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Introduction

Heparin-induced thrombocytopenia (HIT) is a severe, im-
mune-mediated, adverse drug reaction that paradoxically
induces a prothrombotic state.1,2 Particularly in the setting
of cardiac surgery, where full anticoagulation is required
during cardiopulmonary bypass (CPB), the management of
HIT can be highly challenging, and requires a multidisciplin-
ary approach.

In HIT, IgG antibodies (HITabs) bind to heparin-PF4 com-
plexes and the FcγRIIa receptor on platelets, inducing strong
platelet activation and aggregation. The resulting expression
and release of procoagulant factors induces a state of hyper-
coagulability that leads to thrombosis.3 Although a high
proportion of patients treated with heparin develop HITabs,
platelet activation and thrombotic complications occur only
in a small fraction of them.4 This implies that the mere
presence of circulating HIT antibodies is not a diagnostic for
the HIT syndrome. The laboratory diagnosis of HIT is based
on the detection of HITabs using immunoassays and on the
demonstration that these antibodies can induce platelet
aggregation in functional tests.5 In the latter, plasma from
the patient containing HITabs is mixed with platelets from a
donor and with heparin. Aggregation of the platelets or
secretion of serotonin by the platelets confirms the patho-

genicity of the antibodies and is diagnostic for HIT. The
administration of heparin to a patient with circulating
pathogenic HITabs puts the patient at immediate risk of
severe thrombotic complications.

The time course of HIT can be divided into four distinct
phases.6 Acute HIT is characterized by thrombocytopenia
and/or thrombosis, the presence of HITabs, and confirma-
tion of their platelet activating capacity by a functional
diagnostic test. In subacute HIT A, platelet count has nor-
malized after discontinuation of heparin but platelet acti-
vating HITabs are still present and induce platelet
aggregation in functional tests. In subacute HIT B, HITabs
are measurable in the patient’s plasma, but they do not
induce platelet activation in functional tests. And finally, in
remote HIT, HITabs are no longer detectable after an acute
HIT episode. This can usually be expected 3 months or later
after an acute HIT. This categorization is highly relevant for
the management of patients who need to undergo cardiac
surgery. Elective surgery should be postponed until HITabs
are no longer detected to minimize the risk on intra-
operative thrombosis and to reduce the need for the trans-
fusion of platelets, contraindicated in acute HIT. If surgery
cannot be postponed for at least 3 months, or if antibodies
are still detected in spite of a 3-month delay since the
diagnosis of HIT, alternative anticoagulation strategies must
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be adopted in the pre-, intra-, and postoperative period,
respectively.7

According to the guidelines of the American Society of
Hematology, alternative anticoagulation strategies must be
used for patients in the acute and subacute A phases. Heparin
may be safely used during CPB in patients who are in the
phases of subacute HIT B and remote HIT.7 They do, however,
state that the level of evidence supporting this recommen-
dation is very weak. The American College of Chest Physi-
cians recommends using standard heparin-based
anticoagulation during CPB only for remote HIT patients.
For all patients in higher categories, the ACCP recommends
alternative anticoagulation strategies.6 Regardless of the
HITabs status of patients with a history of HIT, alternative
anticoagulants, such as argatroban or danaparoid, must be
used if pre- or postoperative anticoagulation is indicated.8

Alternative Anticoagulation Strategies
during Cardiac Surgery

For anticoagulation during CPB, two possible alternatives to
standard high-dose heparin are proposed,7 the choice of
which should be based on a thorough evaluation of the
patient and a multidisciplinary consensus between the
surgeon, anesthesiologist, hematologist, and perfusionist.

In the first strategy, an alternative anticoagulant to hepa-
rin is used during CPB. Today the direct thrombin inhibitor
bivalirudin is the most used and probably the best studied
agent. Bivalirudin is a direct thrombin inhibitor with a
relative short half-life of 25minutes. It is for 80% cleared
by plasmatic enzymatic proteolysis and for 20% through
renal excretion.9 Interestingly, the molecule binds with
high affinity to thrombin’s fibrin-binding site and to its
catalytic site. Bivalirudin is cleaved by thrombin at the
catalytic site, rendering active thrombin to the circulation.
The enzymatic degradation of bivalirudin is responsible for
the gradual clearance of the drug in stagnant blood, which
can lead to clot formation in parts of the CPB machine or
nonperfused cardiac cavities and vessels during bypass. The
authors of one study on 50 patients, with acute HIT or with
subacute HIT, concluded that bivalirudin can safely be used
during CPB instead of heparin.10 However, the results show
that some patients required transfusion of very large quan-
tities of blood products. Several case reports confirm the risk
of bleeding when bivalirudin is used during CPB,11–13 par-
ticularly in situations where the team lacks experience with
this drug. The peculiar pharmacokinetic properties of biva-
lirudin require adaptations to the CPB circuit and surgical
techniques. According to available literature, activated clot-
ting time (ACT) monitoring should be used with a target ACT
of 2.5� baseline9,11,14 or the conventional 400 seconds target
ACT.14,15 To reduce the risk on severe hemorrhage and
thrombosis (in case of venous stasis), bivalirudin should
only be used if the staff is familiar with the drug and has
experience in its use.16

