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In-hospital and 6-month outcomes in patients with
COVID-19 supported with extracorporeal membrane
oxygenation (EuroECMO-COVID): a multicentre, prospective
observational study
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Summary

Background Extracorporeal membrane oxygenation (ECMO) has been widely used in patients with COVID-19, but
uncertainty remains about the determinants of in-hospital mortality and data on post-discharge outcomes are scarce.
The aims of this study were to investigate the variables associated with in-hospital outcomes in patients who received
ECMO during the first wave of COVID-19 and to describe the status of patients 6 months after ECMO initiation.

Methods EuroECMO-COVID is a prospective, multicentre, observational study developed by the European
Extracorporeal Life Support Organization. This study was based on data from patients aged 16 years or older who
received ECMO support for refractory COVID-19 during the first wave of the pandemic—from March 1 to
Sept 13, 2020—at 133 centres in 21 countries. In-hospital mortality and mortality 6 months after ECMO initiation
were the primary outcomes. Mixed-Cox proportional hazards models were used to investigate associations between
patient and management-related variables (eg, patient demographics, comorbidities, pre-ECMO status, and ECMO
characteristics and complications) and in-hospital deaths. Survival status at 6 months was established through patient
contact or institutional charts review. This study is registered with ClinicalTrials.gov, NCT04366921, and is ongoing.

Findings Between March 1 and Sept 13, 2020, 1215 patients (942 [78%] men and 267 [22%] women; median age 53 years
[IQR 46-60]) were included in the study. Median ECMO duration was 15 days (IQR 8-27). 602 (50%) of 1215 patients died
in hospital, and 852 (74%) patients had at least one complication. Multiorgan failure was the leading cause of death
(192 [36%)] of 528 patients who died with available data). In mixed-Cox analyses, age of 60 years or older, use of inotropes
and vasopressors before ECMO initiation, chronic renal failure, and time from intubation to ECMO initiation of 4 days
or more were associated with higher in-hospital mortality. 613 patients did not die in hospital, and 547 (95%) of
577 patients for whom data were available were alive at 6 months. 102 (24%) of 431 patients had returned to full-time
work at 6 months, and 57 (13%) of 428 patients had returned to part-time work. At 6 months, respiratory rehabilitation
was required in 88 (17%) of 522 patients with available data, and the most common residual symptoms included dyspnoea
(185 [35%)] of 523 patients) and cardiac (52 [10%] of 514 patients) or neurocognitive (66 [13%)] of 512 patients) symptoms.

Interpretation Patient’s age, timing of cannulation (<4 days vs =4 days from intubation), and use of inotropes and
vasopressors are essential factors to consider when analysing the outcomes of patients receiving ECMO for COVID-19.
Despite post-discharge survival being favourable, persisting long-term symptoms suggest that dedicated post-ECMO
follow-up programmes are required.

Funding None.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction

Since the end of 2019, the SARS-CoV-2 pandemic has
affected more than 600 million people worldwide, with
more than 6-5 million deaths (as of Nov 4, 2022).
COVID-19 represents an unprecedented cause of
hospitalisations, requiring intensive care unit (ICU)
admission in 5-32% of admitted patients."* Almost 90%
of patients admitted to an ICU in the first wave of the
pandemic required mechanical ventilation,”* with the

most severe cases of acute respiratory distress syndrome
(ARDS) requiring extracorporeal membrane oxygenation
(ECMO).** Despite the lessons learned from the 2009
HIN1 influenza pandemic,’” scepticism and uncertainty
regarding appropriate selection of patients for ECMO
were common during the initial phase of the first wave of
COVID-19 from February to March, 2020. These doubts
were exacerbated by scarcity of resources, differences in
health-care systems, variability in institutional protocols,
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Research in context

Evidence before this study

We searched PubMed for articles published in English or with an
abstract written in English from database inception to

April 15, 2021, with the medical subject heading terms
"extracorporeal membrane oxygenation” and “COVID-19".

A second search was done from April 16, 2021, to

Sept 15, 2022, with the supplementary concept “follow-up”.
The search identified 252 manuscripts: 26 included data for
extracorporeal membrane oxygenation (ECMO) in patients
with COVID-19 with follow-up. 24 studies identified frames of
follow-up after ECMO treatment. These reports had a mean
follow-up time of 30 days and a maximum follow-up time of
90 days. We excluded one single-centre cohort study with a
small number of patients (n=43) that reported 6-month
follow-up; six different studies that focused on lung
transplantation due to severe forms of respiratory failure with
follow-up at 350 days because of their small population and the
different ECMO pathophysiological approach; and the largest
cohort study (n=1733) with 6-month follow up, in a population
with mild to severe COVID-19, with only ten patients included
who received ECMO support.

