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Objective: Vertebral augmentation techniques are widely used to treat
osteoporotic vertebral compression fractures (OVCFs). Superior analgesic
effects and shortened bed rest time means patients recover quickly, but
prolonged unscheduled hospitalization can increase medical expenses and
the risk of bed rest complications. The aim of this study was to investigate
the reasons for prolonged hospitalization after vertebral augmentation
surgery and to determine the relative risk factors.
Methods: A single-center retrospective study was conducted to enroll patients
with OVCFs and accepted vertebral augmentation surgery from January 2017
to December 2017. Clinical information was collected from the Hospital
Information System (HIS). The criterion of delayed discharge was
postoperative hospitalization more than 3 days. Telephone interviews and
medical history evaluations were conducted to confirm the exact reason for
retention. The risk factors were analyzed by multiple logistic regression.
Results: Overall, 1,442 patients were included, and 191 (13.2%) stayed in the
hospital for more than 3 days postoperatively. The reasons for delayed
discharge were psychological factors (37.2%), residual pain (32.5%),
cardiopulmonary complications (15.7%), nonspecific symptoms (8.4%),
incision abnormalities (2.6%), thrombosis (2.1%), and postanesthesia reactions
(1.6%). The multiple logistic model was significant; age (OR 1.028; 95% CI
1.009–1.046), preoperative stay (OR 1.192; 95% CI 1.095–1.298), operation
type (OR 1.494; 95% CI 1.019–2.189), and the number of surgical segments
(OR 2.238; 95% CI 1.512–3.312) showed statistical significance. In contrast,
gender (P > 0.1) and chronic comorbidities (P > 0.1) were not predictors in
this model.
Conclusion: Overall, 13.2% of OVCF patients who underwent vertebral
augmentation surgery were not discharged within 3 days postoperatively,
and several predictors were found. Preoperative communication and
comprehensive evaluations are calling for more attention; physicians should
adopt an appropriate medical process to enhance rehabilitation in geriatric
orthopedics.
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Introduction

Osteoporosis has become a global disease of the elderly that

develops with age and is thought to be the underlying cause of

osteoporosis fractures (OFs). Osteoporosis vertebral

compression fractures (OVCFs) are an important component

of OFs, as approximately 520,000 incidents occurred in the

European Union in 2010 (1). Symptomatic OVCFs cause

severe pain, lead to inferior quality of life, and are related to

increased mortality risk (2). Vertebral augmentation, including

percutaneous vertebroplasty (PVP) and percutaneous

kyphoplasty (PKP), is commonly used to treat acute OVCFs.

These methods require less operating time, are minimally

invasive, and have higher cost-effectiveness compared with

conservative treatments. Patients receiving PVP/PKP

experienced pain relief and functional recovery. Reduction of

hospitalization time can not only save medical resources and

the financial burden of patients but also reduce bed rest time,

which is one inducement of imbalanced bone turnover (3, 4).

Research has shown that even short-term bed rest after

trauma increased acute bone resorption, along with decreased

muscle strength and aerobic capacity (5). Therefore, vertebral

augmentation has a unique advantage in treating acute

OVCFs in the elderly (6, 7).

The application of vertebral augmentation technology calls

for the concept of rapid rehabilitation in geriatric orthopedics,

including the removal of preoperative fear, surgical

confidence, postoperative rehabilitation training, and

functional recovery. However, we observed that some patients

could not be discharged within the scheduled time and even

undergo successful surgery, which may be caused by various

factors. A randomized controlled trial reporting that 23% of

acute OVCFs retained chronic low back pain after PVP (8)

caused concern about residual symptoms. Meanwhile, severe

cement leakages were reported, despite low complication

morbidity (9). Furthermore, poor health conditions of the

elderly increase the risk of acute onset of chronic diseases. All

of the above-mentioned points out that prolonged bed rest

will lead to more complications of being bedridden and a

growing number of financial expenditures of patients (10).

Database searching found no relevant study on prolonged

hospitalization or delayed discharge after PKP/PVP surgery.

