePuy Synthes, Raynham, MA, USA) is then filled
with allogeneic bone graft and hydroxyapatite containing bone
morphogenetic protein (BMP) mixed with bone marrow which
is aspirated from iliac crest. Neither posterior fixation nor lateral
fixation was applied. All patients were allowed to ambulate by
Boston brace on the second postoperative day. The Boston brace
was recommended for removal after 12 weeks.

Outcome Measures
Back and leg pain was evaluated according to the visual
analog scale (VAS). The Oswestry Disability Index (ODI) before
surgery and at last routine postoperative clinic visits were
also compared. Achievement of minimum clinically important
difference (MCID) was evaluated using following thresholds:
ODI 10, back pain VAS 2.1, leg pain VAS 2.8. Radio (22, 23)
graph, Computed Tomography (CT) and Magnetic Resonance
Imaging (MRI) before and at last follow-up after surgery was
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evaluated in all patients. Axial CSA of the spinal canal at the ASD
level were evaluated by T2-weighted MRI (Figure 1). DH, height
of intervertebral foramen, and CSA of intervertebral foramen
were evaluated with CT (Figure 2). Averages of the anterior and
posterior heights of the disk were used for disk height; and
largest diameter of foramen was used for evaluation. Segmental
lordosis (SL) was determined by measuring the sagittal Cobb
angle between the upper endplate of the upper vertebral body in
relation to the lower endplate of the lower vertebral body fused.
Lumbar lordosis (LL) was determined by measuring the sagittal
Cobb angle between the upper endplate of the L1 and S1 vertebra.
All diameters and CSAs were measured using a picture archiving
and communication systems (PACS). Grading of severity of
lumbar spinal stenosis based on reports by Schizas et al. (24).
Radiograph at last follow-up was used to evaluate subsidence
(25). CT images obtained at last follow-up were reviewed to
assess bridging bone to determine if bony fusion had occurred.
Fusion criteria on CT studies included the presence of bony
trabeculation across the fusion level and lack of bony lucency
at the graft/vertebral body junction (26–28). Evaluation of bone
fusion was blinded and performed by 3 surgeons. Fusion was
identified if at least 2 of the observers concurred. Complications
during surgery and follow-up periods are detected by assessment
and physical examination according to past reports and patient
self-reports (18, 29, 30). Data on perioperative and postoperative
complications in the patients were collected and reviewed.

RESULTS

The 13 consecutive patients were included in this study. The
mean patient age was 68.5 ± 8.7 years. The mean BMI (Body
Mass Index) was 26.5 ± 3.2 Kg/m2. All of the cases were
successfully treated with stand-alone OLIF. The mean operation
time was 64.9 ± 18.9 mins. The mean blood loss was 22.3 ±

8.6mL. Hospital stay post operation was 3.8 ± 0.8 days. The
mean follow-up was 17.7 ± 8.3 months. The mean follow-up
time after operation was 17.7 ± 8.3 months. Demographic and
operative characteristics of the patients was shown in Table 1.

Low back pain, leg pain evaluated by VAS were significantly
improved at last follow-up after surgery compared with before
surgery (P < 0.01, Table 2). ODI was also significantly improved
at last follow-up months after surgery compared with before
surgery (P < 0.01, Table 2). The percentage attainment of MCID
at last follow-up for back pain VAS, leg pain VAS and ODI was
100, 100, and 84.62%, respectively.

The DH, the axial CSA of spinal canal, the foraminal height
and the CSA of foramen were significantly enlarged at last
follow-up compared those before surgery (P < 0.01, Figure 2).
Segmental lordosis improved from a mean of 5.4◦ ± 7.7◦ to 8.7◦

± 4.5◦ (P < 0.05) between the preoperative and final follow-
up radiographs. Global lumbar lordosis (L1–S1) increased from
34.8◦ ± 13.5◦ to 40.8◦ ± 10.0◦ (P< 0.05) comparing preoperative
and last follow-up radiographs (Figure 2). All of the 13 patients
achieved bony fusion during their follow-up period (Table 1).

Grade I cage subsidence at 2 levels was observed in 2 of
the patients by their last follow-up (Figure 3). However, at their

last follow-up, the clinical symptoms were significantly relieved,
and improved VAS, ODI scores were achieved. The OLIF
procedures in the lumbar spine are associated with transient or
permanent symptoms in the thigh. Due to retrospective direction
of observation, these data were not consistently available and thus
were not included in the study. However, thigh numbness, pain,
dysesthesias, or weakness indicative of a lumbosacral plexopathy
was not seen in any of the patients by their last follow-up visit. No
patients experienced infection or injuries to the great abdominal
vessels, abdominal viscera and ureters.

DISCUSSION

Adjacent-segment degeneration is an undeniable phenomenon
after lumbar fusion surgery. The incidence of clinically
symptomatic ASD following lumbar fusion is about 3% annually
(6, 31). This risk is increased in older patients, male patients
and with pre-existing facet or disk degeneration. Additional
risk factors include multi-level constructs and floating fusion
(5, 32). Disruption of sagittal or coronal balance and ligamentous
disruption can accelerate degeneration of adjacent segments in
the lumbar spine (31, 33). Given this high incidence, spinal
surgeons are facing a growing population of patients in need of
treatment for ASD.

One clinical question that arises is whether or not ASD
can be managed non-operatively. Within our review, no study
directly compared non-operative with operative management
for ASD. However, from a clinical perspective, it stands to
reason that non-operative treatment would first be implemented
and operative treatment undertaken only after failure of non-
operative treatment, just as in primary lumbar pathology (6).
However, it is unclear how effective non-operative care is,
because there are no studies directly comparing non-operative
care with surgical intervention for ASD. Thus, clinical judgment,
best available evidence, and patient preference are the current
cornerstones that guide treatment (6).

Another issue to address is the type of operative treatment
to choose. ASD may be associated with kyphosis, severe
disc collapse, listhesis, or hypertrophied ligamentum flavum
causing adjacent segment stenosis. However, there is absence
of literature directly comparing one type of operative treatment
with another type.

For cases involving only neural entrapment without axial
symptoms, the surgeon may choose limited decompression. A
potential benefit of laminectomy alone is that minimally invasive
surgery (MIS) may be performed. However, this approach
risks iatrogenic destabilization adjacent to a fused construct
and increases the risk of recurrent ASD (31). A more typical
approach is to perform revision posterior surgery with both a
laminectomy and extension of the instrumentation and fusion
to the rostral levels (3, 34, 35). In the setting of symptomatic
ASD with radiographic evidence, patients often have significant
improvement in pain and quality of life with 2 years minimum
follow up (6, 34, 36). However, revision surgery through a
previous lumbar incision can be cumbersome in the setting of
scar tissue and violation of natural landmarks from the initial
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TABLE 1 | Summary of patient demographics and surgical characteristics.

Patient

No.

