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Extracorporeal membrane oxygenation support in
COVID-19: an international cohort study of the
Extracorporeal Life Support Organization registry

Ryan P Barbaro*, Graeme MacLaren*, Philip S Boonstra, Theodore | Iwashyna, Arthur S Slutsky, Eddy Fan, Robert H Bartlett, Joseph E Tonna,
Robert Hyslop, Jeffrey | Fanning, Peter T Rycus, Steve ] Hyer, Marc M Anders, Cara L Agerstrand, Katarzyna Hryniewicz, Rodrigo Diaz,
Roberto Lorussot, Alain Combest, Daniel Brodiet, for the Extracorporeal Life Support Organizations

Summary

Background Multiple major health organisations recommend the use of extracorporeal membrane oxygenation
(ECMO) support for COVID-19-related acute hypoxaemic respiratory failure. However, initial reports of ECMO use in
patients with COVID-19 described very high mortality and there have been no large, international cohort studies of
ECMO for COVID-19 reported to date.

Methods We used data from the Extracorporeal Life Support Organization (ELSO) Registry to characterise the
epidemiology, hospital course, and outcomes of patients aged 16 years or older with confirmed COVID-19 who
had ECMO support initiated between Jan 16 and May 1, 2020, at 213 hospitals in 36 countries. The primary
outcome was in-hospital death in a time-to-event analysis assessed at 90 days after ECMO initiation. We applied
a multivariable Cox model to examine whether patient and hospital factors were associated with in-hospital
mortality.

Findings Data for 1035 patients with COVID-19 who received ECMO support were included in this study.
Of these, 67 (6%) remained hospitalised, 311 (30%) were discharged home or to an acute rehabilitation centre,
101 (10%) were discharged to a long-term acute care centre or unspecified location, 176 (17%) were discharged to
another hospital, and 380 (37%) died. The estimated cumulative incidence of in-hospital mortality 90 days after
the initiation of ECMO was 37-4% (95% CI 34-4-40-4). Mortality was 39% (380 of 968) in patients with a final
disposition of death or hospital discharge. The use of ECMO for circulatory support was independently associated
with higher in-hospital mortality (hazard ratio 1-89, 95% CI 1-20-2-97). In the subset of patients with COVID-19
receiving respiratory (venovenous) ECMO and characterised as having acute respiratory distress syndrome,
the estimated cumulative incidence of in-hospital mortality 90 days after the initiation of ECMO was 38-0%
(95% CI 34-6-41-5).

Interpretation In patients with COVID-19 who received ECMO, both estimated mortality 90 days after ECMO and
mortality in those with a final disposition of death or discharge were less than 40%. These data from 213 hospitals
worldwide provide a generalisable estimate of ECMO mortality in the setting of COVID-19.

Funding None.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction ECMO in both acute respiratory and cardiac failure, early

The severity of COVID-19-related acute hypoxaemic
respiratory failure’ and clinical evidence supporting
extracorporeal membrane oxygenation (ECMO) in the
acute respiratory distress syndrome (ARDS)** prompted
several international organisations including the World
Health Organization (WHO),* Surviving Sepsis Cam-
paign, and Extracorporeal Life Support Organization
(ELSO)* to consider a role for ECMO support during the
current pandemic’” WHO recommended that expert
centres with sufficient ECMO volume to maintain
proficiency consider ECMO support in COVID-19-related
ARDS with refractory hypoxaemia if lung protective
mechanical ventilation” was insufficient to support the
patient.® Despite such optimism for a possible role for
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reports of patients with COVID-19 requiring ECMO
suggested that mortality could be greater than 90%."

ELSO is an international organisation that maintains a
registry of ECMO cases among its member centres. In
March, 2020, the ELSO Registry augmented its data
capture with an addendum designed for ECMO-sup-
ported patients with COVID-19 to obtain additional
information on these patients.” In this study, we used
data from the ELSO Registry to report the epidemiology,
treatment, outcomes, and hospital characteristics of
patients receiving ECMO with a confirmed diagnosis of
COVID-19. Additionally, we examined whether patient
factors and historical hospital ECMO case volume were
associated with in-hospital mortality.

