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Traced back to December 2019, an unexpected outbreak of a highly contagious new coronavirus pneumonia
(COVID-19) has rapidly swept around China and the globe. There have now been an estimated 2 580 000 in-
fections and more than 170 000 fatal cases around the world. The World Health Organization (WHO) estimat-
ed that approximately 14% of infections developed into severe disease, 5% were critically ill, and the mortal-
ity rate of critically ill patients is reported to be over 50%. The shortage of specific anti-viral treatment and
vaccines remains a huge challenge. In COVID-19, refractory hypoxemia is common among the critically ill with
acute respiratory distress syndrome (ARDS) despite invasive mechanical ventilation, and is further complicated
by respiratory and circulatory failure. This difficult situation calls for the use of extracorporeal membrane oxy-
genation (ECMO) for assisting respiration and circulation if necessary. This article reviews the pertinent clinical
literature, technical guidance, and expert recommendations on use of ECMO in critically ill cases of COVID-19.
Here, we present basic knowledge and opinions about COVID-19 and ECMO, review the evidence on ECMO
use in Middle East Respiratory Syndrome (MERS) and H1N1 influenza, share the technical guidance and rec-
ommendations on use of ECMO in COVID-19, summarize the current use of ECMO against COVID-19 in China,
and discuss the issues in use of ECMO in COVID-19.
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Brief Introduction of 2019-nCoV

Since 8 December 2019, novel coronavirus (2019-nCoV)-in-
fected pneumonia (COVID-19) cases were reported in Wuhan,
Hubei province, China and afterwards spread across the en-
tire world [1]. The 2019-nCoV is a single-strand, positive-sense
RNA virus, and full-genome sequencing and phylogenic analy-
sis suggests that this virus is closely related to bat coronavirus-
es [2]. 2019-nCoV also appears to be related to the coronavirus-
es causing Severe Acute Respiratory Syndrome (SARS-CoV) and
Middle East Respiratory Syndrome (MERS-CoV) [3]. The initial
reports suggested the transmission from wild animals to hu-
mans occurring in the Huanan Seafood Wholesale Market [4].
However, the origin of 2019-nCoV as well as the location of
“Patient Zero” is still being explored. Evidence shows that
2019-nCoV uses angiotensin-converting enzyme Il (ACE2) as
a cellular entry receptor, which is also known to be a cell re-
ceptor for SARS-CoV [5].

Burden and Challenges of Critical Illness with
COVID-19

Clinical characteristics of COVID-19

By 21 April 2020, the outbreak had grown to infect 82 788
subjects in China, with 4632 deaths, and infecting 2 498 661
people with 173 849 deaths in 184 other countries/regions [6].
The World Health Organization (WHO) has declared the out-
break a global health emergency and the regional and glob-
al risk levels have been upgraded to the highest level since
28 February 2020 [7]. COVID is a highly infectious respiratory
disease primarily transmitted through contact, droplets, and
possibly airborne in certain situations, although the precise
mechanisms are not fully understood [8]. The trace of viral
nucleic acid detected within stool and urine specimens hints
at other possible transmission modes [9,10]. The diagnosis is
established as confirmed or suspected COVID-19 by clinicians
according to typical signs and symptoms and other major cri-
teria, including rise in body temperature, decrease in counts
of lymphocytes and white blood cells, detection of bilater-
al ground-glass opacity (GGO) or patchy shadows from chest
computed tomography (CT), and positive result of testing by
RT-PCR [11,12]. The typical signs and symptoms of patients
include fever, fatigue, dry cough, anorexia, myalgia, and dys-
pnea, and some cases also manifest gastrointestinal and neu-
rological symptoms [13,14]. Most cases have mild symptoms,
with a good prognosis. Severe cases rapidly develop within 1
week into acute respiratory distress syndrome (ARDS), septic
shock, refractory metabolic acidosis, coagulopathy, multiple
organ dysfunction syndrome (MODS), and even death [4,15].
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Gattinoni et al. proposed that COVID-19 is a specific disease
with an inconsistency between the severity of the hypoxemia
and respiratory system compliance. Depending on the medi-
an respiratory system compliance (50 ml/cmH,0), patients
with COVID-19 are categorized into non-ARDS and ARDS sub-
groups [16]. ARDS is a clinical syndrome characterized by re-
fractory hypoxemia and it has recently attracted much atten-
tion due to its high fatality rate. Although ARDS is triggered by
various intrapulmonary and/or extrapulmonary causes, most
cases manifest an acute onset of respiratory distress and hy-
poxemia that are difficult to correct with conventional oxygen
therapy. Currently, the Berlin definition is used international-
ly to diagnose and stratify the severity of ARDS: (1) within 1
week of a known clinical insult or new or worsening respirato-
ry symptoms; (2) chest imaging showing bilateral opacities not
fully explained by effusions, lobar/lung collapse, or nodules;
(3) origin of edema and respiratory failure not fully explained
by cardiac failure or fluid overload and requiring objective as-
sessment (e.g., echocardiography) to exclude hydrostatic ede-
ma if no risk factors are present; and (4) oxygenation, i) Mild,
200 mmHg <Pa0,/FIO, <300 mmHg with PEEP or CPAP >5 cm-
H,0; ii) Moderate, 100 mmHg <Pa0,/FIO, <200 mmHg with
PEEP >5 cmH,0; iii) Severe, Pa0,/FIO, <100 mmHg with PEEP
25 cmH,0 [17-19].