Sex Age

(yrs)

BMI

(Kg/m2)

Comorbidities Prior

operation

Time

before

revision

(mos)

Symptoms

before revision

Level Radiographic findings Time of

operation

(mins)

Blood

loss

(mL)

Hospital

stay

post

revision

(days)

Follow-

up

(mos)

Fusion Subsidence

1 M 61 24.22 HT TLIF L4/5,

L5S1

16 Low back pain,

pain in bilateral

lower extremities

L3/4 Spinal canal (Grade C),

bilateral foraminal stenosis

45 30 4 33 Yes No

2 M 80 29.41 HT, DM TLIF L3/4 48 Low back pain,

Intermittent

claudication.

L2/3 Loss of intervertebral

height, spondylolisthesis,

lumbar spinal stenosis

(Grade C), LDH

100 35 5 25 Yes No

3 M 81 24.46 HT PLIF L3/4,

4/5

156 Low back pain L2/3 Loss of intervertebral

height, spondylolisthesis,

lumbar spinal stenosis

(Grade A3), bilateral

foraminal stenosis

105 40 4 25 Yes Grade 1

4 F 66 24.44 CHD TLIF L4/5 26 Pain in left lower

extremity,

intermittent

claudication

L3/4 Lumbar spinal stenosis

(Grade B), left foraminal

stenosis

40 20 3 22 Yes Grade 1

5 F 79 29.78 HT TLIF L4/5,

L5S1

104 Low back pain,

pain in left lower

extremity

L3/4 Lumbar spinal stenosis

(Grade C), left foraminal

stenosis, lumbar instability

67 25 3 26 Yes No

6 F 64 25.07 HT, DM TLIF L4/5 24 Pain in right

lower extremity

L3/4 Loss of intervertebral

height, lumbar spinal

stenosis (Grade B), right

foraminal stenosis, LDH

60 20 4 22 Yes No

7 F 71 24.17 HT PDF L3/4,

4/5

180 Low back pain,

intermittent

claudication

L2/3 Lumbar spinal stenosis

(Grade B), lumbar

instability

56 20 3 16 Yes No

8 M 57 25.83 CHD, DM TLIF L4/5,

L5S1;

Endoscopic

discectomy

L3/4

108 Low back pain,

pain in right

lower extremity,

intermittent

claudication

L3/4 Loss of intervertebral

height, spondylolisthesis,

lumbar spinal stenosis

(Grade C), bilateral

foraminal stenosis,

effusion of facet joints

75 20 4 10 Yes No

9 M 65 27.66 HT TLIF L5S1 60 Low back pain,

pain in right

lower extremity

L4/5 Loss of intervertebral

height, spondylolisthesis,

lumbar spinal stenosis

(Grade A3), bilateral

foraminal stenosis

60 20 5 8 Yes No

10 F 54 34.6 HT TLIF L4/5

and PDF

L5S1;

Removal of

implants

28 Low back pain,

pain in right

lower extremity,

intermittent

claudication

L3/4 Loss of intervertebral

height, lumbar spinal

stenosis (Grade D), left

foraminal stenosis

65 20 3 8 Yes No

(Continued)
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TABLE 2 | Clinical outcomes.

Parameter Value preop Value postop p

VAS, back 6.2 ± 1.0 2.0 ± 1.1 <0.01

VAS, leg 7.0 ± 1.9 1.0 ± 0.9 <0.01

ODI 28.0 ± 7.5 10.8 ± 4.0 <0.01

surgery. This can lead extensive soft tissue dissection, adding
to surgical blood loss, severe postoperative pain, prolonging
operation time and recovery with high associated health care
(8). In addition, exposing the previous laminectomy site poses
a higher risk of dural violations and CSF leakage due to
postoperative scar tissue (10, 37, 38).

The standard of care in ASD remains structural stabilization,
or extension of the construct, and decompression (34, 35). Thus,
other approach has been proposed to avoid the disadvantages.
Chen et al. introduced cortical bone trajectory screws fixation
with minimal invasive interbody cage fusion for lumbar adjacent
segment disease to negates removal of pre-existing instruments
and reduce the wound length, blood loss and soft tissue damage
compared with traditional surgery (33). Minimally invasive
lateral interbody fusion is another viable option for the treatment
of ASD. It is an entirely different access route to the spine,
which could avoid previous lumbar incision and disruption of
the posterior tension band. Minimally invasive lateral interbody
fusion of the adjacent segment and posterior extension of
fusion could achieve clinical and radiographic improvement of
ASD (33). Du et al. reported lateral lumbar interbody fusion
(LLIF) with unilateral pedicle screw fixation for the treatment
of ASD (39). Wang et al. reported LLIF without supplemental
pedicle screw fixation and Palejwala et al. reported LLIF using
a stand-alone construct for the treatment of ASD (3, 7). All
of above studies shows significantly reduced pain and favorable
radiographic results treated by LLIF (3, 7, 33, 39). However,
the LLIF approach is associated with access-related thigh pain
caused by direct muscle injury and has an added a risk of
injury to the lumbar plexus (40–43). Furthermore, high rates
of transient anterior thigh symptoms are found despite real-
time electromyography monitoring (16). Thus, OLIF has been
applied recently to avoid invasion of the psoasmuscle and lumbar
plexus (17, 18).

Zhu et al. compared stand-alone oblique lumbar interbody
fusion with posterior lumbar interbody fusion for revision of
rostral adjacent segment disease and concluded that OLIF was
effective and safe for the treatment of rostral ASD following
prior posterior lumbar fusion, and is superior to PLIF in terms
of perioperative parameters, short-term clinical outcomes, and
DH restoration, with similar fusion and reduction rates (21). In
our study, we reviewed a consecutive series of patients who had
undergone OLIF using a stand-alone construct for the treatment
of ASD. This approach achieved satisfied clinical outcomes
(Table 2). It also achieved radiographic indirect decompression
by enlarging the DH, the axial CSA of spinal canal, the
foraminal height and the CSA of foramen (Figure 2). Besides,
it showed the advantage of being minimally invasive. The mean

Frontiers in Surgery | www.frontiersin.org 5 April 2022 | Volume 9 | Article 850099444

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Kai et al. OLIF Treatment of ASD

FIGURE 2 | Images obtained in the same patient. Disk height (A,D), foraminal height (B,E), and foraminal CSA (C,F) were evaluated with CT before and at last

follow-up after surgery. (A–C) are before surgery, and (D–F) are at last follow-up after surgery.

