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Abstract
The coronavirus 2019 disease (COVID-19) affected 125 million people worldwide

and caused 2.7 million deaths. Some comorbidities are associated with worse

Correspondence prognosis and left ventricular assist device (LVAD) recipients are probably part of
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this high-risk population. We report a 31-year-old male patient who developed

severe pneumonia and mechanical ventilation (MV) leading to right ventricular
failure (RVF) and inotrope necessity. He experienced multiple complications, but
eventually recovered. We present a systematic review of LVAD recipients and
COVID-19. Among 14 patients, the mean age was 62.7 years, 78.5% were male.
A total of 5 patients (35.7%) required MV and 3 patients (21.4%) died. A total of
2 patients (14.2%) had thromboembolic events. This case and systematic review
suggest LVAD recipients are at particular risk of unfavorable outcomes and they
may be more susceptible to RVF in the setting of COVID-19, particularly during

perioperative period.
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1 | INTRODUCTION 2 | CASE REPORT

The coronavirus 2019 disease (COVID-19) affected 125 million
people worldwide and caused 2.7 million deaths so far.® Some con-
ditions such as diabetes, hypertension, heart failure and coronary
artery disease are associated with worse prognosis.” Left ventricular
assist device (LVAD) recipients are probably part of this high-risk
population since they usually have multiple comorbidities and live in
a functionally immunocompromised state.®

There are few data on LVAD recipients and COVID-19, and most
cases occurred months or years after LVAD implantation.*”** We pre-
sent a case of a patient who presented fever during LVAD implantation
as the first manifestation of COVID-19 who developed critical disease.

A 31-year-old male patient without comorbidities was admitted
due to dyspnea, cough, fever, and hypotension 9 days before
hospitalization. Initial workup revealed bacterial pneumonia
(Figure 1A) on thoracic computed tomography scan (CT scan) and
severe left ventricular dysfunction (ejection fraction 24%) and
moderate right ventricular dysfunction (RVD) on echocardio-
gram. Troponin was negative and brain natriuretic peptide was
elevated. Multiple negative severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) reverse transcription polymerase
chain reaction (RT-PCR) were performed on admission, 2nd, 3rd,
and 4th days of hospitalization. An immunoglobulin M and
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immunoglobulin G SARS-CoV-2 test was also negative after
23 days of symptoms.

On the 2nd hospitalization day, he presented cardiogenic shock
requiring orotracheal intubation, dobutamine and norepinephrine.
On the 8th hospitalization day, he worsened hemodynamics, re-
quiring intra-aortic balloon pump (IABP) and extracorporeal mem-
brane oxygenation (ECMO). The presumed etiology of heart failure
was dilated cardiomyopathy, since endomyocardial biopsy revealed
diffuse hypertrophy and mild fibrosis and cardiac magnetic re-
sonance revealed no late gadolinium enhancement. Coronary eva-
luation was not performed due to absence of fibrosis, negative
troponin and no risk factors for atherosclerosis.

After initial support and antibiotics, the patient was extubated
and ECMO was weaned off after 9 days. However, he persisted
dependent on dobutamine and IABP, and LVAD implantation was
planned as a bridge to transplant. Right heart catheterization re-
vealed no pulmonary hypertension (Table 1).

A Heart Mate 3 was successfully implanted on-pump lately on
83rd day of hospitalization. However, the patient presented fever in
the operating room and for the next 3 days. He was extubated on
2nd postoperative day (POD) and was weaned off vasopressors
without RVD on echocardiogram. He also presented lymphopenia
and C-reactive protein elevation (Table 2). Nasopharyngeal SARS-
CoV-2 RT-PCR returned positive, probably due to nosocomial
transmission before LVAD implantation.

On 5th POD, the patient became hypoxemic requiring high flow
nasal cannula (chest X-ray in Figure 2). He was on intravenous he-
parin since 2nd POD and antibiotics and corticosteroids were pre-
scribed. No other specific treatment, like antiviral therapy, was
performed. Blood and tracheal secretion urine cultures returned
negative. Echocardiogram revealed severe RVD. Hypotension and a
drop on central venous saturation (Table 2) led to milrinone
0.75 mcg/kg/min and dobutamine 20 mcg/kg/min requirement.