Therefore, the purpose of this study was to investigate the

causes and predictors of delayed postoperative discharge to

provide an informative clinical reference for the rehabilitation

of patients with OVCFs.
Materials and methods

We retrospectively reviewed patients who accepted PVP or

PKP in our spine surgery department from January 1, 2017,
Frontiers in Surgery 02
to December 31, 2017, and all of the participants were

in-patients. This study was performed in line with The Code

of Ethics of the World Medical Association (Declaration of

Helsinki) and was approved by the ethics committee of

Honghui Hospital affiliated with Xi’an Jiaotong University.
Inclusion and exclusion criteria

All patients had to meet the following inclusion criteria: (1)

persistent back pain after slight exertion of energy or trauma

and no evidence of relief; (2) clinical and imaging

examinations, including x-ray, computed tomography, and

magnetic resonance imaging presenting an OVCF related to

the back pain; (3) osteoporosis diagnosis by dual-energy x-ray

absorptiometry; and (4) complete information in the medical

record system. The exclusion criteria are the following: (1)

pathological fractures, including hemangioma and spinal

metastasis; (2) chronic fractures, vertebrae osteonecrosis (like

Kümmell disease), and intravertebral vacuum cleft in the

vertebrae; (3) other coexisting traumas in addition to the

spine (rib, limb, and sacrum fractures); and (4) severe

comorbidities and other local or systematic disorders that may

prolong the hospitalization.

To obtain the most consistent results according to the

clinical situation, we did not limit the number of surgical

segments or the age of participants. Preoperative examinations

including lower limb arteriovenous ultrasound, blood routine,

liver and kidney function, electrolyte, coagulation index, and

infectious diseases were routinely performed. Patients with

unstable comorbidities were consulted with relevant

departments, and surgical treatment was performed only after

excluding contraindications. All patients were informed of the

treatment strategies by the physician, including operating

procedures and prognosis.
Surgical procedures

PVP or PKP was chosen according to the specific fracture

form and economic condition. PVP combined with the free-

hand reduction was considered when the compression degrees

of vertebrae anterior column were less than 30%; PKP and

free-hand reduction were preferred in patients with greater

than 30% compression. Patients who required a PVP due to

poor economic conditions were informed about the risk and

signed a consent form.

All procedures were conducted with standard procedures by

senior spinal surgeons. Antibiotics were used intravenously 1 h

prior to the procedure. The free-hand reduction was performed

in a prone position, and a moderate restoration under x-ray was

acceptable. Most of the patients were treated under infiltration

anesthesia with 1% lidocaine, while a few others were treated
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with general anesthesia (in consideration of strong fear of

surgery). One or two trocars (KINETIC, China) were inserted

into the pedicles of the object vertebrae under the surveillance

of a C-arm x-ray (GE, American). The needles were inserted at

the 3 or 9-o’clock position of pedicles with a specific inclination

to approach the anterior third of the vertebrae body on

anteroposterior and lateral radiographs. The vertebrae were then

expanded by a balloon in PKP procedures. Pasta-like

polymethylmethacrylate (PMMA, KINETIC, China) was

injected until the cement approaching the posterior wall of the

vertebrae or cement leakage was observed.

Patients remained in bed after surgery, and x-ray

examination was undertaken within 12 h to ensure the cement

location was good. Patients were advised to walk moderately

with a plastic thoracolumbosacral orthosis (Hengshui

Qianzhong Medical Equipment Co. Ltd., China) routinely on

the second day after surgery. A 3-month brace stabilization

was generally recommended.
Demographic data

To analyze the factors of delayed discharge after PKP/PVP,

relevant clinical information covering gender, age, prehospital

time, pre- and postoperative stays, preoperative bone mineral

density (BMD), preoperative VAS, operation type, the number

of surgical segments, and complete admitting/discharge

diagnosis was obtained from the Hospital Information System

(HIS). The third-day postoperatively VAS score was recorded

to represent the pain relief at discharge. Diagnosis including

cardiopulmonary diseases, hypertension, liver and kidney

dysfunction, and diabetes was recorded as chronic

comorbidities. Telephone interviews and medical history

research were conducted to confirm the main reason for not

being discharged on time.
Clinical outcomes

We used the following discharge criteria: (1) successful

operation, no severe surgical complications such as cement

embolism (in pulmonary arteries or cerebrovascular vessels)

and intraspinal leakage (compressing the spinal cord or nerve

root), which usually leads to urgent interventional

thrombectomy or spinal decompression surgery; (2) visual

analog scale (VAS) score decreased to below 4 (at most slight

pain) (11–13); and (3) stable life signs, no acute comorbidities.

