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Abstract: Heparin-induced thrombocytopenia (HIT) is a recognized clinical entity in 
patients receiving unfractionated heparin and low–molecular weight heparin. Currently, 
diagnosing HIT includes the combination of a physician’s clinical suspicion based on 
a clinical scoring system and a series of laboratory tests. In the present article, we discuss 
challenges in suspecting and diagnosing HIT in consideration of the turnaround time of 
available tests and recent advances in techniques and methodologies of newer immunoassays 
and functional assays. 
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Introduction
Heparin-induced thrombocytopenia (HIT) is a complication following exposure to 
heparin. It is most commonly seen in patients receiving unfractionated heparin 
(UFH) and less often with low–molecular weight heparin (LMWH).1 The approx-
imate proportion of patients developing HIT after receiving heparin for >4 days has 
been reported as up to 5%.2,3 Patients receiving UFH have a higher chance of 
developing HIT (~2.6%) than patients receiving LMWH (~0.2%).4 More impor-
tantly, higher mortality — up to 20% — has been reported with untreated HIT. 
However, with early recognition and treatment, mortality incidence has significantly 
reduced to <2%.

Although HIT occurs in a very small proportion of patients exposed to heparin 
and is unrelated to dosage, schedule, or route of administration, there is no predictor 
that can detect the predisposed population. Since most cases of thrombocytopenia 
in hospitalized patients on heparin are not caused by HIT, clinicians must be able to 
differentiate rare cases of HIT from the many without HIT.5,7 Similarly, over-
diagnosing HIT contributes to an unnecessary burden on patient-care resources, in 
that alternative anticoagulants are frequently more expensive. As such, a detailed 
understanding of the pathophysiology, evaluation, and management of HIT facil-
itates appropriate and timely treatment.1

Functional assays such as the 14C serotonin–release assay (14C-SRA) and 
heparin-induced platelet activation (HIPA) test are considered gold-standard tests 
for detecting pathological HIT antibodies. However, the 14C-SRA is a time- 
consuming assay, expensive to perform, requires a specialized laboratory setup, 
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and utilizes radioactive elements. A recent study has 
shown that absolute immature-platelet count could com-
plement anti-PF4 heparin testing in evaluating patients 
suspected of HIT.8 Therefore, there is impetus for research 
focusing on alternative ways to diagnose HIT.

Review
Mechanisms of Heparin-Induced 
Thrombocytopenia
Heparin is a commonly used anticoagulant in various clin-
ical settings, and can be given either intravenously or sub-
cutaneously. In HIT, heparin interacts with PF4, a small 
cytokine belonging to the CXC chemokine family that is 
also known as CXCL4. This chemokine is released from 
α-granules of activated platelets during platelet aggregation, 
forming a complex with vascular endothelial heparin–like 
molecules and normally promoting platelet function at the 
site of vascular injury. With the administration of exogenous 
heparin, competitive binding results in the suppression of 
platelet function. HIT is caused by an autoimmune reaction, 
whereby the immune system identifies the heparin–PF4 
complex as a threat and IgG antibodies are formed in 
response. Antibody–antigen complexes (IgG–heparin–PF4) 
bind to platelet FcγRIIA receptors, leading to platelet 
destruction. Platelet destruction in turn prompts the release 
of more PF4 molecules. This can trigger a cycle that results 
in a rapid and significant drop (eg, 50% or more) in platelet 
numbers, ultimately leading to thrombocytopenia.9 

However, not all patients who receive heparin will develop 
autoimmune antibodies, and not all patients who develop 
antibodies will develop thrombocytopenia. Typically, throm-
bocytopenia results in bleeding, although up to 55% with 
HIT present with thrombotic events.9,16 It is also important 
to note that development and activity of these antibodies 
depends on the level of PF4 antigen in relation to heparin (or 
other GAGs). Studies have shown that PF4:heparin ratios of 
3:1–0.7:1 have the potential to form ultralarge 
complexes.17,18 Similarly, extracellular GAG can mimic 
heparin and form a complex with PF4–GAG antibodies, 
which can indeed be pathogenic.19

