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Abstract. What started with 41 hospitalized patients identi-
fied as having laboratory-confirmed coronavirus disease 2019
(COVID-19) in Wuhan, China, by January 2, 2020, turned
into an unprecedented pandemic with more than 113 million
confirmed cases and a mortality exceeding 2.5 million deaths
worldwide by the beginning of March 2021. Although the course
of the disease is uneventful in most cases, there is a percentage
of patients who become critically ill and need admission in the
intensive care unit for severe respiratory failure. Numerous
of these patients undergo invasive mechanical ventilation
and have an extremely high mortality rate. For these patients,
extracorporeal membrane oxygenation (ECMO) has emerged
as a last standing resource. In the present study, the literature
was reviewed to evaluate the worldwide data regarding the
use of ECMO in the management of critically ill COVID-19
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patients. ISI Thomson Web of Science was searched for articles
with English language abstracts from inception to March 1,
2021, with ‘ECMO in COVID-19’ as key words. A total of 214
abstracts were screened (case reports, guidelines, reviews) and
the most relevant articles were included in the present review.
The use of ECMO in the management of critically ill patients
with COVID-19-induced acute respiratory distress syndrome
refractory to conventional mechanical invasive ventilation is
increasing. By increasing the survival rate from less than 20%
to more than 50%, ECMO proved to be a valuable resource
in the management of the most challenging critically ill
COVID-19 patients.
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1. Introduction
What started with 41 hospital admitted patients identified

as having laboratory-confirmed coronavirus disease 2019
(COVID-19) in Wuhan, China by January 2, 2020 (1) turned
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into an unprecedented pandemic declared by the World Health
Organization (WHO) on March 11, 2020 (2) that reached
113,820,168 confirmed cases, including 2,527,891 deaths by
the beginning of March 2021 (3). The severity of SARS-CoV-2
infection ranges from an asymptomatic carrier state to severe
hypoxemic respiratory failure (4). While in most cases the
course of the disease is uneventful, there is a percentage of
patients who develop a severe disease with critical hypoxia in
relation with pneumonia and require admission in the inten-
sive care unit (ICU) for advanced treatment and even invasive
mechanical ventilation (IMV) (5,6). For the patients who have
an increased mortality rate (7) on conventional management,
extracorporeal membrane oxygenation (ECMO) has emerged
as a last standing resource (8).

In the present review, the literature was analyzed to
evaluate the worldwide data regarding the use of ECMO in the
management of critically ill COVID-19 patients. ISI Thomson
Web of Science was searched for ‘ECMO in COVID-19’
from inception to March 1, 2021. A total of 214 abstracts
were screened (case reports, guidelines, reviews) and the most
relevant articles were included in this review.

2. Worldwide data regarding the critically ill COVID-19
patients

There are substantial differences between countries and
regions regarding data on critically ill COVID-19 patients.
Guan et al reported data from 1,099 patients with labora-
tory-confirmed COVID-19 between December 11, 2019 and
January 29, 2020, from 552 hospitals in China (median age
47 years, 58.1% male). From the 173 (15.7%) patients reported
to have a severe disease (median age 52 years, 57.8% male),
33 (19.1%) patients were admitted to the ICU, 25 (14.5%)
underwent IMV and 5 (2.9%) patients received ECMO (9).
At the cutoff data for the study (January 31, 2020), 89% of
the patients with severe disease were still hospitalized, 2.9%
had been discharged from hospital, 1.2% recovered and 8.1%
had succumbed (9). Similar data regarding the overall rate of
severe cases (16.0%) was reported by Liang et al (10).
Grasselli et al reported data from 1,591 critically ill patients
with laboratory-confirmed COVID-19, between February 20,
2020 and March 18, 2020, admitted to ICUs in 72 hospitals
in the Lombardy region of Italy (median age 63 years, 82%
male) (11). Out of 1,300 patients with available respiratory
support data, 1,150 (88%) patients required IMV (11). After
seven days of follow-up, among the 1,581 patients with ICU
available data, 256 (16%) had been discharged, 920 (58%) were
still in the ICU, and 405 (26%) had succumbed (11).
Docherty et al reported data from 20,133 hospitalized
patients with COVID-19 between February 6, 2020 and April
19, 2020, from 208 hospitals in England, Wales and Scotland
(median age 73 years, 60% male) (12). At 2 weeks follow-up,
out of the 3,001 (17%) patients admitted to the ICU, 41%
(1,217/3,001) continued to receive care, 28% (826/3,001) were
discharged alive, and 32% (958/3,001) had succumbed (12).
Out of the 1,658 patients who underwent IMV, 46% (764/1,658)
remained in the hospital, 17% (276/1,658) were discharged
alive, and 37% (618/1,658) had succumbed (12).
Richardson et al reported data from 5,700 patients with
laboratory-confirmed COVID-19 hospitalized in the New

