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position after abdominal surgery.
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Background: The recent demonstration of prone position’s strong benefit on patient survival has rendered proning
a major therapeutic intervention in severe ARDS. Uncertainties remain as to whether or not ARDS patients in the
postoperative period of abdominal surgery should be turned prone because of the risk of abdominal complications.
Our aim was to investigate the prevalence of surgical complications between patients with and without prone

Methods: This study was a multicenter retrospective cohort of patients with ARDS in a context of recent abdominal
surgery. Primary outcome was the number of patients who had at least one surgical complication that could be
induced or worsened by prone position. Secondary outcomes included effects of prone position on oxygenation.
Data from the prone group were compared with those from the supine group (not having undergone at least a prone

Results: Among 98 patients included, 36 (37%) had at least one prone position session. The rate of surgical
complications induced or worsened by prone position did not differ between prone and supine groups [respectively,
14 (39%) vs 27 (44%); p = 0.65]. After propensity score application, there was no significant difference between the
two groups (OR 0.72 [0.26-2.02], p = 0.54). Revision surgery did not differ between the groups. The first prone session
significantly increased PaO,/FiO, ratio from 95 £ 47 to 189 & 92 mmHg, p < 0.0001.

Conclusion: Prone position of ARDS patients after abdominal surgery was not associated with an increased rate of
surgical complication. Intensivists should not refrain from proning these patients.

Background

Prone positioning has been used for a long time to
improve oxygenation in patients with acute respiratory
distress syndrome (ARDS) [1]. The different mechanisms
explaining its potential benefits include homogenization
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and indicate if changes were made.

of ventilation—perfusion mismatch, redistribution of
pleural pressure gradient, net alveolar recruitment and
more harmonious alveolar inflation [2] and prevention
and reduction of ventilator-induced lung injury (VILI)
[3, 4]. Until recently, randomized controlled trials
(RCT) on prone position failed to show a net benefit
on survival [5-8] but had provided cues for a possible
benefit among the most severe ARDS patients [9, 10].
Guerin et al. confirmed this hypothesis by demonstrating
a strong survival benefit in a large RCT in patients with
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PaO2/FiO2 ratio <150 mmHg [11]. This resounding
demonstration, linked to the fact that prone positioning
does not require any special equipment and is not
associated with excess side effects (10), suggests all severe
ARDS patients should be turned prone in case of
refractory hypoxemia [12]. This is true irrespective of the
origin (pulmonary or extra-pulmonary) of ARDS, with
the exception of trauma patients with spinal instability
or unmonitored increased intracranial pressure.
Despite these evidences, a recent large international
epidemiological study indicates that only 16% of severe
ARDS patients are turned prone [13]. Among etiologies of
extra-pulmonary origin, those consecutive to abdominal
emergencies may constitute an obstacle to the use of
prone position and lead to an even smaller percentage
than above. In case of severe hypoxemia in the early
postoperative period, intensivists could be reluctant to
prone patients for fear of repercussions on scars, draining
systems and stoma. Cases of midline abdominal wound
dehiscence potentially related to prone positioning have
been reported [14] but to what extent prone position
may induce or worsen postsurgical complications
remains unknown. Because prone position is now a
major therapeutic intervention in the management of
ARDS, it is crucial to determine whether prone position
is associated or not with more complications in patients
with ARDS after abdominal surgery.

Given that this population represents a minority of
patients included the above-mentioned RCT and that
there is no questioning of the efficacy of prone position
in ARDS, yet another RCT is no desirable (nor feasible)
to obtain such determination. We therefore conducted a
retrospective, multicenter study to assess the prevalence
of surgical complications that could be a priori induced or
worsened by prone position among patients developing
ARDS after abdominal or pelvic surgery.

Methods

Design and ethics

This was a retrospective study performed in three ICUs
of Assistance Publique—Hopitaux de Paris, University
Hospitals (Louis Mourier, Lariboisiere and Kremlin-
Bicétre) between March 2009 and March 2014 designed
to compare the risk of surgical complications that could
be a priori induced or worsened by prone position
between patients who had at least one prone position
session (prone group) and those who remained supine
(supine group) after abdominal surgery. Admission
of abdominal emergencies in these three ICUs is part
of their routine activity. In case of ARDS, decision to
prone patients was taken by the ICU physicians and the
context of abdominal surgery was not considered as a
contraindication.
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The study was approved by the Ethics Committee
of the French Intensive Care Society (project no.
14-31). We followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
statement guidelines for observational cohort studies
[15].

