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 ■ ABSTRACT
Extracorporeal membrane oxygenation (ECMO) is a means 
of cardiopulmonary support for refractory respiratory 
and cardiac failure. ECMO is a resource-intensive therapy 
that can be considered in highly selected patients. Expert 
centers should employ an evidence-based ARDS treatment 
algorithm and a multidisciplinary approach to recommend-
ing ECMO upon failure of conventional therapy. Caring for 
ECMO patients requires adequate infection control and 
safety precautions for healthcare workers.

A s the coronavirus disease 2019 (COVID-
19) pandemic rages, we expect to see an 
increase in the number of patients receiv-
ing extracorporeal membrane oxygenation 

(ECMO) This poses a dilemma, as ECMO is expen-
sive and labor-intensive, access to it is limited, and 
clinicians need to be highly selective in using it.

 ■ WHAT IS ECMO?
ECMO is a means of cardiopulmonary support for 
refractory respiratory and cardiac failure. There are 2 
main types: venovenous and venoarterial.

Venovenous ECMO is used to correct hypoxemia 
and hypercarbia. In one form, a single dual-lumen 
catheter draws blood from a large vein and reinfuses 
oxygenated blood back into the right atrium. Another 
uses 2 cannulas, usually drawing blood from a femoral 
vein and reinfusing it via the internal jugular vein into 
the right atrium. Dual-site cannulation is preferred for 
COVID-19 patients for pulmonary support, as it can 
be performed safely at the bedside without the need 
for fl uoroscopy or transesophageal echocardiography, 

so that fewer personnel need to come into the room.
Venoarterial ECMO provides cardiac and circula-

tory support in addition to oxygenation.

 ■ THE ONLY RECOURSE IF CONVENTIONAL ARDS 
TREATMENT FAILS

COVID-19 caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) was declared a 
pandemic by the World Health Organization (WHO) 
on March 11, 2020. COVID-19 causes severe acute 
respiratory distress syndrome (ARDS) as well as myo-
cardial depression secondary to acute cardiac injury 
in a subset of patients. Advanced age and medical 
comorbidities have been identifi ed as risk factors for 
poor outcome. Fifteen percent of patients could have 
severe disease warranting hospital admission, and 5% 
are designated as critically ill.1

ARDS is a form of diffuse infl ammatory lung injury 
that leads to increased vascular permeability, culmi-
nating in hypoxemic respiratory failure. Histopatho-
logic study of COVID-19-induced lung injury reveals 
diffuse alveolar damage, desquamation of pneumo-
cytes, and pulmonary edema with hyaline membrane 
formation consistent with ARDS.2 Severe ARDS is 
usually managed conventionally with mechanical 
ventilation (using a lung-protective strategy), adju-
vant neuromuscular blockade, and prone ventilation, 
depending on the severity of the hypoxemia.

ECMO is the only recourse available if conven-
tional therapy fails. It permits ultra-lung-protective 
strategies on mechanical ventilation, avoiding venti-
lator-induced lung injury while allowing the pulmo-
nary parenchyma and function to recover with time.

Nonrandomized studies, case series, and reports of 
using ECMO as a bridge to recovery in ARDS during 
the 2009 infl uenza A (H1N1) epidemic suggest that 
the mortality rate is lower with ECMO.3 Similarly, a 
lower mortality rate was reported for patients with 
refractory hypoxemia undergoing ECMO therapy 

Kenneth McCurry, MD
Department of Thoracic and Cardiovascular 
Surgery, Heart, Vascular, and Thoracic Institute, 
Cleveland Clinic

Sudhir Krishnan, MD 
Department of Critical Care Medicine, 
Respiratory Institute, Heart, Vascular, 
and Thoracic Institute, Cleveland Clinic

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


2    CLEVELAND CLINIC JOURNAL OF MEDICINE         

during the Middle East respiratory syndrome coro-
navirus (MERS-CoV) epidemic in Saudi Arabia in 
2014.4 However, in the ECMO to Rescue Lung Injury 
in Severe ARDS (EOLIA) trial, the largest trial to 
date of early use of ECMO in severe ARDS, Coombes 
et al reported a statistically insignifi cant 11% abso-
lute reduction in mortality at 60 days.5

Evolution in ECMO technology and increasing 
medical evidence attest to the feasibility and safety of 
this therapy in ARDS and permit its consideration in 
this current pandemic. Nonetheless, the role of ECMO 
in the management of COVID-19 is not clearly 
defi ned. In a recent report from China, 14 (82%) of 
17 ARDS patients receiving ECMO as a rescue strat-
egy died.6 A report from Italy7 found that only 1% of 
eligible patients were placed on ECMO in the fi rst 24 
hours of presentation. Some of the patients were still 
on ECMO at the time of publication of these articles, 
limiting the interpretability of these studies. However, 
early reports from Japan are encouraging, with 21 of 40 
patients reported to recover on ECMO support.8

 ■ DRAWBACKS OF ECMO
Limited role as cardiac support. Acute cardiac injury 
from COVID-19, though less common than ARDS, 
still occurs in about 20% of patients.9 It manifests as 
myocarditis, severe left ventricular dysfunction, and 
cardiac arrhythmias. The role of venoarterial ECMO 
in cardiogenic shock is limited in these patients due 
to complexities of patient management and increased 
mortality. There are only a few reports of successful 
use of venoarterial ECMO in myocarditis secondary 
to COVID-19.10 Use of venoarterial ECMO should 
be based on stringent criteria and subject to scrutiny 
by ECMO multidisciplinary teams.

