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platelet function defect, von Willebrand disease, or a coagulation factor deficiency, can

spective data from the Vienna Bleeding Biobank and other studies have revealed a high
Handling Editor: Prof. Michael Makris proportion of BDUCs of up to 70% among patients with MBD who have a similar
bleeding phenotype as other MBDs. As BDUC is a diagnosis of exclusion, the accuracy
of the diagnostic workup is essential. For example, repeated testing for von Willebrand
disease should be considered if von Willebrand factor values are <80 IU/dL. Current
evidence does not support the clinical use of global assays such as thromboelastog-
raphy, platelet function analyzer, or thrombin generation potential. Rare and novel
bleeding disorders due to genetic variants in fibrinolytic factors or natural anticoagu-
lants are rare and should only be analyzed in patients with specific phenotypes and a
clear family history. In BDUC, blood group O was identified as a risk factor for
increased bleeding severity and bleeding risk after hemostatic challenges. Future
studies should improve the phenotypical characterization and ideally identify novel risk
factors in BDUC, as a multifactorial pathogenesis is suspected. Finally, we summarize
relevant new data on this topic presented during the 2023 International Society on

Thrombosis and Haemostasis Congress.
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1 | INTRODUCTION unknown cause (BDUCs). This new entity of bleeding disorders has
increasingly become a focus of attention among hemostasis experts
Patients in whom the most usual bleeding disorders have been during the last decade [1,2].
excluded after extensive investigation of plasmatic coagulation and In general, bleeding disorders encompass a broad clinical spec-
platelet function are classified as patients with bleeding disorders of trum. Although severe bleeding disorders often manifest in early
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childhood and are mostly diagnosed soon, there is a broad variety in
mild to moderate bleeding disorders (MBDs). Patients with MBDs
present with bleeding symptoms such as easy bruising, epistaxis,
heavy menstrual bleeding, and bleeding after hemostatic challenges.
The temporal occurrence of these symptoms and the rarity of severe
and life-threatening bleeding manifestations result in delayed diag-
nostic workup and diagnosis in adolescence or adulthood [3,4].
Common MBDs include platelet function defects (PFDs), von
Willebrand disease (VWD), or coagulation factor deficiencies (CFDs).
Nevertheless, in the last decade, the new entity of BDUC has been
acknowledged as the most common MBD [4,5]. Contrary to previous
assumptions, patients with BDUC do not differ from those with other
MBDs with regard to the bleeding phenotype and bleeding severity
[6]. Diagnosis of BDUC as a diagnosis of exclusion is cumbersome as
the comprehensive diagnostic workup requires a multistep approach

patients with MBDs and especially those with BDUC [2]. The VIBB is a
single-center cohort study, including patients aged >16 years who are
referred to our tertiary center with a nontrivial bleeding tendency and
without a previous diagnosis of a bleeding disorder [4]. Patients with
thrombocytopenia (<100 G/L), infections, malignancy, impaired liver
and kidney functions, or 6 weeks after surgery and childbirth are not
included. Since 2009, 864 patients have been included in the VIBB.
The clinical data registry and biobank provide a valuable source to
investigate underlying mechanisms and bleeding outcomes in patients
with MBDs and BDUC.

3 | DIAGNOSIS OF BDUC

that is often restricted to tertiary centers [3,7].

2 | INVESTIGATING PATIENTS WITH MBDS
AND BDUC: THE VIENNA BLEEDING

BIOBANK

The Vienna Bleeding Biobank (VIBB) was established in 2009 at the

Medical University of Vienna with the aim to better characterize

TABLE 1
Disorder
Achenbach’s syndrome [10]
Amyloidosis [11]

Angina bullosa hemorrhagica

Autoerythrocyte syndrome (also known as psychogenic
purpura and Gardner-Diamond syndrome) [12,13]

Exercise induced purpura [14]

Hereditary hemorrhagic telangiectasia [15]

Hypothyroidism [16]

Medications
Noonan syndrome [17]

Osteogenesis imperfecta [18]

Scurvy [19]

Senile purpura [20]

Skin fragility and connective tissue disorders (eg, Ehlers-
Danlos syndrome) [21]

Uremia [22]

Vasculitis (eg, Henoch-Schénlein purpura) [23]

BDUC is a diagnosis of exclusion. Consequently, a clear standardization
of the diagnostic workup of patients with MBDs is required to justify the
classification with BDUC, as previously suggested by Baker and
O’Donnell [8]. A broad variety of nonhemostatic disorders or conditions
can also result in bleeding manifestations, and it is crucial to rule out
these hereditary or acquired nonhemostatic disorders upfront, as
reviewed by Thomas et al. [9]. These conditions include hematological
disorders such as amyloidosis or hereditary hemorrhagic telangiectasia,
congenital disorders such as connective tissue disorders, as well as

endocrinological disorders such as hypothyroidism, among others [8,9].

