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Abstract Purpose: Pulmonary
vascular dysfunction is common dur-
ing acute respiratory distress
syndrome (ARDS), but there is con-
troversy concerning prevalence and
prognosis of cor pulmonale during
protective ventilation for ARDS.

Methods: This was a prospective
observational study in an academic
medical intensive care unit in France.
Two hundred and twenty-six consec-
utive patients with moderate to severe
ARDS (Berlin definition) ventilated
with plateau pressure limited at
30 cmH2O (mean PEEP of
8.8 ± 3.6 cmH2O) underwent trans-
esophageal echocardiography (TEE)
within the first 3 days after the diag-
nosis of ARDS. Cor pulmonale was
defined as a dilated right ventricle
associated with septal dyskinesia.
Results: Cor pulmonale was detec-
ted in 49 patients (prevalence of
22 %; 95 % confidence interval,
16–27 %). Multivariate logistic
regression identified infectious causes
of lung injury and higher driving
pressures as independent factors
associated with cor pulmonale.
Patients with cor pulmonale exhibited
a higher incidence of shock (need for
vasoactive drug) at the time of TEE
and were more often managed with
prone positioning and/or nitric oxide
as adjunctive therapy for severe hyp-
oxemia during ARDS course. The
28-day mortality rate was signifi-
cantly higher in the group with cor
pulmonale (60 vs. 36 %, p \ 0.01).
Multivariate logistic regression iden-
tified McCabe and Jackson class, lung
injury not related to pneumonia,
aspiration, or sepsis, lactic acidosis,
driving pressure, and cor pulmonale
as independent risk factors for 28-day
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mortality. Conclusion: Cor pulmo-
nale occurrence is not negligible in
ARDS patients ventilated with airway
pressure limitation. Cor pulmonale
was associated with sepsis and higher

values of driving pressure and was an
independent risk factor for 28-day
mortality in our series.

Keywords Acute lung injury �
Right ventricle � Mechanical
ventilation � Echocardiography

Introduction

Pulmonary vascular dysfunction in patients with acute
respiratory distress syndrome (ARDS) was first described
in 1977 by Zapol and Snider [1]. These authors found
elevated pulmonary vascular resistance with a subsequent
increase in right ventricle (RV) stroke-work index and
progressive RV dysfunction resulting in cor pulmonale
and refractory circulatory failure after several days on
respiratory support [1]. Pulmonary vascular dysfunction
during ARDS is secondary to several factors, including
hypoxic or mediator-induced pulmonary vasoconstriction
(by endothelins, thromboxane A2, or leucotrienes),
mechanical compression by interstitial edema, and intra-
vascular obstruction from endothelial swelling or
thromboemboli (which are present in 95 % of patients
with ARDS in postmortem studies [2]) [3]. Injurious
mechanical ventilation with high inspiratory pressure and
large tidal volumes may worsen pulmonary vascular
dysfunction [4, 5]. Pulmonary hypertension and right
ventricular dysfunction were frequent in ARDS patients
(up to 70 %) and associated with a poorer outcome in
many previous studies before the broad use of lower tidal
volume ventilation [6–10]. There is controversy con-
cerning their frequency and influence on outcome of
patients in the era of protective ventilation for ARDS
[11, 12].

The primary objective of this prospective study was to
determine the prevalence and prognosis of cor pulmonale
in ARDS patients with protective ventilation. This study
has been presented in abstract form [13] and includes
some patients previously described in a report focusing on
patent foramen ovale during ARDS [14].

