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Methods and
results

Keywords

Cardiologists have only had rare exposure to haemophilia patients and patients with other congenital bleeding disorders
during the last decades, as these patients had a reduced life expectancy and were partly protected against thrombosis
due to the bleeding disorder. With the availability of effective and safe replacement therapies of clotting factors, the
average life expectancy in these populations of patients has significantly increased, and thrombotic complications may
occur.

The European Society of Cardiology Working Group on Thrombosis has taken the initiative to broaden the spectrum
of these haematological conditions to include patients with a larger variety of congenital bleeding disorders with
concomitant cardiac conditions as compared to a recent position paper by the European Haematology Association
in collaboration with other societies (ISTH, European Association for Haemophilia and Allied Disorders, and ESO).
Management of antithrombotic therapy or thromboprophylaxis in these individuals is challenging due to the wide
phenotypes encompassed by congenital bleeding disorders. These include abnormalities in both primary haemostasis
(involving von Willebrand factor and platelet function) and secondary haemostasis (related to coagulation factors
and fibrinogen). Bleeding disorders range from mild to very severe. Based on existing literature, we provide clinical
consensus statements on optimizing antithrombotic treatment strategies for patients with congenital bleeding disorders
and highlight the current gaps in knowledge in these complex clinical settings.

Of importance, an individualized approach to antithrombotic therapy is warranted to properly balance the two risks of
thrombosis and bleeding. Adoption of the safest interventional techniques, reduction of the intensity and/or duration of
antithrombotic therapies, and attention to the safe levels of clotting factors is generally advised.

Congenital bleeding disorders e Haemophilia e von Willenbrand factor e Congenital
platelet disorders e Antithrombotic therapy e Cardiac indications

Introduction

A recent position paper by the European Haematology Associa-
tion (EHA) in collaboration with allied societies has provided clinical
practice recommendations for patients with haemophilia in need of
antithrombotic therapies' as well as guidelines on acquired throm-
bocytopaenia associated with cancer.? The European Society of
Cardiology (ESC) Working Group on Thrombosis has taken the
initiative to broaden the spectrum of these haematological conditions
to include patients with a larger variety of congenital bleeding disor-
ders and concomitant cardiac conditions. Furthermore, there was a
perceived necessity to provide particular direction to the variety of
subspecialized cardiologists treating a large spectrum of cardiovascular
(CV) conditions in this growing population of congenital bleeding
disorder patients.

Indeed, cardiologists have only had rare exposure to haemophilia
patients and patients with other severe congenital bleeding disor-
ders during the last decades, due to frequently shortened lifespan
in these populations. However, with the advent and the availability
of safe replacement therapies of clotting factors, the average life
expectancy in these populations of patients has significantly increased,
with some even reaching normal life expectancy. This development
makes it obvious that more haemophilia patients and patients with
congenital bleeding disorders will present with CV disease in the
future to a variety of health care providers, not least presenting in
cardiology departments. It is only logical that these patients may
increasingly encounter conditions that are highly prevalent in higher
age groups, such as atrial fibrillation (AF), acute coronary syndromes
(ACS), chronic coronary syndromes (CCS), and valvular heart diseases
(VHD). In this context, the choice of antithrombotic regimen must
be carefully adapted and weighted to their underlying disease. For
example, depending on the bleeding disorder, the risk of intracerebral
haemorrhage can be higher than in the normal population, thus the
indication for anticoagulation must be balanced differently.

The panel of co-authors has been selected based on comple-
mentary expertise in clinical cardiology, interventional cardiology,
cardiovascular pharmacology, and haematology. In this clinical consen-

sus statement, we summarize the available evidence on antithrom-
botic treatment of common atherosclerotic cardiovascular diseases
(ASCVD), VHD, and AF in patients with haemophilia, and other
congenital bleeding disorders affecting platelet function and coagu-
lation. The objectives of this paper are hence, to familiarize clinical
cardiologists and other CV physicians with patients with congenital
bleeding disorders. The lead was taken by the ESC Working Group on
Thrombosis, and the writing group additionally consists both of rep-
resentatives of the EAHAD (European Association for Haemophilia
and Allied Disorders) and experts from the Association for Acute
CardioVascular Care (ACVC), the European Association of Percu-
taneous Cardiovascular Interventions (EAPCI), the European Heart
Rhythm Association (EHRA), and the Working Group on Cardiovas-
cular Pharmacotherapy. It was thus attempted that all the different CV
disorders are authoritatively covered by relevant expertise (Figure 7).

Congenital bleeding disorders
covered by this document

Congenital bleeding disorders encompass a wide spectrum of condi-
tions, including abnormalities in both primary haemostasis [involving
von Willebrand factor (VWWVF) and platelet function] and secondary
haemostasis [related to coagulation factors and fibrinogen]. These
conditions can be either functional (coagulation mechanisms not func-
tioning properly with normal antigen levels) or quantitative (reduced
coagulation factors) in nature. Bleeding disorders range from mild to
very severe degrees.

Given that primary haemostasis principally involves platelet aggre-
gation in response to endothelial damage, one would naturally expect
a reduced incidence of conditions that are attributable to platelet
activation, like ACS. Conversely, disorders in secondary haemostasis
may protect against conditions where blood coagulation is predom-
inantly involved (such as AF). However, this theoretical protective
phenotype is not always clinically evident. In the following sections, we
will discuss the available evidence for each bleeding phenotype in the
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Bleeding/thrombotic risk stratification by factors below or other tools (e.g. ARC HER trade-off)

« Age * Recurrent thrombosis
» Number, safety and duration of + High BP * Intravascular device
given antithrombotic agents + Prior stroke * Dyslipidaemia
« Prior bleeding or peptic ulcer + Poor adherence to treatment * Heart failure
« Low Hb or platelet count + Percutaneous or surgical procedure * Diabetes
« NSAID or steroids * Polypharmacy * Smoking
« Liver failure * Kidney failure * Prior M|
* PAD
o
Coronary syndrome patients Atrial fibrillation patients Additional steps
+ No routine P2Y12 inhibitor ography for NSTE-ACS « NOACs preferred (unless c.i)  + PPl with APT in older adults
and CCS. Fondaparinux for mm anglography over other AC ) + Shortened TAT (max 1 month)
* De-escalated or shortened (preferably clopidogrel-based) DAPT ~ + LAAC consideration if ci to AC - Single ATT after TAVI
* TNK 275 yrs: no clopidogrel or enoxaparin load, 12 TNK + 280 yrs: EMA-approved + Avoiding routine perioperative
dose, ¥ enoxaparin dose dabigatran dose 110 mg AP/AC bridging
+ 275 yrs: prasugrel 5 mg once daily twice daily
Filling current gap:
Improving medical Validating risk stratifications Contributing to powered Developing
adherence in older adults trials in older adults safer ATT

