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Abstract:
Managing patients with suspected heparin-induced thrombocytopenia (HIT) poses significant clinical
challenges. Limited evidence exists on how management decisions impact clinical outcomes, leading
to treatment recommendations based on low-certainty evidence. This study aimed to evaluate the
treatment strategies and clinical outcomes of patients with suspected heparin-induced
thrombocytopenia (HIT) in a contemporary multicenter cohort. We conducted a prospective,
multicenter cohort study including consecutive patients with suspected HIT from 11 centers.
Patients were stratified into three groups: (a) HIT confirmed, (b) HIT-negative but heparin/PF4
antibody-positive, and (c) HIT-negative without antibodies. Clinical and laboratory data were
systematically collected. HIT was diagnosed using the washed-platelet heparin-induced platelet
activation (HIPA) test as the reference standard. Among 1,393 patients (46% female, median age 67),
HIT was confirmed in 119 (8.5%). Most patients were in intensive care (37%) or had undergone
cardiac surgery (32%). Argatroban was the predominant treatment (70%), and platelet recovery
occurred in 77% of HIT patients. Among patients with HIT, subsequent venous thromboembolism
occurred in 23%, arterial thromboembolism in 9%, major bleeding in 12.6%, and mortality in 18%,
with no significant differences between anticoagulants. Treatment with argatroban, bivalirudin, or
direct oral anticoagulants (DOACs) significantly reduced arterial thromboembolism risk. Outcomes
did not differ between HIT-negative patients with or without heparin/PF4 antibodies. HIT, as well
as the mere suspicion of HIT, remains a serious condition with a high risk of adverse outcomes,
including death. Our findings provide further evidence supporting the effectiveness of DOACs,
argatroban, and bivalirudin in reducing arterial thromboembolism risk.
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SUMMARY 43 

Managing patients with suspected heparin-induced thrombocytopenia (HIT) poses 44 

significant clinical challenges. Limited evidence exists on how management decisions 45 

impact clinical outcomes, leading to treatment recommendations based on low-46 

certainty evidence. This study aimed to evaluate the treatment strategies and clinical 47 

outcomes of patients with suspected heparin-induced thrombocytopenia (HIT) in a 48 

contemporary multicenter cohort. We conducted a prospective, multicenter cohort 49 

study including consecutive patients with suspected HIT from 11 centers. Patients 50 

were stratified into three groups: (a) HIT confirmed, (b) HIT-negative but 51 

heparin/PF4 antibody-positive, and (c) HIT-negative without antibodies. Clinical 52 

and laboratory data were systematically collected. HIT was diagnosed using the 53 

washed-platelet heparin-induced platelet activation (HIPA) test as the reference 54 

standard. Among 1,393 patients (46% female, median age 67), HIT was confirmed in 55 

119 (8.5%). Most patients were in intensive care (37%) or had undergone cardiac 56 

surgery (32%). Argatroban was the predominant treatment (70%), and platelet 57 

recovery occurred in 77% of HIT patients. Among patients with HIT, subsequent 58 

venous thromboembolism occurred in 23%, arterial thromboembolism in 9%, major 59 

bleeding in 12.6%, and mortality in 18%, with no significant differences between 60 

anticoagulants. Treatment with argatroban, bivalirudin, or direct oral anticoagulants 61 

(DOACs) significantly reduced arterial thromboembolism risk. Outcomes did not 62 

differ between HIT-negative patients with or without heparin/PF4 antibodies. HIT, 63 

as well as the mere suspicion of HIT, remains a serious condition with a high risk of 64 

adverse outcomes, including death. Our findings provide further evidence supporting 65 

the effectiveness of DOACs, argatroban, and bivalirudin in reducing arterial 66 

thromboembolism risk.   67 
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GRAPHICAL ABSTRACT 68 

  69 

KEY POINTS: 70 

1. HIT, as well as the mere suspicion of HIT, remains a serious condition with a 71 

high risk of adverse outcomes, including death.  72 

2. Further evidence supporting the effectiveness of DOACs, argatroban, and 73 

bivalirudin in reducing arterial thromboembolism risk 74 

INTRODUCTION 75 

Despite advancements in diagnostic tests and treatment options, managing patients 76 

with suspected heparin-induced thrombocytopenia (HIT) remains a major clinical 77 

challenge [1–5]. Many hospitalized patients continue to receive unfractionated 78 

heparins (UFH) or low-molecular-weight heparins (LMWH), with an estimated 12 79 

million individuals exposed annually in the United States alone [6]. A considerable 80 

proportion develop thrombocytopenia, often accompanied by thromboembolism, 81 

raising suspicion of HIT [7,8]. In recent years, new clinical scenarios, such as 82 

COVID-19 and vaccine-induced immune thrombotic thrombocytopenia (VITT), have 83 

emerged, increasing the complexity of HIT diagnosis and management [9–11]. 84 

Additionally, the growing use of extracorporeal membrane oxygenation (ECMO) in 85 

critically ill patients has further heightened the risk of thrombocytopenia and HIT 86 