Study population
Two independent searches on the ICU’s electronic
database were performed over the study period, one
with the search label “ARDS” (ICD label J80) and the
other with “acute respiratory failure” (ICD label J960).
The two lists of patients were cross-checked to ensure
exhaustibility and verify the final diagnosis of ARDS.
Once extracted, medical records were reviewed. Patients
were retained in the final analysis if they had an ARDS
consistent with Berlin definition [16] (oxygenation
criteria: PaO,/FiO, <300 mmHg with PEEP or CPAP
>5 ¢cmH,0) in a context of recent (less than 7 days)
abdominal surgery. We did not include in the analysis
patients who had just had a laparoscopy or who died in
the next 48 h following surgery.

The day of inclusion (DO0) in the analysis was defined as
the day when ARDS occurred.

Main characteristics of protocol use for the prone
positioning placement

During the study period, medical and paramedical teams
followed protocol for prone positioning placement.
A minimum of four persons were required for the
procedure; one of them was placed at the patient’s head
to secure the endotracheal tube. Rotation to the left or
to the right depended on the location of invasive arterial
pressure and central venous lines. The upper limbs were
placed alongside the body. Potential pressure points were
protected using adhesive pads.

A circular pillow was used to ensure appropriate
position of the head and the endotracheal tube. Pillows
were placed under the thorax and pelvis in order to limit
abdominal pressure.

Data collection
The data recorded from the files were the following:

Epidemiological data: age, sex, weight, body mass index
(BMI), chronic obstructive pulmonary disease, ischemic
heart disease, systemic hypertension and diabetes.

Characteristics of ICU severity: SAPS 1I [17], septic
shock (at DO) defined by Bone’s criteria [18] and
catecholamine infusion (at DO).

Characteristics of ARDS and mechanical ventilation:
lowest PaO,/FiO, ratio at DO, highest plateau pressure
(Pplat) at DO, lowest tidal volume at DO, highest PEEP at
DO, use of adjunctive therapies (including neuromuscular
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blocking agents, inhaled nitric oxide, prone positioning)
and duration of mechanical ventilation. For patients
who had at least one prone position session (prone
group), data collection included: time between surgery
and first prone position session, number and duration
of prone position session, PaO,/FiO, before (measure
on the last arterial blood gas before first prone session)
and after (measure on the first arterial blood during the
first prone position session) and hemodynamic changes
after first prone session. To address this hemodynamic
issue, we defined three categories depending on the
changes in catecholamine dosage during the first 2 h
of the first prone session: i/hemodynamic worsening
(defined as increase in catecholamines), ii/hemodynamic
improvement (decrease) and iii/hemodynamic stability
(no change).

Characteristics of abdominal surgery: planned or
emergent surgery, delay between surgery and ICU
hospitalization, presence of peritonitis (defined according
to the International Sepsis Forum Consensus Conference
on Definitions of Infection in the Intensive Care Unit
[19], type of surgical procedure, number and type of
stoma. Not being a routine procedure, intra-abdominal
pressure was not systematically measured.

Postoperative surgical complications: We defined a
priori these complications: scar dehiscence, abdominal
compartment syndrome (define as intra-abdominal
hypertension >20 mmHg with new organ dysfunction
or failure) [20], stoma leakage, stoma necrosis, scar
necrosis, wound infection, displacement of a drainage
system, removal of a gastro- or jejunostomy feeding tube
and digestive fistula. The Clavien—Dindo classification
for surgical complications was assessed. However, it was
not discriminant since all the patients were de facto in the
ICU and under invasive MV (>IVa) [21].

Primary endpoint

The primary endpoint was the number of patients who
had at least one surgical complication defined a priori
(see above) that could be induced or worsened by prone
position.

Secondary endpoints

Secondary endpoints were the number of revision
operations due to complication induced or worsened by
prone position. Other secondary endpoints were effect
of prone position on oxygenation duration of mechanical
ventilation, ICU mortality and ICU length of stay.

