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CHR Orléans, Réanimation Médicale
Polyvalente, Orléans, France
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Abstract Purpose: We sought to
determine the prevalence of and fac-
tors associated with acute cor
pulmonale (ACP) and patent foramen
ovale (PFO) at the early phase of
acute respiratory distress syndrome

(ARDS), and to assess their relation
with mortality. Methods: In this
prospective multicenter study, 200
patients submitted to protective ven-
tilation for early moderate to severe
ARDS [PaO2/FIO2: 115 ± 39 with
FIO2: 1; positive end-expiratory
pressure (PEEP): 10.6 ± 3.1 cmH2O]
underwent transthoracic (TTE) and
transesophageal echocardiography
(TEE) \48 h after admission.
Echocardiograms were independently
interpreted by two experts. Factors
associated with ACP, PFO, and
28-day mortality were identified
using multivariate regression
analysis. Results: TEE depicted
ACP in 45/200 patients [22.5%; 95 %
confidence interval (CI)
16.9–28.9 %], PFO in 31 patients
(15.5 %; 95 % CI 10.8–21.3 %), and
both ACP and PFO in 9 patients
(4.5 %; 95 % CI 2.1–8.4 %). PFO
shunting was small and intermittent in
27 patients, moderate and consistent
in 4 patients, and large or extensive in
no instances. PaCO2 [60 mmHg was
strongly associated with ACP [odds
ratio (OR) 3.70; 95 % CI 1.32–10.38;
p = 0.01]. No factor was indepen-
dently associated with PFO, with only
a trend for age (OR 2.07; 95 % CI
0.91–4.72; p = 0.08). Twenty-eight-
day mortality was 23 %. Plateau
pressure (OR 1.15; 95 % CI
1.05–1.26; p \ 0.01) and air leaks
(OR 5.48; 95 % CI 1.30–22.99;
p = 0.02), but neither ACP nor PFO,
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were independently associated with
outcome. Conclusions: TEE
screening allowed identification of
ACP in one-fourth of patients sub-
mitted to protective ventilation for

early moderate to severe ARDS. PFO
shunting was less frequent and never
large or extensive. ACP and PFO
were not related to outcome.

Keywords ARDS � Acute cor
pulmonale � Patent foramen ovale �
Interatrial shunt � Echocardiography

Introduction

Acute respiratory distress syndrome (ARDS) is associ-
ated with injuries to the alveolar epithelium and
microvascular endothelium which result in severe hyp-
oxemia, decreased pulmonary compliance, and increased
pulmonary vascular resistance [1, 2]. Acute pulmonary
hypertension increases right ventricular (RV) afterload,
which may be further increased by positive-pressure
ventilation required to correct ARDS-induced hypoxemia
[3, 4]. Acute cor pulmonale (ACP) is the most severe
clinical presentation of acute RV failure secondary to an
abrupt increase of RV afterload. Diagnosis of ACP cur-
rently relies on echocardiography when it depicts the
conjunction of RV dilatation and paradoxical septal
motion [5]. Pulmonary hypertension associated with
ARDS may reverse the pressure gradient between the
right and left atria, thereby facilitating shunting through
a patent foramen ovale (PFO). PFO shunting may, in
turn, contribute to the systemic hypoxemia and reduce
the response to positive end-expiratory pressure (PEEP)
[6]. The prevalence of ACP and PFO in ventilated ARDS
patients have only been reported in single-center studies
using transesophageal echocardiography (TEE). The
frequency of ACP has been diversely reported, ranging
from 22 to 61 % [6–8], and the diagnostic value of
transthoracic echocardiography (TTE) has not yet been
evaluated in this specific setting.

Using right-heart catheterization, Monchi et al. [9]
showed long ago that RV systolic dysfunction was an
independent predictive factor of mortality in ARDS
patients, when ventilated without airway pressure limita-
tion. These results were not confirmed in more recent
studies using a protective ventilation strategy [7, 10].
Although ACP has been described as a prognostic factor
in acute pulmonary embolism [11], its potential impact on
outcome in patients sustaining ARDS has not yet been
elucidated.

