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Introduction 

Acquired thrombocytopenia occurs when platelet loss and/
or consumption in the circulation exceeds their production 
from megakaryocytes in bone marrow. The following 
four mechanisms can be distinguished although more 
than one of them often contributes to thrombocytopenia 
in the individual patient: (I) hemodilution; (II) platelet 
consumption; (III) decreased platelet production; (IV) 
increased sequestration of platelets by immune-mediated 
response against platelets (1). 

In acquired immune thrombocytopenia (AITP) 
platelet-reactive antibodies, such as autoantibodies 
(AAbs), alloantibodies, or drug-dependent antibodies 
(DDAbs) are responsible for the reduced platelet (PLT) 
lifespan in immune thrombocytopenia (ITP), drug-
induced thrombocytopenia (DITP) and heparin-induced 

thrombocytopenia (HIT), respectively. These antibodies 
usually target platelet surface glycoproteins (GPs)  
(Table 1) (7-9). In most of the cases platelet counts decrease 
significantly and severe thrombocytopenia (<20×109/L) is 
often present. With the exception of HIT, mucocutaneous 
bleeding is the predominant symptom in patients with 
platelet counts below 10–20×109/L. 

In this review we will provide current insights onto 
pathophysiology, diagnosis and management of AITP with 
a focus on ITP, DITP and HIT. 

ITP 

ITP, previously known as idiopathic thrombocytopenic 
purpura, is an autoimmune disease characterized by an 
isolated decrease in PLT count (<100×109/L) with bleeding 
tendency. The diagnosis of ITP is made based on the 
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exclusion of underlying causes that might be related to 
thrombocytopenia and in this case is defined as primary 
ITP. In contrast, in the presence of additional autoimmune 
disorders and infections, such as HCV and HIV, the term 
secondary ITP is used (10,11). 

Pathophysiology of ITP

It is thought that the low PLT count in ITP is due to 
accelerated PLT clearance in the circulation and inhibited 
PLT production in the bone marrow (12). The mechanisms 
leading to a decrease in PLT count are mainly induced 
by anti-platelet AAbs including Fc-dependent, Fc-
independent phagocytosis, activation of complement or by 
direct cell lysis through cytotoxic T-lymphocytes (13-15). 
The impairment of PLT production in the bone marrow 
through suppression of thrombopoiesis is an additional 
process mediated by anti-platelet AAbs, which appears to be 
involved in the pathophysiology of ITP (16).

Clinical course of ITP

The incidence and c l inical  course  of  ITP is  age  
dependent (17). The incidence of ITP is estimated to 
be between 1.6 and 3.9 per 100,000 persons per year in 
adults and between 1.9 and 6.4 per 100,000 persons per 
year in children (18-20). Severe bleeding in ITP children 
was reported rarely and most cases undergo spontaneous 
remission. Intriguingly, accumulating evidence suggests the 
risk for chronicity increases with age, with higher rates of 
chronic disease in adolescents (10,21). 

Conversely to the pediatric course, ITP in adults is 
associated with a higher rate of chronicity and bleeding 
risk. Factors for prediction of severe bleeding are gender, 
comorbidities and an age older than 60 years (22).

Diagnosis of ITP

Although different guidelines are currently available, the 
diagnosis of ITP still represents a challenging task for 
physicians (10,23). In fact several case reports showed 
that the lack of sensitive and specific markers can lead to 
misdiagnosis and consequently to inappropriate treatments of 
thrombocytopenic patients (24). The diagnostic approach in 
cases suspected to have ITP is based on a deep and complete 
clinical patient’s history, physical examination and review 
of the complete blood count. Furthermore, analysis of the 
peripheral blood smear is mandatory in order to exclude 
pseudothrombocytopenia, inherited thrombocytopenia 
and other pathognomonic alterations like micro-hemolytic 
anemia (fragmented red cells in TTP) (23). 

