Editorial

Antithrombotic therapy for patients with total artificial hearts
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Introduction
Morbidity and mortality following implantation of a total
artificial heart (TAH) are increased by two common yet
potentially avoidable adverse events: thromboembolic
cerebral and peripheral vascular events (1,2) and
postoperative hemorrhage (3). The etiology of these
prothrombotic and hemorrhagic adverse events is complex.
Following implantation of a TAH, an individualized
hemostatic response to the implant occurs. Hemolysis and
infection may also contribute to the hemostatic imbalance.
Heparin-induced thrombocytopenia (HIT), a systemic
immune-mediated hypercoagulable condition, may occur
in some patients after implantation (4-7). Postoperative
hemorrhagic complications, which occur in up to 62%
of TAH recipients (most commonly in the mediastinum
and thorax) can be the sequelae of cardiopulmonary
bypass, antithrombotic therapy intended to reduce the
risk thrombotic events, or both. We have previously
demonstrated that mechanical circulatory support (MCS)
devices, which are commonly implanted for short-term
use in patients with cardiogenic shock as a bridge to more
durable device implantation, almost universally result in
significant loss of von Willebrand factor multimers. This
loss is often associated with an increased bleeding risk in the
perioperative period when MCS devices are removed and a
TAH is implanted (8). An acquired von Willebrand factor
deficiency is commonly seen following the implantation of
left ventricular assist devices but less commonly observed
with TAH.
The need to manage both ends of the hemostatic
spectrum, which may undergo daily alterations following
implantation, requires individualized antithrombotic
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therapy. The most commonly used regimen consists of
combination therapy, which includes an anticoagulant,
one or more antiplatelet drugs, and perhaps an agent to
minimize device-induced hemolysis.
Agents
Anticoagulant therapy
The ideal level of anticoagulation should be individually
tailored. Low-intensity intravenously administered
unfractionated heparin (UFH) is the mainstay therapy for
bridging patients on MCS devices. The optimal level of
anticoagulation for low-intensity protocols has not been
standardized, but target values of the heparin assay between
0.15 and 0.3 IU/mL appear to be safe for bridging when
using low-intensity intravenously administered UFH.
Patients who are heparin-resistant due to antithrombin
deficiency may require additional therapy (antithrombin III)
to achieve adequate anticoagulation with heparin.
For long-term anticoagulation, warfarin is the most
frequently used agent. Direct oral anticoagulants (DOACs)
have replaced warfarin for many indications such as stroke
prevention in patients with atrial fibrillation, with one
advantage being that, unlike with warfarin, the use of
DOACs does not require routine coagulation monitoring
or dose titration. Although a recent study in 21 patients
with left ventricular assist devices showed promising
results (9), the use of DOACs in patients with MCS
devices has not been clearly established; large prospective
multicenter studies are necessary to confirm these findings.
When blood comes into contact with medical devices,
such as TAHs, a coagulation cascade is triggered via
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intrinsic system pathways that are initiated by contact
activation of factor XII. This is promulgated by subsequent
activation of factor XI and ends in thrombin generation.
We believe that factor XI and XII have a promising
potential to be more targeted, and safer anticoagulants for
use in patients with MCS devices. The factor XI-directed
antisense oligonucleotide IONIS-416858 is the first agent
that targets the contact pathway and is currently being
tested in humans (10).

In our institution, warfarin dosing is pharmacogenetically
based. Based on our pilot study (11), we propose
establishing an international normalized ratio (INR) range
that is individualized and patient-specific via the use of the
TEG coagulation index and an INR starting goal (2.0–3.0),
with the target INR range being that which results in the
patient being in a normocoagulable state (coagulation
index ≤1.2).
Antiplatelet therapy

Antiplatelet therapy
Given the role of arachidonic acid in initiating and amplifying
platelet activation, especially in a proinflammatory
environment, aspirin is usually the standard antiplatelet
agent for patients on MCS.
Monitoring
Anticoagulant therapy
The presence of lupus anticoagulant and concurrent
warfarin administration, as well as high fibrinogen or factor
VIII levels, may affect the activated partial thromboplastin
time (aPTT), causing overestimation or underestimation
of the heparin dose. Therefore, many institutions have
recently switched UFH monitoring from aPTT to antifactor Xa assay (heparin assay). Because there is uncertainty
whether the heparin assay is superior to aPTT in patients
with MCS devices, we retrospectively reviewed patient
records at our institution and discovered that 37% of our
patients who were either undergoing MCS candidacy
evaluation or were on an MCS device had positive lupus
anticoagulant levels (unpublished data). Based upon this
observation, the heparin assay appears to be more reliable
than aPTT in patients with MCS devices but results from
large multicenter studies using different instruments and
reagents are necessary to establish uniform evidence-based
monitoring guidelines.
Concurrent use of aPTT and the heparin assay to
guide heparin therapy may be misleading. We believe that
heparin therapy can be successfully guided via the use of
thromboelastography (TEG 5000 series). aPTT determines
adequacy of coagulation factor levels or degree of their
inhibition in plasma, whereas TEG is a functional assay
that reflects the interaction of platelets and other cellular
contributors with factors in whole blood and is a closer
representation of in vivo processes.
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Unlike the normal population, which may not require
continuous aspirin monitoring, patients implanted with
MCS devices are subject to conditions that may cause daily
fluctuations in platelet function, thereby requiring frequent
assessment of their hemostatic condition. The gold standard
for evaluating platelet function to optimize and individualize
antiplatelet therapy has traditionally been the use of optical
platelet aggregometry. The assay is based on the optical
measurement of platelet aggregation in platelet-rich
plasma. We believe that, because hemolysis is present in all
patients with MCS devices, optical platelet aggregometry is
unsuitable for monitoring aspirin therapy, as is VerifyNow
(Instrumentation Laboratory, Bedford, Massachusetts,
USA) which is based on the turbidimetric optical detection
method. For the last seven years, we have been using TEG
Platelet Mapping (TPM modification of TEG 5000 device)
(Haemonetics, Braintree, Massachusetts, USA) to monitor
and manage anticoagulation (unfractionated heparin
and warfarin) and antiplatelet (aspirin and dipyridamole)
therapies in patients on MCS devices (11).
Conclusion
A variety of anticoagulant and antiplatelet strategies exist to
treat patients implanted with a TAH; however, uncertainty
still exists among experts in the field regarding the optimal
treatment regimen for patients and the best way to assess the
adequacy of any given treatment regimen. The healthcare
team involved with the management of patients with TAHs
is usually multidisciplinary. We believe that, to achieve
optimal results, all members of the multidisciplinary TAH
team should follow a standardized yet individually tailored
anticoagulation protocol with clear guidelines specific
to antithrombotic management of patients with TAH.
Laboratory assays that assess anticoagulation adequacy must
be simple to interpret and have defined target parameters.
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