Accordingly, the present multicenter study was pri-
marily conducted to determine the prevalence of ACP and
PFO in ventilated patients with early ARDS when
assessed using TEE during the 48 h following admission
to the intensive care unit (ICU). Secondary objectives
were: (1) to assess the feasibility and diagnostic ability of
TTE in this specific setting, (2) to determine factors
associated with the development of ACP and PFO, and
(3) to assess the potential impact of ACP and PFO on
outcome.

Patients and methods

Patients

Between November 2009 and June 2012, nine intensive
care units (ICUs) participated in this prospective obser-
vational study. Consecutive patients were enrolled if they
were older than 18 years and mechanically ventilated for
ARDS as defined by the American–European consensus
conference [12]. The presence of bilateral infiltrates was
confirmed offline by an independent radiologist after
centralized review of all digital chest radiographs per-
formed at inclusion and on day 1. The oxygenation
criterion was PaO2/FIO2 B 200 using FIO2 of 1 and
PEEP C 5 cmH2O. The absence of elevated left atrial
pressure was ascertained by the identification of lateral
E/E0 \8 during the echocardiographic assessment sys-
tematically performed within the first 48 h after ICU
admission [13]. Persistent ARDS was defined as persis-
tence of all ARDS diagnostic criteria 24 h after study
inclusion [14]. Exclusion criteria were contraindication to
TEE performance [15], medical history of chronic respi-
ratory insufficiency with oxygen therapy or noninvasive
ventilation, or pregnancy. Patients were ventilated using
current expert recommendations from the Société de
Réanimation de Langue Française, and ventilator settings
were optimized to maintain oxygen saturation between 88
and 96 % and plateau pressure B30 cmH2O [14]. Alve-
olar recruitment procedures, prone ventilation,
administration of inhaled nitric oxide, and management of
associated circulatory failure were left to the discretion of
the attending physician, according to the standard of care
of participating centers. In each patient, baseline charac-
teristics were recorded on admission, vital parameters
were obtained at time of TEE examination, and 28-day
outcome was assessed. Air leaks corresponded to devel-
opment of pneumothorax, pneumomediastinum, or
subcutaneous emphysema attributed to mechanical ven-
tilation. This observational study was approved by the
Ethics Committee of the Société de Réanimation de
Langue Française, which waived informed consent.

Echocardiography

TTE and TEE examinations were performed by intensi-
vists experienced in critical care echocardiography,
according to the standard of care of participating centers
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[16]. TEE studies were performed under sedation and
neuromuscular blockers, when necessary. ACP was
defined as the conjunction of a dilated RV in the long-axis
view of the heart [end-diastolic RV area/end-diastolic left
ventricular (LV) area [0.6] and an abnormal septal cur-
vature at end systole (flattened interventricular septum or
bulging towards LV cavity) with paradoxical motion
(towards RV cavity) at the onset of systole in the short-
axis view of the heart [5]. Diagnosis of PFO relied on
identification of a right-to-left interatrial shunt during the
contrast study, which consisted of intravenous injection of
10 mL agitated saline as a bolus. A positive contrast study
corresponded to the presence of microcavitations in the
left atrium (LA) within three cardiac cycles after the total
opacification of the right atrium (RA) [17]. Three con-
secutive injections of microcavitations were performed in
the TTE/TEE four-chamber view and in the TEE bicaval
view. In the presence of PFO, a semiquantitative assess-
ment of the associated anatomical shunt was graded as
follows: ‘‘small’’ in the presence of a few LA macroca-
vitations, ‘‘moderate’’ in the presence of partial LA
opacification, ‘‘large’’ in the presence of total LA opaci-
fication, and ‘‘extensive’’ in the presence of total LA
opacification of intensity similar to the RA opacification
[18]. The RV–RA systolic pressure gradient (DPmax) was
conventionally obtained using Bernoulli’s equation, by
measuring the maximal velocity of the tricuspid regurgi-
tant jet when present and suitable for quantification:
DPmax = 4 9 V2 [19]. Digital loops were recorded for
centralized, offline, independent visual interpretation by
two experts in critical care echocardiography. Adjudica-
tion of discrepant analyses for the diagnoses of ACP and
PFO was secondarily performed jointly by the two
experts. Specifically, the septal curvature and motion
were reviewed frame by frame throughout the cardiac
cycle for adjudication of ACP diagnoses.

