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ABSTRACT 
Cardiovascular disease is an emerging medical issue in patients with hemophilia (PWH) and its prevalence is increasing up to 15% in 
PWH in the United States. Atrial fibrillation, acute and chronic coronary syndromes, venous thromboembolism, and cerebral thrombosis 
are frequent thrombotic or prothrombotic situations, which require a careful approach to fine-tune the delicate balance between throm-
bosis and hemostasis in PWH when using both procoagulant and anticoagulant treatments. Generally, PWH could be considered as 
being naturally anticoagulated when clotting factors are <20 IU/dL, but specific recommendations in patients with very low levels accord-
ing to the different clinical situations are lacking and mainly based on the anecdotal series. For PWH with baseline clotting factor levels 
>20 IU/dL in need for any form of antithrombotic therapy, usually treatment without additional clotting factor prophylaxis could be used, 
but careful monitoring for bleeding is recommended. For antiplatelet treatment, this threshold could be lower with single-antiplatelet 
agent, but again factor level should be at least 20 IU/dL for dual antiplatelet treatment. In this complex growing scenario, the European 
Hematology Association in collaboration with the International Society on Thrombosis and Haemostasis, the European Association for 
Hemophilia and Allied Disorders, the European Stroke Organization, and a representative of the European Society of Cardiology Working 
Group on Thrombosis has produced this current guidance document to provide clinical practice recommendations for health care pro-
viders who care for PWH.
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INTRODUCTION

Antiplatelet and anticoagulant drugs represent a corner-
stone in the management and prevention of arterial and venous 
thromboembolic events.

The beneficial effects of aspirin for secondary prevention 
in high-risk patients has been unequivocally demonstrated in 
a series of meta-analyses of randomized controlled trials. In 
established atherosclerotic disease, aspirin is associated with 
significant reductions in serious vascular events, including 
stroke and coronary events, and a 10% reduction in total mor-
tality.1 Current guidelines suggest life-long aspirin 75–100 mg/
day in patients with history of myocardial infarction and/
or coronary revascularization and in patients with known 
coronary artery disease.1 In addition, after acute coronary 
syndromes (ACS), there is a need for dual antiplatelet ther-
apy (DAPT) up to 1 year, and in some cases at high risk of 
recurrences or in cases where the atherosclerotic disease is 
very severe, there is indication to prolonged treatment with 
single-antiplatelet therapy (SAPT) or DAPT and low-dose oral 
anticoagulant.1

In patients with atrial fibrillation (AF), anticoagulants are 
widely used for the prevention of ischemic stroke and systemic 
embolism. Decisions surrounding anticoagulation in a patient 
with AF is based on the individual risk assessment, where the 
risk of ischemic stroke/systemic embolism is balanced by the risk 
of anticoagulation-associated hemorrhage. When comparing 
vitamin K antagonists (VKAs) with a direct oral anticoagulant 
(DOAC), the DOACs significantly reduced stroke or systemic 
embolic events by 19% compared with warfarin (relative risk 
[RR], 0.81; 95% confidence interval [CI], 0.73-0.91; P < 0.000), 
mainly driven by a reduction of hemorrhagic stroke (0.49 [0.38-
0.64]; P < 0.000).2,3 Therefore, the majority of patients with AF 
are preferably treated with a DOAC due to enhanced efficacy 
and ease of administration.4

Major bleeding is the primary safety concern with long-
term use of antiplatelet or anticoagulation therapy. In primary 
prevention, the use of aspirin versus no aspirin use has a rel-
ative risk for a major bleed of 1.5, with no effect on mor-
tality.5 In secondary prevention in the general population, the 
benefit overweighs the risk of bleeding associated with aspirin 
treatment.1 The risks of any bleeding are more pronounced 
(~3-fold) with the use of DAPT.6 In a recent meta-analysis of 
trials in patients with AF, VKAs had 2-fold increased risk of 
fatal bleeding as compared with DOACs, 2.4-fold of intrace-
rebral hemorrhage, and 1.5-fold of a major hemorrhage, while 
there was no difference in risk of gastrointestinal bleeding.7 
However, these data should be interpreted with caution, as the 
definition of bleeding and the risk of ischemic stroke, exclusion 
criteria, and bleeding tendency were different in the pivotal 
trials testing DOAC compared with warfarin and these trials 
included patients at relatively high thromboembolic risk and 
relatively low bleeding risk.

In the community of patients with hemophilia (PWH), car-
diovascular disease represents an emerging medical issue as the 
lifespan of these individuals continues to approach that of the 
general population. The prevalence of cardiovascular disease 
was 15% in a cohort of PWH in the United States.8 The overall 
AF prevalence in PWH in Europe was 0.84% and increased to 
3.4% in patients >60 years of age.9 Age is associated with other 
risk factors such as hypertension and comorbidity including 
renal disease and polypharmacy. In addition, obesity, diabetes, 
and hypercholesterolemia are present also in PWH.10,11 Although 
the occurrence of atherothrombotic events in PWH might be 
lower when compared with the general population,12 it has been 
shown that PWH are not protected against the development of 
atherosclerosis.13,14 The prevalence of cardiovascular disease 
(CVD) in PWH as compared with the general population was 
the subject of a scoping review in 2015, which demonstrated 
considerable conflicting evidence.15 In a prospective multicenter 

trial, the exact prevalence of CVD in adult PWH was 1.5% over 
a 5-year period.12 All the risk factors mentioned above are also 
associated with an increased risk of venous thromboembolism 
(VTE). Specifically, major orthopedic surgery, which is a com-
mon surgical procedure in PWH, is a well-known risk factor 
for VTE. It is obvious that the use of any antithrombotic ther-
apy exposes PWH to an increased bleeding risk. The balance 
between thrombosis and hemostasis is, therefore, even more 
delicate in this patient population. From a French registry16 and 
the European Hemophilia Safety Surveillance programme, it is 
evident that PWH do have ischemic events supporting the use of 
antithrombotic therapy in certain patients.

The purpose of the current guidance document is to provide 
clinical practice recommendations on antithrombotic therapy 
for health care providers who care for PWH.

METHODOLOGY

These recommendations were proposed by the Scientific 
working Group (SWG) on Bleeding and Thrombosis of the 
European Hematology Association (EHA). The chair of the 
SWG formulated an initial list of experts as a steering com-
mittee and through EHA a working group was proposed to 
the International Society on Thrombosis and Haemostasis and 
European Association for Hemophilia and Allied Disorders, 
which agreed and within April to August 2021 nominated 
4 and 3 members, respectively, to take part. Furthermore, a 
representative of the European Society of Cardiology (ESC) 
Working Group on Thrombosis and 2 neurologists linked to 
the European Stroke Organization (ESO) were also included. 
The recommendations were generated based on a literature 
review to December 2021 from established databases (Medline 
and PubMed) using keywords including hemophilia, cardio-
vascular disease, AF, CHA2DS2-VASc (congestive heart fail-
ure, hypertension, age, diabetes, stroke, vascular diseases), 
HAS-BLED (hypertension, abnormal renal/liver failure, stroke, 
bleeding history or predisposition, labile INR, elderly, drugs/
alcohol, concomitantly), myocardial infarction, heart valve, 
VTE, anticoagulation, thrombin generation (TG), and emi-
cizumab. The coordinator and the initial steering committee 
designated the field into 6 sections and used case vignettes to 
develop clinically relevant questions. As we aimed to develop 
a practice guidance document, recommendations were based 
on the clinical questions. The lack of randomized controlled 
trials in this field was recognized, and thus the development 
of recommendations was based on the best available evidence 
from nonrandomized trials, observational studies including 
case series and reports, literature reviews (including narra-
tives), and expert consensus. An overview of the literature is 
given in Suppl. Table S1. Discussion and review of these rec-
ommendations was carried out by all members of the working 
group during virtual meetings and through email correspon-
dence. In case of nonunanimous agreement on a recommen-
dation, a consensus was reached during virtual meeting by 
voting. In the end, unanimous consensus was reached on 
all recommendations. The draft article was circulated to all 
members after each new version for approval of changes. The 
grading of recommendations, assessment, development and 
evaluation (GRADE) nomenclature was not used because evi-
dence was largely derived from nonrandomized case series and 
expert-informed standard care. Instead, 3-level grading system 
(from the strong to weak) was used: recommendation-consid-
eration-suggestion. The grading system was proposed by the 
Coordinator and the steering Committee to the panelists who 
agreed on the statements. Recommend means that it should 
be applied in most cases; consider means that the option pro-
posed is useful, although clear evidence is lacking; and suggest 
means that evidence is completely lacking but the proposal 
might be useful in the selected conditions.
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SECTION 1: GENERAL CONSIDERATIONS

Clinical question 1: Are PWH naturally anticoagulated?
TG may be a biomarker of coagulation potential beyond 

coagulation factor levels. The TG curve provides a perspective 
of global hemostasis, triggered with low concentration of tissue 
factor, particularly in relation to fibrin-rich clot formation. The 
area under the curve, that is, the endogenous thrombin poten-
tial (ETP), represents the total amount of thrombin formed over 
time. ETP can be used to measure hypocoagulability or hyperco-
agulability. It has been used to compare patients on oral antico-
agulation with patients with hemophilia A (PWHA) and normal 
controls as described below.

Two studies have compared ETP in PWHA with patients 
on oral anticoagulants and healthy controls. In the first, ETP 
was measured in 15 patients on oral anticoagulants (VKAs), 18 
PWHA, and 19 healthy controls.17 Where healthy controls were 
set to 100% ETP, patients on VKAs had values of 19% and 
PWHA of 25% (at low levels of phospholipid in the assay). A 
significant correlation was seen between ETP% and both inter-
national normalized ratio (INR) and FVIII. Patients with an 
INR of 2 had an ETP between 30% and 50%; patients with 
an INR of 4 all had ETP <20%. In PWHA with FVIII levels 
<10 IU/dL, ETP was 5%–65% and showed a log-linear correla-
tion. In PWHA with <1 IU/dL, ETP was <30%, in PWHA with 
FVIII <10 IU/dL, ETP was <60%. The second study compared 
143 PWHA with 97 patients on VKAs and healthy donors18 
(Table 1). ETP of 400 nM/min (44.5% of normal) was consid-
ered as the threshold for therapeutic anticoagulation. Almost all 
PWHA with severe hemophilia had ETP < 400 nM/min, as had 
all patients with therapeutic INR levels. PWHA with FVIII lev-
els 1–10 IU/dL had considerably lower ETP as compared with 
controls (31%) and also lower compared with patients who had 
a subtherapeutic INR. PWHA with FVIII levels 10–19 IU/dL 
were comparable to patients with subtherapeutic INR, although 
still far from normal. In mild PWHA with FVIII 20–50 IU/dL, 
half of them had ETP < 400 nM/min, but the variability was 
very high. In PWHA with FVIII levels > 20 IU/dL, ETP ranges 
were wide with half of the patients reaching the ETP threshold 
associated with a therapeutic INR.

