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Abstract

Background COVID-19-associated acute respiratory distress syndrome (ARDS) supported by veno-venous extra-
corporal membrane oxygenation (vv-ECMO) results in a high in-hospital mortality rate of more than 35%. However,
after cannulation, no prognostic factor has been described to guide the management of these patients. The objective
was to assess the association between static respiratory compliance over the first 10 days post-vv-ECMO implantation
on 180-day mortality.

Results In this multicentric retrospective study in three ECMO referral centers, all patients with COVID-19-associated
ARDS supported by vw-ECMO were included from 03/01/2020 to 12/31/2021. Patients were ventilated with ultra-pro-
tective settings targeting a driving pressure lower than 15 cmH,0O. 122 patients were included. Median age was 59 IQR
(52-64), 83 (68%) were male, with a median body mass index of 33 (28-37) kg/m?. Delay between first symptoms to
vw-ECMO implantation was 16 (10-21) days. Six-month death was 48%. Over the first ten days, compliance increased
in 180 day survivors [from 18 (12-25) to 20 (15-27) mL/cmH,0] compared to non-survivors [from 12 (9-20) to 10
(8-14) mL/cmH,0, p interaction < 0.0001]. A time varying multivariable Cox model found age, history of chronic lung
disease, compliance from day one to day ten and sweep gas flow from day one to day ten as independent factors
associated with 180-day mortality.

Conclusions In COVID-19-associated ARDS, static respiratory compliance course over the first ten days post-vv-
ECMO implantation is associated with 180-day mortality. This new information may provide crucial information on the
patient’s prognosis for intensivists.

Key points

+ Question: Does static respiratory compliance predict outcomes in patients with COVID-19 associated acute res-
piratory distress syndrome requiring vv-ECMO?

+ Findings: In 122 included patients, static respiratory compliance course over the first ten days post vv-ECMO
implantation was associated with 180-day mortality in a multicentric retrospective study.

*Correspondence:

Antoine Kimmoun

akimmoun@chru-nancy.fr

Full list of author information is available at the end of the article

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n 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/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13613-023-01152-7&domain=pdf
http://orcid.org/0000-0002-5443-2074

Valentin et al. Annals of Intensive Care (2023) 13:54

Page 2 of 11

+ Meanings: Monitoring static respiratory compliance during the ten first days in these patients may provide cru-
cial information on their prognosis and help intensivits for their management.

Keywords Compliance, COVID-19, ECMO, Respiratory distress syndrome

Background

Since the beginning of COVID-19 pandemic, the extra-
corporeal life support organization reported more
than 10 500 patients with COVID-19-associated ARDS
(CARDS) supported by vv-ECMO [1]. The in-hospital
mortality of these patients has changed over time, ini-
tially from around 30% to reach more than 65% in last
large series. These rates are no longer comparable to
non-COVID vv-ECMO-treated patients [2—4]. Reasons
of this increase remain widely misunderstood and are
probably multifactorial with virus-related pathogenic-
ity, vv-ECMO delay and patients being more comorbid
[2]. Risk factors of mortality, such as a prolonged pre-
ECMO duration of mechanical ventilation, have been
identified in early studies, [5, 6]. These factors are used
to select patients and once on vv-ECMO, they receive
ultra-protective ventilation with limited driving pres-
sure below 15 cmH,O and stable levels of positive end-
expiratory pressure (PEEP) [4]. The severity of lung
injury with the reduction of aerated lung is correlated
to the static respiratory compliance (Crs), and this Crs
can decrease significantly after ECMO start [4]. Lung
function recovery may take longer time in patients
with COVID-19 supported by vv-ECMO [7]. Evolution
of early clinical parameters in a context of prolonged
intensive care unit (ICU) stay durations and very high
mortality under vv-ECMO might be useful hints for
prognostic assessment. Indeed, therapeutic withdrawal
can be a challenging task especially in a pandemic con-
text during which the number of ICU beds could be
limited [8].

To address this need, our hypothesis was that, in
selected patients under vv-ECMO, the evolution of
respiratory parameters in the first ten days following
vv-ECMO implantation for CARDS might be associ-
ated with the outcome. Thus, the objective of this study
was to assess the impact of Crs evolution in the first
ten days under vv-ECMO on 180-day mortality.

