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Thrombosis in rare bleeding disorders:
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thrombotic risk- frequency, clinical contexts,
and management in a large Iranian cohort
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Abstract

Background Bleeding is the dominant clinical feature of rare bleeding disorders (RBDs), yet thrombotic events have
occasionally been reported. Available evidence is limited and mostly based on case reports. Thrombotic events tend
to occur in high-risk clinical contexts and may be influenced by replacement therapy and coexisting risk factors. We
aimed to estimate the frequency of imaging-confirmed thrombosis and describe associated clinical contexts and
potential predisposing factors in an unselected RBD cohort.

Methods This single-center retrospective study was conducted on all patients with confirmed diagnoses of RBDs,
including rare coagulation factor deficiencies, von Willebrand disease, and inherited platelet function disorders, under
care at our center between January and December 2025. Data were extracted from medical and laboratory records
and imaging archives. Variables included age, sex, type and severity of deficiency, comorbidities, prothrombotic
triggers (e.g., pregnancy, surgery, infection, and immobility), exposure to replacement therapy, and thrombophilia
profile. Thrombotic events were verified through imaging.

Results Among 1,251 patients (682 FXIIl, 127 FVII, 130 FV, 23 FX, 12 FlI, 28 afibrinogenemia, 131 von Willebrand
disease, 62 Glanzmann thrombasthenia, 26 FXI deficiency, 19 combined FV and FVIII deficiency, and 11 Bernard-
Soulier syndrome), 12 (0.96%; 95% Cl, 0.50-1.67%) had at least one lifetime imaging-confirmed thrombotic event.
Events were exclusively venous. Events occurred mainly as deep vein thrombosis (50%) or cerebral venous thrombosis
(41.7%), with other sites less common, most often in high-risk contexts such as pregnancy (4 cases), surgery, infection,
or exposure to prothrombin complex concentrate (PCC). Thrombosis was more frequent in afibrinogenemia (7.1%)
and FlIl deficiency (8.3%) than in FXIII deficiency (0.7%), although interpretation is limited by small numbers. In a
sensitivity analysis excluding events associated with pregnancy, surgery, and exposure PCC, the proportion decreased
10 0.48% (6/1,251; 95% Cl, 0.18-1.04%). Thrombotic events were treated with therapeutic anticoagulation, most
commonly initial low-molecular-weight heparin (LMWH) with transition to a Direct Oral Anticoagulant (DOAC) in
selected non-pregnant adult patients; when replacement therapy was required, dosing was individualized to maintain
minimum effective hemostatic levels and avoid full factor normalization.
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Conclusions Thrombosis in RBDs was rare and largely associated with major transient high-risk contexts and/or
treatment exposure. Prospective multicenter studies are needed to improve the evidence base for clinical decision
making regarding thrombotic risks in this vulnerable population.

Keywords Rare bleeding disorders, Thrombosis, Factor Xlll deficiency, Afibrinogenemia, Prothrombin deficiency,

