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Abstract
Objective: Myocardial damage occurs in up to 25% of coronavirus disease 2019 
(COVID-19) cases. While veno-venous extracorporeal life support (V-V ECLS) is 
used as respiratory support, mechanical circulatory support (MCS) may be re-
quired for severe cardiac dysfunction. This systematic review summarizes the 
available literature regarding MCS use rates, disease drivers for MCS initiation, 
and MCS outcomes in COVID-19 patients.
Methods: PubMed/EMBASE were searched until October 14, 2021. Articles 
including adults receiving ECLS for COVID-19 were included. The primary 
outcome was the rate of MCS use. Secondary outcomes included mortality at 
follow-up, ECLS conversion rate, intubation-to-cannulation time, time on ECLS, 
cardiac diseases, use of inotropes, and vasopressors.
Results: Twenty-eight observational studies (comprising both ECLS-only popu-
lations and ECLS patients as part of larger populations) included 4218 COVID-19 
patients (females: 28.8%; median age: 54.3 years, 95%CI: 50.7–57.8) of whom 
2774 (65.8%) required ECLS with the majority (92.7%) on V-V ECLS, 4.7% on 
veno-arterial ECLS and/or Impella, and 2.6% on other ECLS. Acute heart failure, 
cardiogenic shock, and cardiac arrest were reported in 7.8%, 9.7%, and 6.6% of 
patients, respectively. Vasopressors were used in 37.2%. Overall, 3.1% of patients 
required an ECLS change from V-V ECLS to MCS for heart failure, myocarditis, 
or myocardial infarction. The median ECLS duration was 15.9 days (95%CI: 13.9–
16.3), with an overall survival of 54.6% and 28.1% in V-V ECLS and MCS patients. 
One study reported 61.1% survival with oxy-right ventricular assist device.
Conclusion: MCS use for cardiocirculatory compromise has been reported in 
7.3% of COVID-19 patients requiring ECLS, which is a lower percentage com-
pared to the incidence of any severe cardiocirculatory complication. Based on 
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1   |   INTRODUCTION

Coronavirus disease 2019 (COVID-19) was declared a pan-
demic in March 2020 by the World Health Organization 
(WHO) and resulted in a globally devastating effect, with 
over 180 million people being affected and about 6 mil-
lion deaths.1 COVID-19 is the clinical manifestation of 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection. Although respiratory symptoms have 
dominated COVID-19 clinical presentation, up to 20%–
25% of overall patients show cardiac involvement2–6 as 
reflected by increased biomarker levels.7 The underlying 
mechanisms for cardiac failure are severe immune sys-
tem overreaction, the downregulation of the angiotensin-
converting enzyme 2, the increased levels of Angiotensin 
II, the development of hypertension, thrombosis, and di-
rect damage to the cardiomyocytes.8 Moreover, COVID-19 
patients might experience arrhythmias due to underlying 
comorbidities, polypharmacy, and disease progression.8 
Finally, COVID-19 patients suffering from acute respira-
tory distress syndrome (ARDS) and severe systemic hy-
poxia are at risk of type 2 myocardial infarction.9 All these 
mechanisms involved in COVID-19-related cardiac dam-
age might adversely affect prognosis.10

According to data reported by the Extracorporeal Life 
Support Organization (ELSO),11 until April 2022, extra-
corporeal life support (ECLS) has been used as respiratory 
and/or circulatory support in over 13000 COVID-19 pa-
tients.12–14 Overall, veno-venous (V-V) ECLS has been the 
most used configuration in the case of refractory respiratory 
failure15,16 primarily due to acute respiratory distress syn-
drome (ARDS). However, a subset of COVID-19 patients 
might experience persistent concomitant hemodynamic 
instability and cardiac dysfunction requiring temporary 
mechanical circulatory support (MCS).17,18 Due to both 
the underlying pulmonary and cardiac pathologies and 
the complications from interventions, these patients are 
usually burdened with higher mortality and complication 
rates.18 This might especially account for cases of delayed 
MCS initiation or cases where initial V-V ECLS had un-
dergone a configuration change to veno-arterial (V-A) or 
veno-venoarterial (V-VA) ECLS for further hemodynamic 
deterioration. Unfortunately, despite the growing knowl-
edge on cardiac involvement in COVID-19, data on MCS 
use during or after a SARS-CoV-2 infection are scarce. 

