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Abstract

Coronavirus disease (COVID-19) can cause circulatory shock
refractory to medical therapy. Such patients can be managed with
mechanical circulatory support (MCS) devices like IABP, Impella,
VA ECMO, and Left ventricular assist devices (LVADs).
Moreover, patients on long-term durable LVADs are a special pop-
ulation having increased susceptibility and mortality to COVID-
19 infection. In this narrative review, we searched PubMed and
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Medline for studies on COVID-19 patients on short-term MCS
devices. We found 36 papers with 110 patients who met our
review criteria, including 89 LVAD patients and 21 COVID-19
patients who needed MCS device therapy. These studies were
used to extract patient demographics, clinical presentation, MCS
device details, management, and outcomes. Mean age of patients
with COVID-19 infection on LVADs was 60, 73% were male, and
HeartMate 3 was the most common device (53%). Most patients
(77.5%) needed hospitalization, and mortality was 23.6%. Among
the 21 reported cases of critically ill COVID-19 patients who
required MCS, the mean age was 49.8 years, 52% were women,
and the most common MCS device used was VA ECMO (62%) in
conjunction with an Impella for LV venting. Comorbidities were
not present in 43%, but 71% had abnormal ventricular function on
echocardiography. MCS is a viable option for managing severe
COVID-19 infection with shock, with many reported cases of
favorable outcomes.

Core tip

Refractory circulatory shock in COVID-19 can be successful-
ly managed with mechanical circulatory support (MCS) devices
such as intra aortic balloon pump (IABP), Impella, venoarterial
extra corporeal membrane oxygenation (VA ECMO), and durable
left ventricular assist devices (LVADs). The most common MCS
device used in such patients was VA ECMO (62%) in conjunction
with an Impella for LV venting, and there are many reported cases
of favorable outcomes. Patients on long-term durable LVADs are
a special population having increased susceptibility and mortality
with COVID-19 infection. Among the reported cases, most were
elderly males on HeartMate 3, and the hospitalization and mortal-
ity rates were 77.5% and 23.6%, respectively.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a highly transmissible pathogen that causes the coron-
avirus disease 2019 (COVID-19) in humans. This virus has caused
a pandemic and, as of March 10, 2022, has infected more than 450
million people worldwide, resulting in more than six million
deaths [1]. Although COVID-19 predominantly affects the respi-
ratory system, direct and indirect involvement of other organ sys-
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tems is also seen, the cardiovascular system in particular. COVID-
19 can affect the myocardium directly or indirectly through sepsis-
related injury, hypoxia, cytokine release, microvascular thrombo-
sis secondary to a prothrombotic state, and plaque rupture in sus-
ceptible patients.[2] This can result in ventricular dysfunction,
arrhythmia, and rapidly progressive cardiogenic shock.
Unsurprisingly, cardiac injury was independently associated with
higher mortality (adjusted HR, 4.26) in COVID-19 [3]. COVID-19
infection can interact with patients with heart failure in multiple
ways [4]. It can cause de novo heart failure, as well as lead to
increased mortality of patients with pre-existing heart failure [5].
Today, many options exist to manage heart failure, both pharma-
ceutically and mechanically. The latter group includes intra-aortic
balloon pump (IABP), Impella, venoarterial extra corporeal mem-
brane oxygenation (VA ECMO), and durable left ventricular assist
devices (LVADs). The literature on this subject is fragmented and
predominantly includes case reports and case series. In this review,
we comprehensively review the use of mechanical circulatory sup-
port (MCS) devices to manage circulatory shock in COVID-19 and
the impact of COVID-19 infection on patients on long-term MCS
devices.

Methods

We searched the PubMed and Medline databases for the MeSH
terms “COVID-197, “Heart-Assist Devices,” “Intra-Aortic
Balloon Pumping,” “Extracorporeal Membrane Oxygenation,”
References of manuscripts were screened to identify additional
papers. Studies that included adult patients with COVID-19 infec-
tion were included in this review. All studies published before
February 2022 were included. Studies that provided details on
patient demographics, clinical presentation, MCS device details,
management, and outcome were analyzed. Treatment details were
included, including medications, vasopressors, invasive mechani-
cal ventilation, and procedures. Other details that were obtained
were the type of organ dysfunction, COVID-19 specific treatment,
duration of illness, the course on MCS device, and complications.
Articles without patient details, opinions, comments, and letters
were excluded from the analysis. Two independent reviewers
screened all articles.