To further characterize the ETP in mild PWHA, several inves-
tigators have compared ETP between PWHA and healthy con-
trols (Table 2).19–23 In 13 mild PWHA, ETP was 72% lower than 
healthy controls.19 In mild PWHA with a mean FVIII level of 21 
IU/dL (11–31 IU/dL), mean ETP was 758 nM/min as compared 
with 1301 nM/min in healthy controls (58% of normal).20 In 31 
mild PWHA, mean ETP was 312 nM/min versus 931 nM/min 
(34% of normal).21 Despite large interindividual variation in 
ETP, it correlated significantly with FVIII levels; in PWHA with 
FVIII levels >25 IU/dL, most patients were above the lower limit 

of normal. A third article evaluated ETP in 61 mild PWHA.22 
FVIII levels correlated significantly with ETP, especially when 
FVIII levels were <20 IU/dL. It can be appreciated that the 
absolute ETP values differ in the various studies, although in 
all reports we chose to depict the low TF concentration (0.5 or 
1 pM) only.

As TG as a surrogate indicator of “natural anticoagula-
tion,” several considerations should be made. First, although 
this provides useful information on the thrombin potential 
of an individual, it has not been evaluated prospectively as a 
clinical outcome for association with bleeding or thrombosis. 
Second, it might be overly simplistic as the TG assay does not 
evaluate different mechanisms by which normal hemostasis 
is impaired. VKAs deplete multiple pivotal procoagulant and 
anticoagulant factors, DOACs lead to stoichiometric inhibi-
tion of FIIa, thrombin, or FXa, and hemophilia results in a 
congenital stable shortage of a single clotting factor VIII or 
IX. Third, it should be noted that in the general population, 
patients with AF on VKAs have INR levels <2.0, 31% of the 
time.24 Thus, the conceptual threshold for “natural anticoag-
ulation” may not be strict. There are various ranges of the 
degree of anticoagulation in patients on anticoagulants and 
in PWH.

We did not find literature that compared ETP in patients on 
oral anticoagulants and PWHB. ETP between hemophilia A and 
B was compared previously and did not appear to be signifi-
cantly different.25 Therefore, it seems plausible that PWHA and 
PWHB can be considered somewhat equal in this respect.

Based on the studies mentioned above, it can be concluded 
that PWHA have lower ETP than healthy controls with expected 
overlap among those with mild HA. In relation to patients on 
oral anticoagulation with INR > 2.0, PWHA with FVIII levels 
<10 IU/dL have comparable ETP and therefore may be con-
sidered to have some degree of “natural anticoagulation.” As 
expected, PWHA with FVIII levels 10–20 IU/dL do not appear 
to be as deeply anticoagulated as patients on therapeutic antico-
agulation, but still have significantly impaired ETP, comparable 
to subtherapeutic INR levels (1.5–1.9).

To conclude:

 - PWH and clotting factor levels <10 IU/dL appear “natu-
rally anticoagulated” to a similar extent as patients on 
VKAs with therapeutic INR levels.

 - PWH and clotting factor levels 10–20 IU/dL appear “nat-
urally anticoagulated” to a similar extent as patients on 
lower level of oral anticoagulation (ie, INR 1.5–1.9 in peo-
ple on VKAs).

 - In patients with FVIII/FIX levels >20 IU/dL, the interindi-
vidual variance is wide and there is some overlap with ETP 
of normal controls.

Table 1

ETP in Patients on VKAs and Patients With Varying Degrees of 
Severity of Hemophilia A

Patients 
Median ETP nM/min (IQR)  

(% of Normal) ETP < 400 nM/min 

Healthy controls 898 (803–1104) (100%) 0%
INR 1.5–1.9 340 (238–429) (37.9%) 63%
INR > 2.0 156 (90–225) (17.0%) 100%
PWH FVIII <1 IU/dL 185 (116–307) (20.6%) 93%
  PWH FVIII 1–9 IU/dL 278 (210–408) (31.0%) 74%
  PWH FVIII 10–19 IU/dL 338 (197–541) (37.6%) 63%
  PWH FVIII 20–50 IU/dL 397 (219–632) (44.2%) 52%

INR = international normalized ratio; PWH = patients with hemophilia; VKAs = vitamin K antago-
nists; ETP = endogenous thrombin potential; IQR = interquartile range.
Adapted from de Koning et al.18

Table 2

ETP in Patients With Mild Hemophilia A

Author Patients 

Median ETP nM/min ±  
SD or (95% CI)  
(% of Normal) 

Dargaud19 Healthy controls 1495 ± 175 (100%)
 PWH FVIII >5 IU/dL 1083 ± 388 (72%)
Gilmore20 Healthy controls 1301 (1196-1407) (100%)
 PWH FVIII 11–31 IU/dL 758 (628-888) (58%)
Veen21 Healthy controls 931 (802-1042) (100%)
 PWH FVIII 6–50 IU/dL 312 (264-360) (34%)
Trossaërt22 Healthy controls 1579 ± 359 (100%)
 PWH FVIII <10 IU/dL 756 ± 402 (48%)
 PWH FVIII 10–20 IU/dL 1201 ± 326 (76%)
 PWH FVIII 20–30 IU/dL 1413 ± 329 (89%)

PWH = patients with hemophilia; ETP = endogenous thrombin potential; CI = confidence interval.
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Clinical question 2: What is the FVIII/FIX threshold to safely start 
aspirin or oral anticoagulation in PWH?

Most literature on this topic is based on the individual expert 
opinion or expert panel consensus statements (Table 3).

A guidance document was first drafted in 200926 and later 
evaluated and adapted in 2013.28,29 In 2013 and 2014, a panel 
of experts was convened and consensus was achieved using a 
Delphi methodology to determine clotting factor thresholds for 
anticoagulation.30,31 The consensus was that a mean factor VIII/
IX level of 1–5 IU/dL should be sufficient to start SAPT and a 
mean of 24 IU/dL (range 10–50 IU/dL) was considered to be high 
enough to start oral anticoagulation, although the individual 
opinions varied widely. A consensus review from Wisconsin was 
published in 2015.32 In 2009 and 2016, an article, How I Treat, 
was published on the topic.27,33,34 A case series from London pro-
vided evidence suggesting that trough levels of around 1% are 
not sufficient for SAPT.39 A recent consensus guideline from the 
World Federation of Hemophilia on the treatment of COVID-19 
in PWH suggests trough levels >30 IU/dL to start prophylactic 
dose with low-molecular-weight-heparin and 50–100 IU/dL for 
therapeutic dose.35 A recent British review suggests a trough of 
20 IU/dL for oral anticoagulation.36 In 2023, 2 more expert opin-
ion articles have been published on the topic.37,38

There are no data on the safety of triple therapy (oral anti-
coagulation and DAPT) in PWH. We think it is acceptable only 
after full correction of the clotting factor deficiency (levels 
80–100 IU/dL). In all other cases, we should refrain from triple 
therapy.

There are no randomized trials on this topic. Data from the 
COmorbidités Cardiovasculaires chez les patients HEmophiles 
(COCHE) study reveal that the bleeding risk in PWH with AF 
taking any form of anticoagulation is higher than in control 
PWH.16 Oral anticoagulation was given only to mild hemo-
philia patients and none of them received FVIII/FIX replace-
ment treatment. Ten patients reached a total follow-up of 102 
months and the overall hazard ratio (HR) for bleeding was 9.9. 
Unfortunately, no information is given on factor levels at the 
time of bleeding nor on types of bleeding events. The bleeding 
rate in mild hemophilia patients using oral anticoagulation was 
slightly higher, although not statistically significantly, than that 
of PWH with SAPT (OR 8.6 versus 5.5).

In a case series, 8 PWH were on oral anticoagulant therapy 
around pulmonary vein isolation for AF.40 Patients used ther-
apeutic doses of VKA or dabigatran 110 mg twice daily for 6 
weeks to several months, with trough FVIII/IX levels of >20 IU/
dL. There were no spontaneous bleeding episodes. A review of 

cases in PWH with AF describes 2 patients on VKA during 6 
weeks without bleeding.41 Trough FVIII/IX levels were kept >30 
IU/dL.

It is well known that there is discrepancy between clotting 
factor levels measured with 1-stage or chromogenic assays, 
especially in mild hemophilia.42 We propose to use the lowest 
factor level measured to make clinical decisions.

There might be a preference for a specific antithrombotic drug 
over others. This is being addressed in specific clinical questions 
(clinical questions 5 and 18).

To conclude:

 - We do not recommend the use of any form of antithrom-
botic therapy (including SAPT) in patients with severe 
hemophilia without clotting factor prophylaxis.

 - We do not recommend the use of any form of antithrom-
botic therapy (including SAPT) in PWH with inhibitors 
(severe and nonsevere hemophilia) not using emicizumab.

 - We recommend a minimum trough FVIII/IX level of 1–5 
IU/dL for SAPT (aspirin or clopidogrel).

 - We recommend a minimum trough FVIII/IX level of 20 IU/
dL for DAPT.

 - We recommend a minimum trough FVIII/IX level of 20 IU/
dL for oral anticoagulation (VKA with INR levels 2–3 or 
full dose DOAC).

 - We recommend a minimum trough FVIII/IX level of 80 IU/
dL for triple therapy (oral anticoagulation and DAPT).

 - We recommend to adjust the treatment according to the 
lowest factor level measured in case of discrepancy between 
1-stage or chromogenic assays.

Clinical question 3: What is the bleeding risk in PWH using 
antiplatelet or oral anticoagulant therapy?

Although data are limited, the French COCHE study pro-
vides the most information on this topic.16 The study was a 
prospective registry from 2011 to 2017 and included PWHA 
or PWHB who started an antithrombotic treatment for coro-
nary heart disease, valvular disease, or AF. The control group 
included PWH without anticoagulation and data were retro-
spectively collected. In total, 18 PWH with AF were included, 
of whom 1 patient also had coronary artery disease; 16 of 
18 patients had mild hemophilia, 1 moderate, and 1 severe. 
The latter patient stopped anticoagulation within a month 
after inclusion due to a CHA2DS2-VASc score of 1. In 5 of 
18 patients (4 mild and 1 moderate), SAPT was given. DAPT 

Table 3

Suggested Minimum Trough Levels (IU/dL) of FVIII/FIX Considered to Start Antithrombotic Treatmenta

Author Setting SAPT DAPT VKA DOAC

Schutgens 200926 Single center 1 30 - -
Mannucci 200927 Expert opinion 5 30 30 -
Tuinenburg 201328 Single center 1 25 - -
Schutgens 201329 Single center 1–5 20-30 20-30 -
Staritz 201330 Delphi consensus 1–5 5-15 - -
Schutgens 201431 Delphi consensus 3.5 (1–10) 14 (4–30) 24 (10–50) 23 (10–50)
Ferraris 201532 Consensus 5–10 25 30 30
Martin 201633 Expert opinion 1–5 15–30 30 30
Schutgens 201634 Expert opinion 1 - 20 20
Guillet 202116 Registry - - 20 20
Pipe 202135 Consensus - - 50 -
Shapiro 202236 Expert opinion 5 20 20 20
Klamroth 202337 Delphi consensus 3 10 20 20
Franchini 202338 Expert opinion 5 30 30 30

aNo data are available for combination therapy of low-dose DOAC and low-dose aspirin.
SAPT = single-antiplatelet therapy; DAPT = dual antiplatelet therapy; VKA = vitamin K antagonist; DOAC = direct oral anticoagulant.
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was started in 2 patients, oral anticoagulation in 10 (6 VKA 
and 4 DOAC). In 2 years of follow-up, anticoagulation ther-
apy was downgraded in most patients: 3 of 5 SAPT stopped, 
all DAPT went to SAPT and from the 10 on oral anticoagula-
tion, 3 stopped completely and 3 switched to SAPT of whom 
1 stopped later. The 1 patient (with mild hemophilia) with AF 
and coronary disease used triple therapy first and turned to 
SAPT.

