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BACKGROUND: The coronavirus disease 2019 (COVID-19) pandemic continues to afflict millions of people worldwide. Patients 
with end-stage heart failure and left ventricular assist devices (LVADs) may be at risk for severe COVID-19 given a high 
prevalence of complex comorbidities and functional impaired immunity. The objective of this study is to describe the clinical 
characteristics and outcomes of COVID-19 in patients with end-stage heart failure and durable LVADs.

METHODS: The Trans-CoV-VAD registry is a multi-center registry of LVAD and cardiac transplant patients in the United 
States with confirmed COVID-19. Patient characteristics, exposure history, presentation, laboratory data, course, and clinical 
outcomes were collected by participating institutions and reviewed by a central data repository. This report represents the 
participation of the first 9 centers to report LVAD data into the registry.

RESULTS: A total of 40 patients were included in this cohort. The median age was 56 years (interquartile range, 46–68), 14 
(35%) were women, and 21 (52%) were Black. Among the most common presenting symptoms were cough (41%), fever, 
and fatigue (both 38%). A total of 18% were asymptomatic at diagnosis. Only 43% of the patients reported either subjective 
or measured fever during the entire course of illness. Over half (60%) required hospitalization, and 8 patients (20%) died, 
often after lengthy hospitalizations.

CONCLUSIONS: We present the largest case series of LVAD patients with COVID-19 to date. Understanding these characteristics 
is essential in an effort to improve the outcome of this complex patient population.
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Coronavirus disease 2019 (COVID-19), caused by 
the novel coronavirus known as severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), was 

officially recognized by the World Health Organization as 
a pandemic in March 2020.1 It has now afflicted >30 
millions of people worldwide, with >940 000 confirmed 

deaths to date.2 Elderly patients and those with comor-
bidities have a higher risk of severe disease and mortality, 
although the severity of the disease is also determined 
by the immunologic response of the host.3,4

Mechanical circulatory assist devices have emerged 
as an important therapeutic option for patients with 
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end-stage heart failure,5 with >25 000 patients hav-
ing undergone implantation of a durable left ventricu-
lar assist device (LVAD) in the United States alone.6 
Patients with end-stage heart failure may be at risk for 
severe COVID-19 given a high prevalence of complex 
comorbidities such as hypertension, diabetes, coronary 
artery disease, and older age.3,7 Moreover, LVAD patients 
have functionally impaired immunity and may be prone 
to infection or infectious complications, for reasons that 
remain unclear.8

To date, 2 single-patient case reports have described 
complex clinical courses of COVID-19 in LVAD 
patients.9,10 While there have been several recent descrip-
tions of the mortality rate and risk factors for COVID-19 

in larger case series, none have included patients with 
durable LVADs. In this report, we describe the clinical 
characteristics, course, and outcomes of COVID-19 in 
a larger multi-center case series of patients on LVAD 
support.

METHODS
The Trans-CoV-VAD registry is a multi-center registry of LVAD 
and heart transplant patients with confirmed SARS-CoV-2 
infection. Twelve advanced heart failure programs in the 
United States participated in this registry. Of these, the first 
9 sites with complete data for LVAD patients participated in 
this case series: The University of Pennsylvania (Philadelphia, 
PA), Ascension St. Vincent Heart Center (Indianapolis, IN), 
the Cleveland Clinic (OH), the Medical University of South 
Carolina (Charleston, SC), MedStar Washington Hospital 
Center (Washington, DC), Mount Sinai Hospital (New York 
City, NY), Northwestern University (Chicago, IL), the University 
of Michigan (Ann Arbor, MI), and the University of Rochester 
(NY). Each site obtained approval from the local Institutional 
Review Board. Specific informed consent was waived due 
to the determination of minimal risk to included patients. 
Because of the sensitive nature of the data collected for this 
study, requests to access the data set and analysis code for 
reasons of reproducibility and data integrity made by qualified 
researchers trained in human subject confidentiality may be 
sent to the corresponding author.