The mean PLT volume may be increased in patients with 
ITP. However, ITP patients always show a heterogeneous 
PLT population with up to ~40% enlarged PLTs. If 
more than 60% large or even giant PLTs (less than two 
PLTs fit into one red blood cell) are present, hereditary 
macrothrombocytopenia is much more likely the underlying 
cause of thrombocytopenia. Bone marrow examination 
is not routinely required and is generally not useful for 
diagnosing ITP but should be performed to exclude other 
causes of thrombocytopenia when atypical features such as 
unexplained anemia, lymphadenopathy, or splenomegaly 
have been observed. Megakaryocyte number is typically 
normal or even increased in the bone marrow of patients 
with ITP. 

The use of antibody testing is controversial and is 
recommended in only a few of the available guidelines 
(23,25). Of note, since the non-responsiveness of particular 
anti-platelet AAbs to rituximab was described in 2017, there 
has been a need for reliable anti-platelet AAb testing (26). 
The detection of anti-platelet AAbs is commonly performed 

Table 1 Antibody targeted surface glycoproteins in immune thrombocytopenia 

Glycoprotein
Number of copies per 
platelet

Function Ligands

GPIb-IX-V ~25,000 Adhesion to extracellular matrix-, endothelial cells-and 
leukocytes, procoagulant activity, intracellular signaling

vWF, P-selectin

GPIIb-IIIa ~50,000–80,000 Platelet aggregation Fibrinogen, vWF, thrombospondin 
vitronectin, fibronectin

GPVI ~4,000–6,000 Interaction with collagen of extracellular matrix leads to 
platelet activation and aggregation

Collagen, laminin, CRP, convulxin

Summarized from references (2-6). GP, glycoprotein; vWF, von Willebrand factor; CRP, collagen reactive peptide.
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using the monoclonal antibody immobilization of platelet 
antigens (MAIPA) or flow cytometric assays (Table 2). Of 
note, current studies are investigating the detection of 
biomarkers like the expression of CD61 (P-selectin) and 
the use of mass cytometry which appear to be auspicious 
procedures for diagnosing and especially tailoring individual 
ITP therapies (Table 2) (27-32). 

Therapeutic options of ITP

Considering the complexity of ITP in terms of different 
extent of symptoms and pathophysiologic mechanisms, 
adequate and individual ized treatment is  usual ly  
required (33). The main goal of the therapy is to minimize 
the risk of severe bleeding and enhance PLT count (10,34-36). 

First line treatment in acute ITP is based on the use 
of corticosteroids, IVIGs and anti-D-immunoglobulin 
(Anti-D). Although standard corticosteroids (such as 
prednisone) have a key role in the initial treatment of ITP, 
their use is often limited through adverse reactions, lack 
of patient compliance and delayed response. Hence, the 
efficacy of high dose dexamethasone has been reported 
by several studies to be higher compared to standard 
prednisone (37). However, further investigations about 
the role of high dose dexamethasone in ITP treatment are 
needed in order to elucidate toxicity and long-term effects. 
Whereas the addition of IVIGs in first line treatment is 
well described, the role of Anti-D does not seem to be 
consistent. The administration of Anti-D is limited to 
patients who are expressing the RhD-antigen and are not 
splenectomized. The exact mechanism of Anti-D remains 
highly speculative (38). 

Second line treatment in ITP includes splenectomy and 
rituximab. While the role of splenectomy is currently under 
debate due to the development of alternative therapies 
such as thrombopoietin receptor agonists (TPO-RAs) (39), 

emerging evidence suggests that rituximab may be effective 
in refractory ITP patients. Rituximab, a humanized 
monoclonal anti-CD20 antibody which leads to peripheral 
B-cell depletion and reduction of circulating AAbs, was 
shown to increase PLT count (>50×109/L) and induce 
sustained response in ITP patients (40). Furthermore, the 
combination of rituximab with corticosteroid treatment 
looks to be a promising approach to treat refractory ITP 
patients (41). Nevertheless, more investigations involving 
rituximab and its combination with other agents are 
necessary in order to overcome the high rates of side effects 
as recently reported (42). 

