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Prone position in the mechanical
ventilation of acute respiratory
distress syndrome children:
a systematic review and
meta-analysis
Wen Qin1†, Lei Mao1†, Yue Shen2† and Li Zhao1*
1Department of Emergency, Children’s Hospital of Nanjing Medical University, Nanjing, Jiangsu, China,
2PICU, Children’s Hospital of Nanjing Medical University, Nanjing, Jiangsu, China
Background: Prone position has been well recognized for the treatment of adult
acute respiratory distress syndrome (ARDS). We aimed to evaluate the role of
prone position in the mechanical ventilation in children with ARDS, to provide
evidence to the treatment and care of children with ARDS.
Methods: We searched the Pubmed et al. databases by computer until January
23, 2024 for randomized controlled trials (RCTs) on the role of prone position in
the mechanical ventilation in children with ARDS. We evaluated the quality of
included studies according to the quality evaluation criteria recommended by
the Cochrane library. RevMan 5.3 software was used for meta-analysis.
Results: 7 RCTs involving 433 children with ARDS were included. Meta-analysis
indicated that prone position is beneficial to improve the arterial oxygenation
pressure [MD= 4.27 mmHg, 95% CI (3.49, 5.06)], PaO2/FiO2 [MD= 26.97, 95%
CI (19.17, 34.77)], reduced the oxygenation index [MD=−3.52, 95% CI (−5.41,
−1.64)], mean airway pressure [MD=−1.91 cmH2O, 95% CI (−2.27, −1.55)] and
mortality [OR = 0.33, 95% CI (0.15, 0.73), all P < 0.05]. There were no statistical
differences in the duration of mechanical ventilation between the prone
position group and control group [MD=−17.01, 97.27, 95% CI (−38.28, 4.26),
P=0.12]. Egger test results showed that no significant publication bias was
found (all P > 0.05).
Conclusions: Prone position ventilation has obvious advantages in improving
oxygenation, but there is no significant improvement in the time of
mechanical ventilation in the treatment of children with ARDS. In the future,
more large-sample, high-quality RCTs are still needed to further analyze the
role of prone position in the mechanical ventilation in children with ARDS.
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Introduction

Acute respiratory distress syndrome (ARDS) is an acute diffuse alveolar lesion caused

by a variety of direct or indirect factors with acute respiratory failure as the main clinical

manifestation (1). The main pathological manifestations were injury of alveolar epithelial

cells and capillary endothelial cells, increase of intercellular permeability and infiltration of

inflammatory cells (2). This kind of children are the main patients in pediatric intensive

care unit (PICU), and the mortality rate is high. The prevalence rate of pediatric ARDS
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ranges from 0.7% to 4.5%, and the case fatality rate can up to 60.3%

(3, 4). Although there are similar pathophysiological changes

between children and adult patients, there are great differences in

the incidence, risk factors, mechanical ventilation mode setting

and prognosis. The treatment guidelines for adult ARDS suggest

that adding other auxiliary ventilation modes to the traditional

supine mechanical ventilation mode can help to improve the

prognosis of ARDS patients, including high frequency oscillatory

ventilation, prone position ventilation, lung expansion,

extracorporeal membrane lung and so on (5). In particular, it is

suggested that early prone position ventilation in patients with

severe ARDS may improve pulmonary ventilatory blood flow

ratio, promote sputum drainage and reduce mortality (6).

However, there is no definite evidence that prone position

ventilation can improve the prognosis of children with ARDS (7).

Prone position ventilation was put forward by Bryan in 1974.

Prone position is adopted during mechanical ventilation to

improve dorsal lung tissue ventilation and to make whole lung

ventilation more uniform. Prone position ventilation, as an

important lung protective ventilation strategy, has been widely

used in patients with adult respiratory failure. The results showed

that arterial oxygen saturation, partial pressure of oxygen and

oxygenation index were significantly improved after changing

posture (8). In recent years, there are different studies on prone

position ventilation in the treatment of all kinds of respiratory

failure patients with mechanical ventilation. In general, most

studies have confirmed the positive role of prone position

ventilation in mechanical ventilation in patients with respiratory

failure (9). Recent systematic review (10) has included six

randomized controlled trials (RCTs) and come to the finding that

although the included RCTs suggest that prone positioning may

offer some advantage, there is little evidence to make definitive

recommendations. So far, there is still much controversy about

whether children with ARDS should routinely use prone position

ventilation. However, prone position ventilation has been routinely

carried out in adult patients, and has achieved good results.