Subject to the requirements of local medicare policy and our

hospital’s clinical pathway, patients after vertebral augmentation

surgery should be discharged within 3 days if they meet the

above standard. Therefore, in this study, delayed discharge

was considered to be postoperative hospitalization time over

3 days.
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Statistical analyses

All statistical analyses were performed with Statistical

Packages for Social Sciences V21.0 for Windows (SPSS Inc.

Chicago, IL, USA). To describe the basic characteristics of the

patients, quantitative variables were reported by means and

standard deviations, while counts and percentages were

recorded for qualitative variables. Chi-square tests and t-test/

non-parametric tests were performed for univariate analyses,

and P values <0.1 were considered significant temporarily.

The Box–Tidwell test was used to verify whether a linear

relationship existed between continuous independent variables

and logit conversion values of dependent variables. Then,

binary logistic analysis was performed to identify the

predictors and odds ratios for delayed discharge, and P values

<0.05 were considered significant.
Results

After filtering 1,877 patients who underwent PVP or PKP

from January 1, 2017, to December 31, 2017, 1,442 patients

(295 males and 1,147 females) with 1,549 treated vertebrae

(1–4) were included in our study (Figure 1). The mean age of

all patients was 71.95 ± 8.79 years (range 47–95). At a mean

of 2.09 ± 1.33 days after injury, all patients came to the

hospital and stayed for 4.01 ± 2.55 days in total, including

1.93 ± 1.58 days for preoperation and 2.06 ± 1.63 days for

postoperation. The mean preoperative BMD and pre- and

third-day postoperative VAS are shown in Table 1. Overall,

191 (13.2%) patients (mean age 73.58 ± 8.28) stayed in the

hospital for more than 3 days after the surgery. The length of

stay after the surgery was 5.09 ± 2.21 days (range 4–25), while

the people discharged in 3 days had a shorter length of

1.59 ± 0.83 days (range 0–3) (Table 1).

After referring to the case history, we recorded chronic

comorbidities including hypertension, diabetes mellitus,

coronary heart disease, arrhythmia, cerebral infarction, and

chronic obstructive pulmonary disease. Overall, 715 (49.6%)

patients suffered one or more chronic comorbidities before

hospitalization, and the rest of the patients simply had

osteoporosis except for other local diseases, which were not

recognized as comorbidities (Table 1).

We carried out phone interviews combined with medical

history research in HIS, summarized the main reasons for the

delay, and sorted these in Figure 2. In total, 71 (37.2%) of

191 patients met the discharge criteria but required extra

treatment, mainly concerning their physical condition relating

to trauma and surgery. We regarded these as psychological

factors and gave them conservative treatment and nutrition

support therapy until all these patients were discharged to

communities or rehabilitation facilities. Sixty-two (32.5%)
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FIGURE 1

Study flowchart.

TABLE 1 Clinical information and characteristics of patients.

Variables Delayed
discharge

Normal
discharge

Overall

Patients with surgery (n) 191 (13.2%) 1,251 (86.8%) 1,442 (100%)

Age (y) 73.58 ± 8.28 71.70 ± 8.84 71.95 ± 8.79

Gender (m/f) 49/142 246/1,005 295/1,147

Prehospital time (d) 2.19 ± 1.45 2.08 ± 1.32 2.09 ± 1.33

Preoperative time (d) 2.42 ± 1.45 1.86 ± 1.58 1.93 ± 1.58

Preoperative VAS 7.73 ± 0.97 7.52 ± 0.91 7.54 ± 0.92

Preoperative BMD (T-score) −3.71 ± 0.59 −3.66 ± 0.69 −3.67 ± 0.68

Postoperative stay (d) 5.09 ± 2.22 1.59 ± 0.83 2.06 ± 1.63

Third-day postoperative VAS 2.90 ± 2.42 1.60 ± 1.03 1.77 ± 1.38

Chronic comorbidities (y/n) 100/91 615/636 715/727

Operation type (K/V) 153/38 903/348 1056/386

Number of segments (n) 1.17 ± 0.47 1.06 ± 0.26 1.07 ± 0.30

Data were mean± SD or N (%); n= number, y = years, m/f =male/female,

K/V = PKP/PVP, d = days, y/n = yes/no.

