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618 Aortic Cusp Thrombosis after LVAD Implantation

Aortic Valve Noncoronary
Cusp Thrombosis

after Implantation of a
Nonpulsatile, Continuous-Flow Pump

Different institutions have different strategies for managing both native and prosthetic aor-
tic valves in recipients of left ventricular assist devices (LVADs). Anticoagulation protocols
and pump-flow algorithms remain nonstandardized. We describe our institutional experi-
ence with thrombotic complications and our evolving approach to this important clinical
problem. We report the cases of 4 HeartMate Il LVAD recipients in whom, despite an anti-
coagulative regimen, thrombus formed on the noncoronary cusp of the aortic valve. The
management of the closed aortic valve in LVAD-supported patients remains problematic.
(Tex Heart Inst J 2012;39(5):618-20)

he first implantation of the current clinically approved HeartMate® II Left

Ventricular Assist System (Thoratec Corporation; Pleasanton, Calif)) was per-

formed at our center in November 2003." Currently, the HeartMate 11 is the
world’s most widely used implantable left ventricular assist device (LVAD), both for
bridging to transplantation and for destination therapy, and our center has had one
of the largest single-center experiences with this pump to date. As of August 2012, we
had performed 318 implantations of this device. The HeartMate I LVAD frequent-
ly works in parallel with the natural heart; as a result, in this operational mode, the
aortic valve usually remains in a closed position, and the resulting stagnation of flow
in the aortic root may favor thrombus formation. Although the HeartMate II yields
better overall results and fewer complications than do pulsatile LVADs,** thrombus
on the noncoronary cusp of the aortic valve (which has never occurred in our experi-
ence with pulsatile pumps) has occurred in 4 of our patients who have had the Heart-
Mate II implanted. We describe our experience with this unusual complication and
its management.

Case Reports

Patient 1

A 6l-year-old woman with a history of mucosa-associated lymphoid-tissue lympho-
ma of the stomach was admitted to our hospital in February 2005 with nonischemic
cardiomyopathy (New York Heart Association functional class IV). She was approved
for heart transplantation in March 2005. That same month, because of severe heart
failure, she received a HeartMate II LVAD and was discharged from the hospital. Ap-
proximately one month later, an echocardiogram showed a 0.5 x 0.5-cm thrombus
at the base of the noncoronary cusp of her aortic valve. We initiated a heparin infu-
sion, and the LVAD’s speed was increased from 8,600 rpm (at which the aortic valve
opened) to 9,600 rpm (at which the aortic valve remained closed). The patient re-
mained clinically stable.

However, in May 2005, an echocardiogram showed that the thrombus had grown
to asize of 1.2 x 2 cm and filled the noncoronary cusp. The LVAD’s speed was main-
tained at a rate of 9,000 rpm, and the aortic valve was not opening. Later that month,
the patient was discharged from the hospital. The next day, she was readmitted with
severe diarrhea, confusion, and dehydration. Her international normalized ratio (INR)
was 1.0, and her prothrombin time was 11 sec. An echocardiogram showed a decom-
pressed ventricle with arrhythmias and aortic root thrombus. Shortly after admission,
the patient had cardiac arrest. Subsequently, ventricular fibrillation was induced and
external cardiac massage was performed by an ill-informed shock team, resulting in
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dislodgment of the thrombus, bilateral cerebral infarc-
tions, and brain death. This was believed to have been
induced by the inlet catheter’s touching the ventricular
septum in the decompressed heart.

Patient 2
In April 2007, a 62-year-old man underwent Heart-
Mate II implantation for end-stage heart failure. The
patient had a history of basal-cell carcinoma of the face,
polyarteritis nodosa that was in remission, and isch-
emic cardiomyopathy. He had undergone coronary ar-
tery bypass grafting in 1994. In 2002, he underwent a
below-the-knee amputation because of peripheral arteri-
al disease. In 2006, he had a percutaneous coronary in-
tervention involving the ostial circumflex artery.
Shortly after admission, the patient’s clinical condi-
tion further deteriorated, necessitating implantation
of the HeartMate II device. Five days after implanta-
tion, an echocardiogram showed a 1 x 0.9-cm throm-
bus in the noncoronary cusp of the aortic valve. The
LVAD’s speed was 9,000 rpm, and the aortic valve was
not opening. Anticoagulation was initiated with a con-
tinuous heparin infusion, which was adjusted according
to the patient’s partial thromboplastin time. He devel-
oped chronic renal failure postoperatively and needed
continuous venovenous hemodialysis before and after
LVAD implantation. In June 2007, his renal function
recovered, and he was discharged from the hospital on
anticoagulative therapy. In September 2007, echocar-
diography revealed that the thrombus had enlarged to
asize of 1.6 x 1.3 cm. The aortic valve remained closed
at pump speeds of 9,800 and 10,800 rpm. In November
2007, the patient again underwent echocardiography in
the outpatient clinic, and the thrombus seemed to be
stable and immobile. His prothrombin time was 18.9
sec, and his INR was 2.0. He died suddenly at home
3 days later, presumably because of his long-standing
coronary disease and ventricular irritability. No autop-
sy was performed.