[12]. In this setting, clinicians face a high-stakes decision—whether to discontinue 87 

heparin, which itself carries thromboembolic risks, or to initiate an alternative 88 

anticoagulant, increasing the risk of major bleeding [13,14]. 89 

Early treatment of suspected HIT aims to prevent serious thromboembolic 90 

complications [3,6,15,16]. However, these complications may arise not only from HIT 91 

itself but also from the underlying condition requiring heparin. Discontinuing 92 

heparin in patients without HIT introduces its own thromboembolic risks, while 93 

switching to alternative anticoagulants increases the likelihood of major bleeding 94 

[14]. Patients with suspected HIT are particularly vulnerable due to prior 95 

cardiopulmonary surgery, thrombocytopenia, glycoprotein IIb/IIIa inhibitor therapy, 96 

and frequent postoperative complications [15,17]. Moreover, the benefits of many 97 
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treatment decisions remain uncertain, and current guidelines acknowledge that most 98 

recommendations are based on low-certainty evidence [6,13]. 99 

In the absence of randomized controlled trials, understanding real-world clinical 100 

outcomes is essential. Early studies reported high rates of thromboembolism and 101 

mortality in HIT patients [16,18]; however, treatment approaches and patient 102 

characteristics have evolved significantly. With new diagnostic tools, treatment 103 

options, and changing patient populations, there is a need to reassess clinical 104 

outcomes [19]. Additionally, many studies on alternative anticoagulants relied on 105 

composite endpoints, limiting the ability to assess whether new thromboembolic 106 

events could be effectively prevented [13,20,21]. Furthermore, the clinical outcomes 107 

of patients with suspected HIT who test negative—either by heparin/PF4 108 

immunoassay or functional assays—remain essentially unknown [6]. Data on 109 

bleeding risks with non-heparin anticoagulants, particularly in patients without 110 

definitive HIT, are also limited [14,20]. Moreover, despite increasing interest in 111 

direct oral anticoagulants (DOACs), robust evidence on their efficacy and safety 112 

remains scarce [6,12,13].  113 

Many earlier studies have methodological limitations, including retrospective 114 

designs with unrepresentative patient selection, small sample sizes, single-center 115 

data collection, and inconsistent diagnostic criteria for HIT [14,19,22]. As a result, 116 

their findings may not accurately reflect contemporary clinical practice. To address 117 

these gaps, several researchers and scientific societies have called for prospective 118 

studies that assess patient outcomes using standardized definitions and rigorous data 119 

collection methods [6,13,14,19].  120 

To address these knowledge gaps, we conducted a prospective, multicenter cohort 121 

study to comprehensively assess the clinical outcomes of patients with suspected 122 

HIT. Our study aimed to evaluate the risk of thromboembolism, major bleeding, and 123 

mortality in confirmed HIT cases, as well as in patients without HIT, stratified by 124 

heparin/PF4 antibody status. By applying strict and uniform criteria for HIT 125 

diagnosis and ensuring complete and accurate data collection, we sought to generate 126 

robust evidence to inform clinical decision-making. 127 

METHODS 128 

Study Design, Setting, and Patient Population 129 
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The TORADI-HIT study is a prospective, multicenter cohort study that included 130 

1,393 patients with suspected HIT from 11 centers in Switzerland, Germany, and the 131 

United States (Figure 1) [23–26]. Patients were enrolled consecutively between 132 

January 2018 and May 2021, but not all study centers were actively recruiting at all 133 

time points. Inclusion criteria were: (a) suspected HIT, defined by at least one of the 134 

following—heparin/PF4 immunoassay ordered, application of a clinical assessment 135 

tool, or hematology consultation requested; (b) age >18 years; and (c) provision of 136 

informed consent. Patients were excluded if sample material was missing or if 137 

clinical data were insufficient. 138 

Patients were recruited from a well-established study network encompassing 139 

university and tertiary hospitals. Depending on the study center, either general 140 

informed consent or individual study-specific consent was obtained. Ethical approval 141 

was granted by the responsible committees (Kantonale Ethikkommission Bern, 142 

#2017-01073), and the study was conducted in accordance with the Declaration of 143 

Helsinki. 144 

Data Collection and Study Procedures 145 

A standardized protocol for data collection was developed and approved by the ethics 146 

committee. Specially trained study nurses collected clinical and laboratory data and 147 

entered them into an electronic case report form (e-CRF) within the REDCap 148 

database. The study workflow is outlined in Figure 1. 149 

To ensure high-quality data collection, training sessions were conducted at each 150 

study site. Data were retrieved from hospital information systems at two key time 151 

points: (1) at the time of HIT suspicion and (2) at hospital discharge. Predefined data 152 

collection forms were integrated into routine clinical workflows. Attending 153 

physicians were contacted to resolve missing or inconsistent data. In cases requiring 154 

further clarification, an expert committee, consisting of the local hematologist and 155 

the center hematologist, reviewed the data. 156 

Baseline data included demographic characteristics, clinical setting, laboratory 157 

values, and HIT probability scores [23]. Follow-up data at discharge included 158 

anticoagulation management (continuation, discontinuation, or switch to an 159 

alternative anticoagulant), details of any alternative anticoagulant used, instances of 160 

re-exposure to UFH, administration of intravenous immunoglobulin (IVIG), platelet 161 
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count at discharge, platelet recovery status (no recovery, < 50% increase, > 50% 162 

increase, or more than 100G/L), imaging-confirmed venous and arterial 163 

thromboembolism, major and minor bleeding events, mortality, and length of 164 

hospital stay. Major bleeding was defined according to the most widely accepted 165 

definition of the International Society on Thrombosis and Haemostasis (ISTH): 166 

clinically overt bleeding associated with a hemoglobin drop of ≥2 g/dL, transfusion 167 

of ≥2 units of red blood cells, bleeding in a critical site, or a fatal outcome [27]. 168 