FIGURE 3 | Images obtained in a 66-year-old woman who had an L4–L5 posterior instrumented fusion 26 month ago. She experienced new leg pain and intermittent

claudication due to adjacent-segment degeneration and stenosis for 2 months. (A) 18 months follow-up reviewed Grade I subsidence; (B) CT confirmed bony fusion

was achieved; (C,D) Indirect decompression of spinal canal was maintained.

blood loss of 28.3 ± 8.2ml, the mean operation time of 69.5
± 27.4min and the mean hospital stay of 3.8 ± 0.8 days
demonstrate that this approach is likely to cause less morbidity
than a posterior approach to the spine. There is no need to
involve a laminectomy and extension of instrumentation as a
standard posterior revision surgery do. Thus, CSF leakage and
the management of previously implanted spinal instrumentation
could be avoided. Another advantage of this approach is that
the posterior spinal elements, including the facet joint capsules,
are not disrupted; thus, additional degeneration at the supra
adjacent level may also be less likely to occur (3). Moreover,
this procedure improves SL and global LL after lateral surgery.
Thus, its application in patients may have potential benefits for
sagittal imbalance.

A major concern regarding the use of stand-alone OLIF is
that the construct may not be strong enough to promote fusion,
and prevent the interbody cages from subsidence. As we all
know, indirect neural decompression in OLIF was achieved by
reduction of disc bulging and elongation of the hypertrophied
ligamentum flavum through the restoration of DH (12). Cage
subsidence caused by endplate damage, improper cage size,
and osteoporosis may affect indirect neural decompression and
interbody fusion. However, low-grade subsidence is likely an
expected outcome, while high-grade subsidence may result in
persistent symptoms or reoperation (25, 44). Moreover, stand-
alone construct has shown evidence of solid arthrodesis and
improvements in clinical symptoms and fusion rate was not
affected by incidence of subsidence (25, 45–47). Careful attention
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to proper endplate preparation without violation of the cortical
endplate is also critical to minimizing settling (3). In our
study, Grade I cage subsidence was observed in 2 of the
patients by their last follow-up. However, the bony fusion was
achieved and the clinical symptoms were improved as well.
Therefore, we believe indirect decompression could be maintain
as long as bony fusion was achieved and high-grade subsidence
was avoided.

There are several limitations to this study. With regard
to the relief of neurological symptoms of stenosis, the OLIF
approach relies entirely on indirect decompression by elevating
intervertebral disc height, which expands the neuroforamen
and tensions the ligaments to open the central canal. While
we found excellent clinical and radiographic results, one might
expect this approach to be occasionally inadequate in cases
of severe stenosis, as well as in cases without severe disc
collapse. A larger study with a wider variety of specific
pathologies would be helpful to validate this technique across
the broad spectrum of ASD. Another limitation relates to our
ability to ascertain definitive fusion. In this series, we used
reconstructed CT scans to identify bridging bone between the
treated vertebral bodies as the determinant of fusion. However,
a follow-up longer than 2 years would also be helpful as well,
as an osseous nonunion would likely become more apparent
clinically or radiographically over more protracted periods
of time.

CONCLUSION

This limited study suggests that OLIF using a stand-alone
construct may be a safe and effective alternative way in
treating ASD following a previous lumbar fusion. The
approach can achieve adequate indirect neural decompression,

satisfied clinical outcome as well as solid arthrodesis without
supplemental fixation.
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Purpose: To explore the application value of an integrated emergency care model based

on failure modes and effects analysis (FMEA) in patients with acute ischemic stroke (AIS).

Methods: According to the convenience sampling method, 100 patients with AIS who

visited the emergency department in our hospital from October 2018 to March 2019

were randomly selected as the control group and received routine emergency care

mode intervention. Another 100 AIS patients who visited the emergency department

from April to October 2019 were selected as the intervention group and received

the integrated emergency care model based on FMEA. The total time spent from

admission to completion of each emergency procedure [total time spent from admission

to emergency physician reception (T0−1), total time spent from admission to stroke team

reception (T0−2), total time spent from admission to imaging report out (T0−3), total

time spent from admission to laboratory report out (T0−4), and total time spent from

admission to intravenous thrombolysis (T0−5)] was recorded for both groups. The clinical

outcome indicators (vascular recanalization rate, symptomatic intracerebral hemorrhage

incidence, mortality rate) were observed for both groups. The National Institutes of Health

Stroke Scale (NIHSS) score and Barthel score were evaluated for both groups after

the intervention. The treatment satisfaction rate of the patients was investigated for

both groups.

Results: The total time of T0−1, T0−2, T0−3, T0−4, T0−5 in the intervention group (0.55±

0.15, 1.23± 0.30, 21.24± 3.01, 33.30± 5.28, 44.19± 7.02) min was shorter than that

of the control group (1.22 ± 0.28, 4.01 ± 1.06, 34.12 ± 4.44, 72.48 ± 8.27, 80.31 ±

9.22) min (P < 0.05). The vascular recanalization rate in the intervention group (23.00%)

was higher than that in the control group (12.00%) (P < 0.05). There was no statistical

significance in the symptomatic intracerebral hemorrhage incidence and mortality rate in

the two groups (P > 0.05). After intervention, the NIHSS score of the intervention group

(2.95 ± 0.91) was lower than that of the control group (6.10 ± 2.02), and the Barthel

score (77.58 ± 7.33) was higher than that of the control group (53.34 ± 5.12) (P <

0.05). The treatment satisfaction rate in the intervention group (95.00%) was higher than

that of the control group (86.00%) (P < 0.05).
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Conclusion: Through FMEA, the failure mode that affects the emergency time of AIS

patients is effectively analyzed and the targeted optimization process is proposed, which

are important to enhance the efficiency and success rate of resuscitation of medical and

nursing staff and improve the prognosis and life ability of patients.

Keywords: acute ischemic stroke, failure modes and effects analysis, integrated emergency care model,

emergency procedures, clinical outcomes

INTRODUCTION

Acute ischemic stroke (AIS) is the most prevalent type of stroke
in clinical practice, accounting for more than 80% of strokes,
and it is a major public health problem that threatens national
health in my country (1). The disease is mostly secondary
to systemic diseases such as hypertension (2), atherosclerosis
(3), heart disease (4) and coagulation dysfunction (5), and is
characterized by a high recurrence rate, high disability rate,
high complication rate and high mortality rate. The key to AIS
treatment is to restore blood flow to the occluded vessel and save
the ischemic penumbra within the treatment time window (i.e., 3
to 4.5 h after the onset of stroke) (6). Intravenous thrombolysis
is the highest-level recommendation in current international
guidelines for the treatment of ultra-early AIS (7). However,
due to the low recognition of early AIS by the public in China,
the ineffective pre-hospital treatment by medical and nursing
staff, and the delay in in-hospital emergency care, only about
21.5% of patients arrive at the emergency department within 3 h
of onset, and the average time from admission to thrombolytic
drug treatment is 116min, of which only about 9% of patients
complete thrombolytic treatment within 1 h after admission,
much lower than 50% in the United States. And it has been
reported that after thrombolysis, 6 % of patients are still at risk
of symptomatic intracranial hemorrhage, and 70% of patients
still have symptoms of varying degrees of disability (8, 9). The
treatment situation of AIS patients in my country is very severe,
and the treatment efficiency is not optimistic. It is urgent to
formulate an optimization plan to effectively shorten the delay
in the hospital as soon as possible.

