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Background: Although the incidence of pressure injury in the prone position is
high for the mechanically ventilated patients in the intensive care unit, evidence-
based strategies are still lacking.

Propose: To conduct a systematic review of current evidence, and to propose a
series of strategies to prevent pressure injuries among mechanically ventilated
patients with prone position in the intensive care unit.

Methods: The study was guided by the Medical Research Council framework.
After a systematic review of current evidence of original articles, guidelines,
expert consensus and theories, a strategy draft was developed. Then we invited
20 experts to modify and refine these strategies through two rounds of Delphi
consensus method.

Results: After two rounds of Delphi process, the importance of coefficient of
variation (Cv) and Kendall's coefficient of concordance in the strategies repository
were 0.067 and 0.311, respectively. And the operability of Cv and Kendall's
coefficient of concordance in the strategy draft was 0.055 and 0.294, respectively.
Ultimately, we established 31 strategies for including 7 themes (assess risk factors,
assess skin and tissue, body position management, skin care, nutrition, preventing
medical device-related pressure injuries, education and supervision). In addition,
we also developed a strategy framework to clarify our strategies.

Conclusion: According to the Medical Research Council framework,
we developed 7 themes and 31 strategies to prevention prone-position pressure
injuries among the intensive care unit mechanically ventilated patients. This study
was considered to improve the clinical management of pressure injuries among
prone position patients in the intensive care unit settings.

intensive care unit, prone position, pressure injuries, strategies, systematic review,
Delphi
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1. Background

The prone position was widely used in the intensive care unit
(ICU) as a lung protective ventilation strategy and has achieved
positive clinical outcomes (1, 2). Specifically, ICU patients using the
prone position could enhance their oxygenation, reduce the incidence
of complications and mortality rates. A recent study found that
oxygenation was better in severe COVID-19 patients using the prone
position compared with the supine position, and their cumulative
adjusted mean difference of SpO,/FiO, (409, 95% CI 86-733) and
ROX index (26, 95% CI 9-43) were increased during the first 7 days
(3). Furthermore, in a multicenter prospective randomized controlled
trial including 466 patients with severe ARDS showed that the 28 and
90days mortality in the prone position was 16.0 and 23.6%
respectively, lower than those of 32.8 and 41.0% in the supine position
(p<0.001) (4).

However, there are varies of complications in the process of prone
ventilation, with pressure injury being the most common (4, 5). A
recent scoping review of 27 publications by Julie Sandhu found that
the incidence of pressure injuries due to prone position reached 28.5%
in 4820 patients in the ICU (6). Additionally, in a study involving 170
mechanically ventilated patients with prone position in ICU, 23
patients developed pressure injuries after prone position (14%). The
physical positions of pressure injuries were: chin, 5% (n=8);
cheekbones, 6% (n=11), chest, 2% (n=3); trochanter, 1% (n=1) (7).

Pressure injury is defined as local skin and subcutaneous soft
tissue injury due to shear or friction alone or in combination, usually
occurring at the site of bone protrusion in patients immobilized for an
extended period (8). The pathogenesis of pressure injuries is generally
recognized to result from tissue ischemia, ischemia-reperfusion
injury, and skin injury caused by mechanical load (9, 10). The
prevalence of pressure injuries among patients in the wards ranged
from 4.7 to 32.1%, with a higher incidence of pressure injuries in ICU
(11). In a systematic review (12), the incidence and prevalence of
pressure injuries among adult patients in ICU were 10.0-25.9% and
16.9-23.8%, respectively. The cost of treating pressure injuries
imposed a huge financial burden on the healthcare system. The annual
cost of management pressure injury in the US was approximately
$26.8 billion (13), £530 million in the UK, and 1.8 billion dollars in
Australia (14). In addition, pressure injury was significantly associated
with length of stay, as well as 1.5-2 times greater risk of 30-, 60-, and
90-day readmission compared to patients without pressure injuries
(15). Therefore, it is necessary to implement appropriate interventions
to prevent pressure injuries and reduce patient distress as well as the
financial burden on the healthcare system (16).

Although there has been a lot of articles, expert consensus and
guidelines reporting interventions to prevent pressure injuries (17-
19), several barriers hinder the success of traditional approaches in
clinical practice. First, most of the interventions in the studies focused
on pressure injuries in supine patients, and limited data were available
on prevention interventions that reduce the incidence of pressure
injuries among patients ventilated in prone position (20-22). There
might be differences in the strategies of patients adopt supine and
prone positions to prevent pressure injuries. For example, the face,
thorax, breast region, knees, toes, penis, clavicles, iliac crest, tibial
plateau and symphysis pubis were described in the literature as
common risk areas for pressure injuries development when patients
are in prone position, which were different from sites in supine (23).
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Secondly, previous studies of patients ventilated in the prone position
were mainly concentrated on the wards rather than ICU (24). It was
worth noting that patients in the ICU were higher risk of pressure
injuries than wards due to severe disease, immobility, poor tissue
perfusion and unstable hemodynamics (25). Finally, varies of current
preventive interventions for pressure injuries in mechanically
ventilated patients with prone position were developed, but not based
on evidence and theories (26-28). Without robust to support evidence
from previous studies, this limited the development of
scientific standards.

To overcome these barriers, this study formulated several
strategies based on the Medical Research Council (MRC) framework.
The advantage of this framework was used to help researchers work
with stakeholders (physicians, nurses, and patients) to identify the
core components of complex interventions, and to conduct research
from different perspectives and appropriate approaches (22).
Currently, the MRC framework has been widely used in health care,
as well as other social and economic areas that affect people’s health
(29, 30). Therefore, the aim of this study was to identify evidence-
based strategies guided by the MRC framework to prevent pressure
injuries in prone position patients with mechanically ventilated in
ICU and to provide theoretical basis for the future application in

clinical nursing work.

2. Materials and methods

This study was conducted under the first phase of the MRC
framework. First, we performed a systematic review to identify the
best evidence. Second, the relevant theories were used to identify the
specific mechanisms that could lead to effective interventions, and
formed a draft of strategies according to the best evidence summary.
Third, we used Delphi technique consisting of two rounds to analyze
the strategy draft from the importance and operability, and finally a
series of strategies were revealed. A flow chart of the specific
methodology was shown in Figure 1.