Clinical manifestations of disorders that resemble a bleeding disorder—adapted from Thomas et al. [9].

Clinical manifestation

Paroxysmal bruising of the fingers

Cerebral, cutaneous, intracranial and gastrointestinal bleeding
Acute painful blisters in the mount

Recurrent, spontaneous, painful ecchymosis, frequently preceded by a prodrome of pain
or itching of the skin

Purpuric patches on the lower limbs after exercise

Recurrent epistaxis, gastrointestinal bleedings, hemorrhage from visceral arteriovenous
malformation (eg, cerebral and pulmonary), telangiectasia on skin and mucosal
surfaces

Often mild mucocutaneous bleeding tendency and rarely severe (eg, hemorrhages after
trauma or surgery)

Bruising and bleeding from skin and the gastrointestinal tract
Postsurgical bleeding without any coagulation or platelet function abnormality

Variety of bleeding symptoms including bruising, bleeding after interventions and
epistaxis

Malaise, lethargy, purpura, intracerebral hemorrhage, subperiosteal hemorrhage,
perifollicular hemorrhage, corkscrew hairs, poor wound healing and scorbutic gums

Scattered purpuric patches and white pseudoscars with skin atrophy

Excessive bruising but systemic manifestations of the specific condition

Bruising and hemorrhage

Purpuric rash and pulmonary hemorrhage
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Men

B 10.9% CFD

3 7.5% VWD

3 32.0% PFD

[ 50.0% BDUC
Total=147

FIGURE 1 Diagnoses according to sex in the Vienna Bleeding Biobank. Previously unpublished data from the Vienna Bleeding Biobank.
BDUC, bleeding disorder of unknown cause; CFD, coagulation factor deficiency; PFD, platelet function defect; VWD, von Willebrand disease.

A comprehensive overview of clinical conditions that may resemble a
bleeding disorder is provided in Table 1 [10-23].

According to the proposed algorithm, BDUC is diagnosed in pa-
tients with MBD, with normal routine and hemostatic test results,
including von Willebrand factor (VWF) antigen and activity, assess-
ment of platelet function by light transmission aggregometry and
platelet nucleotides, and normal factor XlIl antigen and activity and
normal levels of Fll, FV, FVII, and FX [8].

In the VIBB, patients with BDUC are diagnosed after exclusion of
VWEF, CFD, and PFD, as depicted in Figure 1. Following this algorithm,
BDUC is diagnosed in 66% of patients in the VIBB, which is in line with
other cohorts of patients with MBD from different geographic regions,
reporting BDUC in approximately 50% to 70% of all patients with
MBDs [5], as summarized in Table 2 [5,24-30].

3 | CLINICAL CHARACTERISTICS OF
PATIENTS WITH BDUC

Unpublished data from the VIBB show a female preponderance in
patients with MBD in general, but especially in BDUC, as 69% of fe-
males, but only 50% of males are diagnosed with BDUC (Figure 1). The
high prevalence (59%) of females among 167 patients with BDUC
compared to patients with other MBDs has already been described in
2007 by Quiroga et al. [31] and has consistently been reported in
other cohorts, such as by Veen et al. [33] or Agren et al. [32]. Women-
specific hemostatic challenges during lifetime including menstrual
bleeding and childbirth were made responsible for the sex-difference
in MBDs in general and BDUC in specific. Approximately a third of
patients with BDUC report a positive family history of bleeding, as

shown in the VIBB and other cohorts of patients with MBD
[31,33,34,35].

Previously, the bleeding phenotype in patients with BDUC was
considered less severe than that in patients with other bleeding disor-
ders[7]. For example, Quiroga et al.[31] (19%) and Veen et al. [33] (54%)
found less frequent abnormal bleeding scores in BDUC than in other
MBD. Nevertheless, in unpublished data from the VIBB, we found no
difference in the bleeding severity compared to other MBDs, as shown
in Figure 2. Overall, (abnormal) bleeding scores differed between
studies and showed a bad discriminatory power in the VIBB [6].

