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Introduction

Patients with an unexplained mild to moderate bleeding tendency are diagnosed with
bleeding disorder of unknown cause (BDUC), a classification reached after ruling out
other mild to moderate bleeding disorders (MBD) including von Willebrand disease
(VWD), platelet function defects (PFDs), coagulation factor deficiencies (CFDs), and
non-hemostatic causes for bleeding. This review outlines our diagnostic approach to
BDUCG, a diagnosis of exclusion, drawing on current guidelines and insights from the
Vienna Bleeding Biobank (VIBB). According to guidelines, we diagnose VWD based on
VWF antigen and/or activity levels <50 1U/dL, with repeated VWF testing if VWF levels
are <801U/dL. This has been introduced in our clinical routine after our findings of
diagnostically relevant fluctuations of VWF levels in a high proportion of MBD patients.
PFDs are identified through repeated abnormalities in light transmission aggregometry
(LTA), flow cytometric mepacrine fluorescence, and glycoprotein expression analysis.
Nevertheless, we experience diagnostic challenges with regard to reproducibility and
unspecific alterations of LTA. For factor (F) VIII and FIX deficiency, a cutoff of 50% is
utilized to ensure detection of mild hemophilia A or B. We apply established cutoffs for
other rare CFD being aware that these do not clearly reflect the causal role of the
bleeding tendency. Investigations into very rare bleeding disorders due to hyper-
fibrinolysis or increase in natural anticoagulants are limited to cases with a notable
family history or distinct bleeding phenotypes considering cost-effectiveness. While
the pathogenesis of BDUC remains unknown, further explorations of this intriguing
area may reveal new mechanisms and therapeutic targets.

Bleeding assessment tools such as the ISTH-BAT or the
Vicenza bleeding score can assist in the systematic assess-

Mild to moderate bleeding disorders (MBDs) encompass a
broad spectrum of mild bleeding symptoms, ranging from
mucocutaneous bleeding, including epistaxis, easy bruising,
hematomas, and heavy menstrual bleeding, to moderate (or
even sever) hemorrhagic events following surgical proce-
dures, tooth extractions, or childbirth."? Distinguishing
between clinically significant and trivial bleeding is essential
before performing a comprehensive laboratory assessment.'
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ment of the bleeding severity and documentation of all
relevant bleeding symptoms.>-

In up to 60% of all patients with MBD, no underlying cause
can be identified, despite exhaustive investigations of plas-
matic coagulation and platelet function.?> These patients are
categorized with bleeding disorder of unknown cause
(BDUC).® BDUC patients exhibit a bleeding phenotype and
severity indistinguishable from those with well-defined mild
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bleeding disorders, such as mild von Willebrand disease
(VWD), mild platelet function defects (PFDs), or mild coagu-
lation factor deficiencies (CFDs).”"® Furthermore, impaired
hemostatic capacity reflected by reduced thrombin genera-
tion potential and/or abnormal plasma clot formation and
lysis support the diagnosis of BDUC as a separate entity of
MBDs.%" 11

Patients with MBDs, particularly those with BDUC, face a
risk of recurrent bleeding, as demonstrated by prospective
data from the Vienna Bleeding Biobank (VIBB) and other
research cohorts.'?"' In fact, a majority of BDUC patients
have persistent mild bleeding symptoms, including epistaxis
and easy bruising, alongside an elevated risk for more severe
bleeding events following surgery, tooth extraction, or dur-
ing postpartum hemorrhage (PPH). While prophylactic
treatments involving desmopressin (DDAVP) and/or tranexa-
mic acid (TXA) have shown some efficacy in reducing bleed-
ing complications, a substantial cohort of patients continues
to experience bleeding episodes.®'> Moreover, these
patients contend with adverse effects on their health-related
quality of life, affecting both physical and mental well-
being.'® Overall, clinical and translational data in the last
decade have demonstrated the relevance of BDUC as a
distinct bleeding disorder and therefore the need for identi-
fying and registering these patients.'®

In this review, we endeavor to provide a comprehensive
summary of the current diagnostic protocols for MBDs
within the VIBB, with the primary objective of enhancing
the ability to diagnose BDUC patients accurately. We will
place particular emphasis on the significance of repetitive
and comprehensive testing for VWD and PFD and our diag-
nostic approach when investigating mild CFD.