@

CrossMark

Lancet 2020; 396: 1071-78

Published Online
September 25, 2020
https://doi.org/10.1016/
S0140-6736(20)32008-0

*Joint first authors
tJoint senior authors

+Contributing members are
listed in the appendix pp 4-9

Division of Pediatric Critical
Care Medicine and Child Health
Evaluation and Research Center
(R P Barbaro MD), School of
Public Health Department of
Biostatistics (P S Boonstra PhD),
and Department of Surgery
(Prof R H Bartlett MD),
University of Michigan,

Ann Arbor, MI, USA;
Cardiothoracic Intensive Care
Unit, National University
Health System, Singapore

(G MacLaren MBBS); Division of
Pulmonary and Critical Care
Medicine, University of
Michigan Medical School,

Ann Arbor, MI, USA

(Prof TJ lwashyna MD); Veterans
Affairs Center for Clinical
Management Research,

Ann Arbor, MI, USA

(Prof TJ Iwashyna);
Interdepartmental Division of
Critical Care, University of
Toronto, Toronto, ON, Canada
(Prof A 'S Slutsky MD, E Fan MD);
Keenan Centre for Biomedical
Research, Li Ka Shing
Knowledge Institute,

St Michael's Hospital, Toronto,
ON, Canada (Prof A S Slutsky);
Division of Cardiothoracic
Surgery, University of Utah
Health, Salt Lake City, UT, USA
(J ETonna MD); Heart Institute,
Children’s Hospital Colorado,
Aurora, CO, USA (R Hyslop RN);
Medical City Children’s
Hospital, Dallas, TX, USA

(JJ Fanning MD); Extracorporeal
Life Support Organization,
Ann Arbor, MI, USA

(PT Rycus MPH, S J Hyer BS);
Baylor College of Medicine and
Texas Children’s Hospital,
Houston, TX, USA

1071


http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(20)32008-0&domain=pdf

Articles

(M M Anders MD); Division of
Pulmonary, Allergy, and Critical
Care Medicine, Columbia
University College of Physicians
and Surgeons, and Center for
Acute Respiratory Failure,

New York-Presbyterian
Hospital, New York, NY, USA
(CLAgerstrand MD,

Prof D Brodie MD); Minneapolis
Heart Institute, Abbott
Northwestern Hospital,
Minneapolis, MN, USA

(K Hryniewicz MD); Clinica

Las Condes, Santiago, Chile

(R Diaz MD); Department of
Cardio-Thoracic Surgery, Heart
and Vascular Centre, Maastricht
University Medical Centre,
Cardiovascular Research
Institute Maastricht,
Maastricht, Netherlands

(Prof R Lorusso MD); Sorbonne
University, INSERM,
UMRS_1166-ICAN, Institute of
Cardiometabolism and
Nutrition, Paris, France

(Prof A Combes MD); and
Service de médecine intensive-
réanimation, Institut de
Cardiologie, Assistance
Publique-Hopitaux de Paris
Sorbonne Hopital Pitié-
Salpétriére, Paris, France
(Prof A Combes)

Correspondence to:

Dr Ryan P Barbaro, University of
Michigan, Ann Arbor,

MI 48109, USA
barbaror@med.umich.edu

See Online for appendix

1072

Research in context

Evidence before this study

We searched PubMed for articles published in English or with
English language abstracts up to Aug 7, 2020, with the Medical
Subject Heading terms (“extracorporeal membrane
oxygenation”) and either the supplementary concept
("COVID-19") or (“severe acute respiratory syndrome
coronavirus 2"). The search identified 71 manuscripts; review of
these identified 13 additional manuscripts. Of the total

84 publications, 38 included clinical data from extracorporeal
membrane oxygenation (ECMO)-supported patients with
COVID-19. The 38 studies identified 202 ECMO-supported
patients with COVID-19. These initial reports are small case
series reporting outcomes across few centres.

Added value of this study
Novel findings in this study include determination of
independent associations between mortality and risk factors

Methods

Data source and population

The ELSO Registry is an international ECMO registry
with data for more than 125000 patients. All ELSO site
data managers receive detailed instructions and database
definitions to guide data entry, and they all must pass the
data entry exam in order to enter data into the ELSO
Registry. Accuracy is augmented by a point-of-entry data
assessment with error and validity checks. There is also a
full record validation triggered on submission of the
record that ensures all mandatory fields are completed.”

This analysis of anonymised data from the ELSO
Registry was determined to be exempt from human
participant review by the Institutional Review Board of
the University of Michigan Medical School. The data
collected consist of the standard elements reported for
all ECMO runs and additional elements entered into
the newly created COVID-19 addendum (appendix
pp 10-11).

All patients diagnosed with COVID-19, aged 16 years or
older, who had ECMO support initiated as recorded in
the ELSO registry between Jan 16 and May 1, 2020, were
included in the analysis. A case of COVID-19 was defined
as the confirmed presence of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) on laboratory
testing. A priori, we chose to stop enrolling patients who
were initiated on ECMO support after May 1, 2020.
Follow-up data were updated until Aug 3, 2020.

We additionally report results for the subset of ECMO-
supported patients with COVID-19 who met the following
two criteria: (1) classified by the ELSO data manager as
having ARDS, and (2) initial mode of ECMO support was
venovenous ECMO. This subset of patients provided a
more focused report on patients classified to have ARDS
and receiving respiratory support alone via venovenous
ECMO. We also report on the subgroup of patients

for ECMO-supported patients with COVID-19. Identified risk
factors were age, immunocompromised state, chronic
respiratory disease, pre-ECMO cardiac arrest, degree of
hypoxaemia, presence of acute kidney injury, and use of ECMO
for temporary circulatory support (venoarterial ECMO support
vs venovenous ECMO support). Strengths of this study include
the breadth of international participation and its use of
experienced and trained Extracorporeal Life Support
Organization site data managers to collect data.

