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Abstract

Extracorporeal life support treatments such as extracorporeal membrane oxygenation (ECMO) have been recom-
mended for the treatment of severe acute respiratory distress syndrome (ARDS) patients with coronavirus disease
2019 (COVID-19). To date, many countries, including China, have adopted ECMO as a treatment for severe COVID-19.
However, marked differences in patient survival rates have been reported, and the underlying reasons are unclear.
This study aimed to summarize the experience of using ECMO to treat severe COVID-19 and provide suggestions

for improving ECMO management. The effects of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on
the pathophysiology of COVID-19 and the effects of ECMO on the clinical outcomes in patients with severe cases of
COVID-19 were reviewed. Recent data from frontline workers involved in the use of ECMO in Wuhan, China, and those
experienced in the implementation of artificial heart and lung support strategies were analysed. There is evidence
that ECMO may complicate the pathophysiological state in COVID-19 patients. However, many studies have shown
that the appropriate application of ECMO improves the prognosis of such patients. To expand our understanding of
the benefits of ECMO for critically ill patients with COVID-19, further prospective, multicentre clinical trials are needed.
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Background

The current outbreak of coronavirus disease 2019
(COVID-19), which is caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), has affected
millions of people worldwide [1]. As of January 22, 2021,
more than 2 million deaths due to COVID-19 had been
recorded worldwide, according to the latest report from
Johns Hopkins University and other sources [2]. Approxi-
mately 15% to 30% of people infected by SARS-CoV-2
develop acute respiratory distress syndrome (ARDS) and
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are at a high risk of mortality [3]. Despite meeting most
of the criteria in the Berlin definition of ARDS, COVID-
19 has unique pathophysiological characteristics, such
as progressive hypoxic dyspnoea, inflammatory cytokine
storms and hypercoagulability [4-7]. In general, there
are two primary phenotypes of hypoxemic respiratory
failure: Type L (“non-ARDS”), which is characterized by
normal or high compliance and low recruitability, and
Type H (“typical ARDS”), which is characterized by very
low compliance and high recruitability, together with
severe hypoxia [8].

ECMO is initiated in cases of refractory hypoxemia
that are unresponsive to conventional care. Veno-venous
(V-V) ECMO is mainly used in patients with severe
COVID-19-related ARDS, and a small number of patients
with circulatory disorders are managed with veno-arte-
rial (V-A) or veno-venous arterial (V-VA) ECMO. The
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prognosis is often worse in the latter groups of patients.
It is worth noting that ECMO can also affect normal
physiology and exacerbate coagulation and immune
abnormalities in patients with COVID-19 despite having
good therapeutic effects (Table 1) [4, 9]. The outcomes
in COVID-19 patients after receiving ECMO treatment
have varied substantially in different studies, probably
due to differences in clinical, organizational and resource
management factors [10-16]. Recommendations from
the World Health Organization (WHO) published in
August 2020 stated that the use of ECMO for the treat-
ment of severe ARDS due to COVID-19 should be
offered only in expert centres with sufficient experience
[17]. As more data accumulate, there is a need to discuss
the role of ECMO in patients with COVID-19. In this
review, we summarize the pathophysiological character-
istics of COVID-19 patients and the effects and clinical
outcomes of treatment with ECMO. Furthermore, we
provide recommendations for the use of ECMO [18-22].

Pathophysiological characteristics of critically ill
patients with COVID-19

Scientists have determined that SARS-CoV-2 is a
[B-coronavirus, a group that includes MERS CoV, SARS-
CoV-1, and HCoV-OC43 [23]. SARS-CoV-2 enters
the epithelial cells of the respiratory and gastrointesti-
nal tracts with the help of the angiotensin-converting
enzyme 2 (ACE2) receptor. The risk factors that contrib-
ute to death in patients with severe COVID-19 are ARDS
severity; older age; comorbidities, such as hypertension,
obesity and diabetes; secondary infections; and elevated
inflammatory markers in the blood [5, 13-16].

