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Abstract

Background/Objectives: Corticosteroids are the standard first-line treatment for immune 
thrombocytopenia (ITP), a disorder that itself carries an excess risk of thrombosis, yet the 
evidence on corticosteroid-associated thrombotic risk in ITP has not been systematically 
synthesized. We aimed to estimate the association between corticosteroid exposure and 
venous (VT) and arterial thrombosis (AT) in ITP. Methods: Following PRISMA 2020 (PROS-
PERO CRD420261504746), we searched PubMed/MEDLINE, Scopus, Cochrane CENTRAL, 
LILACS, ClinicalTrials.gov, and WHO ICTRP from 2000 to 28 September 2026. Adjusted 
hazard ratios (HRs) were synthesized by study and outcome; crude odds ratios (ORs) were 
pooled with random-effects (REML) models within two subgroups (European cohorts; 
Asian hospital-based series). Risk of bias was assessed with JBI tools (and ROBINS-E for 
the adjusted cohorts) and certainty of evidence with GRADE. Results: Twelve studies 
(18,059 participants) were included, ten in the meta-analysis. Adjusted evidence came 
almost entirely from a French nationwide cohort (10,039 adults), in which time-varying 
corticosteroid exposure was associated with VT (HR 3.55, 95% CI 2.74–4.58; approximately 
11 additional hospitalizations per 1000 person-years of exposure) but not with AT (HR 
1.15, 0.94–1.41); an Italian cohort with ever-use exposure gave imprecise estimates (VT 2.2, 
0.5–10.4; AT 5.3, 0.9–40.6). Crude ORs were 3.48 (1.73–7.01) in two European cohorts and 
0.82 (0.59–1.14) in seven Asian hospital-based series, none of which adjusted for corticos-
teroid exposure (P for subgroup difference < 0.001). Two randomized trials comparing 
corticosteroid regimens reported no thrombotic events (0/328; exact 95% CI 0–1.1%). Cer-
tainty was low for VT and very low for the other outcomes. Conclusions: Low-certainty 
evidence, dominated by a single nationwide cohort, suggests that current corticosteroid 
exposure is associated with an approximately 3.5-fold higher hazard of VT in adults with 
ITP, without a consistent arterial association. Retrospective series that compare prior use 
without a defined exposure window may be less informative about the risk associated 
with current exposure. Corticosteroid exposure may reasonably be considered in VT risk 
assessment in ITP.

Hemato 2026, 7, 40 https://doi.org/10.3390/hemato7040040

https://crossmark.crossref.org/dialog?doi=10.3390/hemato7040040&domain=pdf&date_stamp=2026-11-02
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/hemato
https://www.mdpi.com
https://orcid.org/0000-0003-0656-6227
https://orcid.org/0000-0001-7133-8875
https://orcid.org/0009-0000-9677-5596
https://doi.org/10.3390/hemato7040040


Hemato 2026, 7, 40 2 of 21

Keywords: immune thrombocytopenia; corticosteroids; glucocorticoids; venous throm-
boembolism; arterial thrombosis; adverse drug events; systematic review; meta-analysis

1. Introduction
Immune thrombocytopenia (ITP) is defined as an autoimmune disorder characterized 

by isolated thrombocytopenia (a platelet count < 100 × 109 /L) resulting from accelerated 
platelet destruction and impaired platelet production [1,2]. Its incidence in adults rises with 
age, so that a growing proportion of patients present with cardiovascular comorbidity [3,4]. 
Although bleeding dominates the clinical picture, ITP is paradoxically associated with an 
increased risk of venous and arterial thrombosis [5–7].

Population-based cohorts and meta-analyses of observational studies indicate that 
adults with ITP have an approximately two-fold higher risk of venous thromboembolism 
than the general population, with a lesser impact on arterial events [8–13]. Proposed mech-
anisms include the release of procoagulant platelet- and red-cell-derived microparticles, a 
circulating population of young, hemostatically active platelets, antiphospholipid antibod-
ies, complement activation and a procoagulant plasma profile [6,14]. Platelet activation 
and the interactions of platelets with immune and endothelial cells provide a further link 
between immune dysregulation, inflammation and thrombosis [15]. Treatment-related 
factors, including splenectomy, intravenous immunoglobulin (IVIg) and thrombopoietin 
receptor agonists (TPO-RAs), contribute additionally [6,16].

Corticosteroids are the standard first-line treatment for adults with ITP, given either as 
prednisone or prednisolone over several weeks or as pulsed high-dose dexamethasone (HD-
DXM), and current guidelines recommend avoiding courses longer than six weeks [2,17]. In 
practice, repeated and prolonged exposure remains common, and its cumulative toxicity is 
increasingly recognized [18–20]. In the general population, glucocorticoid use is associated 
with a higher risk of venous thromboembolism, which is greatest with current and new 
use [21]. A 2026 meta-analysis estimated a pooled relative risk of 2.60 (95% CI 1.89–3.58), 
highest with early, high-dose systemic corticosteroid therapy [22]. The effect is biologically 
plausible, since glucocorticoids increase factor VIII, von Willebrand factor, and fibrinogen 
and impair fibrinolysis through higher plasminogen activator inhibitor-1 levels [23].

Whether corticosteroids add to the baseline thrombotic risk of ITP is therefore a clini-
cally relevant question, particularly for older patients and those with additional risk factors. 
In the ITP literature, however, corticosteroid exposure has usually been examined as one 
covariate among many, and existing meta-analyses have addressed the baseline risk of 
ITP or the risk associated with TPO-RAs and second-line treatments rather than corticos-
teroids [11–13,16]. Separating a drug effect from the prothrombotic activity of the disease 
that prompts treatment is a further difficulty [24].

We therefore conducted a systematic review and meta-analysis to estimate the associa-
tion between corticosteroid exposure and venous and arterial thrombosis in patients with 
ITP, to examine how the definition of exposure influences the estimates, and to place the 
findings in the context of general-population evidence.

2. Materials and Methods
2.1. Protocol and Registration

The review was registered in PROSPERO (CRD420261504746; protocol version 1.0, 12 
September 2026; amended as version 1.1 on 3 October 2026) and is reported according to the 
PRISMA 2020 statement [25] and its literature-search extension PRISMA-S [26]. Changes 
to the registered protocol are listed in Section 2.10 and in full in Table S5; the amendment 
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was submitted to PROSPERO on 3 October 2026. Protocol version 1.0 was registered before 
the searches were run (28 September 2026); the amendment was made after the searches 
had been run and the eligible studies identified. Changes made subsequently (October 
2026) are listed separately in Table S5, Part B.