Mild cases are isolated for general anti-viral, symptomatic, and
supportive therapies, whereas critically ill cases require admis-
sion to intensive care units (ICUs) for providing more aggressive
treatment [20,21]. Of note, in endemic areas, infection ranges
from asymptomatic infection, mild symptoms, to fatal respira-
tory syndromes, and re-infection with RNA tested positive af-
ter recovery has been sporadically reported in China [22,23].

Severe and critical illness in COVID-19

Severe and critically ill cases in China currently account for
approximately 7.8% of remaining confirmed cases based on
the latest update. In Wuhan, China, 15.5% of cases are severe
and critically ill, whereas outside Wuhan, China, this propor-
tion is 6.9% of remaining confirmed cases [6]. The WHO esti-
mated in a situation report that approximately 15% of cases
developed into severe disease and 5% were critically ill around
the world [24]. A recent meta-analysis of clinical characteris-
tics of 50 466 hospitalized patients with COVID-19 in China
estimated that the incidence of ARDS was 14.8% and severe
and critically ill cases accounted for 18.1% of all infected cas-
es [15]. The proportions of severe and critical infection are
higher than with influenza infection [25]. Recent reports sug-
gested that advanced age, comorbid conditions, and compro-
mised immune function might predict ICU admission, poorer
clinical outcomes, and even mortality [26]. Among these com-
mon preexisting health conditions are obesity, diabetes, malig-
nant cancers, and cardiovascular diseases (CVD) [27].

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€925364-2




Ma X. et al.:
Extracorporeal membrane oxygenation (ECMO) in critically ill patients...
© Med Sci Monit, 2020; 26: €925364

Mortality of COVID-19

The mortality rate of COVID-19 is estimated to be approximate-
ly 6.9% across the globe, 5.6% in China, and 7.7% in Wuhan,
as calculated from the latest reported data, which has prov-
en to be higher than a previous rough estimation of 2.0% [6].
Mortality rates are variable in different epidemic countries and
are much lower than those of SARS (SARS-CoV has a mortality
rate of approximately 10.0%) and MERS (MERS-CoV, approxi-
mately 40.0% mortality rate) [28]. The above-mentioned meta-
analysis calculated the mortality rate of COVID-19 as being
approximately 4.3% in China [15]. However, the exact num-
ber of deaths due to COVID-19 has been over 10-fold higher
than with the 2003 SARS epidemic, and the mortality rate of
cases with critical illness has been reported as over 50% [29].
The mortality rate of COVID-19 seems high, considering that the
mortality rate of seasonal influenza is commonly below 0.1%.
Nevertheless, the current crude estimation of the COVID-19
mortality rate could be inflated and the true mortality rate has
yet to be fully determined. It is hoped that the mortality rate
will decline as the access to and quality of health care grad-
ually improve [30].