In the oral anticoagulation group, the mean annualized bleed-
ing rate (ABR) of patients taking VKA and DOAC could not be 
compared, due to their limited number. However, the mean ABR 
was not significantly higher in patients treated with oral antico-
agulation than in those treated with SAPT. In patients with mild 
hemophilia without prophylaxis (factor levels 6–20 IU/dL), sig-
nificantly more bleeding episodes were seen in COCHE patients 
with oral anticoagulation. For basal FVIII/FIX levels >20 IU/
dL, no difference was observed between patients receiving oral 
anticoagulation and controls.

The COCHE study also included 50 PWH and coronary 
artery disease. A total of 18 PWH received DAPT (of whom 9 
switched to SAPT) and 32 SAPT (of whom 4 stopped treatment 
and 1 switched to DAPT). The complete cohort of 68 PWH (AF 
and coronary disease) was analyzed for bleeding events. The 
number of patients who had at least 1 major bleeding event was 
higher in the COCHE group (29/68; 42.6%) than in the con-
trol group (14/68; 20.6%). There were 100 bleeding events in 
the COCHE group: 52 hemarthrosis, 30 hematoma, 10 gastro-
intestinal bleeds (GIBs), and 8 others. Especially, GIB episodes 
were significantly more frequent in the COCHE group than in 
controls (8/68 patients versus 0/68 patients; odds ratio (OR) = 
15.00 [95% CI, 1.84-268]; P = 0.014). It should be noted that 
all GIBs occurred in patients taking antiplatelet therapy, and 
none of the patients were on proton pump inhibitors. In addi-
tion, a total of 13 cardiovascular events occurred in 11 of 68 
COCHE patients (16.2%) versus only 1 of 68 controls (1.5%).

In general, the HR for bleeding in PWH taking any form of 
anticoagulation in the COCHE registry was 2.7 as compared 
with the control group. In severe/moderate hemophilia, the HR 
with SAPT was 2.1 and with DAPT 5.6. In mild hemophilia, 
the HR for SAPT was 3.8, DAPT 5.3, and oral anticoagulation 
9.9. These numbers were not adjusted for use of clotting factor 
prophylaxis, which might explain why the HR for bleeding with 
SAPT was higher in severe hemophilia than mild hemophilia.

In COCHE patients, severe PWH using any form of anticoag-
ulation without factor prophylaxis had a mean ABR significantly 
higher than patients on prophylaxis (6.9 [95% CI, 6.9-7.2] ver-
sus 1.2 [95% CI, 0.97-1.5]; OR 16.7 [8.2-47.3]; P < 0.0001). 
In COCHE patients on prophylaxis, the mean ABR was 3-fold 
higher than in control PWH with prophylaxis without antico-
agulation (1.2 versus 0.4 [95% CI, 0.03-0.77]; OR 3.7 [1.1-
12.6]; P = 0.037). The beneficial effect of prophylaxis was also 
observed in COCHE patients with moderate hemophilia.

Based on the above data, it appears that the bleeding risk in 
PWH taking antithrombotic treatment is higher than in PWH not 
on antithrombotic treatment. In PWH with factor levels >20 IU/
dL, oral anticoagulation appears not to increase the bleeding risk, 
but this judgement is based on limited case series. Prophylaxis 
with clotting factor concentrates (CFCs) decreases the bleeding 
risk in PWH using any form of antithrombotic therapy.

Finally, in the general population, anemia has shown to be 
a major risk factor for adverse outcome in patients using anti-
thrombotic therapy in several trials.43–45

To conclude:

 - The use of antiplatelet therapy increases the risk of gastro-
intestinal bleeds; thus, we recommend the use of empiric 
proton pump inhibition in all PWH on antiplatelet therapy.

 - We recommend to actively manage anemia in association 
with antithrombotic treatment.

Clinical question 4: Should clotting factor prophylaxis be adapted in 
PWH in need for anticoagulation therapy?

As a general remark, the indication for antithrombotic ther-
apy should be considered individually based on the thrombo-
embolic risk. For instance, the indication for anticoagulation in 
lone AF is not comparable with that in mitral valve replacement. 
After the need for antithrombotic therapy has been confirmed, a 
possible adaptation of prophylaxis should be considered. Based 
on the evidence mentioned above, a trough clotting factor level 
of 20 IU/dL is suggested as a minimum in start anticoagulation 
therapy. It is, therefore, the question whether these levels should 
be raised merely to start anticoagulation therapy in PWH with 
baseline clotting factors <20 IU/dL.

From the COCHE study, it was clear that for severe hemo-
philia, patients without clotting factor prophylaxis had a mean 
ABR significantly higher than patients on prophylaxis (6.9 
[95% CI, 6.6-7.2] versus 1.2 [95% CI, 0.97-1.5]; OR 16.7 [8.2-
47.3]; P < 0.0001).16 However, in patients using anticoagulation 
and prophylaxis, the mean ABR remained 3-fold higher than in 
controls with prophylaxis (1.2 versus 0.4 [95% CI, 0.03-0.8]; 
OR 3.7 [1.1-12.6]; P = 0.037). The beneficial effect of prophy-
laxis was also observed in patients with moderate hemophilia.

We consider it feasible to maintain factor levels >20 IU/dL with 
adapted prophylaxis for a limited time period. For instance, after 
initial periprocedural peak levels of 80–100 IU/dL, this can be 
achieved with daily infusion of appropriately weight-based FVIII 
(eg, 2.000 IU) in PWHA through home care delivery or self-infu-
sion. On the contrary, we consider this not feasible or desirable 
for the long-term in terms of logistics and costs. In patients with 
AF, anticoagulation therapy is given for long-term prevention 
of ischemic stroke. Therefore, we do not advocate starting or 
increasing clotting factor prophylaxis for this purpose. Indeed, 
we consider PWH with factor levels <20 IU/dL to be naturally 
anticoagulated to some extent (see above). In the specific case of 
mitral valve replacement, this general concept could be overruled 
as discussed in the valve replacement section in this article.

For coverage of anticoagulation therapy for a limited time 
period, for example, after cardiac intervention, the reason to start 
or increase clotting factor therapy depends on the type of anti-
coagulation therapy. If anticoagulation therapy with oral anti-
coagulants is considered in PWH with clotting factor levels <20 
IU/dL, we generally consider not to start anticoagulation ther-
apy nor clotting factor replacement, except in cases with a very 
high thrombotic risk. In the latter case, anticoagulation therapy 
might be indicated, while trough clotting factor levels of >20 IU/
dL should be aimed for during a limited period. An example of 
this could be the placement of a left atrial appendix closure device 
(see later). If DAPT is needed, we recommend to temporarily start 
or increase clotting factor prophylaxis for the time DAPT is given. 
Again, there are substantial differences in the indication for anti-
thrombotic therapy thus requiring individual assessment.

Considering a PWH using regular prophylaxis with CFCs, 
it should be noted that factor FVIII/IX levels vary dynamically. 
Depending (among others) on dose, frequency, and product type, 
the time spent above or below 20 IU/dL is not always predictable 
and treatment should be individually determined. When regu-
lar prophylaxis is administered at a dose of 15–25 IU/kg every 
other day, one might state that PWH will be >20 IU/dL directly 
after infusion of prophylaxis and <20 IU/dL 12 hours later until 
the next infusion. Likewise, these patients will have less natural 
antithrombotic protection the first hours after prophylaxis and 
more in the last hours before the next infusion. The use of emi-
cizumab will change this perspective and provide patients with a 
prolonged continuous state of increased thrombin potential. This 
will be discussed in association with clinical question 7.

To conclude:

 - For PWH with baseline clotting factor levels >20 IU/
dL in need for any form of antithrombotic therapy, we 
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recommend to initiate antithrombotic therapy and not to 
start additional clotting factor prophylaxis. Careful moni-
toring for bleeding is recommended.

 - For PWH with baseline clotting factor levels <20 IU/dL 
with an indication for long-term prevention of thrombotic 
complications with oral anticoagulation (VKA or DOAC), 
we recommend not to start with oral anticoagulation ther-
apy. Instead, PWH should be considered as being naturally 
anticoagulated when clotting factors are <20 IU/dL.

 - For patients with severe hemophilia using clotting factor 
prophylaxis in whom long-term oral anticoagulation ther-
apy is considered, we recommend adapting clotting fac-
tor prophylaxis to maximum peak levels of 25 IU/dL and 
not to administer additional anticoagulation therapy. This 
means a more frequent lower dose rather than once weekly 
higher dose clotting factor prophylaxis.

 - For patients with severe hemophilia with an indication for 
long-term prevention of thrombotic complications with 
SAPT (aspirin or clopidogrel), we recommend to start SAPT 
and maintain FVIII/FIX >1 IU/dL using regular clotting fac-
tor prophylaxis. In patients with severe hemophilia with on 
demand clotting factor supplementation, we recommend to 
switch to regular prophylaxis and SAPT.

 - For patients with severe hemophilia in need of short-term 
DAPT or oral anticoagulation, we recommend adapting 
clotting factor prophylaxis to maintain a factor trough 
level of ≥20 IU/dL.

 - For patients with nonsevere hemophilia with baseline clot-
ting factor levels <20 IU/dL and a very high thrombotic risk 
in need of (short-term) DAPT or oral anticoagulation, we 
recommend adapting clotting factor prophylaxis to main-
tain a factor trough level of ≥20 IU/dL for as long as DAPT 
or oral anticoagulation is given.

Clinical question 5: If the decision for oral anticoagulation in PWH 
has been made, is there a preference for a specific type of drug?

Given their efficacy, safety, and convenience, DOACs are gen-
erally the first choice as oral anticoagulation therapy for stroke 
prevention in AF in the general population.4,46

A recent meta-analysis evaluated multiple retrospective 
cohort studies that were performed for the European Medicines 
Agency to study the safety profile of DOACs (dabigatran, 
rivaroxaban, and apixaban).47 The pooled HR for bleeding for 
DOACs compared with VKAs was found to be 0.94 (95% CI, 
0.87-1.02). Rivaroxaban showed a modest increased risk (HR, 
1.11 [95% CI, 1.06-1.16]); apixaban showed a decreased risk 
(HR, 0.76 [95% CI, 0.69-0.84]) as did dabigatran (HR, 0.85 
[95% CI, 0.75-0.96]). The overall risk for GIB for DOACs com-
pared with VKAs was slightly higher (HR, 1.16 [95% CI, 1.05-
1.28]). Only apixaban had a lower risk for GIB with a HR of 
0.77 (95% CI, 0.67-0.87). The risk for intracranial hemorrhage 
was significantly lower with all DOACs than with VKA (HR, 
0.49 [95% CI, 0.39-0.62]).

Another systematic review determined the safety of 
DOACs for stroke prevention and treatment in patients with 
AF, including edoxaban.7 For fatal bleedings, VKAs had a 
statistically significant greater risk (OR, 2.02) compared 
with rivaroxaban, apixaban, and edoxaban. There was no 
difference in the risk of fatal bleeding between dabigatran 
and VKAs, edoxaban had the highest level of safety. For 
major bleedings, VKAs had a greater risk as compared with 
apixaban (OR, 1.51), but a similar risk as compared with 
the other DOACs. For GI-bleedings, no differences between 
VKAs and DOACs were found, nor between the different 
DOACs. In terms of intracranial hemorrhage, dabigatran has 
the highest level of safety, followed by edoxaban and apix-
aban, and rivaroxaban has the lowest level of safety.