2.2. Eligibility Criteria
We included studies of patients with ITP (primary or secondary, any disease phase, 

diagnosed by any recognized criteria) that reported thrombotic events according to systemic 
corticosteroid exposure (prednisone, prednisolone, methylprednisolone or dexamethasone, 
any dose, route or duration). Eligible designs were self-controlled case series, cohort studies 
(prospective or retrospective, with adjusted estimates or with exposure-stratified event 
counts), case–control studies with exposure counts for cases and controls, and random-
ized controlled trials (RCTs) reporting thrombosis in at least one corticosteroid-containing 
arm. The comparator was no corticosteroid exposure for observational comparisons; trials 
comparing two corticosteroid regimens were eligible for narrative synthesis. Outcomes 
were venous thrombosis (VT; deep vein thrombosis, pulmonary embolism, splanchnic 
or cerebral venous thrombosis), arterial thrombosis (AT; ischemic stroke, myocardial in-
farction, peripheral arterial thrombosis) and any thrombotic event. Time to thrombosis, 
dose–response, thrombosis-related mortality and thrombosis recurrence were secondary 
outcomes, to be described narratively where reported. Events had to be clinically diagnosed 
or imaging-confirmed, and the method of ascertainment was recorded; when a venous or 
arterial composite included superficial vein thrombosis or transient ischemic attack that 
could not be separated, the estimate was used as reported, and this was considered in the 
risk-of-bias and certainty assessments. Studies were restricted to those published from 
2000 onwards, without language restriction. Two full texts were published in Chinese with 
English-language abstracts [27,28]; they were translated with machine translation. Because 
the data extracted from them were limited to tabulated counts and the results of regression 
analyses, the translations were checked by both reviewers against the English abstracts, 
table labels and numerical values; they were not verified by a native speaker.

The population of interest was adults. Cohorts that included some patients younger 
than 18 years were eligible when the population was predominantly adult and age-specific 
data could not be obtained; these studies were flagged and excluded in a sensitivity analysis. 
We excluded case reports, reviews, conference abstracts without extractable data, composite 
outcomes that included hemorrhagic events or non-thrombotic cardiovascular conditions, 
studies in which corticosteroid exposure could not be separated from other treatments, and 
studies that did not report thrombosis by corticosteroid exposure. Where several reports 
described the same population, the report with the corticosteroid-specific estimate was 
retained, and overlapping populations were never combined in the same pooled estimate.

2.3. Information Sources and Search Strategy
We searched PubMed/MEDLINE, Scopus, the Cochrane Central Register of Con-

trolled Trials (CENTRAL) and LILACS from 1 January 2000 to 28 September 2026, and 
the ClinicalTrials.gov and WHO International Clinical Trials Registry Platform (ICTRP) 
registries. Scopus was searched in place of Embase, to which the review team had no access. 
Databases that were freely accessible or available through the authors’ institution were 
searched; databases requiring an additional subscription, including Chinese bibliographic 
databases, were not searched. The bibliographic strategies combined an ITP concept with a 
thrombosis concept (controlled vocabulary and free text) and, because studies of corticos-
teroid toxicity may not mention thrombosis in the title or abstract, a supplementary arm 
combined a corticosteroid term in the title with adverse-event or safety terms. Registry 
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searches combined the ITP condition with corticosteroid and TPO-RA intervention terms. 
Searches were validated against seven studies identified before the search, all of which 
were retrieved. Reference lists of included studies and relevant reviews were screened. Full 
strategies are given in Table S1.

2.4. Study Selection
Records were de-duplicated and screened. Two reviewers (D.-C.P. and M.-A.G.) in-

dependently screened titles and abstracts and then full texts against the eligibility criteria; 
disagreements were resolved by discussion and, where needed, by a third reviewer (R.T.). 
Full-text reports that had first been appraised during protocol development were assessed 
again against the final eligibility criteria and are included in the flow diagram.

2.5. Data Extraction
Data were extracted independently and in duplicate by two reviewers (D.-C.P. and M.-

A.G.) using a piloted form covering study identification, design, setting, period, population 
(sample size, age, ITP type), corticosteroid exposure definition and comparator, outcome 
definitions and ascertainment, follow-up, adjusted estimates with covariates, and event 
counts by exposure. Corresponding authors of studies with incomplete or non-stratified 
data were contacted on 27–28 September 2026 (21 requests; Table S3; one request could not 
be sent because no e-mail address was available, and two were not delivered). Requests 
unanswered by 29 September 2026 were treated as yielding no data for eligibility and 
analysis decisions; replies received after this date (up to 3 October 2026) were used only 
to confirm published data or to inform the narrative synthesis. The contact period was 
subsequently extended to 24 October 2026; no further replies or data were received. When a 
2 × 2 table could be constructed, crude odds ratios (ORs) were calculated by the reviewers; 
these estimates are unadjusted and are labelled as such. For the Asian series, we also 
recorded whether corticosteroids were entered into a multivariable model and any adjusted 
corticosteroid estimate, and, for all studies, incidence rates per person-time and the propor-
tion of patients receiving corticosteroids at the time of the thrombotic event, where reported. 
Corticosteroid estimates from excluded studies that reported composite outcomes were
summarized descriptively.

2.6. Risk of Bias Assessment
Risk of bias was assessed independently by two reviewers using the Joanna Briggs 

Institute (JBI) critical appraisal checklists for cohort and case–control studies and the revised 
JBI tool for randomized controlled trials [29]. Judgements referred to the corticosteroid–
thrombosis comparison used in this review rather than to the primary aim of each study, with 
particular attention to exposure definition and timing, confounding by indication, outcome 
ascertainment and, for the crude comparisons, the absence of adjustment. Each study was 
given an overall level of concern (low, low–moderate, moderate, moderate–high, high or very 
high); no summary score was calculated. An evidence hierarchy (pre-specified in protocol 
version 1.0 and revised in version 1.1) was applied to the interpretive strength of each 
analysis set, from strongest to weakest: self-controlled case series, adjusted observational 
estimates, and crude comparative estimates interpreted according to the exposure definition. 
Randomized comparisons of corticosteroid regimens were reported narratively because they 
contained no corticosteroid-free comparator. The adjusted estimates of the two cohorts were 
additionally assessed by two reviewers with the Risk of Bias in Non- Studies—of Exposures 
(ROBINS-E) tool [30], which is designed for cohort studies estimating the effect of an 
exposure. ROBINS-E was not applied to the crude comparisons, for which the confounding 
domain would have been rated at high or very high risk of bias in every study, or to the case–
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control studies and randomized trials, for which it is not designed; JBI therefore remained 
the primary tool for all included studies.

