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Effect of prone positioning on gas exchange according to
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Background: There are limited data on the clinical effects of prone positioning according to lung
morphology. We aimed to determine whether the gas exchange response to prone positioning dif-
fers according to lung morphology.

Methods: This retrospective study included adult patients with moderate-to-severe acute respira-
tory distress syndrome (ARDS). The lung morphology of ARDS was assessed by chest computed to-
mography scan and classified as "diffuse” or “focal.” The primary outcome was change in partial
pressure of arterial oxygen to fraction of inspired oxygen (Pa0,/Fi0,) ratio after the first prone po-
sitioning session: first, using the entire cohort, and second, using subgroups of patients with dif-
fuse ARDS matched 2 to 1 with patients with focal ARDS at baseline.

Results: Ninety-five patients were included (focal ARDS group, 23; diffuse ARDS group, 72). Before
prone positioning, the focal ARDS group showed worse oxygenation than the diffuse ARDS group
(median Pa0,/FiO, ratio, 79.9 mm Hg [interquartile range (IQR)], 67.7-112.6 vs. 104.0 mm Hg [IQR,
77.6-135.7]; P=0.042). During prone positioning, the focal ARDS group showed a greater improve-
ment in the Pa0,/Fi0, ratio than the diffuse ARDS group (median, 55.8 mm Hg [IQR, 11.1-109.2]
vs. 42.8 mm Hg [IQR, 11.6-83.2]); however, the difference was not significant (P=0.705). Among
the Pa0,/Fi0,-matched cohort, there was no significant difference in change in Pa0,/Fi0, ratio af-
ter prone positioning between the groups (P=0.904).

Conclusions: In patients with moderate-to-severe ARDS, changes in Pa0,/Fi0, ratio after prone
positioning did not differ according to lung morphology. Therefore, prone positioning can be con-
sidered as soon as indicated, regardless of ARDS lung morphology.

Key Words: acute respiratory distress syndrome; dynamic compliance of lung; lung morphology;
oxygenation; prone positioning

INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a clinical syndrome of hypoxemic respiratory
failure and is associated with a high mortality rate. Ventilator-induced lung injury can occur
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in patients receiving invasive mechanical ventilation and can
contribute to multiple organ dysfunction [1]. Several lung
protective ventilation strategies and adjunctive management
have been proposed to reduce the deleterious consequences
of lung injury [2-5]. Prone positioning, one of several inter-
ventions, has been implemented widely in patients with mod-
erate-to-severe ARDS to reduce mortality [6]. Additionally, a
recent study from our institution found that an improvement
in oxygenation after prone positioning is a useful predictor of
survival [7]. Prone positioning minimizes regional differences
in lung aeration, compliance, and shear strain, leading to clini-
cally significant improvements in oxygenation [8].

The value of precision medicine has recently emerged, and
attempts have been made to identify meaningful subgroups
of critical illness syndrome considering the heterogeneity in
the field of critical care medicine [9]. Calfee et al. [10] used
inflammatory biomarkers, such as interleukin-6 and interfer-
on-gamma, to identify two biologically distinct groups and
found that the reactive phenotype was associated with worse
clinical outcomes. Moreover, ARDS can be subdivided using
clinical imaging as a surrogate marker of lung recruitment
potential. The lung imaging morphology for ventilator settings
in an ARDS study (LIVE study) conducted in France suggest-
ed that an approach based on the lung morphology of ARDS
could reduce mortality. However, there was a limitation in that
the misclassification rate of lung morphology was high due to
the small proportion of patients with available computed to-
mography (CT) scans [11]. This study investigated whether the
improvement in oxygenation after prone positioning differed
between lung morphologies as assessed by CT scan.

MATERIALS AND METHODS

Study Design and Patients

This was a retrospective cohort study in the medical intensive
care unit (ICU) at Seoul National University Hospital, a tertia-
ry care referral hospital in Seoul, Korea. The requirement of
written informed consent was waived due to the retrospective
nature of the study.

