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Abstract

Coronavirus (COVID-19) infection exposes patients with heart failure to a higher risk of morbidity and mortality. In LVAD
patients, one of the key problems that can lead to life-threatening low-flow or pump malfunction due to thrombus development
in the inflow cannula, device body, or outflow graft, implicating hemodynamic instability, hemolysis, renal or hepatic failure,
or cerebral or peripheral thromboembolism. [Endothelial protein C receptor and thrombomodulin levels are elevated along
with procoagulants such as factor VIII, P-selectin, and von Willebrand factor and downregulated along with thrombomodulin
as a result of the cytokine storm released by endothelial and immune cells. In general ,|(#ref-0013) LVAD thrombosis has
been found to occur in 2-13% of adult patients who use current continuous-flow devices. However, LVAD thrombosis due to
COVID-19 is underreported and a few cases presented. We present a case of accelerated LVAD outflow thrombosis in the setting
of COVID-19 infection with multiorgan failure.

Introduction

Coronavirus (COVID-19) infection exposes patients with heart failure to a higher risk of morbidity and
mortality.[1] Asymptomatic or mildly symptomatic COVID-19 respiratory virus infections can include fever,
coughing, tiredness, dyspnea, diarrhea, headaches, and myalgia. Respiratory rate >30 bpm, arterial oxygen
saturation less than 93% at rest, development of acute respiratory distress syndrome, septic shock, metabolic
acidosis, and coagulopathy, including disseminated intravascular coagulation, are characteristics of severe
cases. [2] In addition, patients infected with the COVID-19 virus have an increased risk of developing both
venous and arterial thrombosis [3-6]

Thrombocytopenia and an increase in D-dimer are the hemostatic changes caused by COVID-19 that are
most frequently observed, and they are linked to a greater need for mechanical ventilation, admission to
intensive care, and death. It has been noticed that patients who are older and have comorbid conditions
are more likely to have a high mortality rate, [7] which is believed to be greatly influenced by blood vessel
dysfunction and clot formation, as indicated by elevated D-dimer levels brought on by blood clots.[8] Despite
the that VAD thrombosis is a common complication, LVAD thrombosis due to COVID -19 is underreported
and few cases are presented in the literature. Here we present a case of accelerated LVAD outflow thrombosis
in the setting of COVID-19 infection with multiorgan failure.

Case report

A 53 year - old African American with class 1 obesity , hypertension ( HTN ), diabetes mellitus DM2, gout
with chronic systolic (congestive) heart failure secondary to nonischemic cardiomyopathy who underwent
initial implantation of a Left ventricular Assist device HeartMate III ( LVAD ) on 3/17/2017



The patient had been quite active running his company until October 2016 when he presented with pro-
gressively worsening dyspnea on exertion, lower extremity edema, and orthopnea. He was diagnosed with
heart failure and his ejection fraction (EF) of < 10%. He underwent cardiac catheterization on 8/3/2016
which demonstrated near-normal coronary arteries, right dominant system, Left ventricular end-diastolic
Pressure (LVEDP) of 18, and normal pulmonary pressures. He was optimized with medical therapy but
failed to respond. He underwent automatic implantable cardioverter defibrillator (AICD) placement for pri-
mary prevention after failing to respond to medical therapies. He subsequently had multiple readmissions
for heart failure despite complete compliance with medication. During one of his hospitalizations, Right
heart catheterization pressures (RHC) demonstrated the following right atrium (RA) 21, right ventricle (
RV ) 64/42, Pulmonary capillary wedge pressure (PCWP )35, cardiac output (CO )4.9, Cardiac Index ( CI
) 2.2, pulmonary pressure (PA )55%. He had been on inotropes since 1/2017. He presented on 2/28/2017
with cardiogenic shock and required an intra-aortic balloon pump.

On 3/17/2017 He underwent Heartmate III LVAD placement and needed chest tube 2 days later after de-
veloping acute anemia during epicardial lead removal. Chest exploration was remarkable for many clots
along the diaphragmatic surface of the heart extending around the lateral wall presumed to be related to
the previously removed pacing wire. His postoperative course was remarkable for RV failure needing pro-
longed milrinone and fever of unknown origin. Work-up for infection was unrevealing except for nonspecific
mediastinal and retroperitoneal lymphadenopathy. He was commenced on aspirin and warfarin

Three years later, on 7/20/2021, our patient presented to the emergency department (ED) with dyspnea. He
was found to be COVID positive (he was unvaccinated) with a heart rate of 100, respiratory rate of 29, SPO2
87 %, and MAP of 63 mmHg. He was admitted to the ICU for acute hypoxic respiratory failure. Zosyn and
Azithromycin, dexamethasone, Remdesivir, and Tocilizumab were incited. His respiratory requirements
increased, requiring BiPAP

