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Unusual or unexpected effect of treatment

Direct oral anticoagulants (DOAC) are currently the preferred agents for long-term anticoagulation in the ap-
propriate patient with venous thromboembolism, non-valvular atrial fibrillation, and left ventricular thrombi
because of their ease of use, fixed dosing, lack of need for routine monitoring, and limited dietary and drug
interactions. However, warfarin is still the agent of choice for preventing thromboembolic events in patients
with left ventricular assist devices (LVAD). In this case report, we explore the outcome of using apixaban in a
patient with an LVAD.

A 56-year-old woman with morbid obesity and stage D congestive heart failure status after HeartWare ventric-
ular assist device (HVAD) placement 2 years prior, who was on long-term anticoagulation with apixaban after
failure of warfarin therapy, presented to the Emergency Department with 2 months of worsening fatigue, dark
urine, and 1 day of low-flow alarms from her HVAD. Laboratory and radiographic data were consistent with a
diagnosis of pump thrombosis. She underwent pump exchange and was started on a heparin drip. Genetic test-
ing for warfarin resistance was negative. Detailed history-taking revealed that the failure to maintain a thera-
peutic international normalized ratio (INR) was likely due to dietary factors. She was re-challenged with warfa-
rin, and a therapeutic INR level was reached shortly after initiation. She was later discharged on a stable dose
of warfarin and remained in a good clinical state without any major adverse events at the 1-year follow-up.
Apixaban can be associated with an increased risk of thrombosis in patients with HVADs and should be used
with caution and only in select patients.

Apixaban ¢ Heart Failure ¢ Heart-Assist Devices
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Background

Anticoagulation is essential for maintaining functional left ven-
tricular assist devices (LVAD) and preventing thromboembol-
ic events. The 2013 International Society of Heart and Lung
Transplantation Guidelines issued a level B evidence recom-
mendation for the use of vitamin K antagonists (VKA) as the
agents of choice for anticoagulation, with a goal international
normalized ratio (INR) individualized to each device manufac-
turer [1]. One of the main challenges with VKA is maintaining
therapeutic INR, and failure to do so can predispose patients to
bleeding and thromboembolic complications. One meta-anal-
ysis of 5 studies showed that patients with continuous-flow
LVADs had a time in therapeutic range (TTR) of only 46.6% [2].
The many challenges with VKA led to an interest in using direct
oral anticoagulants (DOAC) as an alternative option because of
their ease of use and limited dietary interactions, despite the
lack of solid safety data in LVAD patients [3]. Here, we present
a case of a patient who developed an LVAD pump thrombosis
while taking apixaban.

Case Report

A 56-year-old woman with stage D congestive heart failure sta-
tus after HeartWare ventricular assist device (HVAD) placement
2 years prior, presented to the Emergency Department with 2
months of worsening fatigue, dark cola-colored urine, and 1
day of low-flow alarms from her HVAD. Her past medical his-
tory was significant for class Il obesity (weighing 144 kg with
a body mass index [BMI] of 44 kg/m?), non-insulin-dependent
diabetes mellitus, chronic kidney disease (CKD) stage Illb with
an estimated glomerular filtration rate (eGFR) of 44, obstructive
sleep apnea, and stage 1B endometrial cancer status after to-
tal abdominal hysterectomy with no evidence of active disease.
Since the HVAD placement, she was maintained on a daily high-
dose aspirin 325 mg and warfarin with a goal INR between 2.0
and 3.0. At first, she maintained consistently therapeutic INR
levels with a stable warfarin dose of 15 mg daily. Five months
after warfarin initiation, she was prescribed a course of nitro-
furantoin for a urinary tract infection (UTI), resulting in a supra-
therapeutic INR level of 8 that required temporary discontinua-
tion of warfarin. After successful treatment of the UTI, she was
re-started on her prior maintenance dose of 15 mg, but her INR
level remained subtherapeutic despite adherence to warfarin
and no medication changes. Antithrombin Il level was low at 62
(range: 80-120), while protein C and S levels were not checked.
Two months after up-titration of warfarin to doses as high as
25 mg daily without achieving goal INR, a decision was made
to switch her anticoagulation to apixaban 5 mg twice daily be-
cause of inadequate TTR and presumed warfarin resistance. The
patient was maintained on apixaban for over 1 year without
any serious adverse events except for a minor episode of upper
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gastrointestinal bleeding secondary to erosive gastropathy re-
quiring cessation of anticoagulation for 2 days. Two months prior
to the current encounter, she noticed intermittent cola-colored
urine and worsening fatigue. She denied chest pain, palpitations,
new pedal edema, or dyspnea. One day prior to the encounter,
she noticed low-flow alarms from her HVAD, which prompted
her to present to the Emergency Department. Her workup was
significant for a greater than 50% rise in lactate dehydroge-
nase up to 606 (range: 140-280) and plasma-free hemoglobin
of 30 (range: 5-15) while serum creatinine remained at base-
line. Apixaban was held, and the patient was started on bivali-
rudin drip. HVAD interrogation showed a reduced average flow
of 0.5 L/min, and power of 2.3 Watts at a speed of 2500 rpm.
Computed tomography (CT) imaging of the chest was negative
for pulmonary embolism and did not show definitive outflow
cannula thrombosis or significant stenosis. Due to high clinical
suspicion of thrombosis, a transesophageal echocardiogram was
performed, which showed a lack of Doppler flow through the
HVAD, confirming a diagnosis of pump thrombosis. The patient
underwent pump exchange with excellent post-exchange flow
rates, and was started on a heparin drip. Genetic testing for war-
farin resistance gene mutation (VKORC1) was negative. The dif-
ficulty in achieving and maintaining therapeutic INR with warfa-
rin in the past was attributed to consuming a diet rich in vitamin
K; therefore, a decision was made to re-challenge with warfa-
rin while bridging with heparin. Therapeutic INR was achieved
within 3 days of starting warfarin, and she was discharged af-
ter extensive counseling on dietary restrictions and drug-drug
interactions. One month following discharge, a repeat echocar-
diogram and device interrogation showed an adequately func-
tioning HVAD with a stable and therapeutic INR. No major com-
plications occured at 1-year follow-up.