Children have lighter body weight and better cardiopulmonary

compensatory function, it’s necessary to understand that whether

prone position ventilation should be routinely performed in

children with ARDS (11). Therefore, this study aimed to conduct

meta-analysis to evaluate the clinical therapeutic effect of prone

position ventilation in children with ARDS, to guide the treatment

and nursing care of children with ARDS.
Methods

This study was conducted and reported in comply with the

Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) statement (12).
Literature inclusion and exclusion criteria

The inclusion criteria of this meta-analysis were as follows: the

type of study was a published RCT of mechanical ventilation in
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syndrome (ARDS). The study population were children aged

0–18 years, who met the general diagnostic criteria of ARDS:

onset or new respiratory symptoms with PaO2/FiO2 <300 mmHg

(13, 14). In all studies, invasive mechanical ventilation and prone

position were performed within 48 h after the diagnosis of

ARDS, and prone position ventilation was performed for at least

4 h a day. The RCT reported the related outcome indicators

including the results of blood gas analysis (oxygen partial

pressure, carbon dioxide partial pressure) and ventilator

parameters (mean airway pressure, oxygen concentration, positive

end-expiratory pressure, tidal volume) and the duration of

mechanical ventilation and mortality.

We excluded the following related literatures: literatures in the

form of abstracts or reports that were not published in full text;

clinical controlled trials of patients in the prone position before

and after ventilation; studies with incomplete data or we

positively contacted with the author to ask for the original data

without results; adult studies.
Literature search

The two researchers (Wen Qin and Lei Mao) independently

searched the Pubmed, Clinical trials, EMBASE, Cochrane Library,

Medine, Ovid Chinese Biomedical Literature Database, Wanfang,

Weipu and China knowledge Network by computer until January

23, 2024. The search strategies used in this meta-analysis were:

(“prone position” OR “proning”) AND (“ARDS” OR “acute

respiratory distress syndrome” OR “acute lung injury”) AND

(“children” OR “child” OR “pediatric”). This meta-analysis used

the combination of free words, MeSH subject words and Boolean

logic operators to establish the relevant retrieval formula of each

database. At the same time, the researchers (Wen Qin and Lei

Mao) conducted manual search to comprehensively search the

relevant literatures in the included RCTs and important reviews.
Data extraction

This study used Endnote document manager to manage the

final literature included in the study. If the literature information

was incomplete, we would contact the author for information.

Two researchers (Wen Qin and Lei Mao) carried out data

extraction and literature evaluation on the included RCTs

respectively. The data extracted by this meta-analysis included

the first author, the year of publication, the age of the child, the

details of the intervention and related outcome indicators.
Quality evaluation

Two researchers (Wen Qin and Lei Mao) independently

evaluated all selected studies according to the quality

evaluation criteria recommended by the Cochrane library.

Repeated literature was excluded in the initial examination,
frontiersin.org
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and all potential related studies were reviewed and analyzed

later, mainly aimed at random methods, allocation hiding,

blind method, result data, selective publication. The results

were expressed as low, unclear and high. If there are
FIGURE 1

PRISMA flow diagram of study selection.

TABLE 1 The characteristics of included studies.