Treatment of COVID-19

The treatment challenge is currently a lack of effective anti-
viral therapy and vaccines for COVID-19. In response, a num-
ber of therapeutics are in clinical trials in China and more than
20 vaccines are in development for COVID-19 [31]. The most
efficacious way for the general public to prevent disease is to
avoid being unprotected from this infection and to boost im-
munity. The Recommendations for Diagnosis and Treatment
of COVID-19 released by the National Health Commission of
China (NHCC) states that all confirmed or suspected cases
should be treated in isolation wards or hospitals. Severe and
critical illness should be identified early and quickly trans-
ferred to ICUs for immediate optimized supportive care and
treatment. For uncomplicated illness or mild pneumonia, oxy-
gen therapy, anti-viral therapy, and symptomatic and support-
ive treatments are sufficient with close monitoring. For severe
and critically ill cases, respiratory support is crucial in reversing
the disease progression and decreasing the mortality and mor-
bidity rates [32]. Particularly in cases of severe ARDS, refrac-
tory hypoxemia may gradually deteriorate despite protective
mechanical ventilation or even prone ventilation. Considering
that circulatory failure can further complicate the situation
in COVID-19, what choice is left? The WHO and NHCC have
suggested the use of extracorporeal membrane oxygenation
(ECMO) for assisting respiration (and circulation if necessary)
in critically ill patients with COVID-19 [32,33]. Within this arti-
cle the pertinent clinical literature, technical guidance, and ex-
pert recommendations are reviewed for use of ECMO in criti-
cally ill patients with COVID-19. In this article we present basic
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knowledge about ECMO, review the evidence on use of ECMO
in MERS and H1N1 influenza, share the technical guidance and
recommendations of ECMO in COVID-19, summarize the cur-
rent use of ECMO against COVID-19 in China, and discuss the
issues in application of ECMO in COVID-19.

Basic Knowledge of ECMO

Basic theory of ECMO

Cardiopulmonary bypass (CPB) is a technology that uses spe-
cial artificial devices to mimic the human heart and lung to
temporarily replace cardiopulmonary function and maintain the
blood supply and gas exchange of the whole body. As a canon-
ical example of technological expansion and extension of CPB,
ECMO provides effective circulation and respiratory support in
critically ill patients [34,35]. According to the report of the 31
annual meeting of Chinese Society of Extracorporeal Support
(CSECLS2019), there were 435 ECMO centers worldwide and
ECMO treatment was performed in 13 394 cases in 2018 [36].
The Extracorporeal Life Support Organization (ELSO) estimated
that in 2018 the survival rates of respiratory and circulatory
support by ECMO were 58.7% to 73.2% and 42.7% to 52.6%,
respectively [37]. Even with the continuous improvement of
technology, the incidence of complications and mortality still
remains high in ECMO treatment [38]. ECMO is a highly com-
plex and sophisticated form of life support performed in spe-
cialized, experienced referral centers. ECMO is also very expen-
sive, which to some extent hinders its rapid development [39].

The purpose of ECMO is to resolve hypoxemia and improve
blood perfusion, ultimately gaining valuable time for recovery
of the cardiopulmonary system or for organ transplantation. In
ECMO, venous blood is drained out of the body, oxygenated by
an extracorporeal membrane oxygenator, and transfused back
into the body, with the entire process driven by a pump [40].
Unlike CPB used in open-heart surgery, the maintenance time
of ECMO is much longer. ECMO equipment is relatively simple
but must be high quality, with the core being the membrane
oxygenator and the drive pump. The function of the pump, sim-
ilar to the role of the heart, is to generate power that drives the
blood to flow along the tube and lead out of or flow into the
human body. The pumps currently used in ECMO are catego-
rized into roller pumps and centrifugal pumps, both of which
generate centrifugal force through the roller or motor to pro-
duce negative pressure and blood flow. The oxygenator, also
called the “artificial lung”, is a gas exchange device for blood
flow, and its function is mainly to absorb oxygen, dispose of
carbon dioxide, and to regulate temperature [41].

For the patients with cardiopulmonary failure who require ECMO
assistance, different assistance modes are used for different
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Figure 1. (A) The modality of VV-ECMO. The most frequently used modality of VV-ECMO is to drain the venous blood out from the
femoral vein and then infuse it back through the internal jugular vein, which not only eases the burden on the lung but also
improves blood supply to the heart. (B) The modality of VA-ECMO. The traditional modality of VA-ECMO is to drain venous
blood out from the femoral vein and then infuse it back through the femoral artery, which reduces the pulmonary workload

and cardiac preload.

indications. According to the vessels that the blood is drained
out of or injected into, the modes are classified as VA (venous
to arterial)-ECMO, which draws the blood from the veins and in-
jects it back into the arteries, and VV (venous to venous)-ECMO,
which draws blood from and injects it back into the veins. There
are also special forms of ECMO, such as VAV (venous to arteri-
al and venous)- ECMO [42]. VV-ECMO is suited to patients with
simple respiratory failure, and VA-ECMO and VAV-ECMO are ca-
pable of supporting both circulatory and respiratory failure [43].

