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Abstract

Background: Heparin-induced thrombocytopenia (HIT)
is caused by platelet activating antibodies that recognize
platelet factor 4/heparin (PF4/H) complexes. Laboratory
testing plays a key role in the diagnosis of HIT. As func-
tional assays are unfeasible for most clinical laboratories,
antigen binding assays are commonly used in routine
testing. However, their low specificity leads to overdiag-
nosis of HIT. Therefore, it is advisable to improve screen-
ing tests in this setting.

Methods: Blood samples from 114 patients in whom HIT
was suspected were investigated using a chemilumi-
nescence test (HemosIL® AcuStar HIT-IgG), a PF4/H IgG
enzyme immunoassay (Lifecodes PF4 IgG), an IgG-specific
lateral flow immunoassay heparin-induced thrombocyto-
penia (LFI-HIT, STic Expert® HIT) and the heparin-induced
platelet aggregation (HIPA) test.

Results: Twenty-nine (25.4%) out of 114 subjects with sus-
pected HIT had a positive HIPA test. None of patients with
a 4Ts score <4 were positive at HIPA. HemosIL® AcuStar
HIT-IgG showed the best performance in term of sensitiv-
ity and specificity when used as single test. Receiver oper-
ating characteristic (ROC) analysis showed optimization
of sensitivity and specificity using a cut-off of 1.13 U/mL
(0.95 and 0.98, respectively). As an alternative approach, a
strategy based on screening samples by STic Expert® HIT
and then retesting positive results by Lifecodes PF4 IgG
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(cut-off 1 OD) or HemosIL® AcuStar HIT-IgG (cut-off 1.3
U/mL) showed a performance compared to a single test
approach by HemosIL® AcuStar HIT-IgG.

Conclusions: The HemosIL® AcuStar HIT or a combinato-
rial approach with the STic Expert® HIT and the PF4/H IgG
enzyme immunoassay provide an accurate diagnosis of
immune HIT.

Keywords: clinical laboratory techniques; heparin; plate-
let factor 4; thrombocytopenia.

Introduction

Heparin is widely used for the prevention and treatment of
thromboembolic disorders. Unfortunately, during heparin
therapy patients may develop heparin-induced thrombo-
cytopenia (HIT), a prothrombotic disorder mediated by
IgG antibodies recognizing heparin-bound platelet factor
4 (PF4). The generation of these macrocomplexes trig-
gers thrombin generation responsible for life threatening
venous and arterial thromboembolic complications [1, 2].

Although suspicion of HIT is based on a well-defined
clinical scenario, in vitro demonstration of heparin
dependent pathogenic antibodies confirms or refutes the
diagnosis.

Functional and antigen assays are available for the
laboratory diagnosis of HIT and the use of both tests seem
to increase the accuracy in confirming the clinical diagno-
sis [3]. Functional assays include several methods able to
show the capacity of patient sample to activate selected
donor’s platelets in presence of therapeutic doses of
heparin. In this field the gold standard is represented by
the serotonin release assay (SRA) or the heparin-induced
platelet activation assay (HIPA). As these tests are tech-
nically challenging and not widely available, enzyme
immunoassays (EIAs) have had an increasingly diagnostic
application especially in Europe [3]. Enzyme immunoas-
say is sensitive, easier and faster than functional tests;
however, this method has a lower specificity [4].



258 —— Vianello et al.: Immunoassay diagnosis of HIT

The primary aim of the present work was to compare
the performance of three commercially available immu-
noassays for anti-PF4/heparin (H) antibodies in predict-
ing the presence of HIT antibodies activating platelets in
patients with suspected HIT. Sequential testing was also
evaluated with the aim to maximize the diagnostic speci-
ficity without at the same time compromising sensitivity.

