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Abstract
A 50-year-old male who underwent a HeartMate Ⅱ left 
ventricular assist device placement for ischemic cardio-
myopathy presented with discolored urine and hemolysis 
3 mo after the operation. His hemolysis was thought to 
be due to thrombosis within the pump. Imaging studies 
were not able to visualize a left ventricular thrombus. 
Medical management with anticoagulation failed and he 
underwent surgery for a pump exchange. Intraopera-
tively, a firm thrombus was found within the pump of the 
HeartMate Ⅱ, and the color of the urine changed dra-
matically from cola-colored to yellow which enabled us to 
confirm the diagnosis. 
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Core tip: Diagnosis of pump thrombosis is difficult, but 
the intraoperative change of the color of urine may be 
seen almost immediately after pump exchange. This 
report also highlights the technical aspect of replacing 
the HeartMate Ⅱ pump, and we believe the images are 
educational for the readers.
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INTRODUCTION
HeartMate Ⅱ (Thoratec, Pleasanton, CA) is a continu-
ous flow left ventricular assist device (LVAD), which has 
improved the quality of  life and survival of  patients who 
have end-stage heart failure refractory to medical therapy. 
The device is consisted of  an inflow cannula in the left 
ventricle, axial flow pump, and an outflow graft to the 
ascending aorta. It is designed for long-term usage, either 
bridge to transplant or destination therapy. Since 2006, 
more than 10000 HeartMate Ⅱ LVADs have been im-
planted, and 2500 LVADs have been implanted in 2013, 
according to the INTERMACS registry[1]. Consequently, 
the incidence of  device-related complications, such as 
pump thrombosis, infection, bleeding, has increased, 
which often require re-admission and/or surgery[2]. Pump 
thrombosis is one of  the common causes of  hemolysis 
in patients with LVAD. Hemolysis related to the LVAD 
could be due to kinking of  the outflow graft, malposi-
tion of  the inflow cannula, or malfunction of  the pump. 
We present a case of  an LVAD thrombosis that pre-
sented with hemolysis and discolored urine 3 mo after 
the LVAD placement. The patient failed conservative 
medical management and underwent surgery for pump 
exchange. Thrombus was seen in the pump and the color 
of  the urine changed dramatically after the pump was 
exchanged which enabled us to confirm the diagnosis of  
pump thrombosis.

CASE REPORT
A 50-year-old male with a history of  axillo-bifemoral 
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bypass for bilateral chronic iliac artery occlusive disease, 
ischemic cardiomyopathy with an ejection fraction of  
20%, underwent placement of  a HeartMate Ⅱ LVAD as 
a bridge to cardiac transplantation. Preoperative hematol-
ogy work-up disclosed no evidence of  hypercoagulability. 
Heparin infusion was started on postoperative day 1 and 
warfarin was started on postoperative day 3. Heparin drip 
was maintained with a goal PTT level of  60 to 70 s until 
the INR reached 1.8. He was discharged on postoperative 
day 15 on aspirin 325 mg and warfarin with a target INR 
of  1.8 to 2.5. Upon discharge, the LVAD was set at 9200 
rpm, giving a flow of  5.7 L/min, with a pulsatility index 
(the pulsatility of  the flow through the pump) of  5.5 and 
pump power (a direct measurement of  motor voltage and 
current) of  6.7 watts. 

Three months later on his scheduled office visit, his 
lactate dehydrogenase (LDH) was found to be elevated 
to 1352 IU/L (Table 1). His baseline LDH level was 
between 400 and 500 IU/L. Interrogation of  the pump 
parameters revealed several episodes of  elevation in the 
pump power a few days before the office visit that had 
since resolved. It was thought to be due to a small pump 
thrombus that resolved spontaneously. Ten days later, 
he was admitted to the hospital due to discolored urine. 
Urine analysis showed strongly positive hemoglobin, very 
few red blood cells, and white blood cells. He denied any 
chest pain, shortness of  breath, or edema. There were 
no signs of  infection. Hemoglobin was 7.6 g/dL, plasma 
free hemoglobin was 52.0 mg/dL. The LDH, hapto-
globin, AST were unable to be measured due to severe 
hemolysis. Other lab values included INR 1.7, serum 
creatinine 1.9 mg/dL (baseline 1.2 mg/dL), total biliru-
bin 1.1 mg/dL. Echocardiography showed severe biven-
tricular dysfunction and opening of  the aortic valve with 
every heartbeat. The velocity through the inflow cannula 
was 1.1 m/s. The LVAD parameters showed occasional 
pump power elevation over 9 watts. Heparin was initiated 
but there was no resolution of  the discolored urine over 
three days. Although echocardiography and chest CT 
scan failed to demonstrate a thrombus, he was clinically 
diagnosed with pump thrombosis. Due to the persistently 
elevated creatinine and requirement of  multiple blood 