2.7. Effect Measures and Data Synthesis
Two analysis sets were defined because the studies differed fundamentally in exposure 

definition and in control of confounding. The primary analysis used adjusted hazard ratios 
(HRs) for corticosteroid exposure versus no exposure, separately for VT and AT. Because 
one cohort provided almost all the information and the two cohorts defined exposure 
differently, the adjusted estimates are presented by study; they were combined only in 
a sensitivity analysis for VT, for which log HRs and their standard errors were derived 
from the published 95% confidence intervals (CIs). Arterial estimates were not combined. 
The secondary analysis pooled crude ORs calculated from 2 × 2 counts, in two subgroups 
defined in protocol version 1.1: European cohorts, which compared ever-users with never-
users, and Asian hospital-based series, in which prior corticosteroid use was compared 
between patients with and without thrombosis. Neither subgroup defined a time window 
of exposure relative to the event, and the subgroups also differed in region, setting, design, 
and outcome composition. The Haldane–Anscombe correction (0.5 added to each cell) 
was applied only to studies with a zero cell [31]. For a matched case–control study, an 
unmatched OR was used because the conditional OR could not be calculated from published 
data. A study contributed at most once to each pooled estimate. RCTs with no events in 
either arm carry no information on a ratio scale and were summarized narratively, with 
exact (Clopper–Pearson) 95% CIs for the risk of thrombosis [32]. Where incidence rates 
per person-time were reported, absolute rates and the excess rate during exposure (rate 
without exposure × [HR − 1]) were derived.

Random-effects models with the restricted maximum-likelihood (REML) estimator of 
between-study variance (τ2 ) were used throughout, with Wald-type 95% CIs [33]. Hetero-
geneity was described with Cochran’s Q, I2  and τ2  [34], and 95% prediction intervals were 
calculated with a t distribution on k − 2 degrees of freedom when at least three studies 
were pooled [35]. Differences between the crude subgroups were tested with a Q test on 
the random-effects subtotals; because the subgroups differed, no overall crude estimate was 
calculated. Analyses were performed in R version 4.3.3 with the metafor package version 
4.4.0 [36]. The analysis data set and R scripts are provided as Supplementary Files S1
and S2.

2.8. Sensitivity Analyses, Reporting Bias and Triangulation
For the sensitivity combination of the adjusted VT estimates, we also used the Hartung–

Knapp–Sidik–Jonkman (HKSJ) method [37], a common-effect model and the Fine–Gray sub-
distribution HR (death as competing event) of the nationwide cohort in place of its cause-
specific HR. The nationwide cohort included adults only, whereas the Italian cohort may 
have included patients younger than 18 years. For the Asian hospital-based series, sensitivity 
analyses excluded, in turn, the study at very high risk of bias and studies in which secondary 
or autoimmune ITP predominated (both pre-specified in protocol version 1.0), and mixed-
age studies, case–control designs, the study with possible outcome misclassification and the 
zero-cell study (added in protocol version 1.1, after the evidence base had been examined); 
the leave-one-out analysis and HKSJ adjustment were also added in version 1.1. Funnel plots 
and regression tests were not used because no analysis included ten or more studies [38]. To 
assess the robustness of the adjusted VT estimate of the nationwide cohort to unmeasured 
confounding, we calculated E-values [39], extracted negative-control exposure estimates 
where reported [40], and compared the adjusted estimate with the general-population 
benchmark for glucocorticoid-associated venous thromboembolism [22]. Platelet recovery 

https://doi.org/10.3390/hemato7040040

https://doi.org/10.3390/hemato7040040


Hemato 2026, 7, 40 6 of 21

after corticosteroid treatment was regarded as a mediator rather than a confounder when 
interpreting the adjusted estimates.

2.9. Certainty of Evidence
Certainty of evidence was rated with the GRADE approach for each outcome and 

analysis set, starting at low certainty for observational evidence and at high certainty for 
randomized evidence, considering downgrading for risk of bias, inconsistency, indirectness, 
imprecision and publication bias, and upgrading for a large magnitude of effect [41]. Results 
are summarized in a Summary of Findings table (Table 4), and the full GRADE evidence 
profile is given in Table S6.

2.10. Deviations from the Registered Protocol
The following changes were made after the evidence base had been examined and are 

reported transparently. (i) Scopus replaced Embase, LILACS was added, the corticosteroid-
safety search arm was added, and registry searches used intervention terms. (ii) Eligibility 
was extended to unadjusted cohorts and case–control designs with extractable exposure 
counts, with an explicit rule for mixed-age cohorts; uncontrolled case series were not 
used, and no self-controlled case series was identified. (iii) The registered primary anal-
ysis, a proportional meta-analysis of event rates in corticosteroid-treated patients, was 
replaced by pooling of comparative estimates, because follow-up and exposure definitions 
varied too widely for single-arm proportions to be interpretable. (iv) Dose–response meta-
regression and the comparison with TPO-RA-treated cohorts were not feasible (fewer than 
ten studies; dose and duration not reported in poolable form) and are addressed narratively.
(v) VT and AT were analyzed separately rather than as a single composite in the primary 
analysis. (vi) The HKSJ method was used as a sensitivity analysis because of its instability 
with two studies. (vii) Peer review of the search strategies by an information specialist 
was not performed within the review timeline. (viii) The comparator was defined as no 
corticosteroid exposure, with regimen comparisons and TPO-RA exposure described narra-
tively, and studies with non-separable corticosteroid exposure or with composite outcomes 
including hemorrhagic or non-thrombotic events were excluded. (ix) Further sensitivity 
analyses (design- and population-based exclusions, leave-one-out analysis and Fine–Gray 
substitution) were added. (x) The JBI case-series checklist was replaced by the case–control 
checklist and the revised JBI tool for randomized trials (2023), and the evidence hierarchy 
was revised accordingly. (xi) Negative-control exposures replaced the planned negative-
control outcomes, because a negative-control exposure was reported in an included cohort 
and no negative-control outcome was available. (xii) GRADE was specified explicitly, with 
an evidence profile and a Summary of Findings table. (xiii) Author requests unanswered 
by 29 September 2026 were treated as yielding no data. (xiv) Crude ORs were pooled as a 
secondary analysis by subgroup, with a test for subgroup differences. These 14 points group 
the 19 itemized changes of the amendment log (protocol version 1.1, 3 October 2026; Table 
S5, Part A); items 14 (reporting-bias rule, unchanged) and 19 (timeline) are administrative. 
Further changes made in October 2026 are listed in Table S5, Part B: the adjusted estimates 
are no longer pooled in the main analysis, and the arterial estimates are not combined; the 
crude subgroups were relabeled, and no overall crude estimate is reported; ROBINS-E was 
added for the adjusted cohorts; and multivariable estimates, incidence per person-time and 
exposure at the time of the event were extracted.
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3. Results
3.1. Study Selection