2.1. Step one: identifying the best evidence
and theories

2.1.1. Search strategy

According to the Evidence Pyramid “6S” model guided the
systematic retrieval of literature (31), using a combination of subject
terms and free words. The databases searched included: UpToDate,
British Medical Journal Best Practice (BM] Best Practice), Registered
Nurses’ Association of Ontario (RNAQ), UK National Institute for
Health and Care Excellence (NICE), Guidelines International Network
(GIN), Guideline Clearinghouse (NGC), Scottish
Intercollegiate Guidelines Network (SIGN), European Pressure Ulcer
Advisory Panel (EPUAP), European Respiratory Society (ERS),
Intensive Care Society (ICS), Wound, Ostomy, and Continence Nurses

National

Society (WOCN), Cochrane Library, Joanna Briggs Institute Library,
PubMed, Embase, CINAHL, Medlive, CNKI, Wanfang, and China
Biomedical Literature Database, etc. Keywords including “prone
position ventilation/mechanical ventilation in the prone position/

acute respiratory distress syndrome/ARDS,” “pressure ulcer/bedsore/
bedsores/pressure sore/pressure sores/bed sores/bed sore/decubitus
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FIGURE 1
Flow chart of the first phase of the MRC framework.

breakdown/skin
compromise/skin damage,” and “intensive care units/ICU. Gray

ulcer/decubitus  ulcers/pressure  injury/skin
literature was also searched in databases including Bielefeld Academic
Search Engine (BASE) and Opengrey. The retrieval time was from the
establishment of the database to July 30, 2022. We identified existing
guidelines, expert consensus, systematic reviews, clinical trials and
original studies on the intervention strategies to prevent prone

position pressure injuries in mechanically ventilated ICU patients.

2.1.2. Synthesis and grading of evidence

The inclusion criteria of evidence resources were: (a) conducted
in adults over 18years of age who were ventilated in the prone
position; (b) evidence content that focused on clinical nursing
measures to prevent pressure injury; (c) published in Chinese or
English. The exclusion criteria were: (a) studies including children; (b)
articles with unavailable full texts; (c) literature with low-quality
evaluation results. We followed the update of the clinical guidelines
research and evaluation system (AGREE II) to comprehensively judge
the recommended levels of the guidelines (32). In addition, the JBI
quality evaluation tool was used to evaluate the quality of the
systematic evaluation, best practices, and evidence summary. For
evidence derived from JBI, the results of its evidence rating and
recommendation level were directly applied. Moreover, for the
evidence that did not come from JBI, the JBI evidence pre-classification
and evidence recommendation level system (2014 version) was
adopted (33). The selection of relevant studies was carried out
independently by two researchers who had systematic evidence-based
training and learning, and when consensus could not be reached,
third-party experts in the field were invited to participate in
discussions, consultations, and adjudication.

2.1.3. Identifying and developing theories

Within the MRC framework, relevant theories were used to
explain the key elements and mechanisms of intervention strategies
and how these elements interacted with each other. Identifying
relevant theories could facilitate a common understanding of
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intervention strategies among different stakeholders and identify
some key issues where uncertainty exists (22, 34).

2.2. Step two: developing the strategy draft

We developed the draft of the strategy based on the feasibility,
appropriateness, significance, and effectiveness (FAME) of the
intervention for pressure injuries among patients in prone position
with mechanical ventilation. The FAME Model was developed by the
JBI for Evidence Based Healthcare to complement their inclusive
approach to the categorization, synthesis and implementation of
evidence (35).

In this context, feasibility referred to evidence that revealed
whether it was possible to implement an strategy within a given
context (e.g., ICU nurse offered strategies to mechanically ventilated
patients in the prone position to prevent pressure injuries) (36).
Appropriateness deemed to evidence that demonstrated whether the
strategy was ethically or culturally appropriate. In this study,
we assessed whether the identified strategies were specifically designed
for patients with prone position pressure injuries on mechanical
ventilation. Meaningfulness was regarded as evidence that took the
form of health care personnel views and experiences of strategies,
including their content and ways of implementation. Effectiveness was
about assessing the impact of strategies on specific outcomes, such as
the incidence of pressure injuries.

2.3. Step three: content validation of the
evidence-based strategies

2.3.1. Selection of experts

The Delphi survey method was used to select important and
operable draft strategies. The selection of experts was based on the
following criteria: (a) doctors/nurses from different related fields such
as clinical medicine, critical care and nursing; (b) having at least a
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bachelor’s degree, intermediate or above professional title; (c) at least
5years of work experience and above; (d) available to participate in two
rounds of consulting. According to previous studies, there might
be some differences in the sample of participating experts using the
Delphi method, but usually included at least 15-30 participants from
the same discipline, or 5-10 participants from different professional
groups to ensure the scientific and effective results. Therefore, we invited
20 doctors/nurses from different related fields, such as clinical medicine,
critical care and nursing to participate in the Delphi process (37).

The draft of the strategies was distributed and returned by
email, and the experts were asked to score each strategy. A five-
point Likert scale was used to measure the importance and
operability of each nursing measure, with five points signifying
“very important” or “very strong operability” and one point
indicating “very unimportant” or “very weak operability,’
respectively, and an expert modification opinions were also set in
the evaluation form.

2.3.2. Data analysis

Delphi surveys were sent to experts in two rounds of email
between July 2022 and September 2022. In the studies using Delphi
technique, consensus is defined as greater than 70% agreement on all
components (38, 39). Therefore, we defined consensus as the mean
score of importance and operability >4.00 and coefficient of variation
(Cv) <0.25. This strategy would be retained, if it score reached the
standard. If the score of strategy did not meet the criteria, the retention
of the strategy would be determined by expert opinion or panel
discussion. For example, based on a systematic review of the literature,
our evidence recommended that doctors, nurses, dietitians, and
registered respiratory therapists constitute the intervention teams, but
the experts seemed to disagree with this approach. Registered
respiratory therapists main tasks involve diagnostic and therapeutic
interventions for patients with cardiopulmonary diseases under the
guidance and supervision of physicians (40). They are more common
in foreign hospitals and have been identified to play an important role
in the ICU (41, 42). Unfortunately, most hospitals in China did not
have professional respiratory therapists, so the experts suggested
modifying the content to make the strategies more consistent with the
actual clinical practice. After revising and supplementing the strategies
draft, we developed a second round of draft and distributed to the
experts again.

Data were analyzed using the Excel (43) and version SPSS 26.0
(44) software. The authority coeflicient (Cr) of the experts was
expressed as the average value of the judgment coefficient and
familiarity of the items of the experts, with Cr> 0.80 indicating a high
degree of authority (37). The degree of concentration of expert
opinions was evaluated using the mean and standard deviation, while
the degree of coordination of expert opinions was expressed as the Cv
and Kendall’s coefficient of concordance. The Cv <0.25 indicated
acceptable expert entry-level differences, and the Kendall’s coefficient
of concordance ranged from 0 to 1 (satisfying p < 0.05), indicating that
the data are statistically significant.

2.4. Ethical considerations

The study obtained approval of the Ethics committee of the
Chinese People’s Liberation Army Characteristic Medical Center
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(number: 2020SC30). The patients/participants (legal guardian/next
of kin) provided written informed consent to participate in this study.

3. Results
3.1. Best evidence

After the preliminary search, a total of 1,842 articles were
obtained, and 11 articles were finally included, including one evidence
summary (45), four guidelines (46-49), one expert consensus (50),
three systematic evaluations (4, 25, 51), and two cohort studies (52,
53). The literature screening process was shown in Figure 2, and the
general characteristics of the included literature were shown in
Table 1.

Four guidelines were included in this study. One was from BM]
Best Evidence (48), and the other three were from Medlive (46, 47,
49). Two evaluators independently evaluated all the guidelines, with
high consistency among the evaluators. The percentage of
standardization in all fields and the overall quality evaluation scores
of the guidelines were shown in Supplementary Table S1.