The Vienna Bleeding Biobank: Study Cohort,
Phenotype, and Diagnoses

The VIBB represents a single-center cohort study conducted
at the Clinical Division of Hematology and Hemostaseology
of the Medical University of Vienna.”'’” Patients aged
16 years and older without a previously diagnosed bleeding
disorder, who are referred to our hemostasis outpatient
clinic for a diagnostic work-up of their non-trivial bleeding
tendency, are included based on the judgment of experi-
enced hemostasis experts. While bleeding scores, such as the
ISTH BAT or Vicenza bleeding score, are recommended for the
clinical evaluation of the bleeding phenotype and are rou-
tinely conducted in all patients within the VIBB, we refrain
from employing the suggested pathological cutoffs for pa-
tient inclusion. This decision is rooted in our previously
published data, which revealed a low ability of bleeding
scores to discriminate between BDUC and other MBDs.’
Additionally, bleeding scores tend to be increased with
advancing age, attributable to an increased incidence of
hemostatic challenges such as surgical procedures. Patients
with a previous MBD diagnosis are not included. The selec-
tion process is guided by strict exclusion criteria, which
encompass active pregnancy; ongoing malignancy; recent
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surgical procedures within the preceding 6 weeks; bacterial
infections within the last 2 weeks; continuous therapy
involving anticoagulant, antiplatelet, or anti-inflammatory
medications over the past 10 days; thrombocytopenia with a
count below 100 x 10°/L; and impaired liver as well as kidney
functions. The study was approved by the Ethics Committee
of the Medical University of Vienna (EC No 603/2009),
according to the Declaration of Helsinki.

Over the course of more than a decade, the VIBB has
successfully enrolled an impressive cohort of over 900
patients with MBDs. The median (interquartile range) age
of our patients (n=912) is 38 (28, 52) years. Patients from
the VIBB are predominantly female, which might be due to
women-specific hemostatic challenges during lifetime in-
cluding menstrual bleeding and childbirth. Patients with
MBDs usually present with symptoms such as hematomas,
easy bruising, epistaxis, and minor wound bleeding. More-
over, many individuals experience bleeding episodes follow-
ing surgical procedures, tooth extractions, and PPH. Among
female patients, approximately two-thirds present with
heavy menstrual bleeding.>% '8

Around 64% of patients from the VIBB are classified with
BDUC, followed by definite/possible PFD, VWD, and CFD
(=Fig. 1; unpublished data by Mehic et al. 2023). Within
the CFD category, a majority exhibit factor (F) VIII deficiency
(activity <50%; n=16; 57%), followed by FIX deficiency
(activity <50%; n=38; 29%), FXI deficiency (activity <60%;
n=3; 11%), and FXIII deficiency (activity <10%; n=1; 3%).
The median (interquartile range) age of our patients is 38
(28,52) years. There is also a distinctive gender disparity, as
69% of all women are classified with BDUC, whereas among
men, the diagnosis of BDUC stands at 50%.

Diagnostic Approach within the VIBB

A standardized and extensive diagnostic work-up to diagnose
patients with BDUC has been previously described by Ross
Baker and James O’Donnell as well as for MBD by Rodeghiero
et al."® Given that BDUC is a diagnosis of exclusion, the
precision of evaluating other MBDs such as VWD, PFD, or
CFD holds paramount importance.6 Despite routine diagnostic
procedures and available recommendations and guidelines,
certain questions remain unresolved. Among others, these
include the relevance of repeated testing, the establishment
of relevant cutoff values (e.g., for VWD or CFD) as well as the
interpretation of abnormalities in platelet function tests of
unknown clinical significance. Additionally, consideration
must be given to the possibility of rare bleeding disorders
attributed to hyperfibrinolysis or heightened levels of natural
anticoagulants in specific patient populations.w'20

Within the VIBB, our diagnostic approach combines evi-
dence-based principles with practicality. While we adhere to
current guidelines and draw from published data in litera-
ture, certain analyses, particularly for PFD, necessitate a
pragmatic perspective. This approach factors in resource
availability, technical constraints, and the patient’s willing-
ness for follow-up visits.
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Women B 1.5% CFD EH 0.4% Other

3 9.6% VWD

3 19.5% PFD

[ 68.9% BDUC

Total=759
Men B 10.9% CFD

=3 7.5% VWD

[ 50.0% BDUC
Total=153

Fig.1 Diagnosesin all patients and according to sex in the Vienna Bleeding Biobank. Previously unpublished data from the VIBB. BDUC, bleeding
disorder of unknown cause; PFD, platelet function defects; VWD, von Willebrand disease; CFD, coagulation factor deficiency.

Our diagnostic criteria, depicted in = Fig. 2, are elaborated
upon in the subsequent sections, providing a comprehensive
framework for our assessments.

von Willebrand Disease
When evaluating VWD, a thorough clinical and laboratory
assessment is indispensable.?’ The latest guidelines recom-
mend the measurement of von Willebrand factor antigen
(VWF:Ag), von Willebrand factor activity (VWF:Act), and
factor VIII activity. To ensure precise diagnostics, functional
assays like VWF:GP1bM instead of VWF:RCo assays are
recommended for measuring VWF:Act.?'23 As extensively
discussed in the current VWD diagnostic guidelines,?! these
assays exhibit lower coefficients of variations, enhanced
reproducibility,?*~27 and are unaffected by specific genetic
polymorphisms.?>28 By applying these assessments, VWD
can be categorized into three distinct subtypes.21 23 Accurate
categorization into VWD subtypes is of importance due to
variations in inheritance patterns and tailored therapeutic
approaches.?? Quantitative deficiencies manifest when VWF
levels are reduced (<501U/dL), and the VWF:Act/VWF:Ag
ratio exceeds 0.7 (VWD type 1). Patients with a severe
quantitative VWF deficiency and VWF levels <31U/dL are
classified as type 3. If the VWF:Act/VWF:Ag ratio is below 0.7,
a qualitative defect (VWD type 2) is suspected.?3

