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The 2019 novel coronavirus disease (COVID-19) has syndrome (MERS), whose causes of death during the

spread rapidly across Hubei province and to all regions in epidemics were predominantly refractory hypoxemia and

China owing to its person-to-person transmission and
strong invasiveness targeting the lower respiratory tract.[1]

By the end of February 15, 2020, more than 68,000 cases
of COVID-19 pneumonia had been confirmed in China,
including over 1600 fatalities.[2] Most infected patients
who developed COVID-19 pneumonia suffered from only
mild symptoms and then completely recovered. However,
in some patients, the phenotype may rapidly progress to
acute respiratory distress syndrome (ARDS) and multi-
organ failure. The initial clinical data, collected in Wuhan
Jinyintan Hospital, showed that ARDS was reported in
12 (29%) among 41 confirmed patients.[3] Among the
41 patients, 13 patients received medical care in the
intensive care unit (ICU), 4 patients were provided invasive
mechanical ventilations, whereas for two patients, extra-
corporeal membrane oxygenation (ECMO) treatment was
applied. Finally, six of the 41 patients died. The clinical
data of 99 confirmed patients from the same hospital
demonstrated that 17 in 99 patients developed ARDS;
among them, three received ECMO treatment, and 11
died.[4] Another study reported that 22 in 138 cases (16%)
developed into ARDS and were admitted into the ICU, of
which four received ECMO.[5]

Rationale
Correspondence to: Dr. Qing-Yuan Zhan, Department of Pulmonary and Critical
ECMO use has been increasing in severe respiratory and/or
cardiac failure despite implementation of conventional care.
This technology has been proven valuable in treating viral
pneumonia during the pandemic influenza A H1N1 in
2009.[6] The epidemics caused by the Middle East
respiratory syndrome coronavirus (MERS-CoV) in 2012
led to a fatality rate of up to 34.4%.[7] The therapeutic effect
of ECMO should be considered in Middle East respiratory
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multi-organ failure, similar to COVID-19. Alshahrani
et al[8] reported 35 MERS-CoV infected patients who were
critically ill with refractory hypoxemia (partial pressure of
arterial oxygen [PaO2]/fraction of inspired oxygen [FiO2]
<100mmHg), of which 17 had received veno-venous
ECMO (VV-ECMO). Compared with that in patients
receiving only conventional respiratory care, the fatality of
those who had received ECMO was significantly lower
(65% vs. 100%). Because the evidence for recovering from
COVID-19 with ECMO is extremely limited so far, we can
learn from the previous experiences in the treatment of
similar severe viral pneumonia cases through retrospective
literature review and data analysis.

Indications
Considering the potential reversibility of COVID-19, it is
essential to integrate recent recommendations in severe
viral pneumonia therapy.[9,10] An experiential strategy,
which is summed from the guidelines on ARDS manage-
ment, is suggested for critically ill COVID-19 patients
rescued with ECMO. Implementation of ECMO should be
suggested when the standard conventional respiratory
care (lung-protective mechanical ventilation strategy,
with tidal volume �6 mL/kg maintaining plateau pressure
<30 cmH2O and positive end-expiratory pressure
≥10 cmH2O; use of lung recruitment maneuver, prone
positioning, neuromuscular blockade, and sedation) fails to
correct respiratory failure.[11] The indications for ECMO
should be followed: (1) PaO2/FiO2 <100mmHg, or
alveolar-arterial gradient of the partial pressure of oxygen
[P(A-a) O2] >600mmHg; (2) ventilator frequency >35
breaths per minute, pH <7.2 with the plateau pressure
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>30 cmH2O; (3) Age<65 years; (4) mechanical ventilation
<7 days. Alternatively, based on the standard care of the

Recognized as a highly skilled and high-risk operation,
ECMO is frequently demanded in the rescue of COVID-19
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ECMO to Rescue Lung Injury in Severe ARDS trial,[12]

ECMO should be considered if the patients meet one of the
following criteria: (1) PaO2/FiO2 <50mmHg, more than
3 h; (2) PaO2/FiO2 <80mmHg, more than 6 h; (3) arterial
blood pH <7.25 and PaCO2 >60mmHg, more than 6 h.
Studies have confirmed that early implementationofECMO
(PaO2/FiO2 between 100 and 150mmHg) in ARDS can be
advantageous. It is proven to minimize respiratory driven
pressure, to inhibit pulmonary and systemic inflammation,
and to reduce severe dysfunction of lung and extrapulmo-
nary organs.[13,14] Early “awake ECMO” treatmentmay be
considered in the group of younger patients without
extrapulmonary organ disorder or serious co-infection,
who are expected to gain more benefits.[15,16]

Protocol
Owing to the infectivity of 2019 novel coronavirus (2019-
nCoV), ECMO poses a high risk when it is performed for
COVID-19 patients, which might produce various body
fluid splashes, including airway secretions, blood, and
others. Therefore, standardized protocols and protective
measures should be re-evaluated for implementation and
management of ECMO for COVID-19 patients. To
minimize the risk of nosocomial infections in medical
staff and to reduce ECMO-related complications, we
recommend the following precautions while performing
ECMO in COVID-19 patients:

(1) Patients should be placed in an independent area in the
ICU under negative pressure; alternatively, adequate
(2)

(3)

(4)

(5)

(6)

(7)
ventilation is to be ensured even when negative
pressure cannot be applied.
To avoid unnecessary entries and exits, all supplies,
including surgical instruments, consumables, medica-

tions, and blood products should be carefully
inspected, and the number of staff should be restricted
in the independent area.
All staff should be supplied with protection for
biosafety level 3 and if necessary, comprehensive

airway protective devices such as positive pressure
medical protective hoods should be supplied.
A bed-side ultrasound device is essential to evaluate
vascular conditions, to monitor cardiopulmonary

interaction and assess hemodynamic status. Ultra-
sound imaging offers incomparable convenience and
advantages over any other imaging techniques.
Catheterization is recommended to be guided by
ultrasound, with the bed unit elevated to an optimal

position to facilitate the operation.
Dual-lumen catheter for the jugular vein is the best
choice because of its advantages in operation and later

rehabilitation. Our recommendation to the China Food
and Drug Administration is to approve its use in the
mainland of China as soon as possible.
VV-ECMO should be considered the primary mode;
however, since myocarditis is reported as a common
116
complication associated with H1N1 influenza A and
MERS-CoV viral infections,[17-20] a heart-assisted
mode of veno-arterial ECMO should be considered
in this group of patients.[21]

1

patients. We call for an action to establish more ECMO
centers in affected cities with numerous COVID-19 cases,
especially in Hubei province. Expert ECMO teams should
be organized for immediate and professional rescue. A
standard ICU single room is recommended, and daily care
by ICU-specialized nursing teams should be established to
avoid lethal complications. All ECMO-related equipment
and consumables should be distributed or deployed by a
centralized department.

Key knowledge gaps about ECMO include the need for
more actionable data linking to the novel disease. More
information is needed on the pathophysiology and
effective treatment of COVID-19 patients. Each ECMO
team will face new serious challenges in this battle.
Information collected from the practice of ECMO for
severe COVID-19 must be compiled and shared. We
call for the creation of recommendable ECMO procedures
and the rescue of severely and critically ill COVID-19
patients.
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