Patients and Data Collection
We included all patients aged 18 years or older currently 
on durable LVAD support cared for by participating insti-
tutions who were diagnosed with SARS-CoV-2 infection. 
Patients were primarily diagnosed with reverse transcription-
polymerase chain reaction (rt-PCR) assays after specimen 
collection via respiratory swab. In 2 cases, patients were 
diagnosed retrospectively with a SARS-CoV-2 antibody 
assay. As we were unable to properly attribute symptoms 
and details of presentation such as vital signs and laboratory 
results of these 2 patients, we did not include such details in 
this report. However, since both patients were diagnosed and 
remained in the ambulatory setting, we considered them in 
our accounting of the hospitalization and mortality rates. We 
also included these patients in our report of the demograph-
ics, baseline characteristics, and medical histories of patients 
described in this case series.

Clinical characteristics, need for admission, hospital course, 
laboratory results, treatment strategies, and outcomes were 
retrospectively extracted from the electronic medical records 
by each participant site. Anonymized data were reported to 
the central registry managed by the University of Pennsylvania 
Cardiovascular Clinical Research Unit.

We recorded laboratory values, when available, on the day 
of presentation and on day 3 after presentation. We allowed 
for a 24-hour grace period on both occasions to account for 
variability in when laboratory studies were sent and resulted. 
For laboratory values and vital signs, we defined the day of pre-
sentation as the day that the patient presented for evaluation 
of COVID-19-like symptoms. For purposes of survival analysis, 

Nonstandard Abbreviations and Acronyms

COVID-19	 coronavirus disease 2019
LVAD	 left ventricular assist device
rt-PCR	� reverse transcription-polymerase 

chain reaction
SARS-CoV-2	� severe acute respiratory syndrome 

coronavirus 2

WHAT IS NEW?
•	 Coronavirus disease 2019 (COVID-19) is known 

to be associated with a high risk of mortality or 
complication in certain high-risk populations, such 
as older individuals and those with preexisting 
comorbidities.

•	 The course and outcome of COVID-19 in patients 
with end-stage heart failure who are supported by 
durable left ventricular support devices was previ-
ously unknown.

•	 We describe a cohort of 40 patients with left 
ventricular support devices who were afflicted by 
COVID-19. The hospitalization and mortality rates 
were substantial at 60% and 20%, respectively.

WHAT ARE THE CLINICAL IMPLICATIONS?
•	 Patients with left ventricular support devices rep-

resent a particularly high-risk subgroup with high 
resource utilization and poor outcomes following 
COVID-19.

•	 A minority of patients presented with fever dur-
ing the course of illness. Other classic COVID-19 
symptoms were not universal, suggesting a varied 
initial presentation which requires a high index of 
suspicion.

•	 Although we observed no cases of venous throm-
boembolism, 1 patient had a suspected left ventric-
ular support device thrombosis.

•	 Among patients with available laboratory results, 
lymphopenia and elevated inflammatory markers 
were common.



Birati et al� COVID-19 Infection in LVAD Patients

Circ Heart Fail. 2021;14:e007957. DOI: 10.1161/CIRCHEARTFAILURE.120.007957� April 2021 461

we defined the start of the illness to be the start of symptoms 
(or the date of testing for asymptomatic patients). Note was 
made of patients with unresolved clinical courses at the time of 
preparation of this report in September, 2020.

Statistical Analysis
Continuous data are presented as medians with interquartile 
ranges, categorical data were expressed as n (%). Mortality 
was examined using a Kaplan-Meier survival analysis. To cre-
ate a clinically useful analysis, patients who completed recov-
ery from COVID-19, are asymptomatic, and are no longer 
receiving acute care related to the COVID-19 episode at the 
time of writing were projected to be alive through the follow-
up time of the longest followed patient who died. Using this 
method, a total of 23 patients had at least 1 day imputed alive 
beyond their last known follow-up, averaging 45 days per 
imputed patient. Analyses were performed and figures created 
using R version 3.6.0 (R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS
A total of 40 patients were included in this cohort. 
Five (12%) patients were supported by a HeartMate 2 
(Abbott, Chicago, IL), 9 (22%) by a HeartWare HVAD 
(Medtronic, Minneapolis, MN), and 26 (65%) by a Heart-
Mate 3 (Abbott) device. Inclusion by participating center 
is presented in Table I in the Data Supplement. Descrip-
tive characteristics of patients and medical histories are 
shown in Table 1. The median age was 56 years (inter-
quartile range, 46–68), 14 (37%) were women, and 21 
(53%) were Black. Ischemic cardiomyopathy was present 
in 9 patients (24%). The median time from LVAD implan-
tation to COVID-19 diagnosis was 16 months (interquar-
tile range, 7–37 months). The median body mass index 
of 28.3 kg/m2 was notably above the normal range. No 
patients were on dialysis at baseline.

