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Background: Heparin-induced thrombocytopenia (HIT) is a rare autoimmune reaction that involves a decrease in platelet count
following heparin exposure and can be associatedwith life-threatening thrombosis. Because of their prolonged heparin exposure,
patients undergoing cardiac surgery are at risk of HIT, with an incidence of 0.1% to 3%.
Case Report: A 65-year-old male with severe mitral regurgitation and preoperative ejection fraction of 20% to 25% underwent
mitral valve bioprosthetic replacement with coronary artery bypass graft surgery. Heparin anticoagulation was started on post-
operative day (POD) 1. Respiratory failure resulted in prolonged mechanical ventilation and heparinization without the ability to
initiate warfarin. While the patient was on heparin, his platelet count declined on POD 2 and then steadily increased to above
the preoperative level on POD 7. On POD 10, the patient’s platelet count dramatically decreased, and on POD 13 he developed
acute common femoral artery occlusion necessitating embolectomy. Intraoperative transesophageal echocardiography revealed
heavy thrombus burden across themitral bioprosthesis. HIT was confirmedwith a positive heparin-induced platelet antibody and
serotonin release assay. Heparin was stopped and argatroban initiated. The patient underwent reoperative bioprosthetic mitral
valve replacement on POD 18 using bivalirudin intraoperatively. Despite resolution of HIT, the patient developed sepsis and died
on POD 59.
Conclusion: The diagnosis of HIT is challenging in patients who undergo cardiopulmonary bypass. Platelet counts often decrease
40% to 60% during the first 72 hours postoperatively, and the frequency of nonspecific anti–platelet factor 4/heparin antibody
formation is high. These findings can mask early signs of HIT and delay diagnosis.
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INTRODUCTION
Heparin-induced thrombocytopenia (HIT) is a rare autoim-

mune reaction that involves a decrease in platelet count fol-
lowing heparin exposure and can be associated with life-
threatening thrombosis (heparin-induced thrombocytopenia
and thrombosis). First described in 1958, HIT is widely con-
sidered to be one of the most severe postoperative compli-
cations for patients treated with heparin1-4 and has 2 types.
HIT I is a relatively benign diagnosis with no clinical symp-
toms and is characterized by a transient drop in platelet
count that self-resolves with no antibody-mediated seque-
lae. In contrast, HIT II presents with a platelet count decrease
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associated with significant clinical symptoms, autoimmune
antibody-mediated damage, and possible thromboembolic
sequelae. Risk factors for HIT II include female sex, age >65
years, prolonged heparin exposure, use of unfractionated
heparin (UFH), and surgical procedures.5-7 Both clinical find-
ings and laboratory results are necessary for diagnosing HIT
because neither is sufficient alone for making the diagnosis.
Management includes immediate cessation of heparin and
initiation of therapeutic anticoagulation.

Patients undergoing cardiac surgery often have many of
the risk factors for HIT II, in particular extended exposure
to UFH at a high dose and use of cardiopulmonary bypass
(CPB). Patients undergoing cardiac surgery have incidence
rates of HIT as high as 3%, a sharp contrast to the reported
0.1% to 0.3% rate in the general patient population.8-10

Early recognition and treatment are further obscured by the
fact that thrombocytopenia routinely occurs after cardiac
surgery. The severity of HIT II in patients undergoing cardiac
surgery was underscored by a 1992 study reporting a post
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Figure 1. Preoperative ultrasound transesophageal echo-
cardiography shows the thickened mitral valve obstructing
cardiac vascular flow.

cardiac surgery mortality rate up to 28%.11 However, the
paradigm of HIT II as a devasting and high-mortality com-
plication is shifting; a 2016 study has suggested that early
detection and intervention can lead to significantly reduced
mortality rates of approximately 1%.12

We report the postoperative course and management of a
patient who acquired HIT II after cardiac surgery.