Zhao et al. 10.3389/fsurg.2022.987500
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patients complained of residual pain (VAS value ≥4, range 4–9)
from the former location or elsewhere after the surgery.

Conservative analgesia therapies like oral NSAIDs or

diclofenac lidocaine intramuscular injection were performed

daily in these situations, and all these patients were relieved to

varying degrees and then finally discharged. Cardiopulmonary

complications, including acute heart failure, atrial fibrillation,

and pneumonia, were the third reason that caused 30 (15.7%)

patients to prolong their postoperative stay. They got

emergency treatments and were transferred to specific

departments with medical consultations. In addition, 16

(8.4%) experienced general discomfort, covering fever,

stomachache, and headache and gradually recovered after

symptomatic treatments and observations. Five (2.6%) incision

abnormalities, four (2.1%) lower limb thromboses, and three

(1.6%) postanesthesia reactions were recorded. No patient

sustained severe cement leakage that needed reoperation

including interventional therapy or spinal canal decompression.
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FIGURE 2

Reasons for delayed discharge.

TABLE 2 Univariate analysis of factors for delayed discharge.

Variables χ2/Z P* value

Gender 3.654 0.056

Chronic comorbidities 0.677 0.411

Operation type 5.305 0.021

Age −2.574 0.010

Prehospital time −0.700 0.484

Preoperative time −6.089 <0.001

Preoperative VAS −2.525 0.012

Third day postoperative VAS −6.036 <0.001

Preoperative BMD −0.849 0.396

Number of segments −4.561 <0.001

VAS, visual analog scale.

*Statistics were analyzed using the chi-square test and Mann–Whitney U test.

TABLE 3 Multivariate logistic analysis for delayed discharge.

Variety of
factors

B S.E. Wald
χ2

OR CI 95% P
value

Gender 0.303 0.186 2.652 1.353 0.940 1.948 0.103

Age 0.027 0.009 8.898 1.028 1.009 1.046 0.003

Preoperative time 0.167 0.044 14.292 1.181 1.084 1.288 <0.001

Preoperative VAS 0.240 0.088 7.451 1.271 1.070 1.510 0.006

Operation type 0.406 0.195 4.322 1.501 1.023 2.201 0.038

Number of
segments

0.802 0.201 15.873 2.231 1.503 3.310 <0.001

Gender and operation type were transferred into categorical data; B, partial

regression coefficient; S.E., standard error; OR, odds ratio; CI, confidence

interval; P values in bold were statistically significant.

Zhao et al. 10.3389/fsurg.2022.987500
We put gender, age, prehospital time, preoperative BMD,

pre- and third-day postoperative VAS, preoperative stays,

operation type, number of surgical segments, and chronic

comorbidities into univariate analyses after all quantitative

variables were proven to be nonnormally distributed.

Gender, operation type, and chronic comorbidities were

transformed into categorical data. As the results show in

Table 2, age (P < 0.05), preoperative time (P < 0.001),

preoperative VAS (P < 0.05), third-day postoperative VAS

(P < 0.001), operation type (P < 0.05), and the number of

surgical segments (P < 0.001) showed significance to delayed

discharge, while prehospital time (P = 0.484), preoperative

BMD (P = 0.396), and chronic comorbidities (P > 0.1) were

not significant between the two groups. Gender (P = 0.056)

approached statistical significance and was included in the

multivariate analysis. A binary logistic analysis was

performed to investigate the predictors of delayed discharge.

Third-day postoperative VAS was excluded for direct

relation to delayed discharge. The Box–Tidwell test showed

a linear relationship between continuous independent

variables and logit conversion values of dependent variables.