Failure modes and effects analysis (FMEA) is a commonly
used method in foreign countries to actively assess risks to
improve the quality of medical management. It integrates failure
mode and effect analysis, hazard analysis and critical control
points, and root cause analysis. By prospectively quantifying
and evaluating the possible failure links of a first aid process,
analyzing its failure causes and effects, and formulating targeted
solutions accordingly, its essence is a continuous quality
improvement process. It has been widely used in medication
guidance, diagnosis and treatment process, risk management,
surgery and nursing operations, etc., but it is rarely used in
my country’s emergency nursing model (10, 11). This study
explores the application value of the integrated emergency care
model based on FMEA in patients with AIS, in order to provide
an important theoretical basis for optimizing the in-hospital
emergency mode of AIS patients and shortening the delay time
of in-hospital emergency care.

MATERIALS AND METHODS

Research Object
According to the convenience sampling method, 100 patients
with AIS who visited the emergency department in our hospital
from October 2018 to March 2019 were randomly selected
as the control group. Another 100 AIS patients who visited
the emergency department from April to October 2019 were
selected as the intervention group. Inclusion criteria: Those with
a suspected AIS diagnosis were screened by the Los Angeles
prehospital stroke screen (LAPSS) (12) before diagnosis; During
the implementation of the emergency procedures, those who
were diagnosed by imaging examinations and met the diagnostic
criteria of the Chinese Stroke Society (13) for AIS; Age ≥18
years; time from onset to consultation ≤3–4.5 h; those who met
the requirements of 3.0–4.5 h for intravenous thrombolysis for
AIS patients set by the American Heart and Stroke Association
(14); patients or their families who had signed relevant informed
consent. Exclusion criteria: Those who had been transferred
to our hospital after completion of examination or diagnosis
in another hospital; those who had undergone major surgical
operations in the past 2 weeks; those with other serious primary
diseases ormental illnesses; those with absolute contraindications
to thrombolysis therapy. Statistical software was used to analyze
the general data of the two groups of patients, and there was no
statistical difference, which was comparable (P > 0.05). As seen
in Table 1.

Care Methods
Control group: intervention with routine emergency nursing
mode was given. It mainly included emergency triage
nurse pre-screening, notification of physician consultation,
preliminary diagnosis and treatment of patients, various
auxiliary examinations for patients, doctor’s assessment
of patient’s condition, doctor-patient conversation to
decide whether to implement intravenous thrombolysis,
preparation for thrombolysis treatment, interfacing with
neurology/neurosurgery and other routine treatment procedures.

Intervention group: intervention with integrated emergency
care model based on FMEA was given. Step I: a 10 person
stroke emergency care team was formed. Nursing experts
with rich experience and strong nursing ability were included
in emergency department, neurology department, radiology
department, laboratory department and other departments. Step
II: a total of 8 special seminars for a month was carried
out. During the meeting, the stroke team was given training
on FMEA management method, AIS emergency procedures
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TABLE 1 | General information of two groups of patients.

Information Control group (n = 100) Intervention group (n = 100) t/χ2 P

Age (M ± SD, years old) 67.96 ± 6.95 66.58 ± 7.24 1.375 0.171

Male [n (%)] 49 (49.00) 54 (54.00) 0.501 0.479

History of hypertension [n (%)] 56 (56.00) 52 (52.00) 0.322 0.570

History of diabetes [n (%)] 33 (33.00) 35 (35.00) 0.089 0.765

History of hyperlipidemia [n (%)] 29 (29.00) 24 (24.00) 0.642 0.423

History of coronary heart disease [n (%)] 13 (13.00) 15 (15.00) 0.166 0.684

History of atrial fibrillation [n (%)] 17 (17.00) 18 (18.00) 0.035 0.852

History of transient cerebral ischemic attack [n (%)] 5 (5.00) 7 (7.00) 0.355 0.552

History of stroke [n (%)] 12 (12.00) 10 (10.00) 0.204 0.651

History of smoking [n (%)] 29 (29.00) 33 (33.00) 0.374 0.541

History of drinking [n (%)] 19 (19.00) 22 (22.00) 0.276 0.599

and other related knowledge. During this period, the stroke
team analyzed the causes of failure and the risk priority
number (RPN) for possible failure modes in the AIS emergency
procedure, and indicated the presence of high-risk links
when the RPN score was >125. RPN was the product of
event severity (S), occurrence (O) and detection indexes (D).
After analysis, there were the following 6 high-risk links
in the emergency process of AIS patients in our hospital:
(1) Preliminary triage, (2) Families payment, examination
appointment and medication collection, (3) Families send for
examinations, (4) Doctor-patient communication to decide
whether to thrombolize, (5) Emergency nurses dispense drugs,
(6) Thrombolysis preparations. The FMEA of each high-risk link
as shown in Table 2. Step III: For the above-mentioned high-
risk links, priority should be given to developing targeted and
optimized care processes to reduce the harm of failure modes.
The corresponding optimizationmeasures for each high-risk link
as shown in Table 3. The problems that emerged during the
implementation of the optimized process were discussed and
improved to ensure continuous improvement of the quality of
emergency care. The optimized integrated emergency care model
of this study as shown in Figure 1.

Observation Index
The total time spent from admission to completion of each
emergency procedure was recorded for both groups. Including
the total time spent from admission to emergency physician
reception (T0−1), total time spent from admission to stroke team
reception (T0−2), total time spent from admission to imaging
report out (T0−3), total time spent from admission to laboratory
report out (T0−4), and total time spent from admission to
intravenous thrombolysis (T0−5).

The clinical outcome indicators were observed for both
groups. Including vascular recanalization rate, symptomatic
intracerebral hemorrhage incidence, mortality rate.

The National Institutes of Health Stroke Scale (NIHSS) score
was evaluated for both groups after the intervention. It was
divided into 11 scoring items such as consciousness level and
dysarthria. The total score was 42, and the lower the score, the
lighter the neurological impairment.

The Barthel score was evaluated for both groups after the
intervention. The total score was 100, measuring the patient’s
self-care in 10 dimensions, such as walking up and down
stairs, dressing and bathing. The higher the total score, the less
dependent the patient was.

The treatment satisfaction rate of the patients was investigated
for both groups. The survey scale was self-administered by the
stroke team, with a Cronhach’ s α coefficient of 0.84 and a split-
half reliability of 0.88, and was surveyed before the patients
were discharged. There were four items: health education, basic
care, nursing attitude, and nursing skills. The total score of
90∼100 was very satisfied, 70∼89 was satisfied, 60∼69 was
generally satisfied, and <60 was dissatisfied. Overall satisfied rate
= (very satisfied + satisfied) number of people /total number of
people×100%.