VV-ECMO

At present, the most frequently used modality of VV-ECMO is to
drain venous blood out from the femoral vein and then infuse it
back through the internal jugular vein [44]. When the VV mode
is operating, the oxygen supply is from the extracorporeal oxy-
genator and autologous pulmonary circulation, which not only
eases the burden on the lungs but also improves blood supply
to the heart. The oxygenated blood directly enters the pulmo-
nary artery to participate in the circulation, reducing pulmonary
circulation resistance and right ventricular afterload (Figure 1A).
Because of its unique cardiopulmonary-protective effect, VV-
ECMO is considered as an assisting modality for reversible lung
diseases with respiratory failure when traditional methods are

not effective [45]. Thanks to advances in technology, its indica-
tions have been greatly expanded, and VV-ECMO can now be
the preferred treatment option in patients with acute respira-
tory failure (ARF) who meet the indications [46].

VA-ECMO

The traditional operation of VA-ECMO is to place the cathe-
ters in the femoral artery and femoral vein. About 80% of the
venous blood is drained out, oxygenated, and then reinfused
through the femoral artery [44], which reduces the pulmonary
workload and cardiac preload to the greatest extent. VA-ECMO
achieves the conversion of venous to arterial blood and sup-
plies a large amount of oxygen to meet the needs of the body
while maintaining low cardiac output (Figure 1B). At present,
in the rescue of cardiogenic shocks due to conditions such as
acute myocardial infarction and fulminant myocarditis, VA-
ECMO provides prompt and efficacious support for gaining
valuable time for recovery [47]. In addition, it also is associated
with better outcomes in conditions such as acute heart failure
caused by drowning, frostbite, and acute drug poisoning [48].

ECMO, as a life support for patients with cardiopulmonary
failure, is a long-duration invasive respiratory and circulatory
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assisting system. During ECMO treatment, there are multiple
risk factors that can lead to adverse complications, such as
the long-term implantation of artificial devices, the non-phys-
iological intervention in respiratory and circulatory systems,
and the pathophysiological status of patients [40]. The com-
plications are categorized into mechanical-related and pa-
tient-related according to the mechanisms. The mechani-
cal-related complications of the ECMO system occur due to
malfunction of mechanical devices, and include thrombosis,
intubation problems, oxygenator dysfunction, and air embo-
lism. Patient-related complications are a series of pathophys-
iological responses caused by factors such as invasive treat-
ment or non-physiological intervention of ECMO, as well as
preexisting diseases, during ECMO support. These complica-
tions mainly consist of bleeding, renal insufficiency, infection,
hemolysis, hyperbilirubinemia, and certain complications of cir-
culatory, respiratory, and nervous systems [49-51]. The most
common complications of ECMO are bleeding and thrombo-
sis, especially in patients with coagulopathy [52]. Particularly
in COVID-19, the patients treated with ECMO are mostly se-
dated, which makes early detection and management of po-
tentially fatal cerebral hemorrhage difficult [53]. In addition,
patients receiving ECMO treatment often have drug-resistant
bacterial infections.

In the treatment of COVID-19 patients, MODS is the most chal-
lenging problem, in which the kidneys and coagulation system
are most commonly involved [54]. Thus, ECMO is often applied
in conjunction with hemofiltration or plasmapheresis [55].
Patients treated with ECMO still need ventilator assistance, but
at this time ECMO partially and temporarily replaces the car-
diopulmonary function, and the ventilator parameters should
be as low as possible to allow the lungs to fully rest. We sug-
gest that the tidal volume should be reduced to 2-4 ml/kg,
the FiO, to 50%, the respiratory rate to 8-10 times/min, and
the PEEP to 4-6 mmH,0. When ECMO is used, if there is car-
bon dioxide retention or respiratory acidosis, the ventilator
should be adjusted to assist in removing excess carbon dioxide.

Evidence on ECMO Use in ARDS

Extracorporeal support techniques have been greatly improved
and extensively applied in recent decades after several types
of promising results were reported. Despite the growing use
of VV-ECMO in ARDS, there is still a lack of clinical evidence
supporting its use, and clinicians have been warned of its use
in the treatment of severe ARDS. As early as 1979, Zapol and
colleagues conducted the first multicenter, prospective, ran-
domized study assessing the safety and efficacy of prolonged
ECMO use in severe acute respiratory failure (ARF) in various
conditions. No additional benefit for long-term survival was
found, with the mortality being dismal at approximately 91.0%
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in both groups [56]. As a consequence of this disappointing
result, ECMO was almost completely discarded for adult crit-
ical care for 3 decades until the encouraging outcome of its
use as a rescue therapy in severe HIN1 infection in Australia
and New Zealand (details shown below). Another example
was a 2013 cohort study and propensity score analysis by
Pham et al. exploring the role of ECMO in reducing ICU mor-
tality in patients with severe HIN1 influenza-related ARDS.
Nevertheless, the ICU mortality was comparable between the
ECMO and non-ECMO groups [57]. Munshi et al. performed a
meta-analysis in 2014 including 10 studies and 1248 patients
and found no significant difference in hospital mortality be-
tween ECMO and mechanical ventilation; however, when re-
stricted to higher-quality studies of VV-ECMO, a significant
decrease in mortality was noted with ECMO compared with
mechanical ventilation [58]. Supporting evidence of the effi-
cacy of ECMO came from the second multicenter randomized
controlled trial — the CESAR trial — reporting that treatment by
ECMO significantly increased the rate of survival to 6 months
without disability compared to conventional management [59].