In PWH, bleeding is the major concern when using oral anti-
coagulation therapy. A drug choice should, therefore, primarily 
be based on the consideration of bleeding risk. There is no rea-
son to assume that the difference in bleeding risk of DOACs 
versus VKA is substantially different in PWH, but specific data 
in PWH on this topic are lacking.

A second criterion for drug selection could be the potential 
to reverse the drug effect by an antidote. As all anticoagulation 
drugs effects can currently be reversed or diminished, either by 
prothrombin complex concentrates (PCC), vitamin K or specific 
antidotes (idarucizumab or andexanet alpha),48 we suggest that 
this should not be an important consideration in anticoagulant 
drug choice.

The interpretation of the INR might be hampered in PWHB 
by the interference of FIX deficiency. The use of VKAs will lead 
to very low FIX levels in PWHB and these low levels are not 
reflected by the INR. This could be a reason to choose a DOAC 
over VKA in these patients. In PWHA using VKAs, we recom-
mend promoting INR self-monitoring.

As mentioned earlier, PWH on regular prophylaxis will have 
peaks and troughs throughout the week. During peaks, patients 
may be at risk for thrombotic events, but during troughs they 
will likely be naturally protected.

To conclude:

 - We recommend using DOACs over VKA in nonvalvular AF 
or VTE due to their favorable safety profile and the ability 
to individualize treatment regimens.

 - We recommend DOACs over VKAs in PWHB.
 - In PWH using VKAs, we recommend promoting INR 

self-monitoring.
 - In the general population, different DOACs have different 

bleeding profiles; we consider taking these profiles into 
account in making individualized decisions on drug choice.

Clinical question 6: If the decision for oral anticoagulation in PWH 
has been made, is there a need for monitoring anticoagulation 
treatment and dose adjustment?

Since the dose-response relationship of VKAs varies signifi-
cantly between individuals (due to genetic and environmental 
factors, including diet and drug–drug interactions), the use of 
VKAs requires close monitoring to prevent underdosing and 
overdosing, which may lead to thromboembolic and bleeding 
complications, respectively.49 Laboratory monitoring is per-
formed by measuring prothrombin time (PT) and reported as 
the INR. INR should be determined at least weekly during initi-
ation of VKA therapy and at least monthly afterwards provided 
INR is stable.50 The recommended INR range in AF patients 
without hemophilia and other bleeding disorders is 2.0–3.0.51 
Randomized trials have demonstrated that compared with pla-
cebo or untreated control, warfarin adjusted to INR 2.0–3.0 
reduces the risk of stroke and systemic embolism by 64%, 
and despite that warfarin increases the risk of major bleed-
ing, it reduces all-cause mortality by 26% in comparison to no 
treatment.51

However, fluctuations of INR are often observed in patients 
on VKA. In well-designed clinical trials, the time in therapeutic 
range (TTR) of INR in those taking warfarin was between 55% 
and 66%.52–54 In some community settings, TTR has been even 
lower (~50%).55 The patient education about VKA treatment 
(eg, drug–drug and diet interactions), using point-of-care testing 
with portable finger-prick monitors, and—in case of PWH—
supervision of Hemophilia Treatment Centers may increase the 
reliability of laboratory monitoring of INR as well as TTR.

Although hemophilia increases the risk of bleeding complica-
tions and excessive bleeding is the most common side effect of 
anticoagulation, there is no evidence that target range of INR 
in PWH and AF receiving VKA should differ from that of other 
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patients with AF treated with VKA, provided the trough level 
of a deficient clotting factor is maintained >20 IU/dL with an 
adequate replacement therapy (see above). A close clinical mon-
itoring is always needed, and in the case of bleeding or thrombo-
embolic complications, a modification of VKA or replacement 
therapy dosing should be made.

The most recent guidelines for the management of patients 
with AF recommends DOACs over VKAs, with exception of some 
subpopulations, that is, with moderate-to-severe mitral stenosis, 
with mechanical heart valve, or with end-stage chronic kidney 
disease or on dialysis.4,50 It should be noted, however, that apix-
aban is the only DOAC approved for end-stage renal disease and 
appears to have a better safety profile as compared with VKAs.56

Due to the predictable dose-response relationship, DOACs 
are usually administered at fixed doses and do not require rou-
tine laboratory monitoring for dose adjustments. Nevertheless, 
it is recognized that the fixed-dose strategy of DOACs may not 
be optimal for patients at extremes of weight, kidney failure, 
gastrointestinal absorption impairment, as well as in the case 
of potential drug–drug interactions, and in patients requiring 
urgent surgery or experiencing thromboembolic or bleeding 
complications while on a DOAC.57–59

The routine coagulation tests (activated partial thromboplas-
tin time [APTT], PT, or thrombin time [TT]) are inadequate for 
monitoring anticoagulant/antithrombotic effect of DOAC, yet 
commercial assays to measure DOAC plasma concentrations 
have been developed.59,60 Dilute thrombin time, ecarin clotting 
time, chromogenic ecarin assay, and chromogenic anti-FIIa 
assay are recommended to measure plasma concentration of 
dabigatran.59 Dedicated anti-Xa chromogenic assays using spe-
cific rivaroxaban, apixaban, and edoxaban calibrators are used 
to assay plasma concentrations of direct FXa inhibitors. The 
results of recently published observational studies demonstrated 
association between DOAC plasma levels and thromboembolic 
and hemorrhagic complications.61,62 The Measure and See study 
(NCT03803579) is currently ongoing in Italy, with the aim to 
define the relationship between DOAC levels at trough at steady 
state (within the first 2–4 wk) and occurrence of bleeding and 
thromboembolic episodes during a 1-year follow-up in patients 
with nonvalvular AF.59,61

However, unlike VKA, for which the target INR is defined, the 
optimal DOAC levels are unknown.57–59 Therefore, the International 
Council for Standardization in Hematology recommends a com-
ment with each reported DOAC result to indicate lack of DOAC 
TTRs, but cite expected levels (correlating with dose and time 
between the last dose of DOAC and blood sampling) for DOAC-
treated patients from published studies.60 Accordingly, monitor-
ing of DOAC plasma levels is not useful in patients doing well on 
this therapy (no bleeding or thromboembolic complications), not 
requiring urgent surgery, not suffering from kidney failure, and not 
receiving drugs that may interact with DOAC.

To the best of our knowledge, there are no data on DOAC 
monitoring in PWH. We believe that the aforementioned prin-
ciples of DOAC use should apply also to AF in PWH. The crite-
ria of DOAC dose reduction in patients with AF in the general 
population are mainly based on age, creatinine clearance, and 
interacting comedication.63 These criteria identify patients who 
are at increased risk of hemorrhagic complications with stan-
dard DOAC dose. Hemophilia also increases the risk of bleeding 
complications; however, we have not identified any data sup-
porting the use of lower DOAC doses in PWH who do not meet 
the common criteria.

To conclude:

 - We recommend INR ranges in PWH using VKA similar to 
that of the general population.

 - If PWH with AF receive a DOAC, we recommend adminis-
tering it at fixed standard dose without routine laboratory 
monitoring for dose adjustments.

 - We recommend giving DOACs in reduced dose to those 
PWH who meet the criteria of anticoagulant dose reduc-
tion as in the general population.

 - We recommend re-evaluation of the need for and choice of 
anticoagulant therapy on a regular basis.

Clinical question 7: Does the use of emicizumab suggest a safe 
threshold for antithrombotic therapy?

Emicizumab is a bispecific monoclonal antibody mimicking 
the cofactor effect of FVIII in the activation of FX by activated 
FIX. This agent has proved effective as prophylactic treatment 
in PWHA with and without FVIII inhibitors. There are very lim-
ited data on the use of emicizumab to facilitate anticoagulation 
in PWHA, whether inherited or acquired.64,65 It is possible that 
emicizumab may provide sufficient hemostasis to allow for anti-
coagulation. It is a particularly attractive prohemostatic agent 
to allow for anticoagulation as it has a long half-life, on the 
range of ~30 days, and stably increases TG compared with clot-
ting factor replacement.66,67 As argued earlier, we recommend 
FVIII activity levels >20 IU/dL to allow for anticoagulation in 
PWHA. The main question to answer therefore is how does emi-
cizumab-associated hemostasis compare to FVIII activity levels?

It must be appreciated that emicizumab, while a mimicker 
of FVIII, is mechanistically different from it and lacks FVIII’s 
regulatory mechanisms.68 Therefore, it is likely inappropriate 
to assign a truly bioequivalent factor VIII level to stable emici-
zumab plasma concentrations.69 That said, the hemostatic effi-
cacy of emicizumab demonstrated in numerous clinical trials is 
unquestionable and unparalleled by intermittent clotting factor 
replacement.70 Earlier studies hypothesized that ~300 nM (44 
μg/mL) of plasma ACE910 (now known as emicizumab) would 
exert an in vivo hemostatic activity equivalent to 10 IU/dL FVIII, 
as 300 nM ACE910 showed in vitro cofactor activity similar to 
that of 10 IU/dL FVIII, in terms of the peak height in the TG 
assay in human FVIII-deficient plasma.71 However, these studies 
were done in a nonhuman primate model of acquired hemo-
philia A and the FVIII used was recombinant porcine FVIII.

Global hemostasis assays have been performed to evaluate 
the hemostatic potential of emicizumab. Data from the HAVEN 
trials have shown that parameters of the rotational throm-
boelastometry (ROTEM) were related to the concentration of 
emicizumab (although more pronounced using the NATEM 
technique than with EXTEM or INTEM).72 Patients consid-
ered to be in the TTR (emicizumab concentrations ~50 μg/mL) 
showed ROTEM parameters equal to PWHA with FVIII levels 
12–60 IU/dL. However, there was a large interindividual varia-
tion in emicizumab levels and in ROTEM parameters. A recent 
study using ROTEM confirmed that emicizumab had similar 
global hemostatic function as PWHA with FVIII levels of 13 
IU/dL.73 Another study using modified clot waveform analysis 
(CWA) showed the equivalent FVIII activity of ~15 IU/dL of 
emicizumab during the maintenance phase of treatment.74

Using a TG assay, patients on emicizumab had ETP values 
that were comparable with mild hemophilia patients with FVIII 
levels between 10 and 40 IU/dL.75 Again, there was consider-
able interindividual variation. As ETP responses were related to 
body weight, one might argue that it could be related to emici-
zumab plasma levels. Indeed, using CWA, a strong correlation 
between emicizumab concentrations and hemostatic potential 
was found.76 This dose-dependent relation was confirmed by 
others and suggested a conversion factor of 0.3 relating emici-
zumab concentration to comparable FVIII activity.77

Therefore, we speculate that the hemostatic potential in 
PWH on emicizumab appears to be in the range of 10–40 IU/
dL equivalent FVIII activity and is likely to be dependent on 
the emicizumab concentration. For SAPT, we consider this well 
above our suggested minimum hemostatic level. Due to the large 
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interindividual variation in TG parameters in patients on emi-
cizumab and the lack of standards for both global hemostatic 
assays and emicizumab level testing, we cannot make recom-
mendations on the safety of emicizumab in PWHA in need for 
DAPT or oral anticoagulation therapy. Clinical reports on this 
topic are emerging and they will provide data on the feasibil-
ity of antithrombotic therapy in PWHA using emicizumab. In 
each patient, an individualized approach should be followed, 
considering the need for anticoagulation (primary prevention or 
treatment of an acute thromboembolic event) and the bleeding 
phenotype. Meanwhile, we advocate cautiousness in prescribing 
high-dose SAPT, combination therapies, and long-term use of 
antithrombotics in these patients.

