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HEPARIN-INDUCED THROMBOCYTOPENIA 
DEFINITIONS OF HIT

HIT can be defined as any clinical event 
best explained by  platelet-activating, 
platelet Factor 4 (PF4)-heparin reactive 
antibodies (“HIT antibodies”) in a patient 
who is receiving or who has recently  
received, UFH or LMWH



CLINICAL SUSPICION OF HIT
Is Based upon the  4  T’s

• Thrombocytopenia: a platelet count-fall of 
> 50% (usual nadir, 20-150.000/uL) 

• Timing of thrombocytopenia : consistent 
with heparin induced immunization.

• Thrombosis or other sequelae (DIC ?)  
• oTher explanations for thrombocytopenia 
lacking 
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FREQUENCIES OF DRUGFREQUENCIES OF DRUGFREQUENCIES OF DRUGFREQUENCIES OF DRUG----INDUCED INDUCED INDUCED INDUCED 
THROMBOCYTOPENIASTHROMBOCYTOPENIASTHROMBOCYTOPENIASTHROMBOCYTOPENIAS
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• PF4-Heparin complexes 
• Platelet activation
• Platelet-derived microparticles
• Endothelial & Monocyte activation
• Thrombin generation

PATHOPHYSIOLOGY OF HIT
HYPERCOAGULABILITY & THROMBOSIS





THROMBIN GENERATION IN HITTHROMBIN GENERATION IN HITTHROMBIN GENERATION IN HITTHROMBIN GENERATION IN HIT

HIT+ UFH

HIT 

Controls



DDDD----Dimer levels and HIT AntibodiesDimer levels and HIT AntibodiesDimer levels and HIT AntibodiesDimer levels and HIT Antibodies

ChilverChilverChilverChilver----Stainer L et al Thromb Haemost 2004 Stainer L et al Thromb Haemost 2004 Stainer L et al Thromb Haemost 2004 Stainer L et al Thromb Haemost 2004 

FactorsFactorsFactorsFactors predicting high levels of coagulation predicting high levels of coagulation predicting high levels of coagulation predicting high levels of coagulation 
markers in suspected HIT.markers in suspected HIT.markers in suspected HIT.markers in suspected HIT.

DDDD----DIMER  &   HITDIMER  &   HITDIMER  &   HITDIMER  &   HIT



CELLA et al Haematologica 2001CELLA et al Haematologica 2001CELLA et al Haematologica 2001CELLA et al Haematologica 2001

PPPP----SELECTINSELECTINSELECTINSELECTIN

EEEE----SELECTINSELECTINSELECTINSELECTIN

EEEE----SELECTIN & PSELECTIN & PSELECTIN & PSELECTIN & P----SELECTIN IN HITSELECTIN IN HITSELECTIN IN HITSELECTIN IN HIT



PROTHROMBOTIC  STATE  IN HITPROTHROMBOTIC  STATE  IN HITPROTHROMBOTIC  STATE  IN HITPROTHROMBOTIC  STATE  IN HIT
Odds Ratio for thrombosis

Warkentin: N Engl J Med 1995; Am J Med 1996Warkentin: N Engl J Med 1995; Am J Med 1996Warkentin: N Engl J Med 1995; Am J Med 1996Warkentin: N Engl J Med 1995; Am J Med 1996

DISEASEDISEASEDISEASEDISEASE O.R.O.R.O.R.O.R.

HIT (HIT (HIT (HIT (platelets < 150x10platelets < 150x10platelets < 150x10platelets < 150x109999)))) 36363636

V Leiden 6.6

PC PS deficiency 12

ATIII deficiency 24

APA syndrome 5
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In the management of the patients with 
HIT we should always consider the 
two main conditions:
• Isolated HIT (thrombocytopenia only)
• HIT-associated thrombosis

CLINICAL PRESENTATIONS 
OF HIT PATIENTS





CLINICAL PRESENTATIONS CLINICAL PRESENTATIONS CLINICAL PRESENTATIONS CLINICAL PRESENTATIONS 
OF HIT PATIENTS  (I)OF HIT PATIENTS  (I)OF HIT PATIENTS  (I)OF HIT PATIENTS  (I)