Study Sample size Age ARDS diagn
(PaO2/FiO
mmHg)Prone

position
group

Control
group

Curley et al., 2005 51 51 2–18 years <200

Dong et al., 2015 33 32 2–10 years <200

Ibrahim and
Elmohamady, 2007

11 11 8–10 years <200

Liu and Zhang, 2018 31 31 1–2 years <200

Sawhney et al., 2005 22 21 0–12 years <200

Sun et al., 2017 36 36 2–10 years <300

Wu et al., 2015 33 34 0–21 days <200
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differences in the evaluation results of the two researchers, an

agreement would be reached through discussion. And if no

consensus was reached, the third researcher would be asked

for arbitration. For those with incomplete information report,
osis
2,

Interventions Time points that the
outcomes were measured

and comparedProne
position
group

Control
group

Prone position
>20 h/days

Supine position 1, 2 days after intervention

Prone position
>10 h/days

Supine position 1, 2, 3,4 days after intervention

Prone position
for 20 h/days

Supine position 1, 2 days after intervention

Prone position
>4 h/days

Supine position 1, 2, 3, 7 days after intervention

Prone position
>4 h/days

Supine position 3 days after intervention

Prone position
>6 h/days

Supine position 1, 2, 7 days after intervention

Prone position
for 20 h/days

Supine position 1, 2, 3, 5 days after intervention
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FIGURE 2

Risk of bias graph.
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we tried to contact the corresponding author to supplement the

relevant information.
Statistical analysis

RevMan 5.3.0 software provided by Cochrane collaboration

network was used for meta-analysis. The continuous variables were

expressed by mean difference (MD), and mortality was expressed by

odds ratio (OR). Chi-square test was used to judge heterogeneity,

and statistical heterogeneity was judged according to I2 value and

P-value. If the heterogeneity was small (I2< 50%, P > 0.01), fixed

effect model was used for data combination analysis. If there was

statistical heterogeneity (I2≥ 50%, P < 0.01), random effect model

was used. Funnel plot and Egger tests were performed to detect the

publication bias. There was significant statistical difference between

the two groups when P < 0.05.
Results

RCT inclusion

The two researchers (Wen Qin and Lei Mao) searched a total of

175 relevant research reports for the first time according to the

relevant key words. They had contacted the corresponding

authors of four papers for more details. After reading the title

and abstract of the article, they excluded the irrelevant literatures,

and then screened it by reading the abstract and the full text,

and we finally included 7 RCTs (15–21). The literature screening

process is shown in Figure 1.
FIGURE 3

Risk of bias summary.
The characteristics of included RCTs

As shown in Table 1, a total of 433 children with ARDS were

included in the 7 studies (15–21). 217 children received prone
Frontiers in Pediatrics 04 frontiersin.org
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position ventilation and 216 children received supine position

ventilation. All the studies were carried out in the central ICU of

the children’s hospital. The duration of prone position ventilation

was different in each study, but the duration of prone position

ventilation was more than 4 h per day.
The quality of included RCTs

The quality evaluation results of the articles included in RCTs

are shown in Figures 2, 3. Although all studies mentioned

randomized controlled grouping, 3 studies did not mention

specific allocation hiding methods. Due to the particularity of

prone position ventilation intervention, all studies did not

implement blind method. No other biases were found among the

included RCTs.
Meta-analysis

5 studies reported the effect of prone position ventilation on

arterial oxygenation pressure in children with ARDS. There was

no statistical heterogeneity among the studies. Using the fixed
FIGURE 4

(A) Forest plot for the arterial oxygenation pressure. (B) Forest plot for the P
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effect model, the arterial oxygenation pressure of children with

prone position ventilation was significantly higher than that

in the control group [MD = 4.27 mmHg, 95% CI (3.49, 5.06),

P < 0.001, Figure 4A].

6 studies reported the effect of prone position ventilation on

PaO2/FiO2 in children with ARDS. There was statistical

heterogeneity among the studies. Using the random effect model,

the PaO2/FiO2 of children with prone position ventilation was

significantly higher than that in the control group [MD = 26.97,

95% CI (19.17, 34.77), P = 0.004, Figure 4B].

3 studies reported the effect of prone position ventilation on

oxygenation index in children with ARDS. There was statistical

heterogeneity among the studies. Using the random effect

model, the oxygenation index of children with prone position

ventilation was significantly lower than that in the control group

[MD =−3.52, 95% CI (−5.41, −1.64), P = 0.008, Figure 4C].