We reviewed the medical records of adult patients aged >18
years who were diagnosed with moderate-to-severe ARDS and
underwent prone positioning between January 1, 2014, and
May 31, 2021. According to the Berlin definition [6,12], mod-
erate-to-severe ARDS is defined as partial pressure of arterial
oxygen to fraction of inspired oxygen (PaO,/FiO,) ratio <150
mm Hg with positive end-expiratory pressure (PEEP) >5 cm of
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KEY MESSAGES

= Changes in the partial pressure of arterial oxygen to frac-
tion of inspired oxygen (PaO,/FiO,) ratio and respiratory
compliance after prone position did not differ according
to the lung morphology of acute respiratory distress syn-
drome (ARDS).

= Prone position can be considered as soon as possible, re-
gardless of the morphological phenotype in patients with
moderate-to-severe ARDS.

= In a multivariable Cox proportional hazard regression
analysis of patients with moderate-to-severe ARDS, the
improvement in PaO,/FiO, ratio after prone position was
independently associated with mortality.

water. We also assessed lung morphology using chest CT scans
performed within 1 week of the first prone session. Patients
who were in prone position for less than 12 hours were exclud-
ed from this study [13].

Radiologic Findings

We assessed the lung morphology of ARDS by chest CT and
classified it as “diffuse” or “focal” The lung morphology char-
acterization of ARDS was defined as (1) diffuse ARDS (wide-
spread loss of lung aeration distribution throughout the lungs
or uneven lung attenuation) and (2) focal ARDS (predominant
loss of aeration in the lower lobar distribution or gravitation-
ally-dependent areas) [14,15]. The chest CT findings were
assessed visually by three independent readers, and two phy-
sicians (NYK and SMY) blindly reviewed the CT images. Any
disagreement between the two physicians was reassessed un-
der the supervision of a third blinded physician (HYL).

Prone Positioning Methods
We have several devices in place to reduce chest wall pressure

during prone positioning, and this pressure can be minimized
by padding all facial areas in contact with the bed. We placed
foam dressings on the following areas before prone position-
ing: facial cheeks, shoulders, anterior iliac spine, and knees to
protect from skin lesions. After changing to prone position, the
chest and the ipsilateral leg were supported with a pillow. One
arm was raised, with the head rotated toward the raised arm
and the opposite arm positioned alongside the body, in the
Swimmer’s position. We tilted the patient into reverse Trende-
lenburg position and continued lateral repositioning every 2
hours [16].
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Study Outcomes and Data Collection

The primary outcome was change in PaO,/FiO, ratio after the
first prone positioning session. Secondary outcomes were 28-
day mortality, ICU mortality, and changes in dynamic lung
compliance (Cdyn) after the first prone positioning session.
The PaO,/FiO, ratio and Cdyn were evaluated at three time
points for each patient by collecting the results of arterial
blood gas analysis and ventilator setting at the time of blood
tests at (1) baseline, before initiation of prone positioning; (2)
time P8-12, approximately 8-12 hours after initiation of prone
positioning; and (3) time S4-12, approximately 4-12 hours
after resuming the supine position. The driving pressure was
defined as the difference between plateau pressure and PEEP.
If not recorded, peak inspiratory pressure was assumed to be
equal to plateau pressure in pressure-controlled ventilation
mode [17].

Statistical Analysis
Continuous variables were presented as means and standard

deviations or medians and interquartile ranges (IQRs), while
categorical variables were reported as numbers and percent-
ages. All variables were compared between the diffuse and
focal ARDS groups using the chi-square test or Student t-test,
as appropriate. In primary and secondary outcomes, we per-
formed a 2 to 1 matching procedure with the nearest-neighbor
method without replacement to balance the two groups by
Pa0,/FiO, ratio. Cox proportional hazard regression models
were used to evaluate the effects of different variables on 28-
day mortality in patients with ARDS who underwent prone
positioning. All variables found to be significant (P<0.1) in the
univariable analysis were entered into a multivariable Cox re-
gression model to avoid model overfitting and comply with the
rule of thumb [18]. The results are presented as hazard ratios
(HRs) with 95% confidence intervals (Cls). A two-way repeat-
ed-measures analysis of variance was applied to compare the
extent of changes in Pa0O,/FiO, from baseline to time S4-12. A
two-tailed P-value less than 0.05 was considered statistically
significant. All statistical analyses were performed using R
(version 4.1.2) in R Studio (version 1.4.1717; R Foundation, Vi-
enna, Austria).