The diagnosis of VWD can be complicated by factors
leading to elevated VWF levels.?° These confounding factors
should be avoided during VWD investigations whenever

possible or considered at interpretation of results.?! High
estrogen levels during pregnancy or hormonal contracep-
tives, and hormone replacement therapy, such as in the
postmenopausal phase, are known to elevate VWF levels.
Thus, diagnostic assessments should ideally occur during
periods of normal estrogen levels (e.g., post-pregnancy).
While the influence of cycle-dependent estrogen levels is
considered minor, it should be taken into account when
values are near the diagnostic threshold. VWF is an acute-
phase protein, its levels increase during inflammatory pro-
cesses or trauma. In cases of suspected inflammation, mea-
suring Creactive protein (CRP) levels is advisable. With
advancing age, VWF levels tend to rise in both healthy
individuals and patients with known VWD type 1.3%31 An
association between higher VWF and various conditions,
including atherosclerosis, neoplasms, or liver diseases, is
also well known.>? Physical activity, stress, or smoking can
also elevate VWF levels, and these factors should also be
considered in the diagnostic process.?®

Blood group O, on the other hand, is linked to reduced
VWEF levels both in healthy persons and patients with VWD
type 1.3334 Our research has also unveiled a VWF-indepen-
dent influence of blood group O on bleeding severity in
patients with BDUC.®'® While determining ABO blood
groups is recommended in bleeding patients® it no longer
plays a role in VWD diagnosis.?!

In general, VWF measurements have a large intra- and
inter-individual variability,35 and many pre-analytical
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[ Exclusion of non-hemostatic causes for a bleeding tendency* ]
]
[ Diagnostic work-up of patients with mild to moderate bleeding tendency (Vienna Bleeding Biobank) ]

Coagulation factor deficiencies

,
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APTT PT
\.

FVIII: <50 %
— ]
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VWF:Rco (or
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FIX: : 50 %
FXIII: <30 %
Fibrinogen:
<100 mg/dL.

Von Willebrand disease

Platelet function defects

Glycoprotein expression:
CD41 («lIB integrin, GPIIb),
CD61 (B3 integrin, GPllla),
CD42a (GPIX), CD42b
(GPIb-a), CD36
(Thrombospondin-receptor,
GPIV), GPVI (Collagen-
receptor)

Flow cytometric

l FVIII<VWF |

Genetic

for exclusion of platelet
dense granule deficiency

VWF:RCo (or
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aggregometry (LTA) in PRP|

FVIIl deficiency
(Hemophilia A)
FIX deficiency

= e /\

P (5 uM)
Arachldonlc acid (1.6 mM)
CRP-Collagen (10 pg/ml) ¥
Epinephrine (5.5 pM)
Ristocetin (1.2 mg/ml)
Ristocetin (0.7 mg/mit

Abnormal VWF

Multimer (or
VWF:CB/Ag ratio

Fll: <10%
FV:<10%

FV and VIl combined:
<40%

FX: <40%

Normal VWF
Multimer (or
VWEF:CB/Ag ratio

Pathological LTA with = 1 agonist:
possible PFD

Genetic analysis
[ andlor RIPA ][ YWD Type 24 ]

FVII deficiency

Repeated LTA testing
No pathology in the repeated LTA: re-categorized as BDUC patient

VS
EEE=s

FV deficiency Reproducible pathology with 1 agonist (e.g. epinephrine): possible PFD
C i FVand FVIlI ’ . q s o
FX deficiency Pathology with 2 2 agonists (at 2 2 time points): definite PFD
[ No pathological findings found in laboratory analysis: Bleeding disorder of unknown cause (BDUC) ]
[ Consider investigating for rare bleeding disorders and hyperfibrinolysisT ]