Statistical analysis

Statistical analysis was performed with GraphPad Prism
5 (GraphPad Software, San Diego, USA) and R version
3.1.2 (R Foundation for Statistical Computing, Vienna,
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Austria.). Categorical variables are described by their
numbers and proportions and compared by the Fisher’s
exact test. The normality of continuous variables was
tested by the Kolmogorov—Smirnov test. Continuous
variables of normal distribution are described by mean
and standard deviation and compared by Student’s ¢ test.
Continuous variables of non-normal distribution are
described by median and interquartile [25, 75%] range
and compared by the Mann—Whitney test.

Primary endpoint was compared between the prone
and supine groups using propensity score weighting to
balance patient characteristics between the two groups.
It was conducted in two stages. In the first stage, we
performed a multivariate logistic regression to predict
the probability of being in the prone group (i.e., the
estimated propensity score (PS)), controlling for all the
pre specified covariates (see above). In the second stage,
we constructed logistic regression model to compare
the risk of complication between prone and supine
groups, using the inverse of the propensity score as a
weight, targeting the average treatment effect in the
whole population [22]. More precisely, a logistic model
regressing the outcome with exposure (i.e., prone or
supine group) as the only covariate was fitted, each
subject being weighted according to its PS value, with a
stabilized weight W equal to: W = pT/PS if subject is in
the prone group, and (1 — pT)/(1 — PS) if subject is in the
supine group, where pT is the is the overall probability of
being in the prone group in the sample. Robust standard
errors were used.

Variables considered for propensity score estimation
were chosen based on empirical knowledge and included:
age, weight, SAPS II, diabetes status, presence of a colonic
stoma, of a small bowel stoma and of jejunostomy,
use of catecholamines and delay from surgery to ICU
hospitalization. No variable selection was performed.
Balance on covariates between prone and supine groups
was assessed and reported using absolute standardized
differences (ASD) [23], and a sensitivity analysis with
additional adjustment for covariates with ASD >10% after
weighting was performed.

Results
Study population
Among the 10,039 patients admitted to the participating
ICU during the study period, 1411 had ARDS consistent
with the Berlin definition [16]. Of these, 98 patients
had undergone an abdominal surgery in the last 7 days
(Fig. 1). Thirty-six patients (37%) had at least one prone
position session and 62 (63%) remained supine.

Table 1 shows that patients were severely ill as
attested by high SAPS II scores and the requirement for
catecholamine infusion at DO. Systemic hypertension and
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Patients admitted in ICU
n=10,039

ARDS
N=1,411

Patients excluded from analyze
No recent surgery (n=1,218)

A 4

A\ 4

Laparoscopy (n=48)
Died in the next 48 h following surgery (n=47)

n=98

Recent (<7 days) abdominal surgery

/\

Supine group
n=62

Prone group
n=36

Fig. 1 Patients flowchart of the 5-year period study

diabetes were more frequent in the supine group, and
those patients had a higher SAPS II.

Respiratory failure at DO was more severe in the
prone group with a lower PaO,/FiO, (74 £+ 24 mmHg
vs 101 £+ 43 mmHg, p = 0.0005), a higher PEEP level
(13 &+ 3 vs 10 &+ 3 cm of water, p = 0.0001), a higher
plateau pressure (26 + 4 vs 23 £+ 7 cm of water, p = 0.02)
and a more frequent use of adjunctive therapies.

Characteristics of abdominal surgery were similar in
the two groups except for colonic resection and colonic
stoma (more frequent in supine group). The delay
between surgery and ICU hospitalization was 0 [0-1]
days.

Primary endpoint

Rate of surgical complications a priori induced or
worsened by prone position did not differ between prone
and supine groups [respectively: n = 14 (39%) vs n = 27
(44%); p = 0.65]. Details regarding these complications
are summarized in Table 2.

After propensity score application, there was still no
significant difference between the two groups (OR 0.72
[0.26-2.02], p = 0.54). Since an imbalance was detected
after propensity score weighting for variable “colonic
stoma” (Additional file 1: Figure 1E), an analysis adjusting
for this covariate was also performed, with unchanged
results (data not shown).