Added value of this study

The novelty of this EuroECMO-COVID study rests on the
6-month follow-up of a unique population: patients supported
with ECMO for respiratory failure during the first wave of the
COVID-19 pandemic (March 1 to Sept 13, 2020). The study
explored the interactions between a new pathophysiological
respiratory condition—COVID-19-associated acute respiratory
distress syndrome (ARDS), which is fundamentally different
from other forms of ARDS—and its clinical management at
133 centres across 21 different European and adjacent
countries, with variability in patient selection (eg, age
limitations) and previous experience with ECMO use for ARDS,
absence of specific data to guide a consistent approach to

and cultural factors, such as heterogeneity concerning
population characteristics (race and ethnicity, genetic
background, and socioeconomic status).® Once again, the
patient selection process and ECMO management
optimisation became crucial. Nevertheless, more than
2 years after the beginning of the COVID-19 pandemic,
much remains unknown about the determinants of
mortality, factors that could serve as a guide to prevent
the futile initiation of extracorporeal support, or
modifiable factors that could be targeted to improve
outcomes. Even less evidence is available regarding
outcomes after discharge;”" however, this information
will be essential to understand the disease burden in
patients with COVID-19 who survived ECMO.
Furthermore, the post-COVID-19 condition, also known
as long COVID, has been shown to have consequences
for post-discharge quality of life and even delayed
mortality after acute disease, which could play a part in
the health trajectory after ECMO.

managing ARDS, and strain on resources, including human
resources. The study identified the pre-ECMO need for
inotropes and vasopressors as a sign of evolving
cardiorespiratory compromise that might influence survival
and require a hybrid and dynamic ECMO approach or
configuration change. Age (=60 years) and time from
intubation to ECMO initiation (=4 days) were also associated
with higher in-hospital mortality. In addition, although the
study showed a low 6-month mortality after hospital
discharge, a range of health impairments at 6 months—
including respiratory, cardiac, and neurocognitive symptoms—
were found in patients who underwent ECMO support for
COVID-19 during the first pandemic wave and survived.

Implications of all the available evidence

As COVID-19 is still a new disease, clinicians require data to
estimate long-term outcomes, including those specifically
associated with ECMO use. The EuroECMO-COVID study
provides evidence for excellent post-discharge survival and
helps to identify early interventions that might improve in-
hospital outcomes and reduce the pressure on health systems
due to subsequent health complications. Of note, the study
also supports the development of dedicated post-ECMO
programmes to enhance patient monitoring and recovery in
terms of physical and neurocognitive conditions and
reintegration into pre-ECMO working activities. In our study,
on the basis of their association with in-hospital mortality,
patient’s age, timing of cannulation (<4 days or 24 days from
intubation), and use of inotropes or vasopressors represent
essential factors to be considered in the care of patients, and
the role of these factors needs to be confirmed in analyses of
subsequent waves. Finally, the data shed light on the heart-
lung interplay and the importance of choosing the right ECMO
configuration, on the basis of the degree of cardiorespiratory
compromise, in patients with COVID-19.

The EuroECMO-COVID study was developed by the
European Extracorporeal Life Support Organization
(ELSO) to provide weekly reports on patients undergoing
ECMO for refractory COVID-19 in Europe and adjacent
countries, including information on demographics,
support type, and health status (deceased, alive, or still
on ECMO).”* The aim of this analysis of data from the
EuroECMO-COVID study was to investigate in-hospital
outcomes in addition to survival and health status at
6 months after ECMO initiation—including respiratory,
cardiac, and neurocognitive symptoms, and employment
status—of patients with COVID-19 who were supported
by ECMO during the first wave of the COVID-19
pandemic.

Methods

Study design and participants

The EuroECMO-COVID study is a prospective,
international, multicentre observational study that was
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started in March, 2020, to follow the status of patients
undergoing ECMO for refractory COVID-19 in Europe
and adjacent countries, including Belarus, Israel, Norway,
Russia, and Switzerland.”* Data collection is still ongoing.
Currently, the study includes 204 participating centres and
releases near real-time information on ECMO use in
patients with COVID-19 every week throughout the
European chapter of the ELSO (Euro-ELSO). Patients aged
16 years or older who received ECMO support for
refractory COVID-19 from March 1, 2020, to Sept 13,
2020—the first wave—were included in this analysis.
Diagnosis of COVID-19 was confirmed at each centre
through a PCR test on a nasopharyngeal specimen. All
patients receiving ECMO for other concomitant causes
were excluded.

This study complied with the Declaration of Helsinki,
and the use of data was approved by the Ethics Committee
of the Maastricht University Medical Centre, Maastricht,
Netherlands (METC 2020-1343), which issued a consent
exemption for the current analysis of anonymised data
due to the increased benchmark risks during the
pandemic. All participating centres had the study
approved by the local ethics committee.

Procedures

The EuroECMO-COVID study collects data prospectively
on patients undergoing ECMO for refractory COVID-19.
Participating hospitals regularly deliver a predefined
dataset to the coordinating centre and data collection is
done on the basis of a predefined protocol.

Variables collected as part of the study dataset reported
here addressed pre-ECMO profile, ECMO management,
and outcomes until 6 months after initiation or death
(appendix pp 16-19). Data on in-hospital complications
and causes of death were collected, including end-of-life
decisions by the attending health-care personnel.

Follow-up continued until March 14, 2021, through
direct patient contact or institutional charts review. Data
on 6-month status included hospitalisation status,
respiratory symptoms, neurocognitive complications
(physical disability, muscle pain, attention disorders, and
headache), and cardiovascular symptoms (chest pain,
peripheral oedema, fatigue, and tachycardia). Finally,
6-month survivors were asked to report about their
return to work in part-time or full-time employment.

Outcomes

In-hospital mortality and mortality 6 months after ECMO
initiation were the primary outcomes. Secondary in-
hospital outcomes were the median duration of ECMO
support, median duration of ICU and hospital stay, in-
hospital complications (eg, renal failure, major bleeding,
neurological complications, gastrointestinal compli-
cations, and respiratory complications) from ECMO
initiation to hospital discharge or death, cause of death,
in-hospital time of death (on ECMO or after ECMO
weaning), and heart or lung transplantation. Secondary

6-month outcomes were any kind of hospitalisation,
work status, and respiratory, cardiac, and neurocognitive
symptoms (appendix pp 16-19).