Methods

Study design

This retrospective study was conducted in three refer-
ral ECMO university hospitals from March 1, 2020, to
December 31, 2021, in France. The study was registered
in clinical trial registry before the collection and the

analysis of the data: https://www.clinicaltrials.gov/ct2/
show/NCT05341687).

Inclusion criteria

All consecutive adult patients hospitalized in one of the
three ICU with a confirmed CARDS requiring vv-ECMO,
were included.

Pre-vv-ECMO management
Diagnosis of SARS-CoV-2 infection was made by a posi-
tive reverse transcriptase polymerase chain reaction (RT-
PCR) on nasopharyngeal swab or lower respiratory tract
sampling, and a chest computed tomography with typical
abnormalities, as described by the Fleischner Society [9].

The decision to initiate vv-ECMO was systematically
discussed by a multidisciplinary expert team, after opti-
mization of the mechanical ventilatory support (V lower
or equal to 6 mL/kg of ideal body weight, use of PEEP
adjusted to target a plateau pressure lower or equal to
28-30 cmH,0), at least after one session of prone posi-
tioning (when technically possible) and neuro-muscular
blocking agents (see Additional file).

Criteria for vv-ECMO implantation were based on the
EOLIA inclusion criteria [10].

Management after implantation of vv-ECMO

Management was homogenous among the centers, as
all were participating in multicenter trials on vv-ECMO
management such as PRONECMO (NCT04607551) or
EOLIA trials [10].

General ventilatory support management

Immediately after vv-ECMO implantation, an ultra-pro-
tective lung ventilation to enhance ventilator-induced
lung injuries prevention was started as proposed in the
EOLIA trial [10]. Briefly, the ventilatory mode could be
either volume- or pressure-control. For both ventilatory
modes, as a general guideline, intensivists were encour-
aged to maintain AP below 15 cmH,O and to adapt venti-
latory parameters accordingly. Respiratory rate (RR) was
reduced to 8—12 ¢/min. In volume control mode, Vi was
reduced to 2-3 mL/kg of ideal body weight, PEEP was
generally maintained above 10 cmH,O with a plateau
pressure (P, that should not exceed 23 to 25 cmH,0.
In pressure-control mode, high pressure (Py;y) and low
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pressure (P,) were set between 23 and 25 cmH,O and
above 10 cmH, O, respectively.

vv-ECMO settings

ECMO blood flow was set to target an arterial oxyhae-
moglobin saturation (SaO,) above 90%. Beta blockers,
deep sedation, or moderate hypothermia applied with
ECMO-heat exchanger could be used to reduce the car-
diac output when SaO, remained below 90% with maxi-
mal ECMO blood flow [11]. Sweep gas flow was started
at 1 L/min and increased slowly to avoid a rapid drop in
PaCO, and then adapted to ideally reach a pH between
7.38 and 7.42 mmHg. ECMO membrane efficiency was
checked daily by the perfusionist.

Corticosteroids management

After the release of the recovery trial in June 2020, all
patients were early treated by dexamethasone at a posol-
ogy of 6 mg/day for a total duration of 10 days [12].
Thereafter, in case of non-clinical improvement after vv-
ECMO implantation, a corticosteroid treatment could be
initiated at physician discretions [13].

Prone positioning
Prone positioning in patients undergoing vv-ECMO
was left at the physician discretion until April 1, 2021.
Thereafter, a part of patients undergoing vv-ECMO were
included in the proneECMO trial in which the decision to
prone a patient was randomized (NCT04607551).

Details of management, including withdrawal of care
are detailed in the additional file online.

Main outcomes

The primary outcome of this study was to assess, in
patients with CARDS, the association between the Crs
of the first ten days after vv-ECMO implantation and
180 day mortality.

Secondary outcome was to describe the evolution of
the other ventilatory parameters over the first 10 days
(PEEP, Vi, AP, RR, P, ECMO blood and sweep gas
flows).

plat,

Data collection

Baseline time was defined as the first day after vv-ECMO
implantation. Demographics, medical history, SAPS II
score, timing of first respiratory symptoms, ICU admis-
sion, endotracheal intubation and vv-ECMO implanta-
tion were recorded. Waves of pandemic were defined
according to official dates provided by the French
National Institute for Statistics and Economic Studies
(www.insee.fr). Ventilatory parameters were collected
just before vv-ECMO implantation and then daily from
day one to day ten and included ventilator mode and