Collinearity diagnostics showed negative results between the

independent variables. Overall, the logistic model was

significant (χ2 = 56.796, P < 0.001). Age (OR 1.028; 95% CI

1.009–1.046), preoperative time (OR 1.181; 95% CI 1.084–

1.288), preoperative VAS (OR 1.271; 95% CI 1.070–1.510),

operation type (OR 1.501; 95% CI 1.023–2.201), and the

number of surgical segments (OR 2.231; 95% CI 1.503–

3.310) showed statistical significance. Gender (P = 0.103)

was not a predictor of delayed discharge of patients after

PVP/PKP (Table 3).
Frontiers in Surgery 05 frontiersin.org
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Discussion

OVCFs in patients with osteoporosis involve severe pain

episodes. The efficacy of conservative bed rest treatment is

still uncertain but can cause complications such as muscle

weakness, atelectasis, thrombosis, and pressure ulcers (10).

Previous research has reported that bone resorption increases

from the second day of bed rest (3), implying the

disadvantages of immobilization. Vertebral augmentation is

widely used to restore OVCF patients more quickly;

meanwhile, the procedure being performed as ambulatory

surgery is growing (14), as minimally invasive and rapid

surgical intervention measures are effective and acceptable for

elderly patients with OVCFs. Delayed discharge is an

important quality monitor in ambulatory surgeries, and

prolonged postoperative hospitalization may be related to

poor quality of care and patients’ low acceptance of

ambulatory surgery, which may affect its superior cost-

effectiveness (15).

To our knowledge, two high-quality studies about PVP

surgery were published in 2009, querying the effectiveness of

PVP and causing considerable controversy (16, 17). However,

further studies have been conducted in subsequent clinical

trials with strictly formulated inclusion criteria; PVP achieved

more significant pain relief and vertebral height recovery than

sham surgery (6). Nevertheless, current studies have shown

similar analgesic effects of PVP and PKP (18). In this study,

we have to note that all patients enrolled were in-patients

because PVP/PKP were not carried out as ambulatory

surgeries in our hospital during that time. Even so, our

clinical pathway for the PKP/PVP operation required unified

surgical and discharge standards, and patients with permitted

situations were advised to discharge within 3 days after the

surgery. Therefore, we can still obtain meaningful results by

using this discharge indicator and providing advice for clinical

work.

This study showed postoperative information about in-

patients after vertebral augmentation surgery. Under the

unified discharge standards, 191 (13.2%) patients stayed in

the hospital longer than 3 days postoperatively, which was

considered delayed discharge. All of the above patients got

relevant treatments and reassessment and were finally

discharged in a few days (range 4–25 days postoperatively).

According to telephone interviews and medical history

analyses, the reasons for delayed discharge related to

incidence were psychological factors (37.2%), residual pain

(32.5%), cardiopulmonary complications (15.7%), general

discomfort (8.4%), incision abnormalities (2.6%), thrombosis

(2.1%), and postanesthesia reactions (1.6%) (Figure 2). To

further analyze the factors influencing delayed discharge,

age, gender, prehospital time, pre- and third-day

postoperative VAS, preoperative BMD, preoperative time,

operation type, the number of surgical segments, and
Frontiers in Surgery 06
chronic comorbidities were included in univariate and

multifactor analyses.

As we present in Table 3, age (OR 1.028; 95% CI 1.009–1.046),

preoperative time (OR 1.181; 95% CI 1.084–1.288), preoperative

VAS (OR 1.271; 95% CI 1.070–1.510), operation type (OR 1.501;

95% CI 1.023–2.201), and number of surgical segments (OR

2.231; 95% CI 1.503–3.310) were independent risk factors for

delayed discharge after vertebral augmentation surgery in in-

patients. The results indicated that, with each additional year of

age, each more VAS point preoperatively, each additional day of

preoperative hospitalization, every additional surgical segment

and PKP compared with PVP, the risk of delayed discharge

increased by 2.8, 18.1, 27.1, 50.1 and 123.1%, respectively.

However, there were no significant associations between delayed

discharge and gender, preoperative BMD, prehospital time, or

chronic comorbidities. All of the factors from the logistic

analysis will be discussed in the following sections.
Psychological factors

As previously mentioned, psychological factors were the

most common reason for delayed discharge in this study,

accounting for 37.2%. All of these patients had successful

surgery and significant pain relief (VAS < 4) and met the

discharge criteria. However, they rejected the discharge advice

and asked for further conservative treatment in the hospital.