3 studies reported the effect of prone position ventilation on

mean airway pressure in children with ARDS. There was no

statistical heterogeneity among the studies. Using the fixed

effect model, the mean airway pressure of children with prone

position ventilation was significantly lower than that in the

control group [MD = −1.91 cmH2O, 95% CI (−2.27, −1.55),
P < 0.001, Figure 5A].
aO2/FiO2. (C) Forest plot for the oxygenation index.
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FIGURE 5

(A) Forest plot for the mean airway pressure. (B) Forest plot for the duration of mechanical ventilation. (C) Forest plot for the mortality.
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4 studies reported the effect of prone position ventilation on

PaO2/FiO2 in children with ARDS. There was statistical

heterogeneity among the studies. Using the random effect model,

there were no statistical differences in the duration of mechanical

ventilation between the prone position group and control group

[MD =−17.01 h, 95% CI (−38.28, 4.26), P = 0.12, Figure 5B].

4 studies reported the effect of prone position ventilation on

mortality in children with ARDS. There was no statistical

heterogeneity among the studies. Using the fixed effect model,

the mortality of children with prone position ventilation was

significantly lower than that in the control group [OR = 0.33,

95% CI (0.15, 0.73), P = 0.007, Figure 5C].

We use inverted funnel chart analysis of each outcome to

evaluate the publication bias among the studies (Figure 6). The

results showed that the dots in the funnel chart were basically

symmetrical, indicating that the possibility of publication bias

was small. Egger test results showed that no significant

publication bias was found (all P > 0.05).
Discussions

Prone position ventilation as an adjuvant therapy for patients

with ARDS, the mechanism of improving oxygenation may be

that when the patient is in prone position, the distribution of
Frontiers in Pediatrics 06
ventilated alveoli and pulmonary blood flow distribution changes,

which is beneficial to improve the ventilation/blood flow ratio of

patients, thus improving oxygenation (10, 22). In this study,

Meta-analysis was used to evaluate the effect of prone position

ventilation on physiological indexes of children with ARDS. The

results showed that prone position ventilation could significantly

improve the arterial oxygenation pressure, PaO2/FiO2 and

oxygenation index, mean airway pressure and duration of

mechanical ventilation and mortality, of children with ARDS, but

had little effect on the time of mechanical ventilation in children

with ARDS. Prone position ventilation can significantly improve

the prognosis of children with ARDS.

Although there is no formal definition of pediatric ARDS, it is

clinically considered to be the manifestation of one or more of the

following signs or symptoms: shortness of breath, wheezing,

accelerated respiratory rate, rapid heartbeat, chest wall retraction,

chest and abdominal asynchrony (23). Respiratory distress can

lead to hypoxemia, decreased partial pressure of arterial oxygen,

increased partial pressure of carbon dioxide, changes in

neurological state, and eventually lead to respiratory or multiple

organ failure (or both), leading to death (24). The main

pathological changes of ARDS were alveolar and alveolar

interstitial edema, in which there were great differences in

alveolar pathological changes in different regions (25, 26). The

main manifestations are alveolar collapse and atelectasis in
frontiersin.org
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FIGURE 6

(A) Funnel plot for the arterial oxygenation pressure. (B) Funnel plot for the PaO2/FiO2. (C) Funnel plot for the oxygenation index. (D) Funnel plot for the
mean airway pressure. (E) Funnel plot for the duration of mechanical ventilation. (F) Funnel plot for the mortality.
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gravity-dependent areas and collapse of small airways in gravity-

dependent areas, but alveolar hyperventilation in non-gravity

areas (27–29). During prone ventilation, the negative pressure in

the thoracic cavity gradually decreased from the dorsal to the

ventral, while the transpulmonary pressure decreased, resulting in

a decrease in ventral ventilation, but it could still maintain the

opening of ventral alveoli (30). At the same time, after the prone

position, the lung lobe volume slightly increased compared with

the supine position, the original anatomical position is located

below the heart compressed by the heart to reduce the lung lobe

volume increased, thus causing the collapse alveoli originally
Frontiers in Pediatrics 07
oppressed by the heart to re-expand (31). Through the