To conclude:

 - In PWHA using emicizumab (with or without inhibitors), 
we consider it acceptable to use SAPT.

 - There are currently insufficient data to draw conclusions on 
the safety of DAPT or oral anticoagulation in PWHA using 
emicizumab; therefore, we suggest not to switch PWHA 
from FVIII prophylaxis to emicizumab for this purpose.

SECTION 2: ATRIAL FIBRILLATION

A cross-sectional European evaluation showed that AF is as 
common in PWH as in the general population.9 From the total 
of 3952 adult PWH, 33 had AF with a mean age of 69 years 
(interquartile range, 62–76). Hemophilia was severe in 7 (21%), 
moderate in 6 (18%), and mild in 20 (61%) patients. The over-
all AF prevalence was 0.84% and increased with age; 0.42% in 
patients 40–60 years and 3.4% in patients >60 years. In a multi-
center prospective trial in the Netherlands and United Kingdom, 
the prevalence of AF in 709 PWH aged ≥30 years was 2.3%.12 
In a 5 years follow-up period, 5 PWH experienced an ischemic 
cerebral event (1 transient ischemic attack [TIA] and 4 strokes) 
(0.7%); 3 patients had severe hemophilia, 1 moderate, and 1 
mild (FVIII 5%). None of these patients had AF. It was stated 
that the occurrence of cardiovascular events was significantly 
lower as compared with the general population.

There are multiple retrospective studies that describe the 
prevalence of ischemic stroke in PWH, but there are no data 
on ischemic stroke risk in PWH with AF. The ARCHER study 
described 294 PWH of whom 7 had AF (2.4%); 4 ischemic 
cerebral events occurred in 294 PWH (1.4%), but no informa-
tion was given on the presence of AF in these 4 patients.78 The 
Atherosclerosis Risk in Communities (ARIC) study described 
201 PWH of whom 15 had AF (7.5%) and 4 had a history of 
TIA or ischemic stroke (2%).8 Again, the relation between AF 
and stroke was not given.

Clinical question 8: What tool can be used for ischemic stroke risk 
assessment in PWH with AF?

In the general population, stroke risk assessment in patients 
with AF is typically done using the CHA2DS2-VASc score 
(Suppl. Table S2).46 The higher the CHA2DS2-VASc score, the 
higher the annual ischemic stroke risk (Suppl. Table S3).79,80

At present, there is little known about stroke risk assessment 
in PWH. In the European evaluation mentioned above, the 
median CHA2DS2-VASc score was 1.0 (range, 0–2), predomi-
nantly determined by age and hypertension (48% of patients).9 
In the general population with AF, the median CHA2DS2-VASc 
score is 3.0 (range, 2–4).81

A recent report from a French registry describes 18 PWH 
with AF.16 The median CHA2DS2-VASc score was 3 (1–7). A 
case series of 7 PWH undergoing left atrial appendix occlusion 
(LAAO) shows a median CHA2DS2-VASc score of 3 in these 
patients (range, 1–6).82 Another case series describes 9 patients 
with LAAO, with a median CHA2DS2-VASc score of 3 (range, 

3–7).41 It should be noted that these patients all had an indica-
tion for LAAO thus may not represent the average PWH with 
AF. A small case series in 3 PWH with AF show a CHA2DS2-
VASc score of 2 in all 3 patients.39

The CHA2DS2-VASc score has not been prospectively 
evaluated in PWH; therefore, it is unknown whether the risk 
assessment in PWH is equally accurate in prediction of arterial 
thromboembolism to the score in the general population. As the 
CHA2DS2-VASc score is easy to use, well established, and there 
are no data on other stroke risk assessments in PWH with AF, 
we advocate its use for individual risk assessment in PWH. Due 
to the hypocoagulable state of PWH, the actual ischemic stroke 
risk could be lower than predicted. It can, therefore, be argued to 
adapt the threshold for starting anticoagulation to compensate 
for the assumed overestimation of the CHA2DS2-VASc score. In 
general, we suggest that the sum of the risk score is subordinate 
to the individual components. For instance, a CHA2DS2-VASc 
score of 2 in a patient at high risk of bleeding has a different 
value in the decision-making process if a previous stroke/TIA 
has occurred or if the patient is >65 years and has hypertension.

Finally, the CHA2DS2-VASc was originally designed to avoid 
missing patients at risk for stroke/systemic embolism in the gen-
eral population and therefore brings down the threshold for oral 
anticoagulation. In a population at high bleeding risk, it is more 
relevant to initiate treatment in those at high risk of stroke. One 
could therefore consider the use of the CHADS2 score instead 
of CHA2DS2-Vasc in PWH, as it is better in identifying patients 
at high risk for ischemic stroke.

To conclude:

 - We suggest use of the CHADS2 score for individual stroke 
risk assessment as a general guide in PWH, but we can-
not recommend specific predictive thresholds. Thus, 
expert-provided balance of thrombotic and bleeding risk 
must be taken into consideration for PWH.

Clinical question 9: What tool can be used as bleeding risk 
assessment in PWH with AF?

In a systematic review of 5 different risk scores in 38 studies, 
the HAS-BLED score (Suppl. Table S4) had the best evidence 
predicting bleeding events.46,83,84

Bleeding rates according to the HAS-BLED score is depicted 
in Suppl. Table S5. A recent meta-analysis shows similar 
C-statistics of this score in patients using VKAs or DOACs.85

Data on HAS-BLED scores in PWH are scarce. The French 
registry reports a median score of 2 (0–4) in 18 PWH with AF.16 
The number of patients who reported bleeding episodes was sig-
nificantly higher in patients with HAS-BLED score >3 than in 
those with HAS-BLED score <3 (5/8 patients versus 0/10), OR 
33 ([95% CI, 1.43-761.2]; P = 0.0065). The median FVIII levels 
were similar (16.5% versus 19.5%) as well as the proportion of 
patients on prophylaxis. It was, however, not stated whether the 
bleeding episodes were in patients on oral anticoagulation or on 
antiplatelet therapy. Moreover, the definition of major hemor-
rhage in the COCHE was somewhat different than that from the 
HAS-BLED score, as major bleeds were considered bleeding epi-
sodes that required prohemostatic substitutive treatment, which 
are common in PWH.

In the European AF study in 33 PWH with AF, the HAS-
BLED could not be calculated as no data on liver and renal 
function, alcohol, and drugs use were available.9 However, 
based on the data they gathered on age and hypertension, 
already 64% had a HAS-BLED score of at least 2 and 36% a 
score of at least 3. The HAS-BLED score has not been validated 
in PWH using oral anticoagulants. Therefore, there is no evi-
dence to use the HAS-BLED as a formal tool to guide clinical 
decision-making in this patient population. It does provide the 
clinician with a baseline assessment of bleeding risk based on 
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the nonhemophilia population that can be adopted for indi-
vidual therapy and shared-decision making. Finally, other risk 
factors for bleeding should be considered, such as the risk of 
falling and anemia.

To conclude:

 - We consider PWH as being at high risk for bleeding in any 
bleeding score, regardless of factor level.

Clinical question 10: Is there a place for aspirin in the treatment of 
AF in PWH?

In the AVERROES trial in patients who have failed or are 
unsuitable for VKA treatment, apixaban 5 mg b.i.d. (twice a 
day) significantly reduced the risk of stroke/systemic embolism 
with no significant difference in major bleeding or ICH com-
pared with aspirin.86 There were 44 cases of major bleeding 
(1.4%/year) in the apixaban group and 39 (1.2%/year) in the 
aspirin group (HR, 1.13 [95% CI, 0.74-1.75]). There were 11 
cases of intracranial hemorrhage with apixaban and 13 with 
aspirin.

A meta-analysis of bleeding outcomes in randomized con-
trolled trials comparing DOACs versus aspirin was performed 
in 20,000 patients.87 The overall rate of major bleeding was 
1.8% (189 events) in DOAC-assigned patients and 1.3% (129 
events) in aspirin-assigned patients (OR, 1.55 [95% CI, 0.99-
2.45]). Compared with aspirin, the ORs were 1.12 (95% CI, 
0.73-1.73) for apixaban, 1.21 (95% CI, 0.86-1.69) for dabiga-
tran, and 2.64 (95% CI, 1.68-4.16) for rivaroxaban. The find-
ings from this meta-analysis do not support the use of aspirin 
over DOACs for antithrombotic treatment of AF in the general 
population.

In the ESC guideline, it is stated that overall, antiplatelet 
monotherapy is ineffective for stroke prevention and is poten-
tially harmful (especially among elderly AF patients). Hence, 
antiplatelet therapy should not be used for stroke prevention in 
AF patients.46

There is no comparison of oral anticoagulation versus aspi-
rin in PWH. As described earlier, GIB were more common 
in PWH using antiplatelet drugs. The available evidence in 
patients without hemophilia does not support the common 
notion that aspirin is more safe than oral anticoagulation in 
patients with AF; there is no evidence to support or refute this 
evidence in PWH.

To conclude:

 - In PWH with AF, we recommend against the use of aspirin 
over oral anticoagulation.

Clinical question 11: What is the role for alternative strategies in 
PWH with AF, such as left atrial appendix closure or pulmonary vein 
isolation?

The risk of ischemic stroke in the general population is usu-
ally estimated by the CHA2DS2-Vasc score, which, however, has 
been questioned in PWH.9 Data from the COCHE study reveal 
that the bleeding risk in PWH with AF taking any form of anti-
coagulation is higher than in control PWH16 and this risk could 
be even increased with long-term anticoagulation. Catheter 
ablation using a femoral vein approach has been used for symp-
tomatic arrhythmia control and it has proved similarly effective 
as anticoagulation in preventing long-term thromboembolic 
events with less risk of major bleeding in patients considered at 
high risk of bleeding (HAS-BLED ≥ 3).88 This of course would 
be an attractive option to manage symptomatic AF in PWH. In 
a case series, 5 PWH were treated with this approach, with good 
long-term results and 1 patient only relapsing after 42 months.40 
The incidence of groin bleeds was, however, increased compared 
with that of general population. Usually, anticoagulation for 4 

weeks before the procedure has been advised for those having 
factor levels >20 IU/dL.