Disease Burden of HIT
HIT is more commonly triggered by treatment with UFH 
(8%–17% of patients receiving heparin), followed by 
LMWH and fondaparinux (2%–8%).20,21 The production 
of antibodies against the PF4–heparin complex is an 
immunologic response that can be seen in variable 

percentages of patients (8%–50%).21 However, clinical 
sequelae of these antibodies are far less commonly noted 
(0.2%–3%).21 The destruction of platelets may generate 
cell fragments, which may predispose to the development 
of new or worsening thrombosis, known as HIT and 
thrombosis (HITT).22,23 If not detected in a timely fashion, 
HITT can be a catastrophic event, and mortality secondary 
to thrombus is generally cited as 5%–10%, with some 
reporting mortality as high as 20% among HIT 
patients.24 With advanced techniques of detection and 
early intervention, the mortality rate can be reduced to 
<2%.24 In the following sections, we discuss in detail 
newer investigations related to HIT diagnosis.

Clinical Diagnostic Scoring Systems
Diagnosis of HIT involves a stepwise process from suspicion 
to screening and finally making the diagnosis (Figure 1). The 
three most common clinical scoring systems studied are the 
4 Ts, HEP score (HIT-expert probability) and HIT score for 
cardiopulmonary bypass.25,29 The 4T clinical scoring system 
is most commonly used in clinical practice and is based on 
typical clinical features and laboratory results of HIT. This 
scoring system is easy to apply and has a high negative 
predictive value, thereby meaning a low-probability 4T 
score serves as an excellent tool to rule out HIT. However, 
due to the low positive predictive value of this system for 
intermediate- and high-scoring groups, it is difficult clinically 
to rule out HIT in these subsets of patients.19 Therefore, 
laboratory testing constitutes an integral part of HIT diagno-
sis (Table 1).

Laboratory Diagnosis of HIT
Following clinical scoring, when a clinician suspects HIT 
the next step is evaluation of the patient with laboratory 
studies. Currently, two classes of assays are available: 
immunoassays (antigenic), which detect binding of anti- 
PF4–heparin antibodies, and functional assays (platelet- 
activation assays), which are more specific and detect if 
circulating antibodies have the capability to activate plate-
lets. Each of these assays tests separate stages in the HIT 
pathway, with immunoassays capable of detecting initial 
immunoresponse and functional assays detecting specific 
pathogenic antibodies causing platelet activation in the 
presence of heparin.

The various phases of HIT as shown in Figure 2 are 
helpful to understand test results and subsequent interpre-
tation. Suspected HIT is the first phase, when a patient is 
suspected of having HIT based on clinical scenarios. 
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Acute HIT constitutes the phase when a laboratory con-
firmation is made, and this phase lasts till the point of 
platelet-count recovery. Following this, subacute HIT is 
divided into two subphases namely: A (both functional 
assay and immunoassay are positive), and B (functional 
assay is negative, immunoassay is still positive). The final 
phase is remote HIT, when immunoassays are no longer 
able to detect antibodies (Figure 2). It is important to 
remember that some patients who have clinical signs of 
HIT fail to have antibodies detected by current assays. For 
instance, in patients with HIT diagnosis clinically, up to 
10% could have a negative H/PF4 ELISA result. Similarly, 
another subset of patients with positive tests may not 
necessarily have clinical HIT. This proportion is higher 
in surgical patients (up to 50%) than patients admitted for 
medical reasons (up to 20%).

Immunoassays
Immunoassays measure the presence of anti-PF4–heparin 
antibodies using one of several antibody-capturing plat-
forms (eg ELISA based, particle gel, turbidimetry). 
Immunoassays have high sensitivity (>99%), thereby mak-
ing them ideal for use as an initial screening test for HIT. 
The drawback is low specificity (30%–70%) for a diagnosis 
of HIT, due to asymptomatic seroconversions.30,31 As such, 
they have a lower positive predictive value. In general, only 
10%–50% of patients with positive immunoassay 
results have platelet-activating antibodies. Immunoassays 
have the advantage of being able to be performed by most 
laboratories routinely and a rapid response time.