Page 3 of 11

settings (i.e., RR, PEEP, P, AP, Crs). AP was defined as
P o minus total PEEP. vv-ECMO settings (i.e., vw-ECMO
blood flow, sweep gas flow) were also recorded daily from
day one to day ten. Arterial blood gases were collected
just before vv-ECMO implantation and then at day one,
two and ten. In patients ventilated with pressure control
mode, Py, was considered as P, and P, as PEEP. Ven-
tilatory acquired pneumonia or sepsis before vv-ECMO
implantation was defined as a documented pneumonia
occurring more than 48 h after mechanical ventilation
start or as the initiation of an antibiotic therapy. Dates of
explantation from vv-ECMO, weaning from mechanical
ventilation (MV), ICU discharge and death until 180 days
after ICU admission were recorded. Vital status at day
180 was assessed using the national open-access database
matchID (https://deces.matchid.io/).

Ethics

In accordance with French legislation, non-opposition of
the patient or their legal representative for use of the data
was systematically sought. The study was approved by the
ethical committee of Nancy teaching Hospital (N°CO-
26). All data were collected into an anonymous com-
puterized database and registered to the electronic data
registry of Nancy teaching hospital (N°2022P1050-235).
The procedures followed were in accordance with the
ethical standards of the responsible committee on human
experimentation and with the Helsinki Declaration of
1975, as most recently amended.

Statistical analysis

Analytical data are presented as the median with 25th
and 75th percentiles [median (interquartile range)] for
continuous variables, whereas categorical variables as
numbers and percentages. Comparisons of baseline char-
acteristics according to waves of the pandemic were con-
ducted by using Wilcoxon or Kruskal-Wallis tests for
continuous variables and the Fisher exact test or y2 test
for categorical variables. Comparisons of characteristics
before and after vv-ECMO implantation were handled
with a Wilcoxon rank signed test. Continuous variables
analyzed each day from day one to day ten were handled
by a linear mixed model tested with Kenward—Roger’s
F tests. Trend in proportion evolutions over time were
assessed using a Cochran—Armitage Q test.

The primary outcome measure was the prevalence of
180 day mortality after ICU admission. To determine fac-
tors associated with 180 day mortality while considering
the changes in mechanical ventilatory parameter meas-
urements over time, a Cox model with time-dependent
covariates was performed (see the additional file online
for explanation on time-dependent Cox regression
method). For illustration purpose, a survival curve by
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using the Kaplan—Meier method was drawn according
to the Cox model with Crs as a time-dependent covari-
ate. Groups in this figure were based on terciles of all Crs
values from day one to ten. The results were presented
as hazard ratio with 2.5% and 97.5% values. Considering
that there are 8.7% missing data for variables included in
the multivariable model, an imputation analysis has been
performed using simple two-stage approach (see details
in Additional file 1: Fig. S1) [14]. Additional statistical
analyses to assess the best thresholds (according to ROC
curves and Cox regression analysis) of delta Crs between
day one to day five or to day ten were performed with
calculation of sensitivity and specificity and C-index for
each threshold. A two-sided p-value <0.05 was regarded
as statistically significant. Statistical analyses were per-
formed using R, version 4.1.1 (2021-08-10) (R Founda-
tion for Statistical Computing, Vienna, Austria).

Results

Description of the population at baseline

One hundred twenty-two consecutive patients were hos-
pitalized for COVID-19 requiring vv-ECMO from March
1, 2020, to December 31, 2021. Baseline characteris-
tics are presented in Table 1. Briefly, median age was 59
(52-64) years, 83 (68%) were male, with a median BMI of
33 (28-37) kg/m? and most of them, i.e., 53 (43%), were
included during the third wave.

Change in ventilatory parameter measurements before
and after vv-ECMO initiation is presented in Additional
file 1: Table S1. Initiation of vv-ECMO was associated
with a reduction in Vi from 6 (5-6) mL/kg to 3 (2-4)
mL/kg, p<0.0001. AP decreased from 17 (15-20) to 12
(9-14) cmH,0, p<0.0001 and RR from 28 (26-30) to
12 (10-15) c¢/min, p<0.0001 and PEEP slightly increase
from 12 (9-14) to 12 (10-15) cmH,0, p=0.0116).

After vv-ECMO implantation, 34% of patients received
pressure-controlled mode, and 66% remained in vol-
ume-controlled mode. Vv-ECMO duration was 20 (11—
30) days, invasive MV duration was 33 (23-50) days and
ICU length of stay was 38 (27-52) days. No patient pre-
sented a severe right ventricular dysfunction over the ten
first days and none underwent a conversion from VV to
VA of VVA ECMO settings.