Patient 3
In January 2008, a 65-year-old man was admitted with
ischemic cardiomyopathy and a history of anterolater-
al myocardial infarction. Because his left ventricular
ejection fraction was only 0.15, an intra-aortic bal-
loon pump and, subsequently, a HeartMate II LVAD
were implanted. Left ventricular remodeling was also
performed, and a left ventricular clot was removed. In
February 2008, the patient’s blood cultures were posi-
tive for vancomycin-resistant enterococci; he had a long
hospitalization and was treated for LVAD infection. In
September 2008, he was hospitalized for episodes of
gastrointestinal bleeding from duodenal arteriovenous
malformations.

In December 2008, the patient was admitted to the
hospital with dyspnea, at which time his INR was 2.1.
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A chest radiograph showed mild pulmonary edema that
was in part secondary to congestive heart failure. Echo-
cardiography revealed an aortic valve thrombus and
aortic insufficiency (Fig. 1A). He was taken to the op-
erating room, where the aortic valve thrombus was re-
moved and the aortic valve was oversewn with a double
layer of bovine pericardium. Subsequently, the Heart
Mate II functioned normally, and the patient’s heart
failure resolved. He was discharged from the hospital
in April 2009 and was listed for heart transplantation.
In June 2009, the patient underwent orthotopic heart
transplantation, during which the aortic valve appeared
thrombus-free and remained oversewn with bovine peri-
cardium in place (Fig. 1B). He recovered uneventfully
and remained well.

Patient 4

In June 2009, a 50-year-old man was admitted to our
hospital with a history of familial cardiomyopathy and
coronary artery disease, for which 2 stents had been im-
planted. He had previously been hospitalized elsewhere
for acute decompensated heart failure and a left ven-
tricular ejection fraction of 0.10 to 0.15. At that time,
he developed acute tubular necrosis and underwent in-
termittent hemodialysis. Cardiogenic shock necessitat-
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Fig. 1 Patient 3. Thrombus on the aortic valve, shown A) on an
echocardiogram and B) at transplantation, at which time the aor-

tic valve of the explanted heart was still oversewn with bovine
pericardium. No thrombus formation was seen.
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echocardiogram and B) at transplantation. The explanted heart
had thrombus on the noncoronary cusp of the aortic valve.

ed the implantation of an Impella® 2.5 catheter-based
cardiac assist device (Abiomed, Inc.; Danvers, Mass).

Shortly after the patient’s admission to our hospi-
tal, the Impella device was removed and a HeartMate
IT LVAD was implanted. Follow-up echocardiography
showed a 1.1 x 0.3-cm thrombus that occupied a large
part of the noncoronary cusp of the aortic valve (Fig,
2A). The patient had a partial thromboplastin time of
48.6 sec, a fibrinogen level of 640 mg/dL, a prothrom-
bin time of 11.4 sec, and an INR of 1.1. He received a
continuous heparin infusion and was listed for heart
transplantation. His LVAD speed remained at 9,000
rpm, and his aortic valve was not opening, In July 2009,
an orthotopic heart transplantation was performed; the
thrombus on the noncoronary aortic valve cusp of the
explanted heart was 2.5 x 1.3 cm in size (Fig. 2B). The
patient was discharged from the hospital and remained
well.

Discussion

For patients awaiting heart transplantation, a contin-
uous-flow LVAD such as the HeartMate II can pro-
vide effective hemodynamic support; compared with
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pulsatile LVADs, continuous-flow pumps substantial-
ly improve the probability of survival free of stroke and
advanced heart failure. However, the new physiology in-
troduced by constant flow throughout the cardiac cycle
introduces unique complications. For example, the con-
stant active pressure may result in persistent aortic valve
closure. In addition to leaflet fusion and aortic insuffi-
clency, stasis in the noncoronary sinus may predispose
patients to thrombus formation.

The native aortic valve is not accustomed to the con-
stant pressure to which it is subjected during LVAD
support when the LVAD is parallel with the heart.
Our patients were monitored monthly, and the level
of LVAD support (the pump speed) was reduced step-
wise by 1,000 rpm per visit. The end-diastolic dimen-
sion, the degree of mitral regurgitation, and the aortic
valve opening times were analyzed after each such re-
duction. In this fashion, the pump speed was gradually
reduced to a level that would enable control of the mi-
tral regurgitation and aortic valve opening times. Ad-
justing the pump speed and enabling the valve to open
intermittently might prevent leaflet fusion and throm-
bus formation. In a previous report of our experience
with acquired commissural fusion of the aortic valves
in LVAD recipients, we stated that this detrimental ef-
fect can be lessened by carefully controlling the systemic
blood pressure and decreasing the pump rate to enable
the pump to function in parallel with the native heart.
This acts to prevent not only commissural fusion but
also thrombus formation on the immobile aortic valve.*¢
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