Statistical analysis

Continuous variables are expressed as mean ± standard
deviation (SD) or median with interquartile range (IQR),
and categorical variables are reported as number and
percentage. The prevalence of ACP and PFO were also
assessed using the recent definition of ARDS which was
not available at the time of study design [20]. The sen-
sitivity and specificity of TTE for diagnosis of ACP and
PFO were determined conventionally using TEE as ref-
erence. Intergroup comparisons were performed using the
Student t test, a v2 test or a Fisher exact test, when nec-
essary. Independent factors associated with CPA and
PFO, and predictors of 28-day mortality, were identified
using a logistic regression model. All parameters with
p value\0.20 on univariate analysis were included in the
multivariate regression model. Continuous variables for
which the assumption of linear relationship with the logit

was not met were further dichotomized in the logistic
regression models according to clinically relevant
thresholds. Odds ratios (ORs) and their 95 % CIs were
calculated. p-value \0.05 was considered statistically
significant.

Results

Among 204 consecutive patients eligible for the study
(median: 9 patients/center; IQR: 4–17), 3 were second-
arily excluded due to erroneous diagnosis of ARDS
(interstitial pneumonia: n = 2) and diagnosis of atrial
septal defect. Finally, 201 patients were studied [age
57 ± 15 years; 138 males; simplified acute physiology
score (SAPS) II: 46 ± 17; sequential organ failure
assessment (SOFA) score: 7.7 ± 3.5]; the echocardio-
graphic study was not recorded in one patient (Fig. 1).
Patients were admitted to the ICU predominantly for a
medical disease (n = 186), and less frequently for
scheduled (n = 4) or unplanned surgery (n = 5), or for
trauma (n = 5). ARDS was primarily related to infective
pneumonia (62 %), and mean PaO2/FIO2 was as low as
115 ± 39 under FIO2 of 1 and mean PEEP of
10.6 ± 3.1 cmH2O (Table 1). Eighty-three patients
(41 %) had severe ARDS with PaO2/FIO2 B 100, and 173
patients (89 %) had persistent ARDS 24 h after inclusion.
Air leaks complicating mechanical ventilation was diag-
nosed in 11 patients (5.5 %). Median ICU stay was
14 days (IQR: 9–23 days), and 28-day mortality was
23 % (95 % CI 17–29 %).

TEE provided good to excellent imaging quality in
173 patients (87 %) and was suitable for interpretation in
all patients (n = 200). ACP was identified in 45 patients
(22.5 %; 95 % CI 16.9–28.9 %) (figure, supplementary
material), PFO in 31 patients (15.5 %; 95 % CI
10.8–21.3 %) (figure, supplementary material), and both
in 9 patients (4.5 %; 95 % CI 2.1–8.4 %) (Fig. 1). The
prevalence of TEE-diagnosed ACP and PFO tended to be
higher in patients with severe ARDS when compared with
those with moderate ARDS [20], the difference being not
quite significant [22/83 (26.8 %) versus 23/118 (19.5 %),
p = 0.22 and 17/83 (20.7 %) versus 14/118 (11.9 %),
p = 0.09]. The prevalence of PFO depicted by TEE was
similar whether patients had associated ACP or not (9/45
versus 22/155; p = 0.34). PFO shunting disclosed by
TEE was small and intermittent in 27 patients (87.1 %;
95 % CI: 70.2–96.4 %) and moderate and consistent in 4
patients (12.9 %; 95 % CI 3.6–29.8 %). In no instance
was the interatrial shunt large or extensive (Fig. 1).
Microcavitations were injected through an internal jugular
vein in 107 patients (54 %), a subclavian vein in 66
patients (33 %), and a femoral vein in the remaining 27
patients (13 %). Total RA opacification was obtained in
158 patients (79 %) during TEE contrast study. DPmax

1736



tended to be higher in the presence of ACP [35 ± 12
(n = 31) versus 31 ± 12 mmHg (n = 89); p = 0.13] and
of PFO [36 ± 14 (n = 18) versus 31 ± 12 mmHg
(n = 102); p = 0.11], the difference being not significant.
In contrast, DPmax was significantly higher in patients
with severe hypercapnia (PaCO2 C 60 mmHg) [38 ± 11
(n = 11) versus 31 ± 12 mmHg (n = 106); p = 0.047]
and correlated with the PaCO2 level (Pearson correlation
coefficient: r = 0.33; p \ 0.001).