Left atrial appendage occlusion (LAAO) has recently been 
proposed as an alternative for long-term management of AF. The 
LAA is the main site of clot formation in patients with AF and a 
potential source of cardiac arrhythmia; furthermore, it contrib-
utes to regulating intravascular volume status and hemodynamic 
conditions. In randomized trials, this approach had similar effi-
cacy as VKAs in preventing stroke with a trend for lower bleeding 
rates and AF recurrences on long-term follow-up.89 The Left Atrial 
Appendage Ligation and Ablation for Persistent Atrial Fibrillation 
(LAALA-AF) registry study showed that, at 1-year follow-up after 
1 ablation procedure and off antiarrhythmic therapy, 65% (P = 
0.002) of patients who had LAAO with a LARIAT device and 
ablation were free from AF compared with 39% of those undergo-
ing ablation only (P = 0.002).90 Recently, there have been a series of 
case reports describing the experience with LAAO in PWH.41,82,91–

94 Overall, there were very few minor periprocedural bleeding 
events, with excellent clinical results. Some patients, however, had 
FVIII levels <20 IU/dL. In the largest series,82 7 PWHA underwent 
LAAO after multidisciplinary discussion either with Watchman 
or Amulated implanted device. Four had basal FVIII levels ≥20 
IU/dL, one 14, one 4, and one <1 IU/dL. Various anticoagula-
tion regimes were adopted before the procedure. Periprocedural 
treatment targeted a FVIII level of 100 IU/dL. Minor bleeding 
occurred in almost all patients and SAPT with aspirin after the 
procedure ranged from 5 months to indefinite, in the latter case 
because of current coronary disease and prior percutaneous car-
diac intervention (PCI). In 2 of them, clopidogrel was also added 
for 1 and 3 months. No stroke or systemic embolism occurred 
during follow-up. A single patient had GIB while on aspirin. The 
implantation procedure could be complicated and it is not clear 
how long these patients should use antiplatelet and/or anticoagu-
lation treatment after the procedure. In another study, 2 additional 
patients while on clopidogrel after the procedure had bleeding 
complications.41 There are no comparative studies addressing the 
role of LAAO over anticoagulation in PWH and AF. Patients with 
high risk of bleeding because of more severe bleeding phenotype 
or presence of comorbidities (eg, treated hypertension, significant 
cardiovascular or coronary disease) could probably be carefully 
considered for the procedure. Accurate prophylaxis is anyway 
needed after the procedure, also to allow antiplatelet treatment.

To conclude:

 - We consider LAAO a feasible option in PWH not eligible to 
long-term anticoagulant treatment for AF. However, accu-
rate selection of eligible patients should consider the risk of 
bleeding during follow-up and temporary adapted prophy-
laxis is warranted if the baseline factor level is <20 IU/dL

SECTION 3: ACUTE AND CHRONIC CORONARY SYNDROMES

ACS include unstable angina, ST-segment elevation myocar-
dial infarction (STEMI), or non-ST-segment elevation myocardial 
infarction (NSTEMI). STEMI requires acute intervention with a 
PCI started as soon as possible and preferably <12 hours after 
symptom onset or systemic thrombolysis to immediately restore 
flow in the occluded coronary artery.95 An NSTEMI is usually 
treated with DAPT and parenteral anticoagulation until PCI is 
done, usually within 24–72 hours. According to the 2020 ESC 
guidelines for NSTEMI, PCI is performed through radial arterial 
access, antiplatelet and/or coagulation therapy is administered, and 
the culprit lesion is being treated with new-generation drug-elut-
ing stents (DES).96 Chronic coronary syndromes refer to the pres-
ence of known coronary heart disease, its biological and clinical 
evolution, when symptoms and signs of ACS are not present.97

Several case reports and case series have been published on this 
topic in PWH.28,39,98,99 A review of published cases was reported 
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in 2018 with publications rates ranging from 1968 to 2013.100 In 
total, 54 PWH were described undergoing a coronary angiogra-
phy, in whom 38 PCI procedures were performed. In 3 patients, 
a periprocedural bleeding was reported, of whom 2 had a femo-
ral access site hemorrhage. A total of 33 stents were placed (31 
bare metal stents [BMS] and 2 DES). In 28 patients, DAPT was 
used, for whom 21 received additional clotting factor prophylaxis 
during DAPT. In 11 patients (20%), a bleeding episode occurred 
during follow-up, most of them were minor bleeds. Two major 
bleeds were documented, both during monotherapy with aspirin: 
1 tongue bleed after a tongue bite and 1 with a GIB. Another 4 
cases were reported in PWH (2 moderate and 2 severe) undergo-
ing PCI between 2010 and 2016.39 All received periprocedural 
clotting factor supplementation with target levels >80 IU/dL, 1 
BMS and 3 DES were placed, and DAPT with aspirin and clopi-
dogrel was given for 1–3 months. All patients received additional 
CFCs during DAPT. No bleeding complications occurred.

In the following clinical questions, we will specify our recom-
mendations on antithrombotic therapy, stent type, and PCI in 
PWH (Table 4).

Clinical question 12: Can systemic thrombolysis be given in PWH?
In general, primary PCI has been shown to be superior to throm-

bolytic therapy in ACS.95 Fibrinolytic therapy is recommended 
only in cases in which primary PCI is not immediately available 
and the delay from hospital presentation to PCI is anticipated 
to be >120 minutes. In patients taking oral anticoagulation, the 
use of thrombolysis is, in general, not recommended.101 Although 
there are no data to support this, we consider systemic thrombol-
ysis to be relatively contraindicated in all PWH. If primary PCI 
is not available, we recommend transfer of the patient to a PCI 
center as soon as possible. If this is not possible and fibrinolysis 
is considered as the only option, this can only be performed after 
full correction of FVIII/FIX and careful monitoring of hemostatic 
parameters and bleeding phenotype. In this, we make no distinc-
tion between systemic or local fibrinolysis.

To conclude:

 - We consider systemic thrombolysis to be relatively contra-
indicated in all PWH.

Clinical question 13: Is there an indication for pretreatment 
with antiplatelet therapy in PWH with ACS before invasive (PCI) 
treatment?

During an acute myocardial infarction, antiplatelet therapy 
is the cornerstone of treatment. Pretreatment with an anti-
platelet therapy (usually P2Y12 receptor inhibition) before 
cardiac intervention in NSTEMI seems attractive, but this was 
not associated with improved ischemic outcomes in nonhemo-
philia patients and instead, with a significantly increased risk 

of bleeding. Therefore, the ESC does not recommend to admin-
ister routine pretreatment with a P2Y12 receptor inhibitor in 
NSTEMI patients in whom coronary anatomy is not known and 
an early invasive management is planned.96 Likewise, in non-
hemophilia patients with STEMI, pretreatment with a P2Y12 
inhibitor did not improve clinical outcomes.102

To conclude:

 - We do not recommend pretreatment with a P2Y12 receptor 
inhibitor in PWH with an ACS if an early invasive manage-
ment is planned.

Clinical question 14: Is there an indication for clotting factor 
replacement in PWH before cardiac intervention?

In an earlier section, we described the rationale behind “nat-
ural anticoagulation” of PWH, which could be extended to con-
sideration of the pericardiac intervention period. Indeed, one may 
consider that PWH with factor levels <20 IU/dL may not need 
anticoagulation with heparin or bivalirudin. However, arterial 
punctures can be complicated by pseudo-aneurysm formation 
in PWH.103 Therefore, a bolus infusion of CFC is recommended 
before arterial puncture for cardiac interventional procedures. We 
suggest to aim for a peak factor activity level of ~80–100 IU/dL and 
to maintain a trough level >50 IUI/dL for 24–48 hours (Table 4), 
where peak levels >150 IU/dL should be avoided. As bleeding risk 
using a femoral approach is larger than the radial approach,104 we 
recommend radial access in all PWH undergoing a PCI.

In PWHA using emicizumab, we discussed the patient’s 
hemostatic potential in clinical question 7. In general, we 
consider the FVIII mimicking activity to be inadequate for 
PCI and therefore recommend additional FVIII replacement. 
There is 1 case report on a patient with acquired hemophilia 
A who underwent successful PCI with bivalirudin, a DES 
and DAPT (aspirin and clopidogrel) while on emicizumab.105 
However, the arterial access route was not reported. There are 
no reports of patients with congenital hemophilia on emici-
zumab treated with PCI. In PWH with inhibitors, additional 
supplementation with bypassing agents is indicated. In inhib-
itor patients using emicizumab, we recommend rFVIIa at a 
dosage of 90 μg/kg every 3–4 hours for 24–48 hours, but do 
not recommend the use of activated PCC (aPCC). In inhibi-
tor patients not using emicizumab, bolus infusions with aPCC 
50–80 IU/kg every 12 hours are an alternative. In all cases, 
the use of full dose anticoagulation should be limited to the 
shortest period possible and close monitoring for bleeding 
complications is in place.

During cardiac interventions, additional antithrombotic med-
ication might be administered as described in the section below. 
Most commonly, a single infusion of unfractionated heparin 
(UFH) or a continuous infusion for maximum of 4 hours after 

Table 4

Antithrombotic Treatment in PWH With Chronic and Acute Coronary Syndrome With Indication to Conservative or Invasive (PCI) 
Treatment

Condition Recommendation Hemostatic Therapy 

Chronic coronary syndrome Low-dose aspirin (75–100 mg OD) or clopidogrel 75 mg OD if aspirin is 
not tolerated

CFC to maintain FVIII/FIX trough levels >1–5 IU/dL

UA/NSTEMI/STEMI (>12 h)  
where a conservative treatment  
is indicated

- UFH or bivalirudin (dose and duration according to the guidelines)
- DAPT: clopidogrel + aspirin for 4 wk (dose according to the guidelines)
- SAPT: aspirin 75–100 mg OD long-term

CFC to maintain trough FVIII/FIX levels >20 IU/dL for as long as 
antithrombotic drug is givena; trough levels >20 IU/dL for 4 wk 
(during DAPT) followed by >1–5 IU/dL long-term (during SAPT)

UA/STEMI or NSTEMI where PCI  
is indicated as primary  
management strategy

- UFH or bivalirudin periprocedural (dose according to the guidelines)
- DAPT: clopidogrel + aspirin for 4 wk (dose according to the guidelines)
- SAPT: aspirin 75–100 mg OD long-term

CFC to reach FVIII/FIX peak level of 80–100 IU/dL before PCI and 
maintain >50 IU/dL for 24–48 h; trough levels >20 IU/dL for 4 wk 
(during DAPT) followed by >1–5 IU/dL long-term (during SAPT)

aThere is no consensus on duration of UFH in this patient category and it ranges from 1 to 5 days (most patients will proceed to PCI).
ACS = acute coronary syndrome; OD = once daily; CFC = clotting factor concentrate; UA = unstable angina; NSTEMI = non-ST-segment elevation myocardial infarction; STEMI = ST-segment elevation 
myocardial infarction; h = hours; UFH = unfractionated heparin; DAPT = dual antiplatelet therapy; SAPT = single-antiplatelet therapy; PCI = percutaneous coronary intervention.
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the procedure with bivalirudin is used. This window can be cov-
ered by the initial bolus infusion of FVIII/FIX that is given for 
arterial access. We recommend additional clotting factor infu-
sions depending on the procedure (Table 4).

In case of a coronary angiography, where no antithrombotic 
therapy is given and no intervention is performed, a shorter 
duration of clotting factor supplementation is feasible (12–24 h).

To conclude:

 - In PWH undergoing a cardiac intervention, we recom-
mend clotting factor supplementation with a target FVIII/
FIX peak level of 80–100 IU/dL before the procedure. We 
recommend additional bolus infusions to maintain trough 
levels according to the procedure (see Table 4).

 - We recommend radial artery access over femoral in cardiac 
interventions.

 - In PWHA on emicizumab without inhibitors undergoing a 
cardiac intervention, we recommend additional FVIII sup-
plementation as in PWH without emicizumab.

 - In PWHA on emicizumab with inhibitors undergoing a 
cardiac intervention, we recommend supplementation with 
rFVIIa, but do not recommend the use of aPCC.

Clinical question 15: Which anticoagulant is preferred in PWH before 
and during PCI?