Fig. 2 Diagnostic work-up of patients with a bleeding tendency within the Vienna Bleeding Biobank. ADP, adenosine diphosphate; APTT,
activated partial thromboplastin time; CD, cluster of differentiation; FV, factor V activity; FVIII, factor VIII activity; FVIX, factor IX activity; FX,
factor X activity; FXI, factor Xl activity; FXIII, factor Xlll activity; GP, glycoprotein; PFD, platelet function defect; PT, prothrombin time; VWD, von
Willebrand disease; VWF:Ag, von Willebrand factor antigen; VWF:Act, von Willebrand factor activity. ‘Including but not limited to Achenbach’s
syndrome, amyloidosis, angina bullosa hemorrhagica, auto-erythrocyte syndrome (also known as psychogenic purpura and Gardner-Diamond
syndrome), exercise-induced purpura, hereditary hemorrhagic telangiectasia, hypothyroidism, medications, Noonan syndrome, osteogenesis
imperfecta, scurvy, senile purpura, skin fragility and connective tissue disorders (e.g., Ehlers-Danlos syndrome), uremia, vasculitis (e.g., Henoch-
Schénlein purpura). /Citrated blood was centrifuged at 150 x g for 10 minutes at room temperature to produce platelet-rich plasma (PRP). ¥CRP-
XL (0.04 pg/mL, generous gift from Dr. R. W. Farndale, Department of Biochemistry, University of Cambridge, Cambridge, UK). TRIPA at

0.7 mg/mL to identify potential PT-VWD. TEuglobulin clot lysis time, levels of fibrinolytic factors (e.g., PAI-1, alpha-2-antiplasmin, tissue
plasminogen activator). ‘Including but not limited to Achenbach’s syndrome, amyloidosis, angina bullosa hemorrhagica, autoerythrocyte
syndrome (also known as psychogenic purpura and Gardner-Diamond syndrome), exercise-induced purpura, hereditary hemorrhagic
telangiectasia, hypothyroidism, medications, Noonan syndrome, osteogenesis imperfecta, scurvy, senile purpura, skin fragility and connective
tissue disorders (e.g., Ehlers-Danlos syndrome), uremia, vasculitis (e.g., Henoch-Schonlein purpura).

factors including time for sample transportation as well as
temperature variation may influence VWF assays.36 Accord-
ing to current guidelines,?’ VWD is typically ruled out when
VWF:Ag and/or VWF:Act values exceed 50IU/dL, provided
that factors contributing to elevated VWF levels have been
thoroughly investigated. However, in our study from the
VIBB involving 277 patients with repeated VWF measure-
ments, 13% of patients exhibited fluctuating VWF levels both
below and above the 501U/dL diagnostic cutoff.>” Notably,
around 77% of patients with VWD fulfilled the diagnostic
criteria at study inclusion, while 23% fulfilled the criteria at
later visits. Similar patterns were observed in pediatric
patients with bleeding symptoms, where VWD was initially
diagnosed in only 70% of all assessed cases.>® Brown et al
demonstrated the need for repeated VWF measurements in
adolescents with heavy menstrual bleeding, as only 70% of
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patients with VWD were identified during the acute bleeding
situation.3®

In our investigation, we found that VWF levels of 80 IU/dL
represented a viable threshold, with a mere 1.2% probability
(95% confidence interval, 0.3-4.9) of falling below the
diagnostic threshold in repeated testing.>’ Consequently,
this threshold yielded negative predictive values of 98.1%
for crossing the threshold of 50 IU/dL. These results suggest
that conducting repeated VWF:Ag and VWF:Act assays only
in individuals with VWF:Ag and/or VWF:Act levels below
80IU/dL could be a valuable strategy to reduce overlap
between patients with low VWF levels and those with
BDUC.

Within our VIBB study, patients with platelet counts
below 100 x 10%/L and possible VWD type 2B or hereditary
thrombocytopenia are not included.
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Our approach: For all included patients in the VIBB, we
perform VWF:Ag and for VWF:Act, both VWF:GP1bM and
VWEF:RCo, assays as well as specific analyses (e.g., multimeric
analysis, genetic testing) for subtype categorization, accord-
ing to current guidelines.?’ We also aim to perform genetic
testing in all patients, regardless of subtype. This is particu-
larly of importance for the identification of type 2N or 2B,
where DDAVP treatment is contraindicated. We also ac-
knowledge that genetic testing of all patients with VWD,
who sometimes fluctuate between type 1 and type 2 VWD
due to high coefficients of variations, might not be feasible in
all centers. We perform ristocetin-induced platelet aggrega-
tion (RIPA) at 0.7 mg/mL to identify potential PT-VWD in
addition to genetic testing of VWF, while currently RIPA
mixing studies are not being performed.*®=4? Notably, PT-
VWD is very rare, and no cases were identified in our exome
sequencing of over 600 patients from the VIBB.*> Further-
more, recently we established the re-testing of VWF:Ag and
VWEF:Act levels at least once for patients with VWF levels
below 80IU/dL at study inclusion to enhance diagnostic
accuracy.