Statistical analysis

Demographic and clinical variables were expressed as n
(%) for categorical variables and median (IQR) for
continuous variables after evaluation for normality.
Categorical data were compared with a x2 test. Continuous
variables were analysed with a ¢ test or a Mann-Whitney
U test, as appropriate.

First, we described the population characteristics,
ECMO details, and in-hospital outcomes for the whole
cohort and separately for patients who died in hospital
(in-hospital non-survivors) and those who did not die in
hospital (in-hospital survivors). In-hospital survival was
investigated with the Kaplan-Meier method and log-rank
test for comparison. A patient’s discharge or transfer to
another facility was treated as a censoring event. To
estimate the association between variables and mortality,
we fitted a frailty mixed-Cox proportional hazards model
that included both fixed and random effects. The random
effect was used to consider differences between centres.*
We considered different sets of variables that we deemed
to be important in terms of an association with in-
hospital mortality. Each variable set was developed on the
basis of clinical practice and the authors’ search of the
literature. The mixed-Cox model estimated the hazard
ratio (HR) for death in hospital as a function of the best
discriminatory set of variables. Specifically, we included
two models: one accounting only for pre-ECMO initiation

177 centres participated in the EuroECMO-
COVID study

44 no patient with COVID-19
on ECMO support

A

133 centres contributed to the current analysis

v

1531 patients with COVID-19 (PCR-confirmed
SARS-CoV-2 infection) who received
ECMO support were recorded

316 data collection not
completed

A

| 1215 patients included in the current analysis |

|
v v

| 613 in-hospital survivors

| | 602 in-hospital non-survivors |

Figure 1: Study profile

Patients receiving ECMO support who were recruited in the EuroECMO-COVID
study during the first pandemic wave (March 1 to Sept 13, 2020) were included
in the current analysis. ECMO=extracorporeal membrane oxygenation.
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Valid cases* All patients In-hospital In-hospital non-  pvalue
(n=1215) survivors (n=613)  survivors (n=602)
Age, years 1161(95-6%) 53 (46-60) 50 (43-57) 57 (49-62) <0-0001
Age groups - - - - <0-0001
<60 years old - 893 (74%) 536 (82%) 357 (63%)
60-69 years old - 271 (22%) 107 (16%) 164 (29%)
>70years old - 51 (4%) 9 (7%) 42 (8%)
Sex 1209 (99-5%) . - - 015
Male = 942 (78%) 467 (76%) 475 (80%)
Female = 267 (22%) 146 (24%) 121 (20%)
Race 1107 (91-1%) - 0-05
White . 745 (67%) 355 (63%) 390 (71%)
Asian 34 (12%) 81 (14%) 53 (10%)
Black 90 (8%) 49 (9%) 41 (8%)
Hispanic 77 (7%) 44 (8%) 33 (6%)
Other - 61 (6%) 32 (6%) 29 (5%)
BMI 1154 (95%) 291(26:0-33-:0)  29-3 (26:0-33-0) 29.0(26-0-32:9) 071
Coexisting condition
Obesity (BMI >29-9 kg/m?) 1155 (95-1%) 511 (44%) 259 (44%) 252 (44%) 1.00
BMI class 1155 (95-1%) - 0-35
<29-9 kg/m’ . 644 (56%) 326 (56%) 318 (56%)
Obesity class 1 (30-0-34-9 kg/m?) - 303 (26%) 151 (26%) 152 (27%)
Obesity class 2 (35-0-39-9 kg/m?) - 118 (10%) 55(9%) 63 (11%)
Obesity class 3 (=40-0 kg/m?) - 90 (8%) 53(9%) 37 (7%)
Current smoker 1076 (88-6%) 137 (13%) 58 (11%) 79 (15%) 0-02
Pre-existing comorbidities
Diabetes 1187 (97-7%) 279 (24%) 125 (21%) 154 (27%) 0-01
Arterial hypertension 1149 (94-6%) 476 (41%) 3(36%) 263 (47%) <0-0001
Cardiovascular disease 1183 (97-4%) 139 (12%) 50 (8%) 89 (15%) <0-0001
Renal failure 1168 (96-1%) 55 (5%) 15 (3%) 40 (7%) <0-0001
Chronic obstructive pulmonary disease 1172 (96-5%) 79 (7%) 27 (5%) 52 (9%) 0-0021
COVID-19 medical therapy
Antibiotics 1129 (92:9%) 1077 (95%) 545 (95%) 532 (96%) 016
Antiviral drugs 1131(931%) 584 (52%) 275 (48%) 309 (56%) 0-0050
Steroids 837(68:9%) 523 (63%) 258 (64%) 265 (61%) 0-43
Other immunomodulators 800 (65-8%) 225 (28%) 115 (29%) 110 (27%) 0-64
Convalescent plasma 856 (70-5%) 95 (11%) 52 (12%) 43 (10%) 023
Pre-ECMO support
Prone positioning before ECMO 1124 (92-5%) 995 (83%) 505 (83%) 490 (93%) <0-0001
Neuromuscular blockade 710 (584%) 561 (79%) 259 (79%) 302 (80%) 078
Inhaled nitric oxide 698 (57-4%) 163 (23%) 70 (22%) 93 (25%) 028
Inotropes 1119 (921%) 361 (32%) 142 (25%) 219 (40%) <0-0001
Vasopressors 1178 (97%) 934 (77%) 444 (74%) 490 (85%) <0-0001
Indication for ECMO 1210 (99-6%) 934 (79%) . . <0-0001
ARDS - 966 (80%) 517 (85%) 449 (75%)
Pneumonia - 177 (15%) 74 (12%) 3 (17%)
Septic shock - 15 (1%) 5 (1%) 10 2%)
Myocarditis/cardiac dysfunction - 28 (2%) 10 (2%) 18 3%)
Isolated ventricular failure 6 (1%) 1(<1%) 5 (1%)
Pulmonary embolism - 10 (1%) 4 (1%) 6 (1%)
Cardiac arrest - 7 (1%) 0 7 (1%)
Postpartum 1(<1%) 1(<1%) 0
(Table 1 continues on next page)
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Valid cases* All patients In-hospital In-hospital non-  pvalue
(n=1215) survivors (n=613)  survivors (n=602)
(Continued from previous page)
Blood gases before ECMO
pH 683 (56-2%) 3(7-2-7-4) 73 (7:2-7-4) 73 (7:2-7-4) 038
Pa0,, mm Hg 799 (65-8%) 64 5 (56-75-8) 650 (56-2-77-7) 640 (55-5-75-0) 019
PaCO,, mm Hg 691 (56-9%) 59:0 (49-73) 580 (49-5-73) 60-0(48-0-73-0) 048
Pa0,/Fi0, ratio 779 (64-1%) 67-0 (57-7-80-3) 67 0(58-81.7) 66-7(57-5-79-8)  0-82
Time from hospital admission to ICU admission, days 810 (66-7%) -0 (4-0-10-0) -0 (5-11) 6-0 (3-10) <0-0001
Time from ICU admission to intubation, days 859 (70-7%) -0 (0-0-2-0) -0 (0-1) 0-0 (0-1) 0-03
Time from intubation to ECMO cannulation, days 1202 (98-9%) -0 (2-:0-8.0) -0 (1-7) 40 (2-9) 0-03
Data are reported as n (%) or median (IQR). ARDS=acute respiratory distress syndrome. BMI=body-mass index. ECMO=extracorporeal membrane oxygenation. FiO,=fraction
of inspired oxygen. ICU=intensive care unit. PaCO,=partial pressure of arterial carbon dioxide. PaO,=partial pressure of arterial oxygen. *For the characteristics listed, valid
cases were the patients for whom data were available and considered to be accurate and consistent for statistical analysis.
Table 1: Baseline patient characteristics