The searches identified 6587 records (6129 from bibliographic databases and 458 from 
trial registries). After removal of 1920 duplicates, 4667 records were screened, and 32 full-
text reports were assessed for eligibility; 20 were excluded (Figure 1; reasons in Table S2). 
One further report identified through other sources was excluded because thrombosis was 
not reported. Twelve studies were included: ten contributed to the quantitative synthesis 
and two randomized trials were synthesized narratively.

Figure 1. PRISMA 2020 flow diagram of study selection. Counts reconciled with the review records 
on 24 October 2026. CS, corticosteroid; ICTRP, International Clinical Trials Registry Platform.

3.2. Characteristics of the Included Studies
The 12 included studies, published between 2013 and 2026, comprised 18,059 par-

ticipants (Table 1). They were conducted in China (n = 6), France (n = 2), Italy (n = 
2), Korea (n = 1) and Egypt (n = 1). Two European cohorts reported adjusted HRs: A 
French nationwide cohort of 10,039 adults in which corticosteroid exposure was modelled 
as time-varying [42], and an Italian multicenter cohort of 986 patients with ever-use [43]. A 
French prospective registry provided crude VT counts by ever exposure [44]. Its recruitment 
period (2013–2022) probably overlaps that of the nationwide cohort for 2013–2017; the two 
were never combined in the same pooled estimate. Seven Asian single-center series com-
pared prior corticosteroid use between patients with and without thrombosis [27,28,45–49]; 
together they included 5403 patients, 296 of whom had thrombosis. In these series, the 
proportion of patients without thrombosis who had received corticosteroids ranged from 
46.5% to 95.4%, and the time window of exposure relative to the event was not defined. 
Three of the seven series were dominated by arterial events, one reported pulmonary em-
bolism only, one included mainly secondary ITP, and three included some patients younger 
than 18 years. Two RCTs compared corticosteroid regimens without a corticosteroid-free 
arm [50,51].
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Table 1. Characteristics of the included studies.

Study Country Design; Data 
Source N (Period) Exposure 

Contrast Outcome Data Used Analysis Set

Lafaurie 
2021 [42] France

Nationwide 
cohort (FAITH; 
national health 
data system); 

time-varying Cox

10,039 
(2009–2017)

Current CS 
exposure vs. 
unexposed 

periods

Hospitalized 
VT; AT

aHR VT 3.55 
(2.74–4.58); 

AT 1.15 
(0.94–1.41)

Adjusted

Ruggeri 
2014 [43] Italy

Multicenter 
retrospective 

cohort 
(GIMEMA); Cox 

stratified by 
center

986 
(2000–2010)

Steroid 
ever-use vs. 

never
Any; VT; AT

aHR VT 2.2 
(0.5–10.4); 

AT 5.3 
(0.9–40.6); 
37/653 vs. 

6/333

Adjusted; 
crude EC

Therme 
2026 [44] France

Prospective 
multicenter 

registry 
(CARMEN-

France)

1303 
(2013–2022)

CS ever vs. 
never VT 50/1064 vs. 

3/239 Crude EC

Huang 
2018 [27] China

Single-center 
retrospective 

cohort

2217 
(2005–2017)

Prior GC use 
vs. none Any 37/46 vs. 

1924/2171 a Crude AH

Mao 2026 
[28] China

Single-center 
retrospective 

cohort

334 
(2018–2022)

Prior GC use 
vs. none Any 25/40 vs. 

186/294 a Crude AH

Zhou F 
2025 [47] China

Single-center 
retrospective 
case–control

322 
(2019–2023)

CS before/at 
event vs. 

none
Any 15/15 vs. 

293/307 a Crude AH

Liang H 
2025 [46] China

Single-center 
retrospective 

cohort; mainly 
secondary ITP

350 (2024) CS use vs. 
none Any 102/116 vs. 

214/234 a,b Crude AH

Zhang L 
2026 [49] China

Matched 
case–control 

(1:3) in adult ITP 
cohort

100 
(2011–2025)

Steroids 
before PE vs. 

none
PE 23/25 vs. 

63/75 a Crude AH

Wang Y 
2026 [48] China

Single-center 
retrospective 
cohort; mixed 

age

1915 
(2018–2025)

Prior GC use 
vs. none Any 16/33 vs. 

876/1882 a Crude AH

Kim 2013 
[45] Korea

Single-center 
retrospective 

cohort; 36% SLE

165 
(2002–2012)

Steroid use 
vs. none Any 16/21 vs. 

121/144 a,c Crude AH

Hamed 
2023 [50] Egypt RCT (five arms) 215 d HD-DXM vs. 