Platelet Function Defects
Patients affected by PFD typically present with mucocutane-
ous bleeding including heavy menstrual bleeding and post-
surgical bleeding or PPH.**~46 There is often a positive family
history for a bleeding tendency and a detailed medical
history with focus of potential syndromic features (e.g., facial
dysmorphia, skeletal abnormalities) is essential.*’ Underly-
ing mechanisms of PFD are remarkably diverse including
dysfunctional glycoprotein receptors, defects in the signal
cascade, cytoskeletal alterations, deficiencies of alpha/delta
granules, and their contents as well as their release, resulting
in an impaired platelet aggregation, reactivity, and granule
degranulation.44’46‘48

PFD diagnosis poses challenges and is primarily limited to
specialized centers with the necessary resources and exper-
tise, given the need for on-site investigations of platelets and
unavailability of sensitive global assays for PFD.**4° While
severe non-syndromal PFDs like Glanzmann thrombasthenia
(deficiency of GPIIb/Illa receptors) and Bernard-Soulier syn-
drome (deficiency of the GPIb-V-IX complex) can be
straightforwardly identified and have been extensively stud-
ied, milder PFDs present diagnostic complexities, even for
experienced centers. In the last two decades, investigations
have identified other syndromes such as the Gray platelet
syndrome, which is accompanied by deficiency of alpha
granules.”®

The Platelet Physiology SSC of the ISTH has proposed a
structured evaluation approach for suspected PFD.®>! In
short, light transmission aggregometry (LTA), using epineph-
rine, adenosine diphosphate (ADP), collagen, arachidonic
acid (AA), and ristocetin as agonists, is recommended, in
accordance with recent ISTH guidelines for LTA,>! assess-
ment of platelet granule release, and the analysis of major
surface glycoproteins on resting platelets as well as GPIIb/Illa
activation epitope on activated platelets by flow cytometry
should also be performed, in accordance with the SSC guide-
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lines. In the second step approaches, LTA with an expanded
agonist panel and flow cytometry with additional antibodies
for glycoprotein expression should be performed. Further-
more, the measurements of serum TxB2 (e.g., with ELISA or
radioimmunoassay) and transmission electron microscopy
are suggested. More specifically, absence or marked reduc-
tion of a-granules in platelets as seen in Gray platelet
syndrome can be identified by electronic microscopy, which
also has a better sensitivity for identifying dense granule
deficiency.”?~>* Delta storage pool disease can be investigat-
ed using a laboratory-developed mepacrine fluorescence
test,”>>® as van Asten et al could show good discriminative
power of this test.>’ However, many these recommended
laboratory methods lack standardization and pose technical
challenges. In cases where PFD is still suspected, biochemical
and molecular genetic studies are recommended. Up to 80
genes have been suspected to be involved in PFD, but for
many a definitive evidence is still lacking.*’>® Due to the
considerable heterogeneity of PFD, often with unidentified
causative genes, genetic panel testing often yields negative
results.”® Some genetic abnormalities are also associated
with predisposition for developing a malignant disease such
as leukemia, which must always been considered before
genetic testing.so A comprehensive state-of-the-art review
on genetic testing for PFD has recently been published by
Gebetsberger et al.’ Interestingly, high-throughput whole
exome sequencing data of 96 genes, including 39 genes
related to platelet disorders, in 430 MBD patients (including
patients from the VIBB) revealed a genetic variant only in
around 26%.43

PFA-100 is not recommended as a screening test for PFD
patients,*® due to its low prevalence of prolonged closure
times in comparison to healthy controls.*>*'-®> In line, in the
VIBB, 25% of all PFD patients did not show prolonged closure
times with either PFA-100 with epinephrine or with ADP.%®

In our center, we perform LTA, flow cytometric mepacrine
fluorescence, and glycoprotein expression analysis (~Fig. 2),
but currently are unable to measure TXB2 and to perform
electron microscopy. Our experience from the VIBB highlights
that in most patients with MBDs, PFD diagnosis via pathologi-
cal LTA, defined by abnormal aggregation in response to
distinct agonists (according to the manufacturer Bio-Data,
Horsham, Pennsylvania, United States), lacks specificity, mak-
ing it difficult to characterize the underlying defect. Very
recently, new agonist concentrations for LTA have been pro-
posed based on data from an international ISTH-led validation
study involving 28 laboratories for the agonists ADP (2 umol/L)
and epinephrine (25 umol/L).%” These recommendations have
not yet been implemented in our current approach
(see =Fig. 2). Another limitation is that currently we do not
measure COAT platelets in our patients.®®

Furthermore, potentially pathological findings in LTA are
of unknown clinical significance. Nevertheless, LTA is the
gold standard for analyzing patients with MBD for potential
PFD and should be offered by every center.*® On the other
hand, abnormalities of glycoprotein expression or mepacrine
fluorescence are extremely rare in MBDs, based on our
experience.
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Nonetheless, uncovering the root cause of PFD can provide
valuable insights for targeted treatments.®® While it is
advisable to refer patients to hemostasis experts and spe-
cialized care centers, given that their expertise and resources
markedly augment patient care and management, it is
noteworthy to acknowledge that, in a substantial proportion
of cases, a definitive PFD remains elusive.446°

Our approach: In the VIBB, all patients with pathologies in
LTA at study inclusion, also including patients with abnormal
aggregation upon stimulation with epinephrine only, are
invited for a second investigation. Following this algorithm
as shown in = Fig. 2, patients are categorized as patients with
possible or definite PFD or revised as BDUC patient as
follows:

* No pathology in the repeated LTA: re-categorized as BDUC
patient.