Respiratory system

In intensive care unit (ICU) patients with COVID-19,
acute hypoxemic respiratory failure of varying severity
is a common feature, and its incidence can be as high as
67% [15]. Preliminary clinical studies have confirmed that
the mortality rate in critically ill patients is 50-90%, and
hypoxic respiratory failure is the main cause of death [15,
24-26]. The progression of ARDS in COVID-19 patients
is very complicated, and most studies indicate that SARS-
CoV-2 directly attacks enough alveolar epithelial cells to
cause pulmonary oedema, hyaline membrane formation
and collapse of the lobes of the lungs [27, 28]. Endothe-
lial injury may also lead to hypoxic pulmonary vasocon-
striction failure, thereby affecting pulmonary vascular
function and leading to ventilation-perfusion mismatch.
In addition, lung vascular thrombosis and/or pulmo-
nary embolism may aggravate hypoxemia [29]. High lev-
els of secreted cytokines secondary to the activation of
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neutrophils may also contribute to the development of
ARDS [30].

There are two primary phenotypes of hypoxemic
respiratory failure: Type L (“non-ARDS”), which is
characterized by normal or high compliance, a low
ventilation-to-perfusion ratio, low lung weight and low
recruitability, and Type H (“typical ARDS”), which is
characterized by very low compliance, high lung weight
and high recruitability, accompanied by severe hypoxia
[8, 24, 31]. The evolution from the L to the H phenotype,
i.e., from a clinical state of low elastance and low lung
weight to classic ARDS, may be due to the progression
of COVID-19 and lung injury caused by high-stress ven-
tilation. It is crucial to avoid high inspiratory pressure in
the early stage of acute respiratory failure in COVID-19
(L phenotype). Early intubation is critical for controlling
drive pressure in the L phenotype, and the use of ECMO
should be limited to those with the H phenotype.

Cardiovascular system

In addition to pulmonary complications such as ARDS,
SARS-CoV-2 infection can also cause cardiovascular
damage, making it the second leading cause of death in
COVID-19 patients. The reported incidence of acute
myocardial injury has varied from 7 to 28% among hos-
pitalized patients, and high levels of cardiac troponin are
associated with more severe disease [26, 32, 33]. Ven-
tricular tachycardia and fibrillation are late manifesta-
tions of COVID-19 that are associated with a higher risk
of mortality, and their incidence is significantly higher in
patients with signs of myocardial damage. Although they
have been reported in several studies, the true preva-
lences of COVID-19-related acute myocarditis and acute
coronary syndrome remain unclear [34—36]. In addition,
<10% of patients have obvious evidence of shock, which
is more common in hospitalized ICU patients [32]. Sev-
eral mechanisms may contribute to cardiac injury, such
as direct injury, oxygen supply-to-demand mismatch,
abnormal coagulation, microvascular dysfunction,
plaque rupture, the systemic inflammatory response and
immune system disorders [37, 38].

Blood coagulation and immune system

COVID-19 patients present with a hypercoagulable
state, which is more common and more pronounced in
ICU patients. The prevalence of a hypercoagulable state
exceeds 30% in all ICU patients, whereas that of pul-
monary embolism is 16.7% [4, 39]. Elevated D-dimer
and fibrinogen levels are risk factors for ARDS and
death in patients with COVID-19 [15, 30]. The features
of COVID-19 coagulopathy include a high number of
thrombotic accidents without myocardial infarction and
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a thrombotic state without disseminated intravascular
coagulation (DIC) [4]. Thrombosis in COVID-19 patients
is caused directly by SARS-CoV-2 or due to an excessive
inflammatory state that activates blood coagulation.

COVID-19 patients often present with immune dys-
function and abnormal inflammation activation. Higher-
risk subgroups of COVID-19 patients tend to have
lymphopenia accompanied by overall leucocytosis and
high levels of inflammatory markers (C-reactive protein
[CRP], fibrinogen, ferritin, IL-6) [40]. High IL-6 levels
and lymphopenia have been proposed as predictors of
disease progression [41].

