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Abstract
Background: Heparin-	induced	 thrombocytopenia	 (HIT)	 is	 a	 severe	 complication	 of	
heparin	therapy	associated	with	thrombosis	that	requires	a	quick	diagnosis.	Therefore,	
laboratory assays must provide an accurate and swift answer. This work aims to evalu-
ate	the	performances	of	an	ELISA	assay,	especially	when	combined	with	4T	risk	score,	
and a functional assay.
Methods: Data were collected for 894 patients treated by heparin who underwent 
anticoagulant switch because of HIT suspicion and were examined by a multidiscipli-
nary	expert	team	who	confirmed	or	ruled	out	HIT	diagnosis.	All	patients	were	tested	
for	 anti-	PF4	 IgG	with	Asserachrom	HPIA	 IgG	 (ELISA),	 and	307	were	 tested	with	 a	
platelet	aggregation	test	done	on	platelet-	rich	plasma	 (PRP-	PAT).	The	4T	risk	score	
was available for 607 of them.
Results: HIT was diagnosed in 232 patients. 4T risk score had a 94.2% negative pre-
dictive	value	 (NPV)	 for	 risk	scores	≤3	and	77.3%	for	 risk	scores	≤5.	The	sensitivity	
of	ELISA	was	90.9%,	its	specificity	79.0%,	and	its	NPV	96.1%.	When	combined	with	
4T	risk	score,	its	NPV	reached	100%	and	97%	for	risk	scores	≤3	and ≤5,	respectively.	
PRP-	PAT	sensitivity	was	70.4%,	and	its	specificity	was	92.3%.	Combination	of	ELISA	
and	PRP-	PAT	had	a	0.7%	false-	negative	rate.
Conclusion: This	 study	 shows	 that	 ELISA	 can	 rule	 out	HIT	with	 an	 excellent	NPV,	
especially when combined with the 4T risk score. Nonetheless, it has low specificity; 
hence, it needs to be associated with a functional assay.
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1  |  INTRODUC TION

Heparin-	induced	 thrombocytopenia	 (HIT)	 is	 a	 severe	 complication	
of	heparin	 treatment	with	a	 significant	 incidence.	 Indeed,	 a	meta-	
analysis estimated HIT in about 2.6% of unfractionated heparin 
(UFH)	 and	 0.2%	 of	 low-	molecular-	weight	 heparin	 (LMWH)	 treat-
ments.1	 It	 is	mainly	caused	by	 IgG	antibodies	against	 the	complex	
platelet	factor	4	(PF4)/heparin.	When	those	antibodies	bound	PF4/
heparin	 complexes	 on	 platelet	 surface,	 their	 Fc	 domains	 activate	
platelet	FCγRIIA	receptors,	which	 leads	 to	platelet	activation:	This	
may	be	life-	threatening	due	to	induced	thrombotic	risk.

Therefore, even though it is recommended to swiftly substitute 
heparin for another anticoagulant when HIT is suspected, a rapid 
diagnostic test is desirable. The 4T risk score has an excellent nega-
tive	predictive	value	(NPV)	for	low	risk	scores	(≤3)	(NPV	ranged	from	
85% to 99.8%2– 5),	 but	 its	positive	predictive	value	 (PPV)	 for	 inter-
mediate or high risk scores remains insufficient2,3,5. Thus, it seems 
necessary in many cases to confirm or rule out HIT with laboratory 
assays,	such	as	immunoassays	(detection	of	anti-	PF4	antibodies)	or	
functional	assays	(detection	of	platelet	activation).

Although	 immunoassays	 (ELISA	 for	 instance)	may	 rapidly	high-
light	anti-	PF4	antibodies	with	high	sensitivity,	they	lack	specificity6– 9 
as they may detect clinically irrelevant antibodies and are subject to 
interferences such as antiphospholipid antibodies10. Therefore, their 
use is usually limited to screening tests.