CLINICAL PRESENTATIONS CLINICAL PRESENTATIONS CLINICAL PRESENTATIONS CLINICAL PRESENTATIONS 
OF HIT PATIENTS  (II)OF HIT PATIENTS  (II)OF HIT PATIENTS  (II)OF HIT PATIENTS  (II)



TIMING OF ONSET OF THE HIT TIMING OF ONSET OF THE HIT TIMING OF ONSET OF THE HIT TIMING OF ONSET OF THE HIT 



PLATELET COUNTPLATELET COUNTPLATELET COUNTPLATELET COUNT
& THROMBOSIS& THROMBOSIS& THROMBOSIS& THROMBOSIS



THROMBOSIS  DURING  HITTHROMBOSIS  DURING  HITTHROMBOSIS  DURING  HITTHROMBOSIS  DURING  HIT

Warkentin 1995 modifiedWarkentin 1995 modifiedWarkentin 1995 modifiedWarkentin 1995 modified

EVENTEVENTEVENTEVENT O.R.O.R.O.R.O.R.

Pulmonary embolismPulmonary embolismPulmonary embolismPulmonary embolism 93939393

Arterial thrombosisArterial thrombosisArterial thrombosisArterial thrombosis 41414141

venous or arterial venous or arterial venous or arterial venous or arterial 
thrombosisthrombosisthrombosisthrombosis

37373737

Any venous thrombosisAny venous thrombosisAny venous thrombosisAny venous thrombosis 16.516.516.516.5



PROBABILITY OF HIT DIAGNOSISPROBABILITY OF HIT DIAGNOSISPROBABILITY OF HIT DIAGNOSISPROBABILITY OF HIT DIAGNOSIS
ACCORDING TO THE 4TACCORDING TO THE 4TACCORDING TO THE 4TACCORDING TO THE 4T’’’’s SCOREs SCOREs SCOREs SCORE

High = 6High = 6High = 6High = 6----8  8  8  8  ------------ Intermediate =  4Intermediate =  4Intermediate =  4Intermediate =  4----5   5   5   5   ------------ Low  =  0Low  =  0Low  =  0Low  =  0----3333
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A) Functional AssaysA) Functional AssaysA) Functional AssaysA) Functional Assays
PPPPlatelet activating antibodieslatelet activating antibodieslatelet activating antibodieslatelet activating antibodies

B) Immunological AssaysB) Immunological AssaysB) Immunological AssaysB) Immunological Assays
AAAAntigen specific antibodiesntigen specific antibodiesntigen specific antibodiesntigen specific antibodies

Commonly used tests for HITCommonly used tests for HITCommonly used tests for HITCommonly used tests for HIT





SEROTONIN RELEASE ASSAY SEROTONIN RELEASE ASSAY SEROTONIN RELEASE ASSAY SEROTONIN RELEASE ASSAY SEROTONIN RELEASE ASSAY SEROTONIN RELEASE ASSAY SEROTONIN RELEASE ASSAY SEROTONIN RELEASE ASSAY SRASRASRASRA
(gold standard)(gold standard)(gold standard)(gold standard)(gold standard)(gold standard)(gold standard)(gold standard)

Patient serumPatient serumPatient serumPatient serum

Washed platelets Washed platelets Washed platelets Washed platelets 
14141414CCCC----5HT5HT5HT5HT----labelinglabelinglabelinglabeling

+ heparin (dilutions)heparin (dilutions)heparin (dilutions)heparin (dilutions)

ACTIVATION Release of Release of Release of Release of 14141414CCCC----5HT5HT5HT5HT

+ + SensitiveSensitiveSensitiveSensitiveSensitiveSensitiveSensitiveSensitive
-------- Donor: criticalDonor: criticalDonor: criticalDonor: criticalDonor: criticalDonor: criticalDonor: criticalDonor: critical
-- RadioRadioRadioRadioRadioRadioRadioRadio--------labeled labeled labeled labeled labeled labeled labeled labeled 

materialmaterialmaterialmaterialmaterialmaterialmaterialmaterial

+

���� 1414141414141414C = C = C = C = C = C = C = C = ���� AntiAntiAntiAntiAntiAntiAntiAnti--------heparin Absheparin Absheparin Absheparin Absheparin Absheparin Absheparin Absheparin Abs