TTE provided image quality adequate for identifica-
tion of ACP in 123 patients (61 %), PFO in 90 patients
(45 %), and both ACP and PFO in only 88 patients
(44 %). ACP was identified in 19/123 patients (15.4 %;
95 % CI 9.6–23.1 %), PFO in 6/90 patients (6.7 %; 95 %
CI 2.5–13.9 %), and both ACP and PFO in 3/88 patients
(3.4 %; 95 % CI 0.7–9.6 %) (Fig. 1). Using TEE as ref-
erence, the sensitivity and specificity of TTE for the
diagnoses of ACP and PFO were 60 % (95 % CI
41–77 %) and 99 % (95 % CI 94–100 %), and 36 %
(95 % CI 13–65 %) and 99 % (95 % CI 93–100 %),
respectively.

Patients with ACP had higher mean PaCO2, and ten-
ded to have greater plateau pressure and to be treated
more frequently using alveolar recruitment maneuvers,
inhaled NO, prone ventilation, and vasopressor support
than those without ACP (Table 2). Patients with PFO
were significantly older and had lower respiratory-system
compliance than those without interatrial shunt (Table 2).

The only independent factor associated with ACP was
PaCO2 C60 mmHg (Table 3), and PaCO2 level was sig-
nificantly associated with ACP (OR 1.03; 95 % CI
1.00–1.06; p = 0.04). No factor was independently
associated with PFO, with only a trend for age (Table 3).
When included in the multivariate analysis, ACP was not
significantly associated with PFO (OR 1.36; 95 % CI
0.55–3.36; p = 0.51). Plateau pressure and air leaks were
independently associated with 28-day mortality (Table 4).
In contrast, presence of ACP (OR 1.11; 95 % CI
0.51–2.41; p = 0.79), PFO (OR 1.20; 95 % CI 0.50–2.90;
p = 0.69), or both (OR 0.96; 95 % CI 0.19–4.76;
p = 0.96) was not associated with outcome.

Discussion

In this cohort of patients with early moderate to severe
ARDS persistent at 24 h, the prevalence of ACP and PFO
identified by TEE reached 22.5 and 15.5 %, respectively.
In keeping with our results, a recent 5-year single-center
study reported a 22 % prevalence of ACP using TEE
performed within the first 3 days after diagnosis of ARDS
[6]. Similarly, Vieillard-Baron et al. [7] reported that the
prevalence of ACP reached 25 % in a single-center cohort
of 75 patients assessed over a 5-year period. Overall,
these results convincingly confirm that approximately

204 eligible patients

245 screened patients 41 screen failures:
15 contraindications of TEE
7 moribund status
7 ARDS > 48h
7 oxygen therapy at home
4 extracorporeal membrane oxygenation
1 age < 18 years

201 studied patients

200 patients with recorded echocardiography

3 exclusions:
2 interstitial pneumonia
1 atrial septal defect

1 missing echocardiographic data

TEE

ACP PFO

TTE

ACP PFO

Not suitable for ACP 
diagnosis: n=0

Not suitable for PFO 
diagnosis: n=0

Not suitable for ACP 
diagnosis: n=77

Not suitable for PFO 
diagnosis: n= 110

19/123 patients 
(15.4%; 95%CI: 

9.6%-23.1%

6/90 patients 
(6.7%: 95%CI: 
2.5%-13.9%)

3/88 patients (3.4%; 95%CI: 0.7%-9.6%) 

45/200 patients 
(22.5%; 95%CI: 
16.9%-28.9%)

31/200 patients 
(15.5%: 95%CI: 
10.8%-21.3%)