In responding to the inconsistent results above, the American
Thoracic Society/European Society of Intensive Care Medicine/
Society of Critical Care Medicine Clinical Practice Guideline
made no recommendation about use of ECMO in patients with
ARDS due to insufficient evidence, and future research inves-
tigating clinical outcomes of ECMO in ARDS is needed. This
guideline called for high-quality RCTs comparing VV-ECMO to
conventional mechanical ventilation, such as the EOLIA tri-
al (Extracorporeal Membrane Oxygenation for Severe Acute
Respiratory Distress Syndrome) [60]. The EOLIA trial was a ran-
domized trial evaluating the safety and efficacy outcomes of
early application of ECMO in very severe ARDS, in comparison
with conventional protective mechanical ventilation. The tri-
al showed no statistically significant improvement in 60-day
mortality by ECMO use. Nevertheless, the risk of a composite
outcome was significantly decreased, which was defined as
transfer to ECMO or death. Additionally, a post hoc Bayesian
analysis of this RCT showed that ECMO is very likely to im-
prove the outcome across a series of prior assumptions when
applied early in severe ARDS [61-63].

Experience of ECMO in MERS and H1IN1
Influenza

ECMO in MERS

In 2016, Rhee et al. reported the clinical implications of 5 se-
vere cases of MERS in a South Korean outbreak, in which 1 pa-
tient (20%) required ECMO to treat refractory hypoxemia [64].
In the same year, Al-Dorzi et al. published an observational
study of a hospital outbreak of MERS-CoV infection in Saudi
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Arabia, in which 1 in 8 patients (12.5%) requiring ICU admis-
sion received ECMO treatment [65]. In 2016, Choi et al. re-
ported on the clinical presentation and outcomes of MERS in
the Republic of Korea, in which ECMO was used in 3.8% of
186 patients [66]. In 2017, Arabi et al. reported that patients
with MERS severe acute respiratory infection in Saudi Arabia
were more likely to receive ECMO therapy than those with
non-MERS severe acute respiratory infection (5.8% vs. 0.9%,
p=0.003) [67]. In 2018, Shalhoub et al. published a multicenter
study on critically ill healthcare workers (HCW) with MERS in
Saudi Arabia, and found that non-surviving HCW were more
likely to have received ECMO therapy compared to survivors
- 5/8 (62.5%) versus 4/24 (16.7%), respectively [68]. In sum-
mary, ECMO was implemented among 12.5% to 28.1% of se-
vere and critical illness with MERS in different centers, and
among 3.8% to 5.8% of all MERS patients. However, clini-
cal evidence has been sparse regarding the benefit or risk of
ECMO in MERS, as revealed by our thorough search of per-
tinent studies in PubMed, Cochrane Library, and Embase.
A 2018 comparative study by Alshahrani et al. assessed 35
critically ill patients with MERS with refractory hypoxemia in
Saudi Arabia, among which 17 had received VV-ECMO, show-
ing that use of ECMO significantly lowered the mortality rate
of MERS compared with conventional respiratory care (100%
vs. 65%), which was the only result supporting the benefit of
ECMO for reducing mortality in patients with MERS [69]. This
lack of evidence might be attributable to the small number of
infections and deaths the disease has caused and the limit-
ed area in which MERS has spread. Severe cases with MERS
remain at high risk of in-hospital death, although ECMO ap-
peared to be somewhat effective.