* Reproducible pathology with 1 agonist (e.g., epineph-
rine): possible PFD.

» Pathology with >2 agonists: definite PFD.

Furthermore, we perform flow cytometric mepacrine
fluorescence for exclusion of dense granules deficiency and
glycoprotein expression analysis of CD41 (alIf integrin,
GPIIb), CD61 (B3 integrin, GPIlla), CD42a (GPIX), CD42b
(GPIb-a), CD36 (thrombospondin receptor, GPIV), and GPVI
(collagen receptor); we also aim to assess activated GPIIb/Illa
and P-selectin in all patients. Albeit not recommended, we
also perform PFA-100 measurements in all patients for
research purposes.

Coagulation Factor Deficiencies

Deficiencies of coagulation factors are rare disorders and, if
severe such as severe hemophilia, in most patients diagnosed
during childhood.”® Only patients with a less severe bleeding
phenotype, such as mild hemophilia A or B or factor (F) II, V,
VII, X, XI, or XIII deficiency, are often diagnosed either
because one of the global tests is abnormal or because of a
bleeding tendency during adolescence and adulthood.

The diagnosis of hemophilia is based on the consensus of
the SSC that patients who have a FVIII or FIX levels of <40%
are defined as having hemophilia. As in certain situations,
and in some patients, the level could also be >40%; thus, we
have decided to set our cutoff at 50% for diagnosing a FVIII or
FIX deficiency. This approach is supported by Rejté etal’' ina
cohort of patients who were diagnosed with hemophilia
because of a baseline FVIII level below 40%, but were later
found to have higher levels. As described in Gebhart et al,” in
most patients with hemophilia A or B we could identify the
underlying mutation in the F8 or F9 encoding gene.

Setting the cutoffs for the diagnosis of deficiency in factors
11, V, VII, X, XI, and XIII is even more complicated, as there is
no clear cutoff for a factor level that will lead to bleeding
manifestations. Moreover, these patients are heterogeneous,
and in many of those very rare clotting factor deficiencies,
the clinical bleeding tendency is not associated with the
coagulant activity of the various clotting factors.”%73

Hypofibrinogenemia is defined at fibrinogen levels <100
mg/dL. We defined patients who had levels of factors Il or V

Hamostaseologie  Vol. 44 No. 4/2024 © 2024. Thieme. All rights reserved.

<10% and factors VII <20%, respectively, as deficient.”?73
With regard to FXI deficiency, we set the lower margin at 60%,
according to Gomez and Bolton-Maggs,”* who observed
bleeding manifestations in patients with partial FXI deficien-
cy of up to 60% and even higher. In a most recent publication,
Reitsma et al’> found tissue factor pathway inhibitor (TFPI) as
a potential modifier of bleeding risk in FXI deficiency. There
is the specific experience from studies on FXI inhibitors as
novel anticoagulants that even in patients with EXI levels of
<10%, no increased risk of bleeding was observed.”® With
regard to FXIII deficiency, we set the cutoff at <30%.”2

Setting cutoffs for a clinically relevant change in labora-
tory levels is very difficult in those rare bleeding disorders.
We can never prove that a certain alteration in a laboratory
value causes the bleeding tendency; in some cases this might
merely be a coincidental finding, and the patient might have
a BDUC. We hope that, through performing prospective
observational studies and family studies, we will come closer
to the clinical relevance of those rare factor deficiencies and
to better identify this at risk of bleeding.

Impairment of thrombin generation in BDUC patients has
been demonstrated in previous studies conducted by our
team.” However, the outcomes in other studies appeared
inconclusive, contingent on the assay employed and the
specific cohort under analysis, as outlined by Thomas
etal.Itis noteworthy that Baker and O’'Donnell recommend
utilizing thrombin generation as a research tool rather than a
means to identify BDUC patients, based on these findings.®

Our approach: We measure FVIII and FIX levels in all
patients independent of results in global assays, in order
not to miss mild deficiencies.”" For the diagnosis of FVIIl and
FIX deficiency, we use a cutoff of 50%, so as not to miss
patients with hemophilia A or hemophilia B. Each patient
with a FVIII or FIX <50% has a repeated investigation and
genetic analysis of the FVIII or FIX gene. With regard to the
other rare factor deficiencies, we measure only those levels
based on results in prothrombin time (PT) and activated
partial thromboplastin time (APPT) and use previously
established cutoffs. FXIII is also measured in all patients, as
its deficiency is not reflected on any global assay. We are
aware that none of the predefined cutoffs indeed clearly
reflects the causal role of the bleeding tendency of a patient.
We repeat the determination of the factor levels and try to
find the molecular defect in those patients by genetic analy-
sis of the respective gene.