Based on the discrepancy between the reported incidence 
of cardiac damage in COVID-19 and the lack of evidence 
on MCS use for SARS-CoV-2 infection, we hypothesize the 
underuse of MCS in COVID-19 patients with consequent 
high cardiac-related morbidity and mortality. Therefore, 
this systematic review investigates the rate of MCS use, 
outcomes, and cardiac disease drivers for MCS initiation 
and ECLS configuration change in COVID-19 patients 
supported with ECLS.

2   |   SPECIFIC AIMS AND 
METHODS

2.1  |  Data sources and search strategies

The protocol for this systematic review was completed 
before the start of the literature screening. The study was 
undertaken and reported in accordance with the pre-
ferred reporting items for systematic review and meta-
analyses (PRISMA) guidelines19 and was registered 
with PROSPERO (Registration No. CRD42021266433). 
PubMed/EMBASE databases were searched from incep-
tion to October 14, 2021. Details of the search strategy 
are provided in Supporting Information. After remov-
ing duplicates, the remaining titles and abstracts were 
assessed for inclusion by two independent reviewers 
(S.M. and J.M.R.) using a free, open-source citation 
screening program.20 Full texts of relevant articles were 
retrieved and independently assessed by three authors 
(S.M., M.E.D.P., and J.M.R.). Disagreements over article 
inclusion were resolved by consensus. Reference lists 
of assessed full texts were screened for further relevant 
studies.21

2.2  |  Population, intervention, 
comparison, and outcome (PICO)

We included randomized clinical trials, controlled before-
and-after studies, prospective and retrospective cohort 
studies, cross-sectional studies, case–control studies, and 
case series. Conference abstracts, books or gray literature, 
articles not written in English, reviews, and animal stud-
ies were excluded.
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Studies reporting on adult patients (age ≥ 18 years 
old) diagnosed with COVID-19 and undergoing V-A, 
V-VA, venoveno-arterial (VV-A) ECLS, or other MCS 
devices such as Impella (Abiomed, Danvers, USA) and 
TandemHeart (TandemLife, Pittsburgh, Pennsylvania) 
were considered eligible.22 The use of intra-aortic bal-
loon pump was not subject of this review based on the 
different mechanism and magnitude of circulatory 
support compared to the abovementioned MCS types. 
Inclusion required documentation of used MCS type 
and/or ECLS configuration for all patients. In addition, 
pediatric patients and patients with no proven diagnosis 
of COVID-19 were excluded.

Articles analyzing only patients supported with V-V 
ECLS and not reporting any reference to their MCS use 
were excluded to minimize the risk of selection and infor-
mation bias for centers that used but not reported ECLS 
configurations or MCS other than V-V ECLS. Moreover, 
studies excluding all V-A ECLS were not considered.23 
Finally, case series reporting less than five patients 
were excluded.24 When possible, comparisons were 
performed between patients supported with V-V ECLS 
and patients supported with MCS devices. The primary 
outcome measure was the use rate of cardiac support 
identified as V-A ECLS, V-VA, VV-A ECLS, or other MCS 
devices such as Impella (Abiomed, Danvers, USA) or 
TandemHeart (TandemLife, Pittsburgh, Pennsylvania) 
in COVID-19 patients requiring ECLS. Secondary out-
come measures included mortality at follow-up, ECLS 
conversion rate, intubation-to-cannulation time, time 
on ECLS, cardiac-related complications, use of inotro-
pes, and vasopressors.

2.3  |  Data extraction and risk-of-
bias assessment

Using a standardized electronic report form, data were 
extracted by a first reviewer (A.S.) and independently 
checked for accuracy by three other reviewers (S.M., 
M.E.D.P., and J.M.R.). Details of extracted variables are 
reported in the Supporting Information. In addition, the 
Newcastle-Ottawa Scale (http://www.ohri.ca/progr​ams/
clini​cal_epide​miolo​gy/oxford.asp) was used for assessing 
the quality of such studies (Table S1).

