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Abstract

tings on CPE mortality.

p=0.015) were related to survival.

Trial registration Clinicaltrials.gov NCT02010073

Background: Patients with acute respiratory failure caused by cardiogenic pulmonary edema (CPE) may require
mechanical ventilation that can cause further lung damage. Our aim was to determine the impact of ventilatory set-

Methods: Patients from the LUNG SAFE cohort, a multicenter prospective cohort study of patients undergoing
mechanical ventilation, were studied. Relationships between ventilatory parameters and outcomes (ICU discharge/
hospital mortality) were assessed using latent mixture analysis and a marginal structural model.

Results: From 4499 patients, 391 meeting CPE criteria (median age 70 [interquartile range 59-78], 40% female) were
included. ICU and hospital mortality were 34% and 40%, respectively. ICU survivors were younger (67 [57-77] vs 74
[64-80] years, p<0.001) and had lower driving (12 [8-16] vs 15 [11-17] cmH,0, p <0.001), plateau (20 [15-23] vs 22
[19-26] cmH,0, p<0.001) and peak (21 [17-27] vs 26 [20-32] cmH,0, p <0.001) pressures. Latent mixture analysis

of patients receiving invasive mechanical ventilation on ICU day 1 revealed a subgroup ventilated with high pres-
sures with lower probability of being discharged alive from the ICU (hazard ratio [HR] 0.79 [95% confidence interval
0.60-1.05], p=0.103) and increased hospital mortality (HR 1.65 [1.16-2.36], p=0.005). In a marginal structural model,
driving pressures in the first week (HR 1.12 [1.06-1.18], p < 0.001) and tidal volume after day 7 (HR 0.69 [0.52-0.93],

Conclusions: Higher airway pressures in invasively ventilated patients with CPE are related to mortality. These
patients may be exposed to an increased risk of ventilator-induced lung injury.

Keywords: Mechanical ventilation, Cardiogenic pulmonary edema, Ventilator-induced lung injury, Driving pressure

Background

Lung edema causes respiratory failure due to impairment
in gas exchange and lung mechanics. In life-threaten-
ing cases, mechanical ventilation aims to maintain gas

*Correspondence: gma@crit-lab.org

2 Unidad de Cuidados Intensivos Cardioldgicos, Hospital Universitario Central
de Asturias, Avenida del Hospital Universitario s/n, 33011 Oviedo, Spain
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B BMC

exchange until edema is resolved. However, high airway
pressures may promote ventilator-induced lung injury
(VILI) [1]. In patients with the acute respiratory distress
syndrome (ARDS), ventilatory strategies aimed to attenu-
ate VILI (by decreasing tidal volumes and driving pres-
sures) have improved survival [2].

In patients with cardiogenic pulmonary edema
(CPE), airspaces are flooded due to capillary conges-
tion. Although CPE lacks an inflammatory component,

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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its heterogeneous distribution, impaired gas exchange
and respiratory mechanics and high mortality rates
are shared features with ARDS [3, 4]. Mortality rates in
cardiogenic pulmonary edema and cardiogenic shock
remain high, with only minor improvements in the last
years [5, 6]. Patients with CPE that need mechanical ven-
tilation constitute a subgroup with a significant mortal-
ity [7-9], and the incidence of respiratory failure within
patients admitted to cardiac intensive care units may be
increasing [10, 11].

In spite of the impact of mechanical ventilation on
mortality rates in patients with CPE, there is no clear evi-
dence on the optimal ventilatory settings. Although expe-
rience with mechanical ventilation is related to better
outcomes in cardiac ICUs [12], patients with CPE have
traditionally been excluded from trials on mechanical
ventilation and the risk of VILI has not been systemati-
cally addressed [13]. Two previous retrospective reports
have associated high tidal volumes or driving pressures
with mortality in patients with CPE [14, 15].

We hypothesized that patients with CPE are susceptible
to VILI and their outcomes sensitive to ventilatory strate-
gies. To test this hypothesis, patients with isolated CPE
included in the LUNG SAFE study [16] were selected to
study the relationships between mechanical ventilation
and clinical outcomes in this population.

Methods

Study design

LUNG SAFE (clinicaltrials.gov NCT02010073) was a
multicenter (459 ICUs from 50 countries), prospective
cohort study that enrolled 4499 patients with hypox-
emic respiratory failure [16]. Patients aged <16 years or
not willing to participate were excluded. Only patients
with respiratory failure from isolated cardiac origin
were included in this sub-study. All participating ICUs
obtained ethics committee approval and obtained either
patient consent or ethics committee waiver of consent
(due to the observational nature of the study).