RESULTS

Baseline Characteristics of the Patients
During the study period, we included 245 patients who un-
derwent prone positioning to treat ARDS. Of these, 27 pa-
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tients who were in prone position for less than 12 hours were
excluded, and their median duration of prone positioning
was 0.6 hours (IQR, 0.2-4.1 hours). A total of 95 patients had
undergone chest CT within 1 week of the first prone session
(Figure 1). In addition, 14 patients had undergone CT scans
during mechanical ventilation, and 81 patients received CT
scans before admission to the ICU. CT scan was used to as-
sess lung morphology and classify 23 patients (24.2%) in the
focal ARDS group and 72 patients (75.8%) in the diffuse ARDS
group. Interobserver agreement was assessed by the kappa
coefficient and was moderate (kappa coefficient, 0.58). The
two groups had similar baseline characteristics (Table 1). The
mean age was 65.1+13.7 years, and 66 patients (69.5%) were
males. The mean body mass index was 23.6+3.9 kg/m’, and
the main cause of ARDS was pulmonary (97.9%). Baseline vital
signs and laboratory results before initiation of prone posi-
tioning did not differ between the two groups (Supplementary
Table 1). The three scoring systems for prediction of mortality
in critically ill patients did not differ between the two groups.
The comorbidity was similar between the groups, but more
than half of the included patients were diagnosed with malig-
nancies due to the characteristics of the tertiary hospital.

The results of ventilator settings and arterial blood gas anal-
ysis at baseline did not differ significantly according to lung
morphology, except for PaO,/FiO, ratio (Table 2). Patients with

419 Patients with ARDS
between Jan 2014 to May 2021

174 Did not receive prone positioning

245 Patients who received
prone positioning

27 Less than 12 hours of prone positioning
42 No CT scans
81 CT scans >7 days

95 Patients who received
prone positioning

23 Patients with 72 Patients with
focal ARDS diffuse ARDS

Figure 1. Flowchart of the study population. ARDS: acute respiratory
distress syndrome; CT: computed tomography.
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Table 1. Characteristics of the patients at baseline
Diffuse ARDS  Focal ARDS

Variable (n=72) (n=23) P-value
Age (yr) 65.6+12.5 63.3+17.2 0.566
Male 48 (66.7) 18 (78.3) 0.429
Body mass index (kg/m’) 23.7£39 23.2+4.2 0.589
Cause of ARDS >0.999
Pulmonary 70 (97.2) 23 (100.0)
Extrapulmonary 2(28) 0
Comorbidity
Cardiovascular disease 11 (15.3) 4(17.4) >0.999
Diabetes mellitus 21(29.2) 12 (52.2) 0.077
COPD 5(6.9) 1(4.3) >0.999
Moderate to severe CKD® 7(9.7) 1(4.3) 0.706
Chronic liver disease 9(12.5) 0 0.170
Solid tumor 32 (44.4) 8(34.8) 0.566
Hematological malignancy 11 (15.3) 9(39.1) 0.032
Connective tissue disease 10 (13.9) 1(4.3) 0.384
Chronic neurologic disease 5(6.9) 1(4.3) >0.999
Charlson comorbidity index 6.1£3.1 52428 0.226
SOFA score 12.0£3.0 12.7429 0.325
APACHE Il score 26.3+6.6 28.1+7.8 0.282
SAPS 1| 58.7£15.5 63.1£14.4 0.226

Values are presented as meanzstandard deviation or number (%).

ARDS: acute respiratory distress syndrome; COPD: chronic obstructive
pulmonary disease; CKD: chronic kidney disease; SOFA: Sequential Organ
Failure Assessment; APACHE: Acute Physiology and Chronic Health
Evaluation; SAPS: Simplified Acute Physiology Score.

*Moderate CKD was defined as creatinine >3 mg/dL (0.27 mmol/L), and
severe CKD was defined on dialysis, status post kidney transplant, and
uremia.

