
Copyright © ASAIO 2020
1

ASAIO Journal 2020 Adult Circulatory Support

From the *Department of Cardiothoracic Critical Care Medicine 
and ECMO Unit, Glenfield Hospital, University Hospitals of Leicester 
National Health Service Trust, Leicester, United Kingdom; †Institute 
of Inflammation and Ageing, Centre of Translational Inflammation Re-
search, University of Birmingham, Birmingham Acute Care Research 
Group, Birmingham, United Kingdom; ‡Columbia University College 
of Physicians and Surgeons, New York, New York; §Center for Acute 
Respiratory Failure, New York–Presbyterian Hospital, New York, New 
York; and ¶Department of Critical Care Medicine, University of Cal-
gary, and Alberta Health Services, Calgary, Alberta, Canada.

Submitted for consideration April 2020; accepted for publication in 
revised form April 2020.

Disclosure: Daniel Brodie is on the medical advisory boards for 
Breethe, Xenios, and Hemovent and is a past medical advisory board 
member for Baxter and ALung Technologies; he is currently on the 
trial steering committee for the VENT-AVOID trial sponsored by ALung 
Technologies. Ken Kuljit Parhar is on the advisory board for Elsius Bio-
medical. The other author has no conflicts of interest to report.

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Correspondence: Vasileios Zochios, Department of Cardiothoracic 
Critical Care Medicine and ECMO Unit, Glenfield Hospital, Uni-
versity Hospitals of Leicester National Health Service Trust, Groby 
Road, Leicester LE39QP, United Kingdom. Email: vasileioszochios@
doctors.org.uk.

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was 
officially declared a global pandemic on March 11, 2020, 
by the World Health Organization (WHO). The majority of 
patients with COVID-19 have mild disease, but approximately 
14% develop severe respiratory failure and acute respiratory 
distress syndrome (ARDS), which is associated with high mor-
tality.1–3 Extracorporeal membrane oxygenation (ECMO) could 
potentially improve survival in COVID-19-associated severe 
ARDS and has been incorporated in the WHO recommenda-
tion for management of severe COVID-19 disease.4–8

In this issue of ASAIO J, Slepian et al.9 report on the early ex-
perience of a multicenter cohort of patients undergoing ECMO 
for COVID-19 severe respiratory or cardiorespiratory failure. 
Their study, the largest cohort of COVID ECMO patients to date, 
describes 32 patients who were provided extracorporeal sup-
port either with veno-venous (VV), veno-arterial-venous (VAV), 
or veno-arterial (VA) ECMO. This initial description provides 
some insights into the use of ECMO for COVID-19 disease. 
Notably, the authors provide a glimpse at the median dura-
tion of ECMO in the five patients successfully weaned from 
ECMO (8 days, IQR = 6–10), in addition to spending several 
days in endotracheally intubated before initiation of ECMO 
(median = 4 days, IQR = 2–5). Further, there is a trend toward 
higher mortality in those patients who require VA-ECMO or 

VAV-ECMO, in contrast to those patients who only require VV-
ECMO, which could potentially be explained by the concomi-
tant cardiac component of their COVID-19 disease, as well as 
the likely low-flow state and end-organ hypoperfusion before 
initiating VA-ECMO.

However, as the authors note, outcomes are unclear from 
this cohort as the majority of the patients in the cohort were 
still receiving ECMO at the time of publication. The report 
is also limited in that detailed data on patient characteristics 
and detailed ventilatory data before the provision of ECMO 
are challenging to come by. These data will be crucial for fur-
ther tailoring of both ECMO referral and cannulation criteria 
to identify those most likely to benefit from ECMO support.9

There is currently limited guidance on ECMO use and pa-
tient selection in a pandemic surge, particularly for COVID-19. 
The role of ECMO depends not only on patient factors (such 
as disease severity) but also on resource availability, as it con-
sumes a large portion of hospital, critical care, and personnel 
resources.10–13 Moreover, ECMO capacity at these levels of 
systemic stress may be very limited at centers capable of pro-
viding this technology. ECMO growth was catalyzed following 
the CESAR trial successfully demonstrating a mortality benefit 
in patients referred to an ECMO center for respiratory failure 
as well as the influenza A (H1N1) viral pandemic in 2009.14–16

Data on the effectiveness of ECMO during previous corona-
virus outbreaks, including severe acute respiratory syndrome 
(SARS) and Middle East respiratory syndrome (MERS), remains 
limited, particularly during SARS. ECMO for MERS demon-
strated an association with improved survival.17 Based on this 
historical experience, it is plausible that ECMO may improve 
survival outcomes for selected COVID-19 patients with severe 
ARDS.