One expert consensus from CNKI was included in this study, which
indicated that the views were derived from influential experts in this
field (50). In addition, the views proposed in this article were centered
on the interests of the relevant population, logical, and consistent with
other literature. Its conclusions were based on the results of the analysis
and existing literature. The overall quality of the literature was relatively
high, so we considered inclusion in this study. Furthermore, three
systematic reviews were included: two from PubMed (25, 51) and one
from the Cochrane Library (4). The items in these four papers were all

»

evaluated as “yes; indicating high research quality. The specific
evaluation process was shown in Supplementary Table S2. We included
an RCT from an evidence summary (54). All the entries in the study
were evaluated as “yes,” the study design was relatively complete, and
the overall quality was high. Finally, three cohort studies were included:
one from CNKI (53), one from PubMed (52), and the other from an
evidence synthesis (55). The overall design of these studies was relatively
complete, and the overall quality was relatively high. The specific
evaluation processes were shown in Supplementary Table S3.

Eventually we formed 32 best evidence including 7 themes (assess
risk factors, assess skin and tissue, body position management, skin
care, nutrition, preventing medical device-related pressure injuries,
education and supervision).

3.2. Theory of preventing prone pressure
injuries in mechanically ventilated ICU
patients

In this study, the predictive models constructed by Tschannen
(56) and Coleman (57) were used to explain the mechanism of
pressure injuries with prone position in mechanically ventilated
patients in ICU due to they were considered the most appropriate
models, and provided guidance for the draft of the strategy.

Pressure, skin status and poor perfusion were the direct reasons
of pressure injuries in patients according to the conceptual model of
Tschannen and Coleman (56, 57). Permanently bedridden patients
were increased risk of pressure injury, which have negatively affects to
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Total number of articles included
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FIGURE 2

Flow chart of the literature selection.

TABLE 1 General characteristics of the included literature.

Author

Year of
publication

Study type

Main content

Source of
literature

Prone ventilation for adult patients with acute respiratory distress

Malhotra (45) 2022 Evidence summary UpToDate
syndrome

Hashimoto et al. (46) 2017 Guideline The clinical practice guideline for the management of ARDS in Japan Medlive

Intensive Care Society (47) 2019 Guideline Guidance for: Prone Positioning in Adult Critical Care (2019) Medlive

Griffiths et al. (48) 2019 Guideline Guidelines on the management of acute respiratory distress syndrome ~ BM] Best Evidence
Prevention and treatment of pressure ulcers/injuries: clinical practice

EPUAP (49) 2019 Guideline Medlive
guideline
Holistic care for patients with severe coronavirus disease 2019: An

Wang et al. (50) 2020 Expert consensus CNKI
expert consensus
The effect of prone positioning on pressure injury incidence in adult

Patton et al. (51) 2021 Systematic reviews PubMed
intensive care unit patients: A meta-review of systematic reviews

Bloomfield et al. (4) 2015 Systematic reviews Prone position for acute respiratory failure in adults Cochrane Library
Prevention of pressure ulcers among individuals cared for in the prone

Moore et al. (25) 2020 Systematic reviews PubMed
position: lessons for the COVID-19 emergency
Pressure Injury Risk Assessment and Prevention in Patients With

Alderden et al. (52) 2022 Cohort study PubMed
COVID-19 in the Intensive Care Unit
Study on the design and application of prone positioning ventilation

Chao et al. (53) 2021 Cohort study CNKI

treatment checklist inpatients with severe ARDS

skin and tissue tolerance due to constant pressure. Patient’s skin would
appear inflammation and ulceration if the pressure was not relieved.
It also caused muscle necrosis when the wound invasions to the deep
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tissue. In addition, malnutrition increased the risk of pressure injuries.
Malnutrition was associated with defective blood perfusion, mainly
due to poor oxygenation, limited perfusion, and high water content.
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TABLE 2 General information of experts of the experts (n =15).

10.3389/fmed.2023.1131270

ltems Classification Number Proportion (%)
Age <40years 3 20.0
40-50years 6 40.0
>50 years 6 40.0
Gender Male 1 6.7
Female 14 93.3
Education Master 10 66.7
Doctor 5 33.3
Professional position Intermediate certificate 4 26.7
Deputy senior position 6 40.0
Senior position 5 333
Years of working <20years 4 26.7
20-30years 9 60.0
>30years 2 13.3
Field of research Medical education 2 133
Nursing education 6 40.0
Nursing management 3 20.0
Pedagogy 4 26.7

In addition, Tschannen’s prediction model of pressure injuries
emphasized that indirect factors including demographics characteristics
of patients, environmental context factors and factors directly related to
the hospital episode of care also affect the incidence of pressure injuries
except to direct factors (56). Although limited data were available,
demographic characteristics such as age, gender, marital status, and level
of consciousness could predict pressure injuries. Environmental context
factors include type of unit, knowledge and skill level of nurses, nursing
workload. For instance, the type of unit patients were admitted to was
associated to pressure injuries, with ICU or surgical hospitalization
being at greater risk for pressure injuries. Furthermore, factors directly
related to hospital episode care, including patient admission diagnosis,
severity of illness, length of stay, were estimated for pressure injuries.

There are few intervention strategies including environmental
context factors and factors directly related to hospital-care events for
pressure injuries in mechanically ventilated ICU patients in prone
position currently. The discovery of this is not surprising, it is due to
the complexity and dynamics of pressure injuries. In practice, the
identification of appropriate intervention strategies should consider
practical concerns. Therefore, combined with the results of the best
evidence summary and theoretical review, we formulated the strategy
draft including 7 themes (assess risk factors, assess skin and tissue,
body position management, skin care, nutrition, preventing medical
device-related pressure injuries, education and supervision) and 31
strategies for pressure injuries in mechanical ventilation patients with
prone position in ICU.

3.3. Content validation of the strategies

3.3.1. General information of experts

In the study, the average age of experts was 41.70 +7.07 years, and
their average working years in their professional fields was
20.85 £ 8.45 years. Most of the experts had at least a bachelor’s degree

Frontiers in Medicine

(Table 2). The proportion of the questionnaires recovered in the two
rounds was 100%, indicating the high enthusiasm of the experts to
participate in this study. In general, Cr was 0.7 meaning that the
experts considered the results to be more reliable. Moreover, Cr
during the two rounds of consultation was 0.91, which showed good
reliability of our research results.

After two rounds of consultation in this study, the Cv of
importance were 0.144 and 0.067, and the Cv of operability were 0.137
and 0.055. Moreover, the Kendall’s coefficient of concordance for the
importance and operability of the items was 0.165 and 0.311 and 0.162
and 0.294, respectively. All the above data showed that the expert
opinions are well coordinated. The relevant data of each round and
each level of strategies were shown in Table 3.