We compared the sex and race characteristics of the 
observed COVID-19 cases against the recent LVAD 
implantation activity at participating sites. As summarized 
in Table II in the Data Supplement, there were not sig-
nificant differences in the racial or gender breakdown 
of COVID-19 cases compared with the total population 
receiving LVADs in the last 21 months at participating 
sites (N=955 patients).

Exposure History and Clinical Presentation
Exposure history, presenting symptoms, and vital signs 
are shown in Tables  2 and 3. The majority of patients 
did not report a history of travel to an endemic area, and 
most patients did not have contact with a known or sus-
pected positive case. Two cases were diagnosed in inpa-
tients over 14 days after hospital admission and likely 
represent health care-acquired infections. The most 
common presenting symptom was cough (endorsed by 

41% of patients), followed by fever and fatigue (both 
endorsed by 38%). Notably, a minority (43%) of patients 
had a self-reported or measured fever during the course 
of illness. Additionally, only 7 of 27 patients (26%) had a 
fever (≥38 °C) measured at presentation (11 patients did 
not have a temperature available at presentation). Other 
common COVID-19 symptoms included dyspnea (35%) 
and gastrointestinal symptoms (24%). Most patients 
(68%) had 2 or more symptoms at presentation. Only 
8% reported dysgeusia or anosmia at presentation; dur-
ing the course of illness, an additional 2 patients devel-
oped anosmia for a total symptom prevalence of 14%. 
Interestingly, 7 patients (18%) were asymptomatic at 
the time of testing. Of these, 1 patient subsequently 
developed symptoms. The other 6 remained asymptom-
atic for at least 2 weeks of follow-up post rt-PCR result. 
One patient presented with abdominal pain and fatigue 
with reduced LVAD flows and was found to have partial 
occlusion of the outflow graft which required percutane-
ous stenting. This patient remained afebrile and without 
respiratory symptoms despite positive SARS-CoV-2 rt-
PCR test.

Laboratory Results
A total of 34 patients had partial or complete laboratory 
data available, as shown in Figure 1. At time of presen-
tation, 13% of patients had leukocytosis (≥10.0×109 
cells/L) and 17% had leukopenia (<4.0×109 cells/L). 
At both presentation and on day 3, lymphopenia 
(<1.0×109 cells/L) was common, occurring in 67% and 
71% of patients, respectively. Mild elevations in ala-
nine aminotransferase and aspartate aminotransferase 
to 1 to 3× upper limit of normal were seen in several 
patients; however, 6 patients had elevations of either 
>3× upper limit of normal (all were hospitalized; 3 of 
these patients died). Of note, of the patients with the 6 
highest presenting total bilirubin values (range, 1.3–3.2 
µmol/L), 5 had died and 1 remains hospitalized. Ferritin 
was >400 ng/mL in 44% of cases, however, was only 
available in 18 patients. Lactate dehydrogenase was 
greater than the laboratory upper limit of normal in 78% 
and >2× upper limit of normal in 30% of patients with 
laboratory results available. For reference, 8 of the 9 
participating sites used similarly scaled assays with an 
upper limit of normal of ≈220 U/L; the mean lactate 
dehydrogenase level 24 months postimplant was 252 
U/L in the HeartMate 3 and 344 U/L in the HeartMate 
II in the largest comparator trial of the 2 devices.11 The 
18 patients with a C-reactive protein value available 
had an exceptionally high median of 60.0 mg/dL (case 
range, 1.01–327 mg/dL; typical reference range, ≤0.80 
mg/dL). Supratherapeutic international normalized ratio 
was common on presentation with 46% having an inter-
national normalized ratio >3.0 on presentation. By day 
3, 37% remained supratherapeutic.
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Course of COVID-19 and Outcomes
Eight patients were placed on supplemental oxygen at 
the time of initial presentation, and 6 patients required 
mechanical ventilation during their hospital course (2 
patients who required mechanical ventilation did not 
require supplemental oxygen at presentation). Three 
patients developed serious secondary infections: one with 
acalculous cholecystitis, bacteremia, and fungemia; one 
with bacteremia from an unclear source; and one with 
gram-negative pulmonary superinfection. Two of these 
patients died; the other was critically ill but recovered.

