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　In 2019, the severe acute respiratory syndrome coro-
navirus 2 spread worldwide. Despite the early specu-
lation of the virus not inducing critical illness, many 
young healthy patients became severely affected. An 
extracorporeal membrane oxygenation （ECMO） ma-
chine oxygenates blood directly. Thus, it is believed to 
compensate for the most severe form of respiratory fail-
ure in patients. However, the history of ECMO shows 
that the benefit of ECMO can not be exploited if the 
machine is used inappropriately. In this review, we will 
discuss the basics and history of ECMO and its role in 
coronavirus disease.

Key words: ECMO, COVID-19, ARDS

Corresponding author: Yoshiaki Iwashita, MD, PhD
Department of Emergency and Critical Care Medicine, Shimane 
University Faculty of Medicine, 89-1 Enyacho Izumo, 693-8501, 
Japan
Tel: +81-853-23-2111
Fax: +81-853-23-9561 
E-mail: iwaci1ta@med.shimane-u.ac.jp

Background

Recently, with the spread of the severe acute re-
spiratory syndrome coronavirus 2 （SARS-CoV-2）, 
the number of patients with severe respiratory fail-
ure is increasing worldwide ［1］. Coronavirus dis-
ease （COVID-19） is a disease that develops from 
SARS-CoV-2. The most severe form of COVID-19 
involves severe acute respiratory failure. For patients 
with the most severe respiratory failure, mechani-
cal ventilation is insufficient to restore oxygenation, 
and extracorporeal membrane oxygenation （ECMO） 
is required as a last resort for oxygenation. In this 
review, we will introduce the basics and history of 
ECMO and discuss its role in COVID-19.

What is ECMO?

An ECMO machine is an extracorporeal machine 
to compensate for lung and/or heart function. It is 
composed of a centrifugal pump and artificial lungs. 
The centrifugal pump drains blood by generating 
negative pressure. The artificial lungs are composed 
of holofiber with a semi-permeable membrane, and 
blood flows through this fiber. Gas exchange occurs 
through the membrane. Usually, the drainage can-
nula is approximately 23–29 Fr, and the returning 
cannula is approximately 20–24 Fr. 

Mode of ECMO

ECMO can be used for extracorporeal lungs or 
extracorporeal lungs and heart. When blood is drawn 
from a vein and returned to a vein, ECMO com-
pensates only for lung function; thus, this is called 
veno-venous ECMO （V-V ECMO） or respiratory 
ECMO. When blood is drawn from a vein and re-
turned to an artery, ECMO compensates for heart 
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and lung function; thus, this is called veno-arterial 
ECMO （V-A ECMO） or cardiac ECMO. Extracor-
poreal cardiopulmonary resuscitation （E-CPR） is one 
of the types of V-A ECMO, which is used to resus-
citate patients who have experienced cardiopulmo-
nary arrest. In V-V ECMO, the drainage cannula is 
usually inserted from the femoral vein to the right 
atrium and the returning cannula is inserted in the 
jugular vein. In V-A ECMO, the returning cannula 
is inserted in the femoral artery. V-V ECMO is 
usually selected for patients with severe COVID-19 
respiratory failure.

History of ECMO 

Pre-CESAR era
The first successful application of respiratory 

ECMO for adult patients with respiratory failure 
was reported in 1972 by Hill et al ［2］. However, 
two randomized controlled trials failed to show the 
survival benefits of ECMO in adult patients with se-
vere respiratory failure because of the development 
of many complications, such as bleeding, lung in-
jury, and clot formation ［3,4］. Therefore, ECMO is 
used only by a limited number of researchers in Eu-
rope and the US. On the other hand, Japan, Korea, 
and Taiwan initiated using this machine to resusci-
tate patients who had experienced cardiopulmonary 
arrest; i.e., E-CPR. This tendency urged Japanese 
companies to manufacture a new type of ECMO 
machine, quick priming, but with low flow and an 
artificial lung causing plasma leakage when used for 
long durations. This machine is suitable for E-CPR, 
but not for respiratory ECMO. 

