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Introduction
Heparin induced thrombocytopenia (HIT) is a well recognized 

complication of heparin therapy and usually occurs within five to 
ten days after the initiation of heparin treatment [1]. It is important 
to note the distinction between the two variants of the disease. Type 
I HIT has an incidence of 10-25% in all patients receiving heparin 
treatment and is considered to be of minimal clinical consequence [5]. 
It is characterized by a fall in platelet count that occurs within days 
of heparin administration. In type I HIT the platelet count returns to 
normal and heparin treatment is not discontinued. The mechanism of 
thrombocytopenia in Type I HIT is non-immune mediated but rather 
the effect of heparin on platelet activation. For the remainder of this 
review, the term HIT will refer only to the Type II variant.

HIT is an immune-mediated disorder which is characterized by 
the formation of antibodies against the heparin-platelet factor 4 (PF4) 
complex. The incidence of HIT is between 0.2 and 5% in patients 
who are exposed to heparin for 4 days or more [6-10]. Several factors 
increase the risk of development of HIT, highlighted amongst them are 
the duration of heparin treatment, the use of unfractionated heparin, 
surgery, and female gender [11-14]. The presence of the heparin-PF4 
complex antibodies does not guarantee the presence of the disease. 
Antibodies are more likely to occur in patients undergoing cardiac 
surgery, with an antibody incidence reported as high as 15-20% [15-
16]. The creation of the HIT antibodies to the PF4/heparin complexes 
can only occur over a narrow molar ratio of reactants. This implies that 
high concentrations of heparin, such as those used in cardiopulmonary 
bypass disrupts antigen formation and prevents the thrombocytopenic 
episode1. This serves as a reasonable explanation to why the appearance 
of HIT antibodies is higher in cardiac surgery patients while the clinical 
appearance of HIT remains lower. 

Heparin is a sulphated oligosaccharide and its use for a period of 
4 or more days is able to trigger an immune-mediated response. The 
antibodies formed can be IgG, IgM, or IgA and are not necessarily 
provoked by heparin alone because the heparin/PF4 complex is highly 
immunogenic [15-16]. Once platelets are activated with the heparin/
PF4 antibody complex they undergo aggregation and are removed from 
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Abstract
Heparin induced thrombocytopenia presents as an underdiagnosed condition with life threatening thrombotic 

complications. The incidence in cardiac surgery patients is dependent on several factors and appeared to be 
greater in procedures that involve the use of intraaortic balloon pump. Clinical diagnosis is particularly challenging 
in cardiac surgery patients due to the natural occurrence of post-operative thrombocytopenia. High index of 
suspicion is key factor to establish adequate treatment and prevent the occurrence of thrombotic complications, 
such as saphenous vein graft occlusion, pulmonary embolism and myocardial infarction, which lead to substantially 
increased mortality rates. The 4T’s assessment point system was designed in order to evaluate the likelihood 
of occurrence of the condition based on clinical presentation; however, serotonin release assay represents 
the gold standard to reach diagnosis. Treatment of heparin induced thrombocytopenia involves cessation of 
unfractionated and fractionated heparin, and the instauration of therapy with direct thrombin inhibitors. Among all 
direct thrombin inhibitors agents, Bivaluridin is emerging as a potential first line of treatment based on its benefits 
of a short half-life and enzymatic elimination.

the circulation. This leads to the development of thrombocytopenia and 
the appearance of pro-coagulant micro-particles which can result in 
thrombosis [1-4]. 

HIT is associated with a fall in platelet count of greater than 50% 
and typically presents five to ten days after heparin therapy has been 
initiated1. The thrombocytopenia associated with HIT is generally not 
considered to be severe, with platelet counts routinely remaining above 
20,000/microL and a median of approximately 60,000/micro [18,19]. A 
difficult task is the diagnosis of HIT in patients who have undergone 
cardiac surgery because in this patient group a major decrease in their 
platelet count of up to 50% occurs almost universally within 72 hours of 
the surgery [20-22]. Risk factors which are associated with an increased 
incidence of HIT in cardiac surgery patients are renal insufficiency, 
intravenous application of heparin for more than 3 days, and a recent 
history of percutaneous coronary intervention [5]. Additionally 
thrombocytopenia may be maintained in these patients due to reasons 
unrelated to HIT [24]. Heparin-dependent antibodies are often present 
in cardiac surgery patients (occasionally reported to be as high as 50%), 
however a secondary fall in platelet count between days five and ten 
post-operation is highly predictive of HIT [20-22]. 