Secondary endpoint (Table 3)

Twenty-one (58%) patients were turned prone in the
first 48 h following the surgery (median time between
surgery and first prone session 2 [1-4] days). The
median number of prone session was 1 [1-2] (1 session:

19 patients, 2 sessions: nine patients, 3 sessions: six
patients, 4 sessions: one patient, 5 sessions: one patient).
The duration of the first and second session were,
respectively, 15.8 (£10.4) and 19.2 (£10.3) hours. PaO,/
FiO, ratio improves dramatically after the first prone
session (Fig. 2).

During the first 2 h of the first prone session, 26
(72%) patients were hemodynamically stable, six (17%)
experienced hemodynamic worsening and four (11%)
experienced hemodynamic improvement.

Rate of revision surgery did not differ between the two
groups. Duration of MV, ICU length of stay and ICU
mortality were also not different (Table 3).

Discussion

This is the first retrospective multicentre study evaluating
safety and efficacy of prone position for severe post-
abdominal surgery ARDS patients. We found that
early postoperative prone position was not associated
with increased local or surgical complications and that
oxygenation significantly improved after one session of
proning. These results were found in a varied population
of patients, in three distinct hospitals, which give credits
to their generalizability. They may have an immediate and
significant impact on patient outcome, given the recent
demonstration of the strong survival benefit of prone
position during ARDS [11].

Despite large RCT in this context [5-8, 11], data
regarding post-abdominal surgery patients are missing.
Indeed, although post-abdominal surgery is not stated
as a contraindication to prone position, it is difficult to
extract specific figures regarding this population from
these studies. This is either due in part to the fact that
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Table 1 Characteristics of patients
Overall Prone Supine p*

n 98 36 62

Epidemiological data
Age (years) (SD) 64 (18) 59(19) 67 (17) 0.08
Male gender, n (%) 59 (60) 22 (61) 37 (60) 0.89
Weight (kg) (SD) 83 (24) 81 (26) 83 (24) 0.63
BMI (kg/m?) (SD) 3109 30(10) 31(10) 0.77
COPD, n (%) 15 (15) 6(17) 9(15) 0.77
Ischemic heart disease, n (%) 15(15) 4011) 11(18) 0.38
Systemic hypertension, n (%) 60 (61) 13 (36) 47 (76) 0.001
Diabetes, n (%) 29 (30) 5(14) 24 (39) 0.01

Characteristics of ICU severity
SAPSII(SD) [17] 53(17) 47 (15) 56 (17) 0.02
Septic shock (at D0), n (%) 75(77) 26 (72) 49 (79) 0.44
Catecholamine infusion (at DO) 87 (89) 33(92) 54 (87) 0.74

Pa0,/Fi0O, and ventilator settings at DO
PaO,/FiO, (mmHg) (SD) 91 (39) 74 (24) 101 (43) 0.0005
Plateau pressure (cm of water) (SD) 24 (6) 26 (4) 23(7) 002
Tidal volume (ml) [IQR] 446 [400-497] 444 [400-500] 448 [400-496] 0.57
PEEP (cm of water) (SD) 11(4) 13(4) 10(3) 0.0001

Adjunctive therapies (during ICU stay)
Inhaled nitric oxide, n (%) 24 (24) 13 (36) 11(18) 0.04
NMBA, n (%) 59 (60) 32(89) 27 (43) 0.0001

Characteristics of abdominal surgery
Emergent surgery, n (%) 79 (81) 30 (83) 49 (79) 0.60
Peritonitis, n (%) 41 (42) 14 (39) 27 (43) 0.65
Colonic resection, n (%) 22 (22) 4(11) 18 (29) 0.04
Small bowel resection, n (%) 27 (28) 9 (25) 18 (29) 067
Gastric resection, n (%) 8 (8) 4(17) 4 (6) 0.46
Esophageal resection, n (%) 7(7) 3(8) 4 (6) 0.71
Cholecystectomy n (%) 11(1) 5(14) 6 (10) 0.53
Partial hepatectomy, n (%) 3(3) 2 (6) 102) 0.28
Splenectomy, n (%) 1(1) 0(0) 102 1.00
Partial pancreatectomy, n (%) 3(3) 0(0) 3(5) 030
Hysterectomy, n (%) (1) 0(0) 1(2) 1.00
Parietal resection, n (%) 8(8) 5(14) 35 0.14
Cesarean, n (%) 3(3) 2 (6) 102) 0.55
HIPEC, n (%) (1) 0(0) 12 1.00
>1 stoma, n (%) 34 (35) 10 (28) 24 (39) 027
Colonic stoma, n (%) 15(15) 2(6) 1321) 0.04
Small bowel stoma, n (%) 16 (16) 6(17) 10 (16) 0.95
Jejunostomy, n (%) 5(5) 2 (6) 3(5) 1.00
Gastrostomy, n (%) 1(1) 0(0) 102 1.00
Open abdomen, n (%) 4 (4) 1(3) 3(5) 1.00