CESAR and H1N1
In 2008, a landmark trial called the CESAR trial 

was published ［5］. This multicenter randomized 
controlled trial showed favorable outcomes of pa-
tients who received ECMO. However, the design of 
this trial involved comparing patients transferred to 
a specialized ECMO centers vs. local intensive care 
units. ECMO centers can treat patients using their 
algorithm such that not all patients receive ECMO. 
This result showed the benefit of centralizing pa-
tients to a specialized center and providing treatment 
using an algorithm including ECMO.

At the time of publication of the CESAR trial, 
the H1N1 influenza had spread widely, and there 
were many patients with severe respiratory failure. 
Countries that had implemented nationwide central-
ization of patients receiving ECMO to specialized 
hospitals, such as Karolinska University in Sweden, 
showed a greater than 90% survival-to-discharge 
rate ［6,7］. On the other hand, Japan showed only a 
35% survival-to-discharge rate ［8］. This is attributed 
to the implementation of a non-centralized system, 
low expertise in respiratory ECMO management, and 
inappropriate machines used for respiratory ECMO. 
Since then, Japan has initiated an ECMO project 
and developed the ability of managing patients with 
ECMO. By 2016, the survival rate of patients with 
H1N1 influenza receiving ECMO reached the global 
average rate ［9］.

EOLIA
After the CESAR trial and H1N1 pandemic, many 

intensivists believed in the usefulness of ECMO for 
adult patients with respiratory failure. Therefore, a 
randomized controlled trial comparing patients re-
ceiving and not receiving ECMO and was performed 
in 2018; however, the result indicated that ECMO 
is not superior to non-ECMO treatment in terms 
of planned primary outcomes of survival benefit 

（p=0.07） ［10］. This result is controversial because 
“rescue ECMO” was included in the non-ECMO 
group, which means that patients receiving ECMO 
could have been included in the non-ECMO group 
when patients met the preset criteria. This design 
was utilized because of the ethical point of view.

COVID-19 and ECMO 
COVID-19 can cause severe respiratory failure, 

which has led to many deaths. Thus, ECMO is an-
ticipated to become a last resort for the treatment 
of these patients ［11, 12］. A preliminary report 
indicated that the mortality rate of patients receiv-
ing ECMO is 94.1% ［13］. The original data of this 
report mainly originated from China in the early 
stage, and the quality of the management was not 
discussed in detail. In Japan, ECMO specialists es-
tablished a telephone consultation system for the 
treatment of patients with severe COVID-19 on Feb 
15, 2020 ［14］. This system is operated by the Jap-
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anese Society of Intensive Care Medicine, Japanese 
Association for Acute Medicine, Japanese Society 
of Respiratory Therapy Medicine, and PCPS/ECMO 
study group. From Feb 15 to Apr 15, 2020, 75 
patients received ECMO and 36 patients completed 
ECMO treatment. Of these 36 patients, 25 （69%） 
of the patients were successfully weaned off ECMO, 
and 11 （31%） of the patients died ［15］. Thirty-
nine patients continued treatment. The first success-
ful case report from Japan published by Yokohama 
and coauthors also recommend the centralization of 
patients receiving ECMO ［16］. These results indi-
cate that if patients’ needs do not overwhelm medi-
cal resources, the benefit of ECMO treatment may 
be promising.

Conclusion

We have reviewed the basics and history of 
ECMO. Historical data suggest that ECMO may be 
a last resort for the treatment of severe respiratory 
failure; however, it may be a futile treatment if not 
managed appropriately. Teams in Japan have learned 
this fact from their experience with H1N1 influenza 
and developed a telephone consultation system for 
patients with COVID-19. Improved survival is an-
ticipated for patients receiving ECMO in Japan.
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