Functional	assays	are	usually	regarded	as	gold-	standard	for	HIT	
diagnosis	such	as	Serotonin	Release	Assay	(SRA),	platelet	aggrega-
tion	test	with	platelet-	rich	plasma	(PRP-	PAT)	or	with	washed	plate-
lets	 (WP-	PAT),	heparin-	induced	platelet	activation	test,	and	so	on.	
Unfortunately,	 they	 are	 time-	consuming,	 restricted	 to	 specialized	
laboratories,	require	platelets	from	healthy	donors,	and	cannot	pro-
vide	quick	results.	Despite	their	excellent	specificity,	functional	as-
says are usually confirmation assays due to their low sensitivity11– 15.

Here, we retrospectively evaluated the performances of the 4T 
risk	score,	an	ELISA	assay,	and	an	in-	house	PRP-	PAT.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and patients

This retrospective study was approved by the institutional ethics 
board	 (CE-	2022-	76).	 Data	 were	 collected	 by	 the	 Regional	 Center	
of	Pharmacovigilance	from	medical	files	of	patients	hospitalized	at	
the University Hospital of Strasbourg between January 2009 and 
December 2019. Heparin was substituted for another anticoagulant 
for 1101 patients due to suspected HIT during this period. Patients 
without complete medical information or laboratory results were ex-
cluded from this study.

A	 multidisciplinary	 expert	 group,	 comprised	 of	 clinicians,	 pa-
thologists, and pharmacists, evaluated the probability of HIT based 
on	 clinical	 (platelet	 kinetics—	including	 after	 discontinuation	 of	
heparin, sepsis or severe infection, contemporaneous treatments, 

comorbidities, 4T risk score,16	 etc.)	 and	 laboratory	 results	 (ELISA,	
PAT,	SRA	sent	out	to	another	laboratory).	HIT	was	assessed	based	
on consensual decision, and patients were assigned to the HIT or 
non-	HIT	groups.

All	 4T	 risk	 score,	 ELISA	 and	PRP-	PAT	 results	were	 confronted	
to	 the	 expert	 conclusion	 and	 classified	 as	 true	 positive	 (TP),	 true	
negative	(TN),	false	positive	(FP)	and	false	negative	(FN).	Sensitivity,	
specificity, PPV and NPV of each test were computed.

2.2  |  Plasma samples

Patient blood was drawn into BD Vacutainer® glass citrated tubes 
with	0.129 M	of	trisodium	citrate	(Becton	Dickinson).	Platelet-	Poor	
Plasma	 (PPP)	was	 then	prepared	by	double	 centrifugation	each	 at	
2500 g	for	10 min	at	20°C.	Plasma	aliquots	were	stored	in	polypro-
pylene	tubes	at	−20°C.

Platelets from selected healthy donors, previously identified to 
have	 platelets	 reactive	 to	HIT	 antibodies,	were	 used	 for	 the	 PAT-	
PRP. Blood was drawn into BD Vacutainer® glass citrated tubes with 
0.129 M	 of	 trisodium	 citrate.	 Platelet-	Rich	 Plasma	 (PRP)	was	 then	
prepared	by	centrifugation	at	200 g	for	10 min	at	20°C.

2.3  |  ELISA

ELISA	was	 systematically	performed	 for	 every	 sample	 sent	 to	our	
laboratory, regardless of the 4T risk score.

Anti-	PF4	 IgG	were	 detected	 by	 Asserachrom	HPIA	 IgG	 ELISA	
(Diagnostica	 Stago)	 according	 to	 the	 manufacturer	 recommenda-
tions.	Absorbances	were	measured	using	Sunrise	microplate	reader	
(Tecan)	at	450 nm.	ELISA	assay	positivity	was	determined	by	com-
parison to internal standard absorbances.

2.4  |  PRP- PAT

PRP-	PAT	was	done	solely	when	ELISA	was	positive	and/or	in	case	of	
strong	HIT	suspicion.	PRP-	PAT	was	not	performed	when	PPP	volume	
was	not	sufficient.	Briefly,	75 μL	of	patient	PPP	and	150 μL of healthy 
donor PRP were mixed, then platelet aggregation was monitored for 
20 min	at	37°C	with	constant	stirring	on	APACT	4004	(LABiTec).