At the time current guidelines were published, TPO-
RAs represented a new class of substances in treatment of 
ITP. At the time, the lack of data regarding safety, long-
term effects and toxicity led to the decision that TPO-RAs 
should be considered as an alternative drug in third line 
treatment (10). Nowadays, the two FDA approved TPO-
RAs, romiplostin and eltrombopag, have transformed the 
management of ITP and risen to be well-established second 
line agents with high effectivity and long-term safety (43,44). 
Furthermore, the use of TPO-RAs in emergency patients 
with severe ITP, in combination with first line agents like 
corticosteroids and IVIGs, is becoming more and more 
common due to the better outcome of patients has been 
reported (45). 

Drug-induced ITP (DITP)

More than 300 drugs have been found to be associated with 
DITP. A systematic analysis of individual patient data found 
that the most commonly mentioned drugs with a definite or 
probable causal relation to thrombocytopenia were: quinine, 
quinidine, trimethoprim/sulfamethoxazole, vancomycin, 
penicillin, rifampin, carbamazepine, ceftriaxone, ibuprofen, 
mirtazapine, oxaliplatin, suramin, and the GPIIb/IIIa 

Table 2 Established and recent inventions in diagnosis of immune thrombocytopenia

Methods Measured parameter Targeted antigens

MAIPA (Kiefel et al. 1987) Photometric extinction Antiplatelet antibodies against: GPIIb/IIIa + GPIb/IX

Flowcytometric immunobead assay 
(Zhai et al. 2017)

Flow cytometric fluorescence activity Antibody binded GPIIb/IIIa + GPIb/IX

Functional platelet assay (Frelinger 
et al. 2018) 

Flow cytometric fluorescence activity CD62p (P-selectin), activated GPIIb/IIIa, GPIbα 

Mass cytometry (Blair et al. 2018) Detection of metal-tagged antibody masses Different surface glycoproteins

MAIPA, monoclonal antibody immobilization of platelet antigens.
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inhibitors abciximab, tirofiban and eptifibatide (46).

The pathophysiology of DITP

There are several pathogenic mechanisms that have been 
associated with DITP (Table 3): (I) quinine-type DDAbs: the 
classic drug dependent antibodies (DDAbs) attach tightly to 
PLTs only in the presence of the sensitizing drug and most 
often target GPIIb/IIIa or GPIb/IX. A recent study showed 
that a hybrid paratope consisting of quinine and reconfigured 
antibody, the complementarity-determining regions (CDRs) 
of the DDAbs, plays a critical role in recognition of its target 
epitope by an antibody (49). (II) Hapten-dependent DDAbs: 
small molecules (<5,000 daltons; e.g., penicillin) require a 
covalent coupling to a larger carrier protein, mostly GPIIb/
IIIa, to elicit drug-specific antibodies, which then binds to 
the small molecule drug rather than to the PLT protein. (III) 
Fiban-type DDAbs: this mechanism is reported by GPIIb/
IIIa inhibitors such as tirofiban and eptifibatide. These 
drugs can induce conformational changes in the protein 
structure leading to an immune response against PLTs. (IV) 
Drug-specific DDAbs: usually reported after administration 
of drugs with a murine component such as abciximab, a 
chimeric (mouse-human) monoclonal antibody Fab fragment 
specific for GPIIIa, used primarily to prevent PLT aggregate 
formation. (V) Autoantibody mechanism: these antibodies 
arise after drug exposure (especially gold-therapy); however, 
the presence of the drug is not required for their binding to 
PLTs. Although immune response in DITP is thought to be 
specific to the immunizing drug, a recent study showed that 
patients treated with oxaliplatin (a conventional cancer drug) 
produce multiple DDAbs that are specific for other agents to 
which the patients were exposed (50). 