Patients and methods

Patients

Patients who met the Berlin definition criteria for mod-
erate to severe ARDS (respiratory failure within 1 week
of a known clinical insult or new or worsening respiratory
symptoms; with bilateral chest opacities not fully
explained by effusions or lobar/lung collapse or nodule,
and not fully explained by cardiac failure or fluid over-
load; and a PaO2/FiO2 ratio B200 mmHg with PEEP
C5 cmH2O) [15] and who underwent transesophageal

echocardiography (TEE) within the first 3 days after the
diagnosis were included prospectively between June 2004
and October 2009 at the medical intensive care unit (ICU)
of Henri Mondor Hospital (Creteil, France). Non-inclu-
sion criteria were contraindications to TEE (esophageal
disease or major uncontrolled bleeding), chronic pul-
monary disease requiring long-term oxygen therapy or
home mechanical ventilation, and chronic cor pulmonale.
The study was approved by the institutional ethics com-
mittee of the French Society of Intensive Care (Société de
Réanimation de Langue Française). Because we routinely
use TEE to assess the circulatory status of mechanically
ventilated patients with ARDS in our ICU, TEE was
considered a component of standard care and patient’s
consent was waived. Written and oral information about
the study was given to the families. Severity of illness at
admission was evaluated by the SAPS II score [16] while
severity of underlying diseases was evaluated by the
McCabe and Jackson score [17]. Shock was defined as the
need for catecholamine infusion to maintain adequate
arterial pressure [18]. Pneumonia, aspiration, and sepsis
were diagnosed as previously described [18–20]. Follow-
up for the study was at least 28 days and until hospital
discharge.

Respiratory settings

Ventilation was in volume-assist control mode with a
target tidal volume (VT) of 6 mL/kg (predicted body
weight). In patients with persistent severe hypoxemia
(PaO2/FiO2\100 mmHg) despite a PEEP level as high as
possible without exceeding a maximal inspiratory plateau
pressure of 30 cmH2O [21], rescue interventions, namely,
prone positioning and/or inhaled nitric oxide, were used at
the discretion of the attending physician. If Pplat excee-
ded the maximal threshold, VT could be lowered until
Pplat was less than 30 cmH2O; to counterbalance the
effect of VT reduction on alveolar ventilation, the respi-
ratory rate was increased to the highest rate that did not
induce intrinsic PEEP [22]. Driving pressure was defined
as the difference between Pplat and PEEP.

Echocardiography

Trained operators (competence in advanced critical care
echocardiography) performed TEE according to a
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standard procedure [23] using a Sonos 5500, Envisor, or
IE 33 system (Philips Ultrasound, Bothell, WA, USA)
equipped with a multiplane 5-MHz transesophageal
echocardiographic transducer (see Electronic Supple-
mentary Material, ESM). Briefly, the following
echocardiographic views were examined: long-axis
M-mode view of the superior vena cava (SVC) to assess
its collapsibility; four-chamber long-axis view to assess
the end-diastolic right ventricle/left ventricle (RV/LV)
area ratio and LV ejection fraction; short-axis view of the
LV via the transgastric approach to evaluate the kinetics
of the interventricular septum. LV systolic dysfunction
was defined as LV ejection fraction less than 50 % [24].
Pulsed-wave Doppler aortic flow was obtained at the level
of the aortic annulus and the velocity–time integral was
automatically processed by tracing the envelope of aortic
flow for cardiac index calculation. Cor pulmonale was
defined as a dilated right ventricle (end-diastolic RV/LV
area ratio [0.6) associated with septal dyskinesia on the
short-axis view [25]. Septal dyskinesia was particularly
sought during end-systole [23, 24], while analyzing ima-
ges in slow motion. A longitudinal view of the fossa
ovalis was obtained to evaluate patent foramen ovale
shunting by injecting an aerated modified fluid gelatin
solution, as previously described [14]. Echocardiographic
images were recorded on videotape or compact disk, and
a computer-assisted evaluation was performed off-line by
two trained senior investigators (FB, AMD), with a third
reading by a blinded expert (AVB) in case of disagree-
ment or doubt (n = 28; overall agreement of 88 %).
When possible, transthoracic echocardiography was also
performed to assess pulmonary artery systolic pressure
(PASP), using the tricuspid regurgitation continuous-
wave Doppler technique. Undetectable values of tricuspid
regurgitation were assigned a PASP value lower than any
actually measured during the study (20 mmHg) [26–28].
In patients with cor pulmonale, respiratory and hemody-
namic management or rescue therapies were not
implemented with the aim of correcting or alleviating cor
pulmonale. As compared to an isolated RV dilatation or
pulmonary hypertension, cor pulmonale may reflect a
more severe alteration of RV afterload [12, 29–31].
Patients were therefore further stratified into three groups
based on the degree of pulmonary circulatory system
dysfunction, as follows: no dysfunction (PASP
B40 mmHg with normal RV size and normal interven-
tricular septum kinetics), moderate dysfunction (PASP
[40 mmHg or a dilated RV but without cor pulmonale),
and severe dysfunction (cor pulmonale).