  169 

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2025016639/2405426/bloodadvances.2025016639.pdf by B. Lukas G

raf on 07 August 2025



Definition of HIT 170 

Patients were classified as having HIT if they tested positive in the washed-platelet 171 

heparin-induced platelet activation (HIPA) test. Washed platelet assays (i.e., HIPA 172 

and serotonin release assay, SRA), demonstrated an adequate diagnostic sensitivity 173 

and specificity [6,15,28–34]. Clinical studies demonstrated a high agreement with 174 

clinical HIT [35,36] and HIPA and SRA are both regarded as reference gold standard 175 

for the diagnosis of HIT by the ASH guidelines [6], the British Committee for 176 

Standards in Haematology [34], and many authors [6,15,28–30,34,37]. The analytical 177 

performance and all methodological details of the in-house HIPA assay were 178 

validated in prior studies [31,32]. 179 

The HIPA test was performed using washed platelets from four different donors 180 

under the following conditions: (a) with buffer, (b) with low-molecular-weight 181 

heparin (0.2 IU/mL), and (c) with unfractionated heparin (100 IU/mL). A test was 182 

considered positive if platelet aggregation occurred in at least two donors within 30 183 

minutes in the presence of 0.2 IU/mL heparin but not in the presence of 100 IU/mL 184 

heparin. Each test plate included both positive and negative controls.  185 

Statistical Analysis 186 

Patients were categorized into three groups: (1) HIT-confirmed, (2) HIT-negative but 187 

heparin/PF4 antibody-positive, and (3) HIT-negative without antibodies. Patient 188 

characteristics, treatment patterns, and clinical outcomes were summarized using 189 

medians with interquartile ranges (IQR) for continuous variables and counts with 190 

percentages for categorical variables. 191 

For patients with confirmed HIT, we used multivariable logistic regression to assess 192 

risk factors for adverse outcomes, including incomplete platelet recovery, major 193 

bleeding, venous thromboembolism, arterial thromboembolism, and mortality. 194 

Models were adjusted for sex, age, clinical setting, sepsis, chemotherapy, hemoglobin 195 

concentration, white blood cell count, platelet nadir, heparin/PF4 antibody levels, 196 

and anticoagulation regimen.  197 

To evaluate differences in outcomes among HIT-negative patients with or without 198 

heparin/PF4 antibodies, we conducted additional multivariable logistic regression 199 

analyses, adjusting for the same covariates. All statistical tests were two-tailed, and a 200 

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2025016639/2405426/bloodadvances.2025016639.pdf by B. Lukas G

raf on 07 August 2025



p-value <0.05 was considered statistically significant. Analyses were performed 201 

using R version 4.3.1.  202 

RESULTS 203 

Baseline Characteristics of Patients with Suspected HIT 204 

A total of 1,393 patients from 11 study centers were included in the analysis. The 205 

median age was 67 years, and 46% of patients were female. Most patients were in 206 

intensive care units (37%) or had undergone cardiovascular surgery (32%). Other 207 

clinical settings included internal medicine (20%), general surgery (10%), and major 208 

trauma (1%). 209 

Sepsis was present in 49% of patients, and 7% had a confirmed SARS-CoV-2 210 

infection. Unfractionated heparin was administered to 79% of patients, and low-211 

molecular weight heparin to 43% of patients. The median 4Ts score was 3 (IQR: 2–212 

5). The platelet nadir was lower in patients with confirmed HIT compared to those 213 

without HIT (median: 52 ×10⁹/L vs. 60 ×10⁹/L). Heparin/PF4 immunoassay results 214 

and additional patient characteristics are summarized in Table 1. 215 

HIT was confirmed in 119 patients (8.5%) based on the HIPA test. Among HIT-216 

positive patients, 33% were in intensive care and 40% had undergone cardiovascular 217 

surgery. The prevalence of heparin/PF4 antibodies was higher in HIT-positive 218 

patients than in HIT-negative patients (median CLIA value: 10.35 U/mL vs. 0.00 219 

U/mL). Five patients with HIT (HIPA+) had a CLIA result below 1 U/l. Of these five 220 

patients, one also had a negative HIT IgG ELISA result. 221 

Treatment Strategies and Clinical Outcomes 222 

Alternative anticoagulation was initiated in 299 patients (21.5%), with the majority 223 

receiving argatroban (56%), followed by fondaparinux (20%) and rivaroxaban (8%). 224 

Intravenous immunoglobulin (IVIG) was administered to 5% of patients. Among 225 

patients with HIT, 94% received an alternative anticoagulant, whereas 9% of HIT-226 

negative patients were also treated with non-heparin anticoagulants. 227 

Complete platelet recovery was observed in 77% of patients with HIT but was 228 

considerably lower in HIT-negative patients (Table 2). Subsequent venous 229 

thromboembolism occurred in 23% of HIT-positive patients, while arterial 230 

thromboembolism was observed in 9%. Major bleeding was reported in 12.6% of 231 
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HIT-positive patients and 12.9% of HIT-negative patients. The overall mortality rate 232 

was 18% in HIT-positive patients and 21% in HIT-negative patients. 233 

Notably, any non-heparin anticoagulant use was strongly associated with a lower risk 234 

of subsequent arterial thromboembolism but did not significantly affect venous 235 

thromboembolism rates. Among treatment strategies, fondaparinux (p = 0.01) and 236 

argatroban (p = 0.02) were associated with an increased risk of major bleeding.  237 