CASE REPORT
A 65-year-old male was evaluated for mitral valve biopros-

thetic replacement and coronary artery bypass graft (CABG)
surgery in a setting of multivessel coronary artery disease
and severe mitral regurgitation. His medical history was sig-
nificant for ischemic cardiomyopathy, prior percutaneous
intervention, hypertension, and hyperlipidemia.
Cardiac catherization revealed complete occlusion of the

left circumflex artery, 90% occlusion of the right coronary
artery, and 95% occlusion of the diagonal branch of the
left anterior descending artery. The patient received 11,750
U of UFH without complication. Two-dimensional echocar-
diography revealed 0.3 cm2 effective regurgitant orifice area
across the mitral valve, 60 mL regurgitant volume, and regur-
gitant fraction of 54% consistent with severe mitral regurgi-
tation (Figure 1). The patient also had a severely depressed
preoperative ejection fraction of 20% to 25% and severe
left ventricular enlargement. Preoperative platelet count was
164 K/μL.
The patient underwent CABG and mitral valve replace-

ment utilizing 52,000 U of UFH for CPB. Cross-clamp time
was 67 minutes, and the patient’s immediate postoperative
platelet count was 108 K/μL. The patient remained intu-
bated and sedated postoperatively because he did not tol-
erate spontaneous breathing trials. Heparin infusion of 500
U/h was started on postoperative day (POD) 1. Postopera-
tive prolonged mechanical ventilation and small bowel ileus
necessitated maintenance of nothing-by-mouth status, thus
delaying initiation of oral anticoagulation with warfarin. The
patient’s platelet count declined sharply on POD 2 (66 K/μL)
before trending upward on POD 3 (82 K/μL) and POD 4
(97 K/μL). The patient was extubated on POD 6. Platelet
counts continued trending upward andwere stable by POD 7

(242 K/μL) and POD 8 (230 K/μL). On POD 9, the patient
developed atrial fibrillation with rapid ventricular response
and underwent successful electrical cardioversion.
On POD 10, the patient’s platelet count acutely decreased

to <100 K/μL from 149 K/μL the previous day, and the
patient was reintubated because of respiratory failure. His
platelet counts continued to trend downward and reached
a nadir of 70 K/μL on POD 13 when physical examination
noted the absence of left lower extremity pulses. Arterial
duplex ultrasound revealed acute common femoral artery
occlusion, and emergent embolectomy was performed.
Heparin was discontinued, and argatroban 2.5 μg/kg/min
was initiated. Intraoperative transesophageal echocardiog-
raphy revealed heavy thrombus burden across themitral bio-
prosthesis, causing severe mitral stenosis. Repeat echocar-
diography on POD 14 showed persistence of thrombus with
a mean gradient of 20 mmHg across the mitral valve. Detec-
tion of heparin-induced antiplatelet antibody from enzyme
immunoassay and positive serotonin release assay (SRA)
confirmed the diagnosis of HIT.
Because of respiratory failure and severely thrombosed

mitral valve, the patient underwent reoperative bioprosthetic
mitral valve replacement on POD 18, with bivalirudin anti-
coagulation used continuously throughout the procedure.
A loading dose of 120 mg bivalirudin was delivered upon
initiating CPB to achieve an activated clot time 2 to 2.5
times baseline, followed by continuous infusion dosed at
2.5 mg/kg/h. The procedural approach was transseptal, and
access was gained through the previous incision. Upon visu-
alization, the mitral valve prosthetic showed dense adhe-
sions and rigid white clots on both sides of the leaflets
(Figure 2). The adherent clots effectively occluded the mitral
valve orifice. All debris was debrided and pledgeted sutures
were removed, followed by retrieval of the prosthetic valve.
The posterior leaflet was almost completely resected and
copious irrigation applied. No thrombus formation in either
the operative field or the CPB circuit was encountered dur-
ing the operation. A 31-mm Mosaic bioprosthetic valve
(Medtronic) was implanted. Intraoperative echocardiography
showed improved mitral valve function with a 1- to 2-mmHg
gradient. Postoperatively, the patient’s platelet counts were
stable and remained >150 K/μL on argatroban 1 μg/kg/min.
Despite resolution of HIT, the patient’s renal function wors-