Venous thromboembolism, Replacement therapy

Introduction

Rare bleeding disorders (RBDs) comprise a heteroge-
neous group of inherited hemostatic defects, including
rare coagulation factor deficiencies (such as quantitative
or qualitative fibrinogen disorders and deficiencies of
prothrombin [FII] and factors (F) V, combined FV and
FVIIL, VII, X, XI, and XIII), as well as von Willebrand
disease (VWD) and inherited platelet function disor-
ders. Although VWD, particularly type 1, is common in
population-based estimates (prevalence up to 1%), its
prevalence in referral-based and tertiary care settings is
substantially lower, ranging from 0.3 to 16.5 per 100,000,
which is comparable to other rare bleeding disorders.
Our cohort, derived from a specialized referral center,
reflects this selected population and includes all three
VWD subtypes (type 1, n = 84; type 2, n = 28; type 3, n
= 19), with type 1 patients representing individuals with
clinically significant bleeding requiring specialist care.
Collectively, RBDs are far less prevalent than hemophilia
A or B, with reported prevalence estimates ranging from
approximately 1:500,000 to 1:2,000,000 [1, 2]. Most RBDs
follow an autosomal recessive inheritance pattern and are
more frequently encountered in populations with higher
rates of consanguinity [3-5]. In contrast, fibrinogen dis-
orders show heterogeneous inheritance: afibrinogenemia
and hypofibrinogenemia are usually autosomal reces-
sive, whereas dysfibrinogenemia is most often autosomal
dominant. FXI deficiency is classically autosomal reces-
sive, with variable penetrance; bleeding may also occur
in heterozygotes. Bleeding manifestations in RBDs span a
wide clinical spectrum, ranging from mild mucocutane-
ous bleeding to life-threatening events such as intracra-
nial hemorrhage, depending on the specific defect and
residual factor activity level [4, 6]. Despite bleeding being
the hallmark of RBDs, sporadic thrombotic events, more
commonly venous than arterial, have been reported, par-
ticularly in afibrinogenemia and, less consistently, in FXI
or FVII deficiency. Thrombosis in RBDs appears to occur
predominantly in recognizable high-risk settings, includ-
ing pregnancy and the postpartum period, surgery, infec-
tion, immobility, and exposure to replacement products
such as prothrombin complex concentrate or recombi-
nant activated factor VII [7, 8]. However, available evi-
dence is largely restricted to case reports and small series,
and no large unselected cohort has systematically esti-
mated the frequency of objectively confirmed thrombotic
events across multiple RBD subtypes or described the

associated predisposing factors. As a result, the true fre-
quency of thrombosis in routine RBD care and the extent
to which events cluster in these high-risk settings remain
poorly characterized [9, 10]. We therefore aimed to esti-
mate the proportion of patients with imaging-confirmed
thrombosis in a large unselected RBD cohort, and to
describe the associated high-risk settings, potential pre-
disposing factors, and exposure to replacement therapy.
This study presents descriptive data on the frequency and
clinical characteristics of thrombotic events in RBDs.

Materials and methods
Study design and diagnostic criteria
This single-center retrospective observational study was
conducted at a referral center in Zahedan, southeastern
Iran, from 1 January to 31 December 2025, correspond-
ing to the period of data abstraction and record review
from the institutional registry and archives. Our institu-
tion serves as the provincial referral center for inherited
bleeding disorders in Sistan and Baluchestan located in
Southeast of Iran, and the cohort therefore reflects an
unselected referral population from this region. Data
were extracted exclusively from medical records, labora-
tory databases, and imaging archives; no patient inter-
views or self-reported histories were used at any stage,
substantially reducing classical sources of recall bias by
design. Thrombotic events were identified based on the
complete available clinical history irrespective of time
of occurrence, and confirmed by objective imaging, spe-
cifically compression Doppler ultrasound for deep vein
thrombosis and hepatic vein thrombosis, and Magnetic
Resonance Imaging (MRI)/Magnetic Resonance Venog-
raphy (MRV) for cerebral venous thrombosis. Accord-
ingly, the reported proportion of 0.96% represents a
cumulative lifetime prevalence of imaging-confirmed
thrombosis among registered patients, not an incidence
rate limited to the 2025 data abstraction period.
Coagulation factors were measured using one-stage
clotting assays on the Sysmex CS-2500 system. Func-
tional fibrinogen was assessed by the Clauss method,
and FXIII activity by chromogenic assay. VWD was
diagnosed based on VWF antigen level and ristocetin
cofactor activity. Platelet function disorders were diag-
nosed by platelet aggregation studies using multiple
agonists, including ristocetin, arachidonic acid, ADP,
and collagen, confirmed by flow cytometry; abnormal
results were repeated when clinically indicated. Genetic
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testing was used as supportive evidence where available;
in FXIII deficiency, genetic confirmation was available
in the majority of patients; facilitated by the high preva-
lence of the regional founder variant (F13A Trp187Arg)
[11]. Deficiency severity was classified as severe (< 1%),
moderate (1-5%), and mild (> 5%); afibrinogenemia was
defined as undetectable functional fibrinogen by the
Clauss method. For FXIII deficiency specifically, severity
was further classified as severe (< 1%), moderate (1-30%),
and mild (> 30%), consistent with published criteria [12].