Currently, there are 3 antithrombotic agents that have been 
studied in PCI. These are UFH, bivalirudin, and enoxapa-
rin without evidence for superiority of one over the other.95,96 
Fondaparinux is no longer recommended as the sole anticoag-
ulant used in PCI due to a higher associated incidence of guid-
ing-catheter thrombosis.95 UFH and bivalirudin have shorter 
half-lives as compared with enoxaparin, which make them a 
more desirable anticoagulant for PWH undergoing PCI. The 
2017 ESC guideline mentions that bivalirudin should be con-
sidered in STEMI, especially in patients at high bleeding.106 
However, the 2020 ESC guideline on NSTEMI indicates that a 
significant association between bivalirudin and decreased risk 
of bleeding was only found with unbalanced use of GP IIb/IIIa 
inhibitors in conjunction with UFH.96

To conclude:

 - In PWH with ACS where PCI is indicated, we recommend 
using UFH or bivalirudin over enoxaparin given their 
shorter half-lives.

 - We recommend the use of UFH or bivalirudin only after 
replacement of clotting factor levels.

Clinical question 16: Is there a formal bleeding risk assessment tool 
for bleeds in PWH with ACS?

In the general population, the CRUSADE and ACUITY bleed-
ing scores have been developed in NSTEMI. Overall, the 2 scores 
have reasonable predictive value for major bleeding in ACS 
patients undergoing coronary angiography, with CRUSADE 
being the most discriminatory.96 The CRUSADE includes heart 
rate, systemic blood pressure, gender, hematocrit, creatinine 
clearance, and history of cardiovascular disease or diabetes.

Presently there is no formal bleeding risk assessment tool for 
PWH. More recently, the Academic Research Consortium for High 
Bleeding Risk tool was developed. This scoring system has been used 
in clinical trials to provide consistency in evaluating safety and effec-
tiveness of drugs and devices in patients undergoing PCI. Patients are 
considered at high risk for bleeding when at least 1 major criterion 
has been met; as chronic bleeding diathesis is one of those major 
criteria, PWH can be considered as having high bleeding risk.

To conclude:

 - We consider all PWH at higher risk for bleeding and 
therefore recommend that they should be treated as such 

according to the existing guidelines. We recommend that 
the severity of hemophilia and the individual bleeding risk 
are guiding the clinician, not a formal score.

Clinical question 17: What type of stent is preferred in PWH with ASC?
Earlier studies comparing outcomes with first-generation 

DES and BMS reported an increase in late stent thrombosis and 
increased mortality rate with DES. To prevent late stent throm-
bosis, the earlier DES needed longer and intensive DAPT to pre-
vent restenosis. That is why in the past, it was suggested to prefer 
BMS over DES in PWH, to reduce the time for DAPT.26,27,33

New generation DES have overcome these problems and have 
higher efficacy and safety and lower restenosis rates than both 
first-generation DES and BMS.95 This also implied that shorter 
duration (4 weeks) of DAPT could be given in patients at high 
risk for bleeding.107

To conclude:

 - We recommend a newer generation DES as these allow the 
shortest DAPT time without an increase in the risk of stent 
thrombosis.

Clinical question 18: What DAPT regimen is preferred in PWH?
Clopidogrel is considered a weaker P2Y12 receptor agonist 

than prasugrel or ticagrelor. It also has the more favorable safety 
profile in terms of bleeding risk. The ESC guidelines recommend 
treating patients with a high bleeding risk with clopidogrel over 
the other P2Y12 receptor agonists.96 For minimum suggested 
FVIII/IX levels in this context, please refer to clinical question 2.

Both in the STEMI and NSTEMI guidelines, the duration of 
DAPT has been highlighted by a summary of clinical trials in 
~30,000 patients. Shorter (1–3 mo) duration of DAPT followed 
by monotherapy with a P2Y12 receptor agonist after DAPT 
was favored over longer duration, due to lesser bleeding events 
without increasing thrombotic risk. In patients with high risk of 
bleeding, the shorter DAPT duration is recommended.96

In PWHA with inhibitors using emicizumab in a strong need 
for DAPT, we consider an individual approach, a short DAPT 
duration (maximum 4 wk), but only with careful monitoring 
of the bleeding phenotype. In the rare event of a PWHA with 
inhibitors not using emicizumab, we do not recommend the use 
of DAPT.

To conclude:

 - We recommend the use of clopidogrel over ticagrelor or 
prasugrel in PWH in need for DAPT due to its lower bleed-
ing risk.

 - We recommend short duration of DAPT (1 mo) after newer 
generation DES placement followed by long-term mono-
therapy with clopidogrel or aspirin.

 - In inhibitor patients, we consider an individual approach 
depending on the use of emicizumab and other risk factors 
for bleeding.

SECTION 4: HEART VALVES

Clinical question 19: How to manage valve replacement in PWH?
It is beyond the scope of this guidance document to describe 

in detail all treatment modalities for aortic and mitral valve 
repair. In general, there are 2 types of heart valves: mechanical 
and biologic. Both have risks and benefits, which may vary with 
the age of implantation. The choice of prosthesis (mechanical 
valve versus bioprosthesis) is important in valve disease. The 
major problems with mechanical valves are the risks of throm-
boembolism and bleeding from chronic anticoagulation; these 
are 4.4% per year and 8.5% per year, respectively, in the nonhe-
mophilia population.108 This bleeding is 3- to 5-fold in patients 
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with a history of bleeding. The problem with bioprosthesis is its 
limited durability due to valve degeneration, but it has the major 
advantage of the lack for long-term anticoagulation.

The few case reports that are available describe the use of 
prosthetic valves in PWH.109–113 Tang et al describe 3 PWH 
undergoing aortic valve replacement (all bioprostheses) and 1 
mitral valve reconstruction.109 Patients received thrombopro-
phylaxis using LMWH 1–2 times 5000 IU/d for 1–3 months, 
during which clotting factor levels were kept >50 IU/dL. A 
PWHB (FIX 14 IU/dL) underwent replacement of both the 
mitral and aortic valve by mechanical valves.110 His FIX was 
supplemented until day 11 postoperatively. He was discharged 
with low-dose acenocoumarol (INR 1.5–2.0) and was fol-
lowed uneventfully for 9 months. Another PWHA (FVIII 7 IU/
dL) underwent successful replacement of his aortic valve by a 
mechanical valve. He was treated with warfarin (INR 2–2.5) 
without complications.111 A patient with mild hemophilia (FVIII 
19 IU/dL) underwent a successful mitral valve annuloplasty. He 
received VKA for 1 month with FVIII supplementation (trough 
level >70 IU/dL), after which VKA was switched to aspirin with-
out further FVIII prophylaxis.112

In patients that are unable to receive a bioprosthetic valve, 
the use of the mechanical On-X valve might be considered, 
which requires a less intense anticoagulation after 3 months of 
insertion.114

To conclude:

 - We recommend bioprosthetic valves over mechanical valves 
to avoid life-long anticoagulation in PWH.

 - Anticoagulation postoperatively is variable and can be 
given, observing the suggested minimum trough factor lev-
els as described earlier (in general, we recommend FVIII/IX 
levels >20 IU/dL).

SECTION 5: VENOUS THROMBOEMBOLISM

Clinical question 20: Is routine thromboprophylaxis needed in PWH 
undergoing surgery or who are medically ill?

VTE and PE are critical postoperative complications follow-
ing major orthopedic surgery, particularly total knee replace-
ment (TKR) or total hip replacement (THR). In the general 
population, the cumulative rate of symptomatic VTE up to 35 
days is estimated to be 4.3% without VTE prophylaxis. The 
subclinical and asymptomatic VTE rate identified by imaging 
techniques is much higher reaching 40% to 60% when bilateral 
phlebography is used. The incidence of VTE in THR appears to 
be slightly higher than TKR. The cumulative risk of VTE lasted 
for up to 3 months after hip surgery and 1 month after total 
knee replacement.

The published literature suggests that VTE is an uncom-
mon event in PWH, including those with acquired thrombo-
philia.115–117 Most of the events described in this population 
are related to additional risk factors, such as surgical pro-
cedures and substitutive treatment-related complications.118 
Before introducing emicizumab prophylaxis in clinical prac-
tice, an expert panel analyzed the rates of venous and arte-
rial thrombotic events associated with CFCs. The VTE rate 
was low, the adverse event rate per treated patient was 0.05% 
and 1.5% for hemophilia A and B, respectively, after analy-
sis of 5168 patients from a total of 50 studies. There were 
no arterial or venous thrombotic events, all of which were 
thrombophlebitis.119 The estimated risk of symptomatic VTE 
in PWH who undergo arthroplasty without pharmacologi-
cal thromboprophylaxis is 0.5%. The incidence of subclini-
cal deep vein thrombosis (DVT) detected by routine Doppler 
ultrasound has also been found to be very low, ranging from 
0% to 10%.120 More recently, contrast-enhanced computed 
tomography (CT) has seen DVT in 18% of hemophilia A 

patients undergoing TKA surgery, despite not being detected 
by ultrasound.121

There is still controversy whether thromboprophylaxis is indi-
cated in PWH undergoing surgery. As described earlier, PWH have 
some form of “natural anticoagulation” and the VTE events are 
extremely low. FVIII levels are normalized during surgery, with 
the administration of exogenous FVIII being adequate for hemo-
stasis but lower than in nonhemophilic patients. As is known, 
FVIII is an acute phase reactant in patients without hemophilia; 
however, in PWH plasma levels are monitored to avoid an exces-
sive increase over prolonged periods.33,122 This phenomenon does 
not occur in hemophilia B patients. In fact, unlike factor IX lev-
els, which are monitored and adjusted, postoperative FVIII can 
reach very high levels in hemophilia B patients. Whether these 
patients are at increased risk of VTE is unknown and it is more 
likely that thromboprophylaxis is warranted in PWHB.

The classical complication resulting from surgery in PWH 
has been hemorrhagic events.120,123–125 Bleeding in the prosthetic 
joint, including microbleeds, can be a source of infection, as 
a significant relationship between bleeding and infection has 
been observed.126,127 Essential factors play a role in the complex 
interplay between coagulopathy, intensive replacement therapy, 
bleeding, thrombosis, and thromboprophylaxis.126

Thus, recently, the WFH guidelines for managing hemophilia 
recommend against routine pharmacologic thromboprophy-
laxis in major surgery.128 These guidelines recommend to assess 
the individual risk of VTE during surgical procedures that carry 
a high risk of developing VTE. The WFH guidelines recommend 
considering the use of mechanical methods for thromboprophy-
laxis for PWH undergoing surgery associated with a high risk of 
VTE and bleeding complications. In contrast to pharmacological 
thromboprophylaxis, mechanical methods of thromboprophy-
laxis are not associated with the risk of bleeding complica-
tions.128 Nevertheless, for PWH in whom the balance of the risk 
of bleeding compared with the risk of developing VTE favors 
pharmacological thromboprophylaxis, the WFH recommends 
the same practice as that applied in the general population, pro-
vided that adequate replacement therapy is administered. We 
recommend an individual assessment in every PWH having a 
surgical intervention, recognizing personal and surgery-related 
VTE risks. We do not make a difference between clotting factor 
correction with bolus infusions or continuous infusion.