Patients tend to like more comprehensive therapy when a

fracture incident led to surgery, even if the pain got

prominent relief. Mental disorders were excluded, and the

feasibility of discharge was told to the patients and agents.

Conservative treatment such as antiosteoporosis medication

(calcitonin or intravenous bisphosphonates) and functional

rehabilitation exercises was conducted. A retrospective study

investigated the disposition of hospitalized patients after PVP.

Approximately one-half of the patients (44%) living at home

before surgery were discharged to rehabilitation facilities after

surgery (19). Other areas of research, such as day-surgery

laparoscopic cholecystectomy, have reported some factors

responsible for delayed discharge, including psychosocial

factors (20). On the one hand, patients usually believe that

they should get more professional care than unsupervised

rehabilitation at home. On the other hand, elderly age and

comorbidities may burden them. It is the clinician’s

responsibility to understand the patient’s perception. Another

study from Sweden (21) surveyed patients after ambulatory

surgery and reported that psychological preparation,

knowledge of recovery, rehabilitation assistance, and a sense

of security were required when patients returned home.

Meanwhile, poor preoperative conversations may result in

inadequate preparation and excessive concerns; less home

assistance also leads to rejection for returning home early,

which indeed requires nursing strategies and rehabilitation
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centers. In our opinion, adequate psychological preparation is a

prerequisite for elderly OVCF patients facing surgery or

discharge. Patients need to know more about the experience

of rapid recovery, therapeutic schedule, postoperative matters,

and long-term rehabilitation; perioperative care of nurses was

also indispensable.
Residual pain

Back pain is the leading symptom of OVCFs, but it could

also come from adjacent soft tissue injuries. Thus, it is

rational that pain relief is a subjective measure of surgical

efficacy. In this study, patients with other injuries (such as

distant fractures) were excluded to reduce bias, but

inconspicuous injuries adjacent to the vertebrae were hard to

detect. Sixty-two patients in the study complained of

medium-to-severe pain (VAS value ≥4, range 4–9) after

surgery, which was considered residual pain. Analgesic

therapy was used after confirming no missing vertebral

fractures, and all these patients got different levels of relief

when finally discharged.

From Table 3, we found that preoperative VAS (OR 1.271),

the number of surgical segments (OR 2.231), operation type

(OR 1.501), and preoperative time (OR 1.181) were

independent risk factors that led to prolonged discharge,

which might be together associated with residual pain.

Generally, multiple fractures are likely combined with greater

energy of trauma, thus resulting in enduring pain and higher

preoperative VAS. Ten of 62 residual pain patients during

follow-up claimed that they got great relief in thoracolumbar

but felt significant pain in the posterior superior iliac. We

supposed that the elderly with weak muscle tend to get extra

injury in places other than the spine, especially in the

posterior superior iliac for an accidental tumble, which needs

further research. Yan et al. (22) believed that OVCF combined

with thoracolumbar fascia injury was related to residual back

pain after PVP, and the surgery always resolved spinal

disorders but usually ignored peripheral soft tissue damage (23).

During the procedure, the leakage of bone cement around

the vertebral body can also cause postoperative back pain

(24). Although there were no spinal cord or nerve root

compressions by cement, there was still a possibility of back

pain derived from intervertebral disc leakage (24). We

recorded no severe cement leakage incident, but leakages

surrounding the vertebrae happened occasionally. It was

suggested that the operation be standardized to avoid the

leakage of bone cement and the damage to the transverse

process and intervertebral joints.

Moreover, nonunion of OVCF (also called Kümmell

disease) will cause long-term pain that is difficult to relieve.

Ischemic necrosis and exudation formed in the nonunion

vertebral body, which are not conducive to adequate fixation
Frontiers in Surgery 07
of bone cement, made the efficiency uncertain (25). We have

excluded all of the Kümmell diseases and chronic fractures,

and no osteonecrosis was observed after surgery.

