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INTRODUCTION                                                                   
A rare but possibly fatal side effect of heparin therapy is 

thrombocytopenia caused by heparin (HIT)[1]. HIT puts the 
patient at higher risk for thrombotic problems, both arterial 
and venous. Amputation, stroke or other irreversible 
disabilities affect an equal proportion of patients as a 
result of thrombosis in HIT, which is linked to a death                 
rate of 20 % to 30 %[2–5]. This report’s major goal is to 
draw attention to the possibility that heparin resistance 
could show as an HIT symptom before the commonly               
used 4 T probability score system.

CASE REPORT                                                               
A 53-year-old woman who had been using statins, 

nitrates and beta blockers was diagnosed with unstable 
angina and was treated with a loading dose of T. Ecospirin 
(325 mg), T. Clopidogrel (300 mg) and Inj. Heparin 5000 U 
(Intravenous) three times per day on the day of diagnosis. Her 
echocardiogram revealed mild left ventricular dysfunction 
with a 50 % ejection fraction and septal and inferior wall 
hypokinesia. The results of her coronary angiography had 
shown triple vessel disease. Two weeks after optimising, 
an off pump Coronary Artery Bypass Graft (CABG) was 
scheduled. Her preoperative tests revealed that she had 
normal renal and hepatic function, a haemoglobin level 
of 11.3 g/dl, a platelet count of 2,98,000 cells/cu.mm, a 
PT of 13.6 s, an INR of 1 and an aPTT of 28.3 s. Seven 
days before the CABG procedure, T. Ecospirin and T. 
Clopidogrel were stopped and they were replaced with 
Inj. Clexane 0.4 ml SC O.D. Inj. Heparin 5000 units SC 
8th hourly were used in place of Inj. Clexane 24 h before 
surgery. Eight hours before the operation, the last heparin 
dose was administered. Subcutaneous heparin was given 
after stopping the Low molecular weight heparin(LMWH) 
as an institutional protocol 24 h before the surgery.

A median sternotomy was carried out following the 
onset of general anaesthesia, and OPCAB was carried out 
following the administration of 2 mg/kg of heparin and 
an ACT of 252 s. Aorta-saphenous venous grafts (SVG) 
were anastomosed to the obtuse marginal (OM1) and 
(OM2) and a left internal mammary artery (LIMA) graft 
was anastomosed to the left anterior descending (LAD). 
Then, a 1 : 1 ratio of Inj.Protamine was used to reverse 
the anticoagulant effects of heparin. Initially there was 
hypotension in reaction to protamine followed by ECG 
showing sustained ST elevation in all leads (greater in 
II, III and avF.(5.4 mm)) despite revascularization. The 
continued low blood pressure necessitated strong inotropic 
support. Cardiopulmonary bypass support was given to 
the heart since the right ventricular contractions were 
obviously weak. 3 min after systemic heparinization with 
3 mg/kg UFH, the ACT value was 452 s. The ACT did not 
cross 480 s despite a 6 mg/kg heparin dosage, leading to the 
suspicion that there was heparin resistance. With an ACT of 
478 s, cardiopulmonary bypass was started after two units 
of fresh frozen plasma. At the distal anastomosis, it was 
discovered that LIMA was thrombosed. It was modified to 
graft LIMA to LAD. In addition, the diagonal artery and 
distal right coronary artery were grafted. The measured 
serial ACT values were 469 and 462 s. The patient was 
moved to the ICU with mechanical ventilation. Repeated 
blood tests showed a haemoglobin level of 10.7 and a 
platelet count of 43 000. The patient suddenly suffered 
an acute hypotension, and the ECG subsequently showed 
ST elevation and ventricular fibrillation. After then, the 
patient experienced cardiopulmonary arrest, which could 
not be revived. A significant thrombus was found in the 
left anterior descending artery when the sternum was 
opened after the arrest. The clinical diagnosis of HIT was 
strongly supported by the abrupt decline in platelet count 
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(> 50 %fall- 2 points), a new arterial thrombosis(2 points) 
and exposure to heparin within 30 days (2 points) and no 
other cause of thrombocytopenia (2 points and hence a 

4Ts category 2 points 1 point 0 point

Thrombocytopenia Platelet count >50% and 
platelet nadir >or equal to 20

Platelet count 30% to 50% or platelet nadir 10-19 Platelet count fall <30% 
or platelet nadir <10

Timing of platelet count fall Clear onset days 5-10 or 
platelet fall 1 day (prior heparin 
exposure within 30 days)

Consistent with days 5-10 fall, but not clear (e.g., 
missing platelet counts); onset after day 10; or fall 
1 day (prior heparin exposure 30-100 days ago)

Platelet count fall <or 
equal to 4 days without 
recent exposure

Thrombosis or other Sequelae New thrombosis (confirmed); 
skin necrosis; acute systemic 
reaction post intravenous 
unfractionated heparin bolus

Progressive or recurrent thrombosis; non-
necrotizing (erythematous) skin lesions; 
suspected thrombosis (not proven)

None

Other causes of 
Thrombocytopenia

None apparent Possible Definite

T score of 8/8 (Tables 1 and 2). There was no history of 
thrombosis in the preceding weeks before the surgery. The 
first instance of thrombosis was noted during the surgery.