ECMO use in HIN1

ECMO was proven valuable in treating viral pneumonia during
the HIN1 influenza pandemic in 2009. An early report of 68
severe cases with ARDS after HIN1 infection by the Australia
and New Zealand Extracorporeal Membrane Oxygenation (ANZ
ECMO) Influenza Investigators showed an encouraging result
of 48 (71%) cases surviving to ICU discharge with the use of
ECMO, and this resulted in the rebirth of ECMO technology in
adult critical care [70]. Subsequently, several studies have fo-
cused on this issue and the results have been systematically
reviewed and analyzed by 2 meta-analyses. A systematic re-
view and meta-analysis in 2013 including 8 studies of patients
with HIN1 influenza receiving ECMO has demonstrated that
266 (20.0%) patients were treated with ECMO with a median
maintenance time of 10.0 days. The pooled estimate of in-hos-
pital mortality suggested an overall in-hospital mortality rate
of 28.0% in patients receiving ECMO, but the heterogeneity
was obvious due to highly variable in-hospital mortality rates
ranging between 8.0% and 65.0% among the included stud-
ies, and the patients underwent mechanical ventilation before
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ECMO implantation for a median of 2.0 days [71]. Recently, an
updated meta-analysis of 13 studies on the same issue has
reported that 494 patients receiving ECMO also had a median
maintenance duration of 10.0 days, and the overall mortality
rate was 37.1% despite a high level of heterogeneity. The me-
dian duration for mechanical ventilation was 19.0 days and
ICU stay was 33.0 days [72]. Based on the data above, ECMO
treatment appears to be feasible and effective as a salvage
therapy for severe HIN1 pneumonia with respiratory failure.
Despite this, it predicts a prolonged duration of ventilation and
ICU stay and high mortality. Particularly, 1 group of authors
highlighted that starting ECMO shortly after mechanical ven-
tilation can improve survival rates [72].

The effectiveness of ECMO in improving survival in severe HIN1
pneumonia with respiratory failure is not clear. Evaluation of
previous studies revealed debatable results with major meth-
odological issues. Two quasi-RCTs evaluating ECMO in HIN1
were higher-quality studies but still yielded inconsistent out-
comes. A 2011 matched-control observational study of 75 ARDS
patients with HIN1 influenza in the UK showed a significant-
ly lower mortality rate in the ECMO group compared to the
non-ECMO group (23.7% vs. 52.5%) [73]. A meta-analysis by
Munshi et al. of 3 studies and 364 patients found that ECMO
was associated with a significantly lower in-hospital mortal-
ity rate in severe HIN1 infection, but its reliability was limit-
ed [74]. Hence, without high-quality data, use of ECMO in se-
vere hypoxemic illness with HIN1 is still debatable.

Technical Guidance and Recommendations On
Use of ECMO in COVID-19 Patients

Considering the reversibility of COVID-19 as a self-limited in-
fection as well as the therapeutic effect of ECMO in MERS and
influenza A HIN1, implementation of ECMO would to a large
extent aid in the respiratory and circulatory support in critical
illness with COVID-19. However, there are differences in the
application ECMO in different centers regarding timing, indi-
cations, and patient management [75].

On 28 January 2020, the WHO released technical guidance
for clinical management of severe acute respiratory infection
when 2019-nCoV infection is suspected. This guidance uses
a yellow exclamation mark to highlight conditional and care-
ful recommendations on EMCO use in selected patients [33].
The National Institutes for Health (NIH) produced new treat-
ment guidelines that acknowledge the use of ECMO in critical
care [76]. In the third edition of Recommendations by NHCC,
the use of ECMO is recommended in respiratory support to cure
severe and critical illness when necessary, along with prone-
position ventilation and lung recruitment [77]. In the sixth edi-
tion, ECMO is listed as a salvage therapy for severe ARDS after
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prone-position ventilation and lung recruitment becomes in-
effective [78]. In the seventh edition, the indications of use
of ECMO were supplemented as: (1) PaO, <80 mmHg when
Fi0, »0.9; and (2) airway plateau/pause pressure >35 cmH,0.
For respiratory failure, VV mode is the preferred choice, and
VA mode is applied when circulatory support is required [32].

The global panel in the ELSO prepared a detailed set of guidelines
for ECMO use in patients with COVID-19. For VV-ECMO, the ELSO
recommends against the initiation of ECMO prior to maximizing
the traditional therapies for ARDS. VV-ECMO should be consid-
ered when: (1) Pa0,/Fi0, <150 mmHg; (2) any of: i) PaO,/Fi0,
<60 mmHg for >6 h; i) Pa0,/Fi0, <50 mmHg for >3 h; iii) pH
<7.20 and PaCO, >80 mmHg for >6 h; (3) no contraindication to
ECMO; or (1) Pa0,/Fi0, 2150 mmHg; (2) pH <7.20 with PaC02
>80 mmHg for >6 h; (3) no contraindication to ECMO [79].