3.3.2. The first round of expert questionnaire
consultation

After the first round of expert questionnaires were collected, some
items were modified based on experts’ opinions and discussion of
research team members. In total, we modified the content of nine
strategies and added and supplemented the content of five strategies.
For example, experts suggested that “2.2 Assessors: the nurse on duty
should evaluate the skin and organization, and record the documents”
to “2.2 Assessors: The nurse on duty will assess the condition of the
skin and tissue, record the paperwork, and the head nurse or group
nurse will judge the skin condition and writing quality” The purpose
of this strategy was mainly from the leadership level to strengthen the
supervision and management. Moreover, experts recommend
changing the “7.2 Quality improvement project” to “7.2 Quality
control index” Experts believed that patients with mechanical
ventilation should achieve the treatment goal as the primary goal, and
the skin care goal should be subordinate to the treatment goal. Thus,
the incidence of pressure injury with prone position could be used as
a quality index rather than a quality improvement project. In addition,
we also adjusted the order of some strategies. For instance, several

frontiersin.org


https://doi.org/10.3389/fmed.2023.1131270
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Wang et al.

10.3389/fmed.2023.1131270

TABLE 3 The degree of coordination of expert opinions in strategies for preventing pressure injuries among ICU patients mechanically ventilated in
prone position.

Importance Operability
Rounds
Kendall's W Kendall's W
First-level item 0.150 0.178 0.155 0.147
First round Second-level item 0.143 0.184 0.133 0.172
Total 0.144 0.165 0.137 0.162
First-level item 0.044 0.210 0.044 0.262
Second round Second-level item 0.072 0.334 0.058 0.300
Total 0.067 0.311 0.055 0.294
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1 1
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FIGURE 3
Strategy framework for pressure injuries among mechanically ventilated patients in ICU.

experts suggested that “3.1 Keep the respiratory tract unobstructed;
3.2 Time for body position replacement; 3.3 Group participation in
repositioning” should be adjusted to “3.1 Time for body position
replacement; 3.2 Group participation in repositioning; 3.3 Keep the
respiratory tract unobstructed” Experts deemed that the adjusted
order was more in line with the implementation logic of clinical care,
and we decided to adopt the opinion after an in-depth discussion.

3.3.3. The second round of expert consultation

We found that the experts’ responses were generally consistent
after the second round, and only a few parts of the items were
modified. After considering the expert opinions and suggestions as
well as research group discussions, 7 themes and 31 strategies were
developed to prevent pressure injuries in mechanically ventilated
patients with prone position in ICU (Supplementary Table S4).

After completing the two rounds of Delphi process, we organized
in-depth group discussion again according to the results and clinical
practice. To make these easier for medical staff, we integrated 31
strategies into a strategy framework as shown in Figure 3. The boxes
in the dashed line describe the core topics of pressure injuries among
mechanically ventilated patients with prone position in ICU and the
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effects on pressure injuries. Among them, the prevention of pressure
injuries was better when the three core topics in this study were well-
controlled. Meanwhile, two of the core topics (body position and
nutrition) have, respectively, connected the third core topics (skin
care) with dashed lines, indicating that both will indirectly affect skin
care. Moreover, the education and supervision of nurses and the
general demographic characteristics of patients are also necessary as
they influence each other.

4. Discussion

The detailed process for the formulation of theory-based and
evidence-based strategies that aimed to the mechanical ventilated
patients with prone position in ICU is reported in this article.
Following the MRC framework, strategies in this study connect
existing evidence-based content from high-quality researches, and
standpoints from healthcare professionals. There are 31 strategies to
prevent pressure injuries to mechanical ventilated patient with prone
position in the ICU. These strategies relate to 7 main themes: assess
risk factors, assess skin and tissue, body position management, skin
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care, nutrition, preventing medical device-related pressure injuries,
education and supervision. Figure 3 captures the relationship between
these topics, and provides a strategy framework to pressure injuries
among mechanical ventilated patients with prone position in the ICU.

In this strategy framework, body position, skin care and nutrition
were regard as the core factors. Mechanically ventilated patients in the
ICU have severe illness and long hospital stays. The friction between
skin and bed sheet is increased due to bedridden for a long time. This
pressure is not relieved for a long time, which is easy to make patients
suffer from pressure injuries (58). Body position strategies such as
reposition the patient every 2 h, and raising the head of the bed could
overcome this problem (59).

Skin care is defined as assessing the condition, integrity,
temperature, humidity of the patient’s skin, and removing dirt, sebum,
and other substances from the skin immediately (60). When the
patient is prone, it is important to assess the skin as soon as possible.
This is regarded as part of each risk assessment, according to the
patient’s level of risk of pressure injuries, during the nurse’s shift and
before the end of nursing work (25). Skin assessment was performed
in clinical practice using the “Braden” scale, the “Norton” scale, the
“Waterlow” pressure injuries risk assessment scale, or the ICU-specific
assessment scale (Cubbin and Jackson scale). However, there was a
lack of skin assessment tools for pressure injury among mechanically
ventilated patients with prone position (61, 62). In addition, We have
discussed the main recommendations for pressure injuries prevention
in ICU Mechanically ventilated patients in prone position from the
latest version of Prevention and Treatment of Pressure Ulcers/Injuries:
Clinical Practice Guideline, International Version (23), including the
preparation phase, prone position care, and supine repositioning care.
These recommendations emphasize the need for skin care. For
example, skin assessment is recommended before placing the patient
in the prone position. When the patient is in the prone position, it is
recommended to keep the skin clean.

Nutrition plays an important role in the prevention and treatment
of pressure injuries. Malnutrition and weight loss have been linked to
pressure injuries (63, 64). An Australian study conducted in ICU and
wards found that, for adults with malnutrition, the odds ratio of
developing a pressure injuries was 2.6 (95% CI, 1.8-3.5) in ICU, and
2.0 (95% CI, 1.5-2.7) in wards (65). In addition, overweight or obese
patients often further increase the risk of stress injuries due to reduced
mobility. The microorganisms attracted by the moist environment
generated by skin folds could lead to infection and tissue damage (66).
European Pressure Ulcer Advisory Panel (EPUAP) recommends a
comprehensive nutritional assessment of adults at risk for pressure
injuries and malnutrition (23). A study conducted in Florida examined
the use of a nutritional regimen in 100 patients age 60 or older with
stage II and/or stage III pressure injuries. The study concluded that
having a nutritional assessment was positively associated with pressure
injuries cure rates (67).

Nurse factors included education and training, multidisciplinary
team care, and reduction of nurse workload appropriately. However, it
was worth that in Dana Tschannen’s study (56), higher nursing
workload was thought to be associated with lower pressure injuries in
patients. This was inconsistent with the results of our study and might
be due to the different hospitals in different countries. In addition, the
prevention of medical device injury is included in the topic of nurse
factors, because we thought that nurses would care for patients wearing
ventilators and other medical devices or tubes every day, and it is
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necessary to master methods to reduce the risk of pressure injuries
caused by medical devices to patients. For example, by changing the
position of the device to minimize pressure and shear force, and by
using preventative dressing (60, 68). Patient factors are mainly reflected
in the integrated risk assessment of patient demographic characteristics.
The risk assessment result denotes what level of risk an individual has
for pressure injuries development and serves as a trigger for nurses to
initiate prevention strategies to deter pressure injuries occurrence (69).