= o9 {4

Congenital Congenital platelet  Haemophilia Other congenital
VWD disorders A&B bleeding disorders

1
[ Cardiologist & Haematologist (expert in bleeding disorders) ]

v

Elective PCl in CCS ACS Cardiac surgery AF

- radial approach preferred . guideline-directed management of - preoperative assessment + pre- - CHADS;-VA for stroke risk

. intra-procedural UFH (or patients at HBR and post-operative replacement stratification
bivalirudin) +in STEMI not receiving UFH/LMWH, of coagulation factors as needed + OAC in haemophilia based on

«+ 1-month DAPT post-PCl level measurement and - minimally invasive or the risk of stroke and levels of
(ASA+clopidogrel) replacement of coagulation factors if interventional techniques to be coagulation factors

- Clotting factors concentrates needed preferred « NOAC to be preferred over VK
during DAPT if needed - in NSTEMI/UA, replacement of - valve repair or bioprosthesis to

- long-term SAPT (low-dose coagulation factors before PCI if be preferred
ASA) needed

« P2Y12 (clopidogrel) loading before PCI

not indicated

[ Gl bleeding prevention with PPI ]

Figure | Major pathways and relevant considerations in the cardiovascular management of patients with congenital bleeding disorders.
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most common cardiac conditions and provide suggestions regarding
antithrombotic therapy.

Change in life expectancy of
patients with congenital bleeding
disorders and risk of ischaemic
events

Until around 1960, severe bleeding disorders like haemophilia were
seen almost exclusively in young people. The reason was that few
with a severe phenotype survived past adolescence as it was nearly
impossible to prevent fatal haemorrhage. In this period when bleeding
caused death before ageing, comorbidities were a secondary concern.
With the significant advancement in treatment options and strategies
available today, life expectancy for people with bleeding disorders is
now approaching that of their peers in the general population. The
standard of care in patients with severe bleeding disorders is to replace
the missing clotting factor to prevent bleeding. In haemophilias, von
Willebrand disease (VWD) and several rare bleeding disorders, the
regular replacement of the missing clotting factor converts the severe
bleeding phenotype to a mild/moderate one. With this approach, life-
threatening, and spontaneous bleeds are largely prevented.

Nowadays, we have an increasing ageing population with bleeding
disorders and, in addition to the usual comorbidities associated with
advanced age in the general population, several specific additional
issues occur in patients with bleeding disorders. In ageing people
with congenital bleeding disorders of all severities, an increase in the
incidence of cardiovascular disease (CVD), AF, and cancer is to be
further expected.

Although past reports have suggested that bleeding disorders like
haemophilia may confer some protection against CV events due to
the natural hypocoagulant status arising from low levels of coagula-
tion factors (F) VIII/IX, studies of vascular markers of CVD including
carotid and coronary artery calcification measures have demonstrated
that atherosclerosis develops similarly over time as in the general
population.* Ageing itself is a risk factor for ASCVD, and therefore
it is reasonable to expect that an increasing number of persons
with bleeding disorders may be at risk of acute CV events such
as ACS and ischaemic stroke. A recent analysis of the literature
showed that while persons with haemophilia are at increased risk
of haemorrhagic stroke and intracranial bleeding when compared
to a control population (1.4-5.31% vs. 0.2-0.97%; 1.1-10.8% vs.
0.04-0.4% per year, respectively), it remains unclear whether and to
what extent persons with haemophilia are protected from arterial,
as well as venous thrombosis.” The prevalence of atherothrombosis
[myocardial infarction (Ml)/stroke] in patients with bleeding disorders
compared to the general populations seems conflicting, with some
reporting lower, comparable or even higher prevalence in those with
haemophilia." Prospective new studies are therefore needed to under-
stand the incidence of bleeding vs. thrombotic events in people with
haemophilia. Moreover, as life expectancy increases, the prevalence of
AF and secondary thromboembolic stroke is also not well established
as compared to a general, age and sex-matched population.®

Recent data from a large database showed that VWD is associated
with a significantly lower prevalence of ischaemic heart diseases com-
pared to a matched, general population (adjusted odds ratio 0.65, 95%
confidence interval 0.63-0.67).

Among other congenital coagulation defects, congenital dysfib-
rinogenaemia (both qualitative and quantitative) has been associated
with both spontaneous bleeding and thrombosis complications, de-
pending on the genetics of mutations.® Given the rarity of these
congenital defects, in a relatively small cohort of subjects with FVII

and FXIII deficiency, a prothrombotic phenotype has also been
described.’

Congenital platelet disorders (both qualitative and quantitative)
are rare and associated with a haemorrhagic phenotype. Exceptional
cases of thrombotic complications in these conditions have been
reported, usually associated with major CV risk factors.'

The management of CV comorbidities may therefore be one of the
most important challenges in this ageing population at high bleeding
risk. Treatment decisions about antithrombotic therapy in persons
with bleeding disorders are complex, as they require decisions with
respect to the intensity of the anticoagulant and antiplatelet therapy,
duration of the therapy and characteristics of the antithrombotic
agents, as well as consideration of the individual’s bleeding risk and
phenotype. It is therefore important to emphasize that these bleeding
disorders manifest as a spectrum, ranging from mild (where throm-
botic risk may prevail) to severe (where bleeding risk will prevail). This
is crucial to consider in decision-making when initiating any therapy
for CV prevention or treatment.

The evidence to support treatment strategies in persons with
bleeding disorders and CVD or AF is scarce and often based on
expert opinion. These are now a primary concern, causing new clinical
challenges.