Fifty-eight patients had died at 180 days. Compared
to survivors, non-survivors were older 62 (58—66) vs 56
(46-62) years, (p <0.0001), tended to have more chronic
lung disease (p =0.073), had a longer invasive MV dura-
tion before ECMO implantation [6 (2-10) vs 3 (1-6),
p=0.011]. V1 and Crs at day one were significantly dif-
ferent between non-survivors and survivors [2.3 (1.8—
3.2) vs 3.0 (2.4-3.8) mL/kg, p=0.001 and 12 (9-20)
vs 18 (12-25) mL/cmH,O, p=0.006, respectively].
Vv-ECMO duration was longer in non-survivors as
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compared with survivors [28 (19-33) vs 13 (9-22) days,
p<0.0001]. Among the 58 non-survivors, 35 had
undergone a withdrawal of care, 22 developed a mul-
tiple organ failure and 1 died from ECMO-related fatal
adverse event. A CT scan was performed right before
death in 29/58 (50.0%) patients. Among them, 23 were
carried out as part of a withdrawal of care process.
Intra-lobular reticulations or traction bronchiecta-
sis were found in 19/23 (82.6%). Evolution of baseline
characteristics over the four waves of pandemic is
described in Additional file 1: Table S2.

Static respiratory compliance assessment over time

Figure 1 shows the course of Crs according to 180-day
vital status over the first ten days. Crs increased over the
first ten days in 180 day survivors from 18 (12-25) to 20
(15-27) mL/cmH,O compared to non-survivors in which
Crs decreased from 12 (9-20) to 10 (8—14) mL/cmH,O
(p interaction=0.0001).

Among the 122 patients included 58 (48%) died within
180 days. Figure 2 shows the Kaplan—Meier curves
according to terciles of all Crs recorded from day one
to day ten post vv-ECMO implantation. Compared
to patients in the third tercile of Crs>20 mL/cmH,O,
patients in the first (<11 mL/cmH,0) and second tercile
of Crs (from 11 to 20 mL/cmH,0) presented a higher risk
of death with HR: 9.51 CI 95% (4.16 to 21.75) and 3.01 CI
95% (1.27 to 7.17), respectively.

180-day mortality predictors

Univariate Cox model with time-dependent and time-
fixed variables are presented in Additional file 1: Table S3.
Multivariate Cox model retained older age, history of
chronic lung disease, and increase in sweep gas flow over
time to be associated with a higher risk of 180-day mor-
tality. The increase in Crs over time was associated with a
better outcome (Table 2). Results were similar after mul-
tiple imputations.

Best thresholds of delta Crs between day one to day
five or to day ten have been evaluated. The best thresh-
old obtained from the ROC curve for delta day 1 day 5
(n=107 patients with complete data) was 3 (— 1—5) mL/
cmH,O with an AUC at 0.61. Sensitivity was at 0.86
(0.57-0.98) and specificity at 0.46 (0.27-0.77). The best
threshold obtained from the ROC curve for delta day
1 day 10 (n=83 patients with complete data) was 4 (3-5)
mL/cmH,O with an AUC at 0.68. Sensitivity was at 0.92
(0.81-0.98) and specificity at 0.54 (0.37-0.71). With a
Cox regression method, similar thresholds were found
(delta Crs day 1 day 5: 3 mL/cmH,0, C-index: 0.58; delta
Crs day 1 day 10: 4 mL/cmH,O, C-index: 0.65).
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Table 1 Description of baseline characteristics according to 180-day outcome