Other organs

The incidence of ischaemic stroke in patients with
COVID-19 is 10.3%, and most patients have conventional
stroke risk factors. Haemorrhagic stroke is relatively
rare, with an incidence of approximately 0.9% [42-44].
The coagulation abnormalities caused by infection with
SARS-CoV-2 contribute to the incidence of haemor-
rhagic stroke. The incidence of acute kidney injury (AKI)
in COVID-19 patients ranges from 0.5 to 5.1%, affecting
nearly 29% of critically ill patients with COVID-19 who
need ECMO support. Severe AKI is associated with poor
outcomes in COVID-19 patients [30, 45, 46]. Hepatic
dysfunction has been observed in 14%—-53% of COVID-
19 patients, particularly in patients hospitalized in the
ICU (62%) [47]. Although patients with severe COVID-
19 have a higher incidence of liver dysfunction, cases of
severe liver failure are rare.

ECMO and COVID-19
V-V ECMO and V-A ECMO in COVID-19 patients
ECMO is a form of extracorporeal life support (ECLS)
that is mainly used to oxygenate the blood to temporarily
compensate for failing lungs or a failing heart while mini-
mizing further iatrogenic ventilator-induced lung injury
(VILI). ECMO operates mainly under two modes, V-V
and V-A, depending on the auxiliary organ. In addition,
variants of the above modes, such as the V-AV ECMO
mode, are available. V-V ECMO is used in patients with
respiratory failure only, whereas V-A ECMO is used in
patients with both respiratory and circulatory failure.
Patients with COVID-19 present with respiratory fail-
ure, and the ECMO mode mainly used in these patients
is V-V (91%) [48]. However, SARS-CoV-2 can also attack
the cardiovascular system, resulting in circulatory fail-
ure, and the V-A ECMO mode is used in this situation.
The reported rate of the use of cardiorespiratory com-
bined ECMO support (V-A or V-AV ECMO) among
COVID-19 patients is less than 10%. Notably, patients
receiving V-A or V-AV ECMO have been found to have
a poor prognosis. A recent multicentre study from the
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Extracorporeal Life Support Organization (ELSO) reg-
istry reported that the use of ECMO for circulatory
support is associated with higher in-hospital mortality
(hazard ratio 1.89, 95% CI 1.20-2.97) [16]. The risk fac-
tors for a poor outcome for patients undergoing ECMO
during the COVID-19 pandemic are old age, low PaO,/
FiO,, immunocompromised status, comorbidities, and
the need for V-A ECMO.

ECMO-related complications in COVID-19 patients

The most common complications of ECMO in COVID-
19 patients include bleeding and thrombosis. In addition
to the promotion of thrombosis by COVID-19, the use of
ECMO can also affect blood coagulation function. The
incidence of venous thrombosis in COVID-19 patients
receiving ECMO is 33%, the incidence of pulmonary
embolism is 29%, and the incidence of cerebral haemor-
rhage is 5%-6%, whereas severe bleeding in these patients
is relatively rare [4, 39, 49]. Notably, the initial estab-
lishment of ECMO results in an overall procoagulant
effect. As the time goes, coagulation factors irreversibly
bind with the ECMO surface coating material; there-
fore, they are eliminated. ECMO technology also modu-
lates inflammatory activation. Previous studies reported
that ECMO reduces systemic inflammation indicators
to varying degrees by protecting lung ventilation and
completely reverses the state of systemic hypoxia. There-
fore, in COVID-19 patients, the benefit of the early use
of ECMO to reduce systemic hypoxia exceeds the risks
associated with the systemic inflammatory response
caused by ECMO use [50].