Data collection

Clinical data, including cause of respiratory failure, con-
comitant diseases and ICU and hospital outcomes were
collected. Day 1 was defined as the first day meeting
acute hypoxemic respiratory failure (defined as a PaO,/
FiO, ratio below 300, appearance of parenchymal abnor-
malities in a chest X-ray and need for ventilatory support,
either invasive or non-invasive, with an airway pressure
equal or above 5 cmH,0). Daily data, including ventila-
tory settings, gas exchange, Sequential Organ Failure
Assessment (SOFA) score and concomitant respiratory
therapies, were collected on days 1, 2, 3, 5, 7, 10, 14, 21,
and 28 at the same hour (usually 10 AM) by the research
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team. Plateau pressures in patients under pressure-con-
trolled or -assisted modes were considered equal to peak
pressures.

Patient selection

Presence of heart failure at Day 1 was identified accord-
ing to the responsible researcher. Methods used to con-
firm/discard cardiac dysfunction were collected.

Follow-up and outcomes

Patients were followed up to hospital discharge. Primary
and secondary outcomes were ICU discharge alive and
spontaneously breathing, and hospital mortality, respec-
tively. Prolonged mechanical ventilation was defined as
need for mechanical ventilation for more than 10 days
(the 75th percentile of length of ventilation).

Statistical analysis

Data are expressed as median (interquartile range) or
count (percentage). Univariable comparisons were ana-
lyzed using Wilcoxon or Chi-square tests. Differences
over time between groups were assessed using a repeated
measurements analysis of the variance. Correlations
between ventilatory parameters and the hemodynamic
component of SOFA score were assessed using Spear-
man’s coefficients.

Patients were classified using a latent mixture analysis
in two mutually exclusive and exhaustive classes using
peak, plateau and driving pressures, positive end-expira-
tory pressure (PEEP), tidal volume (adjusted by predicted
body weight), respiratory system compliance, PaO,/FiO,
and respiratory rate on day 1. Differences in ICU survival
and hospital mortality between these two classes were
analyzed using a competing events model, with ICU dis-
charge (alive and spontaneously breathing) and death as
terminal events.

To identify factors related to ICU survival, inverse
probability of treatment weights were calculated for driv-
ing pressure, so that each observation is weighted by
the inverse of the probability of the exposure, given the
observed value of other confounders [tidal volume, PaO,/
FiO, ratio, PaCO,, PEEP and history of chronic obstruc-
tive pulmonary disease (COPD)]. These weights were
introduced in a marginal structural model including all
available data points for a given patient, and a weighted
Cox regression used to calculate the hazard ratio (HR)
and its 95% confidence interval for each variable. Vari-
ables included in this Cox model were age, sex, chronic
renal failure, chronic heart failure, COPD, PaO,/FiO,,
PaCO,, class assigned by the latent mixture model, tidal
volume (adjusted by predicted body weight), driving
pressure and PEEP. By adding a time stratum, different
HRs were computed for ventilatory parameters (driving
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pressure, tidal volume and PEEP) before and after day 7.
All analyses were performed with R 4.1.0, using the pack-
ages survival [17], ipw [18], depmixS4 [19], ggplot2 [20]
and ggfortify [21].

Results
From the 4499 patients with acute hypoxemic respira-
tory failure included in LUNG SAFE, 530 were classified
as having a component of heart failure contributing to
their respiratory failure. One patient was excluded due to
absence of outcome data. In 138 patients, another cause
of respiratory failure was registered, leaving 391 patients
(age 70 [59-78], 40% female) with isolated CPE (Fig. 1A).
The diagnosis of cardiac failure was supported by echo-
cardiography (314 cases), pulmonary artery catheter (56
cases) and other techniques (49 cases). In 46 cases, diag-
nosis was based on clinical data only.

Median ICU and hospital stay were 5 (2-11) and
14 (5-27) days, respectively. ICU mortality was 34%,
and increased up to 40% at hospital discharge (Fig. 1B
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and C, respectively). ICU survivors were younger and
received non-invasive ventilation more frequently at
admission. Non-survivors showed significantly higher
airway pressures on day 1 (Table 1).