Disease-tailored therapeutic
implications
1. VWD

VWEF mediates platelet adhesion to damaged endothelium (pri-
mary haemostasis), participates in platelet activation, and acts as a
protective carrier protein for coagulation FVIIL'" VWD is the most
frequent of the inherited rare bleeding disorders (up to 1% of the
overall population), caused by defects in the concentration, or func-
tion of VWF.2"3 It is characterized by mild to severe mucocutaneous
bleeding. Table 1 provides an overview of the different congenital
forms of vWD. The acquired vWD'*1> (seen in conditions such
as aortic stenosis—Heyde’s syndrome,'®"” mechanical circulatory
support,'® and haematological malignancies') is out of the scopus
of this document. To make the diagnosis and assess the severity of
VWD, at a minimum, vWF antigen and activity, and FVIII level should
be measured. For the definition of the subtype of VWD, multimers
and the testing of the underlying genetic mutation are available.

VWD s treated by antifibrinolytics, desmopressin, and/or intra-
venous VWF-concentrates with or without FVIIL.'? Due to growing life
expectancy in patients with (severe) VWD, common atherosclerotic
disorders (e.g. stroke, ACS, CCS), might occur more frequently.?
Most data stem from case reports. Inherent clinical decisions are
hence often based on expert opinion and consensus statements.
Table 2 gives a synopsis of some of the suggestions listed below.

ACS

ACS is not typically observed in patients with severe primary
haemostasis disorders (35-67% reduction as compared to reference
populations; VWD protects against arterial thrombosis).2! Therefore,
it is not surprising that ACS/ischaemic stroke is primarily observed
in patients with milder type 1 vWD,?' and less commonly, in pa-
tients with dysfunctional VWF (type 2).22 VWD-patients admitted
with ACS have a higher 90-day readmission because of bleeding, but
not because of thrombotic recurrence?? and have similar rates of in-
hospital death (6.4%) and bleeding (3.8%) as non-vWD patients after
ACS.23

Many of the circumstances advised in ACS patients also pertain to
CCS patients. For example, the recommendation in the ESC ACS and
CCS Guidelines is to prefer radial over femoral access for all patients.
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Table |

Table illustrating different forms of vWD (the different type 2 forms have not been discussed in detail)

VWD type Underlying pathology

Type 1 Quantitative (VWWF <30%)

Type 2 Qualitative (different forms)

Type 3 Quantitative (complete deficiency—recessive)

20-35% (idem)
1 per 1 million (=0.0001%)

Frequency of vWD Bleeding tendency

65-80% (of total vWWD-population)

Low—mild, depending on %vWF
Mild—severe

severe

Replacement therapy for patients undergoing cardiac
catheterization

In type 1 and type 3 VWD, the aim is typically to raise vVWF activity to
at least 50% in order to safely perform an invasive procedure. The
average normal activity for every clotting factor is 50-150% with
certain variations depending on the laboratory test used. For the
treatment of VWD in case of surgery and interventions, the activity
should be at least 50% or within the normal range. Depending on the
course of the procedure and the severity of VWD, the patient is often
further treated aiming for ‘normal’ haemostasis for several days by us-
ing antifibrinolytics, nasal or intravenous desmopressin, or vWF/FVIII
concentrate. In dysfunctional VWD (type 2), only antifibrinolytics and
VWEF/FVIIl concentrates will be effective.?

Coronary angiography and percutaneous coronary
intervention

A coronary angiography should ideally always be performed
radially,>*?° although no increased incidence of bleeding in (treated)
VWD patients was reported via the femoral route compared to
a non-vyWD population. With adequate control of VWD levels,
unfractioned heparin (UFH) can theoretically be administered during
the procedure, but in practice, UFH is usually only administered when
percutaneous coronary intervention (PCI) is indicated (scoop and run
diagnostic angiography).

Antiplatelet therapy

Antiplatelet therapy post-ACS and/or post-PCl depends on the sever-
ity of VWD (e.g. type 1 vs. type 3), the bleeding history of the patient,
and the nature of the PCl (stent type, location, etc).? Low-dose
aspirin is generally well tolerated in most VWD patients and advised
since VWD patients with ACS have proven atherothrombosis;?! if dual
antiplatelet therapy (DAPT) is necessary, therapy is best combined
with clopidogrel and administered for the shortest duration possible
to prevent major bleeding. If the patient has a known severe bleeding
diathesis, single antiplatelet therapy (SAPT) (of short duration) is ad-
vised, although definitive studies and guidelines are lacking. Therefore,
antiplatelet therapy in VWD patients should be assessed and weighed
on a case-by-case basis.2®

CCS and/or elective PCI

CCS can theoretically occur in all forms of VWD, as it is primarily a
consequence of atherosclerotic disease and ageing. Therefore, YWD
patients should be treated in the same manner regarding diagnostics
and treatment as non-vWD patients.2" The same precautions should
be taken pre-, peri-, and post-procedurally during (elective) PCl as in
ACS (see above). Paramount here, again, is the adequate control of
other CV risk factors.?’

VHD

Similar to patients with haemophilia who require valve surgery, careful
consideration of (nonsurgical) options is required, minimally invasive
surgery, percutaneous techniques, or valve repair being preferred over

open-heart surgery to minimize the risk of bleeding perioperatively
and long term, postoperatively. The use of bioprosthetic valves may
be preferable to mechanical valves, to avoid the long-term risks of
anticoagulation.?” VWF levels should be increased (by vWF-products
or desmopressin, combined with antifibrinolytics; usually 3-5 days
for minor procedures and 7-14 days for major surgery) until ~50%
activity, to safely perform cardiac surgery. Postoperative management
depends on the severity of VWD and risk of bleeding complications.?®
Collaboration with a haematologist regarding the intensity and dura-
tion of replacement treatment in patients with moderate and severe
VWD is advised. Of note, one important differential diagnosis in VHD
is acquired VWD, a topic that is outside the spectrum of the current
work.

AF

Literature about AF-management in vWD s scarce, and suggests
giving approved oral anticoagulation (OAC) therapy over no treat-
ment with assessment of bleeding risk throughout the course in
vWD-patients with AF. Despite this, Merz et al. report that only
57.5% of patients with aCHA, DS, VASC score of >2 received OAC.?’
However, this is a conditional advice based on low level of evidence,
and there are no specific guidelines on treating AF in patients with
VWD. One report mentions the safe performance of AF-ablation in
one VWD patient.*°

Consideration should be given to the notion of utilizing the lower
available dose of direct OAC (DOACs) therapy, although data in
support are missing.