Risk Factors for Adverse Outcomes 238 

We analyzed potential risk factors for major adverse outcomes, including incomplete 239 

platelet recovery, subsequent venous and arterial thromboembolism, major bleeding, 240 

and mortality in patients with HIT (Table 3). Most patient characteristics were not 241 

significantly associated with these outcomes. However, male sex was linked to a 242 

higher risk of venous thromboembolism (p = 0.006), and intensive care unit 243 

admission or major trauma status was marginally associated with major bleeding (p 244 

= 0.05 and p = 0.04, respectively).  245 

Clinical Outcomes in HIT-Negative Patients 246 

We assessed risk factors for adverse outcomes in HIT-negative patients to determine 247 

whether the presence of heparin/PF4 antibodies influenced clinical events (Table 4). 248 

As expected, established risk factors in hospitalized patients—such as ICU admission, 249 

sepsis, low hemoglobin, high white blood cell count, and chemotherapy—were 250 

significantly associated with adverse outcomes. 251 

However, heparin/PF4 antibody positivity had no significant impact on 252 

thromboembolism, major bleeding, or mortality. These findings suggest that, among 253 

HIT-negative patients, antibody presence alone does not influence clinical outcomes. 254 

DISCUSSION 255 

This prospective, multicenter cohort study systematically assessed the clinical 256 

outcomes of patients with suspected HIT. Of the 1,393 patients included, 8.5% were 257 

found to have HIT (prevalence). Regardless of whether the final diagnosis was HIT 258 

or not, we observed high rates of subsequent thromboembolic complications, major 259 

bleeding and death. In patients with HIT, treatment with argatroban, bivalirudin or 260 

direct oral anticoagulants (DOACs) was consistently associated with a reduced risk of 261 

arterial thromboembolism. However, this was not the case with regard to venous 262 

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2025016639/2405426/bloodadvances.2025016639.pdf by B. Lukas G

raf on 07 August 2025



thromboembolism. Patients without HIT—regardless of heparin/PF4 antibody 263 

status—had similar clinical outcomes, suggesting that antibody positivity alone does 264 

not confer an increased risk of adverse events. 265 

Several earlier studies reported high thromboembolism and mortality rates in 266 

patients with HIT, but their findings were largely based on retrospective data, single-267 

center cohorts, or outdated treatment practices [16,18,38]. Our study confirms that 268 

HIT remains a serious condition with substantial risks, but it also reflects 269 

contemporary clinical management, including the increasing use of DOACs. 270 

Compared to historical cohorts, where thromboembolism rates often exceeded 50%, 271 

our findings suggest a possible improvement in patient outcomes, potentially due to 272 

more systematic HIT recognition and optimized anticoagulation strategies. We 273 

observed a lower rate of complete platelet recovery (77%) than reported in some 274 

prior studies [13], which may reflect differences in study design, patient populations, 275 

or real-world treatment conditions. While previous research has suggested that 276 

heparin/PF4 antibody positivity in HIT-negative patients could indicate an increased 277 

thrombotic risk, our data do not support this, adding to the growing uncertainty 278 

about the clinical significance of isolated antibody positivity. 279 

A major strength of our study is its large sample size and prospective, multicenter 280 

design, which minimizes selection bias and enhances generalizability. By 281 

systematically applying the HIPA test as a reference standard for HIT diagnosis, we 282 

ensured a uniform classification of cases. Additionally, our structured data collection 283 

process, including predefined protocols and expert review of unclear cases, reduced 284 

the risk of misclassification and missing data. The inclusion of a large, consecutive 285 

patient cohort across different clinical settings further strengthens the applicability 286 

of our findings. 287 

However, some limitations must be acknowledged. Despite being one of the largest 288 

prospective HIT studies to date, the sample size remains limited for certain subgroup 289 

analyses, particularly when comparing different anticoagulants. In addition, we may 290 

have missed HIT patients whose treating physician did not express any suspicion. 291 

However, we believe that awareness is high in the study centers participating in the 292 

TORADI-HIT study and that the risk of missing cases is therefore low. The relatively 293 

low prevalence is confirmation of this. We also believe that the key findings of the 294 

study would not be influenced by selection bias. As another limitation, three study 295 
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centers accounted for the majority of patients (Table 1 of the supplementary 296 

material). In such a constellation, distortions in the numerical results are possible in 297 

principle. However, we cannot envision how these could have influenced the key 298 

findings of the study. Besides, one might argue that despite the high degree of 299 

agreement between the two washed platelet tests SRA and HIPA, the good clinical 300 

data, and the recommendations of all major professional societies, it cannot be ruled 301 

out that SRA detects slightly more cases of HIT. We agree that it would change the 302 

numerical results somewhat. However, we cannot imagine how it would change the 303 

basic conclusions of the paper. Another finding of our study was that treatment with 304 

non-heparin anticoagulants was not associated with major bleeding. However, this 305 

contradicts previous studies and may be due to the specific study population at hand 306 