variables along with initial ECMO mode, and another
model with pre-ECMO and post-ECMO initiation
variables.

The variables considered were as follows: age categories
(<60 years, 60-69 years, or =70 years); sex; body-mass
index (BMI) categories (=29-9 kg/m?2 or obesity class 1
[30-0-34-9 kg/m2], class 2 [35-0-39-9 kg/m?2], or class 3
[240-0 kg/m?2] according to the WHO classification); race;
history of chronic obstructive pulmonary disease (COPD),
chronic renal failure, arterial hypertension, diabetes, or
pre-existing cardiovascular disease; use of antiviral drugs,
vasopressors, or inotropes; ECMO indication; pre-ECMO
prone positioning; duration of pre-ECMO endotracheal
intubation (<4 days or =4 days); initiall ECMO mode
(venovenous vs venoarterial); ECMO duration; ECMO
configuration change; renal failure with and without
renal replacement therapy; lung complications (pneumo-
thorax, embolism, and superinfection); ischaemic stroke;
major bleeding (intracranial, gastrointestinal, and lung
bleeding); and bowel ischaemia. The cutoff of 4 days
for pre-ECMO endotracheal intubation was found using
time receiver operating characteristic package to identify
the best predicting cutoff at different timepoints (0, 30,
60, 90, 120, 150, and 180 days). The 4-day cutoff showed
the best combination of predictive parameters: sensitivity
50-7, specificity 54-1, positive predictive value of 56-2,
negative predictive value of 48-7 at 180 months (see
appendix p 26). The final models were then assessed for
goodness of fit using Akaike’s information criterion (AIC)
and Bayesian information criterion (BIC) as reported.
Discrimination power was assessed with Harrell's C
index. A calibration plot was drawn using bootstrap
resampling in 500 new samples and mean absolute
prediction error was reported (appendix pp 26-27).

We chose only variables with missing data of 20% or
less to be included in the model; for selected variables
that still had missing data, we applied a multiple
imputation process. Briefly, we used fully specified
chained equations in the R package (version 1.1.463)."

Mechanisms underlying missing data were investigated
using the Little test. Because missing data were not
missing completely at random (MCAR) and monotonic
pattern was not found, chained equations or the Markov
chain Monte Carlo (MCMC) method was used, checking
for healthy convergence. Ten imputed datasets were
created and pooled (appendix pp 20-21)." We plotted
marginal distribution of observed data and ten imputed
datasets per variable to verify whether the imputations
were reasonable; in all cases, we achieved a reasonable
imputation.

The parameters of interest from a mixed-Cox model
was the hazard ratio (HR; 95% CI; p value) for death in
hospital. Survival curves were obtained with Kaplan-
Meier and log-rank tests for comparison. A p value of less
than 0-0001 was considered statistically significant.

A subgroup analysis focused on hospital survivors to
describe their status 6 months after ECMO initiation.
Each patient’s follow-up period was defined as the time
from the start of ECMO to death, 6-month follow-up, or
last clinical contact. The 6-month outcomes are reported
as counts and percentages of available data. Data
completeness regarding the 6-month follow-up is
reported in the appendix (p 22).