Table 2. Pre-prone ventilator settings and arterial blood gas measurements

T

focal ARDS showed worse oxygenation than those with diffuse
ARDS (median Pa0O,/FiO, ratio, 79.9 mm Hg [IQR, 67.7-112.6]
vs. 104.0 mm Hg [IQR, 77.6-135.7]; P=0.04). Before prone po-
sitioning, 98.9% of the patients received pressure-controlled
ventilation. The mean tidal volume was 6.8+1.6 mL/kg predict-
ed body weight, and the median PEEP was 10.0 cm H,O (IQR,
8.0-11.5 cm H,0). Adjunctive therapy during prone position-
ing sessions did not differ between the groups (Table 3). At the
initiation of prone positioning, all patients received antibiotic
therapy. Neuromuscular blockade, systemic steroids, vaso-
pressors, inhaled nitric oxide, and renal replacement therapy
were used in 93.7%, 90.5%, 74.7%, 21.1%, and 14.7% of the pa-

tients, respectively.

Oxygenation and Dynamic Compliance of Lung

Response to First Prone Positioning
The median number of prone sessions was two per patient

(IQR, 1-4), the median duration of the first prone session was
17.5 hours (IQR, 16.3-20.0 hours), and the median interval
from intubation to initiation of the first prone positioning was
6.8 hours (IQR, 13.0-55.4 hours). These values did not differ
significantly between the two groups (Table 3).

Changes in PaO,/FiO, ratio after the first prone positioning
session are shown in Figure 2. Measurement of the PaO,/
FiO, ratio at time P8-12 and time S4-12 was performed at a
median of 10.2 hours (IQR, 9.0-11.4 hours) after the initiation

Variable Diffuse ARDS (n=72) Focal ARDS (n=23) P-value

Ventilator setting
Tidal volume (ml/kg PBW) 6.7£15 7.1£18 0.283
Respiratory rate (breaths/min) 24.4+50 24.4+49 0974
PEEP (cm H,0) 10.0 (8.0-12.0) 8.0 (7.0-10.5) 0.243
Driving pressure (cm H,0) 16.9+4.9 17.0+4.8 0954
FiO, 0.8 (0.6-1.0) 09 (0.7-1.0) 0.402
Total minute ventilation (L/min) 9.2 (8.0-10.0) 9.2 (8.4-11.2) 0.435
Dynamic compliance of lung (ml/cm H,0) 21.3(17.2-28.5) 26.0 (20.0-29.7) 0.195

Arterial-blood gas
pH 7.3+0.1 7.3+0.1 0.796
Pa0, (mm Hg) 76.5 (64.9-91.0) 68.0 (62.2-76.5) 0.081
Pa0,/Fi0, (mm Hg) 104.0 (77.6-135.7) 79.9 (67.7-112.6) 0.042
PaCO, (mm Hg) 47.0(37.8-51.5) 447 (37.6-53.8) 0.924
Bicarbonate (mmol/L) 23.7 (21.0-27.0) 23.3(22.1-25.9) 0924
Lactate (mmol/L) 2.5(1.7-3.3) 2.6 (2.0-4.4) 0.490

Values are presented as meanzstandard deviation or median (interquartile range).

ARDS: acute respiratory distress syndrome; PBW: predicted body weight; PEEP: positive end expiratory pressure; FiO,: fraction of inspired oxygen; Pa0,: partial

pressure of oxygen; PaCO,: partial pressure of carbon dioxide.
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Table 3. Characteristics of adjunctive therapies and prone positioning sessions

Variable Diffuse ARDS (n=72) Focal ARDS (n=23) P-value
Adjunctive therapy
Neuromuscular blocker® 68 (94.4) 21(91.3) 0.630
Glucocorticoids® 66 (91.7) 20(87.0) 0.683
Vasopressors’ 54 (75.0) 17 (73.9) >0.999
Inhaled nitric oxide® 12 (16.7) 8 (34.8) 0.080
Renal replacement therapy’ 12 (16.7) 2(8.7) 0.506
Cross over to extracorporeal membrane oxygenation 1(1.4) 0 >0.999
Prone positioning session
Total number of sessions of prone positioning (day) 2.0 (1.0-4.0) 2.0 (1.0-2.0) 0.153
Median duration of prone positioning per session (hr) 17.5(16.3-19.1) 19.0 (16.4-19.6) 0.192
Duration of the first prone positioning session (hr) 17.5 (16.1-20.0) 18.3 (16.4-19.9) 0.417
Interval between intubation and the first prone positioning session (day) 1.1 (0.6-2.4) 1.2 (0.5-2.1) 0.751

Values are presented as number (%) or median (interquartile range).
ARDS: acute respiratory distress syndrome.
“During the first prone positioning session.