Results

As of February 2022, 36 papers were identified, with 110
patients. Three were observational studies, while the rest were case
reports or case series. We analyzed the studies that reported out-
comes of MCS among critically ill patients with COVID-19 and
patients on durable LVADs separately. We identified 89 patients
reported in the literature who were on long-term durable LVADs and
got COVID-19 infection (Tables 1 and 2). All the observational
studies and most reported cases were from the United States of
America. The mean age of patients was 60 years, and 73% were
male. The most common device was HeartMate 3 (53%), followed
by HeartWare HVAD (25%) and HeartMate 2 (21%). The median
duration on LVAD was between 1.3 and 3.2 years, with at least 38%
of devices implanted with the intention of ‘destination therapy’.
Most patients (77.5%) required hospitalization, and a significant
proportion of them required intensive care unit (ICU) care. LVAD
thrombosis was seen in five (6%) patients, while nine (10%) had
major bleeding. In addition, two patients had LVAD driveline site
infections. The mortality in this group of patients was 23.6%. There
were 21 reported cases of critically ill COVID-19 patients who
required MCS device therapy (Table 3). The mean age of this cohort
was 49.8 years (range 25-84), and 52% were women. At presenta-
tion, respiratory failure was present in 57.1% and shock in 47.6%.
Others decompensated while in the hospital. Although only 19.1%
had known chronic heart failure, most patients (71%) had an abnor-
mal ventricular function on echocardiography. Eventually, all
patients developed cardiogenic shock. The most common MCS
device used was VA (or VAV) ECMO (62%) in conjunction with an
Impella for LV venting. Interestingly, 43% of the patients had no
comorbidities. Two patients (9.5%) from this cohort died despite
advanced MCS therapy.

Discussion

In this paper, we have provided a comprehensive review on
the impact of COVID-19 infection in patients on long-term MCS
devices and the use of MCS devices to manage circulatory shock
in COVID-19 (Figure 1). We identified 89 patients on long-term
LVAD, the most common device being HeartMate 3. We also
identified 21 cases of critically ill COVID-19 patients on MCS
therapy. The most common MCS was VA (or VAV) ECMO (62%)
in conjunction with an Impella for LV venting.

[ Mechanical Circulatory Support in COVID-19 ]
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Figure 1. Mechanical circulatory sup-
port options in COVID-19.
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The impact of COVID-19 on patients on long term
durable LVADs

With improved technology, more patients are on LVADs with
the intent of ‘destination therapy’ than ever before. They form a
niche population, and only a few studies have investigated the
impact of COVID-19 on these patients. Patients on LVADs have
lower T-cell prolific responses, higher levels of suppressive T-reg-
ulatory cells, lower interleukin-2 and tumor necrosis factor-alpha
levels, and more interleukin-10, resulting in a higher chance of
infection [41]. This makes them a unique population at risk for
COVID-19. They also have altered cardiac physiology due to non-
pulsatile blood flow and have reduced functional reserve.
Moreover, they are at increased risk for thrombotic and embolic
events such as pump thrombosis and stroke due to blood exposure
to artificial surfaces and hemorrhagic complications due to thera-
peutic anticoagulation. Indeed, due to the opposing effects of pro-
thrombotic factors and systemic anticoagulation, these patients
may exhibit both thrombotic and hemorrhagic complications dur-
ing various stages of the illness, as observed in the case report
described by Hodges et al. [13].

Several factors make the diagnosis, risk-stratification, and
management of COVID-19 patients on LVADs particularly chal-
lenging. While fever is the most common symptom of COVID-19,
in patients with LVAD, it can also indicate driveline site infection.
Therefore, a detailed history and wound examination are crucial to
differentiate the two pathologies. According to one systematic
review and meta-analysis, elevated lactate dehydrogenase (LDH)
in patients with COVID-19 can indicate a six-fold increase in the
odds of developing severe disease and a 16-fold increase in odds
of mortality [42]. However, in patients on LVADs, elevated LDH
can be a harbinger of pump hemolysis, pump thrombosis, throm-
boembolic stroke, peripheral thromboembolism, reduced pump
flow, pump failure, cardiogenic shock, and death [43-45]. Lastly,
while prone ventilation is an effective strategy for managing
COVID-19 patients with severe hypoxemia respiratory failure, it
becomes challenging in the presence of an LVAD. Such position-
ing may lead to compression of the outflow graft and driveline,
impaired venous return, hardware malpositioning, and worsening
right ventricular hemodynamics [46]. In the case reports described
by Singh ef al. and Chau et al., although the patients developed
refractory hypoxemia while on maximal ventilatory supports,
prone ventilation was not attempted due to concerns about the
complications mentioned above [16,18].

