Intensive Care Med (2022) 48:1326-1337
https://doi.org/10.1007/s00134-022-06815-w

REVIEW

Respiratory indications for ECMO: focus .
on COVID-19

updates
Alexander Supady'?®, Alain Combes>, Ryan P. Barbaro®, Luigi Camporota®’, Rodrigo Diaz®, Eddy Fan®'%'",
Marco Giani'?, Carol Hodgson'>'#!>1¢ Catherine L. Hough'’, Christian Karagiannidis'®, Matthias Kochanek'®,
Ahmed A. Rabie?, Jordi Riera?!, Arthur S. Slutsky®?? and Daniel Brodie?***"

© 2022 Springer-Verlag GmbH Germany, part of Springer Nature

Abstract

Extracorporeal membrane oxygenation (ECMO) is increasingly being used for patients with severe respiratory failure
and has received particular attention during the coronavirus disease 2019 (COVID-19) pandemic. Evidence from two
key randomized controlled trials, a subsequent post hoc Bayesian analysis, and meta-analyses support the interpreta-
tion of a benefit of ECMO in combination with ultra-lung-protective ventilation for select patients with very severe
forms of acute respiratory distress syndrome (ARDS). During the pandemic, new evidence has emerged helping to
better define the role of ECMO for patients with COVID-19. Results from large cohorts suggest outcomes during the
first wave of the pandemic were similar to those in non-COVID-19 cohorts. As the pandemic continued, mortality of
patients supported with ECMO has increased. However, the precise reasons for this observation are unclear. Known
risk factors for mortality in COVID-19 and non-COVID-19 patients are higher patient age, concomitant extra-pulmonary
organ failures or malignancies, prolonged mechanical ventilation before ECMO, less experienced treatment teams and
lower ECMO caseloads in the treating center. ECMO is a high resource-dependent support option; therefore, it should
be used judiciously, and its availability may need to be constrained when resources are scarce. More evidence from
high-quality research is required to better define the role and limitations of ECMO in patients with severe COVID-19.
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Introduction [1]. This trend has continued during the coronavirus dis-
ease 2019 (COVID-19) pandemic; however, the optimal
approach for providing VV-ECMO for acute respira-
tory failure, and the most appropriate use of ECMO in
resource-constrained settings, remain uncertain [2—4]. In
this review, we provide an in-depth overview of the use of

VV-ECMO, with a major focus on COVID-19.

Over the past decade, the use of venovenous extracorpor-
eal membrane oxygenation (VV-ECMO) for adults with
respiratory failure has increased markedly worldwide
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Background and evidence

Modern evidence for a potential benefit of ECMO in
patients with respiratory failure appeared in 2009, with
publication of the CESAR multicenter randomized con-
trolled trial that suggested that transferring adult patients
with severe respiratory failure to an ECMO center
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significantly decreased mortality or severe disability at six
months [5]. However, important methodological limita-
tions limited the generalizability of these findings [6].

The 2018 EOLIA trial examined early initiation of
ECMO in patients with severe acute respiratory distress
syndrome (ARDS) [7]. The EOLIA trial was terminated
early for futility; however, there was a substantial, albeit
not statistically significant reduction in 60-day mortality
in the ECMO-treated group (35 vs. 46%, p=0.09). A 28%
rate of cross-over from the control to the ECMO group
contributed to the null finding. However, a subsequent
post hoc Bayesian analysis of EOLIA, along with a meta-
analysis, an individual patient data meta-analysis, and a
network meta-analysis, supported the interpretation of
a benefit of ECMO in combination with ultra-lung-pro-
tective ventilation for selected patients with very severe
ARDS [8-12].

Technical aspects

ECMO is a device used to support or replace pulmo-
nary gas exchange function (venovenous ECMO), or
cardiac function (venoarterial ECMO) [1, 12]. During
ECMO, blood is withdrawn from the patient and directed
through a “membrane lung” consisting of bundles of adja-
cent hollow fibers that channel fresh gas in close prox-
imity to blood, allowing exchange of oxygen and carbon
dioxide by diffusion. Over the past decades, major tech-
nological improvements in pumps, tubing and membrane
lungs have led to improved gas exchange and reduced
complications. Recent polymethylpentene membranes
are considered superior to previously used silicone rub-
ber polymer or polypropylene membranes [13]. Centrifu-
gal pumps within current ECMO systems require smaller
filling volumes compared to conventional roller pumps,
potentially at the expense of increased hemolysis [14].
Overall, the general technical approach when applying
ECMO in COVID-19 patients is not different from non-
COVID-19 patients [15-17].