2. Congenital platelet disorders

Congenital platelet disorders (CPDs) represent a heterogeneous
group of disorders that include both quantitative (thrombocytopae-
nia or thrombocytosis) and qualitative (thrombocytopathy) defects.
CPDs include Glanzmann thrombasthaenia, Bernard-Soulier syn-
drome and other functional defects in platelet function. These patients
are usually not treated with any antiplatelet medication due to the
underlying bleeding diathesis. The severity of the platelet haemostatic
defect can be analogously understood as follows: it impacts similar
patients who do not have CPDs but are constantly on SAPT (mild
effect), DAPT (moderate effect), or patients with homozygous morbus
(Mb.) Glanzmann (severe effect) representing those constantly on gly-
coprotein lIb/llla inhibitors (since, in Mb. Glanzmann, the glycoprotein
[Ib/llla receptor is missing). There is no evidence on how to treat these
patients if they develop CVD, which makes it difficult to advice about
therapeutic strategies.

The prevalence of CPDs has not fully been explored. Estimates
exist only for some disorders with a well-defined pheno- and geno-
type (e.g. Glanzmann thrombasthaenia, Bernard-Soulier syndrome,
TAR syndrome, Wiskott-Aldrich syndrome, Fetchner syndrome, and
Mediterranean thrombocytopaenia). Other CPDs might be under-
diagnosed due to limited symptoms and difficulties in diagnosis or
misdiagnosed as acquired platelet disorders (most commonly immune
thrombocytopaenia).
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ESC/EAHAD

In addition to platelet count, the diagnosis of platelet disorders
requires platelet function testing, e.g. with platelet aggregometry and
flow cytometry, to characterize the defect. Platelet disorders are
characterized by mild to excessive mucocutaneous bleeding.

The group of CPDs can be divided into:

® Congenital thrombocytopaenias, in which low platelet count and
resulting bleeding diathesis are the leading phenotype.

® Congenital thrombocytopathies, which are mainly characterized
by functional defects of the platelets (platelet function disorders):
defects of receptors, granule content and release, transcription
factors, components of signal transduction cascades, the cytoskele-
ton, various enzymes, or the membrane.>'

® Platelet defects that combine thrombocytopaenia and impaired
platelet function.

Management of CPDs is often limited to strategies to correct low
platelet count and manage the risk of bleeding in patients undergoing
invasive procedures or surgery, with antifibrinolytics, desmopressin,
and platelet transfusion as needed.3? TPO receptor agonists (i.e. el-
trombopag and romiplostim) have shown clinical utility in some CPDs
to increase platelet count before surgery or intervention.333*

ACS

In general, ACS is rarely observed in patients with CPDs.?®

Coronary angiography and PCI

Coronary angiography should always be performed radially,
though no increased incidence of bleeding in (treated) CPD patients
was reported via the femoral route compared to a non-CPD
population.** UFH can be administered during the procedure, but
in practice, UFH is usually only administered when PCl is indicated
(scoop and run diagnostic angiography).

2425 4|

Antiplatelet treatment

Antiplatelet therapy post-ACS and post-PCl depends on the severity
of the CPD, the bleeding history of the patient, and the type of PCI
(stent type, location, etc.). Low-dose aspirin is generally well tolerated
and has the largest evidence in most patients.> In cases where DAPT
is necessary, therapy is best combined with clopidogrel and adminis-
tered for the shortest duration possible to prevent serious bleeding.
If the patient has a known severe bleeding diathesis, SAPT (of short
duration) is advised usually with low-dose aspirin, although definite
studies and guidelines are lacking. Therefore, antiplatelet therapy in
patients with CPDs should be assessed and weighed on a case-by-case
basis.

CCS and/or elective PCI

CCS can theoretically occur in all forms of patients with CPDs, as it
is primarily a consequence of atherosclerotic disease in older age.3’
Therefore, these patients should be treated in the same manner
regarding clinic, diagnostics, and treatment as other patients. The same
precautions should be taken pre-, peri-, and post-procedurally during
(elective) PCl as in ACS (see above). Paramount here is again the
adequate control of other CV risk factors.

VHD

There are basically no scientific data on patients with VHD and platelet
disorders. Similar to the other disease entities discussed in this work,
a close collaboration with a haematologist is advised in order to
define the degree of functional platelet abnormality and to decide
on adequate oral anticoagulation (OAC).

AF

In patients with AF, withholding therapeutic anticoagulation in high
ischaemic risk patients may increase the risk of stroke. On the other
hand, even reduced-intensity therapeutic anticoagulation carries a
higher risk of bleeding in patients with thrombocytopaenia.3®3? Thus,
the stroke risks should exceed the bleeding risk in case of CPD in
order to justify the continued use of OAC. Due to the rarity of
platelet defects no recommendations can be given, but therapeutic
decisions should follow the analogy of patients with (acquired) throm-
bocytopaenia.

OAC has generally been considered safe in patients with platelets
>50 x 10%/L.3® Accordingly, published surveys showed a predominant
threshold of 50 000/uL for initial management changes.3® At present,
there are no specific recommendations for the management of OAC
in patients with thrombocytopaenia and AF in current guidelines,
apart from a set of recommendations in patients with thrombocy-
topaenia and cancer.?

An AF-team approach, including a cardiologist and haematologist
or internal medicine physician who is familiar with platelet disorders,
is of importance when initiating therapeutic anticoagulation.

1. Standard-intensity  anticoagulation  with  platelet  count
>50 x 10%/L appears to be appropriate for patients with
AF and a CHA,;DS;VA score of >2. In some congenital
thrombocytopaenias, a lower threshold might be feasible
depending on the bleeding phenotype.*°

2. In patients with AF with a CHA;DS,-VA score of >2, and platelet
count of 25-49 x 10%/L, a dose-modification strategy may be
appropriate, defined as lower approved doses of DOAC.

At present, there are no prospective data to validate the above
statements. Studies are urgently warranted to determine the best
level of therapeutic anticoagulation in patients with CPDs and AF.

3. Haemophilia A and B

Haemophilia A and B are X-linked congenital bleeding disor-
ders with no or reduced factor VIII (haemophilia A) or factor X
(haemophilia B) and a similar bleeding phenotype closely linked to
the residual factor activity. Severe disease is defined as factor lev-
els <1%, moderate disease as 1-5%, and mild disease as 5-40%.
Standard of care is the intravenous prophylactic replacement of the
missing clotting factor in patients with a severe bleeding phenotype.
For haemophilia A, plasma derived and recombinant standard half-life
(SHL) factor VIII concentrates (half-life around 12 h) and recombinant
extended half-life factor VIII concentrates (half-life around 18 h) are
available. In addition, for haemophilia A emicizumab, a bispecific an-
tibody mimicking factor Vllla is available for sc replacement therapy.
For the treatment of haemophilia B, plasma derived and recombinant
standard half-life (SHL) factor IX concentrates (half-life around 18 h)
and recombinant extended half-life factor XI concentrates (half-life
around 90 h) are used.