During the night of 7/22, his LVAD alarmed, and it was found that the flow had decreased to 0.5 L/min. CT
Cardiac Angiogram with IV Contrast showing LV Complete distal thrombosis of the outflow conduit from
LVAD (Figure 1), diffuse ground-glass disease of lungs due to edema versus infection/inflammation, and
laboratory changes (Table 1). Our patient was not a surgical candidate as he was too unstable with multiple
organ failures including heart, liver, kidney, and lung. As an obstructive clot in the LVAD would be fatal,
it was decided to start tPA to try to dissolve the clot. After tPA was started, he had increased bleeding
from a central venous catheter (CVC) and began to have melena. His LVAD flow did not significantly
increase despite tPA, and on the morning of 7/24, it was 0.4 L/min. After discussion with the family, he
was transitioned to comfort care. His LVAD was turned off, and later that morning he stopped breathing
and became pulseless.

Discussion

It was noticed recently, that COVID-19 causes significant alterations in blood cells, including morphological
and mechanical abnormalities like enlarged sizes, sometimes lasting for months after hospital discharge.[9]
Through a variety of mechanisms, including tissue factor release, endothelial damage brought on by inflamma-
tion and hypoxia, and platelet activation, COVID-19 has a major impact on the etiology of coagulopathy.[10]
Endothelial protein C receptor and thrombomodulin levels are elevated along with procoagulates such as
factor VIII, P-selectin, and von Willebrand factor and downregulated along with thrombomodulin as a result
of the cytokine storm released by endothelial and immune cells.[11]

It is also known that patients with left ventricular assist devices (LVAD) are at a greater risk of pump
thrombosis if having any concurrent infections.[12]

One of the key problems that can lead to life-threatening low-flow or pump malfunction is LVAD thrombus
development in the inflow cannula, device body, or outflow graft, implicating hemodynamic instability,
hemolysis, renal or hepatic failure, or cerebral or peripheral thromboembolism.[13] LVAD thrombosis has
been found to occur in 2-13% of adult LVAD patients who use current continuous-flow devices.|[14]



The clinical picture of pump thrombosis shows a wide range of variability.[15, 16]

Our patient had pump thrombosis three years after HMIII insertion which was considered the longest period
compared to other case reports which presented mostly during the first 2 years in COVID and none COVID
patients (Tables 2, 3). symptoms like other COVID reported cases ( Table 3 ) . Reviewing the literature
regarding to LVAD thrombosis, indicated that patient had COVID-19 had higher morbidity and mortality
as indicated in table 2 no-COVID and table 3 COVID patients.

CTA showed complete outflow graft thrombosis with low flow of 0.5 L /M.

Our patient had supratherapeutic INR measuring 6.1, and 9.0 on 0 at day 2 and day 3, respectively. Following
that tPA was stopped. That signifies the importance of anticoagulation balance in VAD patients with COVID
infection.

LVAD thrombosis has very high mortality and the pathophysiology of LVAD thrombosis is complicated, and
it is mainly due to emboli secondary to sluggish blood flow in the left ventricle’s endocardium, clots formed
in the left atrial appendage, or in ventricular debris from prior surgery, inadequate anticoagulation, and
inflow cannula malposition.[17]

In the clinical situation of advancing heart failure symptoms, LVAD low-flow alert, abnormal test results for
hemoglobin, free-hemoglobin, and LDH, and symptoms refractory to fluid infusion, making LVAD thrombosis
highly suspicious..[16] TTE and CTA are helpful diagnostic methods for LVAD thrombus detection, and a
positive thrombus diagnosis may lead to timely alterations in patient management.[18]

The most conclusive forms of treatment for suspected thrombosis are immediate heart transplantation or
surgical device exchange.[19] Initiating medical management to deal with pump thrombosis is crucial for
transplant candidates or individuals who cannot endure surgery. Heparin monotherapy is the first instituted
along with inotropic/diuretic depending on heart failure symptoms.[20] Additional medications including
direct thrombin inhibitors, thrombolytics, and glycoprotein ITb/IIIa inhibitors may be used in the dissolution
of pump thrombosis.[14] t-PA can be administered along with heparin to accelerate the dissolution of the
LVAD thrombus and successful outcomes have been reported in some cases.[21, 22] Furthermore, there are
no specific guidelines available for the dose and treatment of t-PA administration in patients with LVAD
thrombosis. As a result, since there is no acknowledged method for addressing t-PA, administration depends
on personal experience and the favored tactic in each facility.[16] A substantial risk of hemorrhage does
exist with t-PA therapy which was also seen in our patient as bleeding from CVC and melena.[14] Although
transplant and LVAD exchange are definitive forms of treatment, our patient’s persistent multiorgan failure
prohibited him from being a good surgical candidate.