While it is easy to understand how COVID-19 pneumonia and
invasive ventilation can increase RV stress, it is also important to
note that the LVAD itself can have critical hemodynamic effects
that may adversely impact RV function [47]. One must choose
LVAD speeds that achieve hemodynamic goals without excessive
left ventricle unloading, thereby maintaining a rightward or neutral
position of the interventricular septum. This is because excessive
left ventricular unloading may lead to leftward septal shift and suc-
tion events, which may prevent adequate LVAD output, further
impair RV function, and trigger ventricular arrhythmias [48].
These effects are more likely to be seen in states of elevated RV
pressures, as seen in ventilated patients, particularly with high pos-
itive end-expiratory pressure.

One must also acknowledge the psychological impact of this
pandemic on vulnerable patient groups such as those on LVADs. A
qualitative analysis of eight patients using the interpretative phe-
nomenological analysis (IPA) methodology revealed two main
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themes: ‘worsening of psychological distress’ (reflecting the nega-
tive feelings experienced by the participants during the pandemic
due to their health and social circumstances) and ‘moving forward’
(depicting self-empowerment and coping strategies despite that
helped them deal with the situation). There was one reported case
of attempted suicide by a patient on destination therapy LVAD
[49]. The patient felt trapped in his own house and felt the trouble
of going through the LVAD surgery had not been worth it. It is
essential to consider these aspects while caring for patients on
LVAD during the pandemic.

Outcomes and predictors of mortality
of COVID-19 infection in patients with LVAD

Three observational studies have looked at the outcomes of
COVID-19 infection in patients with LVAD. The mortality rates
ranged from 20 to 33% and were significantly higher than the gen-
eral population. While only two patients died among the 15 case
reports, publication bias must be considered before drawing robust
conclusions. The Trans-CoV-VAD registry, which included data
from nine sites in the United States and included a total of 40
patients with LVAD who developed COVID-19 infection, did not
find a significant difference between the patients who were infect-
ed with COVID-19 and the total population that received LVADs
at the participating sites in the 21 months prior [20].

While the high hospitalization rate of LVAD patients with
COVID-19 could be due to a lower threshold to admit such
patients, there is no denying that they have significantly higher
mortality. This may be due to their comorbidities, complexity, and
therapeutic limitations (such as difficulty in achieving prone ven-
tilation) due to the presence of the LVAD. In the cohort described
by Birati et al., one patient had an episode of suspected pump
thrombosis. Another had reduced LVAD flow and partial outflow
graft obstruction that required stenting.[20] At least three more
case reports have also documented pump thrombosis in LVAD
patients with COVID-19 infection [9,11,14]. It is well established
that COVID-19 is associated with a prothrombotic state due to
upregulation of procoagulants such as factor VIII, P-selectin, and
von Willebrand factor as well as downregulation of anticoagulants
such as endothelial protein C receptor and thrombomodulin [50].
Patients on LVAD have additional risk factors for thrombosis,
above this already elevated baseline, due to contact of blood with
device surfaces.

Pump thrombosis should be considered if the patient has any
of the following - LVAD power elevations, dark or tea-colored
urine, elevated serum LDH, low plasma haptoglobin, elevated
indirect bilirubin, or elevated plasma free hemoglobin [51]. In such
patients, echocardiography (usually with a ramp study) would be
the next step. Although the management of pump thrombosis
would depend on multiple factors, high dose unfractionated
heparin with the possible addition of a direct thrombin inhibitor or
a glycoprotein IIb/Illa inhibitor, thrombolysis with recombinant
TPA, or pump exchange are options that can be considered [52]. In
the case described by Maharaj ef al., pump exchange was not
attempted due to the hypercoagulable state and the risk of throm-
bosing a new device. Although two COVID-19 patients developed
LVAD pump or outflow thrombosis despite having an INR at or
above the therapeutic range, it is not known whether higher inten-
sity anticoagulation with elevated INR targets is needed in critical-
ly ill COVID-19 patients who have an LVAD [6,14]. One should
also remember that drugs given for the treatment of COVID-19,
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such as lopinavir-ritonavir, can interact with warfarin leading to an
elevated INR.