Table 1 : The 4TS scoring system:

Table 2 : Risk Stratification of T score in HIT:

T Score Probability of HIT

0–3 Low

4–6 Intermediate

6–8 High

DISCUSSION                                                                      

Unfractionated heparin is the anticoagulant of choice 
in cardiac surgeries as it is effective, easily available, 
has a rapid onset of action and is efficiently reversed by 
protamine. The continued use of unfractionated heparin 
in clinical practice places patients at risk for developing 
heparin-induced thrombocytopenia (HIT), a potentially 
devastating immune disorder associated with catastrophic 
thrombosis[6]. Heparin-induced thrombocytopenia is the 
most significant adverse effect of heparin after bleeding 
complications[7]. In general, the antibodies occur more 
frequently in patients undergoing cardiovascular surgery 
and in postsurgical patients than in medical patients[8]. 
HIT antibodies are also more frequent in patients receiving 
unfractionated heparin (UFH) compared to low molecular 
weight heparin[9,10] although antibodies developing in 
patients receiving UFH frequently cross-react with  
LMWH[7].

HIT is classified into 2 distinct subtypes. Type I HIT is 
characterised by mild decrease in platelet count and typi-
cally occurs within 1 to 2 days of heparin administration. It 
is non-immune-mediated and appears to be due to a direct 
activation of the platelets by heparin, leading to platelet ag-
gregation and hence thrombocytopenia. It is not considered 
pathologic and usually resolves spontaneously[1].

Type II HIT is the more severe form and is associated 
with thromboembolic complications. It is immune-medi-
ated and is caused by IgG antibody formation against the 
circulating Heparin-Platelet factor 4 complexes. Platelet 
factor 4 is normally present in the alpha granules of plate-
lets and is released into circulation on platelet activation. 

The Fab region of the antibody then binds to heparin- P4 
complex. The Fc portion of the antibody then binds to the 
platelet Fc receptor and this interaction triggers activation 
and aggregation of the platelets. Activated platelets release 
PF4, thus the cycle perpetuates[7]. Activation of platelets 
leads to thrombocytopenia and aggregation of platelets 
produces thrombosis (white clot syndrome)[7]. The acti-
vated platelets further release prothrombotic platelet mic-
roparticles which promote coagulation and hence there is 
paradoxical thrombosis inspite of thrombocytopenia.

HIT is known to be one of the causes for heparin resis-
tance, which is defined as the inability of an adequate hep-
arin dose to increase the activated clotting time (ACT) to 
the desired level[11]. Heparin resistance was the first mani-
festation of HIT in our patient. The proposed mechanism 
for heparin resistance in HIT is heparin neutralization by 
platelet factor IV, which is released by platelet aggrega-
tion in the presence of heparin-dependent platelet mem-
brane antibodies[12]. The cause of heparin resistance could 
have been due to both antithrombin (AT III deficiency) and 
non-antithrombin mediated mechanisms (neutralisation 
by platelet factor 4). Measurement of AT III and whole 
blood heparin levels would have been a more coherent ap-
proach[13]. In our case AT III assay couldn’t be done be-
cause of the non-availability in the lab. Since AT III con-
centrate is not available, FFP was transfused in an effort to 
the reverse the ATIII deficiency but that did not elevate the 
ACT timings.

HIT is essentially diagnosed clinically and laboratory 
assays usually play a supportive role[1,8,14,15]. To aid in the 
clinical diagnosis of HIT, a 4 T scoring system (Table 1) 
was developed by Lo et al.[16].

The T score in our patient was 7/8 indicating a 
high probability of HIT. (2 points for platelet count                               
fall from 2,98,000 to 43,000, 2 points for timing                                                                                             
of the fall i.e. recent heparin exposure, 2 points for new 
thrombosis and 1 point for possible other causes of throm-
bocytopenia like post-surgery, post CPB).
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Functional and immunological tests for HIT involve 
the platelet aggregation test (PAT), serotonin release as-
say (SRA), heparin-induced platelet aggregation (HIPA) 
test, the anti-H-PF4 complex antibody enzyme-linked im-
munosorbent assays (ELISA), and flow cytometry stud-
ies[1,17]. The H-PF4 ELISA test is sensitive (90%) but less 
specific(~71%) and is often used as a screening test. The 
SRA with a sensitivity of 100% and specificity of 97% can 
be performed as a confirmatory test, but is not universally 
available and utilised[18].

CONCLUSION                                                                          

Delays in the availability of diagnostic assay results 
warrants the identification and management of HIT on the 
basis of clinical evaluation and since heparin resistance can 
serve as an earlier red flag for HIT[13], a chance encounter 
with heparin resistance should raise a high index of 
suspicion for HIT especially in the setting of new onset 
thrombosis and thrombocytopenia.