Non-invasive ventilation

Sixty-seven patients received non-invasive ventilation
as first-line ventilatory therapy. There were no differ-
ences in age, sex or previous diseases between these
patients and those who received invasive ventilation
(Additional file 1: Table S1). Patients treated with non-
invasive ventilation had lower SOFA scores, less hemo-
dynamic impairment and lower driving pressure with
the same levels of PEEP (Additional file 1: Table S1).
Only 9 out of these 67 patients (13%) required inva-
sive ventilation. ICU mortality was lower in patients
who received non-invasive ventilation (15% vs 39%,
p<0.001, Additional file 1: Table S1).
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Table 1 Main clinical variables in the overall study cohort, comparing patients who survive their ICU stay and those who do not

Overall Alive Dead p-value
(N=391) (N=257) (N=134)
Gender 0.286
Female 156 (40%) 97 (38%) 9 (44%)
Male 236 (60%) 160 (62%) 75 (56%)
Age (year) 70 (59-78) 67 (57-77) 4 (64-80) <0.001
Predicted body weight (kg) 60 (52-67) 60 (52-67) 9 (52-64) 0.241
Chronic heart failure 165 (42%) 107 (42%) 58 (43%) 0.862
Comorbidities
Diabetes 120 (31%) 80 (31%) 40 (30%) 0.866
Chronic kidney failure 77 (20%) 51 (20%) 26 (19%) 1
Chronic liver failure 8 (2%) 3(1%) 5 (4%) 0.188
Solid neoplasm 12 (3%) 6 (2%) 6 (4.5%) 0.395
Hematological neoplasm 6 (1.5%) 4 (1.5%) 2 (1.5%) 1
Chronic immunosuppression 8 (2%) 6 (2%) 2 (1.5%) 0.852
COPD 56 (14%) 31 (12%) 25 (19%) 0.11
Home ventilation 6 (1.5%) 2 (1%) 4 (3%) 0.213
Day 1
SOFA score 9(7-12) 9(6-11) 11(9-14) <0.001
Hemodynamic SOFA score® <0.001
MAP > 70 mmHg 114 (31%) 4 (39%) 20 (16%)
MAP <70 mmHg 40 (11%) 22 (9%) 18 (14%)
Dopamine <5 pg/kg/min or dobutamine 25 (7%) 6 (7%) 9 (7%)
Dopamine 5-15 pg/kg/min or norepineph- 61 (16%) 1(17%) 20 (16%)
rine <0.1 ug/kg/min or epinephrin <0.1 pg/kg/min
Dopamine > 15 ug/kg/min or norepineph- 127 (35%) 68 (28%) 59 (47%)
rine>0.1 pg/kg/min or epinephrin>0.1 pg/kg/min
Arterial pH 7.35(7.27-743) 7.38(7.29-743) 7.32 (7.24-7.40) <0.001
PaO,/FiO, 172 (116-231) 176 (125-232) 164 (109-231) 0.165
PaCO,(mmHg) 40 (34-48) 40 (35-48) 40 (34-48) 0911
Ventilation 0.001
None/oxygen therapy 10 (2.5%) 5 (2%) 5 (4%)
Non-invasive ventilation 67 (17%) 57 (22%) 10 (7%)
Invasive ventilation 314 (80.5%) 195 (76%) 119 (89%)
Tidal volume (ml/kg PBW) 82(7.2-94) 83(7.3-94) 8.1 (7.0-9.3) 0.237
PEEP (cmH,0) 7 (5-8) 7 (5-8) 6 (5-8) 0.197
Peak pressure (cmH,0) 22 (18-28) 21 (17-27) 26 (20-32) <0.001
Plateau pressure (cmH,0) 0 (16-24) 20 (15-23) 2 (19-26) <0.001
Driving pressure (cmH,0) 13 (9-16) 2 (8-16) 5(11-17) <0.001
Respiratory rate (breaths/min) 8(15-22) 8(15-22) 9(15-24) 0.196
ICU evolution
ARDS development
Invasive mechanical ventilation 327 (84%) 204 (79%) 123 (92%) 0.002
Venoarterial ECMO 18 (5%) 6 (2%) 12 (9%) 0.007
Renal replacement therapy 74 (19%) 38 (15%) 36 (27%) 0.006
Length of mechanical ventilation (days) 4(2-10) 5(3-10) 4(2-9) 0.208