With regards to bleeding phenotype, Quiroga et al. [31] showed a
similar distribution of bleeding symptoms between patients with BDUC
and patients with another MBD diagnosis, apart from a higher preva-
lence of hematomas and major bleeding events requiring transfusion in
those with a definite MBD diagnosis. Veen et al. [33] retrospectively
analyzed patients who were referred to hemostatic investigations due
to hematomas and postsurgical bleeding and found no major difference
in these manifestations between patients with BDUC and patients with
other MBDs. In the VIBB, minor differences with higher rates of post-
invasive bleeding in CFD, heavy menstrual bleeding in VWD, and
postpartum hemorrhage in patients with PFD compared to BDUC were
observed, whereas most of the bleeding manifestations occurred with a
similar frequency (unpublished data, Figure 3).

4 | INVESTIGATING PATIENTS WITH BDUC

As based on our data, BDUC cannot be distinguished by clinical pre-
sentation and is a diagnosis of exclusion; the diagnosis is dependent on

the diagnostic accuracy of excluded diagnoses.
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TABLE 2

Study

Parkin et al. [24]
Quiroga et al. [25]
Quiroga et al. [31]
Podda et al. [26]
Gupta et al. [27]
Agren et al. [32]
Marcus et al. [28]
Tosetto et al. [29]
Veen et al. [33]
Mehic et al. [34]

Zafarani et al. [30]

BDUC, bleeding disorder of unknown cause; CFD, clotting factor deficiency;

disease.

Type of study
Prospective
Retrospective
Prospective
Prospective®
Prospective®
Prospective
Prospective
Prospective
Prospective
Prospective

Retrospective

?Platelet secretion was performed in only 107 patients.
The sum of all patients is >280 because 13 of them had concomitant diagnosis of VWD, PFD or CFD.
All test results were normal, except for 19% of 160 patients with prolonged bleeding time. Five patients had both low VWF and a PFD.
dFourteen percent of the 128 patients had laboratory abnormalities not associated with bleeding risk (lupus anticoagulant and contact phase defects).
®This study included a proportion of patients with acquired disorders of platelet function or with thrombocytopenia.
fTen of the 105 patients had laboratory findings not associated with bleeding risk (senile purpura, Rendu-Weber-Osler disease, and asymptomatic

clotting factor deficiency).

EFjve patients had both low VWF and a PFD.
"Three patients with dysfibrinogenemia.

iIncluding 4 patients with additionally possible PFD.

N
93
589
280°
128
2800
586
104
105
181
634"
397

VWD
n (%)

21 (12)8
59 (9)!
49 (25)

PFD
n (%)

17 (18)
23 (21)°
65 (23)
12 (9)

312 (11)

143 (24)
12 (12)
11 (10)
39 (22)¢

127 (20)
15 (8)

CFD
n (%)

NA
66 (11)
11 (4)
28 (22)
466 (17)
25 (4)
NA
5 (5)
5(3)
23 (4"
88 (45)

Relative frequency of diagnosis in patients with mild to moderate bleeding disorders highlighting the proportion of patients with
normal test results (bleeding disorder of unknown cause)—adapted from Quiroga et al. [5].

BDUC
n (%)

44 (47)
324 (55)
167 (60)°

63 (49)

1928 (69)
336 (57)

61 (59)

68 (65)
121 (67)
422 (67)
200 (50)

NA, not available; PFD, platelet factor deficiency; VWD, von Willebrand

iIncluding 91 with possible (pathological light transmission aggregometry [LTA] with at least 1 agonist at 1 time point) and 36 with definite (pathological
LTA with >2 agonists at >2 time points) PFD.
“Including patients with FVIII activity <50% (n = 14; 60.9%); FIX activity <50% (n = 5; 21.7%), FXI activity <60% (n = 3; 13.0%), and FXIII activity <10%

(n = 1; 4.3%).