Enzyme-Linked Immunosorbent Assays 
Figure 3 shows the timeline from the discovery of plate-
lets (1882) till the recent discovery of chimeric antibodies 
for diagnosis of HIT (2017). The first polyspecific ELISA to 
detect HIT antibodies was developed in 1992.21,32,45 In this 
test, suspected patients’ serum/plasma is added to PF4–poly-
anion complex–embedded microtiter plate wells. The semi-
quantitative nature of the test allows assessment of intensity 
of color change, and measures it as optical density (OD) at 
a specific wavelength (typically 405 nm), which is 
proportional to the concentration of bound antibodies. 
Since the development of ELISA for HIT, many studies 
have been done to assess the clinical performance of various 
in-house and commercially available ELISAs. It is important 
to note that there is no universally agreed-upon OD value for 
the interpretation of the results, as ELISA OD units vary 
based on the heparin–PF4 ELISA kit being used. 
Therefore, it is important for physicians to connect with 
local reporting laboratories for the OD cutoff set by the 
reporting laboratory, in order to interpret the ELISA results.46

Interpreting OD Results of ELISAs 
Many laboratories report HIT ELISA results as positive or 
negative based on the prefixed OD cutoff set in their 
laboratories. However, an absolute value is more informa-
tive than nominal results, and is helpful in anticipating the 
test results of an SRA functional test. A study on 1,553 
samples from suspected HIT patients was done to correlate 
OD results of HIT ELISA with functional SRAs.47 The 
study showed that a weakly positive OD value (0.4–<1) 
had a good correlation with a negative SRA in 95% or 

Suspecting

Clinical Scoring

PROS

CONS

- Subjective assessment 

- High chance of individual 
variability  

Screening 

Immunoassays

PROS

-Sensitivity high 

-Easy to perform, Widely available 

- Rapid turn around time 

CONS

- Low specificity 

- High seroconversion rates

Diagnosing 

Functional Assay

PROS

-Sensitivity high

-Specificity high

CONS

-Expensive 

-requires Isotopes

HIT HITT

Figure 1 Guide to decision-making for HIT from suspicion to diagnosis, with advantages and disadvantages of the assays.
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more of cases. On the other hand, an OD value of >2 
correlated well with a positive SRA in 90% or more of 
cases. Many similar studies have evaluated the applicabil-
ity and generalizability of various ELISA OD thresholds 
from special populations of patients, such as those on 
extracorporeal membrane oxygenation.48 Kataria et al stu-
died 47 such patients. They identified an OD threshold of 

1 achieved specificity and negative predictive value of 
89% and 95%, respectively. They suggested that keeping 
the OD threshold at 1 could help clinicians in ruling out 
HIT.48 A study of 318 patients admitted with clinical 
suspicion of HIT attempted to correlate OD values of 
HIT ELISA with thrombosis. The authors reported that 
with every 1-unit rise in OD value, the odds of developing 

Table 1 Clinical scoring systems and variables used, with advantages and disadvantages

Factors Advantages Disadvantages Scoring system

4T score 
Lo et al19

Thrombocytopenia 
Timing of platelet 

count fall 

Thrombosis or other 
sequelae 

Other causes of 

thrombocytopenia

A commonly used screening test in 
the diagnostic pathway to HIT 

diagnosis

≤3 points: low probability 
for HIT (≤5% in original 

study, <1% in meta-analysis) 

4–5 points: intermediate 
probability (~14% 

probability of HIT) 

6–8 points: high probability 
(~64% probability of HIT)

HEP score 
(HIT-expert 

probability) 

Cuker et al20

Magnitude of platelet- 
count fall 

Timing of platelet- 

count fall 
Nadir platelet count 

Thrombosis 

Skin necrosis 
Acute systemic 

reaction 
Bleeding 

Other causes of 

thrombocytopenia

A cutoff value of 5 has similar 
predictive value to 4T score

HEP score is more complex 
and may be more time- 

consuming than 4T score

Score ranging from –3 
(inconsistent with an HIT 

diagnosis) to 3 (consistent 

with an HIT diagnosis)

