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Abstract
Persisting heparin-induced thrombocytopenia (HIT) is characterized by ongoing thrombocytopenia more than 7 days after 
stopping heparin. It is part of cases referred to as autoimmune HIT (aHIT). In contrast to typical HIT cases, aHIT involves 
heparin-independent platelet activation mechanism highlighted by a strongly positive functional assay done without heparin. 
We report the first case of persisting HIT after an elective abdominal aortic aneurysm repair presenting with arterial and 
venous thrombosis, and describe the potential role of intravenous immunoglobulin in such patients.
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Highlights

•	 Ongoing thrombocytopenia more than 7 days after stop-
ping heparin and new thrombosis despite receiving treat-
ment characterize persisting HIT.

•	 Autoimmune HIT is characterized by a strongly positive 
functional assay done without heparin.

•	 Intravenous immunoglobulin for treatment of autoim-
mune HIT results in improvement of thrombocytopenia 
and the most used dosing schedule is 1 g/kg daily for 2 
doses.

•	 Intravenous immunoglobulin should be considered as an 
emerging therapy for autoimmune HIT.

Introduction

Heparin-induced thrombocytopenia (HIT) is an immuno-
logic condition characterised by the association of venous 
and arterial thrombosis with thrombocytopenia classically 
in the context of heparin exposure [1]. HIT usually starts 
5–10 days after initiation of heparin, in many cases after 
major surgery [2, 3].

The pathogenesis of HIT is complex and not completely 
understood. HIT is induced by pathologic IgG class antibod-
ies recognizing macromolecular complexes formed by the 
cationic platelet factor 4 (PF4) and the polyanionic heparin. 
The immune complexes then activate platelets, endothe-
lial cells and monocytes by binding to their Fcɣ specific 
receptors. The subsequent increase in thrombin generation 
explains the thrombotic processes seen in this pathology [4].

Over the past decade, it has been recognized that cases of 
particularly severe HIT involve a heparin-independent plate-
let activation mechanism in which other polyanions, such 
as glycosaminoglycans released from cartilage after knee 
surgery [5], may trigger the immune response. Moreover, 
immune complex formation characterized by a high-bind-
ing-force antibody, which binds two PF4 molecules without 
involving a polyanion, has been described in patients with 
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spontaneous HIT [6]. These cases of HIT with heparin-
independent platelet activation are referred to as autoim-
mune HIT (aHIT) which includes clinical entities such as 
spontaneous HIT, delayed-onset HIT and persisting HIT [7].

We describe here a case of persisting HIT after an elective 
abdominal aortic aneurysm repair and the potential role of 
intravenous immunoglobulin (IVIG) in such patients.

Case

A 68-year-old man was admitted for an elective abdominal 
aortic aneurysm repair with a Dacron tube graft. He had a 
prior history of coronary and peripheral artery disease, stage 
3b chronic kidney disease and hypertension. The patient 
underwent surgery without any relevant early complica-
tions and received 7000 units of intravenous heparin during 
the procedure. He was started on thromboprophylaxis with 
unfractionated heparin 5000 units every 8 h subcutaneously 
on postoperative day (POD) 1. The dose was subsequently 
adjusted to 5000 units twice daily on POD 3. His platelet 
count on the day of surgery was 148,000/µL and remained 
stable until a sudden drop to 81,000/µL on POD 9 (Fig. 1). 
On the same day, the patient suffered an ischemic right 
middle cerebral artery stroke and underwent mechanical 
thrombectomy. The diagnosis of HIT was suspected given 

a 4Ts score of eight points. Heparin was stopped after the 
procedure and argatroban was started on POD 10. Polyspe-
cific anti-PF4 immunoassay (GTI Polyspecific) was positive 
with an optical density of 2.132 and the functional assay 
(ATP release lumi-aggregometry) was positive. 5 days after 
the last dose of heparin (POD 14), the patient developed an 
acute main, right and left portal vein thrombosis, despite 
having an aPTT that was consistently therapeutic while on 
argatroban. Considering the persisting thrombocytopenia 
(the platelet count was still only 29,000/µL without evi-
dence of disseminated intravascular coagulation) and the 
new thrombosis while on treatment, a heparin-independent 
persistent HIT was suspected and IVIG (Gamunex®) 0.5 
g/kg on POD 14 and 1 g/kg on POD 15 was administered. 
On POD 16, repeat HIT immunoassay revealed an optical 
density of 2.677 and the functional test remained positive. 
This functional test was done without adding heparin, con-
firming the heparin-independent activating nature of this 
antibody. Because the platelet count remained low between 
50,000 and 80,000/µL, IVIG 1 g/kg/day was again given 
on POD 21 (Gamunex®) and 22 (IGIVnex®). The plate-
let count then slowly increased to 113,000/µL on POD 37 
when warfarin was started. On POD 45, while being on arga-
troban awaiting a therapeutic INR on warfarin, a computed 
tomography angiography has been done in the context of a 
non-palpable right pedal pulse and a 10-day history of right 