transfusions for hemolytic anemia despite optimum 
medical therapy, the decision was made to proceed with 
pump exchange.

After resternotomy, cardiopulmonary bypass (CPB) 
was established with ascending aorta and right femoral 
vein cannulation, as the femoral arteries were not able 
to be cannulated due to iliac artery occlusions. To gain 
access to the inflow portion of  the LVAD, a left subcos-
tal incision was added and the body of  the HeartMate 
Ⅱ pump was removed by unscrewing the inflow- and 
outflow- connections. It was replaced with a new Heart-
Mate Ⅱ pump (Figure 1). There was no thrombus in the 
inflow cannula or outflow conduit. Intraoperative inspec-
tion of  the original LVAD interior demonstrated a firm 
thrombus along the inlet stator (Figure 2). The urine col-
or was tea-colored before CPB (Figure 3A). It changed to 
reddish upon cessation of  flow from the original LVAD 
and institution of  CPB (Figure 3B). Following initiation 
of  the new LVAD flow and discontinuation of  CPB, it 
changed to a yellow color (Figure 3C). Postoperative re-
covery was steady and his renal function recovered with 
clear urine (Table 1). Anticoagulation therapy consisted 
of  intravenous heparin with overlapping warfarin (INR 
2.5 to 3.5), aspirin 325 mg, and clopidogrel 75 mg. He 
was discharged home on postoperative day 8. The patient 
was symptom free afterwards, and underwent heart trans-
plant 2 mo later.

DISCUSSION
LVAD therapy requires a balance between anticoagula-
tion and hemostasis to prevent the complications of  
bleeding and thrombosis. There are many anticoagulation 
regimens to achieve this goal, and most combine inhibi-
tion of  the clotting cascade with warfarin and at least 
one antiplatelet agent. The optimal anticoagulation/anti-
platelet strategy remains elusive because of  the heteroge-
neity in the reaction between the biological components 
(i.e., blood) and artificial surfaces (i.e., LVAD) as well as 
the variability in the responsiveness to anticoagulants and 
anti-platelet medications[3]. As a result of  this imperfect 
coexistence between “man” and “machine”, the lead-
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Figure 1  Intraoperative photo after the replacement of the pump. IC: Inflow 
connection; OC: Outflow connection.

IC
OC

Figure 2  Inspection of the pump revealed a firm thrombus along the inlet 
stator.



ing causes of  LVAD readmissions include bleeding and 
thrombosis. Thrombosis of  the LVAD is a potentially 
lethal complication which occurs in 2% to 3% of  the 
patients who receive the HeartMate Ⅱ LVAD and the in-
cidence is reported to be increasing[4-6]. Patients typically 
present with elevated pump power, heat over the pump, 
heart failure and signs of  hemolysis. Echocardiography 
may show opening of  the aortic valve due to inadequate 
decompression of  the left ventricle (LV) and increased 
LV end-diastolic diameter. Serial recording of  LV end-
diastolic diameter while increasing the pump speeds may 
diagnose pump thrombus or other flow obstructions[7]. 
However, there have been reports of  pump thrombosis 
with normal echo and pump parameters as well[8,9]. He-
molysis may be the only sign of  thrombosis, although he-
molysis may be due to various reasons, such as kinking of  
the outflow graft, malposition of  the inflow cannula or 
the pump itself  (high shear stress, etc.)[8,9]. The diagnostic 
challenge is that pump thrombus may not be visualized 
with contrast CT scan or echocardiography, due to arti-
facts caused by the metallic housing of  the LVAD[8]. In 
our case, we were able to confirm that the hemolysis was 
due to pump thrombosis by intraoperative inspection of  
the removed pump and the resolution of  the urine after 
pump exchange.