York City area between March 1, 2020 and April 4, 2020
(median age 63 years, 60.3% male) (13). At the cutoff data for
the study (April 4, 2020), among patients who were discharged
or had succumbed (n=2,634), 373 (14.2%) patients were treated
in the ICU (median age 68 years, 66.5% male), 320 (12.2%
of the total population and 85.8% of the patients admitted to
the ICU) received IMV, and 553 (21%) had succumbed (13).
A total of 282 out of 320 patients (88.1%) who underwent
IMV had succumbed compared with 271 out of 2,314 (11.7%)
for those who did not require this strategy (13). At the cut
off data for the study, for patients requiring IMV (n=1,151,
20.2%), 831 (72.2%) remained in the hospital, 38 (3.3%) were
discharged alive, and 282 (24.5%) had succumbed (mortality
rates for 18-65 and older-than-65 age groups were 76.4 and
97.2%, respectively for the mechanically ventilated patients
compared with the patients of the same age intervals but not
receiving mechanical ventilation that were 1.98 and 26.6%,
respectively) (13).

Peckham er al revealed in a meta-analysis of 3,111,714
reported global cases that, while there is no difference in the
proportion of males and females with confirmed COVID-19,
male patients have almost three times the odds of requiring ICU
admission and higher odds of death compared with females (14).

3. Rational for ECMO use in the management of critically
ill COVID-19 patients

ECMO is a method of extracorporeal circulation and venti-
lation support, primarily adopted to partially or completely
replace the cardiopulmonary function of patients to protect the
oxygen supply of the organs and strive for time to treat primary
diseases (15). It is a form of modified cardiopulmonary bypass
in which venous blood is removed from the body and pumped
back through an artificial membrane lung in patients who have
refractory respiratory or cardiac failure (4). The primary indi-
cation for ECMO is acute severe heart or lung failure with high
mortality risk despite optimal conventional therapy. The basic
circuit includes a blood pump, a membrane lung, and conduit
tubing. The gas exchange material in membrane lungs may be
solid silicone rubber, a microporous hollow-fiber, or a solid
hollow-fiber membrane (16). For most applications, the sweep
gas will be 100% oxygen or carbogen (5% CO,, 95% O,) at a
flow rate equal to the blood flow rate (1:1) (16). The assembled
circuit is primed under sterile conditions with an isotonic
electrolyte solution resembling normal extracellular fluid.
Tubing length and diameter will determine the resistance to
blood flow and is chosen to allow free venous drainage and
avoid high resistance pressure drop on the blood return side.
Vascular access is usually achieved by cannulation of large
vessels in the neck or the groin (16). Depending on whether
circulatory support is needed or not, two main options are
available: Venous-arterial (VA) and veno-venous (VV) ECMO.
VA ECMO is used in both blood oxygenation and circulation
or only as circulatory support. VV ECMO is indicated for
patients with potentially reversible, refractory, life-threatening
hypoxemia, or hypercapnia or in patients where acceptable
oxygenation or decarboxylation can be obtained only with
injurious ventilatory settings (17).