Statistical analysis

The data were analyzed using the SPSS Base 13.0 sta-
tistical software package (SPSS Inc, Chicago, IL, USA).
Continuous data were expressed as mean ± standard

deviation unless otherwise specified and were compared
using the Student t test or Mann–Whitney test for inde-
pendent samples. Categorical variables, expressed as
percentages, were evaluated using the chi-square test or
Fisher exact test. Survival data were analyzed with stan-
dard Kaplan–Meier techniques for estimation of survival
probabilities. To evaluate independent factors associated
with cor pulmonale or 28-day mortality, significant uni-
variate risk factors were examined using backward
stepwise logistic regression analysis. To avoid overfitting,
we considered that we could enter a maximal number of
five variables in the cor pulmonale model (in view of the
49 events observed) and nine variables in the 28-day
mortality model (in view of the 91 events observed) [32].
Among related hemodynamic or respiratory significant
univariate factors, only the most statistically relevant
were entered into the regression models in order to min-
imize the effect of colinearity. The selection process was
guided by maximal imbalances between groups, as esti-
mated by absolute standardized differences, which are
independent of the sample size and variable unit [33].
Coefficients were computed by the method of maximum
likelihood. The calibrations of models were assessed by
the Hosmer–Lemeshow goodness-of-fit statistic and dis-
crimination was assessed by the receiver operating
characteristics curves. Two-tailed p values smaller than
0.05 were considered significant.

Results

Patient characteristics

We included 226 patients (163 men and 63 women) with
a mean age of 61 ± 17 years.

Mean delay between ARDS diagnosis and TEE was
0.85 ± 0.95 day. Cor pulmonale was detected in 49
patients (prevalence of 22 %; 95 % confidence interval,
16–27 %). The groups with and without cor pulmonale
were not significantly different regarding age, SAPS II, or
McCabe and Jackson class (Table 1). Lung injury was
more often associated with an infectious etiology (pneu-
monia or non-pulmonary sepsis) in patients with cor
pulmonale as compared with others [39 (79.6 %) vs. 102
(57.6 %), p \ 0.01]. Respiratory settings at TEE day
were different between groups, with lower values of
respiratory system compliance and higher values of
respiratory rate and driving pressure in the cor pulmonale
group (Table 1). Although PaO2/FiO2 ratio values on the
day of TEE were not different between the groups, the
proportion of patients receiving nitric oxide inhalation on
that day was significantly higher in the group with cor
pulmonale compared to the other group [16 (33 %) vs. 25
(14 %), p \ 0.01]. Multivariate logistic regression anal-
ysis identified infectious causes of lung injury and higher
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values of driving pressure as independent factors associ-
ated with cor pulmonale (Table 2).

Hemodynamic and echocardiographic findings

Patients with cor pulmonale exhibited a higher incidence
of shock, higher heart rates, and lower systolic and mean
arterial pressures at the time of TEE (Table 3). As
expected, the group with cor pulmonale had larger right
ventricle dimensions and higher PASP values. Patients
with cor pulmonale also exhibited more atrial septal
buckling towards the left atrium and more often a
shunting across patent foramen ovale as compared to
other patients. No significant differences were found
between the two groups for SVC collapsibility, left ven-
tricle systolic dysfunction, or cardiac index.