Other nonheparin intravenous anticoagulants are arga-
troban and danaparoid. Although these drugs are well suited
for pre- and postoperative anticoagulation, their pharmaco-

kinetic profiles, the lack of antidotes, and ineffective moni-
toring make them less suitable for intraoperative use.
Argatroban is an L-arginine analog that reversibly binds to
thrombin and inhibits thrombin-mediated platelet aggrega-
tion, fibrinogen cleavage, and the activation of factors V, VIII,
XIII, and protein C. It is eliminated through hepatic hydrox-
ylation and has a terminal half-life of 40 to 50minutes.17

Hillebrand et al18 reported on a series of seven patients
benefiting from left ventricular assist device implantation
under CPB using argatroban anticoagulation. The initial
target aPTT was 50 to 60 seconds and, due to massive
intracardiac thrombus formation in one patient, the target
was increased to 70 to 80 seconds in subsequent patients.
Four patients suffered bleeding complications leading to
postoperative reexploration. Other authors also reported
on severe bleeding complications, accentuating the inappro-
priateness of argatroban for intraoperative anticoagula-
tion.19,20 Danaparoid is a mixture of heparan, dermatan,
and chondroitin sulfates from animal origin and inhibits
Factor Xa indirectly via antithrombin III21 and can destroy
the antigenic complex of heparin and PF4.22 It is primarily
excreted by the kidneys and is characterized by a long
elimination half-life of 24.5 hours, making its usefulness
for intraoperative use highly questionable. The few cases
reported were complicated by severe hemorrhage and the
need for reintervention.23

The second strategy aims to prevent HIT-mediated plate-
let aggregation bycombining a potent antiplatelet agentwith
standard heparin-based anticoagulation.7

This strategy offers the advantages and safety of heparin
anticoagulation management, namely, the ease of monitor-
ing and titrating anticoagulation level using ACT and its
complete reversibility with protamine sulfate, while the
antiaggregant agent protects the platelets against activation
by circulating HITabs–PF4/heparin complexes. Several stud-
ies using the prostacyclin analog iloprost or the GP IIb/IIIa
inhibitor tirofiban in this context suggest the ease and safety
of this strategy.24–27

Tirofiban depends largely on renal clearance for its elimi-
nation and evidence for the safe use of tirofiban in this
setting in patients with renal failure is limited to a few
case series.24,25,28

Due to its long half-life (1.4–1.8 hours) relative to the
duration of bypass during surgery, the tirofiban perfusion
must be interrupted 1hour prior to the end of CPB to allowat
least partial recovery of platelet function and reduce the risk
of major hemorrhage.

Iloprost has a very short half-life and is primarily elimi-
nated by hepatic oxidation. Its antiaggregant effect is highly
concentration dependent and shows important interindivid-
ual variation. Preoperative dose finding studies, intra-
operative monitoring of platelet reactivity by a heparin-
induced platelet aggregation test (PAT) using light transmis-
sion aggregometry, and continuous intraoperative titration
of the infusion are necessary to assure sufficient inhibi-
tion.26,29 The potent vasodilator effect of iloprost can lead
to profound hypotension and increased need of vasopressor
drugs.30
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The newer, ultra–short-acting P2Y12 receptor antagonist
cangrelor has been proposed as an alternative to tirofiban,
but, to date, its use has been reported only in four case
reports on HIT patients undergoing cardiac surgery.31–34

Although no major bleeding requiring reoperation31 and
even possibly decreased postoperative bleeding34 were
reported, no conclusion on its efficacy can be drawn from
these reports.33 One patient with persistent HITabs 8 years
following HITwas treated with this strategy during coronary
artery bypass surgery and exhibited a huge rise in HITabs
with a positive functional assay in the postoperative period,
putting her at risk of developing recurrent HIT.33Moreover, a
recent in vitro study questions the consistency of cangrelor-
mediated inhibition of platelet aggregation induced by
HITabs-PF4/heparin complexes.35 The authors found a large
variability in its efficacy to suppress heparin-induced plate-
let aggregation in plasma containing HITabs and propose the
use of cangrelor only if its ability to suppress platelet
aggregation has been demonstrated in a functional test using
the patient’s plasma before surgery.