2.4  |  Data synthesis

Available evidence was summarized using systematic 
review methodology and standard summary statistics 
overall.25 An additional analysis was performed to esti-
mate the pooled median values for available continuous 

variables. The quantile estimation (QE) method for 
pooling median was based on interquartile ranges and 
minimum to maximum values. The sampling variance 
of the effect size for each study was estimated via the 
QE method. After estimating the sampling variances 
for all studies, studies were meta-analyzed using the 
restricted maximum likelihood estimator (REML) in a 
random-effects model.26 The analysis was performed 
with R 3.6.3 (R Foundation for Statistical Computing, 
Vienna, Austria). Given the significant clinical,27 
methodological, and statistical heterogeneity among 
published studies, further meta-analytic methods were 
not applied.

3   |   RESULTS

3.1  |  Literature search

A total of 1309 abstracts were identified through 
PubMed/Medline/EMBASE search (Figure 1), and refer-
ence list screening yielded one additional publication. Six 
duplicates were identified. After title and abstract screen-
ing, 841 potentially relevant records were reviewed and 
evaluated regarding study type. Finally, 83 studies were 
selected based on the inclusion criteria. Additional four 
more articles were excluded based on the lack of reported 
outcomes,28,29 lack of ECLS type definition for all pa-
tients,30,31 or methodological uncertainties.32 In this last 
case, the study was based on data reported weekly by the 
European ELSO and not on an original database including 
single patient data. Therefore, the data source was con-
sidered unreliable. As a possible population overlap was 
identified in 22 articles13,31,33–52 (Table S1), only the most 
recent or complete studies reporting the larger cohorts 
of patients were included.13,33,34,36–40,48 As one of the in-
cluded study reports data from the ELSO registry account-
ing for 213 contributing centers worldwide (Figure 2), it 
was not possible to exclude with certainty the presence of 
a partial overlap with other selected studies published by 
centers contributing to the ELSO registry. In the case of 
possible large overlap of a study12 with the ELSO registry 
cohort,13 the latest was considered for inclusion based on 
the larger data availability at publication time. Finally, 28 
articles were considered for the qualitative analysis (Fig
ure 1).13,33,34,36–40,48,53–71 Most of the included studies had 
a retrospective design.37,40,47,48,53,54,56,59,62,64,66,69,71 Only 
four studies reported prospectively collected data33,38,63,67 
and two studies showed data from multicenter regis-
tries.13,34 Randomized trials were not identified (Table 1). 
According to the Newcastle-Ottawa Scale, the risk of 
bias assessment of observational studies is presented in 
Table S2. Eighteen articles reported studies developed on 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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ECLS patients only,13,33,34,36–40,48,53,54,56,60,62,66,67,70,71 while 
other 10 reported data on mixed populations includ-
ing both ECLS and not ECLS patients.55,57–59,61,63–65,68,69 
Studies were performed in Europe (n  =  15), North 
America (n = 8), China (n = 3), Middle East, and India 
(n  =  1) and inclusion criteria were comparable among 
them (Table S3).13

3.2  |  Overall COVID-19 patient profiles

A total of 4218 COVID-19 patients, including 2774 patients 
(65.8%) supported with ECLS, were comprised in the final 
analysis (Table 1). Even though the literature search in-
cluded all publications until October 2021, only four stud-
ies reported data referred to patients who received ECLS 

F I G U R E  1   Flowsheet of the included studies
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in 2021.38,39,57,63 However, only Schmidt et al. compared 
the results of patients receiving ECLS for COVID-19 dur-
ing the first wave (before July 1, 2020) and the following 
waves (from July 1 2020 to January 28 2021). Baseline 
characteristics were available for the overall population 
and not only for the ECLS subgroup in studies report-
ing on mixed populations. Females accounted for 28.8% 
of the overall population (n  =  1214) and males for the 
71.2% (n = 3004). The reported median age was 54.3 years 
(95%CI: 50.7–57.8), with one case series reporting on a pop-
ulation of much younger patients (median: 19; IQR: 17–
29).58 Most of the studies (Table 1) reported data on body 
mass index (BMI) referring a median BMI of 29.7 (95% 
CI: 27.8–30.3), which indicates an overweight or obese 
status of the population.13,36–38,40,53,54,56–58,60,62,63,65–67,70,71 
The overall survival was 51.9% (n = 2190). Fourteen stud-
ies (50%) reported data on possible cardiac causes of dea
th.33,34,37,40,45,48,53,54,56,58,59,61,62,71 Overall, a group of 71 pa-
tients were identified as dead from cardiac-related causes, 
such as tamponade,33,40 heart failure,37,48,62,69 cardiogenic 
shock,69 or cardiac arrest34 (Table 1).