Mechanical-related complications, including pump
failure, oxygenator dysfunction, and circuit embolism,
have also been reported in COVID-19 patients. Circuit
changes, oxygenator failures, pump failures or cannula
conditions occur in 28% of patients, as reported by the
ELSO Registry of ECMO in COVID-19 [16], compared
with an oxygenator replacement rate of 6.6% in non-
COVID-19 patients [51].

Clinical outcome in COVID-19 patients receiving ECMO
Recent studies reported that ECMO can be successfully
used in appropriately selected COVID-19 patients with
severe ARDS [24, 52—55]. However, the survival rate for
COVID-19 patients with cardiorespiratory failure under-
going ECMO varies significantly in different countries
and medical centres (Table 2).

Previous clinical studies from China reported that
patients who underwent ECMO had poor outcomes,
with mortality ranging from 30 to 83% [12, 15, 56, 57].
A retrospective case series from 2 ICUs in Hubei, China
enrolled 12 ECMO-treated COVID-19 patients with
a mean follow-up period of 11.3 days and reported a
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morality rate of 41.7% [12]. Yang et al. performed a
study with 60-day long-term follow-up of 73 COVID-
19 patients treated with ECMO in 21 ICUs in Hubei,
China, and reported a mortality rate of 80.8% [10]. The
patients’ median age was 62 (range 33—78) years, whereas
23 (31.5%) were aged > 65 years. The median PaO,/FiO,
ratio was 71.9 (IQR 58.6—87.0) before ECMO initiation,
and 58.9% of the patients underwent prone positioning.
Old age (> 65 years) has been identified as a risk factor for
mortality in critically ill COVID-19 patients.

However, a study on the use of V-V ECMO in COVID-
19 patients (n=32) carried out in Japan reported a 67%
ECMO weaning rate, with 2% mortality, with the remain-
ing patients still supported [52]. Early outcomes of ECMO
support in COVID-19 patients in a single institution in the
United States showed an overall survival rate of 96%, and
48% of the patients were successfully decannulated [58].
Moreover, the use of V-A ECMO for multisystem inflam-
matory syndrome in children (MIS-C)-related cardio-
circulatory impairment was found to be associated with a
100% survival rate [53]. Previous studies reported a rela-
tively better prognosis in children and a rapid resolution
of systolic dysfunction due to differences in the mecha-
nism of COVID-19-related cardiogenic shock in children
and adults. In children, myocardial involvement is due to
stunning or oedema rather than inflammatory damage, and
rapid recovery with the use of immunoglobulin and ster-
oids has been reported. Schmidt et al. explored data from
83 COVID-19-related ARDS patients (median age 49 [IQR
41-56] years; 61 [73%] men) in the Paris—Sorbonne Univer-
sity Hospital Network, which is composed of 5 ICUs [11].
Patients presented with severe ARDS with a median PO,/
FiO, of 60 (IQR 54-68) mmHg before ECMO initiation.
Further analysis showed that the estimated 60-day mor-
tality rate was 31% (95% CI 22-42), which is similar to the
rate reported in the EOLIA trial and the large prospective
LIFEGARD registry of ECMO for severe ARDS not caused
by COVID-19 [59]. Notably, 78 (94%) patients received
adjuvant therapy, including prone positioning before
ECMO initiation and a homogeneous ultraprotective
ventilation strategy with tight control of the driving pres-
sure during ECMO. In October 2020, the ELSO registry
published the largest multicentre study to date, involving
1035 COVID-19-related ECMO patients from 213 centres
across 36 countries. This multicentre study reported a mor-
tality rate of 37% (95% CI 34—40) after ECMO initiation
[16]. The median age of the patients included in the study
was 49 years (IQR 41-57), and 724 (70%) patients had at
least one pre-ECMO comorbidity. The median PaO,/FiO,
ratio prior to ECMO use was 72 (IQR 59-94), and 60% of
the patients underwent prone positioning prior to ECMO
initiation. The risk factors identified in this study were age,
immunocompromised state, chronic respiratory disease,
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pre-ECMO cardiac arrest, severe hypoxaemia, acute kid-
ney injury, and the use of ECMO for temporary circulatory
support (V-A ECMO support vs. V-V ECMO support).