PF4/HEPARIN ELISAPF4/HEPARIN ELISAPF4/HEPARIN ELISAPF4/HEPARIN ELISAPF4/HEPARIN ELISAPF4/HEPARIN ELISAPF4/HEPARIN ELISAPF4/HEPARIN ELISA

+)  > sensitive than functional tests+)  > sensitive than functional tests+)  > sensitive than functional tests+)  > sensitive than functional tests
----)  specific for clinical HIT )  specific for clinical HIT )  specific for clinical HIT )  specific for clinical HIT 
+)  rapid & easy+)  rapid & easy+)  rapid & easy+)  rapid & easy
+) no problem with donors+) no problem with donors+) no problem with donors+) no problem with donors
----)  only anti PF4/heparin Abs)  only anti PF4/heparin Abs)  only anti PF4/heparin Abs)  only anti PF4/heparin Abs

Heparin/PF4Heparin/PF4Heparin/PF4Heparin/PF4

Peroxidase Peroxidase Peroxidase Peroxidase 
Conjugated IgGConjugated IgGConjugated IgGConjugated IgG

HITHITHITHIT----IgGIgGIgGIgGY
Y Y

Y
Y

Y
Y

YYY

Y
Y

Y

Y

ELISA TEST: ELISA TEST: ELISA TEST: ELISA TEST: H/PF4/AbH/PF4/AbH/PF4/AbH/PF4/AbELISA TEST: ELISA TEST: ELISA TEST: ELISA TEST: ELISA TEST: ELISA TEST: ELISA TEST: ELISA TEST: H/PF4/AbH/PF4/AbH/PF4/AbH/PF4/AbH/PF4/AbH/PF4/AbH/PF4/AbH/PF4/Ab





Antibodies positivity Antibodies positivity Antibodies positivity Antibodies positivity 
over the timeover the timeover the timeover the time



A) ImmunoassaysA) ImmunoassaysA) ImmunoassaysA) Immunoassays
a) Solida) Solida) Solida) Solid----Phase or FluidPhase or FluidPhase or FluidPhase or Fluid----Phase EIAPhase EIAPhase EIAPhase EIA
• PF4/heparin ELISAPF4/heparin ELISAPF4/heparin ELISAPF4/heparin ELISA

Heparin:  STAGO, Polyanion: GTI AESKUHeparin:  STAGO, Polyanion: GTI AESKUHeparin:  STAGO, Polyanion: GTI AESKUHeparin:  STAGO, Polyanion: GTI AESKU

b) Rapid Immunoassaysb) Rapid Immunoassaysb) Rapid Immunoassaysb) Rapid Immunoassays
• IDIDIDID----H/PF4 test: Particle gel immunoassayH/PF4 test: Particle gel immunoassayH/PF4 test: Particle gel immunoassayH/PF4 test: Particle gel immunoassay
c) Emergency  Immunoassaysc) Emergency  Immunoassaysc) Emergency  Immunoassaysc) Emergency  Immunoassays
• HemosIL AcuStar IgGHemosIL AcuStar IgGHemosIL AcuStar IgGHemosIL AcuStar IgG

Commonly used tests for HITCommonly used tests for HITCommonly used tests for HITCommonly used tests for HIT



ASSAYSASSAYSASSAYSASSAYS FeasibilityFeasibilityFeasibilityFeasibility SpecificitySpecificitySpecificitySpecificity SensitivitySensitivitySensitivitySensitivity DonorDonorDonorDonor InstrumentInstrumentInstrumentInstrument

FUNCTIONALFUNCTIONALFUNCTIONALFUNCTIONAL

PATPATPATPAT ++++++++++++ 90%90%90%90% 40404040----80%80%80%80% criticalcriticalcriticalcritical AggregometerAggregometerAggregometerAggregometer
14141414CCCC----SRASRASRASRA ++++++++ 95%95%95%95% 100%100%100%100% criticalcriticalcriticalcritical bbbb----cameracameracameracamera