PSL + AZA Any (safety) 0/105 vs. 
0/110 Narrative

Mazzuc-
coni 2024 

[51]
Italy RCT (GIMEMA 

ITP0207) 113 Prednisone 
vs. HD-DXM Any 0/59 vs. 0/54 

e Narrative

a  Exposed/total among patients with thrombosis vs. exposed/total among patients without throm-
bosis. b  Orientation of the published counts confirmed from the reported overall corticosteroid use 
(90.29%). c  Derived from the per-patient listing of thrombosis cases. d  Corticosteroid-containing 
arms only. e  Data provided by the corresponding author. aHR, adjusted hazard ratio; AT, arterial 
thrombosis; AZA, azathioprine; CS, corticosteroid; EC, European cohorts (crude set); GC, glucocorti-
coid; HD-DXM, high-dose dexamethasone; PE, pulmonary embolism; PSL, prednisolone; AH, Asian 
hospital-based series (crude set); RCT, randomized controlled trial; SLE, systemic lupus erythemato-
sus; VT, venous thrombosis.
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3.3. Risk of Bias
Concern was low to moderate for the nationwide cohort, which modelled exposure as 

time-varying and adjusted for major risk factors, although residual confounding by disease 
activity cannot be excluded and only hospitalized events were captured (Table 2; item-level 
ratings in Table S4). Concern was moderate to high for the Italian cohort because ever-use 
exposure was not related in time to the event. All crude comparisons were at high or very 
high risk of bias, mainly because of the absence of adjustment and undefined exposure 
windows. For thrombosis, both RCTs were open-label and did not pre-specify thrombosis 
as an outcome. With ROBINS-E, the adjusted estimates of the nationwide cohort were at 
high risk of bias, driven by confounding (disease activity, bleeding, and hospitalization 
were not measured), with some concerns about exposure and outcome measurement and 
post-exposure interventions; the Italian cohort was at very high risk of bias because of 
confounding and the ever-use definition of exposure (Table S7).

Table 2. Summary of risk-of-bias judgements.

Study JBI Tool Main Concerns for the CS–Thrombosis 
Comparison Overall Concern

Lafaurie 2021 [42] Cohort
Residual confounding by indication; 
claims-based outcomes (hospitalized 

events only)
Low–moderate

Ruggeri 2014 [43] Cohort

Ever-use exposure without timing; 
retrospective; possible inclusion of minors; 
VT includes superficial vein thrombosis, AT 

includes TIA

Moderate–high

Therme 2026 [44] Cohort Crude; ever-use; small, clinically different 
unexposed group; secondary ITP included High

Huang 2018 [27] Cohort Crude; prior use without time window; 
exposure near-universal among non-cases High

Mao 2026 [28] Cohort Crude; undefined exposure window; 
possible outcome misclassification High

Zhou F 2025 [47] Case–control Crude; zero cell; exposure timing for 
non-cases undefined; minors possible High

Liang H 2025 [46] Cohort Crude; temporality not established; mainly 
secondary ITP; inconsistent counts Very high

Zhang L 2026 [49] Case–control Matching not preserved in the crude 
analysis; 25 cases; PE only Moderate–high

Wang Y 2026 [48] Cohort Crude; mixed age; arterial-dominant 
events; undefined exposure window High

Kim 2013 [45] Cohort Crude, reviewer-derived counts; 36% SLE; 
adolescents included High

Hamed 2023 [50] RCT

Randomization and allocation concealment 
not described; open label; completers only; 
thrombosis ascertainment not described; all 

arms received HD-DXM first

High

Mazzucconi 2024 [51] RCT
Open label; thrombosis not pre-specified; 
counts from author reply; ascertainment 

not described
Moderate (for thrombosis)

AT, arterial thrombosis; CS, corticosteroid; HD-DXM, high-dose dexamethasone; JBI, Joanna Briggs 
Institute; PE, pulmonary embolism; RCT, randomized controlled trial; SLE, systemic lupus erythe-
matosus; TIA, transient ischemic attack; VT, venous thrombosis. ROBINS-E judgements for the two 
adjusted cohorts are given in Table S7.
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3.4. Adjusted Estimates
In the nationwide cohort (10,039 adults; 40,954 person-years), in which exposure was 

modelled as time-varying, corticosteroid exposure was associated with a higher hazard of 
hospitalization for VT (adjusted HR 3.55, 95% CI 2.74–4.58) but not for AT (adjusted HR 
1.15, 0.94–1.41) (Figure 2, Table 3). In the Italian cohort (986 patients), in which ever-use 
was compared with never-use, the estimates were imprecise for both VT (HR 2.2, 0.5–10.4) 
and AT (HR 5.3, 0.9–40.6). Because the nationwide cohort would carry 97.2% of the weight 
of a combined VT estimate and the two cohorts defined exposure differently, the estimates 
are presented separately; their combination, reported as a sensitivity analysis, gave an HR 
of 3.50 (2.72–4.51), essentially that of the nationwide cohort. The arterial estimates, which 
conflicted, were not combined.

Figure 2. Forest plot of adjusted hazard ratios for venous and arterial thrombosis with corticosteroid 
exposure versus no exposure. Study-level confidence intervals are shown as published; the estimates 
are presented by study and are not combined (exposure modelled as time-varying in Lafaurie 2021 [42] 
and as ever-use in Ruggeri 2014 [43]). CI, confidence interval; HR, hazard ratio.

Table 3. Pooled estimates and sensitivity analyses.

Analysis k Estimate
(95% CI) p I2  (%) 95% PI

Adjusted hazard ratios—venous thrombosis
Nationwide cohort (time-varying 

exposure) 1 3.55 (2.74–4.58) <0.001 — n.e.

Nationwide cohort, Fine–Gray sHR 1 3.13 (2.43–4.03) <0.001 — n.e.
Italian cohort (ever-use exposure) 1 2.2 (0.5–10.4) 0.31 — n.e.
Combined, REML (sensitivity) b 2 3.50 (2.72–4.51) <0.001 0 n.e.
Combined, HKSJ (sensitivity) b 2 3.50 (1.29–9.53) 0.040 0 n.e.

Combined, Fine–Gray sHR 
substituted (sensitivity) b 2 3.10 (2.42–3.98) <0.001 0 n.e.

Adjusted hazard ratios—arterial thrombosis (not combined)
Nationwide cohort (time-varying 

exposure) 1 1.15 (0.94–1.41) 0.18 — n.e.

Nationwide cohort, Fine–Gray sHR 1 0.97 (0.79–1.19) 0.77 — n.e.
Italian cohort (ever-use exposure) 1 5.3 (0.9–40.6) 0.09 — n.e.
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Table 3. Cont.

Analysis k Estimate
(95% CI) p I2  (%) 95% PI

Crude odds ratios
European cohorts 2 3.48 (1.73–7.01) <0.001 0 n.e.