The study has three advantages. First, it is to follow the MRC
framework and use a systematic review of the literature and theories
approach to develop evidence-based strategies. In addition, experts in
the fields of clinical medicine, critical care and nursing rated the
importance and operability of strategies. Previous studies have
confirmed that expert panels provide valid representations of the views
of the fields they represent. Therefore, specialists and clinical nurses are
involved in the confirmation process of the effectiveness of strategies,
ensuring that they are clinically feasible and more acceptable to clinical
nurses. Finally, this research summarized strategies into a framework
that could be help healthcare professionals to understand these strategies.

Nevertheless, there were some limitations to this study. First, the
use of Delphi technology could be a limitation. Experts provide a wide
range of opinions based on their knowledge and clinical experience,
which could be subjective and bias the results, and we will use more
objective data to revise and refine the findings. Secondly, we invited
experts from China, and our findings might be more applicable to the
medical environment in China due to regional and cultural
differences. Finally, we only completed the first step of the MRC
framework, and further clinical practices are needed to validate these
strategies in the future.

5. Conclusion

The findings of this study revealed a range of strategies to
prevention pressure injuries in mechanical ventilation patients with
prone position in ICU which based on the MRC framework, and thus
improved clinical outcomes for the patients.

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 authors.

Ethics statement
The study obtained approval of the Ethics committee of the
Chinese People’s Liberation Army Characteristic Medical Center

(number: 2020SC30). The patients/participants (legal guardian/next
of kin) provided written informed consent to participate in this study.

Author contributions

ZW, LC, and XX conceived the study. ZW, LC, LX, and JF
completed the whole experiments. JF, ZW, and LH carried out the

frontiersin.org


https://doi.org/10.3389/fmed.2023.1131270
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Wang et al.

literature review and screening. LC, LH, and YR performed the data
extraction. ZW and JF drafted the manuscript. XX and ZL revised the
manuscript. All authors have read and approved the final version of
the manuscript.

Funding

This work was supported by the Chongqing Technology
Innovation and Application Development Special Programme (Grant
No. cstc2019jscx-msxm-X0286), Chongqing Science and Health Joint
Medical Research Programme (Grant No. 2020FYYX139), and The
Military Medical Science and Technology youth Cultivation
Programme (Grant No. 21QNPY020).

Acknowledgments

The authors are thankful to the professional Charlesworth editing
language services for ensuring that this manuscript is free of English
grammar errors.

References

1. Rodriguez-Huerta MD, Diez-Fernandez A, Rodriguez-Alonso MJ, Robles-
Gonzélez M, Martin-Rodriguez M, Gonzalez-Garcia A. Nursing care and prevalence of
adverse events in prone position: characteristics of mechanically ventilated patients with
severe SARS-CoV-2 pulmonary infection. Nurs Crit Care. (2022) 27:493-500. doi:
10.1111/nicc.12606

2. Jahani S, Hajivand SZ, Asadizaker M, Soltani F, Cheraghian B. Determination of
the effects of prone position on oxygenation in patients with acute respiratory failure
under mechanical ventilation in ICU. ] Med Life. (2018) 11:274-80. doi: 10.25122/
jml-2018-0028

3. Ni Z, Wang K, Wang T, Ni Y, Huang W, Zhu P, et al. Efficacy of early prone or lateral
positioning in patients with severe COVID-19: a single-center prospective cohort. Precis
Clin Med. (2020) 3:260-71. doi: 10.1093/pcmedi/pbaa034

4. Bloomfield R, Noble DW, Sudlow A. Prone position for acute respiratory failure in
adults. Cochrane Database Syst Rev. (2015) 2015:Cd008095. doi: 10.1002/14651858.
CD008095.pub2

5. Lima Serrano M, Gonzéilez Méndez MI, Carrasco Cebollero FM, Lima Rodriguez
JS. Risk factors for pressure ulcer development in intensive care units: a systematic
review. Med Intensiva. (2017) 41:339-46. doi: 10.1016/j.medin.2016.09.003

6. Sandhu J, Miller C, Kapp S. Characteristics of COVID-19 patients who developed
pressure injuries: a scoping review. ] Wound Care. (2023) 32:59-s16. doi: 10.12968/
jowc.2023.32.Sup3.59

7. Lucchini A, Bambi S, Mattiussi E, Elli S, Villa L, Bondi H, et al. Prone position in
acute respiratory distress syndrome patients: a retrospective analysis of complications.
Dimens Crit Care Nurs. (2020) 39:39-46. doi: 10.1097/DCC.0000000000000393

8. Edsberg LE, Black JM, Goldberg M, McNichol L, Moore L, Sieggreen M. Revised
National Pressure Ulcer Advisory Panel Pressure Injury Staging System: revised pressure
injury staging system. ] Wound Ostomy, Continence Nurs. (2016) 43:585-97. doi:
10.1097/WON.0000000000000281

9. Peart J. The aetiology of deep tissue injury: a literature review. Br ] Nurs. (2016)
25:840-3. doi: 10.12968/bjon.2016.25.15.840

10. Al-Otaibi YK, Al-Nowaiser N, Rahman A. Reducing hospital-acquired pressure
injuries. BMJ Open Q. (2019) 8:¢000464. doi: 10.1136/bmjoq-2018-000464

11. Celik S, Taskin YE, Altas G. Medical device-related pressure injuries in adult
intensive care units. J Clin Nurs. (2022) 32:3863-73. doi: 10.1111/jocn.16516

12. Chaboyer WP, Thalib L, Harbeck EL, Coyer FM, Blot S, Bull CF, et al. Incidence
and prevalence of pressure injuries in adult intensive care patients: a systematic review
and meta-analysis. Crit Care Med. (2018) 46:¢1074-81. doi: 10.1097/
CCM.0000000000003366

13. Padula WV, Delarmente BA. The national cost of hospital-acquired pressure
injuries in the United States. Int Wound J. (2019) 16:634-40. doi: 10.1111/iw;j.13071

14. Nghiem S, Campbell J, Walker RM, Byrnes J, Chaboyer W. Pressure injuries in
Australian public hospitals: a cost of illness study. Int ] Nurs Stud. (2022) 130:104191.
doi: 10.1016/j.ijnurstu.2022.104191

Frontiers in Medicine

10.3389/fmed.2023.1131270

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.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1131270/
full#supplementary-material

15. Wassel CL, Delhougne G, Gayle JA, Dreyfus J, Larson B. Risk of readmissions,
mortality, and hospital-acquired conditions across hospital-acquired pressure injury
(HAPI) stages in a US National Hospital Discharge database. Int Wound J. (2020)
17:1924-34. doi: 10.1111/iw;j.13482

16. Jackson D, Hutchinson M, Barnason S, Li W, Mannix J, Neville S, et al. Towards
international consensus on patient harm: perspectives on pressure injury policy. J Nurs
Manag. (2016) 24:902-14. doi: 10.1111/jonm.12396

17. Xue ], Gu X, Jiang L, Cheng N, Huang Q, Wang M. Summary of the best evidence
for postural change in the prevention of pressure injury in critically ill adult patients.
Ann Palliat Med. (2021) 10:11445-53. doi: 10.21037/apm-21-2521