HIPAHIPAHIPAHIPA ++++++++++++ 90%90%90%90% 80%80%80%80% criticalcriticalcriticalcritical Microwell plateMicrowell plateMicrowell plateMicrowell plate

FCAFCAFCAFCA
(Annexine, etc)(Annexine, etc)(Annexine, etc)(Annexine, etc)

++++++++ 90%90%90%90% 50505050----80%80%80%80% criticalcriticalcriticalcritical Flow Flow Flow Flow 
cytometercytometercytometercytometer

IMMUNOASSAYIMMUNOASSAYIMMUNOASSAYIMMUNOASSAY

PF4/heparinPF4/heparinPF4/heparinPF4/heparin ++++++++++++++++ 90%90%90%90% 90%90%90%90% nononono Microwell plate Microwell plate Microwell plate Microwell plate 
readerreaderreaderreader

IDIDIDID----H/PF4H/PF4H/PF4H/PF4 ++++++++++++++++ 90%90%90%90% 90%90%90%90% nononono MicrocentrifugeMicrocentrifugeMicrocentrifugeMicrocentrifuge

ASSAYSASSAYSASSAYSASSAYS’’’’ SENSITIVITY AND SPECIFICITYSENSITIVITY AND SPECIFICITYSENSITIVITY AND SPECIFICITYSENSITIVITY AND SPECIFICITY

Fabris F:   SISET 2010Fabris F:   SISET 2010Fabris F:   SISET 2010Fabris F:   SISET 2010



DIFFERENTIAL DIAGNOSIS  ALGORITHMDIFFERENTIAL DIAGNOSIS  ALGORITHMDIFFERENTIAL DIAGNOSIS  ALGORITHMDIFFERENTIAL DIAGNOSIS  ALGORITHM
WITH APPROACH TO TREATMENTWITH APPROACH TO TREATMENTWITH APPROACH TO TREATMENTWITH APPROACH TO TREATMENT



• DIC (Cancer and Infections) 
• APS   - TTP
• Mechanical consumption: in ECC,

Prosthetic valves, Dialysis
• Post-transfusion Thrombocytopenia
• Acute Thrombosis associated Acute Thrombosis associated Acute Thrombosis associated Acute Thrombosis associated 

ThrombocytopeniaThrombocytopeniaThrombocytopeniaThrombocytopenia

DIFFERENTIAL DIAGNOSIS OF HIT
List of other Conditions
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• Discontinuation of Heparin and 
use a non-heparin anticoagulant

• Dangers of  WARFARIN (caveat): it 
is the best to avoid/postpone the 
use of OAC  or to administer VK if
Warfarin was already started

• Avoid  Platelet Transfusions

RECOMMENDATIONS FOR
TREATMENT OF HIT PATIENTS (A)





• Alternative anticoagulants:
a) Direct Thrombin Inhibitors (DTI)

- LEPIRUDIN  - ARGATROBAN
- BIVALIRUDIN

b) Anti-Xa:  DANAPAROID
c) FONDAPARINUX      

RECOMMENDATIONS FOR
TREATMENT OF HIT PATIENTS  (B)



THERAPEUTIC REGIMENS ACCORDING TO DRUGSTHERAPEUTIC REGIMENS ACCORDING TO DRUGSTHERAPEUTIC REGIMENS ACCORDING TO DRUGSTHERAPEUTIC REGIMENS ACCORDING TO DRUGS



MANAGEMENT OF  HIT
CONCLUSIONS

• HIT is a rare clinical disorder but several 
patients can be exposed to  acute and   
recurrent life-threatening thrombosis

• Early diagnoses of HIT with specific tests     
can help to start immediately appropriate
therapy and reduce mortality



QuestionsQuestions

Comments Comments 

augusto.federici@unimi.itaugusto.federici@unimi.it

ThanksThanks



OTHER SLIDESOTHER SLIDES
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augusto.federici@unimi.itaugusto.federici@unimi.it