In COVID-19 patients, the respiratory infection manifests
in two different stages, with the first week characterized by
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flu-like symptoms that improve even if the viral load persists,
and a recurrent period during the second week in which >20%
of patients may require mechanical ventilation due to respira-
tory failure secondary to diffuse alveolar damage, squamous
metaplasia, giant cell infiltrates and increased macrophage
levels in the interstitium and the alveoli (18).

While most COVID-19 admissions in the ICU are due to
hypoxemic respiratory failure requiring IMV, a significant
percentage of patients fail maximal conventional therapies (19).
In patients with severe acute respiratory distress syndrome
(ARDS) refractory to lung-protective ventilation strategies,
initiation of ECMO allows for adequate oxygenation while
maintaining safe airway pressures and tidal volume (4).
ECMO allows ‘ultra-protective ventilation’ or ‘lung rest’
which basically protects against volutrauma and barotrauma
by lowering the tidal volume, plateau pressure and the driving
pressure and decreases the occurrence of ventilator-induced
lung injury (4). It can also contribute to the prevention of
subsequent multi-organ failure (20).

ECMO has been used for ARDS since 1972 (21). However,
it was in the context of the 2009 HINT1 influenza epidemic that
its usage increased, with conventional ventilatory support vs.
ECMO for a severe adult respiratory failure (CESAR) multi-
center randomized controlled trial, revealing an ECMO-based
management protocol to significantly improve survival without
severe disability in adult patients with severe but potentially
reversible respiratory failure (22).

4. ECMO use in the management of critically ill COVID-19
patients: Current guidelines

The pandemic determined an intense scientific endeavor
reflected by the publication of clinical guidelines for the
management of patients with COVID-19 by the World Health
Organization (WHO) (23), the Centers for Disease Control
and Prevention (CDC) (24), the Extracorporeal Life Support
Organization (ELSO) (19,25) and the American Society for
Artificial Internal Organs (ASAIO) (26), including recommen-
dations for the use of ECMO in the management of COVID-19
patients.

ECMO should be considered to support severe COVID-19
pulmonary infections in patients with advanced respiratory
failure, failing prone positioning maneuvers, and maximal
ventilatory therapy, who are otherwise reasonable candidates
based upon current risk assessment scoring systems (27).
Patients without comorbid conditions under the age of 50 are
the highest priority, respecting standard contraindications
such as: terminal diseases, highly limited life expectancy
at baseline, active biochemical or clinical coagulopathy,
major central nervous system damage, and the absence of
consent (26). According to the ASAIO recommendations, the
decision to utilize ECMO, relates to anticipated benefit (failure
of mechanical ventilation to achieve adequate oxygenation, or
requirement of traumatic mechanical ventilation settings in
order to achieve adequate oxygenation) in the background of
organ systems not directly supported or treated by ECMO,
risks (most notably, local cannulation-related complications,
and active or biochemical coagulopathy), ECMO supply avail-
ability and other institutional infrastructure, and practitioner
expertise (26). Furthermore, it is suggested to implement
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ECMO after a clear failure of IMV, paralytic agents, and
prone positioning restricted to those with isolated pulmonary
dysfunction who are invasively mechanically ventilated
<7 days (26). While ECMO is warranted when metrics indicate
a high (80%) risk of mortality with conventional management,
no lung or cardiac recovery after 14 days on ECMO can
largely be considered futile and the patient can be returned to
conventional management (26).

5. Worldwide data regarding ECMO-supported COVID-19
patients

The worldwide use of ECMO has increased steadily as the
pandemic evolved. From 202 published cases by August
2020 (28), the number of ECMO-supported COVID-19 patients
reached 5,079 cases by March 1, 2021, with 3,794 patients who
initiated ECMO at least 90 days previously (93% VV ECMO,
48% in hospital mortality) (29). The updated worldwide
registry of COVID-19 patients who received ECMO can be
accessed online on the ELSO website (29).