Italic values refer to a statistically significant p-value

BMI body mass index, COPD chronic obstructive pulmonary disease, SAPS Il, PEEP positive end-expiratory pressure, ICU intensive care unit, NMBA neuromuscular

blockade agent, HIPEC hyperthermic intraperitoneal chemotherapy, SD standard deviation, /QR interquartile [25, 75%]

* Prone versus supine

the precise number of patients with post-abdominal
surgery is not provided [5, 7, 8] or because the definition

of postoperative acute respiratory failure encompasses
patients with very low risks of surgical complications
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Table 2 Postoperative surgical complications

Prone Supine p

n=36 n=62
Scar dehiscence, n (%) 3(8) 15(24) 006
Abdominal compartment syndrome, n (%) 103) 6(10) 026
Stoma leakage, n (%) 1(3) 13(2) 1.00
Stoma necrosis, n (%) 38 3(5) 0.67
Scar necrosis, n (%) 13) 102 1.00
Wound infection, n (%) 6(17) 5(8) 0.20
Displacement of a peritoneal drainage system 0 (0) 1(2) 1.00
Displacement of a biliary drainage system 0(0) 102 1.00
Removal of a gastrostomy feeding tube 0(0) 0(0) 1.00
Removal of a jejunostomy feeding tube 13) 0(0) 037
Digestive fistula 3(8) 11(18) 024

NB: one patient could have several complications. This explains that the total (19
for prone group and 56 for supine group) may be different than the number of
primary endpoint (define as “at least one surgical complication”)

Table 3 Primary and secondary endpoints

Overall Prone Supine p
Primary endpoint?, n (%) 41 (42) 14 (39) 27 (44) 0.65
Revision surgery®, n (%) 17017) 3(8) 4(23) 0.10
All revision surgery® 35 (36) 8(22) 26 (42) 0.10
Duration of MV O[ —17] 9.5[6-21] 1 [6-15] 0.72
ICU length of stay 3[7-22] 131[8-24] 3[6-211 077
ICU mortalityd, n (%) 43 (44) 15 (42) 28 (45) 043

MV mechanical ventilation, ICU intensive care unit

@ At least one surgical complication that could be induced or worsened by
prone position

b For primary endpoint
¢ Several patients had more than one revision surgery

9 Five patients died in the first 48 h (two in the prone group and three in the
supine group)

(endoscopic procedures and interventional radiological
procedures) (6, 11). The lack of such available data led us
to investigate the safety of prone position in abdominal
postoperative ARDS patients. Our results could provide
clinicians with answers to the following questions: is the
prone position associated with a greater rate of surgical
complications? Does it yet improve oxygenation?

We deliberately chose not to investigate other known
adverse events related to prone position because these
complications are not more frequent in patients turned
prone [10].

Data on the rate of surgical complications are
scarce. Offner et al. [14] described four patients
with multisystem trauma placed prone after midline
abdominal incisions for exploratory laparotomy. Among
them, one experienced wound dehiscence. Authors
suggested that careful consideration was required before
turning prone this subset of patients. However, number
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Fig. 2 Bar graph representing changes in mean PaO,/FiO, before
and after first prone position session. There was a significant increase
in this ratio after the first session of prone (p < 0.0001). PaO,/FiO,
before PP: measure on the last arterial blood gas before first prone
session; PaO,/FiO, after PP: measure on the first arterial blood gas
during the first prone position session. PP prone position

of patients studied was very small and no comparison
with patients kept supine was made, preventing any
definite answer to the question. On the opposite, our
results offer a clear answer: We found no increase in the
number of complications even after using a propensity
score. This result stemmed from an exhaustive analysis
of the patients’ charts and medical files, using an a priori
a list of surgical complications possibly related to prone
position, established in collaborations with surgeons at
the participating centers and confronted to an analysis of
the literature on the subject.