Materials and methods

We evaluated 114 consecutive patients with a clinical diagnosis of
HIT according to the 4Ts score [5]. Blood samples referred to our cen-
tre were centrifuge and plasma and serum aliquots were stored at
-80 °C. All 114 samples were tested using an EIA for PF4/H IgG (Life-
codes PF4 IgG, Immucor, Milan, Italy), by a rapid lateral flow immu-
noassay (LFIA) (H/PF4 STic Expert® HIT, Diagnostica Stago SAS,
Asnieres sur Seine, France; n=114), whereas fewer samples (96/114)
were tested by the chemiluminescence assay HemosIL® AcuStar HIT-
IgG (PF4/H) (Instrumentation Laboratory, Bedford, MA, USA). As ref-
erence test in the study, the HIPA test was performed in all samples.

HIPA test was performed according to Greinacher et al. [6].
Briefly, platelet-rich plasma (PRP), obtained from normal donor
was supplemented with 111 uL/mL of ACD and 5 puL/mL of Apyrase
1000 U/mL (Sigma, Munich). After centrifugation for 7 min at 650 g,
platelets were resuspended in 5 mL of washing buffer (10 mL tyrode
buffer 25U apyrase 10 U hirudin pH 6.3), incubated for 15 min at 37 °C
and then centrifuged. The pellet was resuspended in 1 mL of resus-
pension buffer (50 mL of tyrode buffer, 0.212 M MgCL, and 0.196 M
CaCl,, pH 7.2). Donor platelets were adjusted to 300,000 platelets/uL.
Patients’ serum was heat inactivated (30 min at 56 °C) and 20 pL were
added to a microtiter plate, supplemented with 10 uL of 0.2 U/mL
or 100 U/mL of UFH, and 75 uL of platelets from donors. During the
incubation wells were controlled for loss of turbidity at 5-min inter-
vals. A sample was considered positive for HIT antibodies when the
well turned transparent with 0.2 U/mL UFH but not with heparin
100 U/mL, using platelets from at least two donors.

The Lifecodes PF4 IgG detects serum antibodies bound to immo-
bilized target antigen, a complex between the polyanionic substrate
polyvinyl sulfonate (PVS) and PF4. The PVS surface serves in the solid
phase as a surrogate for heparin. Serum samples from patients and
the control were prepared as indicated by the supplier. Samples were
considered as weakly positive or positive for OD values 0.400-0.999
or >1, as previously suggested [4]. The intra-assay precision (preci-
sion within an assay) was calculated from three pathological sam-
ples and three normal samples in a single assay run. The inter-assay
precision (precision between assays) was calculated in the same set
of samples in five separate runs, carried out on different days. Results
expressed as coefficient of variance for this test were 2.7+0.63 and
3.2+0.9, respectively.

The HemosIL® AcuStar HIT-IgG (PF4/H) is a chemiluminescent
two-step immunoassay detecting the presence of anti-PF4/H anti-
bodies [7]. Briefly, plasma was incubated with latex beads coated
with PF4/polyvinilsulfonate complex. After incubation, and mag-
netic separation a tracer (isoluminol labeled antihuman IgG anti-
body) was added to the samples. Following magnetic separation,
chemioluminescent reagent was added and measured with the
appropriate light unit by optical system ACL Acustar. The signal is
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directly proportional to the anti-PF4/H antibody concentration in the
sample. A result >1 U/mL was considered as positive. For this test,
coefficients of variance were <2%.

The H/PF4 STic Expert® HIT uses a reagent buffer composed of
PF4/polyanion complexes linked to biotin and a membrane contain-
ing gold nanoparticles coated with anti-biotin antibodies as well as
goat anti human IgG immobilized on the test line [8]. Briefly, 5 uL of
serum were added with two drops of reagent on the test strip. During
the migration through the membrane, the PF4/polyanion complex
binds the immobilized conjugate, gold nanoparticles coated with
a polyclonal goat antibody against Fc part of human IgG, to form
the detection line. After 10 min the test line was compared with an
evaluation card. Every strip is provided with an internal control. A
result was evaluated as negative when the test line (Line-T) was not
visible, or was lighter coloured or weaker than the reference line on
the Evaluation Card. The result was evaluated as positive when the
Line-T was similar to, or darker than, the reference line. The inter-
reader reproducibility (by two different technicians) evaluated by k
ratio was 0.95.