This significant discrepancy in survival can be attributed
to several factors, including variations in viral virulence.
The Chinese scientific research team has reported that
SARS-CoV-2 has accumulated approximately 149 muta-
tions and has evolved to two subtypes, namely, the L sub-
type and the S subtype [60]. Different virus subtypes have
different levels of virulence and infectivity. The highly vir-
ulent L subtype was more common in the early stages of
the Wuhan outbreak. In addition, the difference in mortal-
ity can be attributed to the pre-pandemic intensive care
infrastructure and resource constraints imposed by the
pandemic. During the COVID-19 epidemic, there were
insufficient medical resources available, especially in the
most severely affected location, Wuhan City, the capital of
Hubei Province. Studies at the time reported that 15.5% of
cases in Wuhan, China, were severe and critical. The Chi-
nese government deployed more than 40,000 medical staff
members from other provinces to Hubei Province to con-
trol the epidemic [61]. The ECMO centre in the report by
Schmidt and colleagues is highly experienced, and the hos-
pital-level volume of ECMO cases may contribute to bet-
ter patient outcomes after ECMO use [11]. Furthermore,
different pre-ECMO management strategies are closely
related to patient prognosis, including prone positioning,
lung-protective ventilation, neuromuscular blockade, and
inhaled nitric oxide. Schmidt et al. reported a high rate of
pre-ECMO prone positioning in COVID-19 patients (94%)
compared with a rate of 58.9% in the COVID-19 patients
in the report by Yang et al. Patients with the most severe
form of ARDS can benefit from the optimization of care.
Moreover, the high mortality rate in China can be attrib-
uted to the fact that the median age of COVID-19 patients
undergoing ECMO was relatively high. The median age of
patients undergoing ECMO was 62 (range 33-78) years,
as reported by Yang et al., compared with 49 (IQR 41-56)
years reported by Schmidt M et al. and 49 years (IQR
41-57) reported by the ELSO registry [10, 11, 16]. Nota-
bly, 31.8% of the patients reported by Yang et al. were more
than 65 years old. Age (>65 years) is a risk factor for mor-
tality in COVID-19 patients. Moreover, the patient popu-
lation, pre-ECMO comorbidities, indications for ECMO
treatment, choice of ECMO mode, and variability of fol-
low-up time can all affect the efficacy of ECMO.

Recommendations for using ECMO in COVID-19
patients

These marked differences in survival imply that there is
a need to explore the various experiences with ECMO
treatment and standardize ECMO treatment to obtain
the maximum benefit. Analysis of the pathophysiological
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characteristics of COVID-19, their interactions with
ECMO, the preliminary clinical outcomes and resource
allocation problems that may cause ethical dilemmas
show that ECMO can be used effectively in selected
COVID-19 patients. The indicated population and selec-
tion of the mode of ECMO are discussed below.

Indications for ECMO in patients with COVID-19

The selection of patient for ECMO should not deviate
from the existing guidelines. However, due to limited
capacity during a pandemic, young, previously healthy
patients with single organ failure should be given pri-
ority for ECMO as they are likely to derive the maxi-
mum benefit (Table 3) [62, 63]. ELSO recommends
that ECMO should be used as a rescue therapy after
the failure of standard treatment approaches, includ-
ing optimal ventilation strategies, neuromuscular
blockade, appropriate positive end-expiratory pressure
(PEEP) and prone positioning [22]. Previous studies
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reported that the early initiation of ECMO in COVID-
19 patients with ARDS is beneficial, especially among
younger patients [10, 16]. However, due to a shortage
of personnel and equipment, the early application of
ECMO may be impractical during the COVID-19 epi-
demic. A recent study based on a target trial of the
treatment of severe hypoxemic respiratory failure in
190 patients treated with V-V ECMO and 1167 receiv-
ing conventional ventilation reported that V-V ECMO
reduced mortality from 65 to 45% in selected cases
(young patients, with no severe comorbidities, man-
aged with ECMO within seven days after tracheal
intubation) [64]. However, the crucial elements of a
successful ECMO policy for COVID-19 patients should
be considered. First, any ECMO centre should have a
high level of personnel training and expertise and the
relevant equipment and facilities. Second, ECMO ser-
vices should be centrally coordinated by a "leading"
ECMO centre. Third, ECMO should not be extensively
used during a pandemic.