Most patients (26/40, 60%) were managed inpatient. 
Ten (25%) developed critical illness (defined as a need 
for mechanical ventilation, vasopressors, or initiation of 
renal replacement therapy) and 8 (20%) died. Detailed 
clinical characteristics and outcomes are shown in Fig-
ure 2. Overall mortality is shown in Figure 3. No patients 
had venous thromboembolism complicating their illness. 
One patient had a suspected LVAD thrombosis that 

was medically managed. Deaths occurred a median of 
22 days (range, 8–122) after admission. Deaths were 
attributable to shock with multisystem organ failure (4), 
hypoxemic respiratory failure (3), and hemorrhagic stroke 
(1). At the time of preparation of article submission in 
September 2020, 5 patients (12%) had unresolved clini-
cal courses and had ongoing symptoms at home (2) or 
remained hospitalized (3).

Disease-Specific Therapy
Few patients received therapies intended to be spe-
cific to SARS-CoV-2 at the time. Among the hospital-
ized patients, aside from supplemental oxygen, the most 
common therapies were hydroxychloroquine (6 patients), 
convalescent plasma (3), tocilizumab (2), remdesivir (1), 
lopinavir-ritonavir (1), and dexamethasone (1). In addi-
tion, 6 patients received at least moderate dose (20 mg 
prednisone equivalents/d) of a nondexamethasone ste-
roid for at least 1 day of their hospital course.

Table 1.  Patient Characteristics by Management Location (Ambulatory vs Inpatient)

 Ambulatory (N=14) Hospitalized (N=26) Total (N=40)

Age, y (IQR) 47 (38–65) 57 (50–68) 56 (46–68)

Female, n (%) 8/14 (57) 6/26 (23) 14/40 (35)

Race, n (%)

  White 5/14 (36) 14/26 (54) 19/40 (48)

  Black 9/14 (64) 12/26 (46) 21/40 (52)

Body mass index, kg/m2 (IQR) 29.0 (24.7–38.0) 28.6 (25.1–34.6) 28.6 (25.0–37.3)

Time since implant, mo (IQR) 16 (7–29) 16 (9–39) 16 (8–38)

Ischemic cardiomyopathy, n (%) * * 9/40 (22)

Hypertension, n (%) 9/14 (64) 20/26 (77) 29/40 (72)

Diabetes, n (%) 6/14 (43) 12/26 (46) 18/40 (45)

History of stroke (preimplant), n (%) * * 10/40 (25)

Chronic obstructive pulmonary disease, n (%) * * ≤3/40*

History of atrial fibrillation, n (%) 4/14 (29) 11/26 (42) 15/40 (38)

Obstructive sleep apnea, n (%) * * 10/40 (25)

History of smoking, n (%) 4/14 (29) 16/26 (62) 20/40 (50)

Postimplant history, n (%)

  Postimplant stroke * * 6/40 (15)

  Major gastrointestinal bleeding * * 12/40 (30)

  Right ventricular failure 4/14 (29) 10/26 (38) 14/40 (35)

Medical therapy, n (%)

  Renin angiotensin system inhibitors 6/14 (43) 16/26 (62) 22/40 (55)

  β-blockers 6/14 (43) 13/26 (50) 19/40 (48)

  Mineralocorticoid receptor antagonist 9/14 (64) 12/26 (46) 21/40 (52)

  Aspirin 12/14 (86) 16/26 (62) 28/40 (70)

  Oral anticoagulation 14/14 (100) 25/26 (96) 39/40 (98)

  Phosphodiesterase type 5 inhibitor * * ≤3/40*

  Statin 6/14 (43) 14/26 (54) 20/40 (50)

Figures shown are median (IQR) or n/total (%). Right ventricular failure is defined as symptomatic heart failure due to right 
ventricular dysfunction requiring treatment or intervention. IQR indicates interquartile range.