Participants

All 1,251 patients with confirmed RBDs registered and
followed at our center were identified through the insti-
tutional clinical database. We included all consecutively
followed patients during the study period, regardless of
whether they required active treatment. Patients man-
aged exclusively at other institutions without referral to
our center may not have been captured in our records,
representing a potential source of underestimation of
thrombotic events. Furthermore, patients included in
the cohort who experienced thrombosis but were treated
at external facilities may have been misclassified as
non-thrombotic if such events were not documented in
our institutional records. Medical records and imaging
archives were reviewed to identify objectively imaging-
confirmed thrombotic events. This study was approved
by the Institutional Ethics Committee of Zahedan Uni-
versity of Medical Sciences. The study was conducted in
accordance with the principles of the Declaration of Hel-
sinki and its subsequent amendments. Informed consent
was obtained from all patients or their legal guardians.

Inclusion and exclusion criteria

Inclusion criteria were a confirmed diagnosis of RBDs
defined by at least one coagulation factor activity level
below the assay-specific range on a validated assay or
abnormal platelet aggregation tests confirmed by flow
cytometry, with supportive genetic testing when avail-
able. All patients across the full spectrum of deficiency
severity (mild, moderate, and severe) were included and
systematically screened for thrombotic events regardless
of severity or treatment intensity. Patients with acquired
coagulopathies (e.g., liver failure, vitamin K antago-
nists, and disseminated intravascular coagulation) and
acquired factor deficiencies were excluded. Concomitant
medication use, including oral contraceptive pills (OCP)
or nonsteroidal anti-inflammatory drugs (NSAIDs), was
not used as an exclusion criterion; however, none of the
12 patients with thrombotic events had a documented
history of such use at the time of their event.
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Exposures and covariates

From medical records we extracted age, sex, RBD type,
factor activity level, comorbidities (e.g., epilepsy, varicose
veins), and potential prothrombotic contexts (pregnancy/
puerperium, surgery/immobility, acute infection, obesity,
estrogen exposure), as well as exposure to replacement
therapy and thrombophilia testing results. Thrombo-
philia screening was performed in all 12 patients with
thrombotic events and included factor V Leiden muta-
tion, prothrombin G20210A mutation, protein C defi-
ciency, protein S deficiency, and antithrombin deficiency.
For patients with thrombosis, we additionally collected
event type and site, management strategy, and outcomes.

Statistical analysis

Thrombotic events were summarized as counts and per-
centages, overall and by RBD type, with 95% confidence
intervals calculated using the exact binomial method.
Continuous variables are presented as median (IQR) or
mean (SD), depending on distribution. Given the rarity
of thrombotic events (n = 12), formal statistical com-
parisons between subgroups were not performed due
to insufficient statistical power; analyses were therefore
exclusively descriptive. A sensitivity analysis excluded
events occurring in major transient high-risk contexts
(pregnancy, surgery, and PCC exposure) to estimate the
proportion of less-provoked events. Because follow-up
time was not uniformly available across all registered
patients, we report the proportion with imaging-con-
firmed thrombosis rather than an incidence rate per
patient-year. Analyses were performed using R version
4.2.0 (R Foundation for Statistical Computing, Vienna,
Austria) [13].