200 i
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Figure 2. Median and interquartile range (error bars) of changes

in the partial pressure of arterial oxygen to fraction of inspired

oxygen (Pa0,/Fi0,) ratio during the first session of prone positioning.

Time P8-12: approximately 8-12 hours after initiation of prone

positioning; Time S4-12: approximately 4-12 hours after resuming

the supine position.

of prone positioning and at 8.2 hours (IQR, 6.0-10.0 hours)
after changing to supine position, respectively. The PaO,/
FiO, ratio was higher at time P8-12 in the diffuse ARDS group
than in the focal ARDS group (median PaO,/FiO, ratio, 157.9
mm Hg [IQR, 113.3-222.2] vs. 134.7 mm Hg [IQR, 99.2-217.5];
P=0.39). A detailed description of the ventilator settings and
arterial blood gases during the first prone positioning session

is provided according to lung morphology in Supplementary
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Table 2. When comparing baseline and time P8-12, the abso-
lute improvement in PaO,/FiO, ratio was greater in patients
with focal ARDS (median, 55.8 mm Hg [IQR, 11.1-109.2])
than in patients with diffuse ARDS (median, 42.8 mm Hg
[IQR, 11.6-83.2]) (Table 4). However, the difference between
the groups was not significant (P=0.71). After the patients re-
turned to the supine position, the change in Pa0O,/FiO, ratio
from baseline was higher in patients with focal ARDS (median,
43.3 mm Hg [IQR, 24.0-98.0]) than in patients with diffuse
ARDS (median, 41.4 mm Hg [IQR, 3.8-88.3]). The difference
between the groups was not significant (P=0.42). Among the
Pa0,/FiO,-matched cohort, there was no significant difference
in change in Pa0O,/FiO, ratio from baseline between the two
groups at P8-12 and S4-12. Meanwhile, the change in dynamic
compliance of the lung from baseline was not significantly dif-
ferent between the focal group and the diffuse group (median,
-1.1 ml/cm H,O0 [IQR, -4.6 to 4.6] vs. -1.0 ml/cm H,O [IQR,
-4.0 to 1.5]; P=0.36) at time P8-12. Additionally, at time S4-12,
there were no significant differences in the improvement in
dynamic compliance of the lung from baseline between the
two groups (median, 2.3 ml/cm H,0 [IQR, -0.9-4.5] vs. 0.9 ml/
cm H,0 [IQR, -1.9-5.3]; P=0.48). The results for the PaO,/FiO,
ratio-matched group were consistent with those for the entire
group (Table 4).

Traditional PaO, responders, defined by Gattinoni et al. [19]
as patients showing an increase in Pa0O,/FiO, ratio 220 mm Hg
from baseline to prone positioning, accounted for 69.4% of pa-
tients with diffuse ARDS and 65.2% with focal ARDS. Accord-
ing to the novel definition of prone responders using the per-

Acute and Critical Care 2022 August 37(3):322-331
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Table 4. Primary and secondary outcomes

T

Entire group

Pa0,/Fi0,-matched

Variable Diffuse ARDS

(n=72)

Focal ARDS
(n=23)

Diffuse ARDS Focal ARDS

(n=46) (n=23) P-value

P-value

Primary outcome

Pa0,/Fi0, change from baseline to 8-12 hours
after prone positioning (mm Hg)

Pa0,/Fi0, change from baseline to 4-12 hours
after resuming the supine position (mm Hg)

414 (3.8-88.3)

Secondary outcome

Change of Cdyn from baseline to 8-12 hours
after prone positioning (ml/cm H,0)

Change of Cdyn from baseline to 4-12 hours
after resuming the supine position(ml/cm H,0)

Mortality at 28 days
ICU mortality

37(51.4)
35 (48.6)

42.8(11.6-83.2) 55.8(11.1-109.2)  0.705

433 (24.0-98.0) 0.419

-10(-40t0 1.5) -1.1(-46t046) 0364
09(-19t053) 23(-09to45 0475

10 (43.5) 0.674
9(39.1) 0.580

482 (14.0-108.9) 55.8 (11.1-109.2)  0.904

54.1(9.4-88.5)  43.3 (24.0-98.0) 0.800

-12(-40t01.7) -1.1 (-46t046) 0379
09(-21t037) 23(-09t045) 0423

23 (50.0)
20 (43.5)

10 (43.5) 0.798
9(39.1) 0.931

Values are presented as median (interquartile range) or number (%o).