Implications of all the available evidence

This study of patients with COVID-19 who received ECMO in
more than 200 hospitals in 36 countries provides a
generalisable estimate of ECMO mortality, and supports
existing recommendations to consider use of ECMO in
refractory COVID-19-related respiratory failure when performed
in experienced centres.

without ARDS and the subgroup receiving ECMO with
circulatory support (see appendix p 11 for description).

Outcomes

The primary outcome was in-hospital death in a time-to-
event analysis assessed at 90 days after ECMO initiation.
A time-to-event outcome was necessary because all
patients might not have a final disposition at the time
of database lock, and calculating in-hospital mortality
without accounting for differential follow-up between
patients would result in length-time bias. Records in
which the last update indicated that the patient had not
died, been discharged, or completed 90 days of follow-up
after ECMO initiation were administratively censored at
the time of their last update. A patient being discharged
alive to home or to an acute rehabilitation centre,
discharged to a long-term acute care centre or unspecified
location, or discharged to another hospital were treated
as distinct competing events for the primary outcome of
in-hospital mortality. We also report proportion of in-
hospital deaths in patients who reached a final disposition
of death or discharge from the hospital.

Secondary outcomes were the proportion of patients
remaining in the intensive care unit (ICU), discharged
from the ICU but who remain hospitalised, discharged
to home or an acute rehabilitation centre, discharged to
a long-term acute care centre or unspecified location,
and discharged to another hospital. We report ECMO
duration, hospital length of stay, tracheostomy use,
discharge location, acute kidney injury related to the
current illness, use of renal replacement therapy during
ECMO (regardless of indication), and the occurrence of
complications while receiving ECMO. We also report the
reason ECMO was discontinued, and we report the time
to death after ECMO discontinuation in patients who
died in hospital.

www.thelancet.com Vol 396 October 10, 2020
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Statistical analysis

Descriptive statistics are provided as median (IQR) for
continuous variables and as count and proportion for
categorical variables. We calculated the Aalen—Johansen
estimators of cumulative incidence of in-hospital mor-
tality measured 90 days after ECMO initiation with
discharged alive to home and discharged alive to another
location treated as competing events.” We estimated the
cumulative incidence (rather than report the proportion)
of in-hospital mortality 90 days after ECMO initiation
because not all patients had died, been discharged from
the hospital, or were followed up for 90 days. The validity
of this estimator requires the standard independent
censoring assumption®—namely, that the mechanism in
which patients are censored is statistically independent
of the mechanisms in which patients die or are
discharged (appendix pp 11-12). To account for follow-up
that is cut short by event incidence (death or discharge),
we estimated potential follow-up using reverse Kaplan-
Meier methodology.® We estimated the distribution of
ECMO duration and time to hospital discharge (for any
reason) using Kaplan-Meier estimators.”

To estimate the relative risks between potential risk
factors and mortality, we fit a Cox proportional hazards
model for the primary outcome of death (appendix
pp 12-14, 19). We censored patients who were still
hospitalised at the time of the run’s last registry update and
those who were discharged alive at the time of their
discharge date. The Cox model estimated the hazard for
death as a function of a linear combination of the fol-
lowing prespecified set of patient-level variables: age, race,
sex, chronic cardiac disease, chronic respiratory disease
(excluding asthma), asthma, diabetes, cancer, immuno-
compromised state, duration of pre-ECMO intubation, the
partial pressure of arterial oxygen to fraction of inspired
oxygen ratio (PaO,:FiO,), the partial pressure of arterial
carbon dioxide, a diagnosis of acute kidney injury, cardiac
arrest before ECMO, and initial ECMO mode (venovenous
vs venoarterial or venovenoarterial). Venovenous ECMO
support drains and returns blood to the systemic venous
system to support the lungs, whereas venoarterial ECMO
support drains systemic venous blood and returns blood to
the systemic arterial system and can provide heart and
lung support. Venovenoarterial ECMO returns blood to
both the venous and the arterial systems, and provides
both heart and lung support.*

We generated a second Cox model to estimate the
hazard for death that was identical to the previous one
with addition of the centre-level covariate, 2019 adult
ECMO case volume. This model excluded ECMO-
supported patients with COVID-19 who received care at
an ECMO centre that had no cases reported to the ELSO
Registry in 2019 or earlier (a new ELSO centre). If a
centre entered reported cases before 2019, but had no
cases in 2019 (an existing ELSO centre), that centre’s
cases were included and the 2019 ECMO centre volume
was measured as zero.