being at risk of major bleeding for various other reasons. Finally, our findings may 307 

not be fully generalizable to settings where HIT diagnostics or treatment strategies 308 

differ systematically from those used in our study centers. 309 

The question arises as to what these results mean for clinical practice, and for 310 

medical research. As this was not a randomized clinical trial that directly compared 311 

different treatments, nor did it have a large enough sample size in all subgroups, we 312 

cannot provide specific recommendations for salient clinical questions. However, it is 313 

one of the largest HIT cohorts, probably with the most rigorous methodology, so the 314 

results must be considered in the current state of knowledge. Firstly, patients with 315 

suspected HIT have a very high risk of complications and death, regardless of 316 

whether HIT is actually present. Thrombocytopenia and thromboembolism 317 

(presumable driver of suspicion) are manifestations and consequences of a wide 318 

variety of serious diseases, especially in critically ill patients. Secondly, non-heparin 319 

anticoagulants are consistently associated with a significantly reduced risk of arterial 320 

thromboembolism but not with venous thromboembolism. Although we cannot 321 

completely rule out spurious results due to the moderate number of cases, we see no 322 

statistical indication of them. Therefore, we tend to assume that this is a genuine 323 

phenomenon, which could be explained by the lower efficacy of non-heparin 324 

anticoagulants on venous thromboembolism, for example. Thirdly, we see no 325 

evidence in our cohorts that DOACs are less effective than intravenous 326 

anticoagulants, which further supports their use in clinical practice. And fifthly, our 327 

data provide no evidence that patients without HIT but with positive H/PF4 328 

antibodies are at higher risk of complications than patients without. This could be 329 
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due to the more rigorous study design compared to previous studies and does not 330 

support a specific treatment for these patients. As the next step in scientific inquiry, 331 

we propose, if possible in this difficult population, to conduct an RCT comparing 332 

argatroban, as the most established non-heparin anticoagulant, with rivaroxaban, as 333 

the potentially safest and most simple drug. 334 

In conclusion, our data indicate that despite advances in diagnosis and treatment, 335 

HIT remains a serious condition with a high risk of complications. Interestingly, the 336 

mere suspicion of HIT, presumably arising from thrombocytopenia and 337 

thromboembolism, emerges risk factor for serious complications including death. 338 

Besides, our findings provide further evidence supporting the effectiveness of non-339 

heparin anticoagulants, including DOACs, in reducing arterial thromboembolism. 340 

DOACs are a promising therapeutic option, but further research is needed to refine 341 

anticoagulation strategies and ensure both efficacy and safety. 342 
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FIGURES 521 

Figure 1: Flow of patients included in the study 522 
 523 

 524 

  525 
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Table 1: Baseline characteristics of patients with suspected heparin-induced 526 
thrombocytopenia (HIT). This table presents demographic, clinical, and laboratory 527 
characteristics of 1,393 consecutive patients included in a prospective multicenter 528 
cohort study. Patients were stratified into three groups: (1) HIT-negative without 529 
heparin/PF4 antibodies, (2) HIT-negative with heparin/PF4 antibodies, and (3) HIT-530 
positive, defined by a positive washed-platelet heparin-induced platelet activation 531 
(HIPA) test. Abbreviations: ab, antibody; ICU, intensive care unit; CRP, C-reactive 532 
protein; CLIA, chemiluminescent immunoassay capturing antibodies against 533 
heparin/PF4 complexes; IQR, inter-quartile range 534 

 535 

 
HIT negative HIT positive 

 

 H/PF4-ab 

negative 

H/PF4-ab 

positive 

HIPA positive Missing 

data 

n 1201 73 119  

Male sex - n (%) 765 (63.9) 51 (69.9) 71 (59.7)  

Age - median [IQR] 67.25 [58.05, 

75.19] 

61.31 [54.23, 

75.88] 

64.65 [55.50, 

74.48] 

 

Setting -n (%)       1 (0.1) 

 ICU 443 (36.9) 36 (49.3) 40 (33.6)  

Cardiovascular surgery 376 (31.3) 20 (27.4) 47 (39.5)  

 Internal medicine 246 (20.5) 11 (15.1) 16 (13.4)  

 General surgery 118 (9.8) 5 (6.8) 9 (7.6)  

 Major Trauma 4 (0.3) 0 (0.0) 6 (5.0)  

 Other 13 (1.1) 1 (1.4) 1 (0.8)  

Sepsis - n (%) 578 (48.1) 42 (57.5) 57 (47.9) 0 (0.0) 

CRP [mg/L] - Median [IQR] 89 [35, 176] 64 [20, 150] 87 [44, 146] 86 (6.2) 

SARS-CoV-2 infection - n(%) 67 (5.6) 15 (20.8) 7 (5.9) 9 (0.6) 

Unfractionated heparin - n 

(%) 

934 (77.8) 61 (83.6) 103 (86.6) 0 (0.0) 

4Ts Score - Median [IQR] 3 [2, 4] 4 [3, 5] 5 [4, 6] 0 (0.0) 

Platelet nadir [10
9
/L] - Median 

[IQR] 

60 [38, 85] 76 [46, 115] 52 [32, 73] 22 (1.6) 

CLIA [U/ml] - Median [IQR] 0.0 [0.00, 0.09] 2.27 [1.48, 4.90] 10.35 [3.76, 

24.59] 