The Local Institutional Review Board approved the protocol.
The study was conducted in accordance with the Declaration of
Helsinki.

Statistical analysis

HIT was diagnosed in patients with an intermediate or high prob-
ability 4Ts score (>4) and a positive HIPA. The performance of the
three assays was evaluated with respect to the reference standard by
ROC analysis. Areas under the ROC curves (AUCs) were calculated
and compared by the De Long method for correlated samples [9].

Analyses were carried out using GraphPad Prism 5 (GraphPad
Software, La Jolla, CA, USA). A p-value <0.05 was considered statisti-
cally significant.

Results

The clinical characteristics of the 114 patients studied are
shown in Table 1.

In our cohort of 114 patients evaluated for suspected
HIT, 29 (25.4%) had a positive HIPA test. Each of these 29
patients had a 4Ts score >4 and therefore they have been
considered as HIT-positive patients. All other patients
tested negative for HIPA and were considered negative
for HIT. Comparison between HIT-negative and -positive
patients showed a significantly greater 4Ts score in HIT-
positive cases (p<0.0001, Table 1) and a significantly
higher rate of thrombosis compared to the HIT-negative
group (p<0.0001, Table 1). None of patients with a 4Ts
score <4 were positive at HIPA whereas 38 patients with a
4Ts score >4 were HIPA-negative.

All 114 patients were tested using the Lifecodes PF4
IgG and STic Expert® HIT immunoassays whereas in
18 out of 114 subjects we were not able to perform the
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Table1 Demographic and clinical characteristics of HIT-positive

and -negative subjects.

Characteristic HIT positive HIT negative p-Value
n=29 n=85

Age, mean (range) 70(36-90) 62.2(20-97) 0.07

Female, n (%) 12 (41.4) 48 (56.5) 0.16

Medicine n (%) 7 (24) 38 (44.7) 0.06

Orthopedic 4(13.8) 4(4.7) 0.08

Cardiovascular 10 (34.5) 13 (15.3) 0.05

surgery

Intensive care 6(20.7) 13(15.3) 0.45

Others 1(3.5) 7(8.2) 0.41

Platelet countx10°/L, 48 (32-85) 57 (31-97) 0.19

median (range)

4Ts score, median 6 (4-8) 3(1-6) <0.0001

(interquartile range)

4Ts score >4, n (%) 29 (100) 36 (42.3) <0.0001

Thrombosis, n (%) 15(51.7) 2(2.3) <0.0001

HemosIL® AcuStar HIT-IgG assay due to lack of plasma
samples. Figure 1 shows the results of the Lifecodes PF4
IgG and HemosIL® AcuStar HIT-IgG for HIT-negative and
-positive cases. Both immunoassays showed significantly
lower mean concentrations in HIT-negative compared to
HIT-positive samples (Lifecodes PF4 IgG 0.4618 vs. 2.930,
p<0.0001; HemosIL® AcuStar HIT-IgG 0.9617 vs. 68.81,
p<0.0001).

Table 2 shows the sensitivity/specificity pairs for
each immunoassay at the manufacturer recommended
cut-off. For the Lifecodes PF4 IgG, the cut-off >1.00 was
also evaluated as it has been previously shown to increase
specificity [4].

At the recommended cut-off of 0.4 OD, the sensitivity
and specificity of Lifecodes PF4 IgG was 1 and 0.59, respec-
tively, and it correctly classified 69% (79/114) of samples.
The same assay at a cut-off of 1 OD showed a sensitivity
of 0.89 with a specificity of 0.88, with 88.5% of patients
correctly diagnosed, therefore with 11.5% of false negative
cases.