Other Rare Bleeding Disorders
In recent years, translational and genetic studies have un-
veiled novel bleeding disorders, shedding light on different
aspects of the hemostatic system.20 However, it is important
to note that certain rare bleeding disorders, which do not
manifest through standard global coagulation tests, may go
unnoticed unless specifically investigated. These uncommon
bleeding disorders, including those marked by enhanced
natural anticoagulant function and hyperfibrinolysis,'®-?°
often exhibit a bleeding pattern similar to BDUC.
Thrombomodulin-associated coagulopathy arises from
specific THBD gene variants (¢.1611C > A and c.1487delCM)
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that lead to elevated soluble TM (sTM) levels.””~7° These
variants cause increased TM release from the endothelium
into the plasma, resulting in protein C activation and subse-
quently bleeding, particularly after surgery or trauma, and
occasionally spontaneous abdominal bleedings have been
described. Interestingly, conventional coagulation tests (PT,
APTT, clotting factor levels, and platelet function) remain
within normal ranges, and only reduced thrombin genera-
tion was observed in these patients.”’~’° Our analysis of sSTM
levels in our VIBB cohort did not reveal elevated levels in
BDUC or other MBD patients, and we did not identify any link
between sTM, bleeding patterns, and thrombin generation.80

In the case of TFPI, novel B-domain variants in exon 13 of
the FV-encoding gene (F5) that produce FV splice variants,
causing East Texas, FV-Amsterdam, and FV-Atlanta bleeding
disorders, have been described in the last two decades.?'~83
These variants activate ararely used splice donor, leading to a
truncated form of FV (FV short). FV short binds more
effectively to free TFPla, safeguarding it from degradation
and cleavage, and extending its half-life. Patients with these
variants experience clinical distinct bleeding symptoms,
including menorrhagia, easy bruising, epistaxis, and severe
bleeding post-trauma or -surgery. They also present with
prolonged PT and APTT and reduced thrombin genera-
tion.2%-81:8485 Our study of over 600 patients from the
VIBB revealed increased levels of free TFPIa in BDUC and
PFD patients, correlating with abnormal thrombin genera-
tion, such as prolonged lag time and time to peak.®® Impor-
tantly, we did not discover relevant F5 gene variants that
increase FV-short,*> and patients did not reach the high
plasma TFPI levels observed in those with disease-causing
variants.3®

Additionally, a rare bleeding disorder attributed to natural
anticoagulants is a1-antitrypsin Pittsburgh (a1-AT-P), char-
acterized by a Met 358 to Arg substitution in a1-AT. This
unique variant functions as a potent thrombin and contact
pathway inhibitor, resulting in a severe bleeding
disorder.8”-88

A new bleeding disorder linked to tissue factor (TF)
deficiency was recently identified in a woman with unex-
plained bleeding.®° This variation in the TF gene (F3) causes
premature termination of protein translation, yielding a
shorter TF protein (TF-short). Experiments in mice demon-
strated that this variant reduces overall TF production,
leading to decreased hemostatic capacity.®’

Hereditary hyperfibrinolysis is a rare condition resulting
from changes in fibrinolytic factors, seen in a limited number
of individuals and families.®° Fibrinolytic bleeding disorders
include a2-antiplasmin deficiency (14 homozygous and 104
heterozygous cases), PAI-1 deficiency (26 cases), Quebec
platelet disorder (23 cases), and tPA excess (4 cases), as
recently reviewed by Saes et al.’® Hyperfibrinolytic disorders
are characterized by mucocutaneous bleeding and prolonged
bleeding post-surgery or injury, resembling a similar bleed-
ing profile observed in MBDs and BDUC. In hyperfibrinolytic
disorders, the severity of bleeding can vary from mild to
moderate, typically marked by mucocutaneous bleeding and
prolonged post-surgery or injury bleeding. In some cases, the
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bleeding can escalate to severe and life-threatening levels,
particularly in individuals with alpha-2 antiplasmin defi-
ciency.90 Notably, hyperfibrinolytic bleeding disorders ex-
tend beyond bleeding issues, with associations to obstetric
complications such as miscarriages, particularly in patients
with a2-antiplasmin and PAI-1 deﬁciency.90 Several groups
have analyzed fibrinolytic factors in BDUC and other MBDs
with inconclusive results, as recently summarized by our
group.'® We have previously identified increased tPA activi-
ty, a paradoxical increase in thrombin-activatable fibrinoly-
sis inhibitor and a2-antiplasmin, with no differences in PAI-1
in 270 BDUC patients compared to 98 healthy controls.”! On
the contrary, Valke et al retrospectively found abnormal ECLT
and/or reduced PAI-1 antigen and activity levels in 39% of 160
BDUC patients.’? Overall, the frequency of fibrinolytic alter-
ations and their clinical relevance in BDUC remains unclear
due to the diagnostic challenges in assessing fibrinolysis in
vitro. Novel promising assays for measuring fibrinolysis in
bleeding patients have been proposed, but need to be
validated in independent cohorts,®>** before they can be
recommended for routine use.