'Including 54 patients with hemophilia and 34 patients with FVII deficiency.

ns
|
ns
20 |—|
- A
15 L] A v
@ 2 s
S = - ™
g 104 = e A
k] eyl Ty Wy
>
5+ v
h
Ty
— puvvvvvey vy
=] A v
0 1 T T 1
o o o o
27 XM &

ISTH BAT

ns
| =
25+ | ns \
20 | H A v
1 n
154 = N v
= i
@
A
= %] |3
0 0 T T T
O Q 4 Q
S & & <

Number of bleeding manifestations

ns
e
ns
T
@ | | A
8- -
==} - b 4
6 = — v
— veyey
JZTEE T
. | [T BB
—— — yvyvvyy
0 i ™ T T
(¢) Q 4 Q
S & & ¢«

FIGURE 2 Bleeding severity measured by the Vicenza bleeding score, International Society on Thrombosis and Haemostasis bleeding
assessment tool, and number of bleeding manifestation according to diagnosis in the Vienna Bleeding Biobank. Previously unpublished data
from the Vienna Bleeding Biobank. Bars represent mean and SD. BDUC, bleeding disorder of unknown cause; CFD, coagulation factor

deficiency; ns, not significant; PFD, platelet function defect; VWD, von Willebrand disease.
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FIGURE 3 Presence of bleeding symptoms according to diagnosis in the Vienna Bleeding Biobank. Previously unpublished data from the
Vienna Bleeding Biobank. BDUC, bleeding disorder of unknown cause; CFD, coagulation factor deficiency; PFD, platelet function defect; VWD,

von Willebrand disease.

The following paragraphs will shed light on some important as-
pects in the diagnostic workup of patients with MBDs and BDUC. The

following clinically relevant questions will be covered in detail:

1) Do we need repeated testing to exclude bleeding disorders?

2) Do we need global tests of primary and secondary hemostasis?

3) Which rare known bleeding disorders should be investigated in
patients with BDUC?

4) Are there known risk factors for (re)bleeding in patients with
BDUC?

4.1 | Do we need repeated testing to exclude
bleeding disorders?

The accurate diagnosis of MBDs such as VWD or PFD poses consider-
able challenges, even for specialized centers [3,7,8]. These challenges
arise from fluctuations in relevant diagnostic parameters and error-
prone laboratory methods [3,7]. In general, a confirmation of patho-
logical test results is required, for example, to diagnose CFD, PFD, and
VWD [8]. Nevertheless, there might be false normal test results, which
might require repeated testing to consequently exclude a certain
bleeding disorder. This especially holds true for VWD as levels of VWF
can increase due to various endogenous and exogenous factors [36].
In patients with bleeding, VWD is diagnosed at VWF levels <50
IU/L [37]. Consequently, patients with VWF levels >50 IU/dL will be

categorized as patients with BDUC upon exclusion of other bleeding
disorders [8]. These diagnostic criteria rely on single measurements of
VWEF levels, as, according to guidelines, repeated VWF measurements
are not mandatory for VWD diagnosis [37]. This concept of single
VWF measurements to diagnose or exclude VWD has recently been
challenged by us and others [38-41]. Our data on 277 patients with
MBD from the VIBB showed that 13% of patients had changing VWF
levels below and above the cutoff of 50 IU/dL in repeated VWF
measurements [42]. Forty-five percent of the patients who were
initially diagnosed with VWD had levels above the diagnostic cutoff in
subsequent measurements, and 11% of patients with baseline VWF
levels between 51 and 80 |U/dL fulfilled the VWD diagnostic criteria
in subsequent measurements. We have identified VWF levels of 80
IU/dL yielding a low probability of 1.2% (95% Cl, 0.3-4.9) of crossing
the diagnostic threshold, resulting in negative predictive values of
98.1% for the changing status.

Our data suggest repeated testing for VWD in patients with VWF
levels below 80 IU/dL to minimize an overlap between patients with
low VWEF levels and BDUC [43]. Our data showed that of the 63
patients who fulfilled the diagnostic VWD criteria at least once during
the study period, only 49 (77.7%) were diagnosed at the baseline visit,
whereas the other 14 patients (23.3%) were primarily diagnosed with
BDUC. Similar results were obtained in pediatric patients, as in only
70% of pediatric patients with a bleeding disorder VWD was diag-
nosed at initial testing [39]. In alignment with our results, a retro-

spective analysis of 39 adolescents with heavy menstrual bleeding
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revealed that 5 out of 16 (31%) VWD patients remained undetected in
initial VWF testing, also underlining the necessity of repeated VWD
testing [3].