The recommendations by the Chinese National Clinical Research
Center for Respiratory Diseases suggest that ECMO should
be considered when the standard respiratory support, such
as lung-protective mechanical ventilation (tidal volume [VT]
<6 ml/kg, airway plateau/pause pressure <30 cmH,O and pos-
itive end-expiratory pressure (PEEP) 210 cmH,0), lung recruit-
ment, prone positioning, neuromuscular blockade, and sedation,
fails to improve respiratory function in COVID-19. Specifically,
ECMO should be implemented according to the following cri-
teria: (1) Pa0,/FiO, <50 mmHg for more than 3 h; (2) PaO,/FiO,
<80 mmHg for more than 6 h; (3) arterial blood pH <7.25 and
PaCO, >60 mmHg for more than 6 h [75].

Consistently, the CSECLS suggests that ECMO should be initi-
ated quickly before the refractory hypoxemia leads to MODS
or the parameters of ventilators are adjusted to an improper-
ly high level. With reference to the timing of ECMO for prima-
ry or secondary hypoxic respiratory failure due to any cause,
the use of ECMO should be considered when the risk of death
reaches or exceeds 50%, and ECMO treatment should be start-
ed when the risk of death reaches or exceeds 80%. Given that
myocarditis has been reported in HIN1 influenza and MERS,
myocarditis might also occur in COVID-19, and severe cases
may manifest circulatory dysfunction. When these patients are
complicated by cardiogenic shock or cardiac arrest, VA mode
is needed for circulatory support. The indications of EMCO by
CSECLS are similar to the above-mentioned ones except for:
(1) Pa0,/Fi0, <100 mmHg when Fi02=1.0; (2) severe thoracic
air-leak syndrome; (3) cardiogenic shock or cardiac arrest [80].

Current Situation of Use of ECMO in
COVID-19 in China

Data on use of ECMO in COVID-19 patients in China are
sparse. Wang et al. published a cross-sectional study assessing
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the clinical characteristics of 138 hospitalized patients with
COVID-19 in Wuhan, China, in which ECMO was used in 4 cas-
es (2.9%), which accounted for 11.1% of ICU cases. Chest CT
images showed the obvious absorption of bilateral GGO in a
52-year-old patient with critical illness 5 days after treatment
with ECMO [13]. Chen et al. described the epidemiological and
clinical characteristics of 99 cases of COVID-19 in Wuhan, China,
and ECMO was provided in 3 cases (3.0%). A 69-year-old pa-
tient died of unresolved hypoxemia despite use of ECMO [1].
Huang et al. published a study on the clinical features of 41
patients infected with 2019-nCoV in Wuhan, China, and ECMO
as salvage therapy was provided in 2 of 41 patients (4.9%) re-
ceiving ICU care due to refractory hypoxemia (15.4% of ICU pa-
tients) [4]. In the study by Yang et al. comparing clinical cours-
es and outcomes in critically ill patients with COVID-19, 1 in
20 survivors (5.0%) and 5 in 32 (15.6) non-survivors received
ECMO treatment, which means that 5 (83.3%) of 6 patients
receiving ECMO failed to survive [81]. To sum up, the stud-
ies from Wuhan, China found that ECMO was used in 2.9% to
4.9% of hospitalized COVID-19 patients and in 11.1% to 15.4%
of patients in the ICU. Zhong et al. summarized the clinical
characteristics of 1099 COVID-19 patients in China recruited
from 552 hospitals in 30 provinces, autonomous regions, and
municipalities, among whom ECMO treatment was given in 5
patients (0.45%). These 5 patients accounted for 2.9% of 173
severe patients and 7.5% of 67 cases with the presence of a
composite primary end-point of admission to ICU, use of me-
chanical ventilation, or death [82]. Given that more than 90%
of severe and critical COVID-19 cases in China were treated
in Wuhan, according to the latest data, the more frequent us-
age of ECMO in Wuhan is reasonable. After digital searching of
relevant literature in PubMed, Cochrane Library, Embase, and
other databases (such as medRxiv 2020), detailed informa-
tion on use of ECMO in Wuhan, China, outside Wuhan, China,
and in other countries is still missing. Zeng et al. recently pub-
lished a case series of 12 patients, assessing the prognosis of
ECMO usage for critical illness of COVID-19 in China, among
which 3 patients were weaned successfully from ECMO, 5 died,
and 4 remained alive with ECMO (but 2 were in a coma) [83].
However, the benefits and risks of ECMO in improving recov-
ery and survival in COVID-19 remain unclear due to a short-
age of solid evidence from high-quality comparative studies.

