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Intraoperative 
Anticoagulation
Management during
Cardiac Transplantation
for a Patient with Heparin-Induced Thrombocytopenia 
and a Left Ventricular Assist Device

Heparin-induced thrombocytopenia is an immunologically mediated syndrome that is as-
sociated with potentially life-threatening arterial and venous thrombosis. Re-exposing pa-
tients who have heparin-induced thrombocytopenia to heparin during cardiopulmonary 
bypass may be hazardous. We describe the re-exposure to unfractionated heparin of a 
patient with a left ventricular assist device and evidence of heparin-induced thrombocy-
topenia who needed cardiac transplantation, which was accomplished without compli-
cations. (Tex Heart Inst J 2008;35(1):62-5)

eparin-induced thrombocytopenia (HIT), a side effect of prolonged heparin 
therapy, has life-threatening thrombotic consequences. Repeated and pro-
longed heparin exposure is common in hospitalized end-stage heart disease 

patients because of the frequent use in these patients of intra-aortic balloon pumps, 
heparin-coated pulmonary artery catheters, arterial line flushes, prophylaxis against 
deep vein thrombosis, multiple interventional cardiology procedures, coronary artery 
bypass grafting, hemodialysis, and insertion of left ventricular assist devices (LVADs). 
Heparin is used in preference to other anticoagulants because it has a short half-life 
and can be reversed with protamine.

Case Report

A 51-year-old, 69.9-kg white woman with nonischemic, dilated cardiomyopathy was 
admitted to the hospital after being resuscitated from cardiac arrest. She had a 4-year 
history of dyspnea on exertion and easy fatigability. Despite medical therapy, includ-
ing weekly infusions of milrinone, she had developed orthopnea and paroxysmal 
nocturnal dyspnea. Comorbidities included non-insulin-dependent diabetes mellitus, 
hypertriglyceridemia, Gilbert’s syndrome, and hypothyroidism. She had undergone 
cholecystectomy and total abdominal hysterectomy several years earlier.
	 Physical examination showed distended jugular veins, pedal edema, and S4 gallop 
rhythm. Two-dimensional echocardiography revealed global left ventricular (LV) hy-
pokinesia, a low calculated LV ejection fraction (<0.10), a LV end-diastolic dimension 
of 5.5 cm, depressed right ventricular function, and mildly thickened mitral and aortic 
valves. Selective coronary angiography revealed normal arteries. Invasive hemodynam-
ic testing revealed pulmonary hypertension: the baseline pulmonary artery pressure 
was 68/33 (mean, 48 mmHg), and the pulmonary capillary wedge pressure was 26 
mmHg. Intravenous nitroglycerin lowered the patient’s resting transpulmonary gra-
dient from 19.6 to 9.3 mmHg and her pulmonary vascular resistance from 5.1 to 2.4 
Wood units, indicating reversibility of the pulmonary hypertension. However, nitro-
glycerin did not change her pulmonary capillary wedge pressure of 25 mmHg or her 
cardiac index of 2.1 L/(min⋅m2). The patient’s liver echotexture was heterogeneous, 
consistent with fatty infiltration seen on abdominal ultrasonography. Renal function 
was normal, but liver panel results suggested hepatic dysfunction (bilirubin, 3.7; gam-
ma-glutamyl transpeptidase, 149 IU/L; alkaline phosphate, 106 IU/L; and lactate de-
hydrogenase, 224 IU/L).
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	 The patient was accepted for cardiac transplantation, 
but because her clinical symptoms and hemodynamics 
were worsening and no donor heart was available, she 
received a Jarvik 2000 (Jarvik Heart Inc.; New York, 
NY) axial-flow LVAD as a bridge to transplantation. 
Standard systemic heparinization was used during car-
diopulmonary bypass (CPB).
	 The patient’s intraoperative and immediate postopera-
tive course was uneventful. Intravenous heparin therapy 
began after the chest tubes were removed on postoper-
ative day 2, in accordance with the standard anticoag-
ulation regimen for Jarvik 2000 recipients. The platelet 
count was 184 × 109/L on postoperative day 1 and 92 × 
109/L by day 7 (a 50% decrease). Because HIT was sus-
pected, heparin was stopped and lepirudin infusion was 
begun (loading dose of 0.4 mg/kg given intravenous-
ly over 15–20 sec, then 0.15 mg/[kg⋅hr]). The platelet 
level continued to fall, reaching 47 × 109/L on postop-
erative day 10. An enzyme-linked immunosorbent assay 
(ELISA) detected heparin platelet factor 4 (HPF4) anti
bodies. A 2-dimensional echocardiogram strongly sug-
gested thrombus formation around the Jarvik inlet 
cannula. The patient was upgraded to United Net-
work for Organ Sharing Class IA on the transplant 
waiting list. A donor heart became available 14 days 
after LVAD insertion.
	 Before the heart-transplant surgery, lepirudin infusion 
was stopped, and the patient received plasmapheresis (3 
L of the patient’s plasma replaced with donor plasma). 
Her preoperative platelet count was 171 × 109/L. Be-
cause of concern that using alternative anticoagulants 
that cannot be readily reversed might cause intraoper-
ative or postoperative hemorrhaging, the decision was 
made to administer a single, 300-mg dose (4 mg/kg) of 
unfractionated porcine heparin before CBP began. No 
more heparin was given during the 129-minute CPB 
period. The activated clotting time, evaluated every 30 
minutes during CPB, remained greater than 400 sec-