Given the significant resources required to provide ECMO, 
it is conceivable that during a pandemic it may become too 
burdensome to the system to be possible or justifiable. Princi-
ples of precision clinical medicine should be applied to patient 
selection and determining who is likely to most benefit from 
ECMO support during the COVID-19 pandemic.

Early reports have determined several patient factors that 
are associated with high mortality in COVID-19, which in-
clude advanced age (>65 years), presence of comorbidities, 
extrapulmonary organ failures (assessed through Sequential 
Organ Failure Assessment score), hyperinflammation (elevated 
C-reactive protein, ferritin, or D-dimer), leukopenia, and myo-
cardial injury (elevated troponin).18,19

Patients with one or more of the aforementioned risk factors 
for poor outcomes are less likely to be successfully supported 
with VV-ECMO. Eligible patients who develop COVID-19-re-
lated myocarditis leading to refractory cardiogenic shock may 
benefit from VA-ECMO, shown to confer survival benefit in 
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patients with isolated myocarditis.20–22 Prospectively validated 
survival prediction models at ECMO initiation (e.g., RESP and 
PRESET scores) can assist in the assessment of candidacy for 
ECMO; however, these scores have not specifically been vali-
dated for COVID-19-associated ARDS.23,24

Initial criteria for consideration for ECMO should be based 
on current evidence and guidance. Patients with very severe 
ARDS who have been invasively ventilated for 7 days or less 
meeting the EOLIA trial criteria and recent Extracorporeal 
Life Support Organization (ELSO) general guidance (ratio of 
arterial oxygen partial pressure to fractional inspired oxygen 
[PaO2:FiO2] <50 mmHg for >3 hours, or PaO2:FiO2 <80 mmHg 
for >6 hours or pH <7.25 with partial pressure of carbon di-
oxide [PCO2] ≥60 mmHg for more than 6 hours)5,10 without 
extrapulmonary organ failures could be considered for ECMO 
support.

It is likely that these criteria can be further refined. We 
know that VV-ECMO is able to provide two major benefits to 
patients with ARDS. The first is that it can improve oxygenation 
when the patient has exhausted conventional strategies.5,25 The 
second, and likely more important mechanism, is that it facili-
tates extended lung-protective ventilation for patients who are 
already receiving conventional lung-protective ventilation. The 
EOLIA trial suggested that patients who were hypercarbic de-
spite maximizing lung-protective ventilation were the group of 
patients with the greatest survival benefit that ECMO facilitates 
lung protection through a reduction in driving pressure and 
mechanical power.5

Patients with COVID-19-associated ARDS often present with 
notable hypoxemia, yet some may have relatively well-pre-
served lung compliance.26 The majority of these patients 
could potentially be managed with conventional methods 
and without ECMO unless compliance worsens (e.g., due to 
worsening underlying pathology, patient self-inflicted lung in-
jury, or ventilator-induced lung injury) or hypoxemia is very 
severe and refractory to conventional management. These are 
the patients who are most likely to benefit from facilitated lung 
rest through VV-ECMO.

Given the complexity of patient selection, a multidisci-
plinary approach to patient selection should be undertaken. 
Collaboration between ECMO centers is crucial to ensure 
appropriate service delivery and capacity to those patients 
with confirmed COVID-19 ARDS. Thorough assessment be-
fore accepting a patient for ECMO will also ensure that ECMO 
should only be considered after all conventional measures 
(lung-protective ventilation, moderate-to-high levels of posi-
tive-end expiratory pressure as tolerated, prone positioning, 
possible neuromuscular blockade, and negative fluid balance, 
as appropriate) fail to maintain adequate oxygenation and 
ventilation.27,28 Collaborative decision making between refer-
ring centers and the ECMO centers could potentially increase 
precision of clinical practice by reducing variabilities in the 
management of ARDS.