Statistical Methods
SPSS 22.0 software was used. Enumeration data were expressed as
ratios, and the χ

2 test was used for comparison between groups.
Measurement data conforming to normal distribution were
expressed as mean ± standard deviation (M ± SD), and t-test
was used for comparison between groups. Statistical significance
was expressed as P < 0.05.

RESULTS

The Total Time of Each Procedure in the
Two Groups of Patients
The total time of T0−1, T0−2, T0−3, T0−4, T0−5 in the intervention
group (0.55 ± 0.15, 1.23 ± 0.30, 21.24 ± 3.01, 33.30±5.28, 44.19
± 7.02) min was shorter than that of the control group (1.22 ±

0.28, 4.01 ± 1.06, 34.12 ± 4.44, 72.48 ± 8.27, 80.31 ± 9.22) min
(P < 0.05). As seen in Figure 2.

Clinical Outcome Indicators in the Two
Groups of Patients
The vascular recanalization rate in the intervention group
(23.00%) was higher than that in the control group (12.00%) (P
< 0.05). There was no statistical significance in the symptomatic
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TABLE 2 | FMEA for emergency care of AIS patients.

High-risk

link

Failure modes Failure reasons Risk analysis

S O D PRN

1 Inappropriate assessment by triage

nurses

The triage nurses were inexperienced, lacked the

concept of “time window,” and had no specific clinical

pathways and plans

7.20 8.40 7.50 453.60

2 Round-trip delay, information blocking Departments were far apart, families were not familiar

with the layout of the hospital and the diagnosis and

treatment process, the hospital lacked signs and the

information platform was weak, and the hospital

stipulated that payment, examination appointment, and

medicine need to queue up

8.20 7.80 7.50 479.70

3 Forwarding or pending delay Lack of AIS green channels, inspections and reports did

not specify that AIS would be prioritized

7.50 8.40 7.60 478.80

4 Delayed or poor communication Untimely or inadequate health education and

conservative attitude of physicians toward thrombolysis

7.80 9.00 7.80 547.56

5 Dispensing medicines not on time There were many cases and diseases in the emergency

department, and nurses lacked the concept of “time

window”, and there was no special clinical path and plan

8.80 7.50 7.50 495.00

6 Delayed transfer to the cath lab and

delayed thrombolysis preparation

Cath lab might be in use, delayed arrival of medical staff,

delayed preparation for thrombolysis

8.20 7.60 9.00 560.88

TABLE 3 | Corresponding optimization measures for each high-risk link of AIS patients.

High-risk link Optimization measures

1 Regularly train and assess the knowledge of AIS and thrombolysis for emergency nurses, and formulate the “Emergency AIS Thrombolysis Process

Emergency Plan”.

2 Set up functions such as “one-click payment, appointment inspection, and report viewing” on the hospital’s WeChat platform, and taking medicines is

carried out by nurses in the hospital.

3 Set up a green channel for AIS transfer, the patient’s delivery is carried out by professional nurses trained in transfer, and the specimen delivery should

be labeled as “stepped up”.

4 At the time of admission, the possibility of thrombolysis is informed and relevant knowledge is popularized. The electronic bulletin screen in the

consultation room broadcasts relevant knowledge and notifications of thrombolysis to help patients or their families understand and decide as soon as

possible.

5 Set up a special post for thrombolysis nurses to be responsible for thrombolysis treatment of patients.

6 A spare cath lab and a green channel for AIS thrombolysis are set up. After confirming the patient’s thrombolysis, open the cath lab and the green

channel immediately, and transfer the patient to the cath lab accompanied by doctors and nurses.

intracerebral hemorrhage incidence and mortality rate in the two
groups (P > 0.05). As seen in Figure 3.

NIHSS and Barthel Scores in the Two
Groups of Patients
After intervention, the NIHSS score of the intervention group
(2.95 ± 0.91) was lower than that of the control group (6.10 ±

2.02), and the Barthel score (77.58± 7.33) was higher than that of
the control group (53.34± 5.12) (P < 0.05). As seen in Figure 4.

The Treatment Satisfaction Rate in the Two
Groups of Patients
The treatment satisfaction rate in the intervention group
(95.00%) was higher than that of the control group (86.00%) (P
< 0.05).As seen in Figure 5.

DISCUSSION

Once AIS patients develop symptoms, the most direct and
effective treatment method is early intravenous thrombolysis.
For patients with acute onset within 4.5 h, timely and
effective thrombolytic therapy can not only effectively reduce
the irreversible damage to brain tissue caused by cerebral
hemorrhage, but even help patients fully recover to normal levels
(15, 16). It is speculated that the degree of prognostic recovery in
AIS patients is closely related to the reperfusion time of ischemic
brain tissue (17). Based on this, from the onset of the patient to
the process of receiving thrombolytic therapy, the waiting time
is saved to the maximum extent for the patient, which can create
more survival and recovery opportunities for the patient, thereby
improving the overall treatment effect. This study focuses on
the scientific emergency nursing model, in order to make up for
the insufficiency of the current emergency nursing process and
improve the clinical treatment efficiency and cure rate of AIS
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FIGURE 1 | Flow chart of the integrated emergency care model based on FMEA of AIS patients.

patients by reconstructing the relevant links such as inspection,
evaluation, nursing and treatment of AIS patients.

In the results of this study, the total time spent from admission
to emergency physician, total time spent from admission to
stroke team, total time spent from admission to imaging report,
total time spent from admission to test report, and total
time spent from admission to intravenous thrombolysis in the
intervention group were shorter than that of the control group.
It is suggested that the integrated emergency care model based
on FMEA can effectively shorten the treatment time of each
emergency process of AIS patients. Under the conventional
nursing mode, the emergency nursing of AIS patients has
problems such as unreasonable treatment process, insufficient
understanding of the concept of golden time window by nursing
staff, and no green channel. These are the main reasons for the
lack of effective treatment or unsatisfactory treatment effect in

AIS patients within the golden time window (18, 19). FMEA is
a scientific and systematic quality control management method
(20). The application of the integrated emergency care model
based on FMEA in this study. Through the quantification of
RPN, the stroke team identified 6 potential high-risk links
in the hospital’s emergency procedures. The failure causes
and optimization measures are also analyzed. Among them,
the training and management of comprehensive quality and
competence of nursing staff can help strengthen their knowledge
about thrombolysis and improve the shortcomings of previous
emergency nurses such as insufficient awareness of time window
and improper triage; Advance science and electronic education to
patients or their families will help to promote their cooperation
and help them make thrombolysis decisions as soon as possible;
The establishment of an in-hospital information platform realizes
the full time-course sharing of information and data among
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FIGURE 2 | The total time of each procedure in the two groups of patients. * was the comparison of similar items between groups, P < 0.05.

FIGURE 3 | Clinical outcome indicators in the two groups of patients. (A) was the vascular recanalization rate. (B) was the symptomatic intracerebral hemorrhage

incidence. (C) was the mortality rate. * was the comparison of similar items between groups, P < 0.05.