According to the EuroECMO-COVID Survey released on 18
April 2020, there were 820 patients with COVID-19 treated by
ECMO [84]. A total of 515 ECMO-supported suspected or con-
firmed COVID-19 cases were reported by ELSO Chapter as of
22 April 2020. The median time of intubation before ECMO was
90 h, and the VV-ECMO mode was mostly used. There were
211 patients completing the ECMO regimen, among whom 90
were still in hospital. The median ECMO duration was 191 h
and the mortality rate was 41% [85].
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Vital Questions of ECMO in COVID-19

The very first dilemma is the absence of relevant clinical ev-
idence from around the world. Although ECMO has been im-
plemented in severe and critically ill patients with COVID-19
in China, few details are currently available for further anal-
ysis and interpretation. Hence, the role of ECMO in the man-
agement of COVID-19 remains elusive. There is a need for col-
laboration of registries and clinical research groups worldwide,
as well as multicenter, high-quality, prospective, observation-
al studies and randomized trials [86].

The second question is the benefit of ECMO in the manage-
ment of COVID-19. Based on the lessons learned from MERS
and H1IN1 influenza, it is not difficult to speculate that even
with the use of ECMO, the mortality rates of severe and crit-
ical patients with COVID-19 are still very high. Mechanically,
ECMO is not a panacea for the MODS commonly observed in
COVID-19 deaths; this is a difficult situation in which ECMO has
shown limited efficacy [87]. In addition, ECMO does not provide
direct support in the treatment of septic shock, coagulopathy,
or other comorbid diseases. In addition to mortality, ECMO is
associated with longer ICU stay and hospitalization, lower bed
turnover, and higher medical expenses. Another core question
in assessing the benefits of ECMO is whether ECMO is superi-
or to traditional mechanical ventilation therapy in improving
COVID-19 patient survival. Solving this problem requires high-
quality prospective observational or randomized trials in the
future, but obtaining such evidence from randomized trials is
still challenging, even a decade after the HIN1 epidemic and
4 decades after the initial trial by Zapol et al.

The third question is when to apply ECMO in COVID-19 ap-
propriately and what indications should be referred to. Some
guidelines recommend the usage of ECMO as a rescue thera-
py after standard treatment fails [33]. Some authors suggest
early implementation before MODS or severe ventilator-asso-
ciated lung injury because studies have suggested that ear-
ly initiation of ECMO in ARDS might be beneficial, especial-
ly among younger patients [88,89]. We have observed that if
ECMO is initiated more than 10 days after invasive ventilator
use in the treatment of COVID-19, the possibility of successful
treatment is low. However, due to the shortage of ECMO equip-
ment and experts, early application of ECMO might indeed be
impractical in smaller or unqualified centers. Important ethi-
cal questions arise in deciding who receives ECMO treatment
and who has priority.
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The fourth question is choosing the best ECMO mode and po-
sition of catheterization. VV mode is preferred, but it is un-
known in COVID-19 how many have or will develop myocardi-
tis or circulatory failure. When should VA-ECMO or VAV-ECMO
be activated in time for circulatory support and on what indi-
cations? Additionally, what strategies of ventilation and fluid
management should be used when ECMO is running?

The fifth problem involves potential harm or complications
of ECMO use in COVID-19 patients and how to prevent these
complications in advance. Henry suggested that immunolog-
ical indicators such as lymphocyte count and IL-6 should be
closely monitored in patients receiving ECMO [90]. Because
survivors and non-survivors of COVID-19 differ significantly
in lymphocyte counts and IL-6 concentrations, these 2 indica-
tors (lymphocyte count and IL-6) are to a large extent influ-
enced by ECMO use [91-93]. Minimizing the risk of nosocomi-
alinfections is also pivotal because ECMO produces body fluid
splashes and places medical staff at great risk. Hence, stan-
dardized protocols should be formulated, expert teams orga-
nized, and independent ICU wards established [75].

Conclusions

The highly contagious 2019-ConV has now infected tens of
thousands of Chinese and has rapidly become a global pan-
demic, with health care systems overwhelmed with severe and
critically ill patients in less well-resourced countries. ECMO
is a sophisticated life support system supporting respirato-
ry and circulatory failure and has been utilized in the man-
agement of severe infection with MERS and HIN1 influenza,
with some evidence showing an additional survival benefit
with use of ECMO. Much remains mysterious about the virus
2019-ConV, and solid clinical evidence is lacking on the role
of ECMO in rescuing critical illness. Despite the application of
ECMO in China and recommendations on ECMO by WHO and
Chinese experts in COVID-19, several fundamental questions
remain unanswered, including benefit, timing, indications,
management, and risks of ECMO, as well as global sharing of
evidence from trials.
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