Initial experience with venovenous ECMO

in COVID-19

At the start of the COVID-19 pandemic, there was a rea-
sonable rationale for using ECMO in patients with very
severe COVID-19-related ARDS, based on the EOLIA
trial, along with retrospective observational studies,
including matching studies (albeit with mixed results),
from the 2009 influenza A(HIN1) pandemic [18-20].
However, there were specific concerns that contact of
blood with artificial surfaces might induce a greater
inflammatory response in COVID-19 compared to non-
COVID-19 patients [21, 22]. Furthermore, two papers
published early during the pandemic suggested very high
mortality rates for ECMO-supported patients, leading to

Take-home message

Extracorporeal membrane oxygenation (ECMO) is increasingly being
used for patients with severe acute respiratory failure, with the
strongest evidence for its use in patients with very severe forms of
acute distress respiratory syndrome (ARDS). However, many ques-
tions about how best to optimize the care of ECMO patients remain.
Future research should focus on better defining the role and limita-
tions of ECMO.

an initially cautious approach to its use, especially when
the demand for critical care services was on the verge of
exceeding available resources [2, 23-26].

As the pandemic progressed, the central question was
whether pathophysiological changes in COVID-19-re-
lated ARDS were fundamentally different from other
forms of ARDS, and whether these differences could have
consequences for clinical management [27]. A retrospec-
tive cohort study from France reported an estimated
probability of 60 days and 90 days of mortality of 31%
and 36% in 83 patients with COVID-19-related ARDS
supported with ECMO from March 8 to May 2, 2020
[16]. Potential explanations for substantially lower mor-
tality rates than initially observed include better patient
selection, along with optimized mechanical ventilation
support and adjunctive therapy provided by very experi-
enced teams in high-volume centers [16].

Mortality rates reported from other cohorts in the United
States, Europe, South America and the Middle East were
similar, albeit with some heterogeneity. A Chilean popula-
tion-based study of 85 patients supported from March 3 to
August 31, 2020, reported a 90-day mortality of 38.8% [28].
In a study of 307 patients treated in 19 ECMO centers in
five countries in the Middle East and India from March 1
to September 30, 2020, survival to home discharge was 45%
[29].

A survey conducted of both the Extracorporeal Life Sup-
port Organization (ELSO)—and non-ELSO-affiliated inten-
sive care units (ICUs) noted a mortality rate of 43.9% for
1,413 patients supported with ECMO from March to Sep-
tember, 2020 [30]. Data from ELSO complemented these
findings. In an initial analysis of 1035 COVID-19 patients
who received ECMO between January and May, 2020, at
213 hospitals in 36 countries, estimated 90-day cumulative
in-hospital mortality was 37.4% (95% CI 34.4—40.4) [31].

In contrast to these early studies, where mortality was
comparable to that in the EOLIA trial, there were outli-
ers. A French study of 302 patients admitted to one of
17 intensive care units (ICUs) in Paris, France, between
March and June, 2020, had a higher 90 days of mortal-
ity at 54.3% [15]. A study from Germany reported over-
all in-hospital mortality rate of 68% in 3,397 COVID-19
patients supported with ECMO from March, 2020,
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through May, 2021 [32]. It is imperative to critically eval-
uate such high mortality, as seen in a nationwide analysis,
for a widely used and established support. These results
are particularly disconcerting because resource con-
straints were not a major issue in Germany during the
study period. Importantly, this study represents the only
unselected national cohort of COVID-19 patients receiv-
ing ECMO, so it is possible that it simply better reflects
real-world outcomes.

Differences in mortality in the different cohorts are dif-
ficult to interpret, but may include: differences in patient
selection, e.g., age limitations; prior experience with
ECMO use for ARDS; lack of specific data to guide a con-
sistent approach to managing ARDS; strain on resources,
including human resources. One additional explanation
for the sobering results may be that ECMO use in Ger-
many is neither regulated nor restricted, such that any
hospital may start an ECMO program. Consequently,
there are many hospitals with small annual ECMO case
volumes and there is a well-known volume-outcome
relationship for ECMO [15, 33-35]. Absent randomized
data, the degree of confounding in these observational
cohorts precludes definitive conclusions [3, 4, 36].