Table 3 Indications and Contraindications for ECMO use in COVID-19 patients

[tems

Explanation

Indications
use, prone positioning, inhaled nitric oxide, etc.)

(2) Prolonged mechanical ventilation<7 d

(1) Refractory ARDS despite optimal ventilation strategies (curare

(D Prone positioning is strongly recommended unless clear con-
traindications to prone positioning, as hemodynamic instability
could justify ECMO employ without previous clinical trial in
prone positioning

@ Inhaled nitric oxide could be considered, but it is not manda-
tory before using ECMO

Prolonged mechanical ventilation with ventilation settings

(Fi0,>0.9, plateau pressure >30 cmH,0) could cause irrevers-
ible lungs injury and multiple organ damage

(3) The use of ECMO should be considered when the risk of death (D Mortality risk greater than 50% is measured as PaO,/FiO, <150

is more than 50%, and should be started when the risk of death

reaches or exceeds 80%

(4) Severe air leak syndrome

(5) Complicated with severe myocarditis or cardiogenic shock

Con-indications (1) Age > 65 years (relative contraindications)

(2) Significant underlying comorbidities that cannot be recov-

ered

(3) Severe immunosuppression
(4) Contraindications to anticoagulation

(5) Severe multiple organ failure

(6) Patients who are diagnosed with acute aortic dissection

(7) Inability to accept blood products

and FiO, >90% and/or Murray score 2-3 [62, 63]; Mortality
risk greater than 80% is measured as PaO,/FiO, < 100 and
FiO, >90% and/or Murray score 3—4 despite optimal care for 6 h
or less

@ Earlier use of ECMO after respiratory failure onset (1-2 days) is
more likely to benefit patients with COVID-19

Cardiogenic shock is defined as Cl < 1.8 L/min/m? or
MAP <60 mmHg with maximum dose of vasoactive drugs (nor-
epinephrine > 1 mcg/kg/min) or Intra-Aortic Balloon Pump

Comorbidities include: CKD > lI, cirrhosis, dementia, advanced
lung disease, uncontrolled diabetes with chronic end-organ
dysfunction, severe peripheral vascular disease, severe brain
dysfunction, severe damage to the central nervous system, and
advanced malignant tumors

Absolute neutrophil count<0.4 x 107 /L

Contraindications to anticoagulation include: liver failure caused
by COVID-19 combined with severe coagulopathy, major bleed-
ing, and recent or enlarged intracranial bleeding

ECMO extracorporeal membrane oxygenation, COVID-19 Coronavirus disease 2019, MAP mean arterial pressure, CKD chronic kidney disease
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ECMO mode selection (Table 4)