ECMO and thrombosis. Starting ECMO initiates 
the coagulation cascade, necessitating systemic anti-
coagulation. Moreover, COVID-19 itself is associated 
with systemic thrombotic complications, adding to 
this clinical conundrum and possibly increasing the 
propensity for thrombosis and failure of the oxygenator 
membrane.11 However, as yet, there is no evidence to 
support a change in the recommended anticoagulant 
strategy for COVID-19 patients on EMCO.

Logistic challenges. Providing ECMO during a 
global pandemic poses ethical and logistical chal-
lenges. ECMO is provided only at expert centers due 
to its high operational cost and need for a specialist 
multidisciplinary team. Expert centers have expert 
personnel and advanced therapeutic interventions 
to support patients on ECMO and the expertise to 
tackle ECMO-associated complications.

WHO interim guidelines recommend referring 
patients with refractory hypoxemia to expert centers 
capable of providing ECMO for COVID-19-associ-
ated ARDS.12 Additionally, the Extracorporeal Life 
Support Organization13 recommends that ECMO for 
COVID-19-related disease be done at existing and 
experienced extracorporeal life support centers, and 
recommends against setting up new ECMO centers 
for the sole purpose of treating COVID-19 patients.

ECMO and limited medical resources. The rapid 
consumption of healthcare resources in the cur-
rent epidemic has overwhelmed healthcare systems 
throughout the world. In times of crisis, if resources 
are in short supply, offering prolonged ECMO, even if 
medically indicated, could mean diverting resources 
from other critically ill patients. In pandemic situ-
ations it is incumbent upon healthcare systems to 
reserve resources and personnel for contingency and 
crises (ie, “surge” capacity) to be able to support an 
ECMO program. Training and involvement of addi-
tional healthcare personnel at all levels to ensure 
adequate reserve capacity and continued provision of 
ECMO service due to the loss of healthcare personnel 
to the pandemic also needs to be accounted for.

Risk of infection in caregivers. SARS-COV-2 is 
highly transmissible, and ECMO demands an inordi-
nate amount of maintenance, exposing the ECMO spe-
cialists and other caregivers to higher risks. Shortages of 
personal protective equipment that could develop in a 
crisis could compromise the safety of healthcare workers.

Limited utility in multiorgan failure. Emerging 
data indicate that the virus causes multiorgan failure 
through hypoxemia and shock. The utility of ECMO 
in patients with multiorgan failure is limited, with an 
abysmal return for the investment of resources.

 ■ TRIAGE FOR ECMO
Priority is given to patients who are younger, with-
out comorbidities, likely to need ECMO for only a 
short time, and most likely to survive. Clustering 
eligible patients (with severe ARDS or early transfer) 
at expert centers where ECMO resources are readily 
available is clinically and logistically prudent. Indica-
tions for and contraindications to ECMO in COVID-
19 patients at our center are listed in Table 1.

Patients should be triaged (sorted, classifi ed, and 
assigned) to ECMO therapy based on primary criteria 
(ie, highest likelihood of survival and short-term need 
for ECMO) and secondary criteria (expected dura-
tion of life and expected quality of life after ECMO 
therapy). There are no published studies or guidelines 
that list selection criteria or duration of extracorporeal 
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life support therapy specifi cally for COVID-19-associ-
ated ARDS. Recommendations are extrapolated from 
data obtained during the MERS, SARS, and H1N1 
pandemics. Earnest and protracted attempts at ECMO 
therapy in the anticipation of recovery should be bal-
anced by clinical prudence that recognizes medical 
futility and allows for discontinuation of ECMO at an 
opportune time. Attempts at engaging family mem-
bers early on regarding limitations and complications 
of ECMO and thresholds of futility are recommended.

 ■ SUMMARY
ECMO is a resource-intensive therapy that can be 
considered in highly selected patients. Expert centers 
should employ an evidence-based ARDS treatment 
algorithm and a multidisciplinary approach to recom-
mending ECMO upon failure of conventional ther-
apy. However, in resource-poor environments, the 
priority should be on ensuring essential respiratory 
support and the use of personal protective equipment 
to prevent morbidity and the spread of COVID-19. 
When ECMO is instituted, it should be offered to 
those who have the highest chance of survival.

Provisions should be made for adequate infection 
control precautions and the safety of the healthcare 
workers caring for ECMO patients.

Institutional investment in ECMO therapy should 
not divert resources away from basic medical and 
critical care.

Although the high mortality rate despite ECMO sup-
port cannot be discounted, its consideration in a highly 
selected cohort may be promising, given prior experi-
ences with similar respiratory epidemics in the past.
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TABLE 1
Indications for and contraindications to veno-
venous extracorporeal membrane oxygenation 
(ECMO) in COVID-19

ECMO centers should develop individual center-specifi c 
inclusion and exclusion criteria and consider patients on a 
case-by-case basis

Indications
Severe acute respiratory distress syndrome with PaO2:FiO2 
ratio < 100 despite high positive end-expiratory pressure 
(8–10 cm H2O) and FiO2 > 80%

Trial of paralytics and prone positioning attempted

Absolute contraindications
Advanced age
Clinical Frailty Scale category ≥ 3
Terminal disease with short expected survival
End-stage malignancy
Severe neurologic damage
Severe multiorgan failure
Mechanical ventilation > 10 days
Unable to accept blood products
Contraindications to anticoagulation
Do-not-resuscitate status

Relative contraindications
Age ≥ 65
Obesity (body mass index ≥ 40 kg/m2)
Multiple comorbid conditions
Severe immunosuppression
Septic shock
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