Patients PPPs were tested with two different donor PRPs and 
with	 increasing	 heparin	 concentrations:	 0.5 IU	 and	 1.0 IU/mL	 of	
UFH,	 0.5	 and	 1.0 IU/mL	 of	 LMWH	 (Enoxaparin).	When	 significant	
aggregation	 (maximal	 amplitude	≥20%)	 occurred	with	 any	 heparin	
concentration,	 samples	 were	 further	 tested	 with	 100 IU/mL	 UFH	
and physiological serum to confirm the specificity towards heparin.

Healthy donor platelet reactivity was assessed using arachidonic 
acid	at	500 mg/mL.	They	were	also	 tested	with	UFH	1	UI/mL	and	
LMWH	 1 IU/mL	with	 the	 donor's	 own	 PPP	 to	 verify	 their	 anergy	
toward	heparin,	as	well	as	their	reactivity	toward	in-	house	positive	
control	(PPP	from	HIT-	positive	patient).
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2.5  |  Statistical analyses

Contingency	 tables	were	established	with	RP,	RN,	FN,	and	FP	pa-
rameters	to	determine	sensitivity,	specificity,	NPV,	and	PPV.	ELISA	
absorbances	 of	 HIT	 and	 no-	HIT	 groups	 were	 compared	 with	 the	
Student's t-	test.

Analyses	 were	 performed	 with	 Prism	 version	 6.05	 (GraphPad	
Software).

3  |  RESULTS

After	 the	exclusion	of	patients	with	 incomplete	 information	or	no	
available laboratory results, 894 patients were included in this study. 
The complete cohort description is presented in Table 1. HIT was as-
sessed	by	the	expert	group	for	232	patients	(26.0%).

3.1  |  4T risk score

4T risk scores were available within 607 patient's medical records: 
207, 322, and 78 had a low, intermediate, and high 4T risk scores, 
respectively. Based on recommendations from the multidisciplinary 
expert	group,	170	(28%)	were	assigned	to	the	HIT	group.

A	strong	association	was	found	between	4T	risk	score	and	HIT	
group assignment. Indeed, 6%, 36%, and 64% of patients with low, 
intermediate, or high 4T risk score had HIT diagnosed, respectively. 
4T	risk	score	had	94.2%	and	77.3%	NPV	for	score ≤3	and ≤5,	respec-
tively,	and	64.1%	PPV	for	score ≥6	(see	Table 2).

3.2  |  ELISA

ELISA	was	 performed	 for	 894	 patients.	 HIT	 was	 assessed	 by	 the	
expert	group	for	232	patients	(26.0%),	while	346	(39%)	had	a	posi-
tive	ELISA.	ELISA	had	90.9%	sensitivity,	79.0%	specificity,	and	96.1%	
NPV.

4T	 risk	 scores	 combined	 with	 ELISA	 results	 improved	 perfor-
mances:	indeed,	NPV	of	4T	risk	score ≤5	combined	with	negative	an-
ti-	PF4	IgG	was	97%	and	reached	100%	for	4T	risk	score ≤3	combined	
with	negative	anti-	PF4	IgG	(see	Table 2).

In	addition,	a	strong	correlation	between	ELISA	absorbances	and	
HIT diagnosis was found. HIT group mean absorbance was 1.580 
(0.198–	3.32)	 compared	with	only	0.653	 (0.164–	2.804)	 in	 the	non-	
HIT	group	(p < 0.001).

3.3  |  PRP- PAT

Three	 hundred	 and	 seven	 patients	 out	 of	 the	 894-	patient	 cohort	
were	tested	with	PRP-	PAT,	and	142	(46.3%)	of	them	were	assigned	
to the HIT group.

PRP-	PAT	was	positive	for	100	HIT	patients	with	70.4%	sensitiv-
ity,	92.7%	specificity,	and	89.3%	PPV	(see	Table 2).

Interestingly,	out	of	the	12	ELISA-	negative	HIT	patients,	11	were	
positive	when	tested	with	PRP-	PAT.	Only	one	HIT	patient	was	neg-
ative with both assays.

Of	 note,	 twelve	 patients	 had	 PRP-	PAT	 false-	positive	 result.	
Seventy-	five	 percent	 of	 them	 had	 sepsis	 or	 severe	 infections	 and	
25%	had	disseminated	intravascular	coagulation	(DIC)	(Table 3).