The sensitivity and specificity of HemosIL® AcuStar
HIT-IgG at cut-off of 1 U/mL were 0.95 and 0.93, respec-
tively, and were associated with correct classification of
93.7% (90/96) of samples, therefore with 6.3% of cases
misdiagnosed as negative.

One hundred and three out of 114 (90.4%) samples
were correctly diagnosed with STic Expert® HIT, with a
sensitivity and specificity of 0.93 and 0.89, respectively
(Table 2). With this assay, the rate of false negative cases
was 9.6%.

We next analyzed the predictive values of HemosIL®
AcuStar HIT-IgG and Lifecodes PF4 IgG using receiver
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Figure1 Assay results in HIT-negative and -positive subjects.
Results from HIT-negative and -positive subjects are shown for the
Lifecodes PF4 IgG (A) and HemosIL® AcuStar HIT-1gG (B). Solid hori-
zontal lines represent mean values. Dotted lines refer to cut-offs.
FN, false negatives; FP, false positives; TP, true positives; TN, true
negatives.

operating characteristics (ROC) (Figure 2). The area under
the curve (AUC) for the HemosIL® AcuStar HIT-IgG was
greater than the AUC for the Lifecodes PF4 IgG test (0.981%
95% CI 0.98-1.003; 0.956%, 0.93—0.99, respectively).

The best compromise between specificity and sensi-
tivity was evaluated by extrapolating the most northwest
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Table 2 Results of the three immunoassays in patients with and without heparin-induced. Thrombocytopenia (4Ts score >4 and HIPA posi-

tive test).
Test Positive test Negative test Specificity Sensitivity NPV PPV
True False True False
Lifecodes PF4 1gG 0D>0.4 29 35 50 0 0.59 1 1 0.45
(n=114)
Lifecodes PF4 1gG OD>1 25 10 76 3 0.88 0.89 0.96 0.71
(n=114)
HemosIL® AcuStar HIT-IgG 20 5 70 1 0.93 0.95 0.99 0.8
(n=96)
STic Expert® HIT 27 9 76 2 0.89 0.93 0.97 0.75
(n=114)
110m ELISA LIFECODS 1gG sensitivity and specificity with a single test was observed
100 . with HemosIL® AcuStar HIT-IgG at the suggested cut-off of
g
> 904 "9 R 1 U/mL (Table 2). With this assay, ROC analysis found an
s 804 ::" optimization of sensitivity and specificity using a cut-off
=3 Zg' i 1.13 U/mL (0.95 and 0.96, respectively).
“é’ 504 :‘ We then assessed whether combinatorial sequential
3 a0 AUC: 0.956 testing could improve the specificity of each immuno-
30+ assays considered for the study. Samples, which tested
20 positive after the first screening, were tested with a
12' second assay. Results are summarized in Table 3. None
0 10 20 30 40 50 60 70 80 9o 100 Of the sequential test.ing performed better that HemosIL®
100%-Specificity % AcuStar HIT-IgG as single test at a cut-off of 1.13 U/mL. A
strategy based on screening samples by STic Expert® HIT
110m HEMOSIL ACUSTAR IgG and then retesting positive results by Lifecodes PF4 IgG
100 (cut-off 1 OD) or HemosIL® AcuStar HIT-IgG (cut-off 1.3
—> 90 ;"‘ U/mL) showed a better performance compared to a single
8o test approach by STic Expert® HIT or Lifecodes PF4 IgG
; 70 i (Table 3). However, this sequential approach did not sig-
é gg'ri nificantly differ when compared to HemosIL® AcuStar
§ 401§ AUC: 0.981 HIT-IgG used as single test.
30
20
10 . .
0 Discussion
] n n | ] ] n ] | |

L]
0O 10 20 30 40 50 60 70 80 90
100%-Specificity %

Figure 2 ROC curves.