Since there is an absence of large studies, the recommendations
for antithrombotic therapy in patients with haemophilia and cardiac
disease are based on case reports, expert opinion, and consensus
statements. Table 2 summarizes some of the therapeutic considera-
tions.

ACS

Patients with haemophilia A or B who experience ACS should receive
guideline-directed medical and interventional treatment according to
the 2023 ESC Guidelines for the management of ACS, as indicated for
patients at high bleeding risk.*! However, there are specific considera-
tions that must be taken into account when treating such patients, and
involvement of a haematologist with expertise in bleeding disorders
is essential.
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Replacement of coagulation factors for patients undergoing
cardiac catheterization
In patients with ST-elevation myocardial infarction (STEMI) under-
going primary PCl without UHF or LMWH (e.g. when factor levels
are not known), it is advised to measure factor levels immediately
after the PCl, and replacement treatment instituted as soon as possi-
ble. In patients with non-ST segment elevation myocardial infarction
(NSTEMI) or unstable angina, coagulation factors should be replaced
before PCI. The specific doses and levels below are based on interna-
tional consensus, developed from case series, observational data, and
experience, as no randomized controlled trials have been performed
in such patients.! 4244

A bolus infusion of clotting factor concentrate factor VIII or fac-
tor IX (CFC) is recommended before arterial puncture for cardiac
interventional procedures, aiming for a peak factor activity level of
~80-100 IU/dL before the procedure,** with additional doses as
needed to maintain a trough level >50 IU/dL for 2448 h (usually with
bolus infusions of FVIII or FIX every 12-24 h depending on the used
concentrate). Compared to those with severe disease, those with mild
haemophilia generally require less CFC replacement. Peak factor levels
>150 IU/dL impose a thrombotic risk and are not advised, underscor-
ing the importance of individualized and specialist treatment.*>:46

Approximately 1 in 4 people with haemophilia A and about 3—-10
in 100 people with haemophilia B will develop an antibody—called an
inhibitor—to the treatment product (medicine) used to treat or pre-
vent their bleeding episodes.*’ In patients with inhibitors, additional
supplementation with bypassing agents is indicated. In patients with
inhibitors who are using emicizumab, recombinant FVlla replacement
can be used at a dosage of 90 ug/kg every 3—4 h for 24-48 h, but
the use of activated PCC (aPCC) is not advisable. In patients with in-
hibitors not using emicizumab, bolus infusions with aPCC 50-80 1U/kg
every 12 h are an alternative.’

Coronary angiography and PCI

Radial access is preferred over the femoral approach,”*? as it allows
easier haemostatic compression and is associated with a much lower
rate of bleeding complications,*® although case series have reported
catheterization via the femoral route in patients with haemophilia
with negligible complications.*” PCI should be undertaken using the
latest generation drug-eluting stents, to allow the minimum duration
of DAPT (1 month) without increasing the risk of stent thrombosis.”

Anticoagulant strategy during PCI
Guidelines  recommend  anticoagulation  during  coronary
intervention.*’*® UFH are advised to be given intravenously after
replacement of clotting factor levels reaching levels of 70—100%, and
is preferable to LMWH because of its shorter half-life and ease of
reversibility with an antidote, in case of bleeding. Bivalirudin, which
has a half-life of 1.5 h, is an alternative in patients who cannot receive
UFH (for instance, due to congenital AT deficiency) and case reports
document that it can be safely used in patients with haemophilia
undergoing PC|48:51

In the 2023 ESC Guidelines for the management of ACS, glyco-
protein lIb/llla inhibitors, which significantly increase the risk of major
bleeding, are not recommended for routine use, only for very high
thrombus burden/bailout/no-reflow situations.*' But even in these dif-
ficult therapeutic situations, one must keep in mind that glycoprotein
lIb/llla inhibitors have not been sufficiently evaluated in patients with
haemophilia and so their use should be avoided as much as possible.*®

Antiplatelet therapy

Patients with ACS with haemophilia are advised to be treated with
DAPT after PCI, following usual loading doses. While aspirin ad-
ministration is advised upon diagnosis, pre-PCl loading with a P2Y,

inhibitor is not advised in patients in whom an early interventional
strategy is planned, in order to minimize the risk of bleeding.’

Clopidogrel is the P2Y, inhibitor of choice, since it is associated
with lower bleeding risk than either ticagrelor or prasugrel, and since
the latter has not been evaluated in patients with haemophilia.! 4251
Conventional guideline-directed loading doses of both aspirin and
clopidogrel are advised should be given, followed by maintenance
therapy.

The duration of DAPT following an ACS with or without PCI
should be kept to one month, followed by monotherapy with aspirin
or clopidogrel.

The duration of clotting factor replacement is dependent on the du-
ration of DAPT. After the initial clotting factor infusion, clotting factor
measurements are required with clotting factor substitution appropri-
ate to achieve trough levels of FVIII/FIX >20% during DAPT,36:>2->4
although some recommend trough clotting factor >30%*2->3>° or as
long as DAPT is given. Afterwards, the regular factor replacement
schedule of the patient can be continued to keep FVIII/FIX trough
levels at least >1-5% long-term SAPT."335456

In a consensus document, the majority (70%) of respondents
agreed that the use of DAPT in patients with haemophilia A be-
ing treated with emicizumab would not require additional factor
replacement.*? In patients with inhibitors, management is advised to
be individualized, depending on the use of emicizumab and other risk
factors for bleeding.

Persons with haemophilia receiving antiplatelet therapy should be
offered gastric protection with a proton pump inhibitor.

CCS and/or elective PCI

In patients with haemophilia and documented, significant CCS, the
recommendation for long term SAPT use is less robust than that
for patients without haemophilia, although antiplatelet agents in
haemophilia tend to be well tolerated.>” SAPT comprising of as-
pirin (75-100 mg daily), or clopidogrel 75 mg daily if aspirin is not
tolerated, is advised with CFC to maintain FVIII/FIX trough levels
>1-5 |U/dL."* Low dose aspirin is generally advised for patients
with established ischaemic cardiovascular disease (CVD) who have
mild haemophilia or who are receiving routine prophylactic factor
for moderate or severe haemophilia.*®>® If bleeding complications
occur, aspirin should be discontinued. If no clotting factor prophylaxis
is given, aspirin for primary prevention may not be needed.”’