Conclusion

Significant morbidity and mortality are attributed to LVAD thrombosis, which are exasperated by prothrom-
botic conditions manifested in COVID-19 infections. LVAD thrombosis due to COVID -19 is underreported
.For the best clinical outcomes, a high level of clinical suspicion must be present to diagnose and treat this
problem effectively and efficiently.
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Table (1) shows the laboratory finding of our patient
Laboratory Days after Days after
values admission admission Day 0 Day 1 Day 2 Day 3 Day 4
Lactate 867 1035 1122 932 751
Dehydro-
genase
U/L
D-Dimer 1221 1252 1163
ng/mL
Ferritin 3096 3946 3955
(meg/L)
Fibrinogen 570 668 519
(mg/dL)
PT Pro- 35.6 42.7 68.5 102.9 121.1
thrombin
time
(second)
INR 3.2 3.8 6.1 9.0 10.6
APTT 36 43 >300
CBC Hemoglobin  10.6 10.6 10.2 94 7.6
(mg/dl)
White cell 6.1 7.5 74 10.9 12.3
count
(x1000
/mcL)
Platelets (x 91 85 90 109 120
1000 /mcL)
RFT BUN 78 83 85 85 83
(mg/dL)



Laboratory Days after Days after
values admission admission Day 0 Day 1 Day 2 Day 3 Day 4

Creatinine 3.18 2.75 2.81 2.55 3.21
(mg/dL)
LFT Aspartate 153 202 219 176
Amino-
trans-
ferase
(AST)
U/L
Alanine 40 47 73 79
Amino-
trans-
ferase
(ALT)
U/L
Bilirubin 0.5 1.2 1.4 1.3
mg/dL
ABG Respiratory 18 20 25 33 28
rate
PH 7.4 7.4 7.4 7.4 7.4
Po2 (mm 68.8 58.2 40.6 61.2 95.3
Hg)
Pco2 (mm 35.8 35.1 32.9 33 33.7
Hg)
Hco3 22.1 20.6 21.3 20.9 23.2
(mmol/L)
02 91.7 89.7 75.3 88.8 96.5
Saturation

%

Table 2; LVAD thrombosis cases in patient had no COVID infection

Case Device Date of thrombosis after device insertion

Mansour A. Alkhunaizi(23) HVAD 2 2 years after insertion

Pendyal A (24) HM II 3 years later with previous 3 episodes of thrombosis

Hubbert, L. (25) HM II

Rajapreyar (26) HeartWare LVAD 1 year after

Rajapreyar (27) HeartWare LVAD 2 years after

Dobner S (28) HVAD 2 5 recurrent pump thrombosis at 4,6,12,13,14 months respond to medical -
(28) HM II1 6 months after

Sivathasan (29) HM II 4 months later

Bunge, Jeroen J. H (30) HM III 3 days after insertion

Table 3; LVAD thrombosis cases in patient had COVID infection



Date of

thrombo-
sis after
device Diagnostic
Case Device insertion Complain tool Covid-19 Treatment outcome
Frick WH HM III " Two during CTA and yes combination  survived
(31) episodes routine TEE of
of pump laboratory cangrelor
check high and
LDH was heparin
found and
1 week
later she
developed
fever, mild
cough,
myalgias,
fatigue
and tested
positive
for
COVID-19
Jarrett SA HM II thrombosis fatigue, TTE and yes IV UF Discharged
(32) at 23 malaise, CTA heparin 14 days
months and dark, then tPA later from
and 55 red- hospital
months colored
post- urine for
implantation” one week
Hodges K HM III 18 months flu-like Thrombosis  yes heparin discharged
(33) after Symp- diagnostic with con- 11 days
toms, tool tinuation later
intermit- of an-
tent fevers tiplatelet
and therapy
worsening
dyspnea
on
exertion
Maharaj(34) HM III 2 years Covid CT chest yes unfractionated died
after pneumonia heparin,
insertion bivalirudin
infusion,
dipyri-
damole
+aspirin
Tatooles(35) HM II 866 days classic signs  Labs CT yes systemic discharged
(median) of pump angio of the heparin and
thrombosis chest intravenous
fluid



Date of

thrombo-
sis after
device Diagnostic
Case Device insertion Complain tool Covid-19 Treatment outcome
Tatooles(35) HVAD 777 days Cardiogenic  Labs yes Multiorgan died
(median) shock highly failure??? within
suggestive 48 hours of
of Pump presentation
thrombosis
Genuardi(36  HM III 16 months ( Covid 77777 yes medically Discharged
) median ) symptomatic managed 14 days
(mean)
Genuardi(36) HM III 16 months (  abdominal CT scan yes percutaneous Discharged
median ) pain and partial stenting 14 days
fatigue with  outflow graft (mean)
reduced obstruction
LVAD flows