HIT score in 

cardiopulmonary 
bypassa 

Lillo-Le Louët 

et al21

Platelet-count time 

course 
Time from CPB to 

index date 

CBP duration

Designed to determine probability 

without knowledge of laboratory- 
test results (except platelet counts) 

to avoid delays

Only applicable to assess the 

probability of HIT in patients 
following cardiopulmonary 

bypass surgery 

Requires more validation in 
larger prospective studies 

Lower sensitivity may be 

inappropriate as a clinical 
screening test

<2 = low probability of HIT 

≥2 = high probability of HIT

Simple clinical 
scoring systema 

Messmore et al23

Presence or absence of 
Heparin therapy for 5 

days preceding platelet- 

count drop 
Platelet-count fall by 

>30% or not 

Other cause for 
thrombocytopenia 

present or not 

Development of new 
thrombosis or not

Requires more validation in 
larger prospective studies

0 = low probability of HIT 
1 = possible HIT

Notes: aThis scoring has not been prospectively validated and is not yet recommended for clinical use. Nevertheless, it offers another option for guiding clinical decision-making.
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Suspected HIT
-Platelet count-low, Immunologic assay-not done, Functional assay-not done

Acute HIT
-Platelet count-low, Immunologic assay-positive, Functional assay-positive

Subacute HIT A
-Platelet count-recovered, Immunologic assay-positive, Functional assay-positive

Subacute HIT B
-Platelet count-recovered, Immunologic assay-positive, Functional assay 
negative

Remote HIT
-Platelet count-recovered, Immunologic assay- negative, Functional assay 
negative

Figure 2 The five phases of HIT, ranging from cases of suspected HIT without confirmatory laboratory tests; acute HIT, a highly prothrombotic phase that persists until 
platelet-count recovery through subacute and remote HIT, where functional and immunologic assays return to negative.

Discovery of platelet (Bizzozero et al)

Discovery that platelets can 
contribute to human thrombotic 

disorders (osler et al)

Heparin discovery (McLean et al) 

Discovery of heparin chemical 
structure  (Jorpes et al)

Heparin use as an anticoagulant

First reported case of Heparin 
induced thrombosis (Weismann et al)

Immune basis of Heparin induced 
thrombosis  postulated (Roberts et al)

routine platelet counts became 
available

HIT antibodies were demontrated 
(Rhodes et al) 

White clot syndrome and Phlegmasia 
cerulea dolens (Towne et al)

14C SRA discovered for HIT (Sheridan 
et al)

Discovery of HIT antbodies interaction 
with endothelium (Cines et al) 

Discovery of PF4-Heparin complex as 
the target antigen (Amiral et al)

Importance of multimolecular 
PF4/heparin complexes in HIT 

pathogenesis (Greinacher et al)

HIT more common in unfractionted 
heparin than low molecular weight 

heparin (Warkentin et al)

Danaparoid approved for HIT
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Discovery of monoclonal IgG(2bkappa 
) antibody (Arepally et al)

Clinical 4T's scoring for HIT (Lo et al)

New HIT score with 
thrombocytopenia after CPB (Lillo-Le 

Louët et al)

HIT expert probability scoring test 
(Cuker et al)

Discovery of Syk inhibitor PRT318, 
which inhibits HIT immune complex-

induced aggregation (Reilly  et al)

Crystal structure of HIT immune 
complex (Cai et al)

Discovery of 5B9, a chimeric 
monoclonal antibody, which fully 
mimics the effects of human HIT 
antibodies (Kizlik-Masson et al)

1882 1886 1916 1935 1950 1958 1964 1970 1973 1979 1986 1987 1992 1994 1995 1996 1998 2000 2003 2004 2010 2011 2015 2017

Figure 3 Timeline from discovery of platelets, HIT, and subsequent diagnostic milestones.
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thrombosis doubled, with 19%, 32%, and 48% of patients 
developing clinically evident thrombosis at ODs of 1, 2, 
and 3, respectively.49

Other Immunologic Assays 
As discussed, once there is clinical suspicion of HIT, 
a screening immunoassay is the first step in a diagnostic 
workup for HIT. One of the major drawbacks of ELISA is 
that results may be available only once a day, considering 
the cumbersome procedure and requirement for 
a specialized laboratory with skilled technicians. Other 
drawbacks are that enzyme activity can be hampered by 
plasma constituents, the presence of heterophilic antibo-
dies may generate false-positive results, and results may 
not be absolute. These drawbacks prompted researchers to 
look for newer alternatives that could have a rapid turn-
around time without compromising the high sensitivity 
and cost-effectiveness of ELISA.50 Some other recently 
studied immunologic assays are particle-gel immunoas-
says (H–PF4 PaGIA), lateral-flow immunoassays (LFIAs; 
eg, STiC; Diagnostica Stago, Australia), chemiluminescent 
immunoassays (CLIA; eg, Hemosil AcuStar; Werfen, 
Australia) and latex-agglutination assays. These assays 
exploit alternative technologies and differ in methodology 
and end-point measurements (Table 2).