18. Kottner J, Cuddigan J, Carville K, Balzer K, Berlowitz D, Law S, et al. Prevention
and treatment of pressure ulcers/injuries: the protocol for the second update of the
international clinical practice guideline 2019. J Tissue Viability. (2019) 28:51-8. doi:
10.1016/.jtv.2019.01.001

19. Stanton C. Guideline for prevention of perioperative pressure injury. AORN J.
(2022) 115:P8-p10. doi: 10.1002/aorn.13681

20. Lovegrove J, Fulbrook P, Miles S, Steele M. Effectiveness of interventions to prevent
pressure injury in adults admitted to intensive care settings: a systematic review and
meta-analysis of randomised controlled trials. Aust Crit Care. (2022) 35:186-203. doi:
10.1016/j.aucc.2021.04.007

21. Moser CH, Peeler A, Long R, Schoneboom B, Budhathoki C, Pelosi PP, et al.
Prevention of tracheostomy-related pressure injury: a systematic review and meta-
analysis. Am J Crit Care. (2022) 31:499-507. doi: 10.4037/jcc2022659

22. V. Team]Jones A, Teede H, Weller CD. Pressure injury surveillance and prevention
in Australia: Monash partners capacity building framework. Front Public Health. (2021)
9:634669. doi: 10.3389/fpubh.2021.634669

23. European Pressure Ulcer Advisory Panel, National Pressure Injury Advisory Panel
and Pan Pacific Pressure Injury Alliance. Prevention and treatment of pressure ulcers/
injuries: clinical practice guideline. 3rd ed. The International Guideline. (2019). Available
at: https://guide.medlive.cn/guideline/20101 (Accessed August 20, 2022).

24. Choi S, Kim YJ, Oh H, Yuh WT, Lee CH, Yang SH, et al. Factors associated with
perioperative hospital acquired pressure injury in patients undergoing spine surgery in
the prone position: a prospective observational study. ] Neurosurg Anesthesiol. (2022).
doi: 10.1097/ANA.0000000000000867

25. Moore Z, Patton D, Avsar P, McEvoy NL, Curley G, Budri A, et al. Prevention of
pressure ulcers among individuals cared for in the prone position: lessons for the
COVID-19 emergency. | Wound Care. (2020) 29:312-20. doi: 10.12968/
jowc.2020.29.6.312

26. Miguel K, Snydeman C, Capasso V, Walsh MA, Murphy J, Wang XS. Development
of a prone team and exploration of staff perceptions during COVID-19. AACN Adv Crit
Care. (2021) 32:159-68. doi: 10.4037/aacnacc2021848

27. Peko L, Barakat-Johnson M, Gefen A. Protecting prone positioned patients from
facial pressure ulcers using prophylactic dressings: a timely biomechanical analysis in

frontiersin.org


https://doi.org/10.3389/fmed.2023.1131270
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1131270/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1131270/full#supplementary-material
https://doi.org/10.1111/nicc.12606
https://doi.org/10.25122/jml-2018-0028
https://doi.org/10.25122/jml-2018-0028
https://doi.org/10.1093/pcmedi/pbaa034
https://doi.org/10.1002/14651858.CD008095.pub2
https://doi.org/10.1002/14651858.CD008095.pub2
https://doi.org/10.1016/j.medin.2016.09.003
https://doi.org/10.12968/jowc.2023.32.Sup3.S9
https://doi.org/10.12968/jowc.2023.32.Sup3.S9
https://doi.org/10.1097/DCC.0000000000000393
https://doi.org/10.1097/WON.0000000000000281
https://doi.org/10.12968/bjon.2016.25.15.840
https://doi.org/10.1136/bmjoq-2018-000464
https://doi.org/10.1111/jocn.16516
https://doi.org/10.1097/CCM.0000000000003366
https://doi.org/10.1097/CCM.0000000000003366
https://doi.org/10.1111/iwj.13071
https://doi.org/10.1016/j.ijnurstu.2022.104191
https://doi.org/10.1111/iwj.13482
https://doi.org/10.1111/jonm.12396
https://doi.org/10.21037/apm-21-2521
https://doi.org/10.1016/j.jtv.2019.01.001
https://doi.org/10.1002/aorn.13681
https://doi.org/10.1016/j.aucc.2021.04.007
https://doi.org/10.4037/ajcc2022659
https://doi.org/10.3389/fpubh.2021.634669
https://guide.medlive.cn/guideline/20101
https://doi.org/10.1097/ANA.0000000000000867
https://doi.org/10.12968/jowc.2020.29.6.312
https://doi.org/10.12968/jowc.2020.29.6.312
https://doi.org/10.4037/aacnacc2021848

Wang et al.

the context of the COVID-19 pandemic. Int Wound J. (2020) 17:1595-606. doi: 10.1111/
iwj.13435

28.Kim RS, Mullins K. Preventing facial pressure ulcers in acute respiratory distress
syndrome (ARDS). ] Wound Ostomy Continence Nurs. (2016) 43:427-9. doi: 10.1097/
‘WON.0000000000000247

29.Taels B, Hermans K, Van Audenhove C, Cohen ], Hermans K, Declercq A.
Development of an intervention (PICASO) to optimise the palliative care capacity of
social workers in Flanders: a study protocol based on phase I of the Medical Research
Council framework. BMJ Open. (2022) 12:e060167. doi: 10.1136/
bmjopen-2021-060167

30. Bobrow K, Farmer A, Cishe N, Nwagi N, Namane M, Brennan TP, et al. Using the
Medical Research Council framework for development and evaluation of complex
interventions in a low resource setting to develop a theory-based treatment support
intervention delivered via SMS text message to improve blood pressure control. BMC
Health Serv Res. (2018) 18:33. doi: 10.1186/s12913-017-2808-9

31.Xie HF, Feng M, Cao SM, Jia YY, Gao P, Wang SH. Evidence summary for
nonsurgical prevention and management of parastomal hernia in patients
with enterostomy. Am ] Transl Res. (2021) 13:13173-82. doi: 10.1007/
510029-017-1692-x

32.Linn DD, Beckett RD, Faust AC. Use of the AGREE II instrument to evaluate
critical care practice guidelines addressing pharmacotherapy. J Eval Clin Pract. (2022)
28:1061-71. doi: 10.1111/jep.13687

33.Song J, Wang T, Wang Y, Hong J, Li R, Niu S, et al. Evaluation of evidence for
exercise intervention in patients with cancer-related fatigue during chemoradiotherapy.
J Clin Nurs. (2021) 30:1854-62. doi: 10.1111/jocn.15696

34. Ohneberg C, Warmbein A, Stobich N, Rathgeber I, Kruppa A, Nast-Kolb J, et al.
Study protocol for the implementation and evaluation of a digital-robotic-based
intervention for nurses and patients in a hospital: a quantitative and qualitative
triangulation based on the Medical Research Council (MRC) framework for developing
and evaluating complex interventions. BMC Nurs. (2022) 21:349. doi: 10.1186/
$12912-022-01088-6