*Specific values suppressed due to low numbers.
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DISCUSSION
This multi-center study represents the largest published 
case series of patients with SARS-CoV-2 infection on 
durable LVAD support. The current literature describing 
the course of COVID-19 in LVAD patients is limited to 2 
single case reports.9,10

Morbidity and Mortality of COVID-19
Overall, the case fatality rate was high in our study with 
a lower bound of 20%. We describe 8 fatalities in 40 
patients, occurring as soon as 11 days after first symp-
tom (8 days after hospital admission) but often occurring 
after a lengthy hospitalization. At the time of this article 
submission, 3 more patients remain in the hospital. The 
overall hospitalization rate was high at 60%. The high 
mortality and hospitalization rates may be explained by 
the complexity and medical comorbidities of this patient 

population. It is possible that the high hospitalization 
rate might be attributable to a low threshold to admit an 
LVAD patient compared with a non-LVAD patient. How-
ever, given the overall in-hospital mortality of 31%, a 
low admission threshold would not be inappropriate. We 
note that the outcomes among these LVAD patients are 
similar to outcomes seen among very elderly adults with 
COVID-19. An early report found that for patients aged 
≥85 years, the hospitalization rate was 31% to 70%, 
and the mortality rate was 10% to 27%.12 However, this 
report summarized cases diagnosed in the early phase 
of the US epidemic (February and March 2020), when 
testing was more limited and many mild cases were likely 
undiagnosed. Data updated through May 2020 indicate 
that our mortality rate is comparable to those aged 70 to 
79 years. Our hospitalization rate is similar to the 62% 
reported for patients in the oldest age group (≥80) with 
medical comorbidities in that report.13

Symptomatology
Almost 1-in-5 cases in this cohort were discovered 
through screening and were asymptomatic at the time 
of diagnosis. This is at the higher end of the 8% to 20% 
typical reported prevalence of asymptomatic individu-
als among patients who are tested via rt-PCR.14,15 This 
would require a larger sample to confirm; however, we 
hypothesize that a higher rate of asymptomatic diagnosis 
might be seen in LVAD patients due to (1) the high rate 
of medical resource utilization among LVAD patients16 
and (2) increasing uptake of routine COVID-19 screen-
ing for patients accessing cardiac care.17 Our quoted rate 
of patients who were asymptomatic at the time of testing 
(7/38) includes only patients diagnosed via rt-PCR thus 
are unlikely to include false-positive test results.

Interestingly, only 38% of patients in this case series 
had a fever (objective or subjective) by the time of diag-
nosis, and only 43% developed a fever during the course 
of illness. Of symptomatic patients in our series, 45% had 
a fever reported by time of presentation, compared with 

Table 2.  Presentation of COVID-19

 
Ambulato-
ry (N=12)

Hospi-
talized 
(N=26)

Total 
(N=38)

Contact with known COVID-19 case

  Confirmed 5/12 (42) 5/26 (19) 10/38 (26)

  Probable 1/12 (8) 4/26 (15) 5/38 (13)

  None 6/12 (50) 16/26 (62) 22/38 (58)

  Unknown 0/12 (0) 1/26 (4) 1/38 (3)

Vital signs on presentation

  Mean blood pressure, mm Hg

    <70 0/2 (0) 5/22 (23) 5/24 (21)

    70–89 0/2 (0) 7/22 (32) 7/24 (29)

    ≥90 2/2 (100) 10/22 (45) 12/24 (50)

  Respiratory rate, min−1

    12–19 2/2 (100) 14/22 (64) 16/24 (67)

    ≥20 0/2 (0) 8/22 (36) 8/24 (33)