All data were merged from separate deidentified files
into SPSS (version 26.0), Prism (version 8.0), and R studio,
for data management and statistical analysis. The study
was registered with ClinicalTrials.gov, NCT04366921.

Role of the funding source
There was no funding source for this study.

Results

During the first COVID-19 pandemic wave, 133 centres
from 21 countries (appendix pp 23-24) provided in-
hospital and 6-month follow-up information for patients
with COVID-19 who received ECMO. An additional
44 centres participated in the study but did not implant
any ECMO in patients with COVID-19 during the first
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Valid cases* All patients In-hospital In-hospitalnon-  pvalue
(n=1215) survivors (n=613)  survivors (n=602)
Time on ECMO support, days 1200 (98-8%) 15 (8-27) 16 (9-27) 14 (6-27) <0-0001
Type of ECMO 1215 (100%) <0-0001
VV-ECMO 1105 (91%) 575 (94%) 530 (88%)
VA-ECMO 89 (7%) 36 (6%) 53(9%)
VAV-ECMO 10 (1%) 0 10 (2%)
VVA-ECMO 7 (1%) 2(03%) 5 (1%)
OxyRVAD 0 0 0
Other ECMO 4 (<1%) 0 4(1%)
Maximum ECMO blood flow, L/min 1137 (93-6%) 4-8 (42-53) 4-8 (4-2-5-2) 4.9 (4-2-55) 0-0020
ECMO configuration change 1039 (85-5%) 109 (11%) 35 (7%) 74 (14%) <0-0001
Median time to configuration change, days 123 (10-1%) 4 (1-10) 4.0 (1-13) 4-0 (1-10) 0-58
Tracheostomy 1097 (90-3%) 590 (54%) 357 (64%) 233 (43%) <0-0001
Time from intubation to tracheostomy, days 581 (47-8%) 16-0 (8-25) 19-0 (10-28) 12-0 (5-19) <0-0001
Anticoagulation therapy 1196 (98-4%) 1115 (93%) 566 (93%) 549 (94%) 0-42
Anticoagulation therapy type 1118 (92%) 0-12
Heparin 947 (85%) 477 (84%) 470 (85%)
Bivalirudin 81 (7%) 38 (7%) 43 (8%)
Argatroban - 81 (7%) 42 (7%) 39 (7%)
Other 9 (1%) 8 (1%) 1(<1%)
Antiplatelet therapy 699 (57-5%) 94 (16%) 38 (13%) 56 (18%) 0-04
Antiplatelet therapy type 94 (7:7%) 0-64
Aspirin 84 (89%) 33 (87%) 51(91%)
Clopidogrel 7 (7%) 4 (11%) 3 (5%)
Other 3(3%) 1(1%) 2 (2%)
Adjunctive therapy 923 (76%) 0-02
None . 245 (27%) 145 (31%) 100 (22%)
Renal replacement therapy 480 (52%) 224 (48%) 256 (56%)
Plasmapheresis - 36 (4%) 19 (4%) 17 (4%)
Cytosorb - 64 (7%) 28 (6%) 36 (8%)
Leukophoresis - 0 0 0
MARS 0 0 0
IABP 0 0 0
Combination 98 (11%) 51 (11%) 47 (10%)
Data are reported as n (%) or median (IQR). ECMO=extracorporeal membrane oxygenation. IABP=intra-aortic balloon pump. MARS=molecular adsorbent recirculating
system. OxyRVAD=oxygenator in right ventricular assist device. VA-ECMO=venoarterial ECMO. VAV-ECMO=venoarteriovenous ECMO. VV-ECMO=venovenous ECMO.
VVA-ECMO=venovenoarterial ECMO. *For the complications and outcomes listed, valid cases were the patients for whom data were available and considered to be accurate
and consistent for statistical analysis.
Table 2: Details of management with extracorporeal membrane oxygenation

wave (figure 1). Data were available for 1215 patients who
were supported with ECMO (942 [78%] men and 267 [22%)]
women of 1209 patients for whom sex data were available;
median age 53 years [IQR 46-60]) and diagnosed with
SARS-CoV-2 infection. Patients’ geographical distribution
is presented in the appendix (p 23). Baseline patient
characteristics and comparisons between in-hospital
survivors and non-survivors are reported in table 1. Pre-
ECMO use of inotropes was required in 361 (32%) of 1119
patients and vasopressors in 934 (79%) of 1178 patients
(table 1). Time from hospital presentation to ICU
admission was 7 days (IRQ 4-10), and the median time
from intubation to ECMO initiation was 4 days (2-8).
1105 (91%) of 1215 patients received isolated venovenous

ECMO; the remaining patients had combined cardio-
respiratory or isolated cardiac support (table 2). The
median ECMO support duration was 15 days (IRQ 8-27).
Overall, 109 (11%) of 1039 patients required an ECMO
reconfiguration: 23 (26%) of 87 due to refractory
hypoxaemia, five (6%) of 87 due to left ventricular failure,
seven (8%) of 87 due to right ventricular failure, and
9 (22%) of 87 due to biventricular failure. 590 (54%) of
1097 patients had tracheostomy; the median time from
intubation to tracheostomy was 16 days (IQR 8-25;
table 2).