V-VECMO
The lungs are the most vulnerable organs in COVID-
19 patients, and most patients have normal cardiac
function in the early stage. V-V ECMO is the primary
ECMO mode used in patients with ARDS, as it pro-
vides a “time window” during which the failing lungs
can rest and recover. V-V ECMO provides full or par-
tial extracorporeal pulmonary support by adjusting the
blood flow (which can be as high as 7 L/min) [65]. The
oxygen flow support by ECMO needed in patients with
advanced COVID-19-related respiratory distress, espe-
cially in obese patients, can be as high as 5 L/min to meet
the systemic oxygen demand [25]. The contribution of
ECMO to arterial oxygenation depends mainly on the
patient’s lung function and should be accurately adjusted
based on the patient’s condition. V-V ECMO only pro-
vides gas exchange and does not provide direct haemo-
dynamic effects, unlike V-A ECMO. Perfusion of the
body still depends on the pumping of the patient’s own
heart. An echocardiographic examination should be per-
formed before starting the V-V ECMO circuit to confirm
whether there is severe left heart insufficiency, which
may require the placement of a V-A ECMO circuit [66].
V-V ECMO drains blood from a femoral venous or
internal jugular venous cannula. The blood is then
pumped through a membrane oxygenator, and finally, it
is returned to the venous system either through a femoral
venous or internal jugular venous cannula. A large multi-
stage drainage cannula is recommended (such as 23 Fr
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or greater for adults) to minimize the need for the inser-
tion of an additional drainage cannula at a later stage.
The right femoral vein and the right internal jugular vein
(which are relatively straight) are often used as the pre-
ferred vessels for V-V ECMO catheterization based on
the availability of resources, personnel experience and
ease of operation [52]. Improper placement can easily
increase recirculation and drain oxygenated blood from
the body, reducing the oxygenation efficiency of ECMO.
Therefore, chest X-ray or transthoracic ultrasound should
be performed after peripheral cannulation to confirm the
correct position [67]. The Seldinger technique, which
can be performed by nonsurgical staff and without surgi-
cal equipment, is also recommended for cannulation, as
it does not require skin sutures, it reduces bleeding and
reduces the risk of SARS-CoV-2 infection [68].

V-A ECMO

V-A ECMO is a form of ECLS that provides tempo-
rary mechanical circulatory support and simultaneous
extracorporeal gas exchange in patients with severe
cardiogenic shock and decompensated heart failure.
The initiation of V-A ECMO serves as a salvage inter-
vention in COVID-19 patients with cardiogenic shock
or cardiac arrest. The timely initiation of V-A ECMO
is recommended prior to the development of multiple
organ failure. V-A ECMO drains deoxygenated blood
from the right atrium through a femoral venous or
internal jugular venous cannula and pumps it through
a membrane oxygenator, allowing oxygenation and
carbon dioxide removal. The oxygenated blood is then

Table 4 Special considerations for V-V, V-A and V-VA ECMO use in COVID-19 [22]

Items

Explanation

V-V ECMO
23 Fror 11 greater for adults)

(2) Dual lumen cannula should be avoided if possible

(1) Large multi-stage, drainage cannula is recommended (e.g.

It's possible to minimize the need for insertion of an additional
drainage cannula at later stage

Dual lumen cannula is relatively difficult to insert, is associated
with higher risk of thrombotic complications and malposi-
tioning requiring repeat echocardiography

(3) It's recommended that either the femoro-femoral or femoro-  The femoro-femoral approach allows for more rapid surgical

internal jugular configuration be used

V-A and V-VA ECMO
recommended

field preparation, creates efficiency of movement around the
bed, and keeps the operator away from the patient’s airway

(1) A femoro-femoral configuration for V-A ECMO cannulation is

(2) A distal limb perfusion catheter is strongly recommended to

reduce the risk of limb ischemia

(3) It's recommended to place three separate single lumen can-
nulas for the utilization of V-VA ECMO and not recommended

to use a double lumen cannula for V-VA ECMO

(4) The initiation of V-VA ECMO as a pre-emptive strategy is not

recommended

If a patient requires V-V ECMO but has no evidence of cardiac
dysfunction or cardiac dysfunction is medically supportable
with inotropes, placement of an arterial cannula is strongly
discouraged

ECMO extracorporeal membrane oxygenation, COVID-19 Coronavirus disease 2019, V-V veno-venous, V-A veno-arterial, V-VA veno-venous arterial
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returned to arterial circulation through a cannula
placed in a peripheral artery, usually the femoral or
subclavian artery. A femoro-femoral configuration is
recommended for V-A ECMO cannulation.