  Oxyhemoglobin saturation, %

    <90 0/4 (0) 3/23 (13) 3/27 (11)

    90–94 0/4 (0) 5/23 (22) 5/27 (19)

    ≥95% 4/4 (100) 15/23 (65) 19/27 (70)

  O2 delivery device

    Room air 4/4 (100) 12/20 (60) 16/24 (67)

    1–3 L/min nasal cannula 0/4 (0) 5/20 (25) 5/24 (21)

    4–6 L/min nasal cannula 0/4 (0) 1/20 (5) 1/24 (4)

    Positive airway pressure 0/4 (0) 2/20 (10) 2/24 (8)

  Temperature

    <36 °C (<96.8°F) 0/2 (0) 0/25 (0) 0/27 (0)

    36–37.9 °C (96.8–100.3°F) 2/2 (100) 18/25 (72) 20/27 (74)

    ≥38 °C (≥100.4°F) 0/2 (0) 7/25 (28) 7/27 (26)

Not all values could be obtained on all patients. Two patients diagnosed ret-
rospectively via antibody testing and managed in the ambulatory setting are not 
included in this table due to inability to properly time and attribute symptoms. 
COVID-19 indicates coronavirus disease 2019.

Table 3.  Symptoms of COVID-19 in Patients With LVADs

 
At/before  
presentation At any time

Any symptom 31/38 (79) 32/38 (84)

Fever (reported or measured) 14/37 (38) 16/37 (43)

Cough 15/37 (41) 17/37 (46)

Shortness of breath 13/37 (35) 15/37 (41)

Fatigue 14/37 (38) 15/37 (41)

Change in taste or smell ≤3/37* 5/37 (14)

Nausea, vomiting, or diarrhea 9/37 (24) 10/37 (27)

Symptoms may be patient-reported or directly observed. One patient in the 
cohort was hospitalized at an outside institution and full symptomatology was not 
available. Two patients were diagnosed retrospectively via antibody testing and 
were not included.

*Specific value suppressed due to low numbers.
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Figure 1. Laboratory values at presentation and day 3. 
Selected laboratory values for patients in series. Each circle represents one patient. Color represents severity of illness: red denotes died; 
orange, critical illness; blue, hospitalized without critical illness; and gray, ambulatory.



Birati et al� COVID-19 Infection in LVAD Patients

Circ Heart Fail. 2021;14:e007957. DOI: 10.1161/CIRCHEARTFAILURE.120.007957� April 2021 465

57% of a general population. Additionally, 9% reported 
anosmia or dysgeusia, less than the 56% percent in the 
general COVID-19 afflicted population.15 Admittedly, 
the design of this case series did not permit structured 

interviews to comprehensively assess symptoms and 
relied on retrospective evaluation of contemporaneous 
medical documentation, possibly resulting in underre-
porting of certain symptoms.

Inflammatory Response and Thrombotic 
Complications
Previous case series of hospitalized patients with 
COVID-19 have found initial laboratory results consis-
tent with a viral syndrome with elevated acute-phase 
reactants.18,19 Lymphopenia with normal white blood cell 
count is common, as are elevations in aminotransferases, 
lactate dehydrogenase, ferritin, and C-reactive protein. In 
our cohort, lymphopenia (<1.0×109 cells/L) was pres-
ent at either day 1 or 3 in 16/20 (80%) of patients with 
available data. Based on our results, it also appears that 
similar patterns of acute-phase reactant and inflamma-
tory marker elevation are evident between LVAD and 
non-LVAD patients. Bilirubin may be a particularly impor-
tant early marker of severe disease given our observed 
mortality among the patients with highest initial values; 
however, more data are necessary.

High rates of thrombotic and thromboembolic events 
have been described in patients with COVID-19.20 We 
observed no venous thromboembolic events, but one 
patient had an episode of suspected pump thrombosis. 
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Figure 2. Course of coronavirus disease 2019 (COVID-19) in 
patients with durable left ventricular assist device (LVAD).
Findings of fever, cough, and hypoxia are considered present when 
apparent at any point during the patient’s illness course. *Patient 
remains symptomatic or is undergoing continued acute care at the 
time of writing.