ROC curves are shown for the Lifecodes PF4 IgG and for the
HemosIL® AcuStar HIT-1gG. The AUCs for these assays are shown.
Arrow: suggested cut-off.

point of the ROC curves. At a cut-off of 0.92 OD, the sen-
sitivity and specificity of Lifecodes PF4 IgG was 0.93
and 0.88, respectively, with a remarkably increase of
specificity and a slight impairment of the sensitivity com-
pared to the cut-off of 0.4 U/mL. The best combination of

The diagnosis of HIT is based on clinical features and on
in vitro demonstration of heparin dependent antibodies
as revealed by immune or functional laboratory assays.
The main concern in the determination of anti-PF4/H
antibodies is the overdiagnosis of HIT as a consequence
of low specificity of available immunoassays. In fact, only
a fraction of patients with PF4/H antibodies detected by
immunoassays will develop the clinical syndrome [10, 11].
Therefore, optimization of diagnostic specificity is a rel-
evant goal of the research in the field. This can be accom-
plished by identifying a set of cut-offs associated with the
highest probabilities of detecting platelet activating and
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Table 3 Sensitivity and specificity of sequential immunoassay approach.

Test Positive test Negative test Specificity Sensitivity NPV PPV
True False True False

STic Expert® HIT + AND 27 7 78 2 0.918 0.931 0.975 0.794

Lifecodes PF41gG S >1 OD

STic Expert® HIT + AND 19 2 73 2 0.975 0.905 0.975 0.905

HemosIL® AcuStar HIT-IgG >1.3 U/mL

All samples positive at the STic Expert® HIT test were also tested by Lifecodes PF4 IgG (n=114) or HemosIL® AcuStar HIT-1gG (n=96). Samples
were considered positive if both assays were positive at the specified cut-off.

potentially pathogenic HIT antibodies. This has therapeu-
tic relevance, as only these subjects will require an alter-
native anticoagulation therapy.

In this study we have assessed and compared the
validity of three screening assays in confirming or exclud-
ing HIT. In agreement with most of the literature on HIT, a
low probability 4Ts score is a reliable parameter for exclud-
ing HIT [5]. In fact, none of patients with a 4Ts score <4
had pathogenic HIT antibodies at HIPA. However, a 4Ts
score >4 was associated with a PPV of 43%, a value higher
than data from a recent meta-analysis, not unexpected as
we have observed a prevalence of 25.4% of confirmed HIT
(4Ts score >4 and HIPA positive test) [12]. Based on this
data, about 75% of cases with a clinical suspicion did not
have HIT. Overall, this data confirms the low reliability of
the clinical assessment of patients with an intermediate
and high 4Ts score.

We found a higher prevalence of HIT (25%) com-
pared to previous literature data. A recent meta-analysis
[13] evaluating 3068 patients with suspected HIT by both
the 4Ts and a functional assay found a pooled estimate
of HIT prevalence of only 7%-12%. One explanation
may be found in the relative underrepresentation (42%)
of cases with a low probability 4Ts score in our casistic
compared with previous data where 55.8% were classi-
fied by 4Ts score as having a low probability. Our HIT
prevalence is therefore just a confirmation that a low
probability pretest scoring system is an accurate tool for
ruling out HIT.

As consistently reported in the literature, the IgG-
specific ELISA based on polyvinylsulfonate-PF4 antigen
at manufacturer recommended cut-off of 0.40 showed the
highest sensitivity. Unfortunately, at this cut-off the prob-
ability of detecting pathogenic HIT antibodies is rather
low as demonstrated by the unacceptable low specificity.
Accordingly to previous studies, setting the cut-off at 1
0D improved specificity but the test loses sensitivity [14].
In our experience, the IgG-specific ELISA could be opti-
mized by considering the most northwest point on the

correspondent ROC curve, which corresponded to an OD
value of 0.92. Considering only patients with an interme-
diate/high pretest probability of HIT, this assay increases
the probability of HIT from 44% to 82%. Still, 9.8% of
patients will be misdiagnosed as having HIT.