3.3  |  COVID-19 patients' cardiac-related 
characteristics

Data depicting patients' cardiac impairment were reported 
inconsistently, and substantial amount of data were not 
available (Table 2). Most patients (n = 2884/3214, 89.7%) 
were clearly identified as suffering from ARDS, with 558 

patients (13.9%, data available for 3996 patients) diag-
nosed with pre-existent cardiac disease. Interestingly, 
more patients were described as experiencing cardiac 
complications than septic shock (n  =  73/565, 12.9%). 
Indeed, acute heart failure (n = 139/1789) and/or cardio-
genic shock (n = 37/383) were reported in 7.8% and 9.7% 
of patients, respectively. One case series reporting single 
patient data described that left ventricular ejection frac-
tion was moderately-to-severely impaired in all cases and 
this was the only report specifically focused on adult pa-
tients diagnosed with myocarditis or multisystem inflam-
matory syndrome.58 Only four studies33,40,56,66 reported 
data on possible right heart failure, and myocarditis was 
rarely reported, while it was described as uncommon by 
Lenka et al.59 Cardiac arrest was reported in 6.6% of pa-
tients (n = 114/1739), occurring before or after ECLS ini-
tiation. Vasopressors were used in 37.2% (n = 834/2240), 
while the use of inotropes was rarely reported (Table 2). 
Specific cardiac-related characteristics for the ECLS sub-
groups were not available.

3.4  |  ECLS strategies and outcomes

The overall median Pa/FiO2 ratio was 77.5 (95% CI: 62.3–
92.7; data available for 2384 patients from 18 studies). 
Pre-ECLS median APACHE and SOFA scores were rarely 
reported.

Veno-venous ECLS was used as single organ sup-
port in 92.7% of the patients (n  =  2571/2774) while 

F I G U R E  2   Summary of selected literature. (A) Geographical distribution of reported ECLS patients. (B) Single study contribution to the 
literature synthesis. SWAAC, Southwest Asia and Africa Chapter [Color figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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4.7% (n  =  130/2774) of cases required V-A ECLS as 
single or subsequent support (Figure  3). Among these 
patients, Rieg et al. described the included population 
as undergoing V-A ECLS or left ventricular unload-
ing with Impella.69 While large series reporting on the 
use of Impella in COVID-19 patients are not available, 
few case reports have been identified.72–78 V-VA ECLS 
was chosen in 1.6% of cases (n = 43/2774). Only 1% of 
patients (n  =  30/2774) required another type of ECLS. 
From their initial ECLS configuration, 3.1% of the pa-
tients (n = 54/2774) underwent a configuration change 
during ECLS. Of these 54 patients, 33.3% (n = 18) were 
converted from V-V to V-A, 18.5% (n = 10) from V-V to 
V-VA, and 9.3% (n = 5) were converted from V-V to VV-
V. Details of the configuration change were unknown in 
the 21 remaining patients (38.9%). Among patients who 
underwent configuration change, five patients were tem-
porarily weaned from V-V ECLS and required a second 
run with V-A ECLS due to refractory hemodynamic in-
stability and recurrent respiratory failure.62 The main 
reported reasons for configuration change were the 
presence of heart failure, myocarditis, or myocardial in-
farction. Furthermore, the timing between cannulation 
and conversion was rarely reported. The median times 
from intubation to ECLS start (3.8 days; 95% CI: 3.1–4.5) 
and the overall ECLS duration (15.9 days; 95% CI: 13.9–
16.3) are reported in Figures S1 and S2. An awake ECLS 
strategy was reported in only one patient, described as 
patient receiving ECLS while awake and without me-
chanical ventilation.48 Survival according to specific con-
figuration groups was rarely provided. However, 54.6% 
(n  =  677/1241) and 28.1% (n  =  16/57) of patients sur-
vived in the V-V and the V-A/V-VA ECLS group, respec-
tively (Table 3). Cain et al. reported a 61.1% (n = 11/18) 
survival rate with the use of a right ventricular support 
(RVAD) including a membrane lung (OxyRVAD).