Asian hospital-based series 7 0.82 (0.59–1.14) 0.24 0 0.53–1.26
Asian hospital-based series, HKSJ b 7 0.82 (0.58–1.17) 0.22 0 —

Asian hospital-based series—sensitivity analyses
Excluding very high risk of bias a 6 0.86 (0.60–1.24) 0.42 0 0.51–1.45

Excluding secondary/autoimmune-
predominant a 5 0.90 (0.61–1.34) 0.60 2 0.46–1.76

Excluding mixed-age studies b 4 0.77 (0.52–1.15) 0.20 0 0.32–1.84
Excluding case–control designs b 5 0.78 (0.56–1.09) 0.14 0 0.45–1.34

Excluding possible outcome 
misclassification b 6 0.78 (0.54–1.13) 0.19 0 0.46–1.32

Excluding zero-cell study b 6 0.81 (0.59–1.13) 0.22 0 0.51–1.30
a  Pre-specified in protocol version 1.0; b  added in protocol version 1.1, after the evidence base had been 
examined. The adjusted estimates are presented by study; their combination (VT only) is a sensitivity 
analysis, and the arterial estimates were not combined. HKSJ, Hartung–Knapp–Sidik–Jonkman; n.e., 
not estimable (fewer than three studies); sHR, sub-distribution hazard ratio (death as competing 
event); PI, prediction interval; REML, restricted maximum likelihood. Leave-one-out results are 
shown in Figure S1.

In the nationwide cohort, the Fine–Gray sub-distribution HR (death as competing 
event) was 3.13 (2.43–4.03) for VT and 0.97 (0.79–1.19) for AT. In the sensitivity analysis 
of the VT estimates, substituting the Fine–Gray subdistribution HR gave 3.10 (2.42–3.98), 
and the HKSJ interval, although wider, excluded the null (1.29–9.53) (Table 3). Within the 
nationwide cohort, the VT association was similar in patients younger than 60 years (HR 
2.99, 1.79–5.01) and in those aged 60 years or older (HR 3.76, 2.79–5.06), and in persistent or 
chronic ITP (HR 3.59, 2.74–4.69) [42]. For AT, the same cohort reported a modest association 
in patients younger than 60 years (HR 1.66, 1.06–2.60) but not in older patients (HR 1.08, 
0.86–1.35).

In the nationwide cohort, the rate of hospitalization for VT was 7.3 (6.5–8.2) per 
1000 person-years overall and 24.8 (21.0–29.4) per 1000 person-years during periods of 
corticosteroid exposure; the corresponding rates for AT were 16.8 (15.6–18.1) and 26.3 
(22.3–31.0). From these published values, the rate of VT outside periods of exposure was 
approximately 4.4 (3.7–5.1) per 1000 person-years; applying the adjusted HR, corticosteroid 
exposure corresponded to approximately 11 (8–16) additional hospitalizations for VT per 
1000 person-years of exposure, and to 2 (−1 to 6) additional hospitalizations for AT. Rates 
by exposure were not reported by the other studies: the Italian cohort reported overall 
rates of 3.9 (VT) and 7.1 (AT) per 1000 person-years, the French registry 53 VT events over
2352 person-years (22.5 per 1000 person-years) and the Korean series 15.2 thrombotic events 
per 1000 person-years; the six other Asian series did not report follow-up time (Table S9).

3.5. Crude Estimates by Subgroup
In the two European cohorts, which compared ever-users with never-users (2289 

patients), the pooled crude OR was 3.48 (95% CI 1.73–7.01; I2  = 0%) (Figure 3). The corre-
sponding author of the French registry confirmed the published counts and reported that 
12 of the 39 patients with primary ITP and VT were receiving corticosteroids at the time of 
the event; person-time of exposure was not available. In the seven Asian hospital-based 
series, the pooled crude OR was 0.82 (0.59–1.14; p = 0.24), with no statistical heterogeneity
(I2  = 0%) and a 95% prediction interval of 0.53–1.26. The two subgroups differed signif-
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icantly (Q = 13.41, df = 1, p < 0.001). Because they differed in region, setting, design, 
outcome composition, and exposure ascertainment, and neither defined a time window 
of exposure, this difference cannot be attributed to any single factor, and no overall crude 
estimate was calculated.

Figure 3. Forest plot of crude odds ratios for thrombosis according to corticosteroid exposure, by 
subgroup (European cohorts [43,44]; Asian hospital-based series [27,28,45–49]). Odds ratios were 
calculated by the reviewers from published counts and are unadjusted; the Haldane–Anscombe 
correction was applied to Zhou F 2025 [47]. Any, any thrombosis; PE, pulmonary embolism; VT, 
venous thrombosis.

None of the seven Asian series reported a corticosteroid estimate adjusted for other 
factors (Table S8). Five fitted multivariable models, but corticosteroids were not entered: 
in two the univariable comparison was not statistically significant, in one it could not be 
estimated because all patients with thrombosis were exposed, and in two corticosteroids 
were not a candidate variable; the remaining two series reported univariable comparisons 
only. Where published, the univariable ORs (0.97, 0.49–1.92, and 1.08, 0.54–2.15) agreed 
with the reviewer-calculated crude ORs. Information on exposure at the time of the event 
was limited: in one Asian series, 15 of 46 patients with thrombosis (32.6%) were receiving 
corticosteroids at the event, only three of them for more than one month; the corresponding 
proportions were 21 of 43 (49%) in the Italian cohort and 18 of 53 (34%) in the French 
registry, and, in the nationwide cohort, 136 of 292 hospitalizations for VT (46.6%) and 142 
of 661 for AT (21.5%) occurred during periods of exposure (Table S8).

3.6. Sensitivity Analyses
The pooled estimate for the Asian hospital-based series was stable (Table 3; Figure 

S1). Across the six sensitivity analyses (two pre-specified in protocol version 1.0 and four 
added in version 1.1) and the leave-one-out analysis, pooled ORs ranged from 0.76 to 
0.91; none was statistically significant, and I2  did not exceed 2%. The HKSJ interval was 
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0.58–1.17. Sensitivity analyses were not possible for the European crude set, which included
two studies.

Two excluded studies reported corticosteroid estimates for composite outcomes that 
could not be combined with the outcomes of this review (Table S10). In a nested case–control 
study in a Japanese claims database [20], any corticosteroid prescription was associated 
with a composite of thromboembolic and cardiovascular events that included angina and 
cerebral hemorrhage (adjusted OR 2.16, 1.48–3.14), without a gradient across categories 
of duration (adjusted ORs 2.25, 2.71 and 1.72 for <15, 15–59 and ≥60 days) or cumulative 
dose. In a Taiwanese cohort in which all patients received corticosteroids [19], higher daily 
doses were associated with cardiovascular disorders (adjusted incidence rate ratio 2.61, 
2.28–2.99) and with neuropsychiatric disorders including cerebrovascular disease (2.91, 
2.29–3.69), but no thrombosis-specific outcome was reported.