Outcome

The outcome of patients with or without cor pulmonale is
displayed in Table 1. The proportion of patients managed
during the ICU stay with prone positioning and/or nitric
oxide as adjunctive therapy for severe hypoxemia was
larger in the group with cor pulmonale as compared to the
other group. The pneumothorax rate during the ICU stay
was not different between the groups. Mortality rates
were significantly higher in the group with cor pulmonale
(Table 1; Fig. 1). Among ICU survivors, mechanical
ventilation duration and ICU duration were similar
between the two groups (Table 1). The degree of pul-
monary circulatory system dysfunction [no dysfunction
(n = 69), moderate dysfunction (n = 108), and severe
dysfunction (n = 49)] was associated with 28-day and
hospital mortality (p = 0.006 and p = 0.018, respec-
tively) (Fig. 2). Multivariate logistic regression analysis
identified McCabe and Jackson class, lung injury not
related to pneumonia, aspiration, or sepsis, driving pres-
sure, lactic acidosis, and cor pulmonale as independent
risk factors for 28-day mortality (Table E1, see ESM).

Discussion

The main finding of our study was that cor pulmonale was
detected in 22 % of 226 ARDS patients ventilated with
airway pressure limitation. Cor pulmonale occurrence was
associated with infectious causes of lung injury and
higher values of driving pressure. It was also associated
with hemodynamic compromise and was an independent
risk factor for 28-day mortality.

Prevalence of cor pulmonale

Increased RV afterload in ARDS patients may result from
pulmonary vasoconstriction, vaso-occlusion, and/or

endothelial dysfunction [2]. Pulmonary vascular dys-
function during ARDS may be enhanced by injurious
mechanical ventilation [3]. The increasing use of pro-
tective ventilatory strategies for ARDS [34] in the clinical
setting has been associated with a decreased prevalence of
cor pulmonale [35]. Our study shows, however, the per-
sistence of cor pulmonale in 22 % of ARDS patients in
the era of protective mechanical ventilation. These find-
ings are in accordance with another report that found a
similar prevalence (25 %) of cor pulmonale in ARDS
patients ventilated with a strategy aimed at limiting air-
way pressures, although tidal volume was slightly higher
(8 ± 1 mL/kg) in that study [12].

Risk factors for cor pulmonale

We found an association between cor pulmonale and
infectious causes of lung injury. Reversible myocardial
depression in patients with sepsis was first reported in
1984 by Parker et al. [36], who described LV systolic
dysfunction and dilatation using radionuclide cineangi-
ography [36]. Subsequent studies using pulmonary artery
catheterization or echocardiography confirmed these
results and also noted the frequent association of a RV
systolic dysfunction in more than 20 % of septic patients
[37]. Depressed intrinsic contractility due to circulating
cytokines is strongly suggested as being responsible for
septic cardiomyopathy [38]. One may hypothesize that a
RV with depressed intrinsic contractility due to sepsis
may be more sensitive to pulmonary vascular dysfunction
and increased afterload secondary to ARDS.

In our study, respiratory system compliance was more
reduced in patients with cor pulmonale, probably
reflecting a higher severity of lung injury in this subgroup.
Because our ventilatory strategy was primarily aimed at
limiting Pplat, these patients with more impaired lung
mechanics were ventilated with smaller VT and PEEP
values. Higher values of driving pressure were indepen-
dently associated with cor pulmonale by multivariate
analysis. Driving pressure may better mirror the tidal
distending pressure, considered to reflect the mechanical
forces operating on alveoli and capillaries during insuf-
flation. In a previous study evaluating a ventilatory
strategy with low VT and high PEEP, higher values of
driving pressure were associated with increased 28-day
mortality [39]. Whether a further decrease in VT in
patients with very low respiratory system compliance
could lessen pulmonary vascular dysfunction via a low-
ering of driving pressure warrants further research.