onds throughout. After decannulation, protamine was 
given to reverse the effect of heparin. There was no evi-
dence of thrombosis in the bypass circuit or elsewhere.
	 The surgery was completed without complications, 
including clinical evidence of thrombosis, and the pa-
tient was transferred to intensive care in stable condi-
tion. Postoperatively, heparin was not used for flushing 
of the arterial or venous lines, and the patient received 
no anticoagulants. D-Dimer (a marker of hypercoagu-
lability), fibrinogen, and platelet levels were evaluated 
daily for 8 days (Table I). The patient was discharged 
from intensive care on postoperative day 2 and was 
discharged from the hospital on postoperative day 18 
without further incident. Histologic examination of the 
explanted heart showed a 3.5 × 3.5-cm thrombus near 
the pump’s LV outlet. The patient was alive and well at 
her 2-year follow-up.

Discussion

In 1958, Weismann and Tobin1 first noted the associ
ation between heparin and thrombogenesis in cer-
tain patients. This problem was further associated with 
thrombocytopenia in 1973 by Rhodes and colleagues,2 
who also suggested that HIT might have an immuno-
logic cause. In the early 1970s,3 reported frequencies of 
HIT were as high as 25% because there was no clear 
distinction between the more common type I, which 
is not associated with thrombosis and does not appear 
to be immunologic in origin, and type II, which is im-
mune-mediated and associated with hypercoagulability. 
Subsequently, other investigators have found incidenc-
es of HIT type II to be 1% to 4% overall4,5 and to be 
lower in surgical patients (0–3.5%)6,7 than in medical 
patients (2.7%–5.0%).8,9

	 The potentially lethal complications of HIT (for ex-
ample, pulmonary embolism, cerebral stroke, and limb 
gangrene) are sometimes misattributed to unsatisfacto-
ry anticoagulation.10 To complicate the diagnosis, many 
patients with the HPF4 antibody do not express the 
clinical HIT syndrome. Although 20% to 50% of car-
diac surgery patients form antibodies to HPF4, throm-
bocytopenia develops in only 3.8% of these patients.11-13 
In addition, because of previous heparin exposure, about 
20% of patients who undergo CPB have heparin-asso-
ciated antibodies detectable by ELISA.14 Recipients of 
ventricular assist devices (VADs) seem particularly like-
ly to have HPF4 antibodies: in a study of 55 VAD recip-
ients, 40 had HPF4 antibodies, and, in 35 of these, the 
antibodies were present before VAD implantation, sug-
gesting that VAD recipients are at greater risk for HIT 
type II than are other cardiac surgical patients.15 Sourc-
es of previous heparin exposure include interventional 
cardiology procedures, cardiac or vascular surgery, arte-
rial line flushes, and heparin-coated pulmonary artery 
catheters.