4   |   DISCUSSION

This systematic review summarizes the results of 28 pub-
lished studies reporting on the use of extracorporeal res-
piratory and circulatory support to manage COVID-19 
patients. V-V ECLS was the most common support 
(92.7%) compared to V-A ECLS or other ECLS configu-
rations, which were used in 4.7% and 2.6% of patients, 
respectively. Among both V-V and V-A ECLS patients, 
3.1% of them required conversion to a different ECLS 
configuration, mainly to provide full cardiorespiratory 
support. Impella use was rarely reported. ECLS was ini-
tiated on a median time of 3.8 days after intubation, and 
the median ECLS duration was 15.9 days. A considerable 
number of patients experienced acute heart failure (7.8%), A
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cardiogenic shock (9.7%), and cardiac arrest (6.6%) over 
the COVID-19 patients with the availability of these data. 
Vasopressors (36.7%) were often used. Survival for ECLS 
patients was inconsistently reported and, overall, was 
ranging from 28.1% for V-A/V-VA ECLS patients to 54.6% 

for V-V ECLS patients and 61.1% for patients supported 
with OxyRVAD, respectively.

Severe COVID-19 illness defined based on the American 
Thoracic Society guidelines for community-acquired 
pneumonia79 may occur in up to 16% of SARS-CoV-2 

F I G U R E  3   Distribution of extracorporeal life support (ECLS) types use among studies. (A), Veno-venous ECLS (V-V ECLS). (B), Veno-
arterial ECLS (V-A ECLS) and Veno-venoarterial ECLS (V-VA ECLS); *Five V-V ECLS-weaned patients required a second course of ECLS 
with a V-A ECLS. **V-A ECLS or left ventricular unloading (Impella, Abiomed, Danvers, USA). (C), Rate of conversions from V-V ECLS to 
V-A or V-A ECLS [Color figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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cases,80 leading to an overall mortality rate estimated at 
2.2% of the total cases in the WHO reports (accessed on 
June 13, 2021). The first wave of the COVID-19 pandemic 
was characterized by an ICU admission rate of 21%, and 
69% of cases needed invasive mechanical ventilation 
(IMV).81 ICU and IMV mortality were 28.3% and 43%, 
respectively.81 This highlights the pivotal role of lung in-
volvement in COVID-19. Indeed, the typical presentation 
of COVID-19 patients requiring intensive care is bilateral 
pneumonia and acute hypoxemic respiratory failure.18 
Despite this, up to 20%–25% of patients can manifest a 
concomitant cardiac involvement.2

It has been described that 22.6% of COVID-19 pa-
tients have elevated troponin values at presentation and 
median B-natriuretic peptide (BNP) above the reference 
range.2,5,82 Moreover, cardiac involvement is more fre-
quent in ICU patients83 and impacts the prognosis dramat-
ically, with over 50% mortality rate when the myocardial 
damage occurs.84,85 The broad spectrum of COVID-19 
cardiac involvement includes multiple mechanisms such 
as the ability of the virus to enter cardiomyocytes and to 
indirectly damage the heart through systemic hyperacti-
vation of inflammatory and coagulation patterns, such as 
in the case of the multisystem inflammatory syndrome, 
heparin resistance and thrombosis, endothelial injury of 
the coronary arteries, and hypoxemia causing pulmonary 
hypertension.85–90 The right heart might be particularly af-
fected by increased pulmonary afterload and loss of right 
ventricular radial function.91 Furthermore, many drugs 
applied in COVID-19 and concomitant infections might 
have direct but intercurrent cardiac adverse events, such 
as hydroxychloroquine and azithromycin.

The role of ECLS for patients with cardiorespira-
tory failure due to COVID-19 has evolved over time, 
as described by the ELSO guidelines,92 but the specific 
role of MCS in COVID-19 patients has yet to be estab-
lished. Data shared through the EuroELSO COVID-19 
dashboard, accessed on November 1, 2021, suggest that 
4547 (92.4%) adults have received V-V ECLS for respira-
tory insufficiency and 216 (4.4%) underwent V-A ECLS 
during a COVID-19 infection. Data from this literature 
review match the percentages reported by the online 
ELSO dashboards and, thus, reflect real-world scenarios. 
Even though the majority of included studies reported 
data only on the first wave of COVID-19 infections, we 
assume that these results are still applicable to the cur-
rent situation, as the online ELSO dashboards report a 
constant V-V/V-A ratio over time.