We did not find any evidence in the literature for throm-
boprophylaxis in the medically ill PWH. In most cases, these 
patients will not receive intensive clotting factor supplementa-
tion and the thrombotic risk is less than in the context of sur-
gery. Therefore, we do not recommend routine pharmacological 
thromboprophylaxis in these patients. However, there is one 
guidance document on COVID-19-associated coagulopathy in 
PWH.39 There, a trough FVIII/FIX level of 30 IU/dL is recom-
mended to allow for pharmacological thromboprophylaxis. In 
light of our considerations mentioned in section 1, where we 
consider a level of 20 IU/dL for full dose anticoagulation and 
consider PWH with lower levels as being naturally anticoagu-
lated, we do not support this recommendation.

To conclude:

 - Considering the low prevalence of postoperative VTE in 
PWH and the potential chance of bleeding complications, 
we do not recommend the use of routine pharmacological 
thromboprophylaxis in the perioperative period.

 - We recommend an individual approach in surgery with 
high VTE risk.

 - We recommend against extended duration of pharmacolog-
ical thromboprophylaxis.

 - We do not recommend routine pharmacological thrombo-
prophylaxis in PWH that are medically ill.

 - We recommend mechanical over pharmacological throm-
boprophylaxis, if indicated.
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Clinical question 21: Is the recommendation for routine 
thromboprophylaxis in PWH different according to the hemostatic 
product that is used (bypassing agents/emicizumab)?

Although emicizumab prophylaxis has demonstrated hemo-
static efficacy, patients may require concomitant administration 
of a bypassing agent or FVIII clotting factor replacement to pre-
vent bleeding in the perioperative period.129

The occurrence of thrombotic events and thrombotic micro-
angiopathy (TMA) following aPCC administration in adult 
PWHA and inhibitors on emicizumab prompted several rec-
ommendations for managing patients with inhibitors on emi-
cizumab prophylaxis in favor of rFVIIa.130,131 In surgical and 
emergency settings, low doses of aPCC may be considered to 
manage cases of patients who do not respond to first-line treat-
ment with rFVIIa. However, in PWHA without inhibitors, the 
rate of thrombotic events (including TMA) in association with 
emicizumab and FVIII is negligible,132 because the combination 
of emicizumab and FVIII does not appear to enhance hemostatic 
activity.133

Recently, an overview of surgical procedures from the HAVEN 
1–4 trials has been reported.134 In this overview, thrombopro-
phylaxis was not mentioned. No thrombotic events occurred, 
but bleeding was observed in 14% and 20% of minor and 
major procedures, respectively. Similar results were shown in 
a smaller single-center overview135 and there are other reports, 
mainly on minor surgeries in patients on emicizumab.136,137 In all 
these reports, no mention of thromboprophylaxis is available. It 
appears that the bleeding risk is dominant over the thrombotic 
risk in PWHA and emicizumab. Recently, 75 surgeries in 28 
PWHA using emicizumab were reported from a single center.138 
No thromboprophylaxis was given in the 21 major surgeries in 
PWHA with inhibitors, without observing VTE.

For the medically ill there is no literature, but in line with our 
earlier recommendations, we suggest not to use routine phar-
macological thromboprophylaxis in PWH using emicizumab. 
However, the clotting potential in PWH using emicizumab is 
sufficient to start pharmacological thromboprophylaxis on an 
individual case-by-case basis.

To conclude:

 - We do not consider the routine use of pharmacological 
thromboprophylaxis as necessary for surgical or medically 
ill PWH using emicizumab or bypassing agents.

Clinical question 22: What is the management of an acute venous 
thromboembolic event in PWH?

The occurrence of an acute VTE in PWH is a rare event. 
Almost all reported events are provoked VTE due to cathe-
ter insertion, clotting factor supplementation with or without 
surgery, or the use of nonfactor replacement therapies.139 As 
the occurrence of acute VTE in PWH is very heterogeneous, a 
simple recommendation is not feasible. In most cases, removal 
of the catheter or cessation of the procoagulant therapy will be 
sufficient and no additional antithrombotic therapy is needed 
in patients with severe hemophilia. When anticoagulation ther-
apy is deemed necessary, we suggest a shorter course (eg, 6 wk), 
while maintaining trough factor levels of >20 IU/dL. However, 
this may be different in patients with mild hemophilia with 
higher basal factor levels and, therefore, care should be 
individualized.

CHAPTER 6: ACUTE NEUROLOGY

Clinical question 23: What is the optimal antithrombotic 
management of transient ischemic attack in PWH?

A TIA has traditionally been defined as a sudden, focal, neu-
rological deficit of presumed vascular origin lasting <24 hours. 
Because many patients with symptoms lasting shorter than 24 

hours have an associated ischemic brain lesion on imaging, 
American guidelines define a TIA as a transient episode of neu-
rological dysfunction caused by focal brain, spinal cord, or ret-
inal ischemia, without evidence of infarction by pathology or 
imaging.140 Fortunately, the difference in definition has no major 
impact on the antithrombotic management, although ischemic 
lesions seen on diffusion-weighted magnetic resonance imaging 
(MRI) are associated with an increased risk of recurrent TIA 
and ischemic stroke.

In a recent study of patients with minor ischemic stroke or 
TIA in the general population, the overall risk of stroke, ACS, 
or death from cardiovascular causes within the first year who 
were evaluated and treated by stroke specialists was 6.2% and 
the risk of stroke alone was 5.1%.141 Risk prediction can be 
refined using the ABCD2 score, composed of demographic and 
clinical parameters142 (Suppl. Table S6). In the study mentioned 
above, patients with an ABCD2 score of 0–3 had a risk of stroke 
of 3.2% at 1 year as compared with 7.6% in patients with a 
score of 6 or 7.141 However, the recent ESO guideline does not 
advocate its use for clinical decision-making because of its lim-
ited ability to reliably identify patients who are truly at low risk 
of recurrence.143

In patients with TIA or ischemic stroke in the general popu-
lation, aspirin reduces the risk of (recurrent) stroke by 13%.144 
Meta-analysis of RCTs in patients with noncardioembolic 
high-risk TIA or minor ischemic stroke showed that as com-
pared with aspirin alone, DAPT with clopidogrel and aspirin 
reduced the risk of ischemic stroke at 90 days (RR, 0.70) but 
was associated with a trend toward a greater risk of hemor-
rhagic stroke.143 The benefit of DAPT was confined to the first 
21 days.145 As compared with aspirin alone, DAPT with ticagre-
lor and aspirin reduced the risk of ischemic stroke at 30 days 
(RR, 0.79) but increased the risk of intracranial hemorrhage 
(HR, 3.3).

The ESO guidelines recommend 21 days of DAPT (aspirin 
and clopidogrel) followed by SAPT thereafter in people with 
noncardioembolic minor ischemic stroke (NIHSS score ≤3) or 
high-risk TIA (ABCD2 score ≥4) in the past 24 hours. There is 
no comparative trial on this topic in PWH. Aligned with pre-
vious recommendations, we suggest using SAPT in PWH with 
noncardioembolic TIA and factor levels <20 IU/dL, regardless 
of the ABCD2 risk score (Figure 1). DAPT (aspirin and clopido-
grel) for the first 21 days after TIA can be considered for PWH 
with factor levels >20 IU/dL and a high-risk noncardioembolic 
TIA. For cardioembolic TIA, oral anticoagulation is indicated as 
described in earlier sections.

To conclude:

 - In PWH with a noncardioembolic TIA and factor levels 
<20 IU/dL, we recommend starting aspirin.

 - In patients with severe hemophilia with a noncardioem-
bolic TIA without clotting factor prophylaxis (FVIII/FIX 
<1 IU/dL), we do not recommend the use of antithrombotic 
medication.

 - In PWH with a noncardioembolic TIA and factor levels 
>20 IU/dL, we recommend starting aspirin. In patients with 
high-risk noncardioembolic TIA, DAPT with aspirin and 
clopidogrel may be considered for a maximum of 21 days 
after the TIA, followed by long-term aspirin.

 - We do not recommend the use of starting or adapting clot-
ting factor prophylaxis merely to be able to start DAPT in 
the setting of a TIA.

Clinical question 24: What is the antithrombotic management of 
acute ischemic stroke in PWH?

Patients in the general population who have acute isch-
emic stroke and who fulfill specific eligibility criteria should 
be treated with intravenous thrombolysis with alteplase if this 
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can be started within 4.5 hours of stroke onset. Treatment may 
be started up to 9 hours of stroke onset in selected patients in 
whom CT or MRI shows evidence of substantial salvageable 
tissue (ie, core/perfusion or clinical/perfusion mismatch) and 
if endovascular thrombectomy is not planned. The use of anti-
platelet medication or anticoagulants is contraindicated in the 
first 24 hours after intravenous thrombolysis.146,147 In patients 
with noncardioembolic ischemic stroke, SAPT may be started 
thereafter. For patients with cardioembolic stroke associated 
with AF, oral anticoagulation is indicated as described in earlier 
sections.

Intravenous thrombolysis is contraindicated in patients tak-
ing VKAs who have an INR >1.7 or in whom the results of 
coagulation testing are unknown.146,147 The safety and efficacy 
of intravenous alteplase in PWH who have ischemic stroke are 
unknown. Because of the considerable theoretical risk of intra-
cranial hemorrhage and lack of any safety data, we argue against 
the use of intravenous thrombolysis in PWH who have acute 
ischemic stroke. In addition, in many cases of severe ischemic 
stroke, endovascular thrombectomy appears a safer alternative.

In patients with minor noncardioembolic ischemic stroke who 
are not treated with intravenous thrombolysis, the antithrom-
botic management is similar to that in patients with TIA.143,147,148 
“Minor” has been defined as having a score on the NIHSS score 
≤3. In patients with more severe noncardioembolic ischemic 
stroke who are not treated with intravenous thrombolysis, SAPT 
is recommended unless there is a compelling reason (eg, recently 
symptomatic extracranial or intracranial stenosis).147

Mechanical thrombectomy (MT) is now the established first-
line therapy together with thrombolysis, in selected patients 
with acute ischemic stroke and anterior circulation large ves-
sel occlusion.149 Although ~25% of all strokes are large vessels 
occlusions, only a fraction of these patients would likely be eli-
gible for thrombectomy, based on the current guidelines.150 In 

practice, ~10% of all stroke admissions are eligible for endovas-
cular thrombectomy.151 For clotting factor correction, we sug-
gest using the same thresholds as for cardiac intervention, with 
a target clotting factor level of 80–100 IU/dL and maintaining 
levels >50 IU/dL for 24–48 hours.

Figure 2 depicts our recommended treatment flowchart for 
PWH with stroke.

To conclude:

 - In PWH with acute ischemic stroke, we do not recommend 
intravenous thrombolysis.

 - In anterior circulation ischemic stroke due to large ves-
sel occlusion, fulfilling established eligibility criteria, we 
consider mechanical thrombectomy to be appropriate in 
PWH.

 - In PWH with acute minor ischemic stroke (NIHSS score 
≤3), we recommend similar treatment to PWH and TIA.

 - In PWH with acute, nonminor, ischemic stroke (NIHSS 
score >3), we recommend starting aspirin.

CLOSING REMARKS

Although cardiovascular disease in PWH has been a subject 
faced by many clinicians and studied by researchers over the 
last decade, still there is little scientific evidence on the optimal 
management approach. In this clinical practice guidance doc-
ument, we have provided evidence and expert-opinion-based 
recommendations on how to handle antithrombotic therapy 