www.thelancet.com Vol 396 October 10,2020

Multiple imputation was used to account for missing
values in predictor variables. Briefly, we used fully
specified chained equations in the R package.” Ten
imputed datasets were created and combined using
between/within variance techniques to appropriately
propagate uncertainty about the missing data (see

Full cohort ARDS cohort*
(n=1035) (n=779)
Age (years) 49 (41-57) 50 (42-57)
BMI (kg/m*)t 31(27-37) 32(28-37)
Sext
Male 764 (74%) 572 (74%)
Female 269 (26%) 206 (26%)
Race and ethnicity
Black 150 (14%) 119 (15%)
White (non-Hispanic) 346 (33%) 250 (32%)
Asian 152 (15%) 86 (11%)
Middle Eastern or North African 35 (3%) 26 (3%)
Other 27 (3%) 21 (3%)
Unknown 54 (5%) 38 (5%)
Multiple 53 (5%) 51(7%)
Hispanic 218 (21%) 188 (24%)
Pre-ECMO comorbidities
No comorbidity 311 (30%) 243 (31%)
Cancer 11 (1%) 10 (1%)
Immunocompromised 24 (2%) 21 (3%)
Diabetes 245 (24%) 187 (24%)
Pre-existing cardiac disease 24 (2%) 13 (2%)
Pre-existing respiratory disease 29 (3%) 21 (3%)
Pre-existing renal insufficiency 21 (2%) 14 (2%)
Asthma 110 (11%) 91 (12%)
Pregnancy 22 (2%) 13 (2%)
Obesity (BMI >30 kg/m?) 487 (47%) 362 (47%)
Acute illness
ARDS 819 (79%) 775 (100%)
Acute heart failure 50 (5%) 25 (3%)
Myocarditis 22 (2%) 7 (1%)
Acute kidney injury 301 (29%) 247 (32%)
Pre-ECMO cardiac arrest§ 48 (5%) 26 (3%)
Pre-ECMO co-infectionq]
No co-infection 646 (63%) 479 (62%)
Bacterial pneumonia 337(33) 271 (35%)
Viral co-infection 90 (9%) 60 (8%)
Bloodstream infection 123 (12%) 106 (14%)
Urinary tract infection 38 (4%) 31 (4%)
Data are median (IQR) or n (%). ARDS=acute respiratory distress syndrome.
BMI=body-mass index. ECMO=extracorporeal membrane oxygenation.
*The ARDS cohort were the subset of ECMO-supported patients with COVID-19
who met the following two criteria: (1) classified by the Extracorporeal Life
Support Organization data manager as having ARDS, and (2) initial mode of
ECMO support was venovenous ECMO. tFull cohort n=939; ARDS cohort n=698.
1Full cohort n=1033; ARDS cohort n=778. SFull cohort n=1019; ARDS cohort
n=766. qFull cohort n=1033; ARDS cohort n=777.
Table 1: Patient characteristics before initiation of ECMO
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appendix pp 13-14 for full details). All continuous
variables apart from age were log,-transformed before
model fitting. The parameter of interest from a
Cox model is the hazard ratio (HR), which describes
the relative risk of in-hospital mortality associated
with a change in a covariate. Robust sandwich-type
estimates of the standard errors were used to account
for centre-level clustering. All analyses were done with
R version 3.6.1.2*