Bankova et al compared ELISA with the newer immu-
nologic assays AcuStar HIT-IgG and PaGIA for diagnostic 
accuracy, reproducibility, and analytical costs.50 

Diagnostic accuracy was studied for three HIT ELISA 
OD-cutoff thresholds: low (0.4), intermediate (1.3), and 
high (2.0). The study showed that specificity increased 
with the rise in OD thresholds, and all three tests had 
specificity >90% in the intermediate- and high-threshold 
groups. For the low-threshold group, the specificity of 
AcuStar HIT-IgG (92.8%, p<0.05) was significantly higher 
than PaGIA (83.0%) and ELISA (81.8%). Total costs per 
test were US$120.10, $84.89, and $52.10 for PaGIA, 
AcuStar HIT-IgG, and ELISA, respectively. The study 
concluded that although the newer tests were 1.5- to two-
fold costlier than conventional HIT ELISA,when imple-
mented in a 24-hour service they might improve patient 
care, considering their rapid turnaround, similar or better 
specificity, and adequate reproducibility.50

Recently, a meta-analysis by Nagler et al studied the 
diagnostic utility of various immunologic assays.30 The 
meta-analysis included 15,199 patients from 49 studies, 
and reported that the combination of high sensitivity 
(>95%) and high specificity (>90%) was found only in 

the following tests with specified thresholds: polyspecific 
ELISA with an intermediate threshold (Genetic Testing 
Institute, Asserachrom), PaGIA, LFIA, polyspecific 
CLIA with a high threshold, and IgG-specific CLIA with 
a low threshold. In addition, they found that diagnostic 
accuracy was inadequate in certain tests and specified 
thresholds: particle-immunofiltration assay, ELISA at 
high-dose heparin confirmation step, andIgG-specific 
CLIA with high and intermediate thresholds. The authors 
concluded that when evaluating a suspected HIT patient, 
physicians must utilize clinical scoring tools for pretest 
probabilities and estimate the posttest probabilities before 
running the test. Recent studies have also been conducted 
to look for additional pathological antibodies in patients 
detected negative for anti-PF4–heparin. Bashover et al 
recently conducted a study on anti-PF4-heparin–negative 
samples by using whole-cell ELISA.51 They detected that 
12.5% (eight of 64) of negative samples were found posi-
tive for antibodies against antigens on platelets or red 
blood cells.

Functional Assays/Platelet-Activation Assays
As immunoassays have low specificity and hence tend to 
overdiagnose HIT, they may erroneously lead to inappropri-
ate discontinuation of heparin anticoagulants and compel 
the use of costlier alternative anticoagulants. These short-
comings mandate the performance of a functional assay 
in patients with a positive immunoassay to reduce 

Table 2 Variables posing challenges while conducting functional 
assays and interpreting results

Factors Variables

Activation end 

point

Radioactive signal vs flow-based vs light- 

transmission detection

Technology used Local availability

Platelet-donor 
selection

Individual, pooled, standardized or not

Platelet 

suspension

Washed platelets, platelet-rich plasma, or 

whole blood

Patient sample Serum or plasma

Heparin used Type and concentration

Interlaboratory 

variability

Lack of standardization

Optical density 

values

Cutoffs vary for different kit manufacturers
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overdiagnosis and erroneous discontinuation of UFH/ 
LMWH in patients without HIT. In general, functional 
assays have high specificity (>95%) and high positive pre-
dictive values (89%–100%) but lower sensitivity (56%– 
100%). The sensitivity of this assay depends on the func-
tional end point being studied (radioactive signal > flow- 
based > light-transmission detection).46 Technically, these 
studies are difficult to perform and hence not routinely 
available at many medical centers. Also, there are variables 
during the functional assay that need to be considered while 
conducting these tests and interpreting the results (Table 2). 
In clinical practice, when a functional assay is not available 
and if the patient has a high 4T score plus a strongly positive 
immunoassay, a functional assay may be excluded and the 
patient can be treated as a case of HIT. Similarly, a diagnosis 
of HIT can be entertained in conditions with a negative 
functional assay, a strongly positive immunoassay, and 
a high-probability 4T score.52