4  |  DISCUSSION

Within our monocentric retrospective study on a cohort of 894 pa-
tients, we investigated the benefits of laboratory assays to rule out HIT 
when suspected. We confronted laboratory results to multidisciplinary 
expert group conclusions based on both clinical and laboratory data and 
demonstrated	the	benefit	of	laboratory	assays	to	rule	out	HIT.	Although	
low	4T	risk-	score	NPV	was	94.2%,	NPV	dropped	to	77.3%	for	4T	risk	
scores	≤5,	while	ELISA	NPV	alone	remained	at	96.1%.	Interestingly,	a	
combination	of	4T	risk	scores	with	ELISA	results	had	a	NPV	of	100%	for	
low	4T	risk	scores	and	97%	for	4T	risk	score ≤5,	which	is	consistent	with	
previous data.3	Therefore,	we	demonstrated	that	ELISA	results	are	use-
ful to rule out HIT for low and intermediate 4T risk scores.

ELISA	also	exhibited	a	good	sensitivity	(90.9%)	but	a	low	speci-
ficity	(79.0%)	as	anticipated.	Indeed,	previous	studies	demonstrated	
that	immunoassays	such	as	ELISA	are	prone	to	false-	positive	results,	
which are usually caused by clinically irrelevant antibodies. Such ir-
relevant antibodies may be found in autoimmune disorders such as 
antiphospholipid syndrome or systematic erythematous lupus,10,17,18 
or even in monoclonal gammopathy of undetermined significance.19 
Likewise, many patients who underwent cardiac surgery develop an-
ti-	PF4	antibodies	without	any	evidence	of	HIT.20– 22 Therefore, clini-
cians and pathologists must be aware of those interferences.

ELISA	assay	had	a	mediocre	NPV	(73.1%)	for	high	4T	risk	scores	
with	a	9%	false-	negative	rate.	However,	we	cannot	exclude	that	these	
patients	had	anti-	PF4	IgM	or	IgA,23	or	anti-	IL8	or	anti-	NAP1	antibod-
ies.24 Thus, it appears relevant to systematically perform functional 
assays	for	patients	with	a	high	4T	risk	score	but	a	negative	ELISA.

PRP-	PAT	performances	were	appropriate	as	confirmatory	assay.	
Its	specificity	was	92.7%	with	a	 low	sensitivity	 (70.4%)	and	89.3%	
PPV.	 Although	 there	 is	 no	 standardization	 for	 PRP-	PAT	 (selection	
and number of healthy donors, heparin concentration, duration of 

TA B L E  1 Demographic	data

Demographic data

Age	(years) 0–	105	(median:	67.8)

Male 505	(56.5%)

Female 389	(43.5%)

Surgery Unit 149	(16.7%)

Medical	Unit 439	(49.1%)

Intensive Care Unit 297	(33.2%)

Obstetrics	and	Gynecology	Unit 9	(1%)
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the	assay,	patient	PPP	/	donor	PRP	ratio,	etc.),	our	results	are	consis-
tent with two previous studies, which estimated its sensitivity from 
39% to 81%12,14 with a specificity between 82 and 100%.

In	this	study,	PAT-	PRP	had	10.7%	false-	positive	rate.	This	may	be	
explained by several causes.25– 30 Patient's PPP may contain resid-
ual thrombin that leads to platelet aggregation. This situation might 
occur when patients suffer from DIC,26,28 as it was the case for 3 out 
of	12	patients	in	our	cohort.	Furthermore,	platelet	activation	through	
FCγRIIA	may	occur	 in	presence	of	 immune	complexes27,28 or auto-
antibodies, for instance in autoimmune disorders such as systematic 
erythematous lupus.25,27,29 Platelet activation may also result from 
antibodies	against	class	I	HLA	antigens,26,30 as well as from pathogens 
(either	directly	or	after	IgG	opsonization).27 Of note, in this study, 8 
out	of	12	patients	with	PRP-	PAT	false-	positive	results	had	a	severe	
infection,	most	of	the	time	due	to	Gram-	positive	bacteria.	Platelet	ag-
gregation test with PRP instead of WP might cause decreases in both 
sensitivity11	 and	 specificity.	 WP-	PAT,	 however,	 is	 time-	consuming	
and	more	complex	to	implement,	therefore	requires	a	trained	staff.