Following elective PCl, DAPT duration should be kept to a min-
imum, ideally no more than 1 month, in line with ESC guidelines
for high bleeding risk patients.>*>® Whilst patients are on DAPT,
clotting factor substitution is advised to achieve FVIII/FIX trough lev-
els >20%,3°27>4 although some experts prefer levels >30%.%°3:5
Afterward, the regular factor replacement schedule of the patient
should be reinstated to maintain FVIII/FIX trough levels >5-10%
during SAPT.53:55.56

Persons with haemophilia receiving antiplatelet therapy should be
offered gastric protection with a proton pump inhibitor.

VHD

In patients with haemophilia who require valve surgery, careful con-
sideration of options is required, to minimize the risk of bleeding
perioperatively and long term, postoperatively.

For patients undergoing cardiac surgery, early involvement of a
haematologist is essential, including the assessment of factor levels
and inhibitors, with CFC given preoperatively to achieve a peak fac-
tor activity level of >80-100%. A literature review of 72 patients
with haemophilia A undergoing cardiac surgery®® predominantly com-
prising of coronary artery bypass grafting procedures and/or valve
surgeries, showed uneventful clinical outcomes in the majority of
cases, but a complication rate of 20%, most commonly bleeding.
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Postoperatively, anticoagulation is variable, with consensus papers
advising trough FVIII/IX levels to be maintained >20 IU/dL," although
higher levels have been advised by others.5°

When possible, minimally invasive surgery is preferred over open-
heart surgery, to reduce the risk of perioperative bleeding.

For mitral regurgitation, valve repair is preferable to replace-
ment especially in patients with haemophilia, as it avoids the need
for long-term anticoagulation, with a number of successful cases
described in the literature.™%* For valve replacement, although
successful outcomes have been reported with mechanical valve re-
placement in patients with haemophilia,’¢*-¢ the use of bioprosthetic
valves is preferable to mechanical valves, if possible, to avoid the
long-term risks of OAC.?” For aortic stenosis, case reports detail
successful transcatheter aortic valve implantation in patients with
haemophilia,**¢7-68 which is likely to become the treatment of choice,
given the relatively low risk of periprocedural bleeding and the lack of
requirement for long-term anticoagulation. In patients who require
aortic valve replacement who are unsuitable for a bioprosthesis, the
mechanical On-X valve may be considered, which allows reduction
in the intensity of anticoagulation 3 months after surgery. In patients
with On-X valves in the aortic position, a target INR of 1.5-2.0 with
warfarin, in combination with low-dose aspirin, resulted in similar
rates of valve thrombosis or thromboembolism and lower rates of
bleeding, than a target INR of 2.0-3.0.%

Following coronary artery bypass surgery, the need for SAPT
should follow those for CCS with low dose aspirin, including the
need for prophylactic CFC administration to patients with severe
haemophilia.®®

AF

OAC to prevent ischaemic stroke or systemic embolism represents
a cornerstone in the management of AF and individual treatment
decisions are based on estimated underlying stroke and bleeding
risks.”273 The prevalence of AF in patients with haemophilia ap-
pears comparable to that in the general population’*”” and while
the risk of ischaemic stroke was reported to be higher in some
analyses,” 767880 none of those studies specifically reported stroke
rates in patients with AF.

As stated above, current European clinical practice guidelines for
the management of AF recommend individual assessment of ischaemic
stroke and systemic embolism risk based on the CHA,; DS, VA score
and recommend treatment with OAC in all patients with an estimated
annual risk of >2% (a score of >2).”%73 For patients at intermediate
risk (a score of 1), OAC should be considered according to these
guidelines. However, in patients with haemophilia, data on risk as-
sessment for ischaemic complications is scarce and the CHA,; DS, VA
score has not been validated."®" Given the hypo-coagulable state
caused by FVIII or FIX deficiency, the presumably lower rates of
certain variables of the score such as very advanced age and peripheral
artery disease, the CHA; DS, VA score may overestimate stroke risk in
patients with haemophilia, and observational data suggest that OAC
prescription does not follow CHA;DS,VA scoring.”® A consensus
view from 2014 by the ADVANCE working group suggested that a
higher CHA;DS,VASc score of >3 might better reflect high stroke
risk in this population.8? However, as the CHA;DS,VA score differs
from the CHADS;-score only by the addition of high age and periph-
eral artery disease, all factors uncommon in patients with haemophilia,
the most recent EHA-ISTH-EAHAD-ESO clinical practice guidance
on antithrombotic treatment in patients with haemophilia recom-
mends the use of the CHADS;-score without recommending specific
thresholds to guide initiation of OAC." Furthermore, it discourages
the use of bleeding risk scores in patients with haemophilia as sug-
gested by clinical practice guidelines for the general population, as all
patients with haemophilia are considered to be at high bleeding risk."

A major consideration in the decision-making regarding the initia-
tion of OAC in patients with haemophilia is whether such patients
can be considered, at least in part, ‘physiologically anticoagulated.
Laboratory studies based on the endogenous thrombin potential
(ETP) have been used to compare the coagulation potential of patients
with haemophilia A and B with patients on OAC and healthy untreated
controls.® Given that the ETP between patients with haemophilia A
and B did not appear to be significantly different,®* expert consensus
is to consider the following observations applicable to both patients
with haemophilia A and B, as outlined in the recent EHA-ISTH-
EAHAD-ESO clinical practice guidance:33-#°

® Patients with haemophilia and clotting factor levels <10 IU/dL (i.e.
patients with levels at diagnosis <10% and with trough levels below
10% on prophylactic treatment with factor VIl or factor IX) can be
considered ‘physiologically anticoagulated’, comparable to patients
on vitamin K antagonists (VKA) with INR levels between 2 and 3.

® Patients with haemophilia and clotting factor levels between 10 and
20 IU/dL can be considered ‘subtherapeutically anticoagulated’ to
a similar extent as patients on VKA with INR levels between 1.5
and 1.9.

® Patients with haemophilia and clotting factor levels above 20 |U/dL
are characterized by strong interindividual ETP variance and over-
lap to some extent with healthy controls.