The IgG-specific LFIA (LFI-STic Expert® HIT) is a
rather attractive point-of-care test as it provides results
in <15 min [15]. In contrast with two recent studies, [8,
15] we found that this assay did not show superior per-
formance compared to the ELISA as it failed to detect 2/29
intermediate-high risk patients with HIT. Basically the test
showed the same sensitivity and specificity observed for
the IgG-specific ELISA at the optimized OD value of 0.92.
The STic Expert® HIT was negative in two HIPA-positive
patients with intermediate and high risk. Although techni-
cal issues cannot be excluded, our results do not support
an approach based on ruling out HIT in intermediate risk
cases with negative STic Expert® HIT, as recently suggested
[15]. Therefore, the performance of this assay should be
further evaluated in larger clinical studies.

If one relies on a single approach for confirming or
excluding HIT, the chemoluminescence assay HemosIL®
AcuStar HIT-IgG was associated with the highest perfor-
mance as it correctly diagnose 90 out of 96 subjects. A
cut-off of 1.13 U/mL further improved the specificity by
correctly classifying 92 out of 96 cases, without compro-
mising test sensitivity. The diagnostic accuracy of the test
in the set of patients with 4Ts score >4 further improved
as the probability of HIT increased from 44% to 89%. The
drawback of this otherwise rapid and reliable test relates
to the appropriate instrument and the appropriate test
cartridges being available in the laboratory. We found the
optimization of the threshold did reduce overdiagnosis of
HIT although not at the extent reported recently by other
authors [16]. Importantly, one HIPA-positive patients who
received LMWH prophylaxis after orthopedic surgery did
not show anti anti-PF4/H at HemosIL® AcuStar HIT-IgG.
Her clinical course was not complicated by thrombotic
events. The same patient was negative at STic Expert®
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HIT assay but it would have been correctly diagnosed by
ELISA.

Two HIPA-negative patients had a clinical course com-
plicated by thrombotic events. Interestingly, both cases
were strongly positive at all three immunoassays. All these
subjects had clinical reasons other than HIT to explain
thrombocytopenia and thrombosis. In fact one patient has
severe sepsis and signs of DIC whereas the other one had
idiopathic myelofibrosis and was on hydroxycarbamide
therapy. These cases are all examples of the misdiag-
nosed HIT who may face unnecessary exposure to direct
thrombin inhibitors with a risk of major hemorrhage. In
these particular patients, discontinuation of heparin and
a platelet activation test should be the most reasonable
approach. Although our results are concordant with data
from the literature that HIPA-negative are likely to have
reasons other than HIT to explain thrombocytopenia [17],
clinical correlations in this subset of patients are critical
as a negative HIPA test does not virtually rule our HIT.

A combinatorial approach has been suggested to yield
better performance than use of either assay alone [18]. We
found testing patients with the STic Expert® HIT assay and
then retesting positive samples with HemosIL® AcuStar
HIT-IgG seemed very effective in minimizing HIT overdiag-
nosis but acceptable sensitivity could not be maintained.
Of course, such an approach requires validation in an
independent test population.

It is worth noting that we performed inhibition control
with high UFH concentrations only in HIPA. This has
relevance as we cannot rule out that the inclusion of an
inhibition step also in the HemosIL® AcuStar HIT-IgG and
IgG-specific ELISA (not feasible for the STic Expert® HIT-
assay), may have reduced the rate of false-positive results.

It is critical to stress that none of the assays evalu-
ated in this study could achieve dual 100% sensitivity and
specificity, meaning that some patients with HIT will be
missed and others without HIT will be misdiagnosed as
positive. To minimize this issue, clinical guidance by 4Ts
is therefore highly recommended.

In conclusion, although none of the immuno-
logical assays can be considered a substitute for the
functional assay, a single test approach based on the
HemosIL®AcuStar HIT with optimized thresholds repre-
sents the best strategy in the attempt to reduce overdiag-
nosis of HIT without compromising test sensitivity.
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