Between the first and second wave, clinicians and 
researchers have increased awareness of the significant 
cardiac involvement in COVID-19 but without chang-
ing the balance between the use of V-V and V-A ECLS. 
Furthermore, Barbaro et al. demonstrated that 90-day 

in-hospital mortality in ECMO COVID-19 patients in-
creased by about 15% between the first phase of the pan-
demic (before May 2020) and a later phase (between May 
and December 2020).31 This large ELSO registry report 
showed that cardiac arrest before starting ECMO and ini-
tial mode (V-A or V-VA vs. V-V) were associated with an 
increased relative risk of mortality but further analyses 
on this specific aspect are lacking.31 This review high-
lights the significant number of patients experiencing 
acute heart failure, cardiogenic shock, or cardiac arrest 
before or after initiation of ECLS. Moreover, a cardiac-
related cause of death has been described in several 
ECLS cases, and Saeed et al. identified the need for car-
diopulmonary resuscitation before ECLS placement as a 
risk factor for in-hospital mortality (hazard ratio: 1.87; 
95% CI: 1.01–3.46). Nevertheless, a particular discrep-
ancy still exists between the numbers of ECLS patients 
experiencing severe cardiac and hemodynamic compro-
mise and those receiving MCS. Indeed, most patients 
received isolated respiratory support but, despite several 
authors reporting cardiac causes of death in their pa-
tients, it is difficult to understand if a combined respira-
tory and circulatory support could have prevented many 
deaths in the V-V ECLS population. Factors such as 
healthcare system strain, the timing of the cardiocircu-
latory complication, and patient's response to non-MCS 
interventions could play an important role in answer-
ing this question.93 Therefore, special attention in fu-
ture reports on COVID-19 patients and ECLS should 
focus on this open topic whose solution might signifi-
cantly impact the ECLS selection and indication process 
for future non-COVID-19 patients. An important hint 
to better understand the interplay between the lungs 
and heart is provided by Cain et al. and Mustafa et al. 
who approached COVID-19 patients with the use of an 
OxyRVAD to provide lung and right ventricular heart 
support.51,52,55 These authors reported higher survival 
rates ranging 61–75% and good outcomes compared to 
standard invasive mechanical ventilation. Nevertheless, 
a direct comparison between the use of an OxyRVAD 
and a V-V ECMO is still not available.

Within the MCS field, not only V-A ECLS devices have 
been used in COVID-19 patients. Indeed, the cardiac 
Society of Australia and New Zealand94 and the American 
Society for Artificial Internal Organs95 suggested that 
Impella could be considered for a selected subgroup of 
COVID-19 patients suffering acute cardiac failure with-
out severe respiratory failure (Table  4). However, few 
clinical reports are now emerging regarding the use of 
this device, and they indicate that Impella alone might 
not be enough to support these patients often affected 
by biventricular failure and hypoxia.72,75,78 Contrarily, 
it seems more effective as left ventricular unloading 
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combined with V-A ECLS72,75,77,78 or circulatory support 
associated with V-V ECLS.72

Finally, the conversion from a V-V ECLS to V-A or V-VA 
ECLS in several patients indicates two possible scenar-
ios: a delayed recognition of a cardiac condition already 
existing at cannulation or a subsequent deterioration of 
the patient's status with consequent cardiac involvement. 
Unfortunately, the timing of conversion was rarely re-
ported, but Loforte et al. reported the cases of five patients 
weaned from V-V ECLS and requiring a second V-A ECLS 
run due to refractory hemodynamic instability. This ob-
servation highlights again the fundamental concept of 
missed, delayed, or rescue use of MCS in COVID-19 pa-
tients, which might have negatively influenced outcomes 
and survival.

The initial difficulties in recognizing COVID-19-related 
cardiac involvement, the need for advanced hybrid config-
urations96 which are rarely available in less experienced 
centers, and the increased risk of bleeding and thrombosis 
related to complex ECLS settings might explain the un-
deruse of V-A and hybrid ECLS in COVID-19 patients. 
Indeed, these patients are affected by a severely impaired 
coagulation homeostasis, altered response to anticoagula-
tion agents, and complex monitoring of the coagulation 
status, which can further complicate the ECLS manage-
ment.86 Furthermore, the ethical circumstances surround-
ing the allocation of scarce resources during the first wave 
of the COVID-19 pandemic tended to favor a utilitarian 
approach, minimizing the use of ECMO, to maximize 
collective benefit. Important ethical considerations have 
been outlined by Emanuel et al.97 for allocating medical 
resources: maximize benefits; prioritize healthcare work-
ers; avoid allocation on a first-come, first-served basis; be 
responsive to evidence; recognize research participation; 
and apply the same principles to all COVID-19 and non-
COVID-19 patients. ELSO has published guidance92 re-
garding the use of ECLS during this pandemic that aligns 
with these principles: the highest priority should be given 
to younger patients, those with minor/no medical comor-
bidities, and only if a center had the resources and ex-
pertise to afford this challenge. Unfortunately, it was not 
possible to extrapolate data regarding ICU capacity from 
the articles included in this review. Indeed, data such as 
the minimum and maximum length of ECLS run, useful 
to evaluate bed availability in each ICU during the pan-
demic, were not routinely reported.