Several expert consensus documents and practice guidelines have
formulated minimal clotting factor thresholds required for the safe
initiation of OAC."43:50.82.86 The above mentioned most recent clin-
ical practice guideline recommends a minimal trough F VIII/IX level
of 20 1U/dL for the initiation of OAC." In such patients, OAC can
be started without prophylaxis. Patients with factor levels <20 |U/dL
should be considered naturally anticoagulated, and if short-term OAC
is necessary or the patient is deemed at very high thrombotic risk, the
guidelines recommend adapting clotting factor prophylaxis to main-
tain trough levels of >20 IU/dL. In patients with severe haemophilia on
clotting factor prophylaxis, therapy should be adapted to maximum
peak levels of 25 IU/dL and no OAC should be administered." 8385

If the decision for OAC treatment has been made, we believe that
the favourable clinical trial data supporting DOAC treatment over
VKA with regard to major bleeding events including ICH%87 may
be extrapolated to the haemophilia population, and the availability
of effective reversal agents supports such a preference for DOACs,
We believe that OAC should be given in the approved dose. Given
the clearly superior performance of DOACs compared to antiplatelet
agents in reducing ischaemic stroke or systemic embolism at compara-
ble bleeding risk, there is no role for SAPT in patients with haemophilia
and AF88.87

In this specific patient population characterized by high bleeding
risk, strategies that may allow avoidance of antithrombotic drugs seem
attractive. Transcatheter occlusion of the left atrial appendage (LAA),
the main site of thrombus formation in AF has shown promising
results in the general population’? and has successfully been tested in
a small case series of patients with haemophilia.90 Patients, however,
require preprocedural aspirin loading and at least daily low dose as-
pirin until endothelialization of the device as well as full heparinization
periprocedurally. Together with the thrombogenicity of the interven-
tion and the possible need for rescue surgery, factor substitution to
achieve 80-100% activity during and shortly after the procedure is
standard of care.”®"2 No data exist on long-term antithrombotic
management in patients with haemophilia.

Pulmonary vein isolation (PVI) represents yet another potential
approach for rhythm control, which has been successfully tested in
patients with haemophilia.’® Procedures are performed under full
heparinization, and 80-100% peak coagulation factor levels and pa-
tients require OAC for several weeks to months after the procedure.
There are no data to support the safety of omitting OAC in patients
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Table 3 Rare bleeding disorders and associated factor deficiencies

Bleeding phenotype

Risk of thrombosis

Prevalence

Fibrinogen—TFactor | 1:1000000
Fibrinogen deficiency is complex: one

distinguishes between afibrinogenaemia,

hypofibrinogenaemia and dysfibrinogenaemia.

Patients with dysfibrinogenaemia may have an

elevated thrombotic risk and no bleeding risk.
Prothrombin—Factor I 1:2000000
Factor V 1:1000000
Factor V Leiden does not lead to factor V

deficiency and is different form the bleeding

disorder ‘Factor V-deficiency’.
Combined factor V + VIII 1:1000000
Factor VII 1:500000
Factor X 1:1000000
Factor Xl 1:1000000
Factor XIlI 1:2000000

Usually mild and
heterogenous even in
afibrinogenemia

Moderate to severe (when
factor levels are low)

Usually mild to moderate
depending on factor level

Usually mild to moderate
depending on factor levels

Mild to severe (no
proportional correlation to
factor level)

Moderate to severe
depending on factor level

Usually mild and mainly soft
tissue bleeding

Moderate to severe
depending on factor level

Severe thromboembolic events might
occur: both venous and arterial,
independent of age.

Non reported

Severe thromboembolic events might
occur: both venous and arterial,
independent of age.

Severe thromboembolic events might
occur: both venous and arterial,
independent of age.

Severe thromboembolic events might
occur: both venous and arterial,
independent of age.

Not reported.

Severe thromboembolic events might
occur: both venous and arterial,
independent of age.

Severe thromboembolic events might
occur: both venous and arterial,

independent of age.

with factor levels of >20 |U/dL following PVI. Patients with AF under-
going cardiac surgery should undergo concomitant AF ablation and/or
LAA ligation/exclusion.

4. Rare bleeding disorders

Rare inherited bleeding disorders are a heterogeneous group of co-
agulation disorders resulting from deficiencies in coagulation factors:
| (fibrinogen), Il (prothrombin), V, VII, X, XI, XIll, or combined factor
V and VIII deficiency.”® The rare congenital bleeding disorders are
usually transmitted in an autosomal recessive fashion and account for
up to 5% of all the inherited deficiencies of coagulation factors.”* Rare
bleeding disorders have a low prevalence in the general population
(one case in 500000 for FVII up to one in 2000000 for FXIIl) and
have a highly variable clinical presentation.”> In most of these rare
bleeding disorders, the degree of factor deficiency correlates with
the severity of bleeding, with the exception of factor X1.% In general,
major bleeds, such as those occurring in the central nervous system or
musculoskeletal systems, appear to be less frequent in rare bleeding
disorders than in haemophilia or vWD.”” The treatment of these
disorders is based on the replacement of the deficient factor, where
available. However, e.g. for Fll or FV deficiency, there is no single factor
concentrate available.”” Table 3 provides an overview of these disease
entities.

ACS

ACS in patients with rare bleeding disorders has been reported.”®
Published case series and registry studies indicate that the prevalence
of ACS in patients with rare bleeding disorders might be similar to
that expected in the general population.”” However, ischaemic stroke

or acute peripheral artery occlusion might occur less frequently than
Ml in patients with rare bleeding disorders.”+1%