+++
+

+
++

0.00

0.25

0.50

0.75

1.00

0 30 60 90 120

Follow−up, days

S
ur

vi
va

l

40 30 28 28 28

Number at risk

Figure 3. Survival of coronavirus disease 2019 (COVID-19) in 
patients with durable left ventricular assist devices.
Survival of the entire cohort from time of first symptom of COVID-19. 
Patients who completed full recovery from COVID-19 are projected 
to be alive through 128 days from first symptom (the time of death of 
the patient with the longest time to death). Patients are censored if 
they are still symptomatic or have acute clinical care ongoing at the 
time of writing.
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Additionally, one patient was found to have reduced 
LVAD flow and a partial outflow graft obstruction that 
required percutaneous stenting after being diagnosed 
with SARS-CoV-2 infection. It is not clear that the 
obstruction was thrombotic in nature, but this is a pos-
sibility. At the time of submission of this article, to the 
knowledge of the co-authors, no patients were felt to 
have a confirmed or likely device thrombosis other than 
the 2 cases currently described in the text. Our opin-
ion is that the elevated lactate dehydrogenase values 
reported here are likely in the setting of systemic inflam-
mation or perhaps endothelial injury due to COVID-19,21 
rather than a device-related thrombosis.

Clinical Context
Our experience with COVID-19 in LVAD patients reflects 
the realities of the early phase of the ongoing epidemic 
in the United States. The patients included in this case 
series largely presented before July 2020 and were 
treated according to practice patterns in use at the time. 
Specifically, the low use of remdesivir and steroids in 
our cohort underscores the fact that most patients were 
treated before the public release of large-scale random-
ized studies of those therapies demonstrating efficacy 
in shortening duration of illness and reducing mortality, 
respectively.22,23 Underscoring this point, most of patient 
who received steroids in this study received intravenous 
hydrocortisone or methylprednisolone in the setting of 
septic shock, not for COVID-19 specifically.

Finally, many patients in our case series required 
prolonged hospitalizations. Among the 15 patients hos-
pitalized for COVID-19 who were discharged alive, the 
mean length of stay was 14 days. The length of stay 
was 29 days on average for the 8 patients who died. 
An additional 3 patients remaining hospitalized. While the 
geography of the epidemic and the accepted therapeu-
tics may change, it is likely that LVAD patients afflicted 
with COVID-19 will continue to require high degrees of 
health care utilization relative to the general population.

Limitations
Limitations of our study include the retrospective nature 
of this case series and the inability to systematically col-
lect laboratories nor conduct structured interviews look-
ing for symptoms or case features. Some laboratory 
results and vital signs may have been missed if collected 
outside of the major center’s hospital system. Additionally, 
5 patients have unresolved clinical courses that do not 
allow for more conclusive mortality or hospitalization rate 
estimates. The multi-center approach of this collabora-
tion may also be susceptible to disparate data collecting 
and reporting practices. However, the variables collected 
were defined in advance of data collection, with input 
and consent from the entire group to minimize variation. 

Finally, mild or asymptomatic cases of COVID-19 might 
go undiagnosed, as in the general population. We note 
that all sites had similar screening practices (testing all 
patients before invasive procedures and testing almost all 
patients in the emergency department or before admis-
sion). Use of antibody testing to diagnose retrospective 
disease was exceedingly rare across all sites. We specu-
late that LVAD patients, being highly engaged with the 
nurse coordinators and physicians on the LVAD team, 
may have easier access to resources such as outpatient 
testing compared with the general population. Indeed, we 
observed slightly more asymptomatic cases than might 
be expected compared with the general population, as 
previously discussed. In this context, our observed hospi-
talization and mortality rates would be even more striking.

Conclusions
We present the largest case series of LVAD patients 
with COVID-19. The rates of mortality and hospitaliza-
tion are relatively high in this patient population, likely 
as a result of their medical complexity and high rate of 
comorbidities. Further understanding of these charac-
teristics is essential to improve outcomes in this com-
plex patient population.
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