Evolving evidence for the use of ECMO during the
COVID-19 pandemic

Emerging data suggested that ECMO mortality increased
after the first wave (Fig. 1). Comparing 151 patients

supported with ECMO from the first wave with 168 from
the second wave in 24 ECMO centers in Spain and Portu-
gal, Riera et al. found a significantly higher hospital mor-
tality during the second wave (41.1 vs. 60.1%, p=0.001)
[37]. Schmidt et al. also observed an increased probabil-
ity of 90-day mortality after the initial wave (36 vs. 48%;
HR 2.27, 95% CI 1.02-5.07) [38]. Similar findings were
noted in the EuroELSO survey after the first wave [39].

An updated study from the ELSO was extended to
cover all 4,812 COVID-19 patients in the registry who
had ECMO initiated in 2020 from 349 hospitals across 41
countries [34]. Patients were grouped into three cohorts:
The first cohort consisting of patients initiated on ECMO
on or before May 1, 2020, mirroring the initial ELSO
registry COVID-19 cohort had an estimated cumulative
incidence of 90-day mortality of 36.9% [34]. In the second
cohort, consisting of patients initiated on ECMO after
May 1, 2020, at those same centers, cumulative 90-day
in-hospital mortality was 51.9%; and, in the third cohort,
consisting of centers which started providing ECMO for
COVID-19 only after May 1, 2020, cumulative 90-day in-
hospital mortality higher at 58.9%.

Possible explanations for this increase in mortal-
ity include changes in patient selection and treatment
standards over the course of the pandemic, the impact of
resource limitations in overburdened hospitals, and pos-
sible pathophysiological changes due to emerging viral
variants [3, 34]. Later during the pandemic, patients were
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Fig. 1 Mortality rates from selected ECMO cohorts during the first and later waves of the pandemic. In all reported cohorts, mortality rates were
reported for variably defined later waves, compared to the first wave. Differences in outcomes between the cohorts may be, at least in part,
explained by differences in inclusion and exclusion criteria (see main text for details). Broman et al. and Barbaro et al. reported data from large inter-
national cohorts confirming the observation of increasing mortality with the use of ECMO after the first wave of the pandemic.
ECMO extracorporeal membrane oxygenation, ARDS acute respiratory distress syndrome, COVID-19 coronavirus disease 2019
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more frequently supported with non-invasive respira-
tory support before endotracheal intubation, and cor-
ticosteroids were given more often [34]. Thus, they may
represent a different cohort—with treatment-refractory
presentations, an explanation yet to be confirmed.

Efficacy of ECMO in patients with severe COVID-19
A randomized trial similar to EOLIA has not been
conducted in patients with severe COVID-19-related
ARDS—and such a trial is unlikely, given the lack of clini-
cal equipoise in large ECMO centers, as well as consid-
erable logistical and funding hurdles. However, other
analytic approaches are being used. Recently, three tar-
get trial emulations have been performed analyzing the
efficacy of mechanical ventilation with ECMO compared
to mechanical ventilation alone in patients with severe
COVID-19-related ARDS [40-42]. This approach may
allow causal inferences similar to those from a rand-
omized trial [43, 44].

In an emulated target trial of 190 COVID-19 patients
from 35 hospitals in the United States between March
and July, 2020, Shaefi et al. reported a lower mortality for
patients who received ECMO compared to those who did
not (34.6 vs. 47.4%; HR 0.55; 95% CI 0.41-0.74) [41].

A multicenter European COVID-ICU study of 4244
COVID-19 patients with very severe ARDS (PaO,/
FiO,<80 mmHg or PaCO,>60 mmHg) compared
patients supported with ECMO within seven days of
invasive mechanical ventilation (IMV) vs. those treated
without ECMO.[40, 45]. 1,235 patients met eligibility
criteria for the emulation trial; 164 patients with ECMO.
Probability of day 7 survival was higher for ECMO
patients (87 vs. 83%, risk difference: 4%, 95% CI 0%; 9%),
but decreased by day 90 (63 vs. 65%, risk difference:
— 2%, 95% CI — 10%; 5%). ECMO was associated with
higher survival when performed in high-volume ECMO
centers (> 30 patients treated with VV-ECMO in the pre-
vious year), in regions with a specific ECMO network set-
up to handle high demand, when it was initiated within
4 days of IMV and when used in profoundly hypoxemic
patients (PaO,/FiO, < 65 mmHg).