ARDS: acute respiratory distress syndrome; Pa0,: partial pressure of oxygen; FiO,: fraction of inspired oxygen; Cdyn: dynamic lung compliance; ICU: intensive

care unit.

centage change in PaO,/FiO, ratio from baseline to 8-12 hours
after prone positioning, the proportion of prone responders
was 41.7% for diffuse ARDS and 60.9% for focal ARDS (P=0.17)
[7]. After PS matching, traditional prone responders represent-
ed 67.4% of patients with diffuse ARDS and 65.2% of those with
focal ARDS (P>0.99). Prone responders based on the percent-
age change in Pa0,/FiO, ratio accounted for 56.5% of those
with diffuse ARDS and 60.9% of those with focal ARDS (P=0.93).
The change in PaO,/FiO, ratio and dynamic compliance from
baseline to the first prone session were not different between
the two groups, although the results were limited to the re-
sponders (Supplementary Tables 3 and 4). Further details on
study outcomes separately analyzing survivors and non-survi-
vors within 28 days can be found in the supplementary infor-
mation (Supplementary Tables 5-8).

Outcomes of Patients and Predictors of Mortality
Mortality was not significantly different between the two

groups; 10 patients (43.5%) in the focal ARDS group and 37 pa-
tients (51.4%) in the diffuse ARDS group died within 28 days;
9 patients (39.1%) in the focal ARDS group and 35 patients
(48.6%) in the diffuse ARDS group died in the ICU (Table 4).
The main cause of 28-day mortality was ARDS (78.7%), while
the others had causes such as septic shock, arrhythmia, and
hypovolemic shock. ICU mortality was significantly higher in
the excluded patients than in the included patients (61.3% vs.
46.3%, P=0.03); however, there was no difference in mortality
at 28 days (58.0% vs. 49.5%, P=0.24). In the multivariable Cox
regression analysis, baseline serum lactate level (HR, 1.25; 95%

Acute and Critical Care 2022 August 37(3):322-331

CI, 1.05-1.48 per 1-mmol/L increase) and change in PaO,/FiO,
ratio within 8-12 hours after the prone positioning session (HR,
0.99; 95% CI, 0.98-1.00 per 1 mm Hg increase) were signifi-
cantly associated with 28-day mortality (Table 5).

DISCUSSION

This study investigated changes in oxygenation and compli-
ance after the first prone positioning session in patients with
ARDS according to lung morphology. Overall, the improve-
ment in oxygenation after prone positioning was greater in the
focal ARDS group than in the diffuse ARDS group; however,
there was no statistically significant difference between the
two groups. Moreover, there were no differences in changes
in respiratory system compliance after prone positioning be-
tween the two groups. Among the PaO,/FiO,-matched cohort,
there were no significant differences in change in PaO,/FiO,
ratio and compliance of the respiratory system after prone po-
sitioning between the two groups.

The definition of ARDS has been controversial since it was
first described in 1967 [1], but currently it follows the Berlin
definition [12]. In the Berlin criteria, ARDS is defined by bi-
lateral opacities on chest radiograph, although a CT scan can
also visualize the disease. The interobserver reliability of the
Berlin definition is moderate, driven primarily by variability in
imaging interpretation [20]. In an international cohort study
of patients with ARDS [21], the diagnosis of ARDS was missed
in two-thirds of the patients, leading to failure of appropriate
strategies to reduce mortality. Another prospective study at-

https://www.accjournal.org 327
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Table 5. Univariable and multivariable Cox regression analysis of the prognostic factors associated with 28-day mortality

Univariable analysis

Multivariable analysis

Factor HR (95% CI) P-value HR (95% CI) P-value
Focal ARDS 0.83 (0.41-1.67) 0.603

Age (yr) 1.00 (0.98-1.02) 0.650

Male 0.80 (0.44-1.46) 0.467

Body mass index (kg/m?) 1.02 (0.94-1.10) 0.684

SOFA score 1.09 (0.99-1.21) 0.072 1.12 (0.97-1.29) 0.122
APACHE Il score 1.04 (0.99-1.08) 0.124