Results

Among the 1,251 patients with confirmed RBDs, 682
had FXIII deficiency (54.5%; severe 75%, moderate 15%,
mild 10%), 131 had von Willebrand disease (10.5%; type
1: n=84, type 2: n=28, type 3: n=19), 130 had FV defi-
ciency (10.4%; severe 40%, moderate 30%, mild 30%),
127 had FVII deficiency (10.2%; severe 19.7%, moderate
19.7%, mild 60.6%), 62 had Glanzmann thrombasthenia
(5.0%), 28 had afibrinogenemia (2.2%), 26 had FXI defi-
ciency (2.1%; severe 30.8%, moderate 30.8%, mild 38.5%),
23 had FX deficiency (1.8%; severe 52.2%, moderate
30.4%, mild 17.4%), 19 had combined FV and FVIII defi-
ciency (1.5%), 12 had FII deficiency (1.0%; severe 66.7%,
moderate 16.7%, mild 16.7%), and 11 had Bernard-Sou-
lier syndrome (0.9%). The cohort comprised 738 male
(59%) and 513 female (41%) patients, with a mean age
of 15.9+11.6 years and a median age of 13 years (range
1-63 years). All patients with thrombosis had severe
deficiency of their respective coagulation factor, with the
exception of the patient with FVII deficiency (activity
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12%) and the patient with FII deficiency (activity 15%),
who had moderate deficiency levels.

Within this cohort, 12 patients (0.96%; 95% CI, 0.50—
1.67%) had experienced at least one thrombotic event.
Ages of thrombotic patients ranged from 3 months to
52 years; eight were female and four were male. No arte-
rial thrombotic events were observed, and one patient
experienced two thrombotic episodes. Thrombotic
events occurred in 5 of 682 patients with FXIII defi-
ciency (0.73%), 2 of 130 with FV deficiency (1.54%), 2 of
28 with afibrinogenemia (7.14%), 1 of 23 with FX defi-
ciency (4.35%), 1 of 12 with FII deficiency (8.33%), and
1 of 127 with FVII deficiency (0.79%). The proportion
of patients with thrombosis was higher in afibrinogen-
emia and FII deficiency than in FXIII deficiency; how-
ever, these observations rely on small numbers and may
not reflect true differences in risk. Deep vein thrombo-
sis (DVT) occurred in six cases (50.0%), cerebral venous
thrombosis (CVT) in five cases (41.7%), and hepatic vein
thrombosis (HVT) in one case (8.3%). Among patients
with thrombosis, comorbidities included seizure dis-
order/epilepsy in five patients and varicose veins in two
patients; the remaining patients had no recorded comor-
bidity. Pregnancy-associated DVTs occurred in three
women with FXIII deficiency, all in the second trimester.
A pregnancy-associated CVT occurred in a woman with
FV deficiency in the third trimester. In a 2-year-old child
with afibrinogenemia, hepatic vein thrombosis developed
following gastroenteritis. One CVT occurred shortly
after exposure to PCC in a patient with FX deficiency,
suggesting a possible temporal association between PCC
exposure and thrombosis in this high-risk clinical set-
ting. One patient with FXIII deficiency and varicose veins
developed DVT following surgery (Table 1).

In a sensitivity analysis excluding pregnancy-asso-
ciated events (n=4), surgery-associated events (n=1),
and the single PCC-temporally related event (n=1), the
lifetime proportion of thrombosis decreased to 0.48%
(6/1,251; 95% CI, 0.18—1.04%). Patients with FXIII defi-
ciency were receiving regular prophylactic FXIII con-
centrate (Fibrogammin®) at the time of their thrombotic
event, consistent with standard prophylaxis practice for
severe FXIII deficiency. All other patients received epi-
sodic replacement therapy administered in response to
the thrombotic event or in the context of the associated
high-risk situation rather than as scheduled prophylaxis.
Anticoagulation was initiated with low-molecular-weight
heparin (LMWH) during the acute phase, with transi-
tion to a direct oral anticoagulant (DOAC) in selected
non-pregnant adult patients, for a total duration of 3-9
months depending on the individual clinical context.
Replacement therapy was administered conservatively,
targeting minimum effective hemostatic levels while
avoiding full factor normalization, based on institutional
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protocol and available published evidence. Factor levels
were monitored using one-stage clotting assays for most
deficiencies, with the exception of FXIII activity which
was measured by chromogenic assay. Monitoring was
performed at baseline, within 30-60 min post-infusion
(peak), and at trough (immediately before the next dose),
with frequency adjusted according to clinical context and
deficiency type. Individualized targets for each deficiency
are detailed in Table 1. Short-term outcomes, including
recurrent thrombosis, major bleeding, and death, were
assessed until completion of the anticoagulation course.
All 12 patients completed their planned anticoagulation
course without interruption, achieved full clinical recov-
ery, and experienced no recurrent thrombotic events, no
major bleeding complications, and no deaths. Individual
treatment details, target hemostatic levels, and antico-
agulation regimens are summarized in Table 1.The pro-
portion of patients with thrombosis varied across RBD
subtypes and was highest in FII deficiency (1/12; 8.33%)
and afibrinogenemia (2/28; 7.14%), compared with FXIII
deficiency (5/682; 0.73%) and FVII deficiency (1/127;
0.79%). These observations should be interpreted cau-
tiously given the small numbers in several subgroups and
the absence of formal statistical comparisons. A sum-
mary of thrombotic events by RBD subtype is presented
in Table 2.