Regarding oxygenation, in this patient population, little
is available in the literature. In a small retrospective study,
Davis et al. [24] described trauma and surgical patients
with acute lung injury and ARDS and questioned the
benefit of prone position. Others found that oxygenation
was improved by the prone position, which suggests the
effectiveness of the technique in terms of oxygenation.
However, numbers of patient were small and data
regarding complications and more specifically surgical
complications were not reported.

Our results confirm that in patients with postsurgical
ARDS, prone positioning provides a clear benefit in
terms of oxygenation. Compared to results from the large
RCTs, we found a comparable if not greater improvement
in PaO,/FiO, ratio. Gattinoni et al. [5] and Guerin et al.
[11] report a PaO2/FIO2 increase after the first prone
session of approximately 60 and 50 mmHg, respectively.
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Ours was almost 100 mmHg, which confirms and extends
that patients with postsurgical ARDS are particularly
responsive to prone position.

Strengths and weaknesses

Because Guerin et al. unambiguously demonstrated the
clear benefit in terms of survival of prone position in a
large population of very diverse etiologies of ARDS,
there is obviously no case for another RCT in the specific
setting of post-abdominal surgery (6). Indeed, we
observed that 40% of patients had at least one surgical
complication potentially related to position in the present
study. To test the non-inferiority of prone position
against supine position with a proper RCT, approximately
2400 subjects would be necessary to obtain a power of
80%, with a non-inferiority margin of 5%, and a type I
error rate of 5%. It would take years to complete such a
RCT. Given the small numbers of patients concerned by
this condition, we felt that a retrospective study could
help address our question. This choice has by design
some limitations (including possible confounding effect,
undisclosed bias in the decision of being or not turned
prone). However, these were counterbalanced by the
multicenter design of our study and the number of
patients included which constitutes to date the largest
study on the subset of postsurgical patients. Additionally,
our database is part of a larger network used by many
ICUs in Paris and its suburbs called CUB-Réa, and
several publications have already been made with the
data extracted from this database, so as to prove its
efficacy and reliability [25, 26]. Although certain specifics
of the prone sessions could not be traced in the records
(e.g., staff required to turn the patient prone, number and
location of pillows used), protocol used in the three ICUs
was very similar and included placement of pillows under
the thorax and pelvis in order to limit abdominal pressure
[27]. We acknowledge the fact that the number of prone
sessions was lower than in PROSEVA. The possibility that
a greater number of prone sessions could be associated
with an increased risk of surgical complication cannot be
ruled out. However, intuitively, one can reason that the
risk of complications specifically related to the surgery
is greater in the early days after surgery. Because more
than half the patients were turned prone within the
first 48 h after surgery, we believe this limits the risks of
having missed some complications because of insufficient
number of prone sessions.

Baseline characteristics differed slightly between
the two groups: Supine patients were older. This
difference may impact related variables such as arterial
hypertension, diabetes and SAPS II score. Nonetheless,
the use of a propensity score analysis that takes into
account these differences confirmed the initial findings.
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Despite our conclusive results, the decision to turn a
post-abdominal surgery patient prone should be taken
on a case-by-case basis after discussion between the
surgeons and the intensivists. Several issues could restrict
use of prone position, such as multiple intra-hospital
transport for CT scan, need for frequent revision surgery
or presence of a Mikulicz drainage system. Nonetheless,
we believe none of the above represents an absolute
contraindication, and all are outweighed in case of life-
threatening hypoxemia.

To conclude, our results confirm the effectiveness
of prone positioning in terms of oxygenation in ARDS
after abdominal surgery without significant increase
in surgical complications and no effect on the need for
surgical revisions. Hence, if necessary, our results suggest
that clinicians should not refrain from proning patients
with post-abdominal surgery ARDS.

Additional file

Additional file 1. Figure 1E: Imbalances between prone and supine
groups before and after propensity score weighting. This figure is a
graphical representation of absolute standardized differences, showing
imbalances of patients’baseline characteristics between prone and supine
groups before and after propensity score weighting. A standardized
difference <10% indicates excellent covariate balance. Red circle symbol:
without weighting. Blue circle symbol: using the inverse of the propensity
score as a weight.
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