Small & 
intermittent

Moderate & 
consistent

27/31 patients 
(87.1%; 95%CI: 
70.2%-96.4%)

4/31 patients 
(12.9%; 95%CI: 

3.6%-29.8%)

9/200 patients (4.5%; 95%CI: 2.1%-8.4%) 

Fig. 1 Flow diagram of the
study
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one-fourth of patients submitted to protective mechanical
ventilation exhibit ACP during the early course of ARDS.
In the 1980s, a prevalence of ACP as high as 61 % was
reported in ARDS patients who were ventilated without
airway pressure limitation [8]. ACP denotes acute dila-
tation secondary to excessive RV afterload [5]. Due to the
relation between pulmonary vascular resistance and air-
way pressure [21], the level of targeted plateau pressure
may substantially influence the development of ACP in
ARDS patients. When analyzing echocardiographic find-
ings obtained in ARDS patients during two consecutive
time periods with distinct ventilatory strategies
(1980–1992: liberal ventilation for normal PaCO2 level;
1993–2006: protective ventilation with airway pressure
limitation), Jardin et al. [22] showed that the frequency of
ACP significantly increased with the level of plateau
pressure, the prevalence being maximal (42 %) when the
plateau pressure exceeded 35 cmH2O and minimal
(20 %) when it ranged between 18 and 26 cmH2O. In

keeping with these results, mean plateau pressure tended
to be higher in our patients with ACP despite protective
ventilation than in patients without ACP. In the present
study, the level of PaCO2 was the single independent
factor associated with ACP, when considered as either a
continuous or a binary variable. Vieillard-Baron et al. [7]
reported the same result in a smaller population of ARDS
patients submitted to protective ventilation, with a similar
OR (1.15; 95 % CI 1.05–1.25; p = 0.0001). In the present
study, DPmax, which indirectly reflects pulmonary vas-
cular tone [23], was correlated with the level of PaCO2

and significantly higher in the subset of patients with
severe hypercapnia (PaCO2 C60 mmHg). Hypercapnia
has been shown to increase pulmonary vascular resistance
[23], and to impair systolic function of afterloaded RV in
both experimental [24] and clinical settings [25]. Inter-
estingly, the detrimental effect of excessive afterload on
RV function is maximized by the conjunction of hyper-
capnic acidosis [24]. This suggests a synergism which
could be operant in ARDS patients under protective
ventilation with resulting hypercapnia and associated
ACP. TEE assessment of ARDS patients with relevant
hypercapnia allows early identification of ACP and pro-
vides the best guide for ventilator settings and adjunct
therapy [26]. In the absence of ACP, TEE helps deter-
mine, for a given range of plateau pressures, the level of
tidal volume which avoids excessive RV afterloading
while limiting detrimental hypercapnia [22].

The 15.5 % prevalence of PFO found in the present
study is slightly lower than the prevalence previously
reported (19.2 %) in a single-center study with the same
sample size [6]. We injected the microcavitations through
the superior vena cava in most of our patients (87 %), and
the resulting RA opacification was partial in 21 % of
cases. This may have resulted in underestimation of the
prevalence of PFO and of the severity of the associated
shunt. Gin et al. [27] advocated use of femoral vein
contrast delivery to increase the sensitivity of echocardi-
ography for diagnosis of PFO, since the inferior vena cava
blood flow is anatomically directed towards the fossa
ovalis [28]. This presumably accounts for the higher
prevalence of PFO and larger interatrial shunts reported
by Mekontso-Dessap et al. [6], since a substantial number
of their patients were equipped with a femoral venous
catheter. In addition, these authors used agitated colloids
which generate smaller microcavitations and stronger
contrast intensity in cardiac cavities [29]. These authors
showed that patients with PFO had poor response to PEEP
titration when compared with patients without interatrial
shunt [6]. Since the interatrial shunt was moderate and
consistent in only four of our patients, and large or
extensive in no instance, PFO shunting presumably failed
to contribute to their severe hypoxemia.