Discussion

In this large unselected cohort of 1,251 patients with
confirmed rare bleeding disorders, objectively confirmed
thrombotic events were uncommon, occurring in 12
patients (0.96%; 95% CI 0.50-1.67%). All events were
venous; no arterial thromboses were identified, consistent
with previously published reviews demonstrating a pre-
dominance of venous over arterial thrombotic events in
rare congenital bleeding disorders [7, 8]. DVT and CVT
predominated, accounting for 50% and 41.7% of events
respectively. The majority of events occurred in identi-
fiable high-risk contexts, including pregnancy, surgery,
acute infection, and exposure to PCC. In the sensitivity
analysis, exclusion of events associated with pregnancy,
surgery, or PCC exposure reduced the proportion of
patients with thrombosis from 0.96% to 0.48%. These
findings suggest that thrombosis in RBDs is rare and
predominantly associated with well-recognized general
VTE risk factors rather than with the bleeding disorder
phenotype per se. Our retrospective data cannot deter-
mine whether RBD itself or replacement therapy adds
to the thrombotic risk associated with these standard
risk factors. Prospective controlled studies are needed to
clarify this [14—17]. An important interpretive question
is whether the 0.48% thrombosis proportion remaining
after excluding major high-risk contexts is higher, lower,
or comparable to the background thrombotic risk in the
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Table 2 Proportion of patients with imaging-confirmed
thrombotic events by rare bleeding disorder subtype, with 95%
confidence intervals

RBD type Total pa- Patients Pro- 95%CI
tients (n) with por-
thrombosis tion
(%)

FXIIl deficiency 682 5 0.73% 024171
FVII deficiency 127 1 0.79% 0.02-4.32
FV deficiency 130 2 1.54% 0.19-548
FX deficiency 23 1 435% 0.11-22.0
FIl deficiency 12 1 833% 0.21-385
Afibrinogenemia 28 2 7.14% 087-235
Von Willebrand disease 131 Type 0 0% 0-2.77

1:

n=84

Type

2:

n=28

Type

3

n=19
FXI deficiency 26 0 0% 0-132
Combined FV+FVIII 19 0 0% 0-17.6
deficiency
Glanzman 62 0 0% 0-5.76
Thrombasthenia
Bernard Soulier 11 0 0% 0-285
Syndrome
Total 1251 12 096% 050-167

95% Cl: 95% confidence interval calculated using the exact binomial method.
FXIII: factor XIlI; FVII: factor VII; FV: factor V; FX: factor X; FllI: factor II; FXI: factor
XlI; VWD: von Willebrand disease. Proportions of 0% reflect the absence of
documented thrombotic events in these subgroups during the study period
and should not be interpreted as evidence of zero thrombotic risk

