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Abstract Objective: To determine
the effect of repeated prone posi-
tioning (supine-prone/prone-supine)
on oxygenation in children suffering
from ARDS. Design: Single-center
prospective case series. 
Setting: University pediatric ICU.
Patients: Consecutive pediatric 
patients with severe ARDS
(PaO2/FiO2 <200, Murray score
>2.5). Interventions: Patients were
treated as soon as possible with 
supine-prone/prone-supine 
positioning every 8 h until clinical
improvement or death occurred.
Measurements and results: Twenty-
three patients who had ARDS 
(0.5-months to 12.6-years-old), were
placed in the prone position within
56±109 h after the diagnosis of
ARDS. Prone-supine/supine-prone
postural changes were repeated 
every 8 h for 9.7±5.5 days. Changes
in PaO2/FiO2 ratio during supine-
prone and prone-supine positioning
were evaluated. A positive change
was defined as an increase of 15%
of baseline value. The patient was
classified as a responder when the

mean increase in the prone position
was greater than 15%. There were 18
responders and five non-responders.
The responders showed an increase
in PaO2/FiO2 ratio of 22%, from
91±33 to 112±43 (P <0.001), when
they were placed from the supine to
the prone position. Their PaO2/FiO2
ratio dropped from 109± 37 to 
94 ±36, P = 0.011, when changed
from the prone to supine position.
The overall mortality rate in this 
series was 48% (11 patients), which
was higher in the non-responders
(80%) than in the responders (39%),
although this difference was not 
statistically significant (P = 0.95).
Conclusions: The prone position 
improves oxygenation in a signifi-
cant proportion of children with
ARDS. Although no statistically 
significant difference was found for
the mortality rate, it was higher for
the non-responders (80%) vs the 
responders (39%).
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Introduction

Acute respiratory distress syndrome (ARDS) is a severe
condition that carries a high mortality in both children
and adults. Consequently, new therapeutic strategies
aimed at reducing the mortality and morbidity in these
patients are continually being developed. Over the last
few years, permissive hypercapnia, I/E inversion, nitric

oxide and, lately, prone positioning have been incorpo-
rated in the management of these patients.

Since 1974, when the effects of prone positioning on
oxygenation were described, [1], several studies have re-
ported its utility in adult patients with ARDS [2, 3, 4, 5,
6]. There is, however, less experience in children [7, 8,
9, 10], although the initial results appear to be favorable.
Recently, Curley et al. [7] reported improvements in
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oxygenation in pediatric patients with acute lung injury/
ARDS who were ventilated by prone positioning for
20 h daily. Similarly, Kornecki et al. [10] reported that
oxygenation was significantly superior in the prone posi-
tion than in the supine position.

The aim of our study was to evaluate the effects of 
repeated prone positioning (supine-prone/prone-supine)
on oxygenation in children suffering from ARDS and its
possible impact on mortality in these patients.

Material and methods

A prospective study was conducted from September 1994 to January
1999 in the 14-bed polyvalent (medical-surgical) Pediatric Intensive
Care Unit (PICU) of our hospital. All children with a diagnosis of
ARDS according to the criteria established in the 1994 European-
American Consensus were included in the study: 1) acute onset; 
2) partial oxygen pressure (PaO2)/fraction of inspired oxygen (FiO2)
ratio <200 mmHg without considering PEEP level; 3) bilateral lung
infiltrates demonstrated radiologically; and 4) no clinical evidence of
left atrial hypertension [11]. Children in whom postural change was
difficult to accomplish were excluded from the study, i.e., patients
who had undergone abdominal and thoracic surgery with midline 
incision, facial surgery or had severe multiple trauma, severe burns,
intracranial hypertension or were on hemofiltration.

The Murray severity score [12] was utilized to assess all 
patients to quantify the severity of ARDS according to the extent
of the infiltrates in the chest film, degree of hypoxemia, PEEP 
level utilized, and whether patient compliance was possible. Pa-
tients with a severity score of 2.5 were included in the study.

The patients were initially ventilated in the supine position,
with hemodynamic monitoring (heart rate and arterial pressure)
and oxygen saturation by pulse oximetry. After obtaining arterial
blood gas, the patients were placed in the prone position. No
change in the respiratory assistance was performed after changing
the patient’s position, except in FiO2 if necessary. PaO2/FiO2 ratio
was measured. The effect of the postural change was considered
positive when the PaO2/FiO2 ratio increased over 15% of the 
baseline value. Patients with a mean increase in PaO2/FiO2 ratio
greater than 15% were considered responders and those with a
mean increase in PaO2/FiO2 ratio equal to or less than 15% were
considered non-responders.