Full cohort (n=1035) ARDS cohort* (n=779)
N Median (IQR) or N Median (IQR) or
n (%) n (%)
Non-invasive ventilation
Non-invasive ventilation before 1032 606 (59%) 776 434 (56%)
intubation
BiPAP 1032 185 (18%) 776 119 (15%)
CPAP 1032 140 (14%) 776 80 (10%)
HFNC 1032 357 (35%) 776 285 (37%)
Pre-ECMO intubation (days) 914 40 (1-8-6-4) 688 4-3(2:0-6'5)
Conventional ventilationt 951 942 (99%) 729 721 (99%)
PEEP (cm H,0) 868 14 (12-16) 661 15 (12-18)
PIP (cm H,0) 699 33(30-38) 532 34 (30-38)
Fio, 888 1.0(0:90-1.0) 672 10 (0-90-1-0)
Pa0,:Fi0, (mm Hg) 868 72 (59-94) 657 72 (60-93)
PaCO, (mm Hg) 896 60 (50-74) 678 60 (50-74)
Pre-ECMO support
Prone positioning 1019 612 (60%) 766 464 (61%)
Neuromuscular blockade 1015 729 (72%) 762 567 (74%)
Inhaled pulmonary vasodilators 1019 293 (29%) 766 242 (32%)
Any vasoactive support 1015 606 (60%) 758 447 (59%)
Norepinephrine 1015 561 (55%) 762 416 (55%)
COVID-19 therapies and immunomodulators
Any therapy 1035 786 (76%) 779 633 (81%)
Glucocorticoids 1035 420 (41%) 779 331 (42%)
Intravenous immunoglobin 1035 29 (3%) 779 22 (3%)
Anticytokine 1035 289 (28%) 779 261 (34%)
Lopinavir-ritonavir 1035 116 (11%) 779 103 (13%)
JAK inhibition 1035 7 (0-7%) 779 5 (0-6%)
Chloroquine or hydroxychloroquine 1035 538 (52%) 779 443 (57%)
Remdesivir 1035 84 (8%) 779 69 (9%)
Support type
Respiratory 1035 995 (96%) 779 777 (99-7%)
Cardiac 1035 29 (3%) 779 0
ECPR 1035 11 (1%) 779 2(0-3%)
ARDS=acute respiratory distress syndrome. BiPAP=bilevel positive airway pressure. CPAP=continuous positive
airway pressure. ECMO=extracorporeal membrane oxygenation. ECPR=extracorporeal cardiopulmonary
resuscitation. FiO,=fraction of inspired oxygen. HENC=high flow nasal cannula. JAK=Janus kinase. PaCO,=partial
pressure of arterial carbon dioxide. PaO,:FiO,=ratio of the partial pressure of arterial oxygen to the fraction of
inspired oxygen. PEEP=positive end-expiratory pressure. PIP=peak inspiratory pressure. *The ARDS cohort were
the subset of ECMO-supported patients with COVID-19 who met the following two criteria: (1) classified by the
Extracorporeal Life Support Organization data manager as having ARDS, and (2) initial mode of ECMO support
was venovenous ECMO. TMode of mechanical ventilation, the PEEP, PIP, FiO,, PaO.:FiO,, and PaCO, are measured
within 6 h before ECMOinitiation and are the measure nearest to ECMO initiation while still remaining pre-ECMO
initiation.
Table 2: Supportive care and therapies delivered before ECMO
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Role of the funding source

There was no funding source for this study. RPB, PSB,
and PTR had full access to all the data in the study. RPB,
GM, and DB had final responsibility for the decision to
submit for publication.

Results

In the ELSO Registry, 1093 patients aged 16 years
or older with confirmed COVID-19 received ECMO
support from Jan 16 to May 1, 2020. 57 patients were
excluded because there was not a completed COVID-19
addendum (appendix pp 20, 32). One patient had a
previous ECMO run before diagnosis of COVID-19,
leaving 1035 patients for analysis.

The median age of eligible patients was 49 years
(IQR 41-57) and median body-mass index was 31 kg/m?
(27-37; table 1). 764 (74%) of 1033 patients were men,
and 724 (70%) of 1035 had at least one pre-ECMO
comorbidity. 819 (79%) of 1035 patients were identified
as having ARDS, 301 (29%) had acute kidney injury,
50 (5%) had acute heart failure, and 22 (2%) had myo-
carditis. 216 (21%) of 1035 patients were not identified
as having ARDS (appendix pp 15, 21-22). Viral or
bacterial co-infections were suspected or confirmed
in 387 (37%) of 1033 patients (table 1 and appendix
Pp 23-27). Staphylococcus aureus was the most commonly
cultured organism for bacterial pneumonia and
bloodstream infections.

Most patients (704 [70%)] of 1010) received care at
another hospital before being transferred to an ELSO
centre. Of these, 330 (47%) had ECMO initiated at an
outside hospital and were transported while receiving
ECMO support. ECMO support for patients with
COVID-19 was provided at 213 centres in 36 countries.
By comparison, non-COVID-19-related adult ECMO was
provided in 395 centres in 48 countries during all of 2019.
The median 2019 adult ECMO case volume was 23
(IQR 3-62; appendix pp 16, 28).

Before ECMO initiation, median PaO,:FiO,within 6 h
was 72 mm Hg (IQR 59-94) and most patients received
neuromuscular blockade (729 [72%] of 1015), prone
positioning (612 [60%)] of 1019), and non-invasive ventil-
atory support before endotracheal intubation (606 [59%)]
of 1032; table 2). Patients were also commonly sup-
ported with vasoactive medications (606 [60%] of 1015)
before ECMO initiation, such as norepinephrine in
561 (55%) of 1015 patients. 786 (76%) of 1035 patients
received therapy targeting COVID-19; the most com-
mon therapy was hydroxychloroquine or chloroquine
(538 [52%)] of 1035 patients).