Change of  urine color is easily noticeable to patients 

and should be promptly addressed as a sign of  possible 
pump thrombosis. In the current era of  non-pulsatile 
LVAD therapy, it is likely that the risk of  pump thrombosis 
and hemolysis will remain, and LVAD exchange may be 
necessary in cases that are refractory to medical manage-
ment. Fortunately, the modular nature of  LVAD technol-
ogy allows for pump exchange with a reasonable degree 
of  safety; the mortality is reported to be 6% to 7%[10,11]. In 
contrast, medical management; adding anti-platelet agents 
such as dipyridamole or clopidogrel, increasing the dose 
of  aspirin and/or increasing the target PT-INR for antico-
agulation, resulted in a 48.2% mortality in the following six 
months after the diagnosis of  pump thrombosis[6]. 

In conclusion, thrombosis during LVAD therapy is a 
potentially life-threatening complication requiring prompt 
diagnosis and management. We presented a report of  
LVAD thrombosis causing hemolysis and discoloration 
of  the urine that resolved promptly after the pump ex-
change. The diagnosis is challenging, but we were able to 
confirm the diagnosis by intraoperative inspection of  the 
pump and the prompt resolution of  the discolored urine.

COMMENTS
Case characteristics
A 50-year-old-male with a history of HeartMate II implantation presented with 
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Figure 3  Urine color. A: Before CPB; B: After CPB and cessa-
tion of the old pump; C: After pump replacement. CPB: Cardio-
pulmonary bypass.

Table 1  Laboratory values

Outpatient (1 mo prior to admission) Outpatient (1 wk prior to admission) Admission Post pump exchange (POD 7)

White blood cells (B/L)   6.5   6.7 8 10.7
Hemoglobin (g/dL) 10.8   8.4   7.6 11.6
Hematocrit 35.1% 27.9% 24.5% 36.4%
Platelets (B/L) 158   139 164 162
Reticulocytes   7.4% 2.8%
Na (mEq/L) 139   136 131 137
K (mEq/L)     4   4.7   4.9 3.8
BUN (mg/dL)   17 16 28 26
Creatinine (mg/dL) 1.2   1.4   1.9 1.5
Total bilirubin (mg/dL) 0.4   0.5   1.1 0.9
Aspartate aminotransferase (IU/L)   40     60 1 34
Lactate dehydrogenase (IU/L) 707 1382 1 527
Plasma free hemoglobin (mg/dL) 52 6.4
Haptoglobin (mg/dL) 1

Urine color Light red Yellow
Red blood cell in urine (/HPF) 1 < 1

1Unable to be obtained due to hemolysis.

 COMMENTS
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discolored urine.
Clinical diagnosis
He denied any chest pain, shortness of breath, or edema.
Differential diagnosis
Discolored urine and the lab values suggesting hemolysis, occasional pump 
power spikes were thought to be due to pump thrombosis.
Laboratory diagnosis
Hemoglobin 7.6 g/dL; plasma free hemoglobin 52.0 mg/dL; PT-INR 1.7; serum 
creatinine 1.9 mg/dL; total bilirubin 1.1 mg/dL. The lactate dehydrogenase, hap-
toglobin, AST were not able to be measured due to severe hemolysis.
Imaging diagnosis
Echocardiography showed severe biventricular dysfunction and opening of the 
aortic valve with every heartbeat. 
Treatment
The patient underwent pump exchange.
Related reports
Medical management resulted in a 48.2% mortality in the following six months 
after the diagnosis of pump thrombosis.
Experiences and lessons
The diagnosis of pump thrombosis is challenging, but the authors were able to 
confirm the diagnosis by intraoperative inspection of the pump and the prompt 
resolution of the discolored urine.
Peer review
The manuscript describes frequent complication of left ventricular assist device. 
The manuscript is well written and has a good structure with excellent images. 
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