Zakrzewski et al. determined that there was an association
between ICU admission and mortality (unadjusted odds ratio 7.6,
CI: 1.2-48, p=0.03) which was predominantly due to the need for
mechanical ventilation (unadjusted odds ratio 14, CI: 1.3-159,
p=0.03) [19]. Although they also observed that glucocorticoid use
was associated with mortality (unadjusted odds ratio 10, CI: 1.7—
68, p=0.01), this association must be analyzed for the presence of
confounding factors [19].

TABP, the latter still has its place in the management of shock due
to its relative ease of placement [59]. One of the drawbacks of VA
ECMO is the requirement of LV venting to prevent pulmonary
edema and LV thrombosis. Strategies for LV venting include
inotropes, concomitant use of Impella (sometimes called ECPEL-
LA or ECMELLA), direct surgical decompression, IABP, or per-
cutaneous balloon atrial septostomy to open a left-to-right atrial
shunt [60-62]. Because of these inherent complexities, decisions of
MCS device selection in COVID-19 are best taken on a case-by-
case basis by a multidisciplinary team.

Monitoring of LVADs

Monitoring of LVADs is crucial in the pandemic era. As men-
tioned before, increased serum LDH in patients with LVAD is
associated with hemolysis, LVAD thrombosis, and stroke [43-45].
However, serum LDH is often elevated in patients with COVID-19
making the use of this marker less useful. Also, daily interrogation
of LVAD parameters in patients with COVID-19 infection is cru-
cial as abnormal parameters may indicate impending hemodynam-
ic compromise, pump thrombosis, right ventricular failure, vaso-
plegia associated with secondary infection, or innate device mal-
function [12].

Remote monitoring of patients with LVADs has several advan-
tages. It ensures that the patient is not potentially exposed to
COVID-19 infection while visiting the hospital and allows for more
frequent monitoring of LVAD parameters. Remote monitoring
should be done with attention to the following aspects- LVAD con-
troller alarms, blood pressure, pacemaker analysis, coagulation val-
ues, and smartphone-—transmitted findings such as driveline photos
[53]. Implantable devices such as the CardioMEMS HF System
have a proven track record of reducing heart failure admissions by
up to 58% [54]. This device was used by many centers to monitor
their patients during the pandemic. Specialized smartphone applica-
tions with automated data transmission, chatbot technology, and
machine-learning algorithm have also been studied for telemonitor-
ing and may become commonplace in the future.[55] Thermal imag-
ing of driveline exit sites using compatible smartphones is also an
exciting step forward [55]. Indeed, newer LVADs such as the
HeartAssist 5 and aVAD come with built-in remote monitoring
capabilities via the VADLink platform [56].

The utility and outcomes of MCS in severe
COVID-19 infection complicated by refractory
circulatory shock

Several cases of COVID-19 are complicated by circulatory
shock, and MCS is the last treatment modality available to achieve
hemodynamic stability and prevent multiorgan failure. Some cur-
rently available options include IABP, TandemHeart, Impella, VA
ECMO, and LVAD implantation. Most COVID-19 patients in cir-
culatory shock also have respiratory failure making VA ECMO the
MCS device of choice [57]. Moreover, it can provide high flow
rates (>5 1/min), and comparison studies have shown up to 33%
higher 30-day survival in patients in shock treated by VA-ECMO
compared to IABP [58]. Although the evidence of better outcomes
supports the use of VA ECMO, Impella (which can generate inter-
mediate flow rates of 2-4 I/min), and TandemHeart, rather than
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Use of VA ECMO in critically-ill patients with
COVID-19 with shock

While the development of drug therapies has been promising,
cardiac and respiratory support with ECMO 1is one of the few
available rescue therapies for severe ARDS. The Extracorporeal
Life Support Organization (ESLO) guidelines published in 2021
state that venovenous (VV) ECMO may be used in patients with
severe respiratory failure with favorable expected outcomes [63].
These guidelines also state that although the evidence is limited,
venoarterial (VA) ECMO may be used in patients with COVID-
19 and severe cardiac failure [63]. VA ECMO can support
patients for days to weeks as a ‘bridge-to-decision.” Further
course of action may include weaning after the cardiac function
has recovered, long-term MCS, heart transplantation, or with-
drawal of support in the case of futility of care. The ELSO rec-
ommends that the indications for ECMO remain unchanged dur-
ing the pandemic [63]. Therefore, the indications for VA ECMO
would include COVID-19 patients with refractory circulatory
shock evidenced by systolic blood pressure less than 90, urine
output <30 ml/hour, lactate levels higher than 2, SVO, less than
60%, or altered conscious state for 6 hours unresponsive to flu-
ids, inotropes, and, potentially, intra-aortic balloon pump (IABP)
[64]. VA ECMO flow and hemoglobin concentration should be
titrated to ensure systemic oxygen delivery at least three times
oxygen consumption [64].