35. Jordan Z, Lockwood C, Munn Z, Aromataris E. Redeveloping the JBI model of
evidence based healthcare. Int ] Evid Based Healthc. (2018) 16:227-41. doi: 10.1097/
XEB.0000000000000139

36. Kerr S, Lawrence M, Darbyshire C, Middleton AR, Fitzsimmons L. Tobacco and
alcohol-related interventions for people with mild/moderate intellectual disabilities: a
systematic review of the literature. J Intellect Disabil Res. (2013) 57:393-408. doi:
10.1111/j.1365-2788.2012.01543.x

37. McPherson S, Reese C, Wendler MC. Methodology update: Delphi studies. Nurs
Res. (2018) 67:404-10. doi: 10.1097/NNR.0000000000000297

38. Zhang C, Ma EL, Liu BL, Wu B, Gu ZC, Lin HW. Framework development for
clinical comprehensive evaluation of drugs-a study protocol using the Delphi method
and analytic hierarchy process. Front Pharmacol. (2022) 13:869319. doi: 10.3389/
fphar.2022.869319

39. Stanyon MR, Goldberg SE, Astle A, Griffiths A, Gordon AL. The competencies of
registered nurses working in care homes: a modified Delphi study. Age Ageing. (2017)
46:582-8. doi: 10.1093/ageing/afw244

40. Miller AG, Napolitano N, Turner DA, Rehder KJ, Nishisaki A. Respiratory
therapist intubation practice in Pediatric ICUs: a Multicenter registry study. Respir Care.
(2020) 65:1534-40. doi: 10.4187/respcare.07667

41. M Burnett D, R Sharpe M. Identifying the role of the respiratory therapist on the
multidisciplinary team in the intensive care recovery clinic. Respir Care. (2021)
66:1929-31. doi: 10.4187/respcare.09644

42. Wang F, Avasarala A, Pandya N, Panchal K, Scarantine D, David A, et al. Impact
of respiratory therapists-driven assess-and-treat protocol on unplanned adult
neurovascular ICU readmissions: a quality improvement initiative. BMJ Open Q. (2022)
11:¢001816. doi: 10.1136/bmjoq-2022-001816

43.Saxena A, Paul BS, Singh G, Ahluwalia A, Paul G. Predicting outcome in skull
base osteomyelitis: an assessment of demographic, clinical, and pathological
attributes. ] Neurosci Rural Pract. (2021) 12:751-757. doi: 10.1055/s-0041-1735324

44. Zainal MA, Mohd Matore MEE. The influence of teachers’ self-efficacy and school
leaders’ transformational leadership practices on teachers’ innovative behaviour. Int ] Environ
Res Public Health. (2021) 18:6423 doi: 10.3390/ijerph18126423

45. Malhotra Atul. Prone ventilation for adult patients with acute respiratory distress
syndrome. (2022). Available at: https://www-uptodate-com.webvpn.sjlib.cn/contents/
prone-ventilation-for-adult-patients-with-acute-respiratory-distress-syndrome
(Accessed August 31, 2022).

46. Hashimoto S, Sanui M, Egi M, Ohshimo S, Shiotsuka J, Seo R, et al. The clinical
practice guideline for the management of ARDS in Japan. ] Intensive Care. (2017) 5:50.
doi: 10.1186/s40560-017-0222-3

Frontiers in Medicine

10

10.3389/fmed.2023.1131270

47. Intensive Care Society. Guidance for: prone positioning in adult critical care (2019).
(2021). Available at: https://www.pslhub.org/learn/patient-safety-in-health-and-care/
conditions/respiratory-conditions/guidance-for-prone-positioning-in-adult-critical-
care-2019-r3947/ (Accessed August 31, 2022).

48. Griffiths MJD, McAuley DEF, Perkins GD, Barrett N, Blackwood B, Boyle A, et al.
Guidelines on the management of acute respiratory distress syndrome. BMJ Open Respir
Res. (2019) 6:e000420. doi: 10.1136/bmjresp-2019-000420

49. European Pressure Ulcer Advisory Panel, National Pressure Injury Advisory Panel,
Pan Pacific Pressure Injury Alliance. Prevention and treatment of pressure ulcers/injuries:
clinical practice guideline. (2019). Available at: https://guide.medlive.cn/guideline/20101

50. Wang H, Zeng T, Wu X, Sun H. Holistic care for patients with severe coronavirus
disease 2019: an expert consensus. Int ] Nurs Sci. (2020) 7:128-34. doi: 10.1016/j.
ijnss.2020.03.010

51. Patton D, Latimer S, Avsar P, Walker RM, Moore Z, Gillespie BM, et al. The effect of
prone positioning on pressure injury incidence in adult intensive care unit patients: a meta-
review of systematic reviews. Aust Crit Care. (2022) 35:714-22. doi: 10.1016/j.aucc.2021.10.003

52. Alderden J, Kennerly SM, Cox J, Yap TL. Pressure injury risk assessment and
prevention in patients with COVID-19 in the intensive care unit. AACN Adv Crit Care.
(2022) 33:173-85. doi: 10.4037/aacnacc2022335

53. Chunhua G, Chao Y, Hui W, Yan L, Dandan Z, Yunyun S. Study on the design and
application of prone positioning ventilation treatment checklist inpatients with severe ARDS.
Chin Nurs Res. (2021) 49.34:4366-71. doi: 10.12102/j.issn.1009-6493.2021.24.005

54. Girard R, Baboi L, Ayzac L, Richard JC, Guérin C. The impact of patient
positioning on pressure ulcers in patients with severe ARDS: results from a multicentre
randomised controlled trial on prone positioning. Intensive Care Med. (2014)
40:397-403. doi: 10.1007/s00134-013-3188-1

55. Reignier J, Thenoz-Jost N, Fiancette M, Legendre E, Lebert C, Bontemps F et al.
Early enteral nutrition in mechanically ventilated patients in the prone position. Crit
Care Med. (2004) 32:94-9. doi: 10.1097/01.CCM.0000104208.23542.A8

56. Tschannen D, Anderson C. The pressure injury predictive model: a framework for
hospital-acquired pressure injuries. ] Clin Nurs. (2020) 29:1398-421. doi: 10.1111/jocn.15171

57. Coleman S, Nixon J, Keen J, Wilson L, McGinnis E, Dealey C, et al. A new pressure
ulcer conceptual framework. J Adv Nurs. (2014) 70:2222-34. doi: 10.1111/jan.12405

58. V. TeamJones A, Weller CD. Prevention of hospital-acquired pressure injury in
COVID-19 patients in the prone position. Intensive Crit Care Nurs. (2022) 68:103142.
doi: 10.1016/j.iccn.2021.103142

59. Victoria Team, Lydia TeamJones A, Teede H, Weller CD. Pressure injury
prevention in COVID-19 patients with acute respiratory distress syndrome. Front Med.
(2020) 7:558696. doi: 10.3389/fmed.2020.558696

60. Gefen A, Alves P, Ciprandi G, Coyer E, Milne CT, Ousey K, et al. Device-related
pressure ulcers: SECURE prevention. ] Wound Care. (2020) 29:S1-s52. doi: 10.12968/
jowc.2020.29.Sup2a.S1