general population. Direct numerical comparison is not
straightforward, as our estimate is a lifetime proportion
from a retrospective cohort without uniform person-
time follow-up, whereas general population data are
typically expressed as incidence rates per 1,000 person-
years (approximately 1-2 per 1,000 person-years over-
all). A qualitative comparison suggests that the overall
thrombosis burden in our relatively young cohort does
not appear substantially higher than general popula-
tion expectations, raising the possibility that RBD status
alone, in the absence of major triggers, may not mean-
ingfully elevate thrombotic risk. However, this interpre-
tation must remain cautious: our study lacks a non-RBD
age-matched control group, which is particularly relevant
given the relatively young median age of our cohort.
Among the 6 patients without a recorded pregnancy,
surgical, or PCC-related trigger, events did not occur in
the complete absence of identifiable risk factors, 3 had
seizure disorder and 1 had varicose veins, both recog-
nized contributors to thrombotic risk [14, 15]. Whether
these conditions alone were sufficient, or whether an
RBD-related mechanism, such as dysregulated thrombin

Page 6 of 9

generation or impaired fibrinolysis, contributed inde-
pendently, cannot be determined from our retrospec-
tive data. Importantly, the triggers identified across our
cohort, pregnancy, surgery, acute infection, and replace-
ment product exposure, represent well-established VTE
risk factors in the general population and are not spe-
cific to RBDs. Whether RBD patients are inherently
more susceptible to these triggers than non-RBD indi-
viduals cannot be determined, as we lack a concurrent
control group. It is possible that underlying coagulation
imbalances lower the threshold at which standard trig-
gers produce clinically evident thrombosis; however, this
hypothesis remains speculative and is not directly test-
able from our cohort-level data. Prospective studies com-
paring RBD patients and non-RBD controls exposed to
similar high-risk contexts would be required to address
this question.

Five of the 12 patients with thrombosis had FXIII defi-
ciency, reflecting the distinctive regional epidemiology
of southeast Iran. Sistan and Baluchestan province has
the highest documented prevalence of FXIII deficiency
worldwide, driven by high rates of consanguineous mar-
riages and a founder effect attributable to the Trp187Arg
mutation (F13A ¢.562T > C). According to World Feder-
ation of Hemophilia (WFH) annual reporting data, 682 of
the 876 known FXIII-deficient patients in Iran (78%) are
followed at our center, confirming that our cohort repre-
sents the large majority of the known national FXIII-defi-
cient population rather than the national or international
RBD distribution [18].

The predominance of FXIII deficiency in our cohort,
reflecting the unique regional epidemiology of south-
eastern Iran, limits the generalizability of our overall
thrombosis proportion to other RBD populations. Cen-
ters serving predominantly VWD, FVII, or FV-deficient
patients may observe different thrombotic frequencies
and patterns. Our cohort-level estimate of 0.96% should
therefore be interpreted in the context of this specific
referral population rather than as a universal estimate
applicable to all RBD cohorts.

The published evidence on thrombosis in FXIII defi-
ciency remains largely limited to case reports. Almeida
et al. reported DVT as a complicating event during man-
agement of intracranial hemorrhage in a 3-year-old with
severe FXIII deficiency, highlighting the clinical com-
plexity of managing concurrent hemostatic and throm-
botic risk in a single patient [19]. Bounaix et al. described
recurrent VTE managed with rivaroxaban combined with
individualized FXIII replacement targeting trough levels
of 50% during loading and 30% during maintenance, with
no bleeding complications [20]. Similarly, van Vulpen et
al. reported DVT followed by pulmonary embolism (PE)
managed with apixaban alongside intensified FXIII pro-
phylaxis, supporting a case-by-case approach balancing
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anticoagulation with replacement therapy [21]. In con-
trast to these published case reports describing recurrent
VTE, the FXIlII-associated events in our cohort mostly
occurred in the presence of clear provoking factors, most
notably pregnancy [22]. Based on the observed pattern,
acknowledging the small number of events and absence
of formal statistical testing, thrombosis in FXIII defi-
ciency appeared to occur more frequently in the presence
of recognizable co-triggers rather than as an isolated phe-
notype; this observation is hypothesis-generating only
and requires confirmation in larger prospective studies
[11, 23, 24].