During the index hospitalisation, 852 (74%) of 1149
patients had major complications, with a different
distribution between the 613 (50%) in-hospital survivors
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Valid cases* All patients In-hospital In-hospital non- p value
(n=1215) survivors (n=613)  survivors (n=602)

Any complication 1149 (94-6%) 852 (74%) 380 (65%) 472 (84%) <0-0001
Renal failure 1148 (94-5%) <0-0001
Renal failure without RRT 388 (34%) 152 (26%) 236 (42%)

Renal failure with RRT 259 (23%) 111 (19%) 148 (27%)
Major bleeding 792 (65-2%) 164 (21%) 65 (16%) 99 (25%) 0002

Neurological complication
Ischaemic stroke 1142 (94%) 61 (5%) 21 (4%) 40 (7%) 0-012
Haemorrhagic stroke 1007 (82:9%) 54 (5%) 10 (2%) 44 (9%) <0-0001
Intracranial bleeding 988 (81-3%) 95 (10%) 27 (5%) 68 (14%) <0-0001
Seizures 909 (74-8%) 19 (2%) 13 3%) 6 (14%) 025
Delirium 913 (75:1%) 156 (17%) 135 (28%) 21 (5%) <0-0001

Gastrointestinal complication
Bowel ischaemia 1072 (88-2%) 54 (5%) 13 (2%) 41 (8%) <0-0001
Gastrointestinal bleeding 1096 (90-2%) 92 (8%) 46 (8%) 46 (9%) 0-75
lleus requiring medications 887 (73%) 123 (14%) 75 (16%) 48 (12%) 0-064
Gastrointestinal perforation 906 (74-6%) 11 (1%) 5 (1%) 6 (1%) 0-77

Respiratory complication
Pneumothorax or pneumomediastinum 1143 (94-1%) 207 (18%) 85 (15%) 122 (22%) 0-0010
Lung bleeding 1045 (86%) 136 (13%) 50 (9%) 86 (17%) <0-0001
Pulmonary embolism 985 (81-1%) 135 (14%) 78 (15%) 57 (12%) 0-16
Haemothorax 928 (76:4%) 65 (7%) 18 (4%) 47 (10%) <0-0001
Pulmonary superinfection 927 (76:3%) 377 (41%) 187 (39%) 190 (43%) 0-29
Pulmonary abscess 926 (76-2%) 19 (2%) 8 (2%) 11 (3%) 0-49
HAP or VAP 897 (73-8%) 338 (38%) 169 (36%) 169 (40%) 0-27

Major bleeding 1184 (97-5%) 373 (31%) 151 (25%) 222 (37%) <0-0001

Weaning from ECMO 1215 (100%) 728 (60%) 613 (100%) 115 (19%) <0-0001

Cause of death 528 (43-5%) NA
Respiratory failure - 143 (27%) NA 143 (27%)

Cardiac arrest 33 (6%) NA 33 (6%)
Neurological injury 62 (12%) NA 62 (12%)
Sepsis 62 (12%) NA 62 (12%)
Multiorgan failure 192 (36%) NA 192 (36%)
Other 17 (3%) NA 17 (3%)
Bleeding 0 NA 0
End-of-life ethical decision - 17 (3-2%) NA 17 (3%)
Cardiomyopathy 2 (<1%) NA 2 (<1%)

ICU length of stay, days 1172 (96-5%) 31(18-49) 7 (23-58) 24 (14-39) <0-0001

ICU stay off ECMO, days 1200 (98-8%) 11 (5-23) (8-32) 7 (3-13) <0-0001

Hospital length of stay, days 1104 (90-9%) 39 (25-63) 52 (34-81) 30 (19-45) <0-0001

Lung transplant 564 (46-4%) (1%) 6 (2%) 0 NA

Heart transplant 559 (46%) (1%) 3 (1%) 0 NA

Data are reported as n (%) or median (IQR). ECMO=extracorporeal membrane oxygenation. HAP=hospital-acquired pneumonia. ICU=intensive care unit. RRT=renal
replacement therapy. VAP=ventilator-acquired pneumonia. *For the complications and outcomes listed, valid cases were the patients for whom data were available and
considered to be accurate and consistent for statistical analysis.

Table 3: Complications and outcomes

and the 602 (50%) in-hospital non-survivors (table 3).
The most frequent cause of death was multiorgan failure,
followed by irreversible respiratory compromise, sepsis,
neurological complication, acute pulmonary embolism,
and cardiac arrest (figure 2). Patients who died had a
median ICU stay of 24 days (IQR 14-39). Patients who
did not die in hospital had a median ICU stay of 37 days

(23-58) and an overall hospital stay length of 52 days
(34-81; table 3).

Two multivariable models (one based on pre-ECMO
parameters and the other on pre-ECMO and post-
ECMO initiation parameters) were created with the
best possible performance. The first model reported the
association between pre-ECMO initiation parameters
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Figure 2: Reasons for in-hospital death

For more on the ELSO Registry
see https://elso.org/Registry.aspx

and in-hospital mortality: age of 60 years or older,
chronic renal failure, use of inotropes or vasopressors
before ECMO initiation, time from intubation to ECMO
initiation of 4 days or more were found to be
independent predictors (figure 3A, appendix p 28). The
model showed good performance (AIC 149; BIC 31;
Harrell’s C 0-67; and mean absolute error 0-12). In the
model that used pre-ECMO and post-ECMO initiation
parameters, in addition to the associations shown in
the first model, the need for ECMO configuration
change, renal failure with or without renal replacement
therapy, major bleeding, ischaemic stroke, and bowel
ischaemia were also associated with higher in-hospital
mortality (figure 3B, appendix p 29). The second model
also showed good performance (AIC 201; BIC 41;
Harrell’s C 0-69; and mean absolute error 0-020).