The decision to offer or decline ECMO during COVID-19 
pandemic is a difficult one. ECMO centers need to be highly 
selective aiming to enhance the precision of individual treat-
ment benefit. This approach will potentially allow judicious 
planning, resource allocation, and a safe delivery of ECMO 
service. Prospective data will enable clinicians to better char-
acterize this disease and successfully personalize therapies in-
cluding ECMO.

References

 1. Yang X, Yu Y, Xu J, et al: Clinical course and outcomes of critically 
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A 
single-centred retrospective observational study. Lancet Respir 
Med 2020. [Epub ahead of print].

 2. Livingston E, Bucher K: Coronavirus disease 2019 (COVID-19) in 
Italy. JAMA 2020. [Epub ahead of print].

 3. Wu Z, McGoogan JM: Characteristics of and important lessons 
from the Coronavirus Disease 2019 (COVID-19) outbreak in 
China: Summary of a report of 72 314 cases from the Chinese 
center for disease control and prevention. JAMA 2020. [Epub 
ahead of print].

 4. Brodie D, Slutsky AS, Combes A: Extracorporeal life support for 
adults with respiratory failure and related indications: A narra-
tive review. JAMA 322: 557–568, 2019.

 5. Combes A, Hajage D, Capellier G, et al; EOLIA Trial Group, REVA, 
and ECMONet: Extracorporeal membrane oxygenation for se-
vere acute respiratory distress syndrome. N Engl J Med 378: 
1965–1975, 2018.

 6. Goligher EC, Tomlinson G, Hajage D, et al: Extracorporeal mem-
brane oxygenation for severe acute respiratory distress syn-
drome and posterior probability of mortality benefit in a post 
hoc Bayesian Analysis of a randomized clinical trial. JAMA 320: 
2251–2259, 2018.

 7. Munshi L, Walkey A, Goligher E, Pham T, Uleryk EM, Fan E: 
Venovenous extracorporeal membrane oxygenation for acute 
respiratory distress syndrome: A systematic review and meta-
analysis. Lancet Respir Med 7: 163–172, 2019.

 8. WHO: Clinical management of severe acute respiratory infection 
when novel coronavirus (2019-nCoV) infection is suspected: 
interim guidance. 2020. https://apps.who.int/iris/bitstream/
handle/10665/330854/WHO-nCoV-Clinical-2020.2eng.
pdf?sequence=1&isAllowed=yWHO/nCoV/Clinical/2020.2. 
Accessed April 6, 2020.

 9. Slepian MJ, Jacobs JP, Stammers AH, et al: Extracorporeal mem-
brane oxygenation in the treatment of severe pulmonary 
and cardiac compromise in COVID-19: Experience with 32 
patients. ASAIO J 2020. [Epub ahead of print].

 10. Bartlett RH, Ogino MT, Brodie D, et al: Initial ELSO guidance doc-
ument. ECMO for COVID-19 patients with severe cardiopul-
monary failure. ASAIO J 2020 [Epub ahead of print].

 11. Ramanathan K, Antognini D, Combes A, et al: Planning and provi-
sion of ECMO services for severe ARDS during the COVID-19 
pandemic and other outbreaks of emerging infectious diseases. 
Lancet Respir Med 2020. [Epub ahead of print].

 12. Parhar KKS, Liquier L, Blackwood J, Zuege DJ, Singh G: Optimizing 
provision of extracorporeal life support during the COVID-19 
pandemic: Practical considerations for Canadian jurisdictions. 
CMAJ 2020.

 13. MacLaren G, Fisher D, Brodie D: Preparing for the most critically 
ill patients with COVID-19: The potential role of extracorporeal 
membrane oxygenation. JAMA 2020. [Epub ahead of print].

 14. Peek GJ, Mugford M, Tiruvoipati R, et al; CESAR Trial 
Collaboration: Efficacy and economic assessment of conven-
tional ventilatory support versus extracorporeal membrane 
oxygenation for severe adult respiratory failure (CESAR): A 
multicentre randomised controlled trial. Lancet 374: 1351–
1363, 2009.