Variable N Total population N Survivors N Non-survivors p

Demographics

Age (years) 122 59 (52-64) 64 56 (46-62) 58 62 (58-66) <0.0001
Male gender (%) 122 83 (68%) 64 41 (64%) 58 42 (72%) 032
Body mass index (Kg/m?) 122 33(28-37) 64 34 (29-40) 58 32(27-36) 0.13
Medical history
Hypertension 122 60 (49%) 64 31 (48%) 58 29 (50%) 0.86
Diabetes mellitus 122 30 (25%) 64 12 (19%) 58 18 (31%) 0.12
Cardiac disease 122 11 (9%) 64 5 (8%) 58 6 (10%) 0.63
Lung disease 122 29 (24%) 64 11 (17%) 58 18 (31%) 0.073
Renal disease 122 10 (8%) 64 6 (9%) 58 4 (7%) 0.75
Immunosuppression 122 15 (12%) 64 8 (12%) 58 7 (12%) 0.94
Wave of pandemic 122 64 58 0.009
Wave 1 23 (19%) 19 (30%) 4 (7%)
Wave 2 25 (20%) 9 (14%) 16 (28%)
Wave 3 53 (43%) 25 (39%) 28 (48%)
Wave 4 21 (17%) 11 (17%) 10 (17%)
Pre ECMO period
SAPS2 score 122 43 (34-55) 64 42 (32-54) 58 43 (35-58) 027
Delay between first symptoms to ECMO (days) 109 16 (10-21) 62 13 (9—20) 47 17 (11-22) 0.070
Length of invasive mechanical ventilation (days) 122 4(1-9) 64 3(1-6) 58 6 (2-10) 0.011
Corticosteroids for COVID-19 122 85 (70%) 64 37 (58%) 58 48 (83%) 0.003
Corticosteroids for prolonged ARDS 122 82 (67%) 64 36 (56%) 58 46 (79%) 0.007
Tocilizumab for COVID-19 122 16 (13%) 64 6 (9%) 58 0(17%) 0.20
Prone positioning 122 117 (96%) 64 60 (94%) 58 57 (98%) 037
Mobile ECMO assistance 122 67 (55%) 64 34 (53%) 58 33 (57%) 0.68
Ventilator acquired pneumonia 122 72 (59%) 64 31 (48%) 58 41 (71%) 0.013
Day 1 parameters
Lactate (mmol/l) 119 14 (1.0-2.1) 64 1.4 (0.9-1.8) 55 1.5(1.1-2.6) 0.24
PaO./FiO, 122 134 (93-175) 64 138 (108-163) 58 124 (91-182) 0.55
Respiratory rate (c/min) 119 12 (10-15) 64 2 (10-15) 55 2(10-12) 0.14
Tidal volume (mL/kg) 119 2.8 (2.0-3.5) 64 0(24-38) 55 3(1.8-3.2) 0.001
Static respiratory compliance (mL/cmH,0) 116 15(10-22) 61 8 (12-25) 55 12 (9-20) 0.006
Plateau pressure (cmH,0) 114 24 (22-26) 60 24 (22-26) 54 25(22-27) 0.49
PEEP (cmH,0) 121 12 (10-15) 64 2(10-15) 57 2(10-14) 053
Driving pressure (cmH,0) 114 12 (10-15) 60 2 (10-14) 54 2(9-15) 046
Outcomes
ECMO duration (days) 122 0(11-30) 64 3(9-22) 58 8(19-33) <0.0001
Invasive mechanical ventilation duration (days) 122 (23 50) 64 30 (21-50) 58 (26 50) 017
Vasopressors (day one to day ten, yes/no) 122 83 (68%) 64 40 (62%) 58 43 (74%) 017
Number of days on vasopressors (day oneto 10) 1o 100 1(0-4) 51 1(0-4) 49 2(0-3) 0.35
In-ICU length of stay (days) 122 (27 52) 64 37 (27-58) 58 39 (28-49) 0.81
Six-month deaths 122 8 (48%) 64 0 (0%) 58 58 (100%) <0.0001

Values are expressed as median [IQR] or as number and frequency. n: available data

COVID-19 coronavirus disease 2019, ECMO extracorporeal membrane oxygenation, FiO, inspired oxygen fraction, ICU intensive care unit, PaO, arterial oxygen tension,
PEEP positive end-expiratory pressure

Other ventilatory parameters analysis over time Ventilatory modes were mainly “volume control” and
Figure 3 shows the ventilatory parameters over the first  “pressure control” with a decrease in proportions of
ten days after vv-ECMO implantation. volume control mode over the first ten days (p<0.0001)
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Table 2 Predictors of 180-day mortality in patients with CARDS

Variables HR p
95% CI

Time-fixed variables

Age (per 5 years) 1.38(1.15-1.65) 0.0004

Chronic lung disease 1.86 (1.05-3.31) 0.0346
Time-dependent variables

Static respiratory compliance (per 5 mL/  0.64 (0.52-0.79)  <0.0001

c¢mH,0) from day 1to 10

Sweep gas flow (L/min) from day 1to 10 1.16 (1.04-1.29) 0.0097

(Fig. 3A). There were no interactions between time and
180-day outcome on A P, PEEP and P, ventilatory vari-
ables which remained all globally constant over time
(Fig. 3B-D). By contrast, RR and V increased over time
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in 180-day survivors compared to 180-day non-survivors
(p interaction=0.0113 and p interaction =0.0002, respec-
tively, Fig. 3E, F).