comparison of lung tissue ventilation blood flow gradient

between healthy volunteers and mechanically ventilated patients

in different positions, it has been confirmed that the ventilation

distribution increase slowly from ventral lung tissue to back

when lying on the back, and suddenly decreased at the last 25%

of the dorsal lung tissue. The blood flow distribution also

increases gradually from the ventral to the dorsal side, but do

not decrease significantly at last (32). In prone position, the

ventilation volume of dorsal area increases, but the decrease of

blood flow is not obvious, and the ratio of ventilation to blood
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flow is more matched. At present, it is considered that ventilation

and blood flow are mainly distributed in gravity-dependent areas,

ventilation and blood flow are mainly distributed in the dorsal

side in supine position, and there are great differences in

ventilation and blood flow in impassable position in prone

position, mainly in abdomen (33). However, the difference

between ventilation and blood flow in prone position is not as

obvious as that in supine position, so the ratio of ventilation and

blood flow is more matched after prone position. Besides, studies

have shown that in the later stage of mechanical ventilation, the

pulmonary shunt and physiologically ineffective cavity in the

prone position are lower than those in the supine position (34, 35).

These changes can make the ventilatory blood flow distribution of

the lung tissue more uniform and the ventilation blood flow ratio

significantly improved after the prone position (36–38).

Previous studies (39, 40) have shown that prone position

ventilation can improve the ventilation of dorsal lung tissue and

blood perfusion of sternal lung tissue in children with ARDS,

and prone position can also play a role in draining secretions.

Therefore, it is beneficial to improve the pathological state of

lung tissue and promote the recovery of disease, so as to shorten

the time of mechanical ventilation and improve the prognosis. In

adult patients, two high-quality meta-analyses (8, 41) showed

that only when the duration of continuous prone position

ventilation >12 h/days, prone position ventilation could reduce

the mortality of ARDS patients. For children, medical workers

may consider that too long prone position may lead to other

complications, such as skin damage, and the prone position they

used in the study may not be as long as adults. In this study,

four studies reported the effect of prone position ventilation on

the mortality of children with ARDS, and two of them adopted

the intervention of continuous prone position ventilation 12 h/

days and 4 h/days, respectively. The results showed that prone

position ventilation could reduce the mortality of children with

ARDS. The analysis of the causes may be related to the different

severity and prognosis of children and adults with ARDS.

Therefore, the appropriate ventilation time, turning times and

treatment course of children with ARDS in prone position

cannot refer to the standard of adult patients, which needs to be

further evaluated in the future (42, 43).

There are still some limitations to be considered in this meta-

analysis. Firstly, the time span of this meta-analysis is large, and the

continuous development of medical ventilation technology may

affect the results. The most included authors have mentioned

Berlin criteria for defining in ARDS, however, these criteria were

developed for adults and published in 2012. At that time, there

was no specific uniform standard for children’s ARDS, leading to

the difference in the diagnosis of ARDS. Secondly, there are few

clinical trials related to children with ARDS, especially the lack

of high-quality, multicenter randomized controlled trials. Thirdly,

the sample size of this meta-analysis is relatively small, and the

sample size varies greatly among studies, which may affect the

reliability of synthesized results. Finally, the studies included in

this meta-analysis did not grade the severity of the disease, nor

did the subgroup analysis of the effects of prone position
Frontiers in Pediatrics 08
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results of adult studies show that there are some differences in

the therapeutic effects of prone position ventilation in different

degrees of ARDS patients, so the results of this meta-analysis

should be treated with cautions.
Conclusions

In conclusion, with 7 RCTs included, this study has found that

prone position ventilation is helpful to improve the arterial

oxygenation pressure, PaO2/FiO2, oxygenation index, mean

airway pressure and reduce the mortality in ARDS children.

Although we affirm the advantage of prone position ventilation

in the improvement of oxygenation in the short term, it does not

improve the duration of mechanical ventilation and long-term

prognosis of children. The existing evidence does not

recommend prone position ventilation as a routine mechanical

ventilation method. However, its therapeutic value in severe

children with acute respiratory distress syndrome is still worth

looking forward to. Therefore, the exact clinical effect of prone

position ventilation in children with ARDS still needs to be

verified by more centers, large samples and high-quality clinical

RCTs, so as to provide better evidence support for the

application of prone position ventilation in children with ARDS.
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