FIGURE 4 | NIHSS and Barthel scores in the two groups of patients. (A) was the NIHSS score. (B) was the Barthel score. * was the comparison of similar items

between groups, P < 0.05.

departments, and solves the problems of message lag, repeated
information collection, tedious verification work, and poor
communication between doctors, nurses, and patients among

departments; The opening of the AIS emergency green channel,
expedited appointments for relevant examinations, delivery of
examinations and medication pickup by professionally trained
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FIGURE 5 | The treatment satisfaction rate in the two groups of patients.

* was the comparison of similar items between groups, P < 0.05. The

intervention group was no dissatisfied.

nurses, etc. greatly reduce the waiting time and ineffective round
trip time for each process; The setting of a special post for
thrombolytic nurses reduces the reaction time of patients with
thrombolytic drugs; Focused discussion and improvement of
problems that arise during the implementation of the optimized
process will help ensure continuous improvement in the quality
of emergency care.

After the implementation of the integrated emergency care
model based on FMEA in this study, it was found through
statistical analysis that the vascular recanalization rate of patients
increased by 11%. This may be because the construction of
an integrated emergency care model based on FMEA has
effectively shortened the delay time of each emergency procedure
for patients, thus ensuring that as many patients as possible
can complete thrombolytic therapy within the treatment time
window. In the results of this study, there was no significant
difference between the intervention group and the control
group in the symptomatic intracerebral hemorrhage incidence
and mortality rate. This may be because, even if intravenous
thrombolysis is completed within the time window, 6% of
patients with AIS are still at risk of symptomatic intracerebral
hemorrhage after treatment (21). This further suggests that after
the optimization of the emergency procedure in this study,
although the overall treatment rate of patients was effectively
improved, it was still much lower than that in developed
countries such as the United States, and the safety and efficacy of
patients receiving thrombolytic therapy still need to be improved.

The results of this study also suggested that the NIHSS score
of the intervention group after intervention was lower than that
of the control group, and the Barthel score was higher than
that of the control group. The treatment satisfaction rate in the
intervention group was higher than that in the control group.
This suggests that the handover application of the integrated
emergency nursing model based on FMEA in AIS patients has

certain positive significance and practicability. AIS has acute
onset and rapid progression, and early and timely professional
emergency care is of great significance to block the progression
of the disease, reduce the degree of brain damage, and improve
its prognosis (22, 23). In this study, the integrated emergency
care model based on FMEA was implemented. The reduction
of in-hospital delay time significantly improved the efficiency of
emergency care for AIS patients, which allows the majority of
patients who are admitted in time to receive thrombolytic therapy
within the “time window”, which ensures that the embolized
vessels are opened and the blood supply to the ischemic semidark
zone tissues is restored within a short period of time after the
onset of the disease. The early suppression of disease progression
and the significant improvement in vascular recanalization rates
resulted in a corresponding improvement in the prognosis of the
patients’ quality of survival.

CONCLUSION

Nursing management is an essential and important link in
stroke emergency procedures. Through FMEA, the failure mode
that affects the emergency time of AIS patients is effectively
analyzed and the targeted optimization process is proposed,
which are important to enhance the efficiency and success rate
of resuscitation of medical and nursing staff and improve the
prognosis and life ability of patients.
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Objective: To explore the influence of a contrast agent injection scheme customized by

dual-source CT based on automatic tube voltage technology on coronary imaging image

quality and radiation dose.

Methods: A total of 205 patients who underwent coronary CT angiography (CCTA) in our

hospital from June 2021 to September 2021 were selected. 105 patients in the control

group who underwent routine scanning according to body mass (BMI) and 100 patients

in the observation group who set tube voltage and contrast agent dosage according

to automatic tube voltage selection technology. CT values of the aortic root (AO); left

anterior descending (LAD) branch; proximal, middle, and distal segments of the right

coronary artery (RCA); and proximal and distal segments of left circumflex (LCX) branch

were measured. We calculated the signal-to-noise ratio (SNR) and contrast-to-noise

ratio (CNR) of the image. Image quality scoring and effective dose (ED) calculation were

carried out.

Results: There was no significant difference in the CT value, SNR value, and CNR value

of each part of the artery between the two groups (P > 0.05). Image quality scores

of the control group and the observation group were 1.28 ± 0.25 and 1.25 ± 0.23,

respectively, and there was no significant difference in scores (P > 0.05). In the control

group, the dosage of comparator was 43.81 ± 6.74ml, and the ED was 4.92 ± 1.26

mSv. The dosage of contrast agent in the observation group was 34.23 ± 6.39ml, and

ED was 3.05± 0.94 mSv. The dosage of contrast agent and ED in the observation group

were lower than those in the control group (P < 0.05).

Conclusion: The contrast agent injection scheme customized by dual-source CT based

on automatic tube voltage technology can meet the clinical requirements of coronary
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image quality, reduce the radiation dose and contrast agent consumption, and help

doctors choose a more accurate and reasonable examination scheme, which has certain

clinical application value.

Keywords: coronary artery, coronary CT angiography, image quality, radiation dosage, aortic root

INTRODUCTION

With the acceleration of population aging, the prevalence trend
of cardiovascular risk factors is obvious in China, which leads
to increase in the number of cardiovascular diseases. Coronary
CT angiography (CCTA) has become an important method for
clinical diagnosis and investigation of coronary heart disease
because of its fast imaging speed and few complications (1).
In the past, traditional CT was limited by detector width,
and respiratory artifacts caused more interlaced images, which
restricted the examination. However, CCTA can collect accurate
and safe clinical information of human tissues and organs in
the physiological state during scanning, and its application has
gained rapid popularity (2). However, the high radiation dose
related to CCTA has become one of the key problems that limit
its further promotion and application in routine screening. In
past clinical CCTA scanning, to ensure image quality, scanning
tube voltage and contrast agent injection dose were usually
selected according to the patient’s body mass index, which
lacked individualized and standardized specifications and needed
further research and discussion (3).

Foreign studies have shown that automatic tube voltage
selection facilitates CCTA image acquisition, and that it is
feasible to customize the contrast injection protocol based on
automatically selected tube voltage level (4). CT radiation dose is
closely related to scanning parameters. In recent years, research
on the relationship between tube current and radiation dose
have mostly focused on the automatic tube current setting
technology, which is a technology for automatically adjusting
tube current according to a scout image and can obviously reduce
radiation dose in the abdominal and pelvic scanning. Based on
the automatic tube voltage technology, this study adjusts the
dosage of a contrast agent to explore the feasibility of CCTA
image acquisition and its influence on radiation dose to provide
reference for clinical CCTA examination.