Clinical course of DITP

DITP presents a life-threatening clinical syndrome that 
is associated with a high risk of hemorrhage. A review of  
247 case reports of DITP found an incidence of major and 
fatal bleeding of 9% and 0.8%, respectively (47). Symptoms 
emerge approximately 1–2 weeks after initial drug exposure, 
with median nadir PLT counts of <20×109/L. An exception 
is thrombocytopenia induced by the GPIIb/IIIa antagonists, 
which may present within hours of exposure (early onset) 
due to naturally occurring antibodies. 

Diagnosis of DITP

Pivotal for diagnosing DITP is a high grade of clinical 
suspicion and careful workup of a patient’s history to 
reveal the causative drug. There are five clinical criteria, 
which can help to manifest the diagnosis of DITP (46): (I) 
exposure to the candidate drug preceded thrombocytopenia; 
(II) recovery from thrombocytopenia was complete 
and sustained after discontinuing candidate drug; (III) 
candidate drug was the only drug used before the onset 
of thrombocytopenia, or other drugs were continued or 
reintroduced after discontinuation of the candidate drug 
with a sustained normal platelet count; (IV) other causes for 
thrombocytopenia were excluded; and (V) re-exposure to 
the candidate drug resulted in recurrent thrombocytopenia. 

Since DITP often occurs in hospitalized patients who are 
taking multiple medications and who have comorbidities 
tha t  can  a l so  cause  thrombocytopenia ,  re l a t ing 
thrombocytopenia to a particular drug depending solely 
on clinical information is commonly difficult. Therefore, 
most investigators agree that confirmation is required 

Table 3 Mechanisms of drug induced thrombocytopenia

Drug Mechanism Example of drug

Quinine-type Drug binds DDAbs and subsequently to PLT integrin Quinine, sulfonamide-antibiotics, nonsteroidal 
anti-inflammatory drugs

Hapten-dependent Drug links covalently to membrane protein and induces drug-
specific binding by DDAbs

Penicillin, some cephalosporines

Fiban-type Drug reacts with GP IIb-IIIa and induces neoepitope(s) for DDAbs Tirofiban, eptifibatide

Drug specific Drug recognizes murine component of chimeric Fab-fragment 
specific for GP IIIa

Abciximab

Autoantibody Drug induces antibody that reacts with autologous platelet in 
absence of drug

Gold salts, procainamide

DDAb, drug dependent antibody; PLT, platelet; GP, glycoprotein (47,48).
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either by a drug-challenge or the in vitro demonstration of 
DDAbs. Several laboratory methods have been developed 
to detect antibodies that bind to PLTs in the presence of 
drug or its metabolite. Test methods must show drug-
dependence, immunoglobulin binding, PLT specificity and 
ideally should be reproducible across laboratories. Recently, 
recommendations for laboratory testing for DITP have 
been published by the international society of thrombosis 
and hemostasis, in which the authors provided helpful 
methodological guidelines to increase the specificity and 
sensitivity of the used assays (51).

Management of patients suspected for DITP

Treatment for DITP involves discontinuation of the 
offending drug. The PLT count usually starts to recover 
after 4–5 half-lives of the responsible drug or drug 
metabolite. In cases of severe thrombocytopenia and 
increased risk of bleeding, highly dosed IVIGs can be given; 
although this recommendation is based only on case reports 
(48,52). PLT transfusion is generally ineffective as long as 
the drug or its metabolite(s) are present in plasma. 

Heparin induced thrombocytopenia (HIT type II)

HIT is a prothrombotic disorder that occurs after exposure 
to unfractionated heparin (UFH) or low molecular weight 
heparin (LMWH) (53).