Suspecting HIT is the first step in diagnosis of the disease. Aside 
from the aforementioned drop in platelets other findings that should 
lead a clinician to suspect HIT are unexplained thrombocytopenia, 
venous or arterial thrombosis in the presence of thrombocytopenia, 
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surgical patients who undergo long stays in the intensive care unit 
are at particular risk for thrombocytopenia from various sources in 
addition to HIT such as sepsis or mechanical assistance such as aortic 
counterpulsation [34]. Treatment strategy must be implemented for 
patients in whom HIT is clinically suspected, while serological tests 
are used to confirm the diagnosis [31]. One study identified that HIT 
in perioperative cardiac patients was associated with central venous 
thrombo-embolism, whereas sepsis, microcirculatory disorder, 
and intestinal ischemia predominated in patients with other causes 
of thrombocytopenia [34]. The study also evaluated outcomes in 
perioperative cardiac surgical patients with clinical suspicion of HIT. 
Patients found to be antibody-positive were compared with HIT 
antibody-negative patients. The results showed no significant difference 
in mortality rates between antibody-positive patients and antibody-
negative patients, suggesting that a diagnosis of HIT itself is not as 
strong a predictor of perioperative mortality as sepsis, age, and female 
sex [34]. However, all patients with concomitant sepsis and HIT died, 
underscoring the particular vulnerability of this population. 

The goals of treatment for HIT are threefold: Interrupt the 
pathological immune response, inhibit the uncontrolled generation of 
thrombin, and minimize the complications. The immune response that 
leads to HIT is interrupted by the immediate withdrawal of all forms 
of heparin including subcutaneous injection, IV flushes, and heparin 
bonded-catheters. Low molecular weight heparin should not be used 
in these patients due to an approximate risk of 90% for cross-reactivity 
with anti-P4/heparin antibodies [29]. Extensive measures must be 
implemented to label these patients with “heparin allergy” in the chart 
and at the bedside to avoid accidental exposure to heparin.

Cessation of heparin alone does not sufficiently reduce the risk 
of thrombosis. The next step in management targets the uncontrolled 
generation of thrombin with the use of direct thrombin inhibitors 
(DTIs). The advantage of DTIs is that they bind and inhibit both clot-
bound and circulating thrombin, thereby reversing the process of HIT 
rather than simply halting it. In addition, the molecular structure 
of DTIs prohibits cross-reactivity with anti-P4/heparin antibodies. 
There are, however, some significant disadvantages to the use of these 
agents. The inhibition of thrombin by DTIs is an irreversible process 
with no antidote available to manage possible significant bleeding 
complications. DTIs must be monitored closely for appropriate dosing, 
with individual algorithms for each drug. DTIs significantly prolong the 
International Normalized Ratio (INR), which complicates the process 
of bridging to oral anticoagulation with warfarin [31]. The INR values 
that DTIs confer do not conform to the currently established standards 
used to manage bleeding risk, and special procedures are required to 
obtain INR levels that reflect warfarin’s anticoagulation effect alone.

Lepirudin and argatroban are the two mostly widely studied DTIs 
for the treatment of HIT in large clinical trials [29]. Lepirudin is a 
recombinant form of hirudin. It is renally excreted with a half-life of 
90 minutes. Argatroban is an L-arginine derivative metabolized by the 
hepatobiliary system with a half life of approximately 30-50 minutes. 
Argatroban is preferred in patients with renal insufficiency, whereas 
lepirudin is the drug of choice for patients with liver disease [27]. A 
third drug, bivalirudin is the newest DTI approved by the FDA for 
use in patients undergoing percutaneous coronary intervention, but 
not for the treatment of HIT in other settings. Bivalirudin is another 
hirudin analog that differs from lepirudin in that it is hemodialyzable 
and primarily undergoes enzymatic elimination. Its half-life is the 
shortest, 20-25 minutes, making bivalirudin the safest option since 
there are no reversal agents available. Bivalirudin has a particular 

necrotic skin lesions at heparin injection sites, and acute anaphylactoid 
reactions after IV boluses of heparin. The difficulty in establishing a 
clinical diagnosis of HIT was aided by the creation of the 4T’s assessment 
point system [24] (Table 1).