On 10th POD endotracheal intubation was required. The patient
experienced severe acute respiratory distress syndrome (ARDS) and
multiple complications: shock requiring vasopressors, secondary
bacterial pneumonia, hemothorax, catheter-related bloodstream in-
fection and pneumothorax due to barotrauma. A CT scan performed

on 34th POD revealed bilateral ground glass opacities, bilateral

FIGURE 1 (A) Thoracic computed
tomography (CT) scan on admission revealing
consolidation on right lung. (B) Thoracic CT scan
on postoperative Day 34 revealing multiple
ground glass opacities, diffuse consolidations and
moderate bilateral pneumothorax

pneumothorax and consolidation (Figure 1B). He had no throm-
boembolic events (TEE).

After 48 days of LVAD implantation, he was free from me-
chanical ventilation (MV) and inotropes. He was discharged from the
intensive care unit after 51 days and from the hospital after 199 days
of hospitalization. After discharge, left ventricular dysfunction per-
sisted but RV function improved. He is now in rehabilitation and in

evaluation for heart transplantation.

3 | DISCUSSION

We present a case of a previously healthy young man who presented
with cardiogenic shock and pneumonia. He required LVAD im-
plantation, and postoperative period was complicated by nosocomial
COVID-19. To the best of our knowledge this is the first case report
of COVID-19 in the immediate postoperative period of LVAD im-
plantation, which was complicated by right ventricular failure (RVF)
in the setting of ARDS.

The new coronavirus could be associated with RVF by multiple
mechanisms. First, the severe form of the disease may cause ARDS,

TABLE 1 Preoperative right heart catheterization
RAP 6 mmHg co 5.1L/min
MPAP 29 mmHg Cl 2.67 L/min/m®
SPAP 34 mmHg PVR 1.37 wood
DPAP 24 mmHg SBP 108 mmHg
CPWP 22 mmHg DBP 72 mmHg
HR 106 MBP 87 mmHg

Note: Patient in use of dobutamine 6.8 mcg/kg/min and nitroprusside
0.93 mcg/kg/min.

Abbreviations: Cl, cardiac index; CO, cardiac output; CPWP, capillary
pulmonary wedge pressure; DBP, diastolic blood pressure;

DPAP, diastolic pulmonary artery pressure; HR, heart rate;

MBP, mean blood pressure; MPAP, mean pulmonary artery pressure;
PVR, pulmonary vascular resistance; RAP, right atrial pressure;

SBP, systolic blood pressure; SPAP, systolic pulmonary artery pressure.
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TABLE 2
implantation

Laboratory tests after LVAD e (e

Hemoglobin, g/L

Leukocytes, x10°
per mm®

Lymphocytes, x10°
per mm®

Platelets, x10°
per mm?®

Creatinine, mg/dl
BUN, mg/dL
Troponin |—hs, ng/dl
LDH, U/L

C-reactive protein,

mg/L
D-dimer, ng/ml
Ferritin, ng/ml

Central venous
saturation, %

Lactate, mg/dl
BNP, pg/ml
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RV POD1 POD2 POD3 POD4 POD5 PODé6 POD?7
12-15 11.8 8.6 7.8 7.5 7.5 8.1 8.1
3.5-10.5 15620 16050 15390 14920 12610 10940 11250
0.9-2.9 781 1284 1231 1190 1135 875 563
150-450 122 89 116 132 180 210 200
0.55-1.02 243 1.72 1.42 11 10 1.0 1.05
7-18.2 30.3 28.4 31.7 22.9 18.6 19.6 20.5
<58 15528 12200 6366 - 1965 1794 1354
85-227 347 430 411 386 441 617 566
<5.0 - 190 245 179 113 83.4 59
<500 = 452 471 1386 - 6630 6869
22-322 - - - 847 939 1639 1427
65-75 66.8 59.1 50.9 61.2 28.1 534 61.8
4-14 28 10 9 11 33 12 10
<100 = = 266 347 443 503 316