Pathophysiology of HIT 

The in vivo formation of highly immunizing multimolecular 
complexes, consisting of negatively charged polyanions 
and the cationic protein platelet factor 4 (PF4), results in 
antibody formation in many heparin-exposed patients. 
Although the immunization rate against PF4/heparin 
is high, only a subset can induce HIT. In fact, only a 
minority of IgG anti-PF4/heparin antibodies are able 
to cross-link the Fc receptors on PLT surface leading to 
their activation. This results in release of PLT granules, 
formation of PLT microparticles, thrombin generation 
and ultimately PLT aggregation (53). Endothelium and 
monocyte activation with tissue factor expression is also 
involved in the pathophysiology of HIT (54). These 
processes together are thought to be responsible for the 
hypercoagulable state of HIT and the frequent occurrence 
of thrombotic complications in the absence of appropriate 
anticoagulation. 

Clinical manifestations of HIT

Patients with HIT can present with a wide spectrum of 
symptoms. The cardinal clinical feature is a fall in PLT 
count >50% (from the highest value after start of heparin 
treatment) typically between days 5 to 14 after start of 
heparin. A PLT count fall within the first hours after the 
start of heparin (rapid onset HIT) is sometimes observed in 
preimmunized patients who had received heparin within the 
past 30 days. While a mean nadir between 50–80×109/L was 
most often found in larger cohort studies, HIT cases that 
are complicated by disseminated intravascular coagulation 
(DIC) may result in a deeper drop in PLT count <20×109/L. 

Besides thrombocytopenia, HIT may also be associated 
with thrombosis which is the most severe complication 
of HIT and largely contributes to disease morbidity and 
mortality. About half of untreated patients with acute 
HIT develop a new thrombotic complication. Deep-vein 
thrombosis (DVT), with or without pulmonary embolism, 
is the most common complication. Arterial thrombosis 
is less frequent than venous thrombosis in HIT patients 
and typically involves lower-limb, cerebral, coronary, 
mesenteric and brachial arteries (53). Rarely, severe HIT-
associated DIC leads to microthrombosis and critical limb 
ischemia even in the absence of warfarin therapy. Other 
(rare) complications observed in HIT patients include 
skin necrosis at the heparin injection sites and adrenal 
hemorrhagic necrosis. 

Management of patients with suspected HIT 

When HIT is strongly suspected, all sources of heparin 
must be stopped. In addition, anticoagulation should be 
continued using an alternative non-heparin anticoagulant 
to prevent new thromboembolic complications. However, 
alternative anticoagulants are rarely used outside the 
niche indication HIT and many physicians have limited 
experience handling these drugs. This may increase the 
risk for both bleeding and thrombotic events. Therefore, 
clinicians must distinguish the (relatively) uncommon 
patient with HIT among the many without. 

Identifying the probability of HIT 

To assist clinicians in this process, several clinical scoring 
systems for HIT have been developed. The most extensively 
studied scoring system, the 4Ts, incorporates four typical 
clinical features of HIT: (I) thrombocytopenia; (II) timing 
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of onset of thrombocytopenia; (III) thrombosis or other 
clinical sequelae; and (IV) the likelihood of other causes of 
thrombocytopenia (55). The negative predictive probability 
of a 4Ts score below 4 has been shown to be very high 
(99.8%). However, the positive predictive value of an 
intermediate or even high 4Ts score is unsatisfactory (14% 
and 64%, respectively) (56). Other scoring systems such as 
The HIT expert probability score and the Lillo-Le Louët 
score require more validation in prospective studies before 
a firm conclusion can be drawn on their performance in the 
diagnostic work-up of HIT. 