The median duration from endotracheal intubation to
ECMO initiation was 4-0 days (IQR 1-8-6-4). The over-
whelming majority of patients received venovenous
ECMO (978 [94%] of 1035); 44 (4%) of 1035 patients
received venoarterial ECMO support, nine (0-9%) received
venovenoarterial support, and four (0-4%) received other
ECMO support. After ECMO initiation, the median peak
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Full cohort ARDS cohort*
(n=1035) (n=779)
Patient status at study completion
Discharged alive to home or acute 311 (30%) 262 (34%)
rehabilitation centre
Discharged alive to long-term acute 101 (10%) 79 (10%)
care centre or unspecified location
Discharged to another hospital 176 (17%) 97 (12%)
Remain in the hospital (discharged 11 (1%) 10 (1%)
from ICU)
Remain in the ICU 56 (5%) 40 (5%)
In-hospital death 380 (37%) 291 (37%)
Tracheostomyt 444 (44%) 353 (47%)
Select complicationsi
Seizure 6 (0-6%) 5(0-7%)
CNS infarct 7 (0-7%) 5(0-7%)
CNS haemorrhage 56 (6%) 44 (6%)
Haemolysis 48 (5%) 37 (5%)
Membrane lung failure 82 (8%) 63 (9%)
Pump failure 8 (0-8%) 6 (0-8%)
Circuit change 148 (15%) 99 (13%)
Data are n (%). ARDS=acute respiratory distress syndrome.
ECMO=extracorporeal membrane oxygenation. ICU=intensive care unit.
*The ARDS cohort were the subset of ECMO-supported patients with COVID-19
who met the following two criteria: (1) classified by the Extracorporeal Life
Support Organization data manager as having ARDS, and (2) initial mode of
ECMO support was venovenous ECMO. tFull cohort n=1003; ARDS cohort
n=756. Only 1003 patients in the full cohort and 756 patients in the ARDS
cohort reported whether or not they had a tracheostomy; for the remainder it
was missing. $Full cohort n=983; ARDS cohort n=738. Complications were only
reported in 983 patients in the full cohort and 738 patients in the ARDS cohort;
in the remainder it was missing.
Table 3: Outcomes

inspiratory pressure was reduced by 9 cm H,0 (IQR 4-13),
and the median FiO, was reduced by 0-40 (IQR 0-00-0-60;
see appendix p 29 for ventilator settings and blood gas
measures 24 h after ECMO initiation). The Kaplan-Meier
median duration of ECMO support was 13-9 days
(IQR 7-8-23-3). A tracheostomy was performed in nearly
half of patients (444 [44%] of 1003; table 3).

Renal replacement therapy was used during ECMO
support (regardless of indication) in 444 (44%) of
1006 patients (data not reported by 29 patients). Other
than renal replacement therapy, 538 (55%) of 983 patients
had one of many prespecified complications during
or immediately following ECMO support (table 3 and
appendix p 30). However, individual complications
occurred relatively infrequently. Central nervous system
haemorrhage occurred in 56 (6%) of 983 patients, central
nervous system infarct occurred in seven (0-7%) patients,
and seizures occurred in six (0-6%) patients. Collectively,
any mechanical complications defined as a circuit
change, membrane lung failure, cannula problems, or
pump failure occurred in 277 (28%) of 983 patients
supported with ECMO. Individually, circuit changes
occurred in 148 (15%) of 983 patients, membrane lung
failures occurred in 82 (8%) patients, cannula problems

www.thelancet.com Vol 396 October 10,2020
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Figure 1: Stacked bar plots of disposition over time for patients with COVID-19 who received ECMO
ECMO=extracorporeal membrane oxygenation. LTAC=long-term acute care. Discharged (home or rehab) refers to
patients who were discharged to home or an acute rehabilitation centre. Discharged (LTAC or unspecified) refers to
patients who were discharged to an LTAC centre or to an unspecified location. Discharge (hospital) refers to patients
who were discharged to another hospital. Unknown status (censored) refers to patients who at the time of data
analysis did not meet one of the following three criteria: (1) died, (2) discharged alive, or (3) survived at least

90 days after ECMO initiation. Hospitalised patients are those still in hospital at the Extracorporeal Life Support

Organization Centre where ECMO support was delivered.

occurred in 57 (6%) patients, and pump failures occurred
in eight (0-8%) patients.

At the time of analysis, 968 (94%) of 1035 patients were
discharged from the hospital alive, died, or reached
90-day follow-up after ECMO initiation. 588 (57%) of
1035 patients were discharged alive from the hospital, of
whom 311 (30%) of 1035 were discharged to home or an
acute rehabilitation centre, 101 (10%) were discharged to
a long-term acute care centre or unspecified location, and
176 (17%) were discharged to another hospital (figure 1
and table 3). No patients discharged alive to another
facility were discharged to hospice. Of the 968 patients
with a final disposition of death or hospital discharge,
380 (39%) died. 309 (819) of 380 patients died within
24h of discontinuation of ECMO support (appendix p 33),
and 322 (85%) were discontinued from ECMO support
because of a poor prognosis (appendix p 31).