Due to the severity of the condition and the respiratory assis-
tance required by the patients, all of these patients received mid-
azolam and fentanyl or propofol for sedation, and relaxants when
necessary. The level of sedation was increased according to each
patient’s requirements in order to avoid the disadaptation of the
patient to the maneuver.

After 8 h, each patient was again placed in the supine position.
The PaO2/FiO2 ratio before and after the postural change were 
recorded. Change in patient positioning was performed every 8 h
and was discontinued temporarily or definitively if the patient pre-
sented: 1) hemodynamic instability; 2) pneumothorax; 3) worsen-
ing of oxygenation with vital compromise after the postural
change or 4) improvement in ARDS that permitted weaning to be
commenced.

The study was approved by the Ethical and Research Committee
of the hospital and informed consent was obtained from the parents
of the children included in the present study.

Statistical analysis

Statistical comparisons were carried out using t-tests for related
measures to compare PaO2/FiO2 index before and after the postur-
al change, and repeated measures ANOVA, with one within-factor

for postural position (4 levels) and one between-factor for re-
sponder-nonresponder groups. Post hoc multiple comparisons
were calculated with t-tests for related measures with Bonferroni
adjustment. Mann Whitney U and Wilcoxon tests were also com-
puted to prevent possible assumption violations, although results
did not differ from those of parametric tests. All calculations were
computed with SPSS for Windows 10.06.

Results

Twenty-three children (10 girls, 13 boys), with a mean
age of 39.86±35.62 months (range 0.5–129) were includ-
ed in the study (Table 1). Two other children undergoing
venous-venous hemofiltration were excluded from the
study due to the difficulty involved. All patients present-
ed at the outset severe ARDS criteria with Murray score
of 2.84±0.3. Eighteen patients (78%) presented previous 
pathology, basically cancer (ten patients) and neurologi-
cal disease (four patients). The factor triggering ARDS
was pulmonary infection in 19 of the 23 patients (82% of
the cases).

At the time of commencing the changes, the patients
were on regulated volume control ventilation (Siemens
SERVO 300) or pressure control (Siemens SERVO
900C, BP 2000), with FiO2 of 0.85±0.18 (range 0.5–1),
PEEP 9.7±2.56 cmH2O (range 6–14), peak inspiratory
pressure 36.4±8.4 cmH2O (range 23–55), and mean air-
way pressure 20.52±6.38 cmH2O (range 13–34 cmH2O).
No patients were supported on high-frequency oscillatory
ventilation (HFOV).

The postural changes were started at 56±109 h after
the diagnosis of ARDS and were maintained for
9.7±5.5 days, accounting for 36% of total ventilator time
(27±15 days). One hundred and sixty-four supine-
to-prone (7.8±6 per patient) and 132 prone-to-supine
postural changes (7.46±6 per patient) were analyzed.

The PaO2/FiO2 ratio increased from 92±35 (range
37±196) to 110 ±46 (range 36±262) (P <0.001) when the
patients were placed in the prone position. However, it
was found that not all patients behaved similarly. Eigh-
teen patients (78%) were considered responders to the
postural change; in these patients the oxygenation im-
proved in the prone position, obtaining an increase in the
PaO2/FiO2 ratio from 91±33 (range 37–196) to 112±43
(range 36–262) (P <0.001).

Five patients (24%) were considered non-responders
and did not show a significant increase in the PaO2/FiO2
ratio (supine PaO2/FiO2 ratio 94±46; prone PaO2/FiO2
ratio 101±52). 

No patients improved from prone to supine posture.
Oxygenation became worse in the supine position and
showed a decrease in the ratio from 104±36 (range
36–198) to 93 ±37 (range 37–211) for the overall group
of patients. In the responders the decrease was from
109±37 to 94.±36. In the non-responders the PaO2/FiO2
ratio in the prone position had dropped up to 88±32 be-
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fore placement in the supine position and increased to
90±40 after placement in the supine position.

Comparison of the PaO2/FiO2 ratios of each patient in
the supine-prone/prone-supine sequence for the overall
group showed a significant increase in these values 
before and after the change from supine to prone 
(P <0.001), while the trend of these values to decrease
before and after placement from prone to supine was not
significant (P = 0.055). No differences were found be-
tween the levels of oxygenation in the first posture
(prone-prone and supine-supine) (Fig. 1).