At 6-month follow-up, for the 613 in-hospital survivors,
data collection completeness ranged from 70% (n=428)
for data on returning to full-time work, to 94% (n=577) for
mortality (appendix p 22). 30 (5%) of the 577 patients with
data on 6-month survival died after hospital discharge.
Lung transplantation was required for six (2%) of
309 hospital survivors and heart transplantation was
required for three (1%) of 305 hospital survivors with
reported data. One patient died soon after lung
transplantation. 26 (5%) of 520 patients were still
hospitalised or admitted to a nursing home facility at
6-month follow-up. Post-discharge respiratory rehabil-
itation was still required in 88 (17%) of 522 patients. Two
patients (<1%) were still on mechanical ventilation, and
31 (6%) of 521 patients needed oxygen therapy. The most
common residual symptoms at follow-up were dyspnoea

(185 [35%)] of 523 patients), cardiac symptoms (52 [10%)] of
514), and neurocognitive symptoms (66 [13%] of 512)
symptoms. 102 (24%) of 431 discharged patients had
returned to full-time work; 57 (13%) of 428 were employed
in part-time work (figure 4).

Discussion

We report patient characteristics, in-hospital outcomes,
and the associations between variables, such as patient
demographics, comorbid status, pre-ECMO settings,
ECMO characteristics and complications, and in-hospital
mortality in 1215 patients with COVID-19 who were
undergoing ECMO support, and we describe the largest
6-month follow-up during the first wave of the pandemic
in this patient setting. Our study had four main findings.
First, in patients who required ECMO for SARS-CoV-2
infection during the first pandemic wave, in-hospital
mortality was high (50%), with death occurring after a
median ICU stay of 24 days. Second, age of 60 years or
more, use of inotropes and vasopressors before ECMO
initiation, chronic renal failure, and a time from intubation
to ECMO initiation of 4 days or more were associated with
higher risk of death in hospital. Third, of the patients who
were discharged, 5% died within 6 months of ECMO
initiation. Finally, a substantial number of patients still
had respiratory, cardiac, or neurocognitive symptoms and
required hospitalisation or rehabilitation at 6-month
follow-up. Only 24% of in-hospital survivors returned to
full-time employment at 6 months.

Scepticism initially characterised the use of ECMO for
patients with COVID-19 with respiratory failure. However,
it soon became clear that selected patients might benefit
from extracorporeal support.>*“*" A first analysis of the
ELSO Registry, reporting on 1035 patients with COVID-19
undergoing ECMO during the first pandemic wave,
showed a 90-day mortality of 38%, with 68 patients still in
hospital at the time of data analysis.” Despite these early
promising results, the first pandemic wave was
characterised by wuncertainty regarding appropriate
COVID-19 therapies and optimal ECMO selection criteria.
Moreover, the ethical circumstances surrounding the
allocation of scarce resources during the first COVID-19
wave tended to favour a utilitarian approach, minimising
the use of ECMO.”” In addition, significant differences
were noticed in local and regional mortality rates,
duration of ECMO support, and resource constraints.**
Our study highlights the substantial amount of resources
required to manage a patient receiving ECMO during the
first wave of the pandemic and the complex in-hospital
outcomes of these patients. Almost half of the patients in
this study died after a median of 14 days on ECMO
support, an ICU stay of 24 days, and an overall hospital
stay of 30 days. Patients who did not die were supported
on ECMO for a median of 16 days; they remained in the
ICU for 37 days and in hospital for 52 days.

In times of restricted resources and challenges in the
ethical allocation of treatments, the early recognition of
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determinants of mortality and the identification of safe
and effective treatments became fundamental to patient
care. Initially, ELSO provided well defined indications
and patient selection criteria for the use of ECMO, based
on previous experience.* However, COVID-19 is a new
disease, and although several lessons from the past can
be adapted to its management, many other aspects of
care need special consideration.*

Time from intubation to ECMO start has previously
been shown to be a determinant of patient outcome,
leading to the ELSO guideline of 7 days as the upper
time limit for ECMO consideration.” Although a single-
centre experience” and a multi-institutional analysis®
questioned such a time threshold, our findings confirm
that an even shorter time from intubation to ECMO
initiation (<4 days) might be a determinant of death in
patients with COVID-19 receiving ECMO. Similar
results have been described by Halland colleagues,” who
estimated that an ECMO patient intubated on day 14
after the diagnosis of COVID-19 versus day 4 had a
relative hazard of survival of 0-65 (95% CI 0-44-0-96).

In our analysis, only 54% of patients had a tracheostomy.
More patients who did not die in hospital underwent a
tracheostomy, suggesting that it was a practice reserved
for patients with signs of positive outcomes.” According
to the recommendations by several major societies,
tracheostomy was done 2-3 weeks after intubation only
in selected patients because of the initial alarming high
death rate in ICUs and the procedural risks for the
attending staff.”