Antibody Activity Mitigation Strategies

Temporary reduction of the titer of antibodies could reduce
the risk of perioperative HIT reactions if heparin is used for
intraoperative anticoagulation, but data on these techniques
are very scarce.

Welsby et al36 reported on a series of 11 patients with HIT
undergoing major cardiac surgery managed with a standard
heparin-based protocol combined with pre- or intra-
operative plasmapheresis. In this series of highly complex,
urgent cardiac surgery, no HIT-related complications oc-
curred. Warkentin et al37 pointed out that IgG HITabs are
not cleared as effectively as IgM antibodies during plasma-
pheresis and demonstrates that HIT antibody titers, mea-
sured by immune assays, decline after each episode of
plasmapheresis but increase in the next hours. Nevertheless,
the serotonin release assay rapidly becomes and remains
negative after the first sessions of plasmapheresis, suggest-
ing that heparin administration could be considered for the
short period of CPB. Although they report no HIT-related
complications, it is known that brief heparin exposure in the
presence of circulating HITabs can lead to a postoperative
surge in circulating antibodies putting the patient at risk of
delayed HIT.33 Therefore, postoperative heparin exposure
has to be strictly avoided and alternative anticoagulation is
needed in these patients after surgery at least for thrombosis
prophylaxis.

Intravenous administration of polyvalent immunoglobu-
lins (IVIG) is a strategy that gains popularity for treatment in
HIT cases showing persistent thrombocytopenia and/or
thrombotic complications after heparin treatment has
been stopped and sufficient alternative anticoagulation is
performed. It is thought that the immunoglobulins attach to
the platelet FcγRIIa receptor with high affinity, thus prevent-
ing aggregation induced by HITabs-PF4/heparin complexes
through competitive inhibition. Although, due to concerns
about the inherent prothrombotic properties of IVIG,

warnings against its use in HIT have been formulated,38 a
growing number of reports suggest its safe use specifically in
the setting of autoimmune or heparin-independent HIT.39

Experience in the perioperative use of IVIG in cardiac surgery
is limited to a single case report.40 This patient had subacute
HIT-Awith circulating functional antibodies when he under-
went cardiac surgery with heparin anticoagulation for CPB.
IVIG combinedwith cangrelor successfully prevented throm-
botic complications.

In conclusion, cardiac surgery in patients suffering from
HIT represents a challenging, high-risk situation. Optimal
management requires a patient-tailored multidisciplinary
approach and a thorough knowledge of the pathogenic
features and the various management strategies. If possible,
cardiac surgery should be delayed until HITabs do no longer
induce aggregation in functional assays. If surgery cannot be
postponed in acute HIT, bivalirudin or heparin combined
with platelet inhibition and/or antibody mitigation strate-
gies must be used. In remote and subacute HIT, preoperative
screening of antibodies must be performed and their ability
to activate platelets tested in functional assays. The intra-
operative strategy must be adapted to the results of the
latter. Heparin, if selected for the management of the case,
should only be used intraoperatively. Alternative anticoagu-
lants must be used in the pre- or postoperative periods in all
cases.

Conflict of Interest
The authors declare that they have no conflict of interest.

References
1 Staibano P, Arnold DM, Bowdish DM, Nazy I. The unique immu-

nological features of heparin-induced thrombocytopenia. Br J
Haematol 2017;177(02):198–207

2 Warkentin TE. The paradox of heparin-induced thrombocytope-
nia. J Thromb Haemost 2009;7(09):1472–1473

3 Greinacher A. Clinical practice. Heparin-induced thrombocyto-
penia. N Engl J Med 2015;373(03):252–261

4 Warkentin TE, Sheppard JA, Horsewood P, Simpson PJ, Moore JC,
Kelton JG. Impact of the patient population on the risk for heparin-
induced thrombocytopenia. Blood 2000;96(05):1703–1708

5 Warkentin TE. Laboratory diagnosis of heparin-induced throm-
bocytopenia. Int J Lab Hematol 2019;41(Suppl 1):15–25

6 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

7 Cuker A, Arepally GM, Chong BH, et al. American Society of
Hematology 2018 guidelines for management of venous throm-
boembolism: heparin-induced thrombocytopenia. Blood Adv
2018;2(22):3360–3392

8 Pishko AM, Cuker A. Heparin-induced thrombocytopenia in car-
diac surgery patients. Semin Thromb Hemost 2017;43(07):
691–698

9 Veale JJ, McCarthy HM, Palmer G, Dyke CM. Use of bivalirudin as
an anticoagulant during cardiopulmonary bypass. J Extra Corpor
Technol 2005;37(03):296–302

10 Koster A, Dyke CM, Aldea G, et al. Bivalirudin during cardiopul-
monary bypass in patients with previous or acute heparin-
induced thrombocytopenia and heparin antibodies: results of
the CHOOSE-ON trial. Ann Thorac Surg 2007;83(02):572–577

Hämostaseologie Vol. 41 No. 1/2021 © 2021. Thieme. All rights reserved.