Heparin-induced thrombocytopenia can present as 
heparin resistance in initial stage which can be effectively 
managed peroperatively by transfusing fresh frozen plas-
ma to increase the levels of antithrombin III. Preoperative 
or intraoperative plasmapheresis can be done to eliminate 
the anti-heparin antibodies. A potent antiplatelet like tirofi-
ban or direct thrombin inhibitors such as bivalirudin can be 
tried for cardiac surgeries. HIT can be catastrophic if not 
diagnosed earlier. Alternatives are available to heparin for 
cardiac surgeries if the operation is not delayed.

CONFLICTS OF INTEREST                                              

There are no conflicts of interest.

REFERENCES                                                                  

1. Y Nazli, N Colak, B Demircelik, MF Alpay, O Cakir, 
K Cagli. A fatal complication after repair of post-
infarction ventricular septal rupture: heparin-induced 
thrombocytopenia with thrombosis. Cardiovasc J Afr 
2015; 26:e11–e15. DOI: 10.5830/CVJA-2015-001.

2. Greinacher A. Antigen generation in Heparin-
associated thrombocytopenia: the nonimmunlogic 
type and the immunologic type are closely linked 
in their pathogenesis. Semin Thromb Hemost 1995; 
21:106–116.

3. Demasi R, Bode AP, Knupp C, et al. Heparin-induced 
thrombocytopenia. Am Surg 1994; 60:26–29.

4. Nand S, Wong W, Yuen B, et al. Heparin-induced 
thrombocytopenia with thrombosis: incidence, 
analysis of risk factors, and clinical outcomes in 108 
consecutive patients treated at a single institution. Am 
J Hematol 1997; 56:12–16.

5. Magnani HN. Heparin-induced thrombocytopenia 
(HIT): an overview of 230 patients treated with 
Orgaran (Org 10172). Thromb Haemost 1993; 
70:554–556.

6. Arepally GM, Padmanabhan A. Heparin induced 
thrombocytopenia: A focus on thrombosis. Arterioscler 
Thromb Vasc Biol 2021; 41:141–152. DOI: 10.1161/
ATVBAHA.120.315445

7. Comunale ME, Van Cott EM. Heparin-induced 
thrombocytopenia. Int Anesthesiol Clin 2004; 42:27-
43.

8. Franchini M. Heparin-induced thrombocytopenia: 
an update. Thromb J 2005; 3:14. doi: 10.1186/1477-
9560-3-14 

9. Lindhoff-Last E, Eichler P, Stein M, et al. A 
prospective study on the incidence and clinical 
relevance of heparin-induced antibodies in patients 
after vascular surgery. Thromb Res 2000; 97:387-393.

10. Locke CFS, Dooley J, Gerber J. Rates of clinically 
apparent heparin-induced thrombocytopenia for 
unfractionated heparin vs. low molecular weight 
heparin in non-surgical patients are low and similar. 
Thromb J 2005; 3:4. doi: 10.1186/1477-9560-3-4.

11.  Finley ■, Alan MD, Greenberg ■, Charles MD. 
Heparin sensitivity and resistance management during 
cardiopulmonary bypass. Anesth Anal 2013; 116:1210-
1222. doi: 10.1213/ANE.0b013e31827e4e6.

12. Silver D, Kapsch DN, Tsoi EKM. Heparin-induced 
thrombocytopenia, thrombosis, and hemorrhage. Ann 
Surg 1983; 198:301–306.

13. Zhou JR, Jones P, Guo L, Dhir A. Heparin Resistance 
and intracardiac thrombosis may be a harbinger of 
heparin-induced thrombocytopenia. J Cardiothorac 
Vasc Anesth 2018; 32:1386–1390.

14. Cines DB, Bussel JB, McMillan RB, Zehnder 
JL. Congenital and acquired thrombocytopenia. 
Hematology  Am Soc  Hematol Educ Program 2004 
; 1 : 390-406.

15. Warkentin TE, Greinacher A. Heparin-induced 
thrombocytopenia: recognition, treatment, and 
prevention: the Seventh ACCP Conference on 
Antithrombotic and Thrombolytic Therapy. Chest 
2004, 126(3 Suppl):311S-337S.

16. Lo GK, Juhl D, Warkentin TE, Sigouin CS, Eichler 
P, Greinacher A. Evaluation of pretest clinical 
score (4 T’s) for the diagnosis of heparininduced 
thrombocytopenia in two clinical settings. J Thromb 
Haemost 2006; 4:759–765.

17. DuBose J, Sutherland M, Moulton M, Krishnan B, 
Cohn J, Pratt JW. Heparin-induced thrombocytopenia 
and thrombosis syndrome after cardiac surgery. Curr 
Surg 2004; 61:209–221.

18. Cormack GM, Kaufman LJ. Severe heparin-induced 
thrombocytopenia: when the obvious is not obvious, a 
case report. J Med Case Rep 2007; 1:13. 