4.2 | Do we need global tests of primary and
secondary hemostasis?

The role of global tests for primary and secondary hemostasis as a
diagnostic tool in MBD has been debated [3,7]. To date, global assays,
including thromboelastography on whole blood or platelet rich plasma,
platelet function analyzer (PFA-100, Dade Behring Inc) from whole
blood, and skin bleeding time as well as measurement of thrombin
generation potential both from whole blood or plasma, are not
established in clinical routine for the diagnostic workup of MBDs [3],
which is mostly based on their low sensitivity and specificity and the
paucity of scientific data in MBDs and especially BDUC [44].
Furthermore, alterations in global hemostatic tests in most cases do
not provide information on the underlying hemostatic defect and,
thus, are of limited use in the diagnostic workup of patients with
BDUC.

Most data on global assays in patients with BDUC are available
for the measurement of thrombin generation, as recently summarized
by Thomas et al. [45]. Nevertheless, those assays are poorly stan-
dardized and results are conflicting [33,46-51], which limits the gen-
eral validity of the assay in patients with BDUC. In the VIBB, reduced
thrombin potential reflected by a prolonged lag time, time to peak,
and lower peak thrombin velocity index and the endogenous thrombin
potential in BDUC has been described [47], which was partly in line
with altered thrombin generation in other BDUC patient cohorts
[48,50,51]. On the other side, in 3 studies based on 2 different
thrombin generation assays, no differences were found when
comparing patients with BDUC with healthy controls [33,46,49].

Based on current evidence, the clinical use of global hemostatic
assays to guide diagnostic steps or treatment cannot be recommended
in patients with MBDs or BDUC [3]. Nevertheless, better standard-
ized, and reproducible global assays might be interesting research
tools and potentially help to subcategorize patients with BDUC and
guide the scientific and clinical approach in the future.

4.3 | Which rare bleeding disorders should be
investigated?

The diagnostic workup for the diagnosis of BDUC encompasses
common bleeding disorders such as VWD, PFD, or CFD. Nevertheless,
rare bleeding disorders, which are not detected by routine global
coagulation tests, might not be identified if not directly investigated.
These rare bleeding disorders, among others, include disorders with
increased function of natural anticoagulants as well as hyper-
fibrinolytic disorders and cause a similar bleeding phenotype as BDUC
[52,53].

Pathological variants in 2 natural anticoagulant pathways,
thrombomodulin (TM) [54-56] and tissue factor pathway inhibitor
(TFPI) [57-59], were identified in single patients or families as the
underlying cause for a bleeding tendency [53].

TM-associated coagulopathy is caused by heterozygous variants
in the THBD gene (c.1611C > A and c.1487delCM), leading to elevated
soluble(s) TM levels [54-56]. Due to loss of the C-terminal cyto-
plasmatic domain, shedding of TM from the endothelium into the
plasma is induced. Patients had mostly postsurgical and/or post-
traumatic bleeding, but in some cases also spontaneous abdominal
bleeding was reported. Of note, coagulation screening tests such as
activated partial thromboplastin time (aPTT) and prothrombin time,
levels of clotting factors, and platelet function tests were within
normal limits, only reduced thrombin generation was found in these
patients [53]. However, investigating soluble (s) TM levels in a large
cohort from the VIBB did not reveal increased levels in BDUC or
other patients with MBD, and no association of sTM with the bleeding
phenotype or thrombin generation was identified [60].

With regards to TFPI, novel B-domain variants in exon 13 of the
FV-encoding gene (F5) resulting in FV splice variants have been
identified to cause the East Texas, FV-Amsterdam, and FV-Atlanta
bleeding disorders [57-59]. These variants lead to the activation of
the rarely used splice donor leading to the truncated form of FV (FV-
short), which prolongs the half-life of free TFPla by better binding to it
and protecting it from degradation and cleavage. Besides their clinical
bleeding manifestations, including menorrhagia, bruising, epistaxis,
and massive bleedings after trauma or surgery, patients also usually
have a prolonged aPTT and prothrombin time as well as reduced
thrombin generation [53,57,61,62]. We investigated levels of free
TFPla in more than 600 patients from the VIBB and found increased
levels in patients with BDUC or PFD that were associated with
abnormal thrombin generation, including a prolonged lag time and
time to peak [63]. Nevertheless, no relevant variants in the F5 gene
causing an increase of FV-short were identified [64], and patients did
not reach as high plasma levels of TFPI as patients with disease-
causing variants [53].