ThanksThanks



FLOW CYTOMETRY ASSAYFLOW CYTOMETRY ASSAYFLOW CYTOMETRY ASSAYFLOW CYTOMETRY ASSAY

PATIENT SERUMPATIENT SERUMPATIENT SERUMPATIENT SERUM

DONOR WP DONOR WP DONOR WP DONOR WP 

ACTIVATIONACTIVATIONACTIVATIONACTIVATION
CD62 (PCD62 (PCD62 (PCD62 (P----selectin)selectin)selectin)selectin)

Annexine VAnnexine VAnnexine VAnnexine V
MepacrineMepacrineMepacrineMepacrine

+ heparin+ heparin+ heparin+ heparin
scaled concentrationsscaled concentrationsscaled concentrationsscaled concentrations

- Critical variability in platelet donor Critical variability in platelet donor Critical variability in platelet donor Critical variability in platelet donor 
---- MoAb costsMoAb costsMoAb costsMoAb costs

---- Flow cytometerFlow cytometerFlow cytometerFlow cytometer



CD62 (PCD62 (PCD62 (PCD62 (P----selectin)selectin)selectin)selectin)

Resting plateletsResting plateletsResting plateletsResting platelets

P

Activated plateletsActivated plateletsActivated plateletsActivated platelets

P

anti CD62 anti CD62 anti CD62 anti CD62 
antibodyantibodyantibodyantibody

cytometercytometercytometercytometer
visualizationvisualizationvisualizationvisualization

Resting plt

Activated plt

CD62



HIPAHIPAHIPAHIPA
PATIENT SERUMPATIENT SERUMPATIENT SERUMPATIENT SERUM

DONOR WPDONOR WPDONOR WPDONOR WP

ACTIVATIONACTIVATIONACTIVATIONACTIVATION

+ heparin+ heparin+ heparin+ heparin
scaled concentrationsscaled concentrationsscaled concentrationsscaled concentrations

Critical variability in platelet donor Critical variability in platelet donor Critical variability in platelet donor Critical variability in platelet donor 
Low costs; FeasibilityLow costs; FeasibilityLow costs; FeasibilityLow costs; Feasibility

High sensitivity and specificityHigh sensitivity and specificityHigh sensitivity and specificityHigh sensitivity and specificity

++++

AGGLUTINATIONAGGLUTINATIONAGGLUTINATIONAGGLUTINATION



PARTICLE GEL IMMUNOASSAY PARTICLE GEL IMMUNOASSAY PARTICLE GEL IMMUNOASSAY PARTICLE GEL IMMUNOASSAY 
(ID(ID(ID(ID----Hep/PF4 Antibody test)Hep/PF4 Antibody test)Hep/PF4 Antibody test)Hep/PF4 Antibody test)

Red polystyrene beadsRed polystyrene beadsRed polystyrene beadsRed polystyrene beads
coated with PF4coated with PF4coated with PF4coated with PF4----heparinheparinheparinheparin

++++
Patient serumPatient serumPatient serumPatient serum

Particle gel tubeParticle gel tubeParticle gel tubeParticle gel tubeParticle gel tubeParticle gel tubeParticle gel tubeParticle gel tube
containing anticontaining anticontaining anticontaining anticontaining anticontaining anticontaining anticontaining anti--------IgGIgGIgGIgGIgGIgGIgGIgG

centrifugecentrifugecentrifugecentrifuge
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POSITIVE RESULTPOSITIVE RESULTPOSITIVE RESULTPOSITIVE RESULT NEGATIVE RESULTNEGATIVE RESULTNEGATIVE RESULTNEGATIVE RESULT

Rapid and  easyRapid and  easyRapid and  easyRapid and  easy
Good sensitivityGood sensitivityGood sensitivityGood sensitivity
Not pathogeneticNot pathogeneticNot pathogeneticNot pathogenetic



Confirmatory tests for heparin Confirmatory tests for heparin Confirmatory tests for heparin Confirmatory tests for heparin 
associated antibodies in HITassociated antibodies in HITassociated antibodies in HITassociated antibodies in HIT

Mo anti-Fc γRII Serotonin
release

Platelet

FcγRII

ELISAELISAELISAELISA Sample +Sample +Sample +Sample +
high Hep conchigh Hep conchigh Hep conchigh Hep conc....

OD > 50%

HepHepHepHep----PF4 complexPF4 complexPF4 complexPF4 complex