When compared with TEE, which is widely consid-
ered the reference imaging modality for diagnosis of ACP

Table 1 Patient characteristics at inclusion and treatment during
ICU stay

Characteristics

Etiology of ARDS, n (%):
Bacterial pneumonia 63 (31.3 %)
Viral pneumonia 22 (10.9 %)
Opportunistic pneumonia 6 (3.0 %)
Nondocumented pneumonia 34 (16.9 %)
Aspiration syndrome 19 (9.5 %)
Acute pancreatitis 14 (7.0 %)
Other sepsis 17 (8.4 %)
Miscellaneous 25 (13.0 %)

Tidal volume, mL/kg of predicted body
weight

6.4 ± 1.1

Plateau pressure, cmH2O 25.6 ± 3.9
Respiratory rate, breaths/min 26 ± 5
Positive end-expiratory pressure, cmH2O 10.6 ± 3.1
Respiratory-system compliance, mL/cmH2Oa 24.8 ± 12.4
PaO2, mmHg 115 ± 39
PaCO2, mmHg 49 ± 13
Arterial pH 7.31 ± 0.11
Heart rate, bpm 102 ± 24
Systolic blood pressure, mmHg 122 ± 20
Diastolic blood pressure, mmHg 64 ± 11
Mean blood pressure, mmHg 82 ± 14
Central venous pressure, mmHg 11 ± 4
Arterial lactate, mmol/L 1.8 ± 1.3
Treatment, n (%):
Neuromuscular blockers 126 (63 %)
Steroids 101 (50 %)
Alveolar recruitment maneuvers 14 (7 %)
Prone position 71 (35 %)
Inhaled NO 26 (13 %)
Tracheostomy 12 (8 %)
Vasopressor support 124 (62 %)
Renal replacement therapy 45 (23 %)

a Respiratory-system compliance was calculated as the tidal vol-
ume divided by the difference between the inspiratory plateau
pressure and positive end-expiratory pressure. Data are expressed
as mean ± standard deviation
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[30] and PFO [31, 32], TTE was inconclusive in a large
proportion of our ventilated ARDS patients and lacked
sensitivity. The presence of numerous interferences with
image acquisition from the chest wall in ventilated ICU
patients presumably explains these results [15]. Accord-
ingly, TTE should not be routinely used for assessment of
ARDS patients due to its poor diagnostic capacity for
identification of ACP and PFO.

As previously suggested, neither ACP [7] nor PFO [6]
was associated with 28-day mortality in our ARDS
patients. In contrast, acute RV dysfunction, defined as RA
pressure greater than pulmonary artery occlusion

pressure, was shown to be strongly associated with mor-
tality in a series of 259 ARDS patients monitored by
right-heart catheter [9]. Interestingly, the median plateau
pressure was markedly higher in those patients
(31 cmH2O; IQR 27–38 cmH2O) than in our patients
under protective ventilation (26 cmH2O; IQR
23–28 cmH2O). In addition, our patients diagnosed with
ACP during early TEE assessment were presumably
managed more aggressively, as reflected by the more
frequent use of prone ventilation and inhaled NO known
to reduce RV afterload [26, 33]. As suggested previously
[7, 10], early identification and treatment of RV dys-
function presumably account for the absence of influence
of ACP on mortality in the present study. The fairly high
incidence of ACP in early moderate to severe ARDS, its
apparent lack of prognostic value when taken into account
in the therapeutic strategy [7, 10], and the potential role of
ventilator settings in its development [3, 4, 22] suggest
that all patients should be screened using TEE during the
first 48 h following admission. Whether a contrast study
should be routinely performed during TEE examination
remains debatable, since we only found a 4 % incidence
of moderate and consistent PFO shunting, and no instance
of large or extensive shunt, in contrast to a recent study
[6]. Despite the routine use of an airway pressure limi-
tation strategy in our ARDS patients, plateau pressure and
air leaks were the two independent factors associated with
28-day mortality.