61. Gurkan A, Kirtil I, Aydin YD, Kutuk G. Pressure injuries in surgical patients: a
comparison of Norton, Braden and Waterlow risk assessment scales. ] Wound Care.
(2022) 31:170-7. doi: 10.12968/jowc.2022.31.2.170

62. Higgins ], Casey S, Taylor E, Wilson R, Halcomb P. Comparing the Braden and
Jackson/Cubbin pressure injury risk scales in trauma-surgery ICU patients. Crit Care
Nurse. (2020) 40:52-61. doi: 10.4037/ccn2020874

63. Citty SW, Cowan L], Wingfield Z, Stechmiller J. Optimizing nutrition care for
pressure injuries in hospitalized patients. Adv Wound Care. (2019) 8:309-22. doi:
10.1089/wound.2018.0925

64. Munoz N, Posthauer ME, Cereda E, Jmga S, Haesler E. The role of nutrition for
pressure injury prevention and healing: the 2019 international clinical practice guideline
recommendations. Adv Skin Wound Care. (2020) 33:123-36. doi: 10.1097/01.
ASW.0000653144.90739.ad

65. Banks M, Bauer J, Graves N, Ash S. Malnutrition and pressure ulcer risk in adults
in Australian health care facilities. Nutrition. (2010) 26:896-901. doi: 10.1016/j.
nut.2009.09.024

66. Centers for Disease Control and Prevention. Adult obesity facts (2018). Available
at: https://www.cdc.gov/obesity/data/adult.html (Accessed May 17, 2022).

67. Allen B. Effects of a comprehensive nutritional program on pressure ulcer healing,

length of hospital stay, and charges to patients. Clin Nurs Res. (2013) 22:186-205. doi:
10.1177/1054773812457673

68. Black ], Alves P, Brindle CT, Dealey C, Santamaria N, Call E, et al. Use of wound
dressings to enhance prevention of pressure ulcers caused by medical devices. Int Wound
J. (2015) 12:322-7. doi: 10.1111/iwj.12111

69. Kennerly SM, Sharkey PD, Horn SD, Alderden J, Yap TL. Nursing assessment of
pressure injury risk with the Braden scale validated against sensor-based measurement
of movement. Healthcare. (2022) 10:2330. doi: 10.3390/healthcare10112330

frontiersin.org


https://doi.org/10.3389/fmed.2023.1131270
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1111/iwj.13435
https://doi.org/10.1111/iwj.13435
https://doi.org/10.1097/WON.0000000000000247
https://doi.org/10.1097/WON.0000000000000247
https://doi.org/10.1136/bmjopen-2021-060167
https://doi.org/10.1136/bmjopen-2021-060167
https://doi.org/10.1186/s12913-017-2808-9
https://doi.org/10.1007/s10029-017-1692-x
https://doi.org/10.1007/s10029-017-1692-x
https://doi.org/10.1111/jep.13687
https://doi.org/10.1111/jocn.15696
https://doi.org/10.1186/s12912-022-01088-6
https://doi.org/10.1186/s12912-022-01088-6
https://doi.org/10.1097/XEB.0000000000000139
https://doi.org/10.1097/XEB.0000000000000139
https://doi.org/10.1111/j.1365-2788.2012.01543.x
https://doi.org/10.1097/NNR.0000000000000297
https://doi.org/10.3389/fphar.2022.869319
https://doi.org/10.3389/fphar.2022.869319
https://doi.org/10.1093/ageing/afw244
https://doi.org/10.4187/respcare.07667
https://doi.org/10.4187/respcare.09644
https://doi.org/10.1136/bmjoq-2022-001816
https://doi.org/10.1055/s-0041-1735324
https://doi.org/10.3390/ijerph18126423
https://www-uptodate-com.webvpn.sjlib.cn/contents/prone-ventilation-for-adult-patients-with-acute-respiratory-distress-syndrome
https://www-uptodate-com.webvpn.sjlib.cn/contents/prone-ventilation-for-adult-patients-with-acute-respiratory-distress-syndrome
https://doi.org/10.1186/s40560-017-0222-3
https://www.pslhub.org/learn/patient-safety-in-health-and-care/conditions/respiratory-conditions/guidance-for-prone-positioning-in-adult-critical-care-2019-r3947/
https://www.pslhub.org/learn/patient-safety-in-health-and-care/conditions/respiratory-conditions/guidance-for-prone-positioning-in-adult-critical-care-2019-r3947/
https://www.pslhub.org/learn/patient-safety-in-health-and-care/conditions/respiratory-conditions/guidance-for-prone-positioning-in-adult-critical-care-2019-r3947/
https://doi.org/10.1136/bmjresp-2019-000420
https://guide.medlive.cn/guideline/20101
https://doi.org/10.1016/j.ijnss.2020.03.010
https://doi.org/10.1016/j.ijnss.2020.03.010
https://doi.org/10.1016/j.aucc.2021.10.003
https://doi.org/10.4037/aacnacc2022335
https://doi.org/10.12102/j.issn.1009-6493.2021.24.005
https://doi.org/10.1007/s00134-013-3188-1
https://doi.org/10.1097/01.CCM.0000104208.23542.A8
https://doi.org/10.1111/jocn.15171
https://doi.org/10.1111/jan.12405
https://doi.org/10.1016/j.iccn.2021.103142
https://doi.org/10.3389/fmed.2020.558696
https://doi.org/10.12968/jowc.2020.29.Sup2a.S1
https://doi.org/10.12968/jowc.2020.29.Sup2a.S1
https://doi.org/10.12968/jowc.2022.31.2.170
https://doi.org/10.4037/ccn2020874
https://doi.org/10.1089/wound.2018.0925
https://doi.org/10.1097/01.ASW.0000653144.90739.ad
https://doi.org/10.1097/01.ASW.0000653144.90739.ad
https://doi.org/10.1016/j.nut.2009.09.024
https://doi.org/10.1016/j.nut.2009.09.024
https://www.cdc.gov/obesity/data/adult.html
https://doi.org/10.1177/1054773812457673
https://doi.org/10.1111/iwj.12111
https://doi.org/10.3390/healthcare10112330

	Strategies to preventing pressure injuries among intensive care unit patients mechanically ventilated in prone position: a systematic review and a Delphi study
	1. Background
	2. Materials and methods
	2.1. Step one: identifying the best evidence and theories
	2.1.1. Search strategy
	2.1.2. Synthesis and grading of evidence
	2.1.3. Identifying and developing theories
	2.2. Step two: developing the strategy draft
	2.3. Step three: content validation of the evidence-based strategies
	2.3.1. Selection of experts
	2.3.2. Data analysis
	2.4. Ethical considerations

	3. Results
	3.1. Best evidence
	3.2. Theory of preventing prone pressure injuries in mechanically ventilated ICU patients
	3.3. Content validation of the strategies
	3.3.1. General information of experts
	3.3.2. The first round of expert questionnaire consultation
	3.3.3. The second round of expert consultation

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	 References