Another rare bleeding disorder caused by a natural anticoagulant
is al-antitrypsin Pittsburgh (a1-AT-P), characterized by a Met 358 to
Arg substitution in al-AT. al-Antitrypsin Pittsburgh functions as a
potent thrombin inhibitor as well as an inhibitor of the contact
pathway, resulting in a severe bleeding disorder [65,66].

Hyperfibrinolytic disorders are characterized by mucocutaneous
bleeding and prolonged bleeding after interventions and trauma
[52,67], as seen in MBDs. Genetic variants in fibrinolytic genes are
rare and have only been described in single patients and families,
including patients with a2-antiplasmin deficiency (14 homozygous and
104 heterozygous), PAI-1 deficiency (n = 26), Quebec platelet disorder
(n = 23), and tissue plasminogen activator excess (n = 4) [52].

Genetic analysis by high-throughput whole exome sequencing of
96 genes related to coagulation and platelet function within the
Thrombogenomics project has revealed a pathological genetic variant
only in approximately 3% of more than 600 patients with BDUC [64].

Also, no pathological variant of a hyperfibrinolytic disorder was



MEHIC €T AL

identified in 370 patients with BDUC from the VIBB [64] in the
analysis of SERPINE1 (PAI-1 deficiency), SERPINF2 (a2-antiplasmin
deficiency), PLAT (tissue plasminogen activator), or PLAU (Quebec
platelet disorder).

Also, recently, a novel bleeding disorder associated with tissue
factor (TF) deficiency was discovered in a woman with unexplained
bleeding. This variant in the TF encoding gene (F3) leads to an early
termination of protein translation, resulting in a shortened TF protein.
In mice experiments, this variant led to decreased TF production
resulting in reduced hemostatic capacity [68].

As these above-described bleeding disorders due to alterations of
natural anticoagulants, TF, or fibrinolytic factors are very rare, their
investigation in our opinion might be limited to selected patients with
an impressive family history and a specific bleeding phenotype.

Identifying which patients with BDUC should undergo extensive
testing remains a challenging issue, and currently, no clear guidelines
exist for selecting patients and laboratory tests. While recognizing the
practical and financial challenges surrounding extensive testing for
rare bleeding disorders in BDUC, it is essential to emphasize the
current limitations in the management of patients with BDUC, who
have a substantial risk of recurrent bleeding episodes and no
personalized treatment options. In our opinion, these gaps in clinical
patient care encourage further investigations of patients with BDUC,
which might be limited to specialized tertiary care centers, and un-
derscore the need for ongoing research and collaborative efforts in
this field.

44 | What are the risk factors for (recurrent)
bleeding?

Considering the varying bleeding phenotype in MBDs, a multifactorial
combination of mild bleeding risk factors resulting in the clinical
bleeding tendency has been hypothesized.

ABO blood type has been acknowledged to play a role in both
thrombosis and hemostasis [69,70]. Blood type non-O has been
identified as an independent risk factor for venous thromboembolism
in large epidemiological studies [69,71]. On the other side, blood type
O was found to be overrepresented in bleeding patients [70] and is
associated with lower VWF levels [72]. Also, in 422 patients with
BDUC from the VIBB, blood group O was overrepresented compared
to 23,145 healthy blood donors from the same geographic region
(47% vs 38%; odds ratio, 1.48; 95% Cl, 1.22-1.79) [34]. We also found
that blood group O was associated with higher bleeding scores and
number of bleeding manifestations in BDUC, even after adjustment
for VWEF levels, FVIII levels, and sex. Also, oral cavity bleeding was
more prevalent in patients with blood group O than in those with
other blood types, which was again independent of VWF levels, FVIII
levels, and sex, whereas other bleeding symptoms did not differ. In the
same study, we found that blood group O was associated with
increased clot density measured by rotational thromboelastometry
(ROTEM) and turbidimetric measurement of plasma clot formation

[34], which might reflect an altered clot composition but the exact
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underlying mechanisms of ABO blood type as hemostatic modifier
remains unclear.