A systematic review of published case reports until 2015 revealed
overall 45 cases of MI/ACS (four with fibrinogen deficiency, two with
FV deficiency, two with FVII deficiency, 36 with FXI deficiency and
one with FXIII deficiency).'®" Another paper including case series
and the authors’ own cases until 2006 reported on 42 patients
with rare bleeding disorders suffering from arterial thromboses (Ml
in 28 cases; ischaemic stroke in four; arterial occlusion in eight).”®
Nevertheless, information is lacking in respect to the type of the
Ml/ischaemia and the occurrence of intracoronary thrombus (com-
plete thrombotic vessel closure by plaque rapture vs. subtotal calcified
lesions without a thrombus formation). In the majority of patients with
MI and rare bleeding disorders, common atherosclerotic risk factors
were present, confirming that in the presence of atherosclerosis, a
congenital hypocoagulability does not fully protect from ischaemia.”’
Importantly, no patients with Fll or X deficiency and arterial or
venous thromboses were reported in the literature. However, this
does not necessarily indicate that these two severe bleeding con-
ditions protect from thrombosis, but rather reflect the rarity of
the disease. Of interest, higher occurrence of Ml was reported in
patients with FXI deficiency than in the other rare factor defects.'”’
Additionally, two patients with FXI| deficiency also showed acute
peripheral arterial occlusions.'®" It has been postulated that the se-
vere FXI deficiency might be protective against ischaemic stroke but
not against acute MI.”? The critical evaluation of the literature also
suggests that thrombosis in FVII deficiency may be associated with
the common prothrombotic risk factors, confirming the assumption
that FVII deficiency also does not protect from thrombosis.”> The
most frequent prothrombotic risk factors were surgery, old age, and
factor substitution therapy.”?
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Antiplatelet therapy

The use of antiplatelet and anticoagulant agents for acute and chronic
management of ACS patients with rare bleeding disorders has not
been established so far. The majority of published cases (most of them
occurred between 1990 and 2015) underwent CABG or were treated
with first generation drug-eluting stents (DES) for PCI.'%" After PCI,
aspirin and clopidogrel were the main antiplatelet drugs used (with an
unknown duration of treatment and lacking data for safety profile on
DAPT or aspirin monotherapy during the long-term treatment).'"!
Yet, the thrombogenicity of the new generation DES improved and
modern PCI, with use of intravascular imaging, allows optimization of
the procedure and therefore, the risk of stent thrombosis is decreased
substantially. In line with these improvements in device and procedural
techniques, the results of multiple trials support the use of very short
duration DAPT (1 month) after DES-PCI in the general population
and especially for patients at high bleeding risk (HBR) undergoing
PCl for ACS or electively.'” Notably, bleeding diathesis or a previous
bleeding are major variables in the ARC-HBR score, which can be used
to guide the duration of DAPT after PCI. In this respect, all patients
with rare bleeding disorders would undergo HBR-PClI, and therefore
very short DAPT duration of no more than 1 month might be justified
in such patients.'®® Interestingly, in addition to the antithrombotic
treatment for ACS, factor replacement therapy was reported to be
administered simultaneously only in some cases with rare bleeding
disorders. '’

CCS; VHD

Since these conditions are so rare, all decisions must be done individu-
ally with regards to initiation of OAC and antiplatelet treatment, type
of OAC as well as alternative procedures. Those should be taken in
an interdisciplinary fashion, with close liaison between haematologists
and cardiologists.

AF

Data regarding the incidence of AF and the indication for use of OAC
in patients with rare bleeding disorders are lacking.

Scientific statements/clinical
consensus statements

1. For all management decisions, we advise to involve a haematologist
with expertise in bleeding disorders (3/4).
2. For patients undergoing coronary angiography and PCl is advised
to:
® Prefer radial over femoral approach (3/4).
® Use UFH (or bivalirudin if patients cannot take UFH) following
replacement of clotting factors (3/4).
® Keep duration of DAPT comprising aspirin and clopidogrel to
no more than 1 month (3/4).
® To administer, while on DAPT, clotting factor concentrate,
although may not be needed in patients with haemophilia A
treated with emicizumab (2/4).
® After DAPT, continuing SAPT with low-dose aspirin with con-
tinuation of the regular factor replacement schedule of the
patient during long-term SAPT (2/4).
3. For patients with ACS, it is advised to:
® Use guideline-directed medical and interventional treatment
according to the 2023 ESC Guidelines for the management of
ACS, as indicated for patients at high bleeding risk (2/4).
® |n STEMI undergoing primary PCl without UFH or LMWH, to
measure factor levels immediately after PCl and use replace-
ment therapy as needed (2/4).

® In NSTEMI or unstable angina, to use replacement of coagula-
tion factors before PCI (clotting factor replacement will depend
on the severity of the haemophilia/clotting factor deficiency)
(2/4).

® To use aspirin loading upon diagnosis, followed by maintenance
dose, while pre-PCl loading with a P2Y12 inhibitor is generally
not advisable (3/4).

® To avoid thrombolysis, glycoprotein libllla inhibitors and tica-
grelor or prasugrel as P2Y12 inhibitors (3/4).
4. Ve advise using gastric protection with a proton pump inhibitor
in patients on antiplatelet therapy (3/4).
5. Low-dose aspirin is generally advised for patients with established
ischaemic CVD who have mild haemophilia or who are receiving
routine prophylactic factor for moderate or severe haemophilia
(3/4).
6. For patients undergoing cardiac surgery, we advise:
® To assess preoperative factor levels and inhibitors, with CFC
administration preoperatively and postoperatively, as needed
(3/4).

® To use, when possible, minimally invasive cardiac surgery or
interventional procedures over open-heart surgery, to reduce
the risk of bleeding (2/4).

® To prefer mitral valve repair and use of aortic bioprosthesis, as
needed, over mechanical valve replacement, to reduce the long
term bleeding risk with anticoagulation (2/4).

7. For patients with AF, we advice to:

® To prefer the CHADS;-score over the CHA,DS,VA score,
which may overestimate stroke risk in patients with haemophilia
(2/4).

® To assess the need for OAC based on the risk of stroke and by
the severity of haemophilia (clotting factor levels) (3/4).

® To prefer DOACs over VKA if OAC is deemed necessary (3/4).

Conclusions

Because of better haemostatic management and increased life
expectancy of patients with congenital bleeding disorders, CVD re-
quiring antithrombotic therapy can be encountered nowadays in the
ageing adult population. While it is controversial whether congenital
bleeding disorders may confer protection against thrombosis, both
atherothrombosis and cardioembolic complications, an increased risk
of bleeding is established in both coagulation and platelet abnor-
malities. Thus, an individualized approach to antithrombotic therapy
is warranted to balance the two opposing risks. Adoption of the
safest interventional and surgical techniques, reduction of the intensity
and/or duration of single or combined antithrombotic therapies, and
attention to the safe levels of clotting factors, with their replacement
when indicated, should generally be considered. Larger, high-quality
evidence is urgently needed. Each treatment decision must be carefully
considered based on both the CV context and the severity of the
bleeding disorder, and in consultation with the treating haematologist.
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