GTH 2021 State of the Art—Cardiac Surgery Ranta, Scala 61

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



11 Choxi AA, Patel PA, Augoustides JG, et al. Bivalirudin for cardio-
pulmonary bypass in the setting of heparin-induced thrombocy-
topenia and combined heart and kidney transplantation-
diagnostic and therapeutic challenges. J Cardiothorac Vasc Anesth
2017;31(01):354–364

12 de Prada Martín B, Gualis Cardona J, Pérez Blanco I, Martínez
Comendador JM. Fulminant coagulopathy after bivalirudin use in
a patient diagnosedwith heparin-induced thrombocytopenia and
subject to cardiac bypass surgery [in Spanish]. Rev Esp Anestesiol
Reanim 2014;61(03):157–161

13 Hassen K, Maccaroni MR, Sabry H, Mukherjee S, Serumadar S,
Birdi I. Management of refractory bleeding post-cardiopulmonary
bypass in an acute heparin-induced thrombocytopenia type II
renal failure patient who underwent urgent cardiac surgery with
bivalirudin (Angiox®) anticoagulation. Perfusion 2018;33(03):
235–240

14 Gatt P, Galea SA, Busuttil W, Grima C, Muscat J, Farrugia Y.
Bivalirudin as an alternative anticoagulant for cardiopulmonary
bypass during adult cardiac surgery - a change in practice. J Extra
Corpor Technol 2017;49(01):49–53

15 Nikolaidis N, Velissaris T, Ohri SK. Bivalirudin anticoagulation for
cardiopulmonary bypass: an unusual case. Tex Heart Inst J 2007;
34(01):115–118

16 Koster A, Buz S, Krabatsch T, Yeter R, Hetzer R. Bivalirudin anti-
coagulation during cardiac surgery: a single-center experience in
141 patients. Perfusion 2009;24(01):7–11

17 Koster A, Faraoni D, Levy JH. Argatroban and bivalirudin for
perioperative anticoagulation in cardiac surgery. Anesthesiology
2018;128(02):390–400

18 Hillebrand J, Sindermann J, Schmidt C, Mesters R, Martens S,
Scherer M. Implantation of left ventricular assist devices under
extracorporeal life support in patients with heparin-induced
thrombocytopenia. J Artif Organs 2015;18(04):291–299

19 Martin ME, Kloecker GH, Laber DA. Argatroban for anticoagula-
tion during cardiac surgery. Eur J Haematol 2007;78(02):161–166

20 Tanigawa Y, Yamada T, Matsumoto K, Nakagawachi A, Torikai A,
Sakaguchi Y. Non-recovery of ACT in a patient with heparin-
induced thrombocytopenia type II during mitral valve replace-
ment using argatroban anticoagulation. J Anesth 2013;27(06):
951–955

21 Wilde MI, Markham A. Danaparoid. A review of its pharmacology
and clinical use in the management of heparin-induced throm-
bocytopenia. Drugs 1997;54(06):903–924

22 Krauel K0, Furll B0, Warkentin TE, et al. Heparin-induced throm-
bocytopenia – therapeutic concentrations of danaparoid, unlike
fondaparinux and direct thrombin inhibitors, inhibit formation of
platelet factor 4-heparin complexes. J Thromb Haemost 2008;6
(12):2160–2167

23 Westphal K, Martens S, Strouhal U, et al. Heparin-induced
thrombocytopenia type II: perioperative management using
danaparoid in a coronary artery bypass patient with renal failure.
Thorac Cardiovasc Surg 1997;45(06):318–320

24 Koster A, Meyer O, Fischer T, et al. One-year experience with the
platelet glycoprotein IIb/IIIa antagonist tirofiban and heparin
during cardiopulmonary bypass in patientswith heparin-induced
thrombocytopenia type II. J Thorac Cardiovasc Surg 2001;122
(06):1254–1255