In a larger emulated target trial, the COVID-19 Ceriti-
cal Care Consortium [42] studied 7345 patients with
COVID-19-related acute respiratory failure; 844 patients
received ECMO. In patients with PaO,/FiO, <80 mmHg,
ECMO support reduced hospital mortality by 7.1%
(95% CI 6.1-8.1%) compared to conventional mechani-
cal ventilation without ECMO (RR 0.78, 95% CI 0.75-
0.82). Age (<65 years), severity of hypoxemia (PaO,/
FiO, <80 mmHg), duration (<10 days) and intensity of
mechanical ventilation (driving pressure>15 cm H,0)
before ECMO were associated with benefit of ECMO.

Yet, the critical limitation of these trials is that, despite
their methodological sophistication, they merely simulate
randomized controlled trials, while the data still come
from retrospective observations. Therefore, we cannot
entirely control for selection bias nor can we exclude
unmeasured confounding [46].

Data from two other retrospective analyses suggest
a survival benefit for patients transferred to an ECMO
center [47, 48]. However, here it is difficult to ascertain
if the improvements are due to ECMO per se, or to the
expertise in managing complex patients at these quater-
nary referral centers.

Clinical management of patients with severe
COVID-19 and ECMO

Indications and timing of ECMO

The indications for ECMO in severe COVID-19-related
ARDS should follow established criteria from the pre-
COVID era until there is evidence to the contrary (Figs. 2
and 3) [27, 49]. Most importantly, optimization of venti-
lation management and prone positioning (unless con-
traindicated) should be attempted prior to initiation of
ECMO, whenever feasible. However, relative contraindi-
cations to ECMO use for COVID-19 patients should be
adapted to the local experience, including resource avail-
ability [3, 4, 17, 50].

In several retrospective analyses, an association between
mortality and duration of invasive mechanical ventilation
prior to initiation of ECMO has been described. Lebreton
et al. observed significantly lower mortality in patients who
received ECMO<3 days after intubation, compared to
longer periods of IMV [15]. Similarly, in a large cohort of
ECMO patients in Germany, Karagiannidis et al. observed
the lowest in-hospital mortality rate in patients who had
been mechanically ventilated <3 days before ECMO ini-
tiation [51]. In an emulated target trial, Urner et al. found
that ECMO was most effective if initiated early, and cer-
tainly within the first 10 days of IMV [42]. Finally, in
another emulated target trial, ECMO was associated with
a mortality benefit when initiated within four days of IMV
[40]. Yet, observations are mixed, and in other cohorts,
duration of IMV prior to ECMO was not that clearly asso-
ciated with a higher risk of mortality [28, 52].

It is unclear if the duration of non-invasive respiratory
support before intubation and ECMO, also relates to out-
comes. Data from a small retrospective analysis support
this concern—patients who received non-invasive res-
piratory support for >3 days had poorer outcomes than
patients who received non-invasive respiratory support
for <3 days [53]. Likewise, in the ELSO registry, the later
cohort (with higher mortality) was noted to have greater
use of non-invasive respiratory support prior to ECMO
compared with the early cohort [34].
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Treatment of the underlying disease

« Anti-infectives
« Corticosteroids and other immunosuppressive
or immunomodulatory drugs _—
« Futher specific treatments lI
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- Nasal high-flow oxygen support
« Non-invasive ventilation: mask or helmet

Invasive mechanical ventilation

« Lung-protective ventilation strategies
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19-related).
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* with respiratory rate increased to 35 breaths per minute and mechanical ventilation settings adjusted to keep a plateau airway pressure of < 32 cm of water

Fig. 2 Key strategies of care that may be initiated, including consideration of ECMO support in patients with ARDS (non-COVID-19 and COVID-

ECMO extracorporeal membrane oxygenation, ARDS acute respiratory distress syndrome, COVID-19 coronavirus disease 2019, PEEP positive end-
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« Prone positioning (during or prior to invasive ventilation,
as indicated)
« +/- neuromuscular blockade
¥ r—
— )|
/ ~ L\\, e
& -

ECMO should be considered when the
following criteria apply and all other strategies
listed were performed or were not possible