Abbreviations: BNP, brain natriuretic peptide; BUN, blood urea nitrogen; LDH, lactate dehydrogenase;
LVAD, left ventricular assist device; POD, postoperative day; RV, reference value.
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FIGURE 2 Chest radiography on postoperative Day 5 revealing
multiple bilateral opacities

which in 10%-25% of cases may lead to RVF.'? The pathophysiology
is multifactorial: hypoxia, vascular alterations, MV and hypercapnia
may lead to pulmonary hypertension and RVF.'? Second, the new
coronavirus also contributes to pulmonary hypertension and RVF
causing microthrombi in pulmonary vasculature due to a pro-
thrombotic state.’® Finally, the virus can also cause direct cardio-
vascular conditions such as arrhythmias, acute coronary syndrome
and acute myocardial injury, worsening biventricular function and

leading to higher mortality.'*

Right ventricular failure can be a consequence of LVAD im-
plantation in 4%-50% of cases.'®> However, our patient did not
present clinical or echocardiographic signs of RVF until he required
noninvasive MV. Therefore, COVID-19 probably had a main con-
tribution to RVF in this case.

A systematic review was performed searching PubMed and
MEDLINE and using the keywords “LVAD” and “COVID-19”" for
comparison with this case. The selection criteria were case reports or
case series of LVAD recipients and positive SARS-CoV-2 RT-PCR.
Prespecified demographic and prognostic data was collected. A total
of 157 publications were found, and 8 publications met the selection
criteria.

A total of 14 patients are described (Table 3). The mean age was
62.7 years and 78.5% were male. The time since LVAD implant
varied from 0.03 months to 6.8 years, and none of them happened in
the immediate postoperative period. A total of 6 patients (42.8%)
had mild symptoms, and three were followed as outpatients. As ex-
pected, LVAD patients with COVID-19 had higher mortality than
general population. Data from China shows a mortality rate of 2.3%,”
while in this systematic review LVAD recipients had a fatality rate of
21.4%, probably because they have multiple comorbidities and live in
a functionally immunocompromised state.® In contrast, our patient
recovered despite multiple complications, probably because of young
age and lack of other comorbidities.
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Tipe Time Mechanical
Reference Age Sex of LVAD post-LVAD ventilation
(4) 70 M HM3 4 years Yes
(5) 76 M HMII 5.4 years Yes
(5) 74 M HVAD 6.8 years No
(5) 79 M HM3 10.8 months No
(5) 30 F HM3 0.03 months Yes
(5) 74 M HMII 5.9 years No
(5) 75 F HM3 12 months No
(6) 61 M HM3 2 months No
(6) 72 M Jarvik 2000 4 years No
(7) 55 M HVAD 4 years No
(8) 44 M HM3 1 year Yes
(9) 48 F HMII - No
(10) 66 M HMII - Yes
(11) 54 M HM3 2 years No

TABLE 3 Characteristics of LVAD
recipients and COVID-19

Death TEE RVF
Yes No No
Yes No No
No No No
No No No
Yes Yes No
No No No
No No No
No No Yes
No No No
No No No
No Yes No
No No No
No No No
No No No

Abbreviations: COVID-19, coronavirus 2019 disease; HMII, heartmate |l; HVAD, HeartWare;
LVAD, left ventricular assist device; RVF, right ventricular failure; TEE, thromboembolic events.

MV was required in 35.7% of patients, while in general popula-
tion only 14% present pneumonia and 5% require MV.? Despite
frequent need for MV in LVAD patients and the concern about RVF
in this population, in this systematic review only one patient pre-
sented RVF requiring inotropes.®

The new coronavirus is also associated with high throm-
boembolic rates, and studies reported thromboembolism in-
cidence of 25% in critical patients.®® LVAD recipients in parallel
are in intrinsic risk of pump thrombosis. This may raise a concern
about TEE in this population. However, chronic anticoagulation
may play a protective role since so far only 14.2% had TEE while
infected.”®

This study has limitations. All publications are case reports or
case series. There is clinical heterogeneity between patients re-
garding age, type of LVAD and time since LVAD implantation. Mild
cases of COVID-19 might be underrepresented. Despite these
limitations, this is the first systematic review of LVAD and
COVID-19. Also, the present case report illustrates the vulner-
ability of LVAD recipients regarding RVF in the perioperative
setting. More study is needed to better understand COVID-19 in
LVAD recipients.
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