Figure 4 shows that vv-ECMO flow and sweep gas flow
over the ten first days decreased more in survivors than
in non-survivors (p interaction=0.0031 and p=0.0001,
respectively, Fig. 4A, B).

Discussion

The main result of the present study is that Crs evolu-
tion on the first ten days was independently associated
with 180-day survival status. Importantly, all the included
patients received protective low V7, low P, moderate
to high PEEP and almost all had prone position session
before vv-ECMO implantation. Finally, when undergoing
vv-ECMO, “ultraprotective ventilation” was applied in
most patients with a target of A P below 15 cmH,0O.

The prognostic value of early Crs course after ECMO
implantation remains debated specifically for CARDS on
ECMO in whom respiratory evolution is delayed com-
pared to non-COVID-19 ARDS on ECMO. No major
recent study reported the association between early
Crs evolution post-ECMO implantation and the out-
come in CARDS patients [3, 6, 15-20]. In LIFEGARDS
from Schmidt et al. which included only non-COVID-19
ARDS, driving pressure but not Crs over the first days
has been reported associated with 180-day outcome [4].

The observed mortality (48%) was higher than previ-
ously reported. Schmidt et al,, first reported from March
to May 2020, 83 cases of CARDS supported by vv-ECMO
with a 60-day mortality of 31% [3]. Later, Nesseler et al.
conducted a nationwide French study from March to
October 2020 and observed a 28 day in-hospital mor-
tality of 51% [6]. Several reasons could explain the dif-
ference in mortality observed. First, period of inclusion
included different waves of pandemic. Patients, in the
Schmidt et al,, study, were included only during the first
wave of pandemic in which the mortality rate was lower
as we also observed in the present study (17%) [3]. By
contrast, the mortality rate in the Nesseler et al, study
was close to the global mortality rate observed in our
study (48%). They included patients from the first two
waves and patients from low, medium, and high-volume
ECMO centers which may have impacted the outcome
[6]. Finally, others also demonstrated that successive
waves of pandemic were associated with increasing mor-
tality rates [21, 22]. Explanations may be numerous, and
our study includes older patients, tending to have more
comorbidities but also being more severe on ventilatory
parameters at day one.

The management of patients with ARDS before vv-
ECMO has greatly improved over the last few years.
Indeed, from only 26% of the patients being prone
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Fig. 3 Exploratory ventilatory variables recorded daily from day one to day ten and according to 180 day status. Panel A: ventilatory modes. Panel B:
driving pressure. Panel C: positive end-expiratory pressure. Panel D: plateau pressure. Panel E: respiratory rate. Panel F: tidal volume
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Fig. 4 Exploratory vw-ECMO parameters recorded daily from day one to day ten and according to 180 day status. Panel A: vww-ECMO flow. Panel B:

sweep gas flow

positioned in LIFEGUARD study to 56% in the ECMO
group of the EOLIA study, 96% were prone positioned in
the present study [4, 10]. Similarly, recommendations on
protective mechanical ventilation in ARDS patients were
also far better respected, whereas patients presented a
critical respiratory state [23].

Our main result was that Crs evolution over the first
ten days was associated with 180-day outcome. This find-
ing may be a surrogate of lung injury recovery which
occurs early only in survivors. Before ECMO, Crs was
low with severe hypoxemia as a consequence of lung
injury [24]. As previously described at ECMO start,
ultra-protective ventilation with Vi and RR reduction,
while PEEP remained constant, decreased mean airway
pressure and Crs [25]. This rapid change of Crs can be the
consequence of alveolar derecruitment and not only the
worsening of lung injury. Patients started vv-ECMO with
a lower Crs because of severe lung injury and alveolar
derecruitment, and we found that a persistent decrease
of Crs during the follow-up is associated with higher
mortality.