75 (5.4) 

Table 2: Treatment and outcomes of patients with suspected heparin-induced 536 
thrombocytopenia (HIT). This table summarizes treatment strategies and clinical outcomes in 537 
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patients with suspected HIT (n=1,393). Patients were stratified into three groups: (1) HIT-negative 538 
without heparin/PF4 antibodies, (2) HIT-negative with heparin/PF4 antibodies, and (3) HIT-positive, 539 
defined by a positive washed-platelet heparin-induced platelet activation (HIPA) test. Results are 540 
grouped by final diagnosis, which was not available at the time of initial treatment decisions. 541 
Abbreviations: ab, antibody; IVIG, intravenous immunoglobulins; IQR, inter-quartile range. 542 

 
HIT negative HIT positive 

 

 H/PF4-ab 

negative 

H/PF4-ab 

positive 

HIPA 

positive 

Missing 

data 

Treatment     

IVIG - n (%) 30 (2.6) 0 (0.0) 6 (5.1) 34 (2.4) 

Alternative anticoagulant started - n 

(%) 

111 (9.3) 65 (89.0) 112 (94.1) 11 (0.7) 

Argatroban - n (%) 43 (3.6) 47 (64.4) 83 (69.7)  

Bivalirudin - n (%) 5 (0.4) 5 (6.8) 12 (10.1)  

Danaparoid - n (%) 2 (0.2) 0 (0.0) 0 (0.0)  

Fondaparinux - n (%) 40 (3.3) 9 (12.3) 14 (11.8)  

Rivaroxaban - n (%) 15 (1.2) 2 (2.7) 9 (7.6)  

Apixaban - n (%) 6 (0.5) 3 (4.1) 2 (1.7)  

Edoxaban - n (%) 3 (0.2) 1 (1.4) 1 (0.8)  

Dabigatran - n (%) 0 (0.0) 0 (0.0) 1 (0.8)  

Others - n (%) 2 (0.2) 1 (1.4) 4 (3.4)  

Outcomes     

Platelet recovery - n (%)    53 (3.8) 

Not recovered 159 (13.8) 6 (8.5) 7 (6.2)  

Partially recovered 303 (26.2) 25 (35.2) 19 (16.8)  

Fully recovered 694 (60.0) 40 (56.3) 87 (77.0)  

Platelets at follow up [10
9
/L] - Median 

[IQR] 

162 [86, 274] 194 [120, 350] 203 [110, 

280] 

28 (2.0) 

Venous thromboembolism - n (%) 66 (5.6) 8 (11.3) 27 (23.1) 30 (2.2) 

Arterial thromboembolism - n (%) 55 (4.7) 6 (8.5) 11 (9.4) 30 (2.2) 

Major bleeding - n (%) 159 (13.4) 6 (8.2) 15 (12.6) 13 (0.9) 

Death - n (%) 260 (21.7) 11 (15.1) 21 (17.6) 1 (0.1) 
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Table 3: Risk factors for adverse outcomes in patients with confirmed heparin-induced thrombocytopenia (HIT). This table 543 
presents multivariable regression models identifying risk factors for major adverse outcomes during the clinical course, including 544 
incomplete platelet recovery, venous and arterial thromboembolism, major bleeding, and mortality. Regression coefficients and 95% 545 
confidence intervals (CI) are reported (a coefficient of 1 indicates no effect). Treatment with alternative anticoagulants was 546 
significantly associated with a lower risk of subsequent arterial thromboembolism. 547 
 548 

 Not fully recovered platelets Major bleeding Venous thromboembolism Arterial thrombosis Death 

Characteristic N = 
102 

Exp 
 (Beta) 

95%Cl
1 

p-
value 

N = 
106 

Exp 
 (Beta) 

95%Cl
1 

p-
value 

 N = 
105 

Exp 
 (Beta) 

95%Cl
1 

p-
value 

N = 
105 

Exp 
 (Beta) 

95%Cl
1 

p-
value 

N = 
106 

Exp 
 (Beta) 