3.7. Randomised Trials
Neither trial included a corticosteroid-free arm. Hamed et al. reported no throm-

botic events with HD-DXM (0/105) or prednisolone plus azathioprine (0/110) over
12 months [50]. For the GIMEMA ITP0207 trial, which did not report thrombosis in the 
publication, the corresponding author confirmed that no thromboembolic events occurred 
with prednisone (0/59) or HD-DXM (0/54) [51]. No thrombotic events were reported or 
confirmed in these trial populations (0/328; exact 95% CI 0–1.1%; 0–2.3% with HD-DXM 
and 0–2.2% with prednisone-based regimens). Given the small sample size, the absence 
of a corticosteroid-free comparator, and the fact that thrombosis was not a pre-specified 
outcome, these data cannot inform the comparison with no exposure.

3.8. Triangulation
The E-value for the adjusted VT estimate of the nationwide cohort was 6.56, and 4.92 

for its lower confidence limit: An unmeasured confounder would need to be associated with 
both corticosteroid exposure and VT by a risk ratio of at least 4.92, beyond the measured 
covariates, to move the lower limit to the null. The measured covariates did not include 
hospitalization, bleeding, or disease activity, which may be strongly associated with both 
corticosteroid use and VT, so confounding of this magnitude cannot be excluded. In the 
nationwide cohort, rituximab, used as a negative-control exposure given for active disease, 
was not associated with VT (HR 1.29, 0.83–2.02) or AT (HR 1.28, 0.89–1.83) [42]. Rituximab 
is, however, usually given later in the course of the disease and in different clinical circum-
stances, so it is an imperfect negative control for confounding by indication. The VT estimate 
of the nationwide cohort was of similar magnitude to the general-population benchmark 
for glucocorticoid-associated venous thromboembolism (pooled RR 2.60, 1.89–3.58), with 
overlapping confidence intervals [22].

3.9. Certainty of Evidence
Certainty was low for the association with VT and very low for AT, for both crude 

analyses and for the randomized comparisons of corticosteroid regimens (Table 4). For VT, 
inconsistency could not be assessed because one cohort provided almost all the information; 
for AT, the evidence was downgraded for risk of bias, inconsistency and imprecision.
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Table 4. Certainty of evidence (GRADE).

Outcome (Analysis) Studies (Participants) Relative Effect (95% CI) Certainty Reasons

VT (adjusted) 2 cohorts (11,025) aHR 3.55 (2.74–4.58) a Low

Observational; not 
downgraded 

(inconsistency not 
assessable, one cohort 
provides almost all the 

information); not 
upgraded because the 

estimate rests mainly on 
one cohort and residual 
confounding is possible; 
approximately 11 (8–16) 
more hospitalizations for 
VT per 1000 person-years 

of exposure

AT (adjusted) 2 cohorts (11,025) aHR 1.15 (0.94–1.41) a ; 
not combined Very low Risk of bias; inconsistency; 

imprecision

Any thrombosis (crude, 
European cohorts) 2 cohorts (2289) OR 3.48 (1.73–7.01) Very low

Risk of bias (unadjusted, 
ever-use); indirectness 

(mixed outcomes)

Any thrombosis (crude, 
Asian hospital-based 

series)
7 studies (5403) OR 0.82 (0.59–1.14) Very low

Risk of bias (unadjusted, 
undefined exposure 

window; no study adjusted 
for corticosteroids); 

indirectness; imprecision

Thrombosis (CS 
regimen comparisons) 2 RCTs (328) Not estimable (0/328; 

exact 95% CI 0–1.1%) Very low

Risk of bias; indirectness 
(no CS-free comparator); 
very serious imprecision 

(no events)
a  Nationwide cohort (time-varying exposure); the Italian cohort gave aHRs of 2.2 (0.5–10.4) for VT and 
5.3 (0.9–40.6) for AT. Absolute excess derived from the nationwide cohort (Table S9); exact (Clopper–
Pearson) CI for the trials. aHR, adjusted hazard ratio; AT, arterial thrombosis; CS, corticosteroid; HR, 
hazard ratio; OR, odds ratio; RCT, randomized controlled trial; VT, venous thrombosis.

4. Discussion
In this systematic review and meta-analysis, corticosteroid exposure was associated 

with an approximately 3.5-fold higher hazard of VT in adults with ITP in the study with 
the strongest design, a nationwide cohort with time-varying exposure and multivariable 
adjustment, which provided almost all the adjusted evidence. The crude data from European 
cohorts gave a concordant estimate, whereas there was no consistent association with AT. 
Retrospective Asian series that compared prior corticosteroid use between patients with 
and without thrombosis showed no association, and the difference between the two crude 
subgroups was statistically significant.

The magnitude of the VT association is close to that reported for glucocorticoids in the 
general population, in which risk is highest with current and recent use and with high doses 
early in treatment [21,22]. The procoagulant effects of glucocorticoids, namely increased 
factor VIII, von Willebrand factor and fibrinogen and reduced fibrinolytic capacity [23], 
would be superimposed on the procoagulant state already described in ITP [6,14]. The 
time-varying analysis of the nationwide cohort, which compared periods of exposure with 
periods without exposure in the same population, is the design best suited to detect such a 
transient effect, and its estimate was consistent across age groups, in persistent and chronic 
disease, and with a competing-risk model [42]. In absolute terms, this corresponds to 
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approximately 11 additional hospitalizations for VT per 1000 person-years of exposure, 
although this figure is derived from rounded published rates.

Confounding by indication is the main alternative explanation [24]. Corticosteroids 
are given during periods of active disease, bleeding and hospitalization, all of which may 
be prothrombotic, and are frequently combined with IVIg. Three observations argue, to a 
limited extent, against confounding as the sole explanation. First, the nationwide cohort 
adjusted for IVIg and other ITP treatments. Second, rituximab, also given for active disease, 
was not associated with VT in the same cohort, which suggests that disease activity alone 
does not account for the association [40,42]. This comparison is only partly informative, 
because rituximab and corticosteroids are usually given at different stages of the disease and 
in different circumstances (corticosteroids at diagnosis and during acute bleeding, rituximab 
later and electively). Third, the E-value indicates that only a strong unmeasured confounder, 
associated with both exposure and VT by a risk ratio of almost five, could fully explain 
the lower confidence limit. However, hospitalization, bleeding and disease activity were 
not measured and could plausibly be confounders of this strength. Residual confounding 
nevertheless remains possible, and observational data cannot establish causation.