Beyond EXIII deficiency, afibrinogenemia represents
another RBD in which thrombosis can occur despite a
severe bleeding tendency. Most available evidence comes
from case reports, and publication bias is possible; how-
ever, reported events include both venous and arterial
thromboses and often arise in recognizable high-risk
situations or after exposure to replacement products.
Cohort and case-based literature has described venous
thromboses involving portal, renal, adrenal, and deep
veins, often in association with cryoprecipitate therapy,
surgical procedures, or trauma [25]. Mukaddam et al.
reported extensive splanchnic thrombosis in a patient
with afibrinogenemia carrying a homozygous FGB
G434D missense mutation, with potential contribut-
ing factors including the specific fibrinogen variant and
prior cryoprecipitate/FFP exposure [26]. Le Quellec et al.
described afibrinogenemia with concomitant antithrom-
bin deficiency and recurrent arterial and venous events,
underscoring how coinherited thrombophilia can fur-
ther amplify thrombotic risk in a bleeding disorder [27].
Hepatic vein thrombosis in afibrinogenemia, including
pediatric Budd-Chiari syndrome, has also been reported
[28, 29].

Mechanistically, the thrombotic paradox in afibrino-
genemia is thought to arise primarily from impaired
thrombin clearance: in the absence of fibrinogen,
thrombin generated during coagulation cannot be
incorporated into a fibrin clot and accumulates in the
circulation, potentially activating platelets and driving
further procoagulant activity. However, these mecha-
nisms are generally insufficient to cause clinically evident
thrombosis without a transient prothrombotic trigger
— such as acute infection, surgery, pregnancy, or expo-
sure to replacement products, that further amplifies the
hemostatic imbalance [30]. Our cohort finding of hepatic
vein thrombosis following gastroenteritis in an infant
with afibrinogenemia, managed successfully with LMWH
followed by a DOAC alongside conservative fibrinogen
replacement targeting 50-100 mg/dL, illustrates that
anticoagulation is feasible when replacement is carefully
titrated to the minimum effective hemostatic level, tar-
geting 50—-100 mg/dL while avoiding supraphysiological

Page 7 of 9

fibrinogen levels, consistent with published recommen-
dations for fibrinogen replacement in afibrinogenemia
[25].

Congenital FVII deficiency is primarily recognized as
a bleeding disorder, but published case reports demon-
strate that thrombosis can occur even at very low FVII
levels. Ramdass et al. described bilateral DVT and pul-
monary embolism (PE) following hip replacement sur-
gery in a patient with severe FVII deficiency (< 5%) who
received perioperative rFVIla, with no prior significant
bleeding history [31]. Singh et al. reported an apparently
unprovoked PE in a FVII-deficient patient without identi-
fiable precipitating factors or replacement therapy expo-
sure [32]. Kang et al. described a catastrophic postpartum
PE, and Shyam et al. reported thrombotic complications
in a patient with infective endocarditis and coinherited
factor V Leiden, illustrating how acute illness and throm-
bophilia can outweigh the baseline bleeding tendency
[33, 34]. In our cohort, thrombosis in FVII deficiency was
uncommon (1/127; 0.79%), occurring in a 3-month-old
infant without a clearly identified trigger. Together, these
observations suggest that thrombotic events can occur in
FVII deficiency, particularly when additional risk factors
are present, and that the baseline bleeding phenotype
should not be assumed to confer thrombotic protection.

A similar trigger-associated pattern was observed in
FV and FII deficiency. In FV deficiency, Castoldi et al.
described recurrent venous thromboses in severe FV
deficiency with markedly increased thrombin generation
and extreme APC resistance despite low FV levels, illus-
trating that FV deficiency can, in rare situations, coexist
with a net prothrombotic profile [35]. Yap et al. described
PE during pregnancy in a patient with combined FV and
FVIII deficiency, highlighting pregnancy as a strong pro-
thrombotic state even in the presence of baseline bleed-
ing risk [36]. In FII deficiency, Watson et al. reported an
unprovoked spontaneous femoral vein thrombosis in a
woman with congenital FII deficiency without identifi-
able provoking factors or replacement therapy exposure,
while Ding et al. described dysprothrombinaemia with
thrombotic episodes in pregnancy and the postpartum
period [37, 38]. In our cohort, thrombosis was uncom-
mon in both FV deficiency (2/130; 1.54%) and FII defi-
ciency (1/12; 8.33%), and events occurred predominantly
in the presence of identifiable co-triggers. These obser-
vations are hypothesis-generating only and should not
be used to support specific thromboprophylaxis recom-
mendations; prospective studies are needed to determine
whether RBD patients face meaningfully elevated throm-
botic risk during high-risk periods.