Clinical implication and prognosis of cor pulmonale

Cor pulmonale was associated with higher mortality by
multivariate analysis in our study. Our finding differs
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from a previous report in which cor pulmonale did not
influence mortality in a group of 75 ARDS patients
undergoing mechanical ventilation with airway pressure
limitation [12]. These investigators systematically
implemented specific measures aimed at correcting cor
pulmonale, a fact that may explain the lack of prognostic
effect in their study [12]. Many biological (e.g., ratio of
concentration of angiopoietin-2 relative to angiopoietin-1)
[40], respiratory (e.g., dead-space fraction) [41], or
hemodynamic (e.g., transpulmonary gradient or a central
venous pressure higher than the pulmonary artery occlu-
sion pressure) [11, 42] markers of pulmonary vascular

dysfunction have been reported as independent predictors
of death in ARDS patients. In our study, moderate pul-
monary circulatory system dysfunction (defined as
pulmonary hypertension or isolated RV dilatation, with-
out cor pulmonale) was found in 48 % of patients and
there was a progressive increase in mortality with increase
in pulmonary circulatory system dysfunction severity.
Whether pharmacological manipulation of pulmonary
vascular tone (which is feasible in patients with ARDS,
but without a proven benefit on mortality in unselected
patients) [43] or prone positioning (which improves
respiratory mechanics and alveolar ventilation, with

Table 1 Clinical characteristics and outcome of patients having acute respiratory distress syndrome with or without cor pulmonale

No cor pulmonale
(n = 177)

Cor pulmonale
(n = 49)

p value

Age (years) 61.0 ± 17.0 63.0 ± 16.0 0.46
Male gender, n (%) 128 (72 %) 35 (71 %) 0.90
McCabe and Jackson class [17] 0.67
0 111 (63 %) 28 (57 %)
1 43 (24 %) 15 (31 %)
2 23 (13 %) 6 (12 %)

SAPS II at ICU admission 56 ± 23 54 ± 22 0.73
Cause of lung injury, n (%) 0.03
Pneumonia 86 (49 %) 33 (67 %)
Aspiration 51 (29 %) 5 (10 %)
Non-pulmonary sepsis 16 (9 %) 6 (12 %)
Other causes 24 (14 %) 5 (10 %)

Respiratory settings at the time of TEE
Tidal volume (mL/kg) 6.6 ± 1.0 6.2 ± 1.2 0.049
Respiratory rate (bpm) 25 ± 5 27 ± 5 \0.01
PEEP (cmH2O) 9 ± 4 8 ± 3 0.03
Plateau pressure (cmH2O) 23 ± 5 25 ± 5 0.14
Compliance (mL/cmH2O) 34 ± 13 29 ± 13 0.02
Driving pressure (cmH2O) 14 ± 5 17 ± 6 \0.01

Arterial blood gases on TEE daya

PaO2/FiO2 ratio (mmHg) 120 ± 51 111 ± 52 0.31
PaO2 (mmHg) 99 ± 42 105 ± 55 0.66
PaCO2 (mmHg) 43 ± 11 48 ± 16 0.04
pH 7.33 ± 0.11 7.28 ± 0.12 \0.01
Lactate (mmol/L) 2.3 ± 2.7 2.6 ± 2.5 0.53

Adjunctive therapy on TEE day, n (%)
Prone positioning 26 (15 %) 11 (22 %) 0.19
Nitric oxide 25 (14 %) 16 (33 %) \0.01

Adjunctive therapy during ARDS course, n (%)
Prone positioning 49 (28 %) 22 (45 %) 0.02
Nitric oxide 35 (20 %) 24 (49 %) \0.01