Analysis of the data, considering the responders and
non-responders separately, showed a differential reaction

Table 1 Characteristics of 
patients undergoing position
changes. (M male, F female, 
R response, NR no response)

Patient Age Sex Cause of ARDS Murray PaO2/FiO2 Response Outcome
(months) score baseline

1 6 F Pneumonia 2.5 72 R Died
2 120 F Pneumonia 3.0 105 NR Died
3 39 M Sepsis 2.6 73 NR Died
4 7.5 F Pneumonia 2.6 80 R Survived
5 13 M Pneumonia 2.6 91 R Survived
6 0.5 F Aspiration 2.5 154 NR Survived
7 3 F Pneumonia 2.6 113 R Died
8 78 M Pneumonia 2.6 40 R Survived
9 20 M Pneumonia 3.0 82 NR Died

10 46 F Pneumonia 2.7 48 R Died
11 7 F Pneumonia 3.0 58 R Survived
12 74 M Pneumonia 3.0 50 R Survived
13 3 M Pneumonia 3.0 108 R Died
14 56 M Pneumonia 2.6 60 R Survived
15 60 M Toxic shock 2.5 54 R Survived
16 29 F BAL hemorrhage 3.0 150 R Survived
17 32 F Pneumonia 2.8 65 NR Died
18 52 M Pneumonia 2.5 71 R Survived
19 36 M Toxic shock 3.3 79 R Survived
20 63 M Pneumonia 3.0 98 R Died
21 129 F Pneumonia 3.6 64 R Died
22 18 M Pneumonia 3.3 72 R Died
23 25 M Pneumonia 3.0 94 R Survived

Fig. 1 PaO2/FiO2 index means in the four measures for the total
sample

Fig. 2 PaO2/FiO2 index in the four measures for responder and
non-responder groups in the supine-to-prone and prone-to-supine
positioning

to the postural changes. In the responder group the pat-
tern was similar to that of the overall sample, but this
time the decrease in oxygenation in the prone-supine
postural change was found to be significant (P = 0.011).
In six patients oxygenation became significantly worse
in the supine position and they had to be placed in the
prone position again.

In the group of non-responders, no significant differ-
ences were found; perhaps this might be ascribed to 
the small number of this group of patients (n = 5). The
pattern suggests a relative loss of oxygenation while the
patient is in the prone position, with partial recovery of
oxygenation with a new postural change (Fig. 2).
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Of the 18 responders, six patients (33%) did not show
an increase in oxygenation after the first change to prone
position, but the mean increase in the successive changes
permitted including them within this first group. In the
group of non-responders, only one patient improved with
the first postural change, although the mean increase in
the successive changes was not sufficient to include this
patient in the responder group.

No significant differences were observed in the de-
gree of severity of the condition or characteristics of the
respiratory assistance between the responders and non-
responders at the beginning of the postural changes. 

Of the responders, two patients were kept in the prone
position until weaning. In the remaining patients, the
postural changes were discontinued due to improvement
of ARDS and onset of weaning (six patients), pneumo-
thorax (two patients), hemodynamic instability (one pa-
tient), and death (one patient).

Concerning the non-responders, in three patients the
changes were discontinued temporarily due to pneumo-
thorax and were reinitiated in two of these patients after
resolution of the pneumothorax. In two cases the chang-
es were definitively discontinued and the patients were
left in the supine position due to non-improvement and
compromise of oxygenation with minimal maneuvers.

All complications occurred during prone position.
The most important were facial edema in patients who
were on continuous ventilation in the prone position, and
reduced saturation related with the maneuver who recov-
ered in most cases after discontinuing the maneuver. Al-
though pads and massage were applied to the pressure
points, two of the children presented important scars in
knees and one patient presented necrosis of the external
ear (1/3 of helix) due to continuous prone positioning.
One patient of the group of responders required discon-
tinuation of the changes due to hemodynamic instability
and required more inotropic support. No increments in
sedative or analgesics were required in prone position.

The 28-day mortality rate was 48% (11 patients),
which was higher for the nonresponders (4/5, 80%) than
the responders (7/18, 39%), although these differences
were not statistically significant (P = 0.095).

Discussion

In our study the prone decubitus position improved oxy-
genation in three out of every four children with ARDS.
This improvement might have an impact on survival. 
Although the reponders to postural change had a lower
mortality than the non-responders (39% vs 80%), the dif-
ference was not statistically significant due to the small size
of the sample. However, in a recent multicenter study using
prone positioning of 7 h, Gattinoni et al. [13] reported that
placement of patients with ARDS in a prone position im-
proves their oxygenation but does not improve survival.

Our results agree with those reported elsewhere in
children [7, 8, 9,10] and adults [2, 3, 4, 5,6], although the
protocols for application and the criteria used to define
responders and non-responders in the different studies
vary. Response rates to prone positioning in the adult
population average 70% [13] and 80% in children [7],
which is similar to our results.