Laboratory investigations for HIT

Two classes of assays are available: functional (platelet 
activation) assays and (PF4-dependent) immunoassays 
(57,58). The presence of PLT-activating antibodies can 
be established only using functional assays. Although 
recent studies have indicated the feasibility to detect PLT-
activating antibodies using the whole blood impedance 
analyzer (59), assays using washed PLTs such as the 
Heparin-Induced PLT Activation (HIPA) assay and 
Serotonin Release Assay (SRA) are the gold standard in the 
laboratory diagnosis of HIT (Figure 1) (61,62). Functional 
assays combine both high sensitivity and specificity for 
clinically relevant HIT antibodies. The performance of the 
SRA can be further improved by the addition of exogenous 
PF4 (63). Although both functional assays are considered 
the “gold standard” for diagnosing HIT, these assays are 
difficult to perform, require selected healthy PLT donors 
and are restricted to few reference laboratories. A recent 
study showed that PLT activating antibodies can be 
detected by flow cytometer (64). Using the PF4-dependent 
P-selectin expression assay, the authors demonstrated in a 
follow up study that the addition of PF4 enabled detection 
of pathogenic antibodies before the SRA became positive 
in two patients with HIT (65). 

In contrast to functional assays, enzyme-linked 
immunosorbent assays (ELISA) and particle-based 
immunoassays can be easily used to detect anti-PF4/heparin 
antibodies.

ELISAs have an excellent negative predictive value to 
rule out HIT. However, their specificity is not satisfactory 
(40–80%) (57). Several approaches may increase the 
diagnostic specificity of ELISAs including the exclusive 
detection of anti-PF4/heparin IgG antibodies, consideration 
of the magnitude of the OD value and implementation of a 
confirmative inhibition step. Recent meta-analysis, however, 

did not find a significant advantage of IgG-specific over 
polyspecific ELISAs to improve the overall performance 
characteristics of the immunoassays (66). 

Particle-based immunoassays are easily performed and 
reactions can be detected either visually after centrifugation 
as in the particle gel immunoassay or using lateral flow 
technology. The major advantage of these assays is its 
rapid turnaround time. Recent studies showed high 
negative predictive values of these assays (67). Automated 
particle-based immunoassays have also been introduced. A 
systematic meta-analysis investigated recently the diagnostic 
accuracy of rapid immunoassays for HIT. Data from this 
study showed that rapid immunoassays for HIT have high 
negative predictive value and can be used to exclude HIT, 
particularly in patients with low or intermediate clinical 
probability (68).

Anticoagulation of patients with suspected HIT

Patients with high clinical suspicion of HIT should be 
promptly treated with a non-heparin anticoagulant, while 
awaiting laboratory confirmation or exclusion of the 
diagnosis. Different anticoagulants are currently used to 
treat patients with HIT.

Activated factor X inhibitors

Danaparoid was shown to be efficient in preventing new, 
progressive, or recurrent thromboembolic complications 
(including thrombotic death) or limb amputation in  
HIT (69). This seems to be mediated by (I) low cross-
reactivity rate with HIT antibodies; (II) the suppression 
of HIT antibody-induced platelet activation by replacing 
PF4/heparin complexes from the platelet surface; and (III) 
disruption of PF4/heparin complexes. 

Fondaparinux has been increasingly used off-label for 
the management of HIT (70) and was found to be safe in 
patients with acute thrombosis with heparin-dependent 
platelet-activating antibodies (71). 

Direct thrombin inhibitors

Argatroban is a synthetic direct thrombin inhibitor that 
reversibly binds to the thrombin active site. It is capable 
of inhibiting both free and clot-associated thrombin. Two 
multicenter trials showed that argatroban therapy reduces 
death, amputation and thrombosis when compared to 
historical controls (72). 
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Thrombocytopenia or Thromobosis under Heparin therapy:
Heparin Induced Thrombocytopoenia is underlying cause?

√ Assessment of HIT probabilities with the 4T Score
√ Performance of rapid immunoassay

4–5≤3 4T Score6–8

PF4/Heparin Immuno assay (ELISA)

Functional testing (HIPA, SRA, FC) 

NegativeNegative

√ Continue Heparin
√ Further diagnostic 

assessment

√ Change anticoagulants
√ Exclusion of thrombosis
√ Exclusion of DIC

Rapid assay

Negative

Negative

HIT unlikely

Positive

Positive

Positive

HIT

Figure 1 Suggested algorithm for treatment of heparin induced thrombocytopenia. HIT, heparin induced thrombocytopenia; PF4, platelet 
factor 4; ELISA, enzyme-linked immunosorbent assay; DIC, disseminated intravasal coagulation; HIPA, heparin induced platelet activation 
test; SRA, serotonin release assay; FC, flow cytometry. [Adapted from Bakchoul et al., (60)].