Finally,	a	combination	of	screening	assay	(ELISA)	with	confirma-
tory	assay	(PRP-	PAT)—	performed	regardless	of	ELISA	results	when	
strong	clinical	HIT	suspicion—	seems	highly	relevant.	In	our	cohort,	
only	one	out	of	142	(0.7%)	HIT	patients	tested	with	both	assays	was	
not positive for both tests.

Limitations of this study are its retrospective nature, as well as 
the sole inclusion of patients who underwent anticoagulant switch. 
HIT prevalence may therefore be higher.

In conclusion, these findings highlight the benefit of combining 
4T	risk	scores	with	ELISA	results	to	rule	out	HIT	when	risk	scores	are	
low or intermediate. In addition, confirmatory assays seem to be re-
quired	because	of	ELISA	low	specificity	and	the	risk	of	nondetection	
of	non-	IgG	anti-	PF4	antibodies.
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TA B L E  2 Performances	of	4T	score,	IgG	anti-	PF4	ELISA	assay,	and	PRP-	PAT

Criteria
Number +/
Total (%) Sensitivity (95% CI) Specificity (95% CI) NPV (95% CI) PPV (95% CI)

IgG	anti-	PF4+ 350/894	(39) 90.9%	(86.5–	94.3) 79.0%	(75.7–	82.1) 96.1%	(94.2–	97.6) 60.3%	(CI:	55.0–	65.5)

4T ≤ 3 207/607	(34) 92.9%	(88.0–	96.3) 44.6%	(39.9–	49.4) 94.2%	(90.1–	97.0) 39.5%	(34.7–	44.5)

4T ≤ 5 529/607	(87) 29.4%	(22.7–	36.9) 93.6%	(90.9–	95.7) 77.3%	(75.5–	79.0) 64.1%	(53.8–	73.2)

4T ≤ 3:	IgG	anti-	PF4+ 47/207	(23) 100%	(73.5–	100) 82.1%	(75.9–	87.2) 100%	(97.8–	100) 25%	(13.6–	39.6)

4T	4–	5:	IgG	anti-	PF4+ 158/322	(49) 95.4%	(89.5–	98.5) 74.3%	(67.9–	80.0) 97.0%	(93.0–	99.0) 65.2%	(57.2–	72.6)

4T ≥ 6:	IgG	anti-	PF4+ 52/78	(67) 86.0%	(73.2–	94.2) 67.9%	(47.7–	84.1) 73.1%	(52.2–	88.4) 82.7%	(69.7–	91.8)

PRP-	PAT+ 112/307	(36) 70.4%	(62.2–	77.8) 92.7%	(87.6–	96.2) 78.5%	(73.8–	86.5) 89.3%	(82.7–	93.6)

Patient Diagnosis

1 Low-	grade	lymphoma	with	monoclonal	IgM

2 Staphylococcus aureus pneumonia with mechanical ventilation

3 Severe sepsis due to Candida tropicalis

4 Infectious	pneumonia	(undocumented).	Patient	had	chemotherapy	and	
radiotherapy for pulmonary adenocarcinoma

5 Rectal neoplasm. Chemotherapy was discontinued 1 month earlier due to 
cerebral venous thrombosis.

6 Septic	shock	(Staphylococcus aureus) with DIC

7 Metastatic	pancreatic	adenocarcinoma	with	DIC

8 Infectious endocarditis with septic shock due to Streptococcus dysgalactiae and 
DIC. The patient also underwent aortic surgery

9 Pneumonia due to Staphylococcus aureus

10 Sepsis due to Escherichia coli

11 Hemorrhagic stroke followed by ischemic stroke

12 Staphylococcus aureus and Klebsiella oxytoca infection on pacemaker with sepsis.

TA B L E  3 Conditions	of	patients	having	
a	false-	positive	PRP-	PAT	result
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