Predictive factors for cardiac involvement and hemo-
dynamic instability during ECLS for COVID-19 might 
be identified to help clinicians to decide on the best me-
chanical support for each patient. Unfortunately, most 
of the studies included in this review lacked data on 
baseline cardiac markers such as troponin, pro-BNP, or 

echocardiographic data and reported only indirect mark-
ers of hemodynamic instability such as the need for va-
sopressors. Moreover, data on the pre-ECLS median 
APACHE and SOFA scores as well as the use of inotropes 
were rarely reported. A call for more attention in reporting 
and describing ECLS patients' data is needed, especially 
in COVID-19 patients. It is advised to screen critically 
ill COVID-19 patients for acute heart failure in the early 
and late phases of the disease. Appropriate nomenclature, 
measurement instruments, and a core outcome set are 
recommended to standardize research efforts internation-
ally and provide good evidence-based guidelines.22,98

This is the first systematic review analyzing the use 
of MCS in COVID-19 patients requiring ECLS. Strengths 
of this study include a comprehensive review of the lit-
erature performed according to the PRISMA guidelines,19 
robust inclusion criteria, and relevant exclusion criteria. 
Inclusion required documentation of ECLS type for all pa-
tients, and articles analyzing only patients supported with 
V-V ECLS were excluded to minimize the risk of selection 
and information bias. Duplicated and overlapping popula-
tions were excluded (Table S1). We assessed study quality 
using a validated tool and identified and discussed report-
ing limitations and knowledge gaps.

The main limitation of this systematic review is the 
lack of published randomized controlled trials and the 
high heterogeneity of included studies. Indeed, the high 
variability in reported data, the small sample size of the 
population undergoing MCS, and the inconsistency in re-
ported variables precluded a comparative meta-analysis. 
For example, some studies have a small sample size and 
do not detect differences in clinical outcomes, while most 
of the patients are provided by a large international reg-
istry.13 Despite the methods adopted to prevent overlap-
ping populations, it is not possible to completely exclude 
partial overlapping. In addition, heterogeneous variable 
reports and a significant lack of data on outcomes, such 
as renal failure and hemodialysis, prevented a meaningful 
comparative meta-analysis on these data. Moreover, there 
is great variability among patient management, and none 
of the studies reported a clear management strategy for 
patients requiring ECLS. Furthermore, no study directly 
compared V-V ECLS patients and patients requiring MCS 
with a consequent lack of evidence regarding differences 
in outcomes. Finally, several articles reporting on ECLS 
outcomes were excluded based on the lack of details on 
ECLS types and configurations or reporting only V-V 
ECLS cases without any reference to their policy for MCS 
use. Notably, the large ELSO Registry report by Barbaro 
et al. describing 4812 COVID-19 patients supported with 
ECLS could not be included for a lack of details on ECLS 
configurations.31
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5   |   CONCLUSIONS

V-A ECLS or hybrid ECLS configurations have been 
used in 7.3% of COVID-19 cases requiring ECLS. As the 
number of patients with severe cardiac involvement is 
higher and the outcome in these patients is poor, a pos-
sible underuse of this support might negatively affect 
patients' outcomes. Furthermore, based on the emerging 
literature, it can be assumed that the rate of cardiocir-
culatory complications in ECLS patients has been so far 
underreported, leaving an open question on the severity 
of the cardiocirculatory complications, their timing in 
the COVID-disease course, and the subsequent impor-
tance of MCS. Indeed, based also on the high mortality 
of these patients, further investigations are warranted to 
establish the correct indications and timing for MCS use 
in COVID-19 patients.
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