The present study has several limitations. We did not
use the Berlin definition of ARDS [20], but rather the
definition of the American–European consensus confer-
ence [12], because of the time frame of our study.
Nevertheless, we also presented our results using the

Table 2 Characteristics of 200 patients with moderate to severe ARDS according to presence or absence of acute cor pulmonale (ACP)
and patent foramen ovale (PFO) during early transesophageal echocardiographic assessment

n No ACP
(n = 155)

ACP
(n = 45)

p value No PFO
(n = 169)

PFO
(n = 31)

p value

Age, years 200 56 ± 14 57 ± 17 0.97 55 ± 15 63 ± 13 \0.01
SAPS II 200 47 ± 17 44 ± 19 0.39 46 ± 17 50 ± 16 0.26
SOFA 200 8.3 ± 3.6 8.3 ± 3.6 0.98 8.2 ± 3.6 8.8 ± 3.5 0.36
Tidal volume, mL/kg of predicted body weight 200 6.4 ± 1.0 6.5 ± 1.5 0.70 6.3 ± 1.1 6.7 ± 1.0 0.09
Plateau pressure, cmH2O 195 25 ± 4 27 ± 5 0.06 26 ± 4 25 ± 3 0.30
Positive end-expiratory pressure, cmH2O 200 11 ± 3 10 ± 3 0.69 11 ± 3 10 ± 3 0.14
Respiratory-system compliance, mL/cmH2Oa 190 25 ± 13 24 ± 10 0.54 25 ± 13 21 ± 8 0.01
PaO2/FIO2 200 117 ± 39 107 ± 38 0.14 116 ± 39 106 ± 40 0.19
PaCO2, mmHg 200 47 ± 12 53 ± 16 0.03 48 ± 13 50 ± 15 0.52
Arterial pH 200 7.32 ± 0.11 7.29 ± 0.10 0.17 7.32 ± 0.11 7.29 ± 0.10 0.24
Mean arterial pressure, mmHg 200 82 ± 14 80 ± 11 0.18 82 ± 13 80 ± 16 0.58
Heart rate, bpm 200 102 ± 24 102 ± 25 1.0 101 ± 24 108 ± 25 0.12
Arterial lactate, mmol/L 199 1.9 ± 1.8 1.6 ± 0.8 0.12 1.9 ± 1.7 1.7 ± 1.1 0.56
Alveolar recruitment maneuvers, n (%) 200 8 (5 %) 6 (13 %) 0.09 12 (7 %) 2 (7 %) 1.0
Inhaled NO, n (%) 200 16 (10 %) 10 (22 %) 0.04 20 (12 %) 6 (19 %) 0.25
Prone ventilation, n (%) 200 49 (32 %) 21 (47 %) 0.06 63 (37 %) 7 (23 %) 0.11
Vasopressor support, n (%) 186 69 (49 %) 29 (64 %) 0.07 81 (51 %) 17 (61 %) 0.36

a Respiratory-system compliance was calculated as the tidal volume divided by the difference between the inspiratory plateau pressure
and positive end-expiratory pressure

Table 3 Independent factors associated with acute cor pulmonale
(ACP) and patent foramen ovale (PFO)

ACP ORa 95 % CI p value

Plateau pressure, cmH2O 1.07 0.98–1.17 0.13
PaO2/FIO2 B 100 1.41 0.70–2.82 0.33
PaCO2 C 60 mmHg 3.09 1.31–7.30 0.01

PFO ORb 95 % CI p value

Age [60 years 2.07 0.91–4.72 0.08
Respiratory-system

compliance
\25 mL/cmH2Oc

2.06 0.82–5.17 0.12

Tidal volume, mL/kg of
predicted body weight

1.24 0.89–1.74 0.20

a 195 patients were included in the multivariate model
b 190 patients were included in the multivariate model
c Respiratory-system compliance was calculated as the tidal vol-
ume divided by the difference between the inspiratory plateau
pressure and positive end-expiratory pressure
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Berlin diagnostic criteria and showed that ARDS was
severe and persistent in a large proportion of our patients.
The potential impact of PFO shunting on hypoxemia was
not studied in our patients. Nevertheless, a relation
between PFO and sustained severe hypoxemia is unlikely
due to the large proportion of small and intermittent
interatrial shunts. Whether the more aggressive man-
agement triggered by early TEE identification of ACP
influenced the outcome of our ARDS patients cannot be
addressed due to the study design. A selection bias
cannot be fully excluded, since eligible patients with a
contraindication to TEE were not systematically assessed
using an alternative imaging technique (e.g., contrast-
enhanced chest computed tomography for identification
of ACP), and ACP was not excluded in moribund
patients. Finally, TTE and TEE were not randomly and
independently performed. The strengths of the current
study are its multicenter design, the independent assess-
ment of the primary criterion, and the sample size
constituted of patients with early, moderate to severe,
persistent ARDS.