The follow-up of Crs on the first ten days is relevant as
no intensivist would make any prognosis from very early
ventilatory data. We determined thresholds of delta Crs,
between day one and day five or day ten. However, even
if appealing, these thresholds should be interpreted with
caution as by performing such analyses, we are at risk of
misestimation knowing that three patients died before

day ten, that 15 Crs are missing at day one or five and that
35 Crs are missing at day one or ten.

In an international, prospective cohort study of patients
undergoing vv-ECMO for non-COVID-19 ARDS, evolu-
tion over time of tidal volume (V) and driving pressure
(AP) (i.e., expression of static respiratory compliance
(Crs)), was associated with the outcome [4]. A P and not
Crs has been previously reported as a strong predictor
associated with mortality in ARDS patients supported
with vv-ECMO [26, 27]. In non-COVID-19 patients,
Schmidt et al. showed that A P was an independent risk
factors of 180-day mortality. However, A P was collected
at non-successive times on the whole ICU stay. By con-
trast, in the present study we collected all respiratory
variables from day one to ten to approach closely the res-
piratory system mechanics at the bedside. Moreover, we
did not include A P in our model as ventilatory settings
aimed to target this variable below 15 cmH,O.

The increase in sweep gas flow over time is also a risk
factor of 180-day mortality. This was not the consequence
of membrane dysfunction over time, but an increase of
lung injury with more dead space and the inability of the
lung to eliminate CO, and thus the need to maintain an
extracorporeal CO, removal that may be a witness of
evolution towards fixed lung fibrosis [28].

Finally, importance of pre-existent lung disease should
be also underlined. This factor was not found in first
COVID-19 series of patients invasively ventilated with
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or without vv-ECMO as a risk factor of death [6, 29,
30]. One possible explanation was that, in these stud-
ies, patients were majorly included during the first wave
of the pandemic during which ICU-bed resource was
scarce [31, 32]. A more drastic patient selection might be
suspected.

Our study has limitations. First, it is a retrospective
study with its inherent limitations. However, missing
data are scarce, and we used a proven statistical method
accounting time-dependent variables on the outcome to
overcome this limit [4]. Second, ventilatory management
may have influenced patient’s outcome. However, due to
its retrospective nature, several ventilatory modes were
prescribed over time in a same patient. The first ten days,
only 25% had no change (23 patients), while 25% had
more than three ventilatory modes prescribed (n=15)
which did not allow us to investigate a potential associa-
tion between ventilatory mode and Crs. Third, patients
were included in high-volume centers, all experts in
the management of patients requiring vv-ECMO with
highly homogenized practices at bedside. Thus, our find-
ings might be not fully representative of the practices in
low-volume centers. Fourth, patients with low compli-
ances could have needed more time on ECMO to recover.
Indeed, 35 undergone a withdrawal of care. Neverthe-
less, in this study ECMO duration was twice as long in
non-survivors (28 days) as already published COVID and
non-COVID ARDS cohorts with ECMO [4, 6, 33]. The
decision of withdrawal of care, when there was no likely
favorable outcome, was multifactorial and based on a
consensus within the team in charge. However, despite
an established protocol, we could not exclude that with-
drawal decisions may have been influenced by resource
issues, specifically in the very beginning of the pandemic.
Fifth, the successive pandemic waves and the associ-
ated-resource issues can have influenced the outcome of
patients. Indeed, during the first wave regions with the
highest burden of care in ICU were associated with up to
2.2-fold increase of death rate [31]. We handled this by
including “waves of pandemic” as a confounding vari-
able in the multivariate Cox model. This variable was not
independently associated with the 180-outcome. Moreo-
ver, in this study, 81% of patients were included after the
first wave. Finally, if early ventilatory parameters might
provide some hints to determine the evolution of CARDS
patients supported by vv-ECMO, in many cases, only
changes over a prolonged time will be decisive and our
finding cannot be extrapolated beyond CARDS patients.

Conclusions

In this cohort study of patients with CARDS supported
by vv-ECMO, with a A P targeted below 15 cmH,0O and
a stable PEEP, Crs evolution measured during the first
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ten days following vv-ECMO implantation might be a
prognostic factor independently associated with 180-day
survival status. Thus, intensivists should pay attention to
the first ten days Crs since its value may provide infor-
mation on the patient’s prognosis. These data apply only
to patients with CARDS supported by vv-ECMO and
should be interpreted with caution as withdrawal deci-
sions may have been influenced by resource issues in the
very beginning of the pandemic.
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CARDS COVID-19-associated ARDS
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