+ Pa0,/FiO,< 80 mmHg for > 6h
+ PaO,/FiO, < 50 mmHg for > 3h
« pH < 7.25 with PaCO, > 60 mmHg for > 6h *

- There are no generally accepted absolute
contraindications for ECMO besides end-stage
respiratory failure when lung transplantation is
not an option

|+ Relative contraindications may include

+ Prolonged mechanical ventilation prior to ECMO

« Advanced age

+ Cardiac arrest, severe co-morbidities and
extrapulmonary organ failures

A scoring system allowing prognostication and risk
assessment for individual patients would be desirable
for COVID-19 patients. Considering the current lack of
such a system, we described known risk factors, and sub-
divided conditions with respect to the degree to which
they contribute to mortality risk (Fig. 3). Current evi-
dence does not allow definite answers as to the right time
from intubation or from adjunctive treatment options to
start ECMO. Nevertheless, it seems reasonable to fol-
low the approach used in the EOLIA trial for the time
being. Caution seems necessary about starting ECMO
support in patients with advanced age, serious preexist-
ing conditions, or after prolonged duration of mechanical
ventilation.

Prone positioning and invasive mechanical ventilation
management

In a recent meta-analysis of studies for non-COVID-19
ARDS patients receiving ECMO, prone positioning was
associated with improved survival [54]. Similarly, an

individual patient meta-analysis including 889 patients
found a lower 60-day mortality in patients treated with
prone positioning during ECMO compared to a matched
population of ECMO patients managed supine [55]. For
COVID-19 patients, a retrospective analysis found that
prone positioning during ECMO was associated with
reduced mortality [56]. Although these findings have not
yet been confirmed in randomized trials, it seems rea-
sonable that the prone position may be beneficial when
performed by teams experienced in both prone position-
ing and ECMO.

The ROSE trial did not reveal a significant benefit of
neuromuscular blockade for mechanically ventilated
patients [57]. Nonetheless, neuromuscular blockers may
be indicated in select patients to allow for safe prone
positioning, to limit respiratory drive, or in patients who
despite optimized ventilator settings and sedation, show
breathing patterns known to be associated with a risk of
ventilator-induced lung injury [58].
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Indicators of risk
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Fig. 3 Patient-related and center-associated factors contributing to the risk of mortality in patients supported with venovenous ECMO, with a focus

ECMO extracorporeal membrane oxygenation, ARDS acute respiratory distress syndrome, COVID-19 coronavirus disease 2019

*** e.g. diabetes mellitus, obesity, arterial hypertension, chronic cardiac disease

Important differences in respiratory mechanics
between COVID-19-related and other forms of ARDS
have been suggested although the weight of evidence
does not support this observation, and thus there is no
reason to deviate from established recommendations for
IMV [59-62]. COVID-19 patients with ECMO should
therefore receive lung-protective ventilation according to
recommendations for non-COVID patients [63].

Non-invasive respiratory support and physical
rehabilitation during ECMO
The optimal non-invasive ventilatory management during
ECMO in COVID-19 patients is not clear. Case reports
have described the feasibility of ECMO combined with
high-flow nasal oxygen or non-invasive ventilation when
IMV was not an option [64, 65]. However, in a retrospective
case series, 14/18 patients (78%) were eventually intubated
due to complications, after an initial attempt of ECMO
without IMV.[66] These patients ultimately had a higher
mortality than those not requiring intubation.

Clinical experience and recent observational and
pilot randomized data gathered before the COVID-19

pandemic suggest a potential benefit for early mobi-
lization of patients receiving ECMO with or without
concomitant IMV [67, 68]. However, data in COVID-
19-related ARDS are limited. In a cohort from the United
States, 40 patients with COVID-19-related ARDS meet-
ing EOLIA criteria were initiated on ECMO; 88% of
these patients were extubated from IMV during ECMO
and many participated in active physical rehabilitation
[69]. Overall survival was high in this cohort. However,
the contribution of rehabilitation to outcomes is unclear
given the observational nature of the data.