Conclusions

In the present study, the prevalence of ACP and PFO in
patients with moderate to severe ARDS submitted to
protective ventilation and assessed using TEE during the
first 48 h was 22.5 and 15.5 %, respectively. PFO
shunting was predominantly small and intermittent, and
large or extensive in no instance. TTE is not adequately
suited for identification of ACP and PFO in ventilated

ARDS patients due to its poor sensitivity. The level of
PaCO2 was the only independent factor associated with
ACP, whereas PFO tended to be associated with age.
Despite the use of protective ventilation, plateau pressure
and air leaks, but neither ACP nor PFO, were indepen-
dently associated with 28-day mortality.

Key points

• The prevalence of ACP and PFO in patients with
moderate to severe ARDS submitted to protective
ventilation was 22.5 and 15.5 %, respectively.

• PFO shunting was predominantly small and intermit-
tent (87.1 %).

• TTE is not adequately suited for identification of ACP
and PFO in ventilated ARDS patients due to its poor
sensitivity.

• The level of PaCO2 appeared as the only independent
factor associated with ACP, while PFO tended to be
associated with age.

• Despite the use of protective ventilation, plateau
pressure and air leaks, but neither ACP nor PFO, were
independently associated with 28-day mortality.
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Table 4 Factors associated with 28-day mortality in 201 patients with moderate to severe ARDS

Variable Alive
(n = 155)

Dead
(n = 46)

Univariate analysisa Multivariate analysis

OR 95 % CI p OR 95 % CI p

Age, years 56 ± 15 60 ± 14 1.02 1.00–1.04 0.10 – – –
SAPS II 45 ± 17 52 ± 17 1.03 1.01–1.05 \0.01 1.02 1.00–1.05 0.09
SOFA 7.9 ± 3.4 9.6 ± 3.8 1.14 1.04–1.26 \0.01 1.05 0.93–1.20 0.42
Tidal volume, mL/kg of predicted body weight 6.3 ± 1.1 6.5 ± 1.1 1.17 0.88–1.56 0.28 – – –
Plateau pressure, cmH2O 25 ± 4 27 ± 5 1.15 1.05–1.26 \0.01 1.15 1.05–1.26 \0.01
Positive end-expiratory pressure, cmH2O 11 ± 3 11 ± 3 0.99 0.89–1.10 0.88 – – –
Respiratory-system compliance, mL/cmH2Ob 24 ± 12 26 ± 13 1.01 0.98–1.04 0.44 – – –
PaO2/FIO2 116 ± 38 110 ± 43 1.00 0.99–1.01 0.38 – – –
PaCO2, mmHg 47 ± 11 53 ± 17 1.03 1.01–1.06 \0.01 1.02 0.99–1.05 0.19
Arterial pH \ 7.25, n (%) 35 (23) 10 (22) 0.95 0.43–2.11 0.90 – – –
Mean arterial pressure \65 mmHg 3 (7) 12 (8) 0.83 0.22–3.08 0.78 – – –
Arterial lactate, mmol/L 1.7 ± 1.1 2.1 ± 1.7 1.29 1.04–1.60 0.02 1.15 0.91–1.45 0.26
Air leaks, n (%) 5 (3) 6 (13) 4.50 1.31–15.50 0.02 5.48 1.30–22.99 0.02
ACP, n (%) 34 (22) 11 (24) 1.11 0.51–2.41 0.79 – – –
PFO, n (%) 23 (15) 8 (17) 1.20 0.50–2.90 0.69 – – –

a Parameters with p value \0.20 between groups are included in the regression model
b Respiratory-system compliance was calculated as the tidal volume divided by the difference between the inspiratory plateau pressure
and positive end-expiratory pressure
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respiratoire aiguë de l’adulte et de
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