Yang et al reported data from 73 COVID-19 patients treated
with ECMO in 21 ICUs in Hubei, China between January 6 to
March 27, 2020 (median age 62 years, 63% male) (30). The
median duration of ECMO support was 18.5 days (30). Since
ECMO initiation, the 30- and 60-day mortality were 63.0 and
80.8%, respectively with no significant difference on mortality
between ECMO-supported COVID-19 patients and COVID-19
patients treated with IMV only (80.8 vs. 71.2%) (30).

Barbaro et al reported data from the International ELSO
Registry of 1,035 patients with COVID-19 who received
ECMO support between January 16 and May 1, 2020, at 213
hospitals in 36 countries (mean age 49 years, 74% male) (28).
A total of 99% underwent IMV (28). At 90 days follow-up, out
of the 1,035 patients on ECMO, 588 (57%) were discharged
alive from the hospital, 56 (5%) remained in the ICU, 11 (1%)
remained in the hospital, discharged from the ICU and 380
(37%) patients had succumbed (28). The estimated cumulative
incidence of in-hospital mortality 90 days after the initiation
of ECMO was 37.4% (28). In a subset of 779 patients receiving
VV ECMO and characterized as having ARDS (mean age
50 years, 74% male) the estimated in-hospital mortality
90 days after ECMO initiation was 38% with recommendation
to consider ECMO in refractory COVID-19-related respira-
tory failure in experienced centers (28).

Rieg et al reported data from 213 patients with labora-
tory-confirmed COVID-19 hospitalized in one of the largest
ARDS and ECMO referral centers in Germany between
February 25, and May 8, 2020 (median age 65 years, 61%
male) (31). A total of 70 (33%) patients were admitted to the
ICU, of which 57 (81%) patients received IMV and 23 patients
ECMO support (31). Medical treatment included lopi-
navir/ritonavir (54 patients), hydroxychloroquine (92 patients),
remdesivir (1 patient), and tocilizumab (7 patients) (31). At
7 weeks follow-up, 161 (75.6%) patients were discharged alive,
and 51 (23.8%) patients had succumbed. The probabilities of
mortality were 16% if the patient was initially on a regular
ward, 47% if in the ICU and 57% if mechanical ventilation was
required at study entry (31).

Shaefi et al reported data from 190 ECMO-supported
patients within 14 days of ICU admission, between March 1
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and July 1, 2020, using data from a multicenter cohort study
of 5,122 critically ill adults with COVID-19 admitted to 68
hospitals across the United States (median age 49 years, 72,1%
male) (32). At 60 days follow-up, 94 (49.5%) patients were
discharged, 33 (17.4%) remained hospitalized and 63 (33.2%)
patients had succumbed (32). Patients who received ECMO
had lower mortality than those who did not (32).

Zhang et al reported data from 43 consecutive patients
with COVID-19 who received VV-ECMO between March 3
and May 2, 2020, in London (median age 46 years, 76.7%
male) (17). A total of 79.1% received immunomodulation with
methylprednisolone for persistent maladaptive hyperinflam-
matory state. A total of 14 (32.6%) patients succumbed and 29
(67.4%) survived to hospital discharge with a median duration
of 13 days on VV-ECMO (17).

Schmidt et al reported data from 83 patients who received
ECMO for COVID-19-associated ARDS in 5 ICUs in the
Paris-Sorbonne University Hospital Network, between
March 8 to May 2, 2020 (median age 49 years, 73% male) (33).
At 60 days follow-up, 48 (57.8%) patients were alive and
discharged from the ICU, 5 (6%) were alive and still in the
ICU and 30 patients had succumbed (36.1%) (33).

Herrmann et al reported data from 106 patients admitted
to the ICUs for COVID-19-induced ARDS from 5 German
secondary or tertiary hospitals between March 12 and May 4,
2020 (34). Survival of ICU treatment was 65% (34). VV
ECMO was used in 17 (16.3%) patients and 6 (35.3%) patients
survived until ICU discharge (34).