VA ECMO is contraindicated in patients who are unlikely to
recover and have no indication for a heart transplant or durable left
ventricular (LV) assists device, poor life expectancy (due to end-
stage peripheral-organ diseases, malignant tumor, massive pul-
monary embolisms in cancer patients, chemotherapy-induced
chronic cardiomyopathy), severe aortic valve regurgitation, severe
vascular disease with extensive aortic and peripheral vessel
involvement, acute aortic dissection with extensive aortic branches
involvement, severe and irreversible neurologic impairment,
severe immunologic disease with marked blood and coagulation
disorders and Child-Pugh class B and C liver cirrhosis [64].
Appropriate patient selection is essential before the initiation of
VA ECMO, and risk predictions scores such as the survival after
VA ECMO (SAVE) score, ENCOURAGE score, REMEMBER
score, and CARDShock score may be helpful for risk stratification
and prognostication [65-68]. A multidisciplinary team consisting
of representatives from cardiovascular surgery, cardiology, critical
care, anesthesia, as well as advanced heart failure, and transplant
physicians can further aid in the decision making process. Some of
the complications of VA ECMO include malpositioning of the can-
nula, ischemia of cannulated limb, deep vein thrombosis of
femoral or caval vein, overloading of the left ventricle, differential
oxygenation, lower body hyperoxemia or hypocapnea, device clot-
ting, and hemorrhage [64]. The proinflammatory and prothrombot-

[Monaldi Archives for Chest Disease 2023; 93:2362]



ic state associated with COVID-19 may favor some of these com-
plications [63].

Pre-pandemic data from the ELSO registry indicated that VV
ECMO and VA ECMO had a mortality rate of 40% and 55%,
respectively [69] .However, data on ECMO use, particularly VA
ECMO for COVID-19, is limited. In most cases, VV ECMO was
used rather than VA ECMO making it challenging to draw conclu-
sions regarding the latter’s utility. Data from 177 centers from
Europe and Israel with 1531 patients on ECMO, 5% of who were
on VA ECMO, reported an overall mortality of 44% [70]. The
analysis of the ELSO registry, which included 1093 patients with
ECMO, showed an overall mortality of 37% [71]. However, this
study did not report the outcomes of patients on VA ECMO sepa-
rately. A French retrospective cohort study of 83 patients with
COVID-19 who required ECMO reported a similar overall mortal-
ity of 36% [72]. However, only two patients from this study were
on VA ECMO. More recently, Mariani et al. published a systematic
review of 2774 COVID-19 patients who required extracorporeal
life support, 4.7% of whom were on VA ECMO or Impella [73].
The overall survival was 54.6% in the VV ECMO and 28.1% in the
VA/VVA ECMO group, respectively. This study also reported that
3.1% of patients initially on VV ECMO required a change to MCS
for heart failure, myocarditis, or myocardial infarction.

Preliminary data from the ELSO registries shows that less than
5% of ECMO therapy in COVID-19 patients was in the VA config-
uration [69]. ECMO-assisted cardiopulmonary resuscitation
(ECPR) was also sparingly used. While the rate of conversion from
V-V mode to V-AV or other ECMO configurations was less than
3% based on the ELSO data, it may have been much higher if a
more thorough hemodynamic evaluation had been performed [74].
A precise assessment of cardiovascular hemodynamics using a
Swan-Ganz catheter would have been helpful in this regard. Given
the 20-30% incidence of cardiovascular complications in COVID-
19 infection, and acceptable outcomes as mentioned above, it is
possible that VA ECMO was underused in managing critically ill
COVID-19 patients with shock [74].

MCS devices other than VA ECMO for critically-
ill patients with COVID-19 in shock

We found two case reports of durable LVAD implantation for
patients with severe COVID-19 and shock (Table 3) [29,34].
Rassaf and colleagues successfully managed a patient with severe
COVID-19 ARDS and idiopathic cardiomyopathy by implanting a
Heartmate 3 LVAD as a ‘bridge-to-transplant’ [34]. After the
implantation of a durable LVAD and a temporary percutaneous
RVAD, VA ECMO was successfully weaned. While the prospect of
a total artificial heart (TAH) was initially considered, it was later
discarded as the surgical trauma would have been unequally larger
than LVAD surgery.