In the absence of specific guidelines for thrombo-
sis management in RBDs, the 12 patients in our cohort
were treated using a pragmatic, case-by-case approach
informed by the underlying factor deficiency, clinical
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context, and available evidence from published case
reports. Anticoagulation was initiated with LMWH dur-
ing the acute phase and transitioned to a DOAC for a
total duration of 6-9 months in selected non-pregnant
adult patients. Replacement therapy was administered
conservatively, targeting the minimum hemostatic level
required for safety rather than full factor normalization,
to avoid creating an iatrogenic prothrombotic state, with
individualized targets for each deficiency type as detailed
in Table 1. The absence of major bleeding complica-
tions supports the feasibility of this approach, although
the small number of treated patients and retrospective
design preclude any formal efficacy or safety conclusions.

Several limitations of this study warrant consideration.
First, the retrospective single-center design precludes
causal inference and true incidence rate calculation, as
standardized follow-up time was not uniformly available;
follow-up data were available only from the date of regis-
tration, meaning pre-registration thrombotic events may
not have been captured. Second, thrombotic events were
rare, limiting statistical precision and subgroup compari-
sons; wide confidence intervals for smaller subgroups
should be interpreted with caution. Third, some events
managed entirely outside our referral pathway may have
been missed, as no systematic cross-checking with exter-
nal hospitals was performed and inclusion was restricted
to imaging-confirmed events; collectively, these factors
support interpreting our estimate of 0.96% as a conser-
vative lower bound. Fourth, replacement product dosing
and timing details were not uniformly available across
all patients. Thrombophilia testing was performed in all
12 patients with thrombotic events; however, it was not
systematically performed in the non-thrombotic patient
population, which limits comparison, leaving potential
for incomplete data and limited data availability to affect
interpretation. Fifth, information on concomitant medi-
cations potentially affecting hemostasis, such as oral con-
traceptives or NSAIDs, was not systematically recorded,
representing a potential source of residual confounding;
however, none of the 12 thrombotic patients had a doc-
umented history of such use at the time of their event.
It should be noted that over-the-counter medication
use, such as NSAIDS, may not be routinely captured in
medical records, and therefore this finding should be
interpreted with caution. Sixth, as data collection relied
exclusively on documented records, recall bias was
unlikely; any residual information bias would more likely
result in underestimation of thrombotic events. Finally,
the frequency of high-risk contexts among the 1,239 non-
thrombotic patients was not systematically recorded,
preventing calculation of context-specific thrombotic
rates and limiting the strength of conclusions regarding
the role of high-risk situations in driving thrombosis in
RBDs.
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Our findings provide a useful cohort-level estimate
and a clear clinical signal: in this large unselected RBD
cohort, objectively confirmed thrombosis was uncom-
mon (0.96%) and exclusively venous, with DVT and CVT
predominating. Many events occurred in identifiable
high-risk contexts, supported by a lower estimate after
excluding pregnancy-, surgery-, and PCC-associated
events (0.48%; 95% CI 0.18—1.04%). These results demon-
strate that thrombotic events in RBDs are rare and pre-
dominantly associated with well-recognized general VTE
risk factors. While it is tempting to attribute these events
to an interaction between RBD status and precipitating
triggers, our data cannot exclude the alternative explana-
tion that standard triggers alone were sufficient and that
the RBD was coincidental. This distinction cannot be
resolved from our retrospective observational data alone,
and prospective multicenter studies with appropriate
control groups would be required to determine whether
RBD status independently modifies thrombotic risk and
to inform management approaches in this population.
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