Among other more obvious dependent variables for
mortality, pre-ECMO need for inotropes and vasopressors
were associated with unfavourable outcome. Their use
might indicate a certain degree of cardiac injury and a
possible need for circulatory support in addition to
respiratory support.?** Despite this, cardiac support was
the first-choice treatment in 9% of patients in our
analysis. However, 11% of patients required an ECMO
reconfiguration, with several patients characterised by
univentricular or biventricular cardiac dysfunction, and
ECMO configuration change was a determinant of
increased in-hospital mortality. Cardiac injury,
particularly related to right ventricular failure, has been
repeatedly described in patients with COVID-19.7¢%%
Whether early recognition of cardiac dysfunction or
direct cardiocirculatory support could improve outcomes

Figure 3: Mixed-Cox regression analysis of determinants of in-hospital
mortality

Red text indicates discriminatory set of variables. (A) Pre-ECMO parameters.
(B) Pre-ECMO initiation and post-ECMO initiation parameters. HRs were
adjusted for differecnes between centre. ARDS=acute respiratory distress
syndrome. COPD=chronic obstructive pulmonary disease. CRF=chronic renal
failure. ECLS=extracorporeal life support. ECMO=extracorporeal membrane
oxygenation. eCPR=extracorporeal cardiopulmonary resuscitation. HR=hazard
ratio. OTl=oro-tracheal intubation. NRF=normal renal function. RRT=renal
replacement therapy. VA=venoarterial. VV=venovenous.
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oxygenation initiation
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is still a matter of debate.” However, case series with
prophylactic right ventricular support while extra-
corporeal respiratory assistance is provided have shown
encouraging results.”

Finally, our findings confirmed that renal failure
represents risk factors for in-hospital mortality;” bowel
ischaemia, neurological complications, and major
bleeding also characterised a less favourable prognosis
for these patients. By contrast, our data do not provide
confirmation for chronic respiratory disease and cardiac
arrest before ECMO as a risk factor for in-hospital
mortality, as shown by data in the ELSO Registry.”

The post-discharge outcomes of patients treated for
COVID-19 are not yet recorded in sufficient detail,
particularly in patients who have received ECMO.™*
Overall, survivors of ECMO are reported to have adverse
changes in quality of life, with 12% of patients losing
their jobs and almost 30% having significant disabilities
affecting their survival.** In patients with COVID-19,
the effects on quality of life might be worsened by long
COVID,* which is characterised by severe fatigue,
muscle pain, breathlessness, heart palpitations, and

problems with attention, memory, and cognition.”?
Our study confirms the hypothesis of long-lasting
symptoms in patients who receive ECMO, despite a very
low post-discharge mortality rate at 6 months for hospital
survivors. In line with the results of previous smaller
reports,’ only 24% of patients in our study returned to
full-time work and 13% of patients returned to part-time
work at 6 months. Furthermore, a substantial number of
patients still required oxygen therapy or had shortness
of breath and cardiac or neurocognitive symptoms.
Whether these symptoms can be attributed to ECMO,
COVID-19 itself, or a combination of both still needs to
be clarified with larger specific studies. Nevertheless,
our findings highlight the importance of a multi-
disciplinary post-ECMO follow-up programme tailored
to address physical and psychological rehabilitation in
patients who have received ECMO, especially in the
COVID-19 era.”*¥

The structured and systematic prospective data collection,
regular weekly reports, and participation of large-volume
centres in the EuroECMO-COVID study guarantee data
robustness and granularity. Nevertheless, our study is
observational by mnature, limiting causal inferences.
Moreover, underreporting of ECMO implants or
complications is plausible. Furthermore, specific data on
ECMO details, such as selection criteria or local ECMO
protocols, are not captured by the database and could not be
included in this analysis. Indeed, each country might have
followed different guidelines according to the local health-
care system, resources, and ethical guidance.® Perception of
futility or the legal possibility of withdrawing support
might have varied between centres. Nevertheless, this issue
was addressed in our mixed-Cox analysis by using random
effect to consider the differences between centres. Patients
who did not die were either discharged home or transferred
to another hospital, but this specification is missing, and
this information might have been additionally informative.
Furthermore, data on baseline functional status, previous
physical limitations or working status, and an in-depth
analysis of the patient’s functional status at 6 months—
including the 6 min walk test or spirometry, and an
extended evaluation of psychological status, cognitive
impairment, and quality of life through the use of specific
tools—were either not available or not possible. Due to the
particularity of this cohort in pandemic conditions, findings
could differ in analyses of subsequent waves of COVID-19,
although the EuroELSO study has reported a provisional
comparison of in-hospital survival between the first and
second waves (lower survival rate during the second wave).”
A vpartial overlapping of the cohort reported here with
previously reported series cannot be excluded.”* In
particular, we estimate a 15-20% overlap between this
study and the ELSO Registry analysis of the first COVID-19
wave.” Finally, a comparison between patients with
COVID-19 and those with other causes of hypoxaemic
respiratory failure—with potential differences in intrinsic
pathophysiological characteristics, clinical presentation,
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and management—is not provided here due to the well
known differences that distinguish them.

In our study, in-hospital mortality after initiation of
ECMO for COVID-19 during the first wave of the
pandemic reached almost 50%. On the basis of their
association with in-hospital mortality, patient’s age, timing
of cannulation (<4 days or =4 days from intubation), and
use of inotropes or vasopressors represent essential
factors to be considered in the care of patients, and the
role of these factors needs to be confirmed in analyses of
subsequent waves. Furthermore, identifying evolving
cardiorespiratory compromise, guided by appropriate
monitoring, represents an essential step in targeting a
patient’s physiological needs and a consequently adopting
a more efficient ECMO configuration that could improve
in-hospital results. The post-discharge prognosis in our
study was favourable in terms of survival, but dedicated
post-ECMO follow-up programmes with an emphasis on
the psychological care of patients are warranted to support
patients’ recovery in view of the expected effects of
persistent, disabling symptoms on health, employment
status, and quality of life.
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