 15. Davies A, Jones D, Bailey M, et al; Australia and New Zealand 
Extracorporeal Membrane Oxygenation (ANZ ECMO) Influenza 
Investigators1: Extracorporeal membrane oxygenation for 2009 
influenza A(H1N1) acute respiratory distress syndrome. JAMA 
302: 1888–1895, 2009.

 16. Noah MA, Peek GJ, Finney SJ, et al: Referral to an extracorporeal 
membrane oxygenation center and mortality among patients 
with severe 2009 influenza A(H1N1). JAMA 306: 1659–1668, 
2011.

 17. Alshahrani MS, Sindi A, Alshamsi F, et al: Extracorporeal mem-
brane oxygenation for severe Middle East respiratory syndrome 
coronavirus. Ann Intensive Care 8: 3, 2018.

 18. Zhou F, Yu T, Du R, et al: Clinical course and risk factors for mor-
tality of adult inpatients with COVID-19 in Wuhan, China: A 
retrospective cohort study. Lancet 395: 1054–1062, 2020.

https://apps.who.int/iris/bitstream/handle/10665/330854/WHO-nCoV-Clinical-2020.2eng.pdf?sequence=1&isAllowed=yWHO/nCoV/Clinical/2020.2
https://apps.who.int/iris/bitstream/handle/10665/330854/WHO-nCoV-Clinical-2020.2eng.pdf?sequence=1&isAllowed=yWHO/nCoV/Clinical/2020.2
https://apps.who.int/iris/bitstream/handle/10665/330854/WHO-nCoV-Clinical-2020.2eng.pdf?sequence=1&isAllowed=yWHO/nCoV/Clinical/2020.2


Copyright © ASAIO 2020

 TOWARD PRECISION DELIVERY OF EXTRACORPOREAL MEMBRANE OXYGENATION 3

 19. Wu C, Chen X, Cai Y, et al: Risk factors associated with acute res-
piratory distress syndrome and death in patients with corona-
virus disease 2019 pneumonia in Wuhan, China. JAMA Intern 
Med 2020. [Epub ahead of print].

 20. Inciardi RM, Lupi L, Zaccone G, et al: Cardiac involvement in 
a patient with Coronavirus Disease 2019 (COVID-19). JAMA 
Cardiol 2020. [Epub ahead of print].

 21. Cheng R, Hachamovitch R, Kittleson M, et al: Clinical outcomes in 
fulminant myocarditis requiring extracorporeal membrane oxy-
genation: A weighted meta-analysis of 170 patients. J Card Fail 
20: 400–406, 2014.

 22. Fried JA, Ramasubbu K, Bhatt R, et al: The variety of cardiovascular 
presentations in COVID-19. Circulation. 2020. [Epub ahead of 
print].

 23. Hilder M, Herbstreit F, Adamzik M, et al: Comparison of mortality 
prediction models in acute respiratory distress syndrome under-
going extracorporeal membrane oxygenation and development 
of a novel prediction score: The PREdiction of Survival on 
ECMO Therapy-Score (PRESET-Score). Crit Care 21: 301, 2017.

 24. Schmidt M, Bailey M, Sheldrake J, et al: Predicting survival after 
extracorporeal membrane oxygenation for severe acute res-
piratory failure. The Respiratory Extracorporeal Membrane 
Oxygenation Survival Prediction (RESP) score. Am J Respir Crit 
Care Med 189: 1374–1382, 2014.

 25. Schmidt M, Tachon G, Devilliers C, et al: Blood oxygenation and 
decarboxylation determinants during venovenous ECMO for 
respiratory failure in adults. Intensive Care Med 39: 838–846, 
2013.

 26. Pan C, Chen L, Lu C, et al: Lung recruitability in SARS-CoV-2 as-
sociated acute respiratory distress syndrome: A single-center, 
observational study. Am J Respir Crit Care Med 2020. [Epub 
ahead of print].

 27. Abrams D, Ferguson ND, Brochard L, et al: ECMO for ARDS: From 
salvage to standard of care? Lancet Respir Med 7: 108–110, 
2019.

 28. Matthay MA, Aldrich JM, Gotts JE. Treatment for severe acute res-
piratory distress syndrome from COVID-19. Lancet Respir Med 
2020. [Epub ahead of print].