Values represent median (interquartile range) or count (percentage). p-values were obtained using Wilcoxon or Chi-square tests (for quantitative and qualitative data,
respectively). In variables with multiple mutually exclusive categories per group (i.e., hemodynamics or ventilation), a Chi-square test including all the categories was
performed. Tidal volume, airway pressures and respiratory rate are reported only for patients on invasive ventilation. PBW: predicted body weight, COPD: chronic
obstructive pulmonary disease, PEEP: positive end-expiratory pressure

2 SOFA score at day 1 was available for 367 patients
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Clustering by ventilatory settings

A latent mixture analysis identified two classes in inva-
sively ventilated patients (n=314), based on respira-
tory parameters at study inclusion (“high pressure”
[n=188] and “low pressure” [n=126], Fig. 2A). Class
assignment probability was below 0.7 in only 39 out
of 314 patients. Fitting the model with three classes
increased this number of patients up to 156. Differ-
ences between groups are shown in Table 2. Patients
in the high-pressure class showed a lower probability
of being discharged alive from the ICU (HR 0.79 [0.60
— 1.05], Fig. 2B), and increased hospital mortality (HR
1.65 [1.16—2.36], Fig. 2C).
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The differences in ventilatory parameters over time
between classes were assessed. Whereas differences in
driving pressure (Fig. 3A) persisted over the first 10 days,
differences in PEEP (Fig. 3B) were restricted to days 1-3.
There were no differences in tidal volumes (Fig. 3C).
Regarding gas exchange, there were significant differ-
ences in PaO,/FiO, (Fig. 3D), but not in PaCO, (Fig. 3E)
or arterial pH (Fig. 3F).

Prolonged ventilation

Invasive mechanical ventilation was needed in 327
patients, with a median length of 4 (2 — 10) days. There
were 66 patients with prolonged ventilation (more
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Table 2 Comparison of clinical data from patients assigned to high- or low-pressure classes by the latent mixture analysis
High pressure Low pressure p.value
(N=188) (N=126)
Gender 0.338
Female 77 44
Male 1M1 82
Age (year) 69 (61-77) 79 (59-77) 0.773
Predicted body weight (kg) 60.2 (52.4-66.3) 61 (53-67.1) 0.661
Chronic heart failure 74 (39%) 53 (42%) 0.718
Comorbidities
Diabetes 58 (31%) 30 (24%) 0.217
Chronic kidney failure 43 (23%) 17 (13%) 0.054
Chronic liver failure 5(3%) 2 (2%) 0381
Solid neoplasm 4 (2%) 7 (6%) 0.191
Hematological neoplasm 2 (1%) 3 (2%) 0.65
Chronic immunosuppression 5 (3%) 1 (1%) 0.704
COPD 31 (16%) 15 (12%) 0.335
Home ventilation 5 (3%) 0 (0%) 0.166
Day 1
SOFA score 11(9-13) 9(7-12) 0.002
Hemodynamic SOFA score? <0.001
MAP > 70 mmHg 2 (23%) 62 (46%)
MAP <70 mmHg 23 (10%) 17 (13%)
Dopamine <5 pg/kg/min or dobutamine 5 (6%) 10 (7%)
Dopamine 5-15 pg/kg/min or norepinephrine <0.1 ug/kg/ 46 (20%) 15 (11%)
min or epinephrin <0.1 pg/kg/min
Dopamine > 15 pg/kg/min or norepinephrine > 0.1 pg/kg/ 95 (41%) 32 (23%)
min or epinephrin>0.1 pug/kg/min
Arterial pH 7.33(7.24-741) 7.38(7.31-743) 0.006
PaO,/FiO, 148 (100-189) 219 (163-247) <0.001
PaCO,(mmHg) 40 (35-48) 40 (34-47) 0.726
Tidal volume (ml/kg PBW) 8.1 (7.2-9.0) 8.7 (7.2-9.8) 0014
PEEP (cmH,0) 8(5-10) 6 (5-7) <0.001
Peak pressure (cmH,0) 28 (24-34) 19 (16-21) <0.001
Plateau pressure (cmH,0) 24 (21-28) 7 (14-19) <0.001
Driving pressure (cmH,0) 6 (14-19) 0(7-12) <0.001
Respiratory rate (breaths/min) (1 5-22) (14 20) 0.004
Respiratory system compliance (ml/cmH,0) 0 (25-37) 4 (43-72) <0.001
ICU evolution
Death in ICU 81 (43%) 38 (30%) 0.028
Causes of death 0.224
Cardiovascular failure 60 (74%) 26 (68%)
Neurologic failure 1 (14%) 7 (18%)
Respiratory failure (50 3 (8%)
Other 6 (7%) 2 (6%)
Length of mechanical ventilation (days) 4(2-10) 5(2-10) 0.828
Ventilator-free days 4 (0-24) 19 (0-26) 0.006
Hospital evolution
Death in hospital 93 (49%) 45 (36%) 0.022