ened postoperatively, and he developed acute kidney injury,
believed to be secondary to ischemic acute tubular necro-
sis frommultiple hypotensive episodes intraoperatively (sys-
tolic blood pressures in the 70s and 80s mmHg) and requir-
ing pressor support. Respiratory function also deteriorated
postoperatively, and despite extubation on POD 6 after his
second surgery, the patient was reintubated on POD 12. The
patient could not be weaned from the ventilator and had a
percutaneous tracheostomy tube inserted on POD 21. The
patient developed sepsis on POD 30 with multiorgan system
failure. Because of the patient’s respiratory and renal failure,
unremitting sepsis, and low chance of meaningful recovery,
the family withdrew care on POD 41 after the second surgery,
approximately 2 months (POD 59) from the primary mitral
valve replacement procedure. The patient died on POD 59.

DISCUSSION
HIT II is a life-threatening complication with an incidence

rate of 0.1% to 0.3% in the general patient population,
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Figure 2. (A) Superior, (B) sagittal, and (C) inferior views of the resected thrombosedmitral valve show the thrombotic debris
on the thickened leaflet walls.

a 50% increase in mortality compared to patients who
do not develop HIT, and mortality rates as high as 28%
among patients undergoing cardiac surgery.9-11 HIT devel-
ops because of the production of autoantibodies against the
platelet factor 4/heparin dimer complex that cause abnor-
mal platelet activation and stimulation of the coagulation
pathway.13

The increased presence of HIT in the cardiac surgery pop-
ulation can be attributed to 2 risk factors that the majority of
these patients endorse: prolonged exposure to UFH and use
of CPB. Signs and symptoms typically present 5 to 10 days
postoperatively. Our patient was on CPB and had prolonged
UFH exposure during his CABG and mitral valve replace-
ment surgery, significantly increasing his risk of developing
HIT.
Adverse outcomes from HIT include stroke, acute renal

failure, and amputation secondary to thrombotic events.
While venous instead of arterial thrombotic events are more
likely to occur in general among patients with HIT, the
majority of thrombotic events in patients undergoing cardiac
surgery are arterial and have been observed to be 8.5 times
more common compared to venous thromboses.4,14 Despite
severe thrombocytopenia, bleeding and petechiae are rarely
seen in patients with HIT.15 Our patient developed an arte-
rial embolus in the left common femoral artery on POD 13
and required an emergent embolectomy, underscoring the
life- and limb-threatening adverse events associated with
HIT.
Definitive diagnosis of HIT is based on 2 laboratory tests:

an immunoassay to detect anti–platelet factor 4/heparin anti-
body in the patient’s serum and a functional assay to assess
whether HIT antibodies from patient’s serum can activate
platelets, indicating abnormal stimulation of the coagula-
tion pathway. The 2 main types of assays are the SRA,
which measures serotonin release from platelets in presence
of patient serum, and the heparin-induced platelet activa-
tion, which measures platelet aggregation in the presence of
patient serum. Our patient tested positive for anti–platelet
factor 4/heparin antibody and had a positive SRA, but in
practice, these tests take several days to perform, so best
practice is to make a presumptive diagnosis of HIT using
clinical findings and probability scores.

The Warkentin 4Ts scoring system is one of the most
widely used and clinically validated scoring systems for
determining the pretest probability of HIT.16,17 The Warkentin
4Ts scoring system consists of 4 thrombocytopenia-related
criteria: (1) severity, (2) timing, (3) presence or absence of
thrombotic event, and (4) likelihood of other causes. Each
criterion is assigned 0 to 2 points, and a score of 6 to 8
points indicates a high probability of HIT, while a score of
0 to 3 indicates low probability. A prospective study using
the 4Ts criteria for HIT found that 11.4% of patients with
intermediate scores and 34% of patients with high proba-
bility scores had clinically significant HIT antibodies.16 Our
patient had a Warkentin 4Ts score of 4 prior to his throm-
botic event and a score of 8 after, correlating to intermediate
and high probabilities, respectively. Other probability scoring
systems include the Lillo-Le Louët model, which is intended
for use exclusively after CPB, and the HIT Expert Probability
Score, which was developed from expert opinion.18,19

Among patients undergoing cardiac surgery, a decrease of
>50% platelets occurring 5 to 10 days postoperatively can
be highly suggestive of HIT.18,20,21 Our patient experienced
a 69.6% drop in platelet counts from POD 8 (230 K/μL) to
POD 13 (70 K/μL).

Studies have shown that a biphasic pattern—an initial rise
and then dramatic fall in platelet counts—is strongly cor-
related to HIT when observed in patients who required <2
hours of CPB and who are 5 days postoperative.10,18 Upon
review of platelet levels trends, we observed that the patient
exhibited a biphasic pattern (Figure 3 ), suggesting possible
signs of HIT pathology.

Diagnosis of HIT in cardiac patients can be difficult. Up to
25% of cardiac surgery patients experience a 40% to 60%
decrease in platelet counts within the first 72 hours postop-
eratively because of blood loss, platelet consumption during
CPB, and hemodilution.8,22-24 This transient thrombocytope-
nia can mask early signs of thrombocytopenia attributable to
HIT.

Studies have shown that up to 50% of patients under-
going CPB develop anti–platelet factor 4/heparin antibody
on POD 5 after treatment with UFH, and on POD 8, 25%
of patients still have antibodies, with 15% to 20% hav-
ing a positive platelet activation assay.25-27 However, not
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Figure 3. Biphasicmorphology of the platelet count trend suggests heparin-induced thrombocytopenia pathology. POD, post-
operative day.

everyone who has HIT antibodies develops the disease, and
studies report that only 1% to 2% of patients develop clini-
cally significant HIT.26 Therefore, caution must be exercised
when interpreting laboratory results, and they must be corre-
lated with clinical findings so that patients are not subjected
to unnecessary interventions.
Management of HIT involves immediate cessation of hep-

arin and, if postoperative anticoagulation is needed, replace-
ment with direct factor Xa inhibitors (eg, apixaban, rivarox-
aban) or direct thrombin inhibitors such as argatroban or
bivalirudin, which have been shown to reduce risk of throm-
bosis by up to 70%.28

This case highlights the importance of having a high
clinical suspicion for HIT in postoperative cardiac surgery
patients. Platelet counts should be monitored closely for
all patients who have undergone cardiac surgery, especially
during the 5- to 10-day postoperative window. When HIT is
suspected, heparin should be discontinued immediately.
As a result of this case, our clinic has implemented strict

screenings for HIT and a diagnostic algorithm. Consistent
with current best practices, we make a presumptive diagno-
sis of HIT for any patient in the intermediate or high proba-
bility risk categories and order anti–platelet factor 4/heparin
antibody panel and SRA.

CONCLUSION
This case illustrates the clinical manifestations of HIT and

the life-threatening sequelae in a patient undergoing cardiac
surgery. Despite the cessation of heparin and resolution of
the patient’s thrombocytopenia, the patient did not return to
his preoperative condition. This case highlights the impor-
tance of having a high clinical suspicion for HIT in all postop-
erative cardiac surgery patients to allow for early intervention
and prevention of severe complications.

ACKNOWLEDGMENTS
The authors have no financial or proprietary interest in the

subject matter of this article.

REFERENCES
1. Weismann RE, Tobin RW. Arterial embolism occurring during

systemic heparin therapy. AMA Arch Surg. 1958;76(2):219-225;
discussion 225-227.
doi: 10.1001/archsurg.1958.01280200041005

2. Warkentin TE, Levine MN, Hirsh J, et al. Heparin-induced
thrombocytopenia in patients treated with
low-molecular-weight heparin or unfractionated heparin. N
Engl J Med. 1995;332(20):1330-1336.
doi: 10.1056/NEJM199505183322003

3. King DJ, Kelton JG. Heparin-associated thrombocytopenia. Ann
InternMed. 1984;100(4):535-540.
doi: 10.7326/0003-4819-100-4-535

4. Singer RL, Mannion JD, Bauer TL, Armenti FR, Edie RN.
Complications from heparin-induced thrombocytopenia in
patients undergoing cardiopulmonary bypass. Chest.
1993;104(5):1436-1440. doi: 10.1378/chest.104.5.1436

5. Martel N, Lee J, Wells PS. Risk for heparin-induced
thrombocytopenia with unfractionated and
low-molecular-weight heparin thromboprophylaxis: a
meta-analysis. Blood. 2005;106(8):2710-2715.
doi: 10.1182/blood-2005-04-1546

6. Warkentin TE, Sheppard JAI, Sigouin CS, Kohlmann T, Eichler P,
Greinacher A. Gender imbalance and risk factor interactions in
heparin-induced thrombocytopenia. Blood.
2006;108(9):2937-2941. doi: 10.1182/blood-2005-11-012450

7. Tardy-Poncet B, Tardy B. Heparin-induced thrombocytopenia:
minimising the risks in the elderly patient. Drugs Aging.
2000;16(5):351-364. doi: 10.2165/00002512-200016050-00005

8. Selleng S, Selleng K, Wollert HG, et al. Heparin-induced
thrombocytopenia in patients requiring prolonged intensive
care unit treatment after cardiopulmonary bypass. J Thromb
Haemost. 2008;6(3):428-435.
doi: 10.1111/j.1538-7836.2007.02870.x

9. Seigerman M, Cavallaro P, Itagaki S, Chung I, Chikwe J.
Incidence and outcomes of heparin-induced
thrombocytopenia in patients undergoing cardiac surgery in
North America: an analysis of the nationwide inpatient sample.
J Cardiothorac Vasc Anesth. 2014;28(1):98-102.
doi: 10.1053/j.jvca.2013.07.021

Volume 21, Number 2, Summer 2021 203



Heparin-Induced Thrombocytopenia

10. Solanki J, Shenoy S, Downs E, Palkimas S, Goldman S, Sharma
AM. Heparin-induced thrombocytopenia and cardiac surgery.
Semin Thorac Cardiovasc Surg. 2019;31(3):335-344.
doi: 10.1053/j.semtcvs.2018.10.011

11. Walls JT, Curtis JJ, Silver D, Boley TM, Schmaltz RA,
NawarawongW. Heparin-induced thrombocytopenia in open
heart surgical patients: sequelae of late recognition. Ann
Thorac Surg. 1992;53(5):787-791.
doi: 10.1016/0003-4975(92)91437-e

12. Arangalage D, Lepage L, Faille D, et al. Presentation,
management and outcome of heparin-induced
thrombocytopenia after valvular heart surgery. Eur J
Cardiothoracic Surg. 2016;50(6):1132-1138.
doi: 10.1093/EJCTS/EZW200

13. Warkentin TE, Greinacher A, Koster A, Lincoff AM. Treatment
and prevention of heparin-induced thrombocytopenia:
American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th Edition). Chest. 2008;133(6
Suppl):340S-380S. doi: 10.1378/chest.08-0677

14. Linkins LA, Dans AL, Moores LK, et al. Treatment and
prevention of heparin-induced thrombocytopenia:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines. Chest. 2012;141(2 Suppl):e495S-e530S.
doi: 10.1378/chest.11-2303

15. Warkentin TE. Clinical picture of heparin-induced
thrombocytopenia (HIT) and its differentiation from non-HIT
thrombocytopenia. Thromb Haemost. 2016;116(5):813-822.
doi: 10.1160/TH16-06-0435

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
heparin-induced thrombocytopenia in two clinical settings. J
Thromb Haemost. 2006;4(4):759-765.
doi: 10.1111/j.1538-7836.2006.01787.x

17. Cuker A, Gimotty PA, Crowther MA, Warkentin TE. Predictive
value of the 4Ts scoring system for heparin-induced
thrombocytopenia: a systematic review and meta-analysis.
Blood. 2012;120(20):4160-4167.
doi: 10.1182/blood-2012-07-443051

18. Lillo-Le Louët A, Boutouyrie P, Alhenc-Gelas M, et al.
Diagnostic score for heparin-induced thrombocytopenia after

cardiopulmonary bypass. J Thromb Haemost.
2004;2(11):1882-1888. doi: 10.1111/j.1538-7836.2004.00949.x

19. Joseph L, Gomes MPV, Al Solaiman F, et al. External validation
of the HIT expert probability (HEP) score. Thromb Haemost.
2015;113(3):633-640. doi: 10.1160/TH14-05-0472

20. Pouplard C, May MA, Regina S, Marchand M, Fusciardi J, Gruel
Y. Changes in platelet count after cardiac surgery can
effectively predict the development of pathogenic
heparin-dependent antibodies. Br J Haematol.
2005;128(6):837-841. doi: 10.1111/j.1365-2141.2005.05381.x

21. Arepally GM, Ortel TL. Clinical practice. Heparin-induced
thrombocytopenia. N Engl J Med. 2006;355(8):809-817.
doi: 10.1056/NEJMcp052967

22. Greinacher A. Too many hits in HIT? Am J Hematol.
2007;82(12):1035-1036. doi: 10.1002/ajh.21047

23. Levy JH, Winkler AM. Heparin-induced thrombocytopenia and
cardiac surgery. Curr Opin Anaesthesiol. 2010;23(1):74-79.
doi: 10.1097/ACO.0b013e328334dd2f

24. Assmann A, Boeken U, Feindt P, Schurr P, Akhyari P,
Lichtenberg A. Heparin-induced thrombocytopenia type II
after cardiac surgery: predictors and outcome. Thorac
Cardiovasc Surg. 2010;58(8):463-467.
doi: 10.1055/s-0030-1250184

25. Bauer TL, Arepally G, Konkle BA, et al. Prevalence of
heparin-associated antibodies without thrombosis in patients
undergoing cardiopulmonary bypass surgery. Circulation.
1997;95(5):1242-1246.

26. Pouplard C, May MA, Iochmann S, et al. Antibodies to platelet
factor 4-heparin after cardiopulmonary bypass in patients
anticoagulated with unfractionated heparin or a
low-molecular-weight heparin: clinical implications for
heparin-induced thrombocytopenia. Circulation.
1999;99(19):2530-2536. doi: 10.1161/01.CIR.99.19.2530

27. Warkentin TE, Crowther MA. When is HIT really HIT?
Ann Thorac Surg. 2007;83(1):21-23.
doi: 10.1016/j.athoracsur.2006.07.006

28. Cuker A, Arepally GM, Chong BH, et al. American Society of
Hematology 2018 guidelines for management of venous
thromboembolism: heparin-induced thrombocytopenia. Blood
Adv. 2018;2(22):3360-3392.
doi: 10.1182/bloodadvances.2018024489.

This article meets the Accreditation Council for Graduate Medical Education and the American Board of Medical
Specialties Maintenance of Certification competencies for Patient Care and Medical Knowledge.

©2021 by the author(s); licensee Ochsner Journal, Ochsner Clinic Foundation, New Orleans, LA. This article is an open
access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license
(creativecommons.org/licenses/by/4.0/legalcode) that permits unrestricted use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.

204 Ochsner Journal