Principles of Functional Assays 
Functional assays detect platelet-conformation changes 
when a patient’s serum containing HIT antibodies is 
incubated with donor platelets and heparin. If HIT anti-
bodies are pathologically significant, they are expected 
to form a heparin–antibody–PF4 complex, which in turn 
binds to FcRIIa receptors located on the donor’s platelet 
surfaces. This leads to donor-platelet activation with 
subsequent changes in platelet conformation and surface 
expression, including the release of dense granules, pro-
duction of platelet microparticles, and translocation and 
surface expression of various glycoproteins (eg 
P-selectin or CD62P). It is the capture of these changes 
that constitutes the end point of various functional 
assays.52

Serotonin-Release Assay 
The SRA end point is to detect the release of 14C serotonin 
from dense granules upon activation of donor platelets by 
HIT antibodies present in the patient’s serum. The test 
involves incubating radiolabeled donor platelets and the 
patient’s serum in the presence of therapeutic or excessive 
heparin concentrations. A positive test result is defined as 
the release of 14C serotonin with therapeutic concentra-
tions of heparin (0.1 U/mL), but not with higher heparin 
concentrations (100 U/mL). Differential serotonin-release 
responses to two different heparin concentrates results, 
since the binding of HIT antibodies to antigens occurs 
only at a specific ratio of heparin to PF4.53

Heparin-Induced Platelet-Activation Assay 
In the HIPA, the suspected patient’s serum or platelet-poor 
plasma is added to a healthy donor’s platelet-rich plasma 
with or without heparin. A positive test is indicated by 
visual recognition of strong platelet aggregation with low 
heparin concentrations (~0.1–0.3 U/mL), but no or mini-
mal aggregation in the absence of heparin or presence of 
very high concentrations of heparin (~10–100 U/mL). The 
advantage of HIPA is visual measurement of platelet 
aggregation, unlike SRA, which utilizes radioactive 
agents.

Other Functional Assays 
In addition to SRA and HIPA, there are various other 
functional assays available in the commercial market or 
clinical trials (Tables 2 and 3). The goal of developing 
newer assays is to use simpler technologies (eg, flow 
cytometry, turbidometry, aggregometry, and luciferase 
activity) with rapid turnaround. Various chemical changes 
in platelet surface–antigen expression (eg, P-selectin or 
anionic phospholipids), release of granules (eg, ATP) or 
other platelet-derived microparticles, or physical changes 
like aggregation serve as end points in functional assays. 
The potential for wider acceptance of these alternate func-
tional assays is encouraging, with generally good specifi-
city (75%–>95%), but variable sensitivity (56%–100%), 
which could be due to multiple variables, as mentioned 
earlier (Table 3).

Newer Anti-PF4 Antibodies and Their Significance 
Initially, anti-PF4–heparin antibodies were considered solely 
responsible for the pathogenesis of HIT/HITT. However, 
with the discovery of the polyclonal and polyspecific nature 
of antibodies found in sera of HIT patients, researchers are 
now convinced that other antibodies contribute to HIT/HITT 
as well. Following that, researchers have studied many 
mouse and human models using HIT-mimicking monoclonal 
antibodies.44,45 Arepally et al developed a murine monoclo-
nal IgG2bκ antibody against human PF4–heparin 
complexes.44 This antibody was used recently by Li et al to 
recognize a new second epitope named site 2, which was 
found adjacent to site 1 in the crystal structure of the PF4 
tetramer.54 Similarly, Vayne et al developed 5B9, 
a monoclonal IgG fully mimicking human HIT antibodies, 
in their laboratory and used it to study the performance of 
alternative functional assays (HIMEA, LTA, and FC). They 
found good sensitivity for all the tested functional assays at 
a higher concentration of 5B9 (50 µg/mL).45 Similarly, 
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Table 3 Functional and immunologic assays: end points and methodological principles

Functional

Methodology End point

Serotonin release-based assays

14C SRA β counter Detects % release of 14C labeled serotonin release from activated platelets

EIA SRA (type of functionalized 

immunoassay)