Patients with MBDs and BDUC have a high risk for recurrent
bleeding for most bleeding symptoms, as recently identified by our
group [35]. In a retrospective Dutch study, an increased risk of
bleeding after surgery and childbirth was also identified in both pa-
tients with MBD and those with BDUC [73], which is in line with data
from the VIBB [35]. Also, Castle et al. [74] reported a high risk of
postpartum hemorrhage in patients with BDUC, which was even
higher than that in the study from our group [35].

In multivariable analysis, we identified a higher bleeding score at
baseline and longer follow-up time as independent risk factors for
bleeding during follow-up. For bleeding after hemostatic challenges,
blood group O, previous postsurgical bleeding, and having an estab-
lished diagnosis of an MBD, including VWD, PFD, and CFD, were
associated with increased bleeding risk [35].

5 | CONCLUSION

BDUC is a diagnosis of exclusion after extensive laboratory workup,
and patients cannot be distinguished from those with MBD by the
clinical phenotype. Repeated testing might be necessary for some
parameters such as VWF in order not to omit an established MBD
such as VWD. Global hemostatic tests in MBD or patients with BDUC
are currently not included in the clinical workup and their role needs
to be further elucidated. Rare known coagulation disorders are indeed
very rare and thus targeted investigations might be limited to selected
patients with BDUC. Patients with BDUC are at risk for recurrent
bleeding, especially after hemostatic challenges, and some risk factors,
such as blood group O, previous postsurgical bleeding, or a high
bleeding score, might help in predicting bleeding risk at future
interventions.

6 | INTERNATIONAL SOCIETY ON
THROMBOSIS AND HAEMOSTASIS 2023
CONGRESS REPORT

Besides the State of the Art lecture by Prof Johanna Gebhart, also
novel data regarding patients with BDUC were also presented at the
International Society on Thrombosis and Haemostasis 2023 Congress.
Our group (Mehic et al, PB 1206 [75]) investigated fluorogenic
plasmin generation (PG) in 367 patients with BDUC and compared it
to that in 100 healthy controls. We found an impaired PG potential
reflected by lower plasmin peak in patients with BDUC, while there
was no robust association with bleeding severity or symptoms.
Overall, the PG assay showed a good ability to distinguish BDUC from
healthy controls, but the underlying mechanism for a counterintuitive
reduced PG potential remained unclear.

Baby et al. (PB0553) [76] investigated RICOF, ROTEM, and aPTT
clot wave form analysis (CWA) in 72 patients with BDUC. There were
no differences for RICOF and ROTEM parameters, while CWA
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showed significant prolongation of the maximum peak of the second
derivative in patients with BDUC compared to healthy controls,
though all CWA parameters were within the normal range.
Berkowitz et al. (PB1376) [77] retrospectively investigated peri-
procedural hemostatic prophylaxis (with antifibrinolytics, desmo-
pressin, platelets, and/or cryoprecipitate) and bleeding outcomes in
patients with BDUC. Overall, 77 surgical procedures (51 minor and 26
major) in a total of 70 patients with BDUC with a mean age of 44 and
mean bleeding score of 9.4 were analyzed. The authors identified that
in 25% of all procedures, no hemostatic prophylaxis was applied and
that major or clinically relevant minor bleeding occurred in 5.4% (3/
56) of procedures with prophylaxis and 10.5% (2/19) of procedures
without prophylaxis. Albeit all deliveries received hemostatic treat-
ment, postpartum hemorrhage still occurred in 40% (2/5) of deliveries.

7 | FUTURE DIRECTIONS

The awareness of BDUC as a nontrivial bleeding disorder has
increased over the last decade [1] due to the relevant bleeding risk
and high burden of disease in patients with BDUC [35,73,74,78].
Nevertheless, a standardized approach and consensus for the diag-
nostic workup and (prophylactic) treatment of patients with BDUC is
urgently needed. International and collaborative initiatives on patients
with BDUC from distinct regions and ethnic/race backgrounds are
required to characterize these patients more comprehensively and
ideally cluster them according to their phenotype. Research endeavors
should focus on revealing novel pathophysiologically relevant hemo-
static mechanisms as causes for BDUC. As in a proportion of patients
with BDUC, a multifactorial cause for the bleeding phenotype is sus-
pected, and novel risk factors and their effects on the hemostatic
balance, such as the role of blood group O, should be addressed.
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