Pneumothorax, n (%) 9 (5 %) 3 (6 %) 0.73
28-day mortality, n (%)b 63/176 (36 %) 28/47 (60 %) \0.01
ICU mortality, n (%) 83 (47 %) 31 (63 %) 0.04
Hospital mortality, n (%) 86 (49 %) 33 (67 %) 0.02
ICU survivors (n = 112) (n = 94) (n = 18)
MV duration (mean days ± SD) 23 ± 34 15 ± 9
MV duration (median days) [25th–75th centiles] 12 [7–25] 13 [9–18] 0.92
ICU duration (mean days ± SD) 33 ± 40 23 ± 14
ICU duration (median days) [25th–75th centiles] 19 [12–34] 19 [12–35] 0.95

Hospital survivors (n = 107) (n = 91) (n = 16) 0.95
Hospital length of stay (mean days ± SD) 58 ± 46 54 ± 38
Hospital length of stay (median days) [25th–75th centiles] 44 [23–80] 42 [31–62]

ARDS acute respiratory distress syndrome, PEEP positive end-expiratory pressure, ICU intensive care unit, MV mechanical ventilation
a Latest available before echocardiography
b Three patients were lost to follow-up between day 21 and day 28
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reduced airway pressures and decreased RV pressure
overload) [44] may alter mortality outcomes in the sub-
group with cor pulmonale warrants further research.

Although the precise explanation of the increased
mortality associated with cor pulmonale is not straight-
forward from our data, the hemodynamic compromise
associated with cor pulmonale [45] could at least in part
contribute to this worse outcome. In our study, patients

with cor pulmonale presented more often with shock as
compared to others, although left ventricle systolic func-
tion was similar between groups. Cor pulmonale was also
associated with oxygenation compromise in our study.
Adjunctive therapies for refractory hypoxemia were more
frequently used in the group with cor pulmonale and these
patients exhibited more shunting across patent foramen
ovale as compared to others. An increase in right-sided

Table 2 Factors associated with cor pulmonale in patients with acute respiratory distress syndrome

Variable Absolute
standardized
difference [33] (%)

Univariate logistic
regression

Multivariate logistic
regression

Infection as cause of lung injury 2.87 (1.35–6.11), p \ 0.01 2.37 (1.08–5.20), p = 0.03
Respiratory settings at the time of TEE
Tidal volume (per mL/kg) 27.5 0.71 (0.51–1.00), p = 0.05 NI
Respiratory rate (per bpm) 44.4 1.10 (1.02–1.17), p = 0.01 NI
PEEP (per cmH2O) 32.3 0.91 (0.83–0.99), p = 0.04 NI
Compliance (per mL/cmH2O) 38.2 0.97 (0.94–0.99), p = 0.03 NI
Driving pressure (per cmH2O) 52.3 1.11 (1.04–1.19), p \ 0.01 1.09 (1.02–1.17), p = 0.01

Arterial blood gases on TEE daya

pH (per 0.1 unit) 43.2 0.70 (0.53–0.92), p = 0.01 I/NR
PaCO2 (per mmHg) 38.1 1.03 (1.01–1.06), p = 0.02 NI

Selection of variables entered into the model was based on maximal
imbalances between groups. The multivariate model showed a good
calibration as assessed by the Hosmer–Lemeshow goodness-of-fit
test [v2 (8 df) = 6.84, p = 0.55] and a fair discrimination as
assessed by the receiver operating characteristics curve [area under
the curve of 0.70 (0.62–0.79), p \ 0.01]

NI not included in the model, I/NR included, but not retained in the
final model
a Latest available before echocardiography

Table 3 Hemodynamic and echocardiographic variables in patients with acute respiratory distress syndrome with or without cor
pulmonale

n No cor pulmonale
(n = 177)

Cor pulmonale
(n = 49)

p value

Hemodynamic variablesa

Heart rate (bpm) 216 96 ± 25 107 ± 24 \0.01
Systolic arterial pressure (mmHg) 212 115 ± 21 104 ± 20 \0.01
Mean arterial pressure (mmHg) 211 76 ± 14 71 ± 13 0.03
Shock, n (%) 226 119 (67 %) 42 (86 %) 0.01