Infectious complications

Few publications assess the incidence of bacterial and
fungal co- and superinfections in COVID-19 patients;
with even fewer focusing on ECMO patients. In these
cohorts, no clear signal suggesting an increased risk for
such infections has been described [45, 70-72]. In the
ELSO registry, co-infection later than 2 weeks after initi-
ation of ECMO was associated with an increased risk for
mortality in COVID-19 patients [34].
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Bleeding complications, thromboembolic events

and anticoagulation management

Severe COVID-19 is associated with increased risk of
thromboembolic events and bleeding complications, and
not surprisingly, these complications have been observed
in COVID-19 patients receiving ECMO [15, 41, 73, 74].
However, in the initial ELSO registry study of COVID-19
patients on ECMO, the prevalence of bleeding complica-
tions and circuit clotting was similar to rates reported
from non-COVID-19 patients, although, observational
data may be confounded by changes in practice [31, 75].
Currently, available data suggest that established antico-
agulation practices used in non-COVID-19 patients with
ECMO should be used in COVID-19 patients [76].

Extracorporeal hemoadsorption

Initial reports suggested that COVID-19 patients with
higher interleukin 6 (IL-6) levels had higher mortality
rates [77]. Consequently, extracorporeal hemoadsorp-
tion of IL-6 and other blood components have been sug-
gested as a therapeutic target in severe courses of the
disease [78]. Initial case reports and uncontrolled case
series suggested a benefit of extracorporeal hemoadsorp-
tion when combined with continuous renal replacement
therapy or ECMO [79, 80]. However, in the randomized-
controlled CYCOV trial, no benefit for extracorporeal
hemoadsorption was found when implemented within
the ECMO circuit during the first 72 h of ECMO support
[81]. Therefore, the use of hemoadsorption in COVID-19
patients on ECMO cannot be recommended outside of
clinical trials at this time, nor is there evidence support-
ing the general use in non-COVID-19 ECMO patients.

Duration of ECMO support

The duration of ECMO support in COVID-19 patients
is prolonged compared to non-COVID-19 patients.
Lebreton et al. described a median duration of 14 days;
Barbaro et al. found a median duration of 14 days early
in the pandemic (patients initiated on ECMO through
May 1, 2020),and increased to 20 days later in the pan-
demic [15, 34]. For patients who survived until day 90,
Schmidt et al. described a median ECMO duration of
22 days in patients treated before July 1, 2020, compared
to 33 days for those treated after July 1, 2020 [38]. This
has clear implications for resource allocation. However,
this observation has to be considered with caution as in
different cohorts different withdrawal criteria may have
been applied, which may have strongly influenced these
outcomes.

Lung transplantation
ECMO is a temporary support option that requires
ongoing care in an intensive care unit (ICU), ideally as

a bridge to recovery when initiated for an acute illness.
In prolonged cases, when weaning from ECMO sup-
port is no longer likely, lung transplantation may be an
option in highly selected patients, with ECMO contin-
ued as a bridge to transplantation. Initial experience sug-
gests that patients receiving lung transplantation after
severe COVID-19-related ARDS and ECMO may do well
and be discharged home, although long-term outcomes,
and outcomes relative to those without transplant are
unknown [82, 83].

Organization of ECMO systems and implications

of resource limitations

ECMO utilizes substantial resources and in many coun-
tries, ECMO is not available, or accessible only to a
minority of the population. The organization and pro-
vision of ECMO services differ from country to coun-
try and even between regions within a given country.
In some centralized national health systems, ECMO is
only provided in dedicated referral centers (e.g., United
Kingdom or Singapore) and inter-hospital retrieval sys-
tems are available for transferring patients even if they
are already on ECMO. In other less centralized jurisdic-
tions, ECMO may be offered in many hospitals, some-
times with lower case volumes in individual centers (e.g.,
United States or Germany) [35].

Even prior to COVID-19, data from the international
ELSO registry suggested that higher annual hospital
ECMO volume was associated with lower mortality, a
finding confirmed during the COVID-19 pandemic [15,
33, 34]. An analysis from a large hospital network in
Paris found that mortality of ECMO patients was signifi-
cantly lower in centers that had treated > 30 patients with
ECMO in the prior year, compared to centers with lower
caseloads [15]. Therefore, whenever possible, ECMO
should be provided in large and experienced centers, and
hospital network coordination and retrieval systems be
put in place. However, under special conditions it may be
appropriate to offer ECMO in smaller centers, for exam-
ple in remote regions, if the distance to a large ECMO
center may be too long to provide timely care. In these
settings, lack of experience may be mitigated through
simulation, and telemedicine support to clinicians.