Bivalirudin is another synthetic thrombin inhibitor 
and best investigated in non-HIT patients with coronary 
disease, including acute coronary syndrome and requiring 
coronary intervention (73). 

Direct oral anticoagulants (DOACs)

Rivaroxaban, apixaban and edoxaban directly inhibit 
activated factor X, while dabigatran is a direct thrombin 
inhibitor. DOACs appear to be safe and effective without 
occurrence of new thrombosis. However, published 
experience with these drugs in patients with acute HIT 
is limited and does not allow final conclusion on their 
advantage. Of a particular importance are the observed low 
trough levels of the drug, which might cause inadequate 
protection for HIT patients. 

IVIG

High dose IVIG was shown to inhibit HIT antibody-
mediated platelet activation. Accumulating evidence 
from case reports suggests that patients with prolonged 
thrombocytopenia refractory to standard treatment may 
benefit from IVIG therapy (74). 

Prevention of HIT

As mentioned above, the formation of multimolecular 
complexes consisting of negatively charged polyanions and 
the cationic protein PF4 results in antibody formation in 
many heparin-exposed patients. Interestingly, a 10-fold 
lower risk of HIT is observed with use of a prophylactic 
dose of LMWH compared to UFH. One recent study 
showed a dramatic reduction of the cases with suspected 
HIT after implementation of a strategy to avoid UFH and 
replace it with LMWH if required (75).

Protamine/heparin induced thrombocytopenia 
(PHIT)

Protamine and heparin form multimolecular complexes 
which result in high rates of immunization in post-cardiac 
surgery patients. A subset of these anti-protamine/heparin 
IgGs activates platelets through their FcγIIA receptors.

Diagnosis of PHIT

Anti-protamine/heparin antibodies can be detected using 
ELISAs. Heparin has been shown to increase binding of 
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anti-protamine antibodies compared to protamine alone 
(76,77). In fact, protamine undergoes conformational 
changes after complexing with heparin (78,79), making 
it very likely that these antibodies bind to neoepitopes 
expressed on protamine only after complex formation with 
heparin. The ability of anti-protamine/heparin antibodies 
to activate platelets can be investigated in vitro using 
different laboratory methods including SRA and HIPA 
assay (79-83). 

Clinical presentation of anti-protamine/heparin antibodies

While the presence of anti-protamine/heparin antibodies 
(IgG/A/M) reportedly had no overall impact on the 
postoperative PLT count evolution (80,82), PLT-activating 
antibodies against protamine/heparin complexes prior 
to surgery has been shown to be associated with lower 
postoperative platelet counts and increased demand on 
protamine to neutralize heparin after cardiac surgery 
(79,83). In addition, thromboembolic complications have 
been reported in patients with PLT-activating antibodies 
against protamine/heparin complexes (76,84). Currently, 
no sufficient experience exists regarding the treatment of 
protamine/HIT. One recent case series reported on the use 
of argatroban in four patients with PHIT. Platelet count 
recovered after starting argatroban and adverse events 
occurred (84). 

Conclusions 

As outlined in this review platelet count is a sensitive 
indication for disturbed balance between PLT production 
and survival. As it may be the first symptom of a severe 
underlying disease, AITP requires prompt clinical attention 
and careful diagnostic work-up. Gaining new insights 
into pathological states of the immune mechanisms is 
of major relevance to improve the quality patient care. 
Further understanding of these mechanisms also bears the 
possibility to identify new strategies for treatment, but 
also for prevention of thrombocytopenia as a side effect of 
infection and autoimmune disease.
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