Identifying hyperfibrinolytic disorders is crucial because
they can be effectively managed with antifibrinolytic agents
like TXA or aminocaproic acid. These synthetic lysine analogs
hinder the binding of lysine to plasminogen, reducing the
conversion of plasminogen to plasmin and preventing its
interaction with fibrin.'®> Presently, the lack of standard-
ized and sensitive global tests may lead to the under-diag-
nosis of hyperfibrinolysis as a cause of bleeding disorders,
emphasizing the need for enhanced diagnostic tools in this
field."® On the other hand, high-throughput whole exome
sequencing of fibrinolytic genes SERPINE1 (PAI-1 deficiency),
SERPINF2 (alpha-2-antiplasmin deficiency), PLAT (tissue
plasminogen activator), or PLAU (Quebec platelet disorder)
did not identify any monogenetic fibrinolytic disorder in
over 600 BDUC patients.43

Within the Thrombogenomics project, high-throughput
whole exome sequencing of 96 genes associated with coagu-
lation and platelet function was conducted.*> The analysis
revealed pathological genetic variants only in approximately
3% of over 600 BDUC patients.

Our approach: Given the rarity of bleeding disorders
associated with variations in natural anticoagulants or fibri-
nolytic factors, we recommend limiting their specific inves-
tigation to carefully selected cases. This primarily involves
genetic sequencing, which should be reserved for patients
with a remarkable family history and/or a distinct bleeding
phenotype, such as a history of miscarriages in cases of
fibrinolytic disorders.

Non-Hemostatic Cause for Bleeding Disorders

Bleeding tendencies can also be attributed to a diverse range
of non-hemostatic disorders and conditions, and it is imper-
ative to consider these potential causes upfront, as empha-
sized in a review by Thomas et al and our group.®°® These
conditions include various hematological disorders such as
amyloidosis, which can lead to bleeding in cerebral, cutane-
ous, intracranial, and gastrointestinal regions.®’ Similarly,
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hereditary hemorrhagic telangiectasia is associated with
recurrent epistaxis, gastrointestinal bleeding, and visceral
arteriovenous malformations, affecting areas like the cere-
bral and pulmonary regions, often accompanied by telangi-
ectasia on the skin and mucosal surfaces.’® Congenital
disorders, like connective tissue disorders, can manifest as
excessive bruising,’® and endocrinologic conditions, such as
hypothyroidism, may result in a mild mucocutaneous bleed-
ing tendency and, although rare, severe bleeding following
trauma or surgery.100 Numerous medications, such as anti-
inflammatory drugs, antibiotics, cardiovascular and lipid-
lowering drugs, or selective serotonin reuptake inhibitors,
have the potential to adversely affect hemostasis. Conse-
quently, they may contribute to or exacerbate hemorrhages
in specific clinical scenarios.'®! One limitation when per-
forming laboratory investigations in MBDs is that many
factors including exercise, caffeine, dark chocolate, tobacco,
herbal supplements, and others can influence
hemostasis.?%-102-104

Our approach: Before investigating for a bleeding disorder,
we exclude other underlying causes. Furthermore, we also
always assess liver and kidney function to rule out liver and
kidney failure as well as infection parameters (CRP and
leucocyte count) to rule out an acute phase reaction when
investigating for a bleeding disorder.

Conclusion

Patients with BDUC represent the majority within the spec-
trum of MBD patients. BDUC patients exhibit a bleeding
phenotype and severity indistinguishable from other MBDs.
Given that BDUC is a diagnosis of exclusion, the accurate
exclusion of other MBDs and non-hemostatic causes for the
bleeding tendency is essential. Within the VIBB, we perform
comprehensive assessments for VWD, PFD, and CFD based on
current guidelines and available resources, as detailed in this
review. Nonetheless, it is crucial to acknowledge that some
rare bleeding disorders may remain undiagnosed, necessi-
tating targeted testing in patients displaying specific
phenotypes.

Recent research, both within the VIBB and other stud-
ies, has brought into focus the substantial risk of recurrent
bleeding in MBD and BDUC patients,'? coupled with an
overall reduction in health-related quality of life."> De-
spite the administration of prophylactic hemostatic treat-
ments before surgical procedures or childbirth, the
incidence of bleeding complications remains unacceptably
high. Unfortunately, our current tools do not offer the
means to predict individual bleeding risk based on clinical
presentation, biomarkers, or patient characteristics. The
unknown pathogenesis for impaired hemostatic capacity
in most BDUC patients currently hinders the development
of personalized treatment options. Nevertheless, BDUC
remains an exciting area of exploration, and in the age
of multi-omics approaches, new mechanisms may yet be
unveiled, offering potential pathways to enhance patient
outcomes.
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