During a pandemic, availability of intensive care
resources including ECMO may not meet demand
[84]. This may pertain to structural resources (e.g., ICU
beds, ventilators, dialysis machines or ECMO consoles),
consumables (e.g., specific drugs, ECMO equipment,
including membrane lungs, tubing or cannulae), and
also human resources (e.g., physicians, nurses and other
essential clinical personnel) [85]. Ultimately, rationing
and prioritization of scarce resources may be required
[17, 86]. In such situations, it may be necessary to care for
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patients longer in less specialized centers before transfer
to a specialized center than under pre-pandemic condi-
tions. However, transport options must be available for
transfer to a specialized center, if necessary [87].

The provision of ECMO is particularly resource-inten-
sive—in terms of structural and human resources. Thus,
when invoking crisis standards of care, decisions have to
be made as to how to allocate resources to ECMO versus
other critical demands, such as mechanical ventilation,
renal support, or general medical care [50, 88]. These
decisions must consider the role of the specific hospital
in a particular region, the range of services and capaci-
ties of other hospitals in that region, and forecasts of the
expected number of patients. The latter requires predic-
tion tools, which are often best implemented regionally.
In addition, local outcomes must be taken into account
when deciding to expand or even limit availability of
ECMO [50].

The way ahead

The COVID-19 pandemic has revealed that many health
systems and institutions were not adequately prepared.
Admittedly, no healthcare system can be prepared to
provide care for dramatic increases in caseloads. Never-
theless, it is necessary to have adequate supplies of key
resources, such as personal protective equipment or
essential medicines in preparation for a crisis. It is also
necessary to strengthen regional coordination and coop-
eration among hospitals to optimize resources on a larger
scale.

In view of the great uncertainties and concerns regard-
ing ECMO support in severe COVID-19-related ARDS at
the beginning of the pandemic, it is crucial to emphasize
the importance of research. Only with high-quality data
and evidence is it possible to offer patients optimal treat-
ment. In some locales, regulations for conducting clini-
cal trials or transferring data to national or international
registries are complex and burdensome. There is an
urgent need to adapt these requirements so that neces-
sary research can be carried out in everyday clinical prac-
tice even during a pandemic, as has been done by the UK
RECOVERY trial (www.recovertrial.net) and the interna-
tional REMAP-Cap trial (www.remapcap.org). Patients
should be entered into registries, which should ensure
long-term follow-up of patients, including assessment of
quality of life.

There are many important questions that remain with
respect to the use of ECMO for patients with COVID-
19-related ARDS. We suggest that the most important
ones relate to identification of which patients are most
likely to benefit, optimal timing for ECMO initiation,
duration of ECMO support, and long-term, patient-cen-
tered outcomes.

Based on observational data, shorter duration of
mechanical ventilation prior to ECMO is associated
with improved patient survival, suggesting that patients
should be transitioned to ECMO relatively early, or per-
haps ECMO should be withheld from patients after a
longer duration of ventilation. Yet, neither conclusion is
fully supported by available evidence, as it is difficult to
make firm conclusions from observational data which
may be skewed by selection bias, and other factors.
Therefore, more research is needed before definitive rec-
ommendations can be made.

Finally, every society should make provisions for situ-
ations when demand outstrips resources. Ideally, ethical
rationing principles should be developed by consensus
to be incorporated into triage guidelines for use in crisis
situations [50, 88].

Conclusion

The use of ECMO has been increasing for over a decade.
However, the role of ECMO has been more prominent
than ever in the COVID-19 era. More than two years into
the COVID-19 pandemic, we understand that outcomes
of patients supported with ECMO for COVID-19-related
ARDS appear to have worse outcomes than non-COVID-
19-related ARDS. However, there is an important role
for ECMO for the temporary support of patients with
severe acute respiratory failure, both as a bridge to recov-
ery and, in select cases, as a bridge to transplant. Defini-
tive indications, timing and management with respect to
preceding, adjunctive treatment strategies, ventilation
management and rehabilitation remain unclear and final
recommendations cannot be given at this time. Unex-
plained high mortality rates observed in some cohorts
need to be better understood and measures for improve-
ments to be introduced. Given the resources required to
implement ECMO, more evidence is needed for appro-
priate patient selection and coordination of care to fur-
ther improve the outcomes of all critically ill patients.
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