95%Cl
1 

p-
value 

Sex                                         

   Female 40 — — — 43 — — — 42 — — — 42 — — — 43 — — — 

   Male 62 1.09 0.92, 
1.31 

0.3 63 1.05 0.91, 1.20 0.5 63 1.29 1.08, 
1.53 

0.006 63 1.02 0.91, 
1.15 

0.7 63 1.00 0.85, 
1.17 

>0.9 

Age > median 102 1.08 0.91, 
1.30 

0.4 106 0.97 0.85, 1.12 0.7 105 1.06 0.89, 
1.26 

0.5 105 0.98 0.87, 
1.10 

0.7 106 1.14 0.97, 
1.34 

0.10 

Setting                                         

   Postoperative general surgery 
and 
    orthopedics  

6 — — — 6 — — — 6 — — — 6 — — — 6 — — — 

   Postoperative cardiac and 
vascular 
    surgery 

40 0.92 0.63, 
1.34 

0.7 42 0.80 0.59, 1.08 0.14 42 1.05 0.72, 
1.52 

0.8 42 1.18 0.91, 
1.52 

0.2 42 0.99 0.70, 
1.39 

>0.9 

   Internal medicine 13 1.23 0.80, 
1.88 

0.3 13 0.85 0.61,1.20 0.4 13 0.86 0.56, 
1.32 

0.5 13 1.02 0.76, 
1.36 

>0.9 13 1.00 0.68, 
1.47 

>0.9 

   ICU 37 1.18 0.81, 
1.73 

0.4 38 0.74 0.55,0.99 0.049 37 1.14 0.78, 
1.66 

0.5 37 1.03 0.80, 
1.33 

0.8 38 0.98 0.69, 
1.38 

0.9 

   Major Trauma 6 0.84 0.51, 
1.38 

0.5 6 0.65 0.44, 0.97 0.037 6 0.75 0.45, 
1.23 

0.3 6 0.92 0.65, 
1.30 

0.6 6 0.88 0.56, 
1.38 

0.6 

   Other         1 1.21 0.48, 3.09 0.7 1 1.08 0.57, 
2.04 

0.8 1 1.15 0.49, 
2.71 

0.7 1 1.15 0.49, 
2.71 

0.7 

Sepsis                                         

  No 49 — — — 52 — — — 51 — — — 51 — — — 52 — — — 

  Yes 53 1.05 0.88, 
1.26 

0.6 54 1.15 1.01, 1.32 0.043 54 1.02 0.86, 
1.22 

0.8 54 1.01 0.89, 
1.13 

>0.9 54 1.14 0.97, 
1.33 

0.11 

Chemotherapy                                         

  No 98 — — — 102 — — — 101 — — — 101 — — — 102 — — — 

  Yes 4 0.65 0.41, 
1.01 

0.060 4 0.91 0.64, 1.30 0.6 4 0.77 0.49, 
1.21 

0.3 4 0.99 0.73, 
1.34 

>0.9 4 1.05 0.70, 
1.57 

0.8 

Hb > 12 g/L 102 0.94 0.64, 
1.38 

0.7 106 0.92 0.67, 1.25 0.6 105 0.88 0.60, 
1.30 

0.5 105 0.92 0.70, 
1.20 

0.5 106 1.05 0.74, 
1.50 

0.8 

WBC > 10 G/L 102 1.12 0.93, 
1.35 

0.2 106 1.05 0.91, 1.21 0.5 105 1.01 0.84, 
1.22 

0.9 105 1.02 0.90, 
1.16 

0.7 106 1.11 0.94, 
1.30 

0.2 

Platelet nadir > 50 G/L 102 1.02 0.86, 
1.21 

0.8 106 1.01 0.89, 1.16 0.8 105 0.97 0.82, 
1.14 

0.7 105 0.99 0.89, 
1.11 

0.9 106 0.87 0.75, 
1.01 

0.068 

AcuStar HIT per U/ml 102 1.00 1.00, 
1.00 

0.2 106 1.00 1.00, 1.00 >0.9 105 1.00 1.00, 
1.00 

0.3 105 1.00 1.00, 
1.00 

0.7 106 1.00 1.00, 
1.00 

0.6 

Anticoagulation therapy                                         
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   No alternative anticoagulant 6 — — — 7 — — — 6 — — — 6 — — — 7 — — — 

   DOAC only 3 1.15 0.63, 
2.10 

0.6 4 0.79 0.52, 1.21 0.3 4 0.96 0.56, 
1.65 

0.9 4 0.59 0.41, 
0.86 

0.007 4 0.63 0.39, 
1.01 

0.058 

   Fondaparinux only 8 0.83 0.52, 
1.33 

0.4 10 0.63 0.45, 0.89 0.011 10 1.04 0.66, 
1.64 

0.9 10 0.62 0.45, 
0.84 

0.003 10 0.73 0.49, 
1.09 

0.13 

   Bivalirudin 9 0.81 0.51, 
1.29 

0.4 9 0.70 0.49, 1.00 0.054 9 1.31 0.82, 
2.08 

0.3 9 0.60 0.44, 
0.83 

0.002 9 0.76 0.51, 
1.15 

0.2 

   Argatroban 76 0.79 0.55, 
1.15 

0.2 76 0.71 0.54, 0.93 0.017 76 1.38 0.96, 
2.00 

0.085 76 0.67 0.52, 
0.86 

0.002 76 0.80 0.58, 
1.09 

0.2 
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Table 4: Risk factors for adverse outcomes in HIT-negative patients. This table presents multivariable regression models 551 
assessing factors associated with adverse outcomes during the clinical course in patients with suspected HIT but negative 552 
functional testing. Regression coefficients and 95% confidence intervals (CI) are reported (a coefficient of 1 indicates no effect).  553 
 Not fully recovered platelets Major bleeding Venous thromboembolism Arterial thrombosis Death 

Characteristic N = 
1144 

Exp 
 (Beta) 

95%Cl
1 

p-value N = 
1172 

Exp 
 (Beta) 

95%Cl
1 

p-value N = 
1150 

Exp 
 (Beta) 

95%Cl
1 

p-
value 

N = 
1150 

Exp 
 (Beta) 

95%Cl
1 

p-value N = 
1175 

Exp 
 (Beta) 