TABLE I. Patient’s Platelet Count, Fibrinogen Levels, 
and D-dimer Levels on the First 8 Days after Heart 
Transplantation

Post-Transplant	 Platelet Count 	 Fibrinogen 
	 Day	 (×109/L)	 (mg/dL)	 D-Dimer

	 1	   66	 398	 +1/16

	 2	   87	 502	 +1/4

	 3	 109	 415	 +1/4

	 4	 134	 383	 +1/4

	 5	 142	 340	 +1/8

	 6	 149	 280	 +1/8

	 7	 132	 243	 +1/8

	 8	 159	 229	 +1/8
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Anticoagulation Strategy
Most Jarvik 2000 LVAD patients at our institution re-
ceive sufficient intravenous heparin to maintain an ac-
tivated partial thromboplastin time of 50 to 70 sec and 
an anti-Xa activity of 0.3 to 0.7 U/mL. Heparin is alter-
nated with oral warfarin until the international normal-
ized ratio (INR) reaches the therapeutic range (2.5–3.5). 
Platelet inhibitors (for example, aspirin or dipyridam-
ole) are also administered.16,17 In LVAD recipients who 
are diagnosed with HIT type II, we substitute intrave-
nous bivalirudin or argatroban for heparin, until the 
INR is brought into therapeutic range with warfarin.

Intraoperative Management  
Strategy in Patients with HIT
In patients diagnosed with HIT who need repeat car-
diac surgery that requires CPB, heparin re-exposure is 
considered hazardous by many, and an alternative man-
agement strategy may be used. Antibodies to HPF4 tend 
to be self-limiting and are usually not detectable after 3 
months; waiting this period of time has been associat-
ed with good outcomes on re-exposure to unfractionat-
ed heparin during CPB, followed by the postoperative 
use of alternative anticoagulants, if needed.
	 When waiting is not possible, as in the case reported 
here, some have advocated using alternative anticoag-
ulants during CPB.18,19 However, the alternative anti-
coagulants available (for example, danaparoid sodium, 
recombinant hirudin, and bivalirudin) do not have cor-
responding reversal agents as heparin does, and they 
have been associated with severe hemorrhage in patients 
who have renal impairment.20

	 Another approach, before initiating CPB, is using un-
fractionated heparin after first administering an anti-
platelet agent (for example, tirofiban20 or epoprostenol). 
However, in some reported cases, prostacyclin use has 
been complicated by severe hypotension. One reported-
ly successful strategy for preventing this problem is the 
inhibition of platelets with the short-acting platelet gly-
coprotein IIb/IIIa antagonist tirofiban (10 µg/kg, fol-
lowed by an infusion of tirofiban at 0.15 µg/[kg⋅min], 
stopped 1 hour before CPB is ended20), before admin-
istering a 400-IU/kg bolus of unfractionated heparin. 
Supplementary heparin is administered as needed to 
keep activated clotting time above 500 seconds. We, 
too, have used this protocol successfully in a series of 
6 patients (Cooper and Bracey, unreported data), but 
some degree of postoperative hemorrhage has compli-
cated this approach, possibly because tirofiban’s effects 
weaken with time.
	 In this particular case, because of concern about post-
operative bleeding in a patient having a 2nd cardiac sur-
gical procedure very shortly after the 1st, the risks posed 
by using an irreversible antiplatelet agent were judged 
to be greater than the risk of thrombosis. This has been 
our standard approach in the past.

	 This case is unique in that there was laboratory doc-
umentation of an antibody to the HPF4 complex. The 
concurrent intradevice thrombus suggests that the pa-
tient had HIT with thrombosis syndrome. At present, 
the diagnosis of this malady remains chiefly a clinical 
one. Treatment requires carefully considering benefits 
versus risks, particularly in surgical patients who are at 
greater risk of bleeding complications when treated with 
direct thrombin inhibitors. In this case, the benefits of 
having a suitable donor with a negative crossmatch were 
thought to outweigh the risks associated with CPB. 
This successful approach shows that even in some pa-
tients who have a clinical picture consistent with HIT, 
heparin re-exposure does not lead to thrombosis, espe-
cially when the heparin exposure occurs in a high dose 
over a short time and is not recurrent.
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