According to the mechanism of vertebral augmentation

surgery, the volume of bone cement filling is closely related to

pain relief. Some studies have shown that sufficient cement

filling helps stabilize the vertebral body and relieve pain (26,

27). However, a classic study showed that 15% of the volume

of the vertebral body could be filled to achieve effective safe

balance (28). It is noteworthy that multiple factor analysis

found that operation type (OR 1.501) was a predictor,

indicating that PKP has a higher risk for delayed discharge

than PVP. In this study, PVP usually performed on relatively

slight compression vertebrae may be a reason. However, we

suppose that cement filling in PVP could be more diffuse than

a mass usually in PKP that may have a better analgesia effect,

although previous studies suggested there was no significant

difference in pain relief between PVP and PKP (18, 29).

In general, many issues influence residual pain after surgery,

and no consensus has been reached. It should be noted that a

comprehensive and accurate diagnosis before surgery plays a

crucial role. Assessment of curative effects should be

emphasized when accompanying adjacent injury.

Furthermore, significant degeneration in the elderly also

reminds us to identify the pain source accurately.
Age and cardiopulmonary complications

The mean age of the patients in this study was 71.95 ± 8.79

years, among which the delayed discharge population was

73.58 ± 8.28 (Table 1). Elderly patients are often admitted

with various chronic diseases, with a risk of acute

complications under trauma and surgical stress conditions.

We have observed arrhythmias, atrial fibrillation, acute heart

failure, acute hypertension, and acute exacerbation of chronic

obstructive pulmonary diseases. All 30 patients with

complications received in-hospital consultation with treatment

suggestions, and serious cases were transferred to a specialized

department. It is worth discussing that, although all of these

patients were admitted with chronic diseases, the chronic

comorbidity indicators were not predictors of delayed

discharge after multifactor analysis (Table 3). We

hypothesized that this was due to the high average age; there

was an approximate rate of chronic comorbidities existing

between the normal group and the delayed group (Table 1).

The details of existing chronic comorbidities were yes or no,

so it was difficult to distinguish the severity of specific

diseases solely by diagnosis information in the medical

records. In addition, high-risk patients were excluded from

the surgical plan, resulting in selection bias. The occurrence of

acute complications may be accidental. For this reason,
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clinicians need to strengthen the comprehensive evaluation

during the perioperative period to reduce accidents.
Other events

Sixteen patients developed nonspecific symptoms of

discomfort and complained of fever, headache, and

stomachache, and general treatment was effective. Five

patients reported incision pain but denied obvious deep

structure pain while moving. We observed slight redness and

swelling in the incisions, no fluid exudation, and neither fever

nor abnormal laboratory results. As we know, vertebral

augmentation has a rare incidence of infection, but it can still

be a formidable and life-threatening complication. Surgery

should be avoided for patients with infectious tendencies, and

preventive antibiotic therapy should be conducted for those

with low immune function in the perioperation period (30).

Four thromboses might have been associated with bed rest

under stress. Patients suffering from OVCF usually seek

doctors after days of bed rest. Continuous immobilization and

prolonged pressure on the limbs result in venous stasis,

posing a risk of thrombosis (10). For the anesthesia methods,

we usually choose infiltration anesthesia due to its safety and

convenience; a small portion of patients underwent general

anesthesia in consideration of pain stimulation. There were

fewer cases of prolonged hospitalization due to postanesthesia

reactions, which depended on a detailed preanesthesia

evaluation.
Limitations

There were several limitations in the present study. First,

only a few indicators of medical information were collected in

this study. Thus, part of the results in the regression analysis

seemed to be nondistinct, such as preoperative stay; it has not

been completely explained how the preoperative extension

prolonged the length of postoperation. Second, details of

cement leakage in all 1,442 patients were not reported,

although leakage surrounding the vertebrae can also cause

postoperative residual pain. Further research requires

improved clinical data for more details.
Conclusion

Overall, 13.2% of patients in this study who underwent

vertebral augmentation surgery were not discharged within 3

days after surgery. The most common causes are

psychological factors, residual pain, and cardiopulmonary

complications. Multifactor analysis revealed that age, number

of surgical segments, operation type, and preoperative stay
Frontiers in Surgery 08
were the main factors related to delayed discharge.

Preoperative communication and comprehensive evaluations

are calling for more attention, and physicians should adopt an

appropriate medical process to enhance rehabilitation in

geriatric orthopedics.
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