Values represent median (interquartile range) or count (percentage). p-values were obtained using Wilcoxon or Chi-square tests (for quantitative and qualitative data,
respectively). In variables with multiple mutually exclusive categories per group (i.e., hemodynamics), a Chi-square test including all the categories was performed

@ SOFA score was available for 166 patients
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than the 75™ percentile of length of ventilation). When
compared to those patients with a shorter duration of
mechanical ventilation (Additional file 1: Table S2), there
were no significant differences in any variable collected
at day 1 other than tidal volume, which was lower in
patients with prolonged ventilation. The rates of mechan-
ical circulatory support or renal replacement therapy
were also similar between groups. However, development

of acute respiratory distress syndrome during the ICU
stay was more common in patients with prolonged
ventilation.

Relationships between ventilatory settings

and hemodynamics

Distribution of ventilatory settings along the different lev-
els of hemodynamic impairment (measured using the
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hemodynamic item of the SOFA score) was explored. Peak
pressure (Fig. 4A), plateau pressure (Fig. 4B), driving pres-
sure (Fig. 4C) and PEEP (Fig. 4D) were positively corre-
lated with the hemodynamic SOFA score, showing weak,
but significant correlations. However, no correlation was
observed for tidal volumes (Fig. 4E).

Role of driving pressure on survival

We fitted a marginal structural model in 248 patients with
invasive ventilation and plateau pressure data. High driv-
ing pressures during the first ICU week were related to a
significant increase in mortality, whereas high tidal vol-
umes after day 7 showed the opposite (Fig. 2D and Addi-
tional file 1: Table S3). Several sensitivity analyses were
performed: restricting the analysis to those patients on
controlled invasive ventilation on day 1 (Additional file 1:
Table S4), after exclusion of imputed plateau pressures
(Additional file 1: Table S5), after excluding patients with
only a clinical diagnosis of CPE (Additional file 1: Table S6),
using dynamic driving pressures (measured as peak pres-
sure minus PEEP, Additional file 1: Table S7), or inclusion
of patients on non-invasive ventilation on day 1 (Additional
file 1: Table S8), did not substantially modify these findings
(Additional file 1: Fig. S1).

Discussion

In this sub-study of the LUNG SAFE cohort, patients with
isolated cardiogenic respiratory failure showed 40% of hos-
pital mortality, similar to that observed for ARDS patients
and recent series of patients with cardiogenic shock requir-
ing mechanical ventilation [8, 22, 23]. Our results show that
high driving pressures during the first week of ventilation
were associated to a significantly increased mortality, sup-
porting the impact of mechanical ventilation on the out-
comes of patients with CPE.

Alveolar edema results in reduced functional residual
capacity and compliance, and may promote lung injury
when high tidal volumes are applied. Alveolar flooding
caused by hydrostatic, non-inflammatory mechanisms,
may replicate a “baby lung” effect in patients with CPE
[3]. This reduction in the airspaces available for ventila-
tion increases the susceptibility to VILI by diverting the
bulk of tidal volume towards aerated areas, causing local
overdistension and increased pressures. The increased cell
stretch may trigger lung inflammation, causing or perpetu-
ating lung injury and systemic inflammation. Although the
importance of VILI and the optimal ventilatory settings
in patients without pre-existing inflammation remains
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unclear[24], there is increasing evidence that lung inflam-
mation may play a role in the pathogenesis of CPE and
cardiogenic shock [25]. Interestingly, new onset of ARDS
was the only variable related to prolonged ventilation in
this cohort, highlighting the importance of a second hit on
the outcome. However, the specific contribution of VILI to
perpetuate cardiovascular failure, which is the most com-
mon cause of death in our cohort, is unknown.

Non-invasive ventilation can help to ensure gas
exchange while avoiding intubation, and its use has
yielded better outcomes in CPE [26, 27]. Our study cor-
roborates these lower mortality rates in patients receiving
non-invasive ventilation. It is unclear if these patients are
exposed to an increased risk of ventilator-induced lung
injury, although it has been proposed that large spon-
taneous inspiratory efforts may cause damage (termed
patient self-inflicted lung injury) [28]. Although airway
pressures during non-invasive ventilation were lower,
our available data cannot discard an increased contribu-
tion of spontaneous breathing to these pressures, thus
increasing transpulmonary pressures.