In our study we included only the more severe 
patients (PaO2/FiO2 less than 200). Curley et al. [7] in-
cluded acute lung injury (ALI) and ARDS with PaO2/
FiO2 less than 300, 11 of which received conventional me-
chanical ventilation and the remaining 14 HFOV. The
characteristics of the conventional mechanical ventilation
in these 11 patients were less aggressive than those of our
patients (FiO2 0.65 vs 0.85; MAP 14 vs 20.5 cmH2O, peak
inspiratory pressure 30 vs 36.4, PEEP 9 vs 9.7). Further-
more, these patients were treated with postural changes for
a shorter period (4 days vs 9.7 days) and were in the prone
position longer than in the supine (20/24 h vs 12/24 h). A
comparison of our study and that of Curley et al. shows
that patients submitted to postural changes earlier for a
shorter period and in the prone position 20/24 h were less
severe (lower PaO2/FiO2, less mortality) and were ventilat-
ed less aggressively. We agree that postural change should
be started earlier and the patient should be placed in the
prone position for a longer period than in the supine posi-
tion, and we are currently changing our protocol. Further-
more, changes were performed every 8 h if permitted by
the hemodynamic situation. We have found that many of
the responders did not maintain improvement when they
were placed in the supine position, a finding that has been
reported by other authors [6]. This indicates the need to
develop protocols to permit a maximum time of ventila-
tion in the prone position and take measures to prevent
complications. In the extreme end of this group of patients
are the so-called prone-dependent patients who do not 
tolerate ventilation in the supine position after they are
changed to the prone position [15] and have to remain in
this position for a prolonged period.

Kornecki et al. [10] found that improvement of oxygen-
ation occurred early (within 2 h in nine of ten patients) and
was sustained over 12 h of the study period. The position
change was not found to affect static respiratory system
compliance and resistance significantly. Like other authors
[6,7], we have found that the response to the prone posi-
tion is variable in time and that non-improvement at the
first postural change does not imply that the patient will
not respond subsequently. However, an initial response
predicts subsequent positive responses. For this reason,
postural changes should be continued in the initially non-
responders and should be discontinued only if ventilation
becomes worse in the prone position or if change-related
complications develop. Papazian et al. [16] reported that a
short-term trial of prone positioning does not appear to be
a sufficient method for identifying patients who would
benefit from the postural treatment. Seventy-three percent



1796

were responders at 1 h after the beginning of prone posi-
tioning, 27% were responders only at the end of the 6-h
period of prone positioning. In all, 2/3 of the patients were
considered persistent responders. The reasons why a cer-
tain positioning is efficient in some patients remain un-
clear, but several aspects distinguish responders from non-
responders: higher levels of FiO2, PEEP, and longer dura-
tion on mechanical ventilation after the diagnosis of
ARDS in non-responders than in responders [5].

It is important to emphasize the need to start postural
treatment as early as the patient’s clinical condition per-
mits. All but one of our patients that presented pneumo-
thorax were started on postural changes within the first
3 days of the onset of ARDS. It has been reported that
the maximum effect of prone ventilation on oxygenation
is produced in the early stages of ARDS, i.e., during the
stage of alveolar and interstitial edema. The effect of
postural change is less later, perhaps due to the anatomo-
pathological changes described in the phase of distress
where pulmonary fibrosis is prevalent [17]. Perhaps this
could be due to the fact that it is not possible to avoid the
alveolar collapse that occurs at the end of expiration in
the patient with ARDS despite the improvement in lung
compliance that occurs in the prone position [18].

In spite of the possible complications described [19],
there were none in this group of patients. Hemodynamic
instability can become worse and we therefore consider
that hemodynamic stability is necessary before we can
perform postural changes. We also consider the need for
pleural drainage due to pneumothorax an absolute con-
traindication to performing these maneuvers, since these
may interfere with drainage or increase the pneumotho-
rax. Concerning other complications, we observed facial
edema or ulcers in the prone-dependent patients due to
the prolonged period they were placed in this position. It
is therefore necessary to take measures to prevent ulcers
and re-establish postural changes as soon as possible.
There was one patient who was in the prone position for
30 days, whose only complication directly related to the
prone position was facial edema.

In conclusion, the prone decubitus positioning is a
simple, relatively harmless, and well-tolerated procedure
that improves oxygenation in most children with ARDS,
with the greatest response in the first postural changes.
Although it could not be demonstrated that postural
changes reduced mortality, randomized controlled stud-
ies in larger series might show whether this procedure
improves survival in children with ARDS or not.
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