ELISA-based Serotonin release from activated platelets

HPLC SRA HPLC Serotonin release from activated platelets

Flow cytometry–based assays

FCA-intraplatelet serotonin 

assay

Flow cytometry Detecting loss of intraplatelet serotonin stores within activated platelets

FCA-membrane GP Flow cytometry Detecting increased surface expression of activation markers like P-selectin or 

anionic phospholipids

PMPGA Flow cytometry Detection of PMPs

Platelet aggregation detection–based assays

HIPA Visual assessment Visual detection of platelet aggregation

PAT Using platelet aggregometer Detecting change in light transmittance due to aggregation of activated platelets

HIMEA Multiple-electrode aggregometry Detecting change in impedance due to aggregation of activated platelets on 

electrodes

HIT-mimicking monoclonal antibody–based assays

5B9, IgG1 antibody — Formation of a 5B9–PF4 complex

HemosIL HIT-Ab (PF4-H) assay 

using KKO, an IgG2bκ antibody

Latex particle–enhanced 

immunoturbidimetry

Inhibition of agglutination of KKO-coated latex beads to PF4–polyvinylsulfonate 

complexes in the presence of human anti-PF4/heparin antibodies

Miscellaneous

ATP-release assay Lumiaggregometery Detecting ATP release from activated platelets

TGA Fluorometer Detecting fluorescence or light emitted from generation of thrombin

FcγRIIa-proteolysis assay Western blot/densitometry Detecting proteolysis of FcγRIIa

LIA Turbidimetry Opposite to conventional immunoassays in that presence of HIT antibodies 

results in inhibition of platelet agglutination through competition with an HIT- 

mimicking monoclonal antibody

DT40-Luc, a cell-based 

functional assay

Luciferase assay luminometry Detecting luciferase activity when human FcγRIIa-transfected chicken cell line 

coupled to a luciferase reporter is activated by HIT antibodies

Immunologic assays

Immunologic assay Methodology End point

Optical density-based assay

ELISA OD Semiquantitative test, assesses the intensity of color change by measuring OD, 

which is proportional to the concentration of bound antibodies

Visual assessment–based assay

PaGIA Visual assessment Visual assessment of agglutination

(Continued)
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Morel et al studied the murine IgG1 platelet–activating anti- 
CD9 antibody ALB6; however, unlike 5B9, ALB6 was aspe-
cific for PF4–H complexes and had very poor affinity.55

Conclusion
Diagnosis of HIT requires a combined clinical and biochem-
ical approach. Timely suspicion of HIT can essentially pre-
vent fatal thrombotic events, but physicians should use the 
HIT panel judiciously in order to avoid overdiagnosis, unne-
cessary discontinuation of heparin treatment, and financial 
burden on patients. Since the time of the initial description 
of this disease almost six decades back, many novel, 
cheaper, and rapid confirmatory tests have been developed 
and shown promising results, but are not presently sensitive 
enough to replace SRA. Studies on rapid immunoassays, 
namely particle-gel immunoassay, LFIA, and CLIA, are 
encouraging. The sensitivity and specificity of various tests 
depends on antibody specificities and thresholds set for the 
analysis. As per the recent meta-analysis, pooled sensitivity 
of polyspecific ELISA improves only marginally from 
96.7% at low threshold to 98.4% at intermediate threshold. 
However, specificity improves significantly from 86.8% to 
94.9% by increasing the threshold from low to 
intermediate.30 Based on these observations, Bankova et al 
recommend applying intermediate thresholds to improve 
specificity of polyspecific assays.50 However, most studies 

have have not found AcuStar HIT-IgG to be sensitive 
enough to use at intermediate threshold.50,56,57

Cost-wise, rapid immunoassays are costlier when com-
pared to the ELISA. However, a large-budget model study 
showed that availability of 24-hour in-hospital service for 
rapid immunoassays can reduce the time span of suspecion 
to diagnosis of HIT and would reduce the amount of 
anticoagulant-treatment costs.58 Therefore, an integrated 
diagnostic approach combining a clinical picture with 
immunoassays and functional assays serves as an ideal 
method for decision-making in suspected HIT. Also, clin-
icians should be aware of the type of tests used to diagnose 
HIT, their antibody specificities, and the thresholds con-
sidered before interpreting the results.
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