Discussion

Durable mechanical circulatory support (MCS) devices such as
LVADs have been shown to improve heart failure outcomes
when used as destination therapy compared to medical ther-
apy alone in severe refractory disease [4]. Long-term antico-
agulation is used to mitigate the increased risk of thrombot-
ic events associated with the implantation of these devices,
including that of ischemic stroke and device thrombosis. The
current evidence suggests that VKA offers the best outcomes
and the lowest risk of thromboembolic events in this patient
population [5]. On this basis, the International Society of Heart
and Lung Transplantation issued a level B evidence recommen-
dation for the use of VKA as the method of choice for antico-
agulation in their 2013 guidelines, with a goal INR individual-
ized to each device manufacturer [1].

HeartWare, the manufacturer for this patient’s ventricular as-
sist device, specifically recommend aspirin 325 mg daily and
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warfarin with a goal INR of 2.0 to 3.0 for long-term anticoagula-
tion [6]. Sufficient safety data for the use of DOACs is still lack-
ing; therefore, they are not recommended for primary antico-
agulation in patients with HVADs [3]. The presumed superiority
of vitamin K antagonists may be explained by the underlying
mechanism responsible for thrombus formation in this setting.
In contrast to atrial fibrillation, where thrombi are formed main-
ly due to stasis and endothelial dysfunction in the left atrial ap-
pendage, the trigger for thrombosis in patients with ventricular
assist devices is related to direct blood contact with the artifi-
cial surface of the device. This direct contact, in turn, leads to
activation of the contact pathway (factors VII, IX, X, and 11), all
of which are inhibited by VKA [7,8]. To the best of our knowl-
edge, this is the first reported case of HVAD pump thrombosis
associated with apixaban after failing warfarin therapy.

As described by Loebstein et al., Warfarin resistance is defined
as a dose requirement of >80 mg/week to maintain therapeu-
tic INR [9]. A number of different gene mutations have been
shown to influence the response to warfarin, specifically, mu-
tations in VKORC1, which can be associated with up to 30%
variance in warfarin dosing [9-11]. Our patient had the wild-
type variant and this finding prompted a more in-depth ex-
ploration of external potentiating factors such as diet and
over-the-counter medication use, which eventually led to the
decision to re-challenge her with warfarin. The patient’s his-
tory of endometrial cancer was taken into account before re-
starting warfarin. VKAs are considered inferior to low molec-
ular weight heparin and DOACs in the treatment of venous
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thromboembolic disease in patients with cancer [12]. Because
our patient’s cancer was localized and completely resected, it
was not thought to have played a role in this thrombotic event;
therefore, warfarin remained our preferred agent.

When analyzing the unfavorable outcome our patient had
while on apixaban, it is essential to consider patient-specific
risk factors that predisposed to thrombosis; specifically, her
weight of 144 kg (BMI of 44 kg/m?). In 2016, the International
Society of Hemostasis and Thrombosis recommended against
the use of direct oral anticoagulants in patients with BMI >40
or a weight >120 kg due to the lack of solid supportive clinical
data [13]. Since then, a few studies have shown apixaban to
be safe in patients with such extremes of weight without any
dose adjustments [14,15], while others advocated for the use
of drug-specific peak and trough levels [16]. However, there
has not been any revision of the guidelines as of yet.

Conclusions

This case serves as a reminder that apixaban can be associated
with an increased risk of thrombosis in patients with HVADs,
despite the few case series supporting its use in patients with
warfarin resistance. Until more convincing data is available,
apixaban should be used with caution and selectively in pa-
tients with HVADs and preferably avoided in those at extremes
of body weight (BMI »40), with poor renal function (eGFR <30),
and who are taking drugs known to interact with DOACs [17].
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