Jacobs et al reported data from 32 consecutive patients
with COVID-19 who were placed on ECMO therapy provided
by Specialty Care for severe respiratory failure refractory to
conventional management, at 9 different hospitals in United
States between March 17, 2020, and April 9, 2020 (median
age 52.4 years, 68.8% male) (35). At the cutoff data for the
study, 17 (53.1%) patients remained on ECMO, 10 (31.2%)
had succumbed, and 5 (15.6%) were alive and extubated
after removal from ECMO. Adjunctive medication in the
surviving patients while on ECMO was as follows: A
total of four out of the five survivors received intravenous
steroids, three out of the five survivors received antiviral
medications (remdesivir), two out of the five survivors were
treated with anti-interleukin-6-receptor monoclonal antibodies
(tocilizumab or sarilumab), and one out of the five survivors
received hydroxychloroquine (35).

Zhu et al, in a systematic review and meta-analysis
(867 patients included until May 2020), revealed that,
compared with mechanical ventilation therapy alone, ECMO
therapy significantly reduced the mortality at 90 days and at
30 and 60 days with device-related adverse events similar
between the ECMO group and IMV alone group (36).

6. Discussion

The available worldwide published data from inception of the
pandemic until the beginning of March 2021 revealed that 14
to 17% of hospitalized patients with COVID-19 became criti-
cally ill (9,12,13).

There is a heterogeneity of published data regarding the
outcomes of critically ill COVID-19 patients. These differences
may be due to diverse referral strategies, variable local pressure

on health care systems leading to restrictions in care and triage of
patients, different availability of ICU, IMV and ECMO capaci-
ties which may influence admission strategies and decisions on
treatment withdrawal (31) but also due to variable follow-up.
Guan et al (9) reported an 8.1% mortality rate of COVID-19 criti-
cally ill patients but 89% of the patients were still hospitalized at
the cutoff data for the study which can drastically influence the
30-, 60- or 90-days mortality. Similarly, Grasselli et al reported
a 26% ICU mortality after 7 days of follow-up while 58% of
patients were still receiving care in the ICU (11). Docherty et al
reported a 32% mortality rate after 14 days of follow-up while
41% of patients were still in the ICU (12).

Furthermore, it is mandatory to interpret the available
published data in the larger context of availability of ECMO
around the world. ECMO use is restricted to specific centers
and requires a highly trained team with a patient: nurse ratio
of 1:1 (19) which can be particularly challenging in the limited
resources of a pandemic. There are 979 centers for ECMO
worldwide (329 in the United States, 26 in Australia, 20 in the
United Kingdom, 121 in Europe, 26 in Germany, 15 in Italy
and 13 in Spain) according to the Extracorporeal Life Support
Organization with few Centers of Excellence in Europe (37,38).

There is however a consensus regarding the high percentage
of COVID-19 critically ill patients admitted to the ICU
who require IMV. A total of 75.8 to 88.1% of ICU admitted
patients underwent IMV (9,11,13,29) and the mortality rates
of COVID-19 critically ill patients admitted to the ICU who
underwent IMV reached 88.1% (13).

It must be emphasized that ECMO support is a strategy
employed only in critically ill patients, who are already
under IMV that is initiated when metrics indicate 80% risk
of mortality with conventional management (19). Similar to
the cardio-pulmonary by-pass in open heart surgery, ECMO
is not a treatment but a life support technique that keeps the
patient alive when lung, heart or both are failing, giving time
for the patient to recover and benefit from a causal treatment
with particular importance in the context of new emerging
therapies for the disease (39).

Data from studies with 60 to 90 days follow-up showed that
the 60-day mortality of critically ill COVID-19 patients who
underwent IMV and benefited from ECMO support ranged
from 33.2 to 36.1% (32,33), with a 90-day mortality rate of
37% (28).

7. Conclusions

The use of ECMO in the management of critically ill patients
with COVID-19-induced ARDS refractory to conventional
mechanical invasive ventilation is increasing. By increasing
the survival rate from <20 to >50%, ECMO proved to be a
valuable resource in the management of the most challenging
critically ill COVID-19 patients when properly selected.
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