25 Koster A, Kukucka M, Bach F, et al. Anticoagulation during
cardiopulmonary bypass in patients with heparin-induced
thrombocytopenia type II and renal impairment using heparin
and the platelet glycoprotein IIb-IIIa antagonist tirofiban. Anes-
thesiology 2001;94(02):245–251

26 Palatianos G, Michalis A, Alivizatos P, et al. Perioperative use of
iloprost in cardiac surgery patients diagnosed with heparin-
induced thrombocytopenia-reactive antibodies or with true HIT
(HIT-reactive antibodies plus thrombocytopenia): An 11-year
experience. Am J Hematol 2015;90(07):608–617

27 Palatianos GM, Foroulis CN, Vassili MI, et al. Preoperative detec-
tion and management of immune heparin-induced thrombocy-
topenia in patients undergoing heart surgery with iloprost. J
Thorac Cardiovasc Surg 2004;127(02):548–554

28 Commin PL, Rozec B, Trossaert M, Le Teurnier Y, Fournet X,
Blanloeil Y. Use of heparin and platelet GPIIbIIIa inhibitor tirofi-
ban for cardiac surgery in patients for suspicion of heparin-
induced thrombocytopenia. Ann Fr Anesth Reanim 2006;25(11-
12):1153–1157

29 ChongBH, Burgess J, Ismail F. The clinical usefulness of the platelet
aggregation test for the diagnosis of heparin-induced thrombo-
cytopenia. Thromb Haemost 1993;69(04):344–350

30 DiSesa VJ, Huval W, Lelcuk S, et al. Disadvantages of prostacyclin
infusion during cardiopulmonary bypass: a double-blind study of
50 patients having coronary revascularization. Ann Thorac Surg
1984;38(05):514–519

31 Gernhofer YK, Banks DA, Golts E, Pretorius V. Novel use of
cangrelor with heparin during cardiopulmonary bypass in
patients with heparin-induced thrombocytopenia who require
cardiovascular surgery: a case series. Semin Thorac Cardiovasc
Surg 2020;32(04):763–769

32 Girgis AM, Golts E, Humber D, Banks DA. Successful use of
cangrelor and heparin for cardiopulmonary bypass in a patient
with heparin-induced thrombocytopenia and end-stage renal
disease: a case report. A A Pract 2019;13(01):10–12

33 Scala E, Pitta-Gros B, Pantet O, et al. Cardiac surgery successfully
managed with cangrelor in a patient with persistent anti-PF4/
heparin antibodies 8 years after heparin-induced thrombocyto-
penia. J Cardiothorac Vasc Anesth 2019;33(11):3073–3077

34 Seider S, Ross M, Pretorius V, Maus T. The use of cangrelor and
heparin for anticoagulation in a patient requiring pulmonary
thromboendarterectomy surgery with suspected heparin-in-
duced thrombocytopenia. J Cardiothorac Vasc Anesth 2019;33
(04):1050–1053

35 Scala E, Gerschheimer C, Gomez FJ, Alberio L, Marcucci C. Poten-
tial and limitations of the new P2Y12 inhibitor, cangrelor, in
preventing heparin-induced platelet aggregation during cardiac
surgery: an in vitro study. Anesth Analg 2020;131(02):622–630

36 Welsby IJ, Um J, Milano CA, Ortel TL, Arepally G. Plasmapheresis
and heparin reexposure as a management strategy for cardiac
surgical patients with heparin-induced thrombocytopenia.
Anesth Analg 2010;110(01):30–35

37 Warkentin TE, Sheppard JA, Chu FV, Kapoor A, Crowther MA,
Gangji A. Plasma exchange to remove HIT antibodies: dissociation
between enzyme-immunoassay and platelet activation test reac-
tivities. Blood 2015;125(01):195–198

38 Anderson D, Ali K, Blanchette V, et al. Guidelines on the use of
intravenous immune globulin for hematologic conditions. Trans-
fus Med Rev 2007;21(02, Suppl 1):S9–S56

39 Warkentin TE. High-dose intravenous immunoglobulin for the
treatment and prevention of heparin-induced thrombocytope-
nia: a review. Expert Rev Hematol 2019;12(08):685–698

40 Koster A, Nazy I, Birschmann IE, Smith JW, Sheppard JI, Warkentin
TE. High-dose IVIG plus cangrelor platelet “anesthesia” during
urgent heparin-CPB in a patient with recent SRA-negative HIT-
thrombosis with persisting platelet-activating antibodies. Res
Pract Thromb Haemost 2020;4(06):1060–1064

Hämostaseologie Vol. 41 No. 1/2021 © 2021. Thieme. All rights reserved.

GTH 2021 State of the Art—Cardiac Surgery Ranta, Scala62

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