SAPS I 1.01 (0.99-1.03) 0.190

Charlson comorbidity index 1.03 (0.94-1.13) 0.508

Solid tumor 1.32 (0.75-2.35) 0.339

Hematologic malignancy 1.49 (0.77-2.87) 0.236

Lactate (mmol/L) 1.26 (1.06-1.49) 0.007 1.25(1.05-1.48) 0.013
Baseline Pa0,/Fi0, ratio (mm Hg) 1.00 (0.99-1.01) 0.960

Baseline driving pressure (mm Hg) 1.01 (0.95-1.08) 0.732

Interval of intubation and prone positioning (day) 1.02 (0.96-1.09) 0.525 1.12 (0.99-1.27) 0.072
Change of Pa0,/Fi0, ratio from the baseline to 8-12 0.99 (0.98-1.00) <0.001 0.99 (0.98-1.00) 0.002

hours after prone positioning session (mm Hg)
Change of Cdyn from the baseline to 8-12 hours after 098 (0.95-1.02) 0.329
prone positioning session (ml/cm H,0)

Neuromuscular blocker 1.21(0.38-3.92) 0.741

Glucocorticoids 1.64 (0.51-5.30) 0.405

Vasopressors 1.02 (0.53-1.96) 0.957

Inhaled nitric oxide 1.24 (0.63-2.43) 0.538

Renal replacement therapy 1.54 (0.72-3.29) 0.268

Cross over to extracorporeal membrane oxygenation 0.37 (0.05-2.69) 0.326

HR: hazard ratio; Cl: confidence intervals; ARDS: acute respiratory distress syndrome; SOFA: Sequential Organ Failure Assessment; APACHE: Acute Physiology
and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; Pa0,: partial pressure of oxygen; FiO,: fraction of inspired oxygen; Cdyn: dynamic lung

compliance.

tempted to show the superiority of personalized treatment
according to lung morphology but was unsuccessful due to
misclassification of images [11]. To overcome this imaging lim-
itation, chest CT can be used to increase the accuracy of diag-
nosis [22,23]. A retrospective observational study showed that
CT scans led to changes in management in 26.5% of patients
with ARDS [24]. To obtain a more accurate evaluation of ARDS
patterns, we used chest CT scans to classify the subphenotypes
in the current study.

In the LIVE study, personalized management of mechanical
ventilation was applied, considering the advantages of being
prone to focal ARDS and high PEEP and recruitment ma-
neuvers to diffuse ARDS; however, the results did not show a
significant decrease in mortality [11]. Here, we did not directly
compare the tailored strategy according to lung morphology
due to the retrospective nature of the study. However, we ap-
plied prone positioning to patients with ARDS, focusing on

lung protective ventilation, and there were no differences in
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gas exchange and lung compliance between the two groups.
Moreover, in multivariable analysis, the interval between intu-
bation and prone positioning tends to be associated with 28-
day mortality (HR, 1.12; 95% CI, 0.99-1.27). Therefore, prone
positioning can be considered as soon as indicated, regardless
of ARDS lung morphology.

In a previous study, Gattinoni et al. [19] defined “prone
responders” as patients with ARDS in whom the PaO,/FiO,
ratio increased to 220 mm Hg. The proportion of prone re-
sponders was 72.1% in the Gattinoni group and 68.4% in the
present study. Our institution proposed classification of prone
responders as those with an increase in the percentage change
in Pa0,/FiO, ratio of 53.5% from baseline to 8-12 hours after
prone positioning (time P8-12) [7]. Based on this new crite-
rion, the proportion of prone responders was 41.7% in the
diffuse group and 60.9% in the focal group, a non-significant
difference. However, there is some possibility of underpow-
ered results of primary and secondary outcomes. Although
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not statistically significant, the proportion of prone responders
according to this novel definition was relatively higher and
the 28-day and ICU mortality rates were relatively lower in
the focal ARDS group than in the diffuse ARDS group. More-
over, among the traditional prone responders, the percentage
change in Pa0,/FiO, ratio from baseline to P8-12 was sig-
nificantly higher in the focal ARDS group than in the diffuse
ARDS group (median, 90.4% [IQR, 69.5-161.1] vs. 75.1% [IQR,
37.0-106.9]; P=0.04) (Supplementary Table 3). Additionally,
focal ARDS is considered to have a low baseline PaO,/FiO,
ratio due to its large shunt fraction. Regional shunt fraction
tends to be higher in a dependent area [25]. In the present
study, PaO,/FiO, ratio before prone positioning was signifi-
cantly lower in focal ARDS patients, who can have a substan-
tial true shunt in the dorsal lung [26]. As prone positioning
improves the shunt fraction [25], the greater improvement
of oxygenation in the focal ARDS group might be due to the
higher shunt fraction. Nevertheless, in patients with moder-
ate-to-severe ARDS, the proportion of prone responders was
greater than 50% with both definitions. Therefore, if a prone
position is indicated, it should be actively implemented re-
gardless of lung morphology.