There is substantial debate on how different ventilatory
settings are related to VILIL. As previously described, tidal
volume may promote regional overdistension. The use of
reduced tidal volumes (6 ml/kg) decreased mortality in
ARDS. Tidal volumes used in this CPE cohort are sub-
stantially higher than this value, and a threshold of 9 ml/
kg has been correlated with a worse outcome [14]. From a
pathogenetic point of view, tidal volume is a global meas-
urement and local phenomena are driven by changes in
pressure, which is sensed locally by lung cells. Hence,
driving pressure, rather than tidal volume alone, has been
proposed as a better marker of regional lung strain with
better correlation to mortality than tidal volume in ARDS
[29]. Respiratory system compliance, as a marker of the
amount of lung available for ventilation, emerges then
as a relevant biomarker to identify the risk of VILL. Our
results, using a weighted marginal structural model that
isolates the effects of driving pressures from other con-
founders, support the association between driving pres-
sures and mortality in patients with CPE. On the other
hand, PEEP, which is a major determinant of lung recruit-
ment, may have multifaceted effects on VILI, as increas-
ing end-expiratory volume may promote the recruitment
of collapsed or flooded alveoli for ventilation, but also
cause overdistension of previously aerated areas [30].

Heart-lung interactions are a major concern in
mechanically ventilated patients [31]. Our data show

(See figure on next page.)

Fig. 4 Distribution of values of ventilatory settings (A Peak inspiratory pressure; B Plateau pressure; C Driving pressure; D Positive end-expiratory
pressure [PEEP]; E Tidal volume) according to the hemodynamic item of the SOFA score (0: mean arterial pressure > 70 mmHg; 1: mean

arterial pressure < 70 mmHg, 2: dopamine <5 ug/kg/min or dobutamine; 3: dopamine 5-15 ug/kg/min or norepinephrine <0.1 pug/kg/min

or epinephrin <0.1 pg/kg/min; 4: dopamine > 15 pg/kg/min or norepinephrine > 0.1 pg/kg/min or epinephrin > 0.1 pg/kg/min). Spearman’s
coefficients (p) were calculated to assess the correlation between these parameters and the score
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progressively increased airway pressures according
to the severity of the hemodynamic impairment. The
increase in peak, plateau and driving pressures, with
no change in tidal volume, can be explained by a pro-
gressive decrease in lung compliance. These results
raise the hypothesis that clinicians set tidal volume to
ensure ventilation, and the obtained pressures are the
consequence of the magnitude of lung edema and its
impact on respiratory mechanics. Regarding PEEDP, that
is usually set at lower levels in these patients due to its
potential hemodynamic effects [13], no conclusion can
be extracted.

This study has some limitations that must be dis-
cussed. Available data do not include information on
previous cardiac diseases or triggering events. Similarly,
the database did not differentiate between patients with
preserved or reduced ejection fraction or other heart
failure phenotypes [32, 33] although it has been reported
that respiratory support is related to worse outcomes in
both groups [34]. Therefore, we cannot discard differ-
ences in the observed effects of mechanical ventilation
on the outcome among CPE phenotypes. Instead, the
hemodynamic item of SOFA score was used to categorize
the circulatory status at admission. It has been shown
that SOFA score has a good prognostic value in patients
with heart failure, independently of the baseline ejection
fraction [35, 36]. In addition, the observational design
allows only for associative conclusions, although the use
of inverse probability of treatment weights in a marginal
structural model increases the strength of this associa-
tion by standardizing baseline risks [37]. Finally, plateau
pressures were available in 75% of all patients. When a
pressure control mode or non-invasive ventilation was
registered, inspiratory pressure was considered as plateau
pressure. However, excluding these patients from the
analysis yielded the same results.

Conclusions

Our findings highlight the impact of mechanical venti-
lation in patients with CPE. Although the observational
nature of this study prevents any causality relationship
to be inferred, our results show that ventilatory vari-
ables could be used as a marker of severity and sug-
gest that patients with CPE may be susceptible to VILI.
Clinical trials of low tidal volume in CPE should test
this hypothesis.
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different sensitivity analyses described in Tables S3-57. CPE: Cardiogenic
pulmonary edema.
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