Scores of 0–3 indicate a low probability of HIT. Scores of 4 - 5 
represent an intermediate probability and scores of 6–8 represent a 
high probability of HIT. This scoring system is in place to determine 
the probability of HIT but is not confirmatory. Currently there are 2 
forms of assays in use for diagnosing HIT. The serotonin release assay 
measures platelet activation and is considered to be the gold standard. It 
measures the release of 14C-serotonin when therapeutic concentrations 
of heparin are used. The test has both a high sensitivity and specificity 
(both between 89 – 100%) with the downside of limited availability 
and high cost [23]. The second assay are the antigen assays (ELISA) 
which are severely limited by their inability to distinguish between non-
pathogenic and clinically relevant antibodies, their value lies in their 
high negative predictive value [23].

The most pressing complication with HIT is thrombosis which 
occurs in both the venous and arterial circulation. The release of pro-
coagulant micro-particles from activated platelets is likely the primary 
event. In the general population the incidence of thrombotic events 
that result from HIT is between 30 and 50% [32,38]. Venous events 
are 4 times more likely [38]. However, in patients undergoing cardiac 
surgery the occurrence of arterial thrombosis is equal to that of venous 
events [23]. Furthermore, the variation in location of thrombotic 
events as a result of HIT is particularly concerning for physicians. 
Potential thrombotic complications include renal artery thrombosis, 
mesenteric ischemia, pulmonary embolus, stroke, and saphenous vein 
graft occlusion [38]. Ischemia requiring amputation occurs in 5-10% 
of cardiac surgery patients who experience arterial thrombotic events 
[23]. The incidence of thrombotic events correlated heavily with the 
degree of thrombocytopenia and cardiac surgery patients generally 
have platelet counts lower than 100,000/µL when thrombotic events 
occur [36]. The mortality rate in patients with HIT as a result of 
thrombotic events varies by procedure however procedures requiring 
an IABP have the highest rate [30]. In patients with peripheral vascular 
disease undergoing bypass with heparin-bonded grafts, HIT prevents 
the wound from properly healing and often results in ischemia and 
necrosis despite graft patency [36].

Management
Timing is crucial for the successful management of HIT. Cardiac 

Category 2 Points 1 Point 0 Points
Thrombocyto-
penia

>50% fall or Nadir 
of 20-100 x 109/L

30% - 50% fall or 
Nadir of 10-19 x 
109/L

<30% fall or Nadir 
of < 10 x 109/L

Timing of platelet 
count fall

Days 5 – 10 or less 
than or equal 1 day 
if there is heparin 
exposure within the 
past 30 days.

Greater than day 
10 or unclear or 
less than 1 day if 
heparin exposure 
within past 30 – 
100 days

Less than or equal 
to 1 day with no 
recent heparin 
therapy

Thrombosis or 
other sequlae

Proven thrombosis, 
skin necrosis, or 
other heparin bo-
lus, acute systemic 
reaction

Progressive, 
recurrent, or 
silent thrombosis; 
erythematous skin 
lesions

None

Other causes of 
thrombocyto-
penia

None evident Possible Definite

Table 1: The 4T’s assessment point system.
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In conclusion, HIT presents today as an underdiagnosed 
condition with life threatening thrombotic complications. Patients 
who have undergone cardiac surgery remain a troublesome group to 
clinically diagnose due to the natural occurrence of post-operation 
thrombocytopenia. The 4T’s assessment point system was designed in 
order to evaluate the likelihood a patient has HIT based on the clinical 
presentation. The AACP recommended guidelines state that when 
a patient is suspected of having HIT treatment is to be started while 
awaiting laboratory confirmation. The gold standard for the diagnosis of 
HIT is the serotonin release assay. Treatment of HIT involves cessation 
of all heparin administration as well as the use of direct thrombin 
inhibitors (DTI). Currently, the 2 recommended DTIs for the treatment 
of HIT are Lepuridin and Argatroban, with the exception of HIT 
post PCI in which bivaluridin is the first line of treatment. One major 
drawback of DTIs is a lack of an antidote. Bivaluridin is being heralded 
as a potential first line drug in all cases of HIT due to its benefits of a 
short half life and enzymatic elimination.
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