The estimated cumulative incidence of in-hospital
mortality 90 days after the initiation of ECMO was 37-4%
(95% CI 34-4-40-4; figure 2 and appendix p 34). In the
subset of patients receiving venovenous ECMO and
characterised as having ARDS, the estimated cumulative
incidence of in-hospital mortality 90 days after the
initiation of ECMO was 38-0% (95% CI 34-6-41-5).
When considering in-hospital mortality 90 days after
the initiation of ECMO stratified by ELSO geographical
region, the results were not distinct (p=0-18) for an overall
test of the simultaneous equality of these cumulative
incidence curves for mortality (appendix pp 15-16, 35).

The Kaplan-Meier median duration of hospital stay
at the ELSO centre was 26-9 days (IQR 15-7-43-0).
The observed median length of stay was 31-1 days
(IQR 21-0-46-0) for survivors and 16-0 days (6-8-27-6)
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Figure 2: Cumulative incidence of mortality from time of ECMO initiation

ECMO=extracorporeal membrane oxygenation. The solid line represents the estimated cumulative incidence of

mortality and the shaded area represents the 95% Cl.

Hazard ratio
(95% C1)

Age (years)
40-49 (vs 16-39)
50-59 (vs 16-39)
60-69 (vs 16-39)
>70 (vs 16-39)
Sex (male vs female)
BMI per 5 kg/m?
Race and ethnicity
Black (vs white)
Hispanic (vs white)

Asian (vs white)

Multiple (vs white)
Other (vs white)

Pre-ECMO comorbidities
Cancer (Y vs N)

Diabetes (Y vs N)

Asthma (Y vs N)
Pre-ECMO cardiac arrest (Y vs N)
Co-infection (Y vs N)

PaCO, (per doubling)

Pa0,:Fi0, (per doubling)

Acute kidney injury (Y vs N)
Initial mode (VA or VVA vs VV)*

Immunocompromised (Y vs N)

Chronic cardiac disease (Y vs N)

Chronic respiratory disease (Y vs N)

Middle Eastern or North African (vs white)
+——

&
<

Hours from intubation to ECMO (per doubling)

_—

S
5

127 (0-88-1-84)
176 (1-23-2-52)
228 (1:42-3-67)
307 (1-58-5:95)
132 (0-96-1-81)
1.03 (0-96-111)

0-92 (0-66-128)
1.29 (0-90-1-84)
0-88 (0-60-129)
127 (073-2:21)
072 (0-35-1:51)
0-99 (0-48-2:04)

177 (0-74-4-20)
2.04 (1-15-3-60)
0-95 (0-74-1-23)
118 (0-63-2-23)
1.85 (1.09-314)
098 (0-69-1:39)
1.92 (1:32-278)
0-82 (0-65-1:03)
1.06 (0-98-1-15)
1.25(0-99-1-59)
0-68 (0-57-0-81)
138 (1.08-1.76)
1.89 (1-20-2-97)

Figure 3: Cox model for factors associated with in-hospital mortality in patients with COVID-19 supported

with ECMO

BMI=body-mass index. ECMO=extracorporeal membrane oxygenation. PaCO,=partial pressure of arterial carbon
dioxide. Pa0,:FiO,=ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen.
VA=venoarterial. VV=venovenous. VVA=venovenoaterial. *“Dataset of 1031 patients; four observations were
excluded due to having an initial cannulation mode that was not venovenous, venoarterial, or venovenoarterial.
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for non-survivors. In patients who survived to hospital
day 40 or more and remained hospitalised, the estimated
in-hospital mortality 90 days after the initiation of ECMO
was 14-1% (95% CI 10- 3-18-9; appendix p 36).

The Cox model showed that temporary circulatory
support (venoarterial ECMO support) was significantly
associated with in-hospital mortality (HR 1-89, 95% CI
1-20-2-97; figure 3). Increasing age was associated with
a higher risk of in-hospital mortality for those 70 years or
older relative to patients aged 16-39 years (HR 3-07,
95% CI 1-58-5-95); and higher PaO,:FiO, was associated
with lower mortality (HR 0-68 per doubling, 95% CI
0-57-0-81). Patients with acute kidney injury, chronic
respiratory insufficiency, an immunocompromised state,
or a pre-ECMO cardiac arrest had an associated higher
risk of mortality. Sex, body-mass index, race, and hours
from endotracheal intubation to ECMO initiation were
not independently associated with mortality. The Cox
model including centre volume suggests that higher
adult 2019 hospital ECMO case volume was not
substantively associated with lower mortality (HR 0-96
per doubling of 2019 hospital volume, 95% CI 0-90-1-03;
appendix p 37).

Discussion

This study from the international ELSO Registry provides
data on 1035 ECMO-supported patients with COVID-19
who received care in 36 countries. Estimated in-hospital
mortality 90 days after ECMO initiation was 37-4%
(95% CI 34-4-40-4). This international report from the
ELSO Registry is strengthened by its breadth, including
213 hospitals providing ECMO, and by employing
experienced and trained ELSO site data managers to
collect data.” Additionally, our analytical plan (a time-to-
event analysis) accounts for the potential bias that can be
introduced when not all patients in the analysis have
reached a final disposition.