95%Cl
1 

p-value 

Sex                                         

   Female 403 — — — 412 — — — 403 — — — 403 — — — 412 — — — 

   Male 741 1.00 0.94, 1.06 >0.9 760 1.05 1.01, 
1.10 

0.015 747 1.01 0.98, 
1.04 

0.5 747 0.99 0.97, 
1.02 

0.5 763 0.98 0.93, 
1.03 

0.4 

Age > median 1144 1.05 0.99,1.11 0.11 1172 0.96 0.92, 
1.00 

0.044 1150 0.97 0.95, 
1.00 

0.058 1150 1.00 0.97, 
1.02 

0.8 1175 1.05 1.00, 
1.10 

0.034 

Setting                                         

   Postoperative general 
surgery and 
    orthopedics  

108 — — — 110 — — — 105 — — — 105 — — — 110 — — — 

   Postoperative cardiac and 
vascular 
    surgery 

377 1.05 0.94, 1.17 0.4 383 1.03 0.96, 
1.11 

0.4 374 0.93 0.88, 
0.98 

0.012 374 1.03 0.98, 
1.08 

0.3 383 0.97 0.89, 
1.06 

0.5 

   Internal medicine 219 1.25 1.12, 1.39 <0.001 227 0.98 0.91, 
1.06 

0.7 226 0.94 0.89, 
1.00 

0.037 226 1.01 0.96, 
1.06 

0.8 228 0.98 0.90, 
1.08 

0.7 

   ICU 428 1.19 1.07, 1.31 0.001 438 1.04 0.97, 
1.12 

0.3 431 0.97 0.92, 
1.02 

0.3 431 1.02 0.97, 
1.07 

0.4 440 1.15 1.05, 
1.25 

0.001 

   Major Trauma 4 0.84 0.52, 1.36 0.5 4 1.12 0.80, 
1.58 

0.5 4 0.90 0.71, 
1.15 

0.4 4 0.97 0.78, 
1.21 

0.8 4 0.87 0.59, 
1.29 

0.5 

   Other 8 1.19 0.85, 1.68 0.3 10 0.93 0.74, 
1.16 

0.5 10 0.91 0.78, 
1.07 

0.3 10 0.98 0.85, 
1.13 

0.8 10 0.90 0.70, 
1.17 

0.4 

Sepsis                                         

  No 582 — — — 600 — — — 592 — — — 592 — — — 602 — — — 

  Yes 562 1.01 0.95, 1.07 0.8 572 1.02 0.97, 
1.06 

0.5 558 1.03 1.00, 
1.06 

0.080 558 1.01 0.98, 
1.03 

0.7 573 1.04 0.99, 
1.10 

0.083 

Chemotherapy                                         

  No 1037 — — — 1060 — — — 1038 — — — 1036 — — — 1062 — — — 

  Yes 107 1.12 1.01, 1.24 0.026 112 0.98 0.91, 
1.05 

0.5 112 0.97 0.92, 
1.02 

0.2 112 0.98 0.93, 
1.02 

0.3 113 1.14 1.05, 
1.23 

0.001 

Hb > 12 g/L 1144 1.07 0.97, 1.17 0.2 1172 0.92 0.86, 
0.98 

0.009 1150 0.97 0.93, 
1.01 

0.2 1150 0.98 0.94, 
1.02 

0.2 1175 0.91 0.84, 
0.98 

0.009 

WBC > 10 G/L 1144 0.94 0.88, 0.99 0.024 1172 1.09 1.05, 
1.14 

<0.001 1150 1.03 1.00, 
1.06 

0.053 1150 1.05 1.03, 
1.08 

<0.001 1175 1.13 1.08, 
1.18 

<0.001 

Platelet nadir > 50 G/L 1144 1.17 1.10, 1.24 <0.001 1172 0.97 0.93, 
1.01 

0.11 1150 1.00 0.97, 
1.03 

0.8 1150 0.98 0.96, 
1.01 

0.2 1175 0.94 0.90, 
0.99 

0.016 

AcuStar HIT                                          

   Negative 1076 — — — 1103 — — — 1083 — — — 1083 — — — 1106 — — — 

    Positive 68 1.02 0.87, 1.18 0.8 69 0.97 0.87, 
1.07 

0.5 67 0.98 0.91, 
1.06 

0.7 67 1.01 0.94, 
1.08 

0.9 69 0.93 0.83, 
1.06 

0.3 

Anticoagulation therapy                                         

   No alternative anticoagulant 988 — — — 1012 — — — 994 — — — 994 — — — 1015 — — — 
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   DOAC only 22 1.07 0.87, 1.32 0.5 22 0.91 0.78, 
1.05 

0.2 22 1.04 0.94, 
1.15 

0.5 22 1.02 0.93, 
1.12 

0.7 22 0.93 0.79, 
1.10 

0.4 

   Fondaparinux only 43 0.88 0.76, 1.02 0.10 44 0.96 0.86, 
1.06 

0.4 43 0.96 0.89, 
1.04 

0.3 43 0.99 0.93, 
1.06 

0.8 44 0.88 0.78, 
0.99 

0.036 

   Bivalirudin 8 0.97 0.69, 1.36 0.9 8 1.00 0.78, 
1.27 

>0.9 8 1.10 0.93, 
1.31 

0.3 8 0.95 0.81, 
1.11 

0.5 8 1.14 0.51, 
1.15 

0.4 

   Argatroban 83 1.01 0.88, 1.15 >0.9 86 0.97 0.88, 
1.06 

0.5 83 1.11 1.03, 
1.18 

0.003 83 1.06 1.00, 
1.13 

0.046 86 1.01 0.91, 
1.13 

0.8 
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