Hemodynamic supporta

Norepinephrine 226 108 (61 %) 37 (76 %) 0.06
Dobutamine 226 4 (2 %) 4 (8 %) 0.07
Epinephrine 226 10 (6 %) 6 (12 %) 0.12

Echocardiographic variables
Superior vena cava collapse, n (%) 198 27 (17 %) 7 (17 %) 0.86
Atrial septal buckling towards left atrium, n (%) 224 8 (5 %) 18 (37 %) \0.01
Maximum atrial septal excursion, mm 174 12 ± 5 14 ± 4 0.08
E/A ratio \ 1, n (%) 197 60 (38 %) 21 (54 %) 0.07
LV systolic dysfunction, n (%) 226 43 (24 %) 9 (18 %) 0.38
Cardiac index (L/min/m2) 140 2.7 ± 1.1 2.8 ± 1.0 0.73
RV dilatation, n (%) 226 \0.01
Moderate 86 (49 %) 30 (61 %)
Severe 22 (12 %) 19 (39 %)

Systolic pulmonary artery pressure (mmHg) 157 31 ± 15 44 ± 20 \0.01
Shunting across patent foramen ovale, n (%) 224 24 (14 %) 15 (31 %) \0.01

Moderate RV dilatation was defined as end-diastolic area ratio
between 0.6 and 1, and severe RV dilatation as end-diastolic area
ratio [1
PEEP positive end-expiratory pressure, E/A ratio ratio of early
(E) over late (A) peak velocities at the mitral valve, LV left

ventricle, RV right ventricle, n number of patients in which the
parameter could be assessed
a Hemodynamic variables were recorded at the time of TTE
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Fig. 1 Kaplan–Meier estimates
for overall survival in acute
respiratory distress syndrome
patients exhibiting cor
pulmonale or not

Fig. 2 Stratification of 28-day
mortality and hospital mortality
in patients with acute
respiratory distress syndrome
by increasing degree of
pulmonary circulatory system
dysfunction. PCD denotes
pulmonary circulatory system
dysfunction, defined as absent
(pulmonary artery systolic
pressure B40 mmHg with
normal right ventricle size and
normal septal kinetics),
moderate (pulmonary artery
systolic pressure [40 mmHg or
a dilated right ventricle without
cor pulmonale), or severe (cor
pulmonale). Asterisk indicates
that three patients were lost to
follow-up between day 21 and
day 28
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pressures has been shown to favor right to left shunting
via a patent foramen ovale during ARDS, a situation that
could blunt the beneficial effects of increased PEEP on
oxygenation in some patients if the worsening of intra-
cardiac shunt overcomes the benefits on alveolar recruit-
ment [14].

Study limitations

Our study has some limitations. First, TEE could not be
performed in patients with contraindications; however, the
vast majority of patients were assessed, as TEE is our first-
line tool for hemodynamic management in ARDS patients.
Second, we included patients during a 5-year period;
however, our mechanical ventilation strategy did not vary
during the study period. Third, we only report on a single
TEE within 3 days of ARDS start. Data on serial TEE could
be interesting inasmuch as RV afterload may progressively
worsen with mechanical ventilation prolongation. Last, the

monocentric nature of the study may challenge its external
validity depending of the case mix of a given ICU, venti-
lator modalities used by intensivists, and the impact of cor
pumonale diagnosis on a physician’s decisions.

In conclusion, cor pulmonale was identified in 22 % of
a large series of ARDS patients ventilated with airway
pressure limitation. Cor pulmonale occurred more often in
case of sepsis and increased driving pressures. It was
associated with higher mortality by multivariate analysis.
Specific therapies and measures aimed at alleviating
pulmonary vascular dysfunction and RV dysfunction
should be tested in ARDS patients with cor pulmonale in
the future.
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