DATA AND METHODS

General Information
A total of 205 patients who underwent CCTA in our hospital
from June 2021 to September 2021 were selected. Inclusion
criteria were patients with suspected coronary heart disease,
no history of iodine contrast agent allergy, no history of
coronary intervention or coronary artery bypass surgery, good
breath-holding training, and nonpregnant or lactating women.
Exclusion criteria were severe arrhythmia, cardiac insufficiency,
severe hepatic and renal insufficiency, implantation of a
pacemaker, and coronary artery bypass grafting. According to
different contrast agent injection schemes, 105 patients in the
control group were selected tube voltage and contrast agent

dosage based on patient body mass, and 100 patients in the
observation group were set tube voltage and contrast agent
dosage by automatic tube voltage selection technology. There
were 107 men and 98 women, with age of 59.26 ± 9.16 years
and BMI of 25.74 ± 3.09 kg/m2. This study was approved by the
hospital ethics committee and informed consent of the patients
and their families.

Research Methods
All examinations were performed by 3rd generation dual-source
CT (SOMATOM Definition Force) and prospective ECG gating
sequence scanning. The patients took the supine position, and
CCTA was performed from the thoracic inlet to the cardiac
diaphragmatic surface, with the scanning range ranging from
1 cm below the tracheal bifurcation to the cardiac diaphragmatic
surface level. Before the examination, all the patients were trained
to hold their breath, including taking nitroglycerin 0.5mg. A
contrast agent (Iohexol injection 370 mg/ml) was injected first,
and then physiological saline was injected at the same flow
rate; all of which were injected with a double-cylinder high-
pressure syringe. When the proximal level of the ascending aorta
reaches the trigger threshold of 100 HU, automatic scanning
will be delayed for 5 s. Scanning parameter settings were:
acquisition layer thickness 0.75mm, layer spacing 0.4mm, and
rotation time 0.25 s.

For the control group, the dosage of contrast agent was set
according to body mass (< 50 kg, 32ml; 50–59 kg, 36ml; 60–
69 kg, 40ml; 70–79 kg, 45ml; ≥ 80 kg, 50ml), and injection time
was 12 s. Patients in the observation group used the automatic
tube voltage selection technology to set the dosage of contrast
agent (70 kV, 33ml; 80 kV, 36ml; 90 kV, 42ml; 100 kV, 46ml; 110
kV, 52ml; 120 kV, 55ml), and injection time was 10 s (5). All the
patients’ images were transmitted to the image post-processing
workstation (Siemens Healthcare, Forchheim, Germany), and
multi-planar reformation (MPR), volume rendering (VR), and
curved planar reformation (CPR) were performed for image
reconstruction and post-processing.

The CT values of the proximal, middle and distal segments
of the aortic root (AO), left anterior descending branch (LAD),
right coronary artery (RCA), and left circumflex branch (LCX)
were measured. The standard deviation of the mean CT value of
the AO region of interest (ROI) was taken as the image noise.
The ROI should be as large as possible, and we avoided areas,
such as coronary vessel wall, calcified plaque, and non-calcified
plaque, as much as possible, where the ROI of the aortic root
was about 200 mm2, to ensure the accuracy of the measured
CT values. Calculated signal-to-noise ratio (SNR) and contrast-
to-noise ratio (CNR), SNR = CT value of AO/image noise of
AO. CNR = (target blood vessel CT value-fat CT value)/AO
image noise.
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TABLE 1 | Comparison of general information between the two groups of patients

(n, x ± s).

Group Age

(years)

Gender

(male/

female)

Body mass

index

(kg/m2)

Heart rate

(beats/min)

Control group

(n = 105)

58.41 ± 8.36 54/51 25.63 ± 2.41 62.19 ± 7.48

Observation group

(n = 100)

60.15 ± 10.07 53/47 25.86 ± 2.59 63.05 ± 7.82

t/χ2 value 1.349 0.051 0.659 0.805

P-value 0.179 0.822 0.511 0.421

The coronary artery tree was divided into 18 segments
using the newly recommended 18-segment standard modified
segmentation method by the American Cardiovascular CT
Association, and the distal segment of the occluded vessel
was excluded from the analysis (6). Image quality was
scored by two senior radiologists through the improved
segmentation method of 18-segment standard, with the
scoring standard of 1–4 points:1 point: excellent blood
vessel display, no ladder-like artifact; 2 points: slight
pulsation artifact in the blood vessel; 3 points: moderate
artifact in the blood vessel; 4 points: unclear blood
vessel display or severe ladder-like artifact that cannot
be evaluated. In case of disagreement, an agreement was
reached through consultation. We recorded the product
of dose length and calculated the effective dose (ED) (7)
[ED = dose length product × conversion coefficient k
(k= 0.014 mSv·mGy−1·cm−1)].

For the repeatability test, images of 15 patients were randomly
selected from the control group and the observation group.
Two physicians performed image quality analysis separately.
The Kappa value was used to evaluate the consistency of
image quality between the two physicians (kappa > 0.8). One
week later, another image quality analysis was performed by
one of the physicians to calculate intra-examiner consistency
(Cronbach’s α = 0.927).

Statistical Methods
The SPSS 22.0 software was used to process experimental data.
Measurement data, such as age, BMI, CT value, SNR, CNR,
and ED, of the patients were expressed as mean plus standard
deviation (x ± s), and the t-test was performed for pairwise
comparison. Enumeration data, such as gender, of the patients
were expressed, in %, and comparison was conducted by the
χ
2 test. Test level was α = 0.05, and difference was statistically

significant when P < 0.05.

RESULTS

Comparison of General Data of the Two
Groups of Patients
There was no significant differences in general information such
as age, gender, BMI and heart rate between the observation group
and the control group (P > 0.05). As shown in Table 1. T
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TABLE 3 | Comparison of signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) between the two groups of patients (n, x ± s, HU).

Group SNR CNR

LAD-p LAD-m LAD-d RCA-p RCA-m RCA-d LCX-p LCX-d

Control group

(n = 105)

28.16 ± 6.24 24.71 ± 6.39 22.74 ± 5.92 21.43 ± 5.58 24.27 ± 6.71 23.04 ± 5.26 23.81 ± 6.33 24.17 ± 6.92 21.93 ± 4.87

Observation

group (n = 100)

27.53 ± 5.71 23.19 ± 5.18 21.57 ± 4.86 20.97 ± 4.63 23.69 ± 5.78 22.47 ± 5.09 22.75 ± 5.12 22.86 ± 5.35 20.57 ± 4.42

t value 0.753 1.865 1.542 0.641 0.662 0.788 1.314 1.511 0.553

P value 0.452 0.064 0.125 0.523 0.509 0.431 0.190 0.132 0.581

LAD-p, proximal to the left anterior descending coronary artery; LAD-m, middle segment of the left anterior descending coronary artery; LAD-d, distal left anterior descending coronary

artery; RCA-p, proximal right coronary artery; RCA-m, middle right coronary artery; RCA-d, distal right coronary artery; LCX-p, proximal left circumflex branch; LCX-d, distal left

circumflex branch.