The divergence between the European and Asian crude data is more plausibly method-
ological than biological. In the Asian series, corticosteroid exposure was close to universal 
among patients without thrombosis (up to 95%), the unexposed groups were small and 
probably unrepresentative, exposure was not related in time to the event, and exposure was 
not treated as time-varying. None of these series adjusted for confounders, and corticos-
teroids were not entered into any of their multivariable models. Treating any past exposure 
as current exposure misclassifies person-time and biases estimates towards the null, whereas 
the association in the nationwide cohort was driven by the period of exposure itself. Out-
come composition is a second explanation: several Asian series were dominated by arterial 
events, for which no association was found in the adjusted analyses, so a composite outcome 
would dilute any venous effect. Geographic differences in the incidence of thrombosis in 
ITP [13], the inclusion of secondary ITP, systemic lupus erythematosus and adolescents, 
and the hospital-based selection of these series may also contribute. The European ever-use 
estimates, on the other hand, may be affected by immortal-time bias, which would tend 
to underestimate rather than overestimate harm [52], and by confounding by indication, 
which would act in the opposite direction. In the French registry, fewer than one-third of 
patients with primary ITP and thrombosis were receiving corticosteroids at the time of the 
event (author communication), so the ever-use contrast largely reflects past rather than 
concurrent exposure, and its agreement in magnitude with the adjusted estimate should not 
be read as independent confirmation of a concurrent-exposure effect. The French registry 
and the nationwide cohort also probably overlap in part. A Japanese claims-based study, 
excluded because its composite outcome included angina and cerebral hemorrhage, found 
a positive association with corticosteroid prescription [20], which argues against a simple 
population difference as the explanation. The Asian hospital-based series therefore do not 
refute the adjusted VT signal, but they limit its generalizability to Asian populations until 
time-varying analyses from these settings are available.

The absence of a consistent arterial association contrasts with the higher baseline 
arterial risk in ITP. The nationwide cohort found no overall association, and the Italian 
estimate was imprecise and included transient ischemic attacks. The modest association in 
younger patients in the nationwide cohort is hypothesis-generating only. Arterial events in 
ITP are driven largely by age and cardiovascular risk factors [42,43], and a short-term drug 
effect would be more difficult to detect against this background.

These findings have practical implications. Corticosteroid exposure can reasonably 
be considered a transient risk factor for VT in adults with ITP, particularly in patients with 
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additional risk factors such as previous VT, active cancer, immobilization, antiphospholipid 
antibodies or older age. Because dose and duration could not be analyzed, these results 
neither confirm nor refute the benefit of current recommendations to avoid prolonged 
corticosteroid courses and to limit cumulative exposure [17,18]. In the Japanese claims-
based study, the association with a composite outcome did not increase with duration or 
cumulative dose [20]. Whether shorter regimens, such as pulsed HD-DXM, carry a lower 
thrombotic risk than conventional prednisone cannot be determined from the available trials, 
which recorded no events [50,51,53]. The current data do not address thromboprophylaxis, 
which requires individual weighing of thrombotic and bleeding risk.

Strengths and Limitations
The strengths of this review include registration of the protocol before the searches 

were run, with all later amendments reported, a broad search of four bibliographic databases 
and two trial registries without language restriction, which allowed the inclusion of studies 
published in Chinese, explicit handling of overlapping populations, separation of analyses 
by exposure definition and degree of adjustment, and a triangulation strategy combining 
E-values, a negative-control exposure and an external benchmark.

Several limitations must be acknowledged. Only two studies provided adjusted esti-
mates, one of which provided almost all the information, so the adjusted results were not 
pooled in the main analysis and essentially reflect a single cohort. The Italian cohort may 
have included adolescents, as the reported age range differs between its text and tables, 
and adult-only estimates could not be obtained. The crude ORs were calculated by the 
reviewers, are unadjusted, and combine different outcome definitions. The French registry 
probably overlaps the nationwide cohort in part, so the European crude and adjusted esti-
mates are not fully independent. Dose–response and comparisons with TPO-RAs could 
not be analyzed quantitatively, and publication bias could not be assessed. Embase was 
not searched, and Scopus was used instead, and Chinese bibliographic databases requiring 
an additional subscription were not searched separately. Studies available only in these 
databases may have been missed, although they would most likely have been hospital-
based series with crude prior-use comparisons, the weakest analysis set. The two Chinese 
articles were translated by machine translation and checked by the reviewers, but not by 
a native speaker. Most author data requests were unanswered, including after extension 
of the contact period to 24 October 2026. The JBI checklists do not address time-varying 
confounding and immortal-time bias in detail; this was addressed for the adjusted cohorts 
with ROBINS-E. Absolute rates by exposure were available from one cohort only and were 
derived from rounded published values. Finally, several protocol changes were made after 
the evidence had been examined; they are reported in full in the amended protocol (version 
1.1; Table S5).

Future studies should analyze corticosteroid exposure as time-varying in other large 
databases, including Asian claims databases, report VT and AT separately with dose and 
duration, and use active-comparator designs such as HD-DXM versus prednisone or corti-
costeroids versus TPO-RAs as first-line treatment. Trials of ITP treatments should report 
thrombotic events systematically, including confirmed absence of events.

5. Conclusions
Low-certainty evidence, dominated by one nationwide cohort, suggests that current 

corticosteroid exposure is associated with an approximately 3.5-fold higher hazard of venous 
thrombosis in adults with ITP, corresponding to about 11 additional hospitalizations for VT 
per 1000 person-years of exposure, with no consistent association with arterial thrombosis. 
Retrospective hospital-based series that compare prior use without a defined exposure 
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window may be less informative about the risk associated with current corticosteroid 
exposure. Corticosteroid exposure may reasonably be considered in VT risk assessment in 
ITP; whether the risk depends on dose or duration remains to be established.
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OR Odds ratio
PE Pulmonary embolism
PI Prediction interval
RCT Randomized controlled trial
REML Restricted maximum likelihood
ROBINS-E Risk of Bias in Non-randomized Studies—of Exposures
TPO-RA Thrombopoietin receptor agonist
VT Venous thrombosis
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