A common complication of V-A ECMO is hypoxia
in the upper body, which can cause severe cerebral
hypoxia. Hypoxia in the upper body (a lower PaO, in
the upper body than in the lower body), also known
as differential hypoxia or two-cycle syndrome, results
from a high afterload (physiological obstruction) and
recovered left ventricular systolic function [69]. Cur-
rently, the clinical detection of upper body hypoxia
is performed by monitoring saturation in the right
radial artery, which reflects the patient’s cardiac out-
put. In addition, near-infrared reflectance spectros-
copy (NIRS) can be used to monitor tissue oxygen
saturation. Upper body hypoxia is suspected when
the regional oxygen saturation (rSO,) drops below 40
or decreases more than 25% from baseline or a delta-
rSO, between the right radial artery and left radial
artery>15% is detected by NIRS [70]. Approaches
to alleviating hypoxia in the upper body include (1)
adjusting the ventilator parameters, including increas-
ing the oxygen supplementation and PEEP; (2) increas-
ing the ECMO flow with full drainage of the superior
vena cava; (3) choosing the internal jugular vein or
femoral vein for venous catheterization, in which case
the tip of the catheter is located in the middle of the
right atrium [71]; and (4) reducing the risk of limb
ischaemia using a distal limb perfusion catheter. V-VA
ECMO is used if the condition cannot be alleviated
using the previous approaches.

V-VAECMO

The initiation of V-VA ECMO as a pre-emptive strat-
egy is not conventionally recommended. It should
only be used in experienced centres for patients with
suspected acute stress/septic cardiomyopathy or mas-
sive pulmonary embolism or associated cardiogenic/
obstructive shock that is not responsive to medical
therapies. The occurrence of refractory upper body
hypoxia in V-A ECMO is also an indication for estab-
lishing V-VA ECMO [72]. In the V-VA ECMO mode,
arterial outflow is separated using a Y-connector to
deliver well-oxygenated blood to the venous system.
The oxygen content output by the left ventricle circu-
lation increases through the pulmonary circulation,
which is equivalent to combining V-A ECMO and V-V
ECMO in the same circuit. In the application of V-VA
ECMO, the flow of these two perfusion circuits should
be monitored separately to achieve simultaneous heart
and lung support.
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Discussion

ECMO, a type of ECLS, is a breathing and circulation
support technology that supplements the functioning of
the lungs and heart. It has been widely used in the treat-
ment of various critically ill patients with respiratory
and/or circulatory failure in the past decade. However,
the provision of therapy with ECMO during the outbreak
of an emerging contagious disease is challenging.

In patients with indications for ECMO therapy and
without obvious contraindications, ECMO therapy
should be initiated in a timely manner. Having a com-
plete understanding of the support provided by differ-
ent ECMO modes and the differential distribution of
oxygen under different ECMO modes, performing a full
assessment the patient’s heart and respiratory function
and selecting the appropriate ECMO mode can improve
survival. Several factors, such as sex, age, comorbidities,
clinical manifestations and the duration of mechanical
ventilation, can affect the outcomes of ECMO [73, 74].

The number of critically ill patients with COVID-19
is increasing rapidly every day, causing a shortage of
ECMO devices in some regions. Therefore, it is crucial to
prioritize the most eligible patients for ECMO therapy.
ECMO should be used preferentially for a certain group
of patients (young age, absence of comorbidities, low risk
of bleeding, ischaemia, and infectious complications)
because they have higher survival rates. Governments
should invest in more ECMO devices, ventilators and
related medical equipment to support more patients.

Conclusion

Patients with COVID-19 complicated with severe ARDS
have a high mortality rate. The use of ECMO can fur-
ther complicate the pathophysiological state in COVID-
19 patients. However, several studies have reported that
the appropriate use of ECMO improves the prognosis
of patients. COVID-19 is a major cause of ARDS, which
causes most COVID-19-related deaths. This study pro-
vides information about the effective use of ECMO in
critically ill COVID-19 patients. However, these recom-
mendations should continue to be updated and improved
as additional high-quality trials are completed.
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