FIGURE 1 | Typical image of left anterior descending curved planar

reconstruction in the control group.

CT Comparison of AO and Coronary Artery
Segments Between the Two Groups
There is no significant difference in CT values of AO, LAD, RCA,
and LCX between the two groups (P > 0.05), as shown in Table 2.

Comparison of SNR and CNR Between the
Two Groups of Patients
There was no significant difference between the two groups in
SNR and CNR of LAD, RCA and LCX (P > 0.05), as shown in
Table 3.

Comparison of Image Quality Between the
Two Groups of Patients
There was no significant difference in image quality scores
between the two groups (P > 0.05), as shown in Figures 1–6.
Figures 1–3: a patient in the control group, male, 55 years old,
BMI 25.2 kg/m2, tube voltage 80 kv and contrast agent dosage
42ml during scanning; image quality score is 1 point, average CT

FIGURE 2 | Typical image of right coronary artery curved planar reconstruction

in the control group.

value of AO is about 603 HU, noise value is 26 HU, and ED is 2.7
mSv. Figures 4–6: a patient in the observation group, female, 61
years old, BMI 25.8 kg/m2, tube voltage 80 kv, and contrast agent
dosage 35ml during scanning; image quality score is 2 points,
average CT value of AO is 533 HU, noise value is 25 HU, and
ED is 1.9 mSv.

Comparison of Contrast Agent Dosage and
ED Between the Two Groups of Patients
The dosage of contrast agent and ED in the observation group
are lower than those in the control group, and the differences are
statistically significant (P < 0.05), as shown in Figures 7, 8.

DISCUSSION

With the rapid development of multi-slice spiral CT technology,
coronary CTA has become one of the first-choice technologies for
screening coronary heart disease safely and reliably. However, the
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FIGURE 3 | Typical image of coronary CT angiography (CCTA) volume

rendering in the control group.

FIGURE 4 | Typical image of left anterior descending curved planar

reconstruction in the observation group.

high radiation dose associated with coronary CTA examination
and cancer risk, radiation protection, and safety problems
caused by ionizing radiation have gradually become the focus of
widespread concern in society. On the website of the US Food
and Drug Administration, the statement of the American Heart
Committee is published, which concludes that a CT radiation
dose of 10 msv can cause a malignant tumor in 1/2,000 patients
undergoing CT (8). Therefore, how to effectively reduce radiation
dose while ensuring image quality has become a research hotspot.

At present, the most commonly used methods to reduce
radiation dose include reducing tube voltage and current,
reducing scanning length, forward-looking ECG trigger

FIGURE 5 | Typical image of right coronary artery curved planar reconstruction

in the observation group.

FIGURE 6 | Typical image of CCTA volume rendering in the observation group.

scanning, large pitch scanning, and new reconstruction
algorithms. Radiation dose is proportional to the square of
the tube voltage, which indicates that reducing tube voltage
is the most effective way to reduce radiation dose at present
(9, 10). Chen et al. studied head and neck CTA scanning with
tube voltage reduced to 70 KV, and image quality score had no
obvious change, but radiation dose could be reduced by about
58%, which reflected the advantages of automatic tube voltage
technology in reducing radiation dose (11).

Based on the customized scheme of automatic tube voltage
technology, the lowest or next lowest tube voltage can be selected
for scanning according to inspection purpose, and parameters
meeting image quality requirements can be set, which provides
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FIGURE 7 | Comparison of contrast agent dosage between the two groups of

patients. Compared with the control group, *P < 0.05.

FIGURE 8 | Comparison of effective dose (ED) between the two groups of

patients. Compared with the control group, *P < 0.05.

the basis for further reducing the contrast agent (12, 13). The
results show that there is no significant difference in the AO,
SNR, CT, and CNR values of each segment of the coronary
artery between the two groups. It is suggested that the objective
image quality of CCTA scanned with the automatic tube voltage
technology is consistent with that of the selection of tube voltage
and contrast agent dose according to a patient’s body mass, and
image quality has not been reduced. This is consistent with the
research of Ippolito et al. (14).

In the past, CCTA examination was limited by actual situation,
and tube voltage was selected empirically according to the body
mass of patients. However, for patients with the same body mass
range, some patients needed higher tube voltage levels to obtain
better scanning images because of differences in body shape
and muscle and adipose tissue content distribution, and some
patients with larger body mass only needed conventional or even
lower tube voltage to meet the examination requirements and
obtain better image quality (15, 16). For patients with normal
and same body mass range, using the 3rd generation Shuang
Yuan CT automatic tube voltage selection technology, the tube
voltage of CCTA examination can be intelligently selected, and

effects of other patient parameters on the examination besides
body mass should be considered, so as to help technicians to
more accurately and reasonably select the optimal voltage value
suitable for patients. It is necessary to improve the success
rate of examination and ensure image quality while effectively
controlling or reducing radiation dose (17, 18). In this study,
there was no significant difference in image quality scores
between the two groups, but the dosage of contrast agent and
ED in the observation group were significantly lower than
those in the control group. It is suggested that the customized
scheme based on automatic tube voltage technology can take
into account the influence of other patient parameters except
body mass on examination, thus helping technicians to select
the best voltage value suitable for patients more accurately and
reasonably, and effectively controlling or reducing radiation dose
while improving the success rate of examination and ensuring
image quality.

Previous studies have shown that the automatic tube voltage
technology can automatically adjust tube voltage and make
appropriate compensations according to various factors, such
as cardiac output, body shape, and chest shape of different
patients. At the same time, according to the proportional
relationship between radiation dose and tube voltage, the purpose
of reducing radiation dose can be achieved by adjusting tube
voltage (19). Most the iodine contrast agents used in CCTA
examinations are hypertonic, and iodine content is as high as
37%. In the human body, iodine contrast agents are filtered by
glomerulus but not absorbed by renal tubules. During the process
of glomerular filtration, concentration in the kidney increases,
which may lead to a series of adverse reactions, such as renal
damage (20). Low contrast agent flow rate and low contrast
agent dose usually reduce the enhancement density of coronary
arteries. By reducing tube voltage and adjusting the dose of a
contrast agent, injection flow rate can be kept at a level slightly
lower than that of conventional injection flow rate (6 ml/s),
Compton scattering effect can be reduced, and the dose of the
contrast agent and radiation can be reduced while meeting image
quality requirements.

There are some shortcomings in this study, including the
small number of selected cases and lack of gold standard contrast
in coronary angiography, which need to be supplemented and
further discussed in follow-up research studies.

To sum up, the contrast agent injection scheme customized by
dual-source CT based on the automatic tube voltage technology
can meet the clinical requirements of coronary imaging image
quality, reduce radiation dose and contrast agent consumption
at the same time, and help doctors choose a more accurate
and reasonable examination scheme, which has certain clinical
application value.
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