Known prognostic factors of ARDS are physiological and
laboratory variables such as age, SOFA score, oxygenation
index, and driving pressure [27-29]. Additionally, circulating
plasma markers of inflammation such as IL-6, IL-8, sSTNFRI,
and PAI-1 are used to classify subphenotypes of ARDS, and the
higher are concentrations of biological variables, the higher
is the mortality rate [9]. Previous studies have also revealed
the correlation between ground-glass opacity (GGO) extent
and inflammatory cytokine concentrations [30], as well as the
correlation between GGO extent and mortality [31]. Although
it is difficult to compare in our study because we did not mea-
sure prognostic biomarkers, it is possible that mortality tends
to be higher in the diffuse ARDS group due to the extent of
pulmonary opacity. Recently, in our institution, we revealed
that improvement in oxygenation after prone positioning
can be a predictor of survival [7], and a recent Italian study in
coronavirus disease 2019 (COVID-19) ARDS showed that the
sustained improvement of PaO,/FiO, ratio after the first prone
positioning was related to shorter duration of mechanical ven-
tilation and less ICU mortality [32]. Furthermore, we evaluated
the relationships between patient variables and survival using
multivariable Cox regression analysis. It was shown that the
extent of improvement in PaO,/FiO, ratio after initial prone
positioning could be a predictor of mortality (HR, 0.99; 95% CI,
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0.98-1.00; P=0.002), and it was confirmed that improvement of
oxygenation after prone positioning was related to mortality.

This study had several limitations. First, this was a retro-
spective study conducted in a single center. Additionally,
more than half of patients were diagnosed with malignancy.
Therefore, our results are not necessarily generalizable to
other hospital settings. Second, the number of patients with
ARDS who underwent chest CT was relatively small. Patients
who did not undergo CT scan had a higher ICU mortality rate
than those who did undergo CT scan. Additionally, those who
did not undergo CT scan might have had unstable vital signs
and worse status, hindering the CT procedure. Furthermore,
there is possibility of underpowered results of the PaO,/FiO,-
matched cohort analysis due to limited sample size. There-
fore, the generalizability of the results is limited. Third, chest
CT cannot usually be performed at the time of ARDS diagno-
sis due to the risk of in-hospital transfer and radiation. How-
ever, in this study, the median duration from CT scan to prone
positioning was 2 days, which might be appropriate to differ-
entiate between focal and diffuse ARDS. Future studies might
use other modalities, such as lung ultrasound, dynamic lung
tomography, and electrical impedance tomography, to iden-
tify subphenotypes of ARDS at the bedside to overcome these
risks. Fourth, most patients were under pressure-controlled
ventilation. As peak inspiratory pressure was assumed to be
equal to plateau pressure in pressure-controlled ventilation
mode, driving pressure might have been overestimated. Ad-
ditionally, esophageal pressure could not be measured in the
present study, and change in transpulmonary pressure could
not be confirmed. Fifth, regardless of consolidation or GGO,
the distribution of lung aeration loss was simply divided into
focal and diffuse in this study. Moreover, radiological findings
could not be quantified. In future studies, it is necessary to
quantify the type and distribution of aeration loss.

In conclusion, the improvement in oxygenation after prone
positioning did not differ according to lung morphology in
patients with moderate-to-severe ARDS. The findings of our
study suggest that prone positioning can be initiated as soon
as indicated, regardless of ARDS lung morphology.
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