While advanced ventilatory maneuvers such as prone ventila-
tion may be difficult in patients on ECMO, it is possible with other
devices such as Impella. In fact, there is one reported case where a
COVID-19 patient with refractory circulatory shock on Impella 5.0
was ventilated in the prone position [33]. The authors reported
good function and no malpositioning of the device with prone ven-
tilation. This may be an important consideration while choosing
circulatory support devices in patients with COVID-19. Moreover,
guidance and positioning of axial LVADs can be achieved with
newer approaches such as intracardiac 3D ultrasound in place of
traditional aerosol-generating procedures such as TEE [75].
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COVID-19 patients can develop right ventricular failure for
multiple reasons such as pulmonary embolism, depressed RV con-
tractility, elevated pulmonary vascular tone, hypercapnia, sepsis,
or excessive positive end-expiratory pressure (PEEP). When med-
ical management in the form of volume resuscitations, right ven-
tricular preload optimization, right ventricular afterload reduction,
and cardiac rhythm optimization fails, right ventricular circulatory
support for such patients can be achieved using the Impella RP
[46]. This device can be deployed rapidly in the cardiac catheteri-
zation laboratory or operating room using a minimally invasive
technique.

A less common approach is to support the patient with VV
ECMO and RVAD. A group of investigators tested this hypothe-
sis by comparing COVID-19 patients with ARDS on VV ECMO
and RV support using a percutaneous RVAD cannula with similar
patients on invasive mechanical ventilation alone [76]. They
designed a randomized control trial to test this hypothesis and
used a TandemLife Protek Duo percutaneous right ventricular
assist device (RVAD). The results of this trial were promising,
with RVAD/ECMO patients demonstrating significantly lower
in-hospital mortality (52.4% versus 11.1%, p=0.008) [76]. This
benefit persisted on a Cox proportional hazard model (HR 0.17,
0.03-0.91) even after adjustment for age, tocilizumab, and conva-
lescent plasma. However, this study could not ascertain the true
benefit of concomitant RV support in COVID-19 ARDS as there
was no objective measurement of RV function in this study. Lee
and colleagues demonstrated a 180-day survival of 85% in lung
transplant candidates bridged with Oxy-RVAD (RVAD with oxy-
genator) and VV ECMO. Extrapolating these findings to
COVID-19 patients, we can presume that the strategy may be
superior to VV ECMO alone. Although there is no strong evi-
dence yet, this may be a promising model to focus further
research on.

Limitations

Our review, although comprehensive, had several limitations.
Most of our data were from case reports and case series, making it
difficult to draw robust conclusions. We acknowledge that our data
may not represent the true incidence of hospitalizations or compli-
cations because of this limitation.

The sample size of the observational studies was small.
Moreover, they did not include granular details such as duration
of therapy, the dose of medications used, INR targets, ventilatory
parameters, various invasive hemodynamic parameters including
cardiac index, cardiac power output, pulmonary artery pulsatility
index etc. Data on VA ECMO, in particular, was scarce as most
of the COVID-19 patients on ECMO used VV ECMO. Also, the
ELSO COVID-19 registry does not stratify patients based on the
type of ECMO used. However, the strength of this review is that
it included studies with patients having COVID-19 in the back-
ground of MCS use from all over the world. We also tried to iden-
tify the predictors of mortality and the most common complica-
tions during treatment. More research focusing on this subset of
patients is necessary to clarify the pathogenesis, improve screen-
ing methods and identify optimal therapeutic strategies.
Considering the high-risk nature of the clinical substrate in this
patient population, it would be challenging to envision an exper-
imental randomized control design for future studies. Until then,
the best data that we have is being collated from the observation-
al studies and anecdotal evidence.
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Conclusions

The use of MCS continues to impact outcomes among patients
with cardiogenic shock even amidst the COVID-19 pandemic.
Most robust data is available for patients on long-term durable
LVADs. Patients on LVADs are a unique set of patients with a mor-
tality rate of 23.6% due to COVID-19 infection. Analysis of the
pooled data showed that the patients were primarily men, and more
than three-fourths required hospitalization. Complications such as
LVAD thrombosis, major bleeding requiring transfusions, and
LVAD driveline site infections were observed, in addition to the
complications seen in other critically ill COVID-19 patients. VA
ECMO was the most common MCS device for managing refracto-
ry shock in COVID-19. Almost half of the patients had no comor-
bidities, and three-fourths had abnormal echocardiography find-
ings at presentation before decompensation. MCS is a viable
option for managing severe COVID-19 infection with shock, with
many reported cases of favorable outcomes.
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