Fig. 1   Platelet count, thrombotic events and treatment in a patient with persistent HIT after surgical abdominal aortic aneurysm repair
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great toe pain. It revealed a new severe stenosis of the right 
proximal external iliac artery and occlusion of the anterior 
tibial artery. A diagnosis of right forefoot ischemia second-
ary to iliac artery near-occlusion and distal embolization was 
made (which probably occurred around POD 35). Warfarin 
was then stopped and reversed with vitamin K. The next 
day (POD 46), the patient underwent a right iliac thrombo-
embolectomy, retrieving a piece of 3.7 × 0.7 × 0.7 cm tan to 
red-brown organizing thrombus (Fig. 2).  No heparin was 
used during the procedure. The platelet count then increased 
to 173,000/µL on POD 49 and warfarin was resumed at 5 
mg daily. Argatroban was stopped on POD 53 after a total 
duration of 43 days. The patient was discharged on POD 63 
with a platelet count of 132,000/µL.

Discussion

HIT is a recognized complication in patients undergoing 
major surgery, especially in those receiving unfractionated 
heparin (UFH) [8]. The incidence of HIT after vascular 
surgery is approximately 0.3% [9]. Most patients with HIT 
manifest initially with a 50% drop in platelet count [10]. 
Thrombocytopenia resolves in 50% of the cases after 4 days 
of treatment and in 90% after one week [11, 12].

Autoimmune HIT was first described in 2001 in case 
series of 12 patients with an atypical clinical picture of 
worsening of newly diagnosed HIT after stopping heparin 
(delayed-onset HIT) [13]. Cases of aHIT caused by heparin 
flushes [14], fondaparinux [15] and even spontaneous HIT 
[16] without any identified polyanion have been described 
and share the same characteristic of being more severe 
(refractory lower platelet count and thrombosis process) 
[17]. Ongoing thrombocytopenia more than 7 days after 

stopping heparin and new thrombosis despite receiving treat-
ment characterize persisting HIT [17].

The diagnosis of persisting HIT is based on clini-
cal assessment with the 4Ts score [18] associated with a 
strongly positive immunoassay [19, 20]. It is confirmed by a 
positive functional assay performed without adding heparin 
to show heparin-independent platelet activation [21]. The 
serotonin release assay is considered the gold standard for 
diagnosing HIT [22]. In our case, we used an ATP-release 
lumi-aggregometry test, which has been reported to have the 
same accuracy as the serotonin release assay [23].

Treatment of HIT with IVIG was first described in 1989 
[24], but IVIG as a treatment option has received little atten-
tion until the recognition of aHIT. The rationale for IVIG use 
is that IgG blocks FcɣIIa receptors on platelets and inhibits 
their activation by HIT antibodies. A recent article reported 
36 cases who have been treated for aHIT with IVIG and 
showed a rapid favorable platelet response. The most com-
monly used dosing schedule of IVIG is 1 g/kg daily for two 
doses [25]. After IVIG administration, thrombocytopenia 
seems to improve significantly within 1 week [26, 27]. Our 
patient received a lower than described first dose and the 
platelet response was mild. His second treatment course 
included a higher dose, but the platelet response was slower 
than expected. He received Gamunex® for the first three 
doses and IGIVnex® for the last one. It is uncertain if the 
slow response was related to variability in inhibitory effect 
of different IVIG products [28, 29].

There are concerns about potential thrombotic side effects 
of IVIG, but their benefits in aHIT most likely outweigh 
the risks. The pathology report of the thrombus on POD 
46 revealed organization, which is compatible with a non-
fresh clot. Our patient has begun to develop right lower limb 
ischemic symptoms around 13 days after he had received the 
last dose of IVIG. However, the association between IVIG 
use and arterial thrombosis in our case remains uncertain, 
because it usually manifests within hours to days after IVIG 
use[30] and arterial thrombotic complications post-IVIG 
have not been confirmed in HIT patients in previous case 
reports [29].

Three cases of aHIT have been described in vascular 
surgery patients. One case was associated with a cardio-
pulmonary bypass for a type A aortic dissection repair 
[29]. Two other cases reported delayed-HIT after thoracic 
aorta vascular surgery, but without confirming the hepa-
rin-independent platelet activation process [31]. All three 
cases were treated with different IVIG doses and resulted 
in variable thrombocytopenia improvement. Our case is 
the first to describe the development of aHIT after an 
elective vascular surgery. It illustrates the often-observed 
severity of persisting HIT with development of arterial and 
venous thrombosis despite treatment with direct thrombin 
inhibitors. By describing a slow but positive response to Fig. 2   Right iliac clot
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repeated courses of IVIG, this case of confirmed severe 
persisting HIT supports the use of IVIG as emerging ther-
apy for aHIT.

Acknowledgment  T. Tritschler holds an Early Postdoc.Mobility Award 
from the Swiss National Science Foundation (SNSF P2ZHP3_177999) 
and a Fellowship Award from the CanVECTOR Network; the Network 
receives grant funding from the Canadian Institutes of Health Research 
(CDT-142654).

Conflict of interest  All authors declare that they have no conflict of 
interest.

References

	 1.	 Warkentin TE, Kelton JG (1996) A 14-year study of heparin-
induced. Am J Med 101(5):502–507

	 2.	 Warkentin TE, Kelton JG (2001) Temporal aspects of heparin-
induced thrombocytopenia. N Engl J Med 344(17):1286–1292

	 3.	 Greinacher A, Farner B, Kroll H, Kohlmann T, Warkentin TE, 
Eichler P (2005 Jul) Clinical features of heparin-induced throm-
bocytopenia including risk factors for thrombosis. A retrospec-
tive of 408 patients. Thromb Haemost 94(1):132–135

	 4.	 Greinacher A (2015) Heparin-induced thrombocytopenia. N 
Engl J Med 373(3):252–261

	 5.	 Poudel DR, Ghimire S, Dhital R, Forman DA, Warkentin TE 
(2017) Spontaneous HIT syndrome post-knee replacement sur-
gery with delayed recovery of thrombocytopenia: a case report 
and literature review. Platelets 28(6):614–620

	 6.	 Nguyen TH, Medvedev N, Delcea M, Greinacher A (2017) Anti-
platelet factor 4/polyanion antibodies mediate a new mechanism 
of autoimmunity. Nat Commun 8(May):1–12

	 7.	 Warkentin TE (2016) Clinical picture of heparin-induced throm-
bocytopenia (HIT) and its differentiation from non-HIT throm-
bocytopenia. Thromb Haemost 116(5):813–822

	 8.	 Warkentin TE, Sheppard JAI, Horsewood P, Simpson PJ, 
Moore JC, Kelton JG (2000) Impact of the patient popula-
tion on the risk for heparin-induced thrombocytopenia. Blood 
96(5):1703–1708

	 9.	 Chaudhry R, Wegner R, Zaki JF, Pednekar G, Tse A, Kukreja N 
et al (2017) Incidence and outcomes of heparin-induced throm-
bocytopenia in patients undergoing vascular surgery. J Cardio-
thorac Vasc Anesth 31(5):1751–1757

	10.	 Warkentin TE, Roberts RS, Hirsh J, Kelton JG (2003) An 
improved definition of immune heparin-induced thrombocyto-
penia in postoperative orthopedic patients. Arch Intern Med 
163(20):2518–2524

	11.	 Lewis BE, Wallis DE, Berkowitz SD, Matthai WH, Fareed J, 
Walenga JM et al (2001) Argatroban anticoagulant therapy in 
patients with heparin-induced thrombocytopenia. Circulation 
103(14):1838–1843

	12.	 Greinacher A, Völpel H, Janssens U, Hach-Wunderle V, 
Kemkes-Matthes B, Eichler P et al (1999) Recombinant hiru-
din (lepirudin) provides safe and effective anticoagulation in 
patients with heparin-induced thrombocytopenia: a prospective 
study. Circulation 99(1):73–80

	13.	 Warkentin TE, Kelton JG (2001) Delayed-onset heparin-induced 
thrombocytopenia and thrombosis. Ann Intern Med 135(7):502

	14.	 Mian H, Warkentin TE, Sheppard JAI, MacDonald A, Linkins 
LA, Benger A et al (2017) Autoimmune HIT due to apher-
esis catheter heparin flushes for stem cell harvesting before 
autotransplantation for myeloma. Blood 130:1679–1682

	15.	 Warkentin TE, Sheppard JAI, Manheim JC (2014) HIT com-
plicating fondaparinux prophylaxis: fondaparinux-dependent 
platelet activation as a marker for fondaparinux- induced HIT. 
Thromb Haemost 112:1319–1322

	16.	 Warkentin TE, Basciano PA, Knopman J, Bernstein RA (2014) 
Spontaneous heparin-induced thrombocytopenia syndrome: 
2 new cases and a proposal for defining this disorder. Blood 
123(23):3651–3654

	17.	 Greinacher A, Selleng K, Warkentin TE (2017) Autoim-
mune heparin-induced thrombocytopenia. J Thromb Haemost 
15(11):2099–2114

	18.	 Warkentin TE, Heddle NM (2003) Laboratory diagnosis of 
immune heparin-induced thrombocytopenia. Curr Hematol Rep 
2:148–157

	19.	 Warkentin TE, Sheppard JI, Moore JC, Sigouin CS, Kelton JG 
(2008) Quantitative interpretation of optical density measure-
ments using PF4-dependent enzyme-immunoassays. J Thromb 
Haemost 6(8):1304–1312

	20.	 Cuker A (2014) Clinical and laboratory diagnosis of heparin-
induced thrombocytopenia: an integrated approach. Semin 
Thromb Hemost 40(1):106–114

	21.	 Warkentin TE (2019) Laboratory diagnosis of heparin-induced 
thrombocytopenia. Int J Lab Hematol 41(S1):15–25

	22.	 Sheridan D, Carter C, Kelton JG (1986) A diagnostic test for 
heparin-induced thrombocytopenia. Blood 67(1):27–30

	23.	 Stewart MW, Etches WS, Boshkov LK, Gordon PA (1995) Hep-
arin-induced thrombocytopenia: an improved method of detec-
tion based on lumi‐aggregometry. Br J Haematol 91(1):173–177

	24.	 Frame JN, Mulvey KP, Phares JC, Anderson MJ (1989) Cor-
rection of severe heparin-associated thrombocytopenia with 
intravenous immunoglobulin. Ann Intern Med 111(11):946–947

	25.	 Warkentin TE (2019) High-dose intravenous immunoglobulin 
for the treatment and prevention of heparin-induced thrombo-
cytopenia: a review. Expert Rev Hematol 12(8):685–698

	26.	 Tvito A, Bakchoul T, Rowe JM, Greinacher A, Ganzel C (2015) 
Severe and persistent heparin-induced thrombocytopenia 
despite fondaparinux treatment. Am J Hematol 90(7):675–678

	27.	 Park BD, Kumar M, Nagalla S, De Simone N, Aster RH, Pad-
manabhan A et al (2018) Intravenous immunoglobulin as an 
adjunct therapy in persisting heparin-induced thrombocytope-
nia. Transfus Apher Sci 57:561–565

	28.	 Greinacher A, Liebenhoff U, Kiefel V, Presek P, Mueller-Eck-
hardt C (1994 May) Heparin-associated thrombocytopenia: the 
effects of various intravenous IgG preparations on antibody 
mediated platelet activation–a possible new indication for high 
dose i.v. IgG. Thromb Haemost 71(5):641–645

	29.	 Arcinas LA, Manji RA, Hrymak C, Dao V, Sheppard JAI, War-
kentin TE (2019) Autoimmune heparin-induced thrombocyto-
penia and venous limb gangrene after aortic dissection repair: 
in vitro and in vivo effects of intravenous immunoglobulin. 
Transfusion 59(6):1924–1933

	30.	 Stiehm ER (2013 Jul) Adverse effects of human immunoglobu-
lin therapy. Transfus Med Rev 27(3):171–178

	31.	 Doucette K, DeStefano CB, Jain NA, Cruz AL, Malkovska V, 
Fitzpatrick K (2017) Treatment of refractory delayed onset 
heparin-induced thrombocytopenia after thoracic endovascu-
lar aortic repair with intravenous immunoglobulin (IVIG). Res 
Pract Thromb Haemost 1(1):134–137

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Persisting autoimmune heparin-induced thrombocytopenia after elective abdominal aortic aneurysm repair: a case report
	Abstract
	Highlights
	Introduction
	Case
	Discussion
	Acknowledgment 
	References