High mortality in the initial published experience" led
some clinicians and investigators to recommend
withholding ECMO support in patients with COVID-19.%
In ECMO-supported patients with COVID-19 and
characterised as having ARDS, estimated in-hospital
mortality 90 days after ECMO initiation was 38-0%
(95% CI 34-6-41-5), consistent with previous mortality
rates in non-COVID-19 ECMO-supported patients with
ARDS and acute respiratory failure.*” Our findings
provide provisional support for the use of ECMO in
COVID-19-related acute hypoxaemic respiratory failure.®’

In this study, higher 2019 hospital ECMO case volume
was not associated with lower mortality. By contrast,
a 2015 study from the ELSO Registry demonstrated that
higher hospital ECMO case volume was associated with
lower ECMO-supported patient mortality.” The ELSO
Registry data is a collection of self-selected and expe-
rienced centres dedicated to improving care for patients
receiving ECMO support. Our findings cannot be
extrapolated to inexperienced centres.

In the largest randomised controlled trial to date of
ECMO for ARDS, the ECMO to Rescue Lung Injury
in Severe ARDS (EOLIA) trial, 60-day mortality was
35% in the ECMO group versus 46% in the conventional
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management group (relative risk 0-76, 95% CI
0-55-1-04; p=0-09).> A subsequent post-hoc Bayesian
analysis of the EOLIA trial,* a meta-analysis of trials
of ECMO for ARDS in adults,” and a network meta-
analysis® each provided credible support to the existence
of a survival benefit of ECMO in refractory ARDS. The
patients enrolled in the EOLIA study shared some
similarities to the patients with ARDS in this ELSO
Registry report with regards to pre-ECMO support,
severity of ARDS, and mortality rates. The rate of
pre-ECMO prone positioning in patients who received
venovenous ECMO for COVID-19 and were characterised
as having ARDS was 61% in this study and 59% in
EOLIA before randomisation (appendix p 17). The
median pre-ECMO PaO,:FiO, ratio was 72 mm Hg in
our study and the mean PaO,:FiO, in EOLIA was
73 mm Hg?* Nevertheless, it is unclear what the
outcomes of patients with COVID-19 would have been
had they not received ECMO.

Patients surviving critical illness,” ARDS,” and ECMO
support? often have disability that might require pro-
longed hospital stay or rehabilitation. In this study, few
patients were discharged home; rather, the majority were
transferred to either rehabilitation or long-term acute
care facilities or another hospital to continue recovery.
These data highlight the need for future studies to focus
on the long-term outcomes of these patients.

In our study, nearly all patients had acute hypoxaemic
respiratory failure, but only 79% were identified as
meeting the definition for ARDS. In the Large Obser-
vational Study to Understand the Global Impact of
Severe Acute Respiratory Failure (LUNG SAFE) study,
78-5% (95% CI 74-8-81-8) of patients with severe ARDS
were identified as having ARDS.*® In our study, it was
unclear if patients not identified as having ARDS did not
actually meet the Berlin Definition for ARDS or were
simply not recognised as having the criteria for the
diagnosis of ARDS (appendix pp 17-18).”

Our study has important limitations. First, the ELSO
Registry did not externally validate the submitted data
or validate that all consecutive cases initiated between
Jan 16 and May 1, 2020, were submitted. The ELSO
Registry does not contain data on all ECMO cases
worldwide; data are collected from a subset of centres
participating in the ELSO Registry. These centres were
self-selected and needed to have the resources to submit
patient data, particularly during a pandemic. Second,
although the survival analyses for the primary outcome
of mortality account for the incomplete follow-up, we
might have underestimated the reported prevalence of
complications during ECMO, given that not all patients
had completed their ECMO course at the time of
reporting. Third, our study was not a randomised
controlled trial and thus we cannot draw any definitive
conclusions as to whether ECMO should be used in
patients with COVID-19 and severe respiratory failure.
Fourth, the final outcome 90 days after ECMO initiation
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is unknown for patients who were discharged home or to
an acute rehabilitation centre, discharged to a long-term
acute centre or unspecified location, and discharged to
another hospital. However, in patients who survived to
hospital day 40 or more and remained hospitalised, the
estimated in-hospital mortality 90 days after the initiation
of ECMO was 14-1% (95% CI 10-3-18-9).

In patients with COVID-19 supported with ECMO, both
estimated mortality 90 days after ECMO initiation and
mortality in those who achieved a final disposition of
death or discharge were less than 40%. The results were
similar when the sample was limited to patients with
COVID-19 who were characterised as having ARDS. Our
results are also consistent with previously reported
survival rates in acute hypoxaemic respiratory failure,
supporting current recommendations that centres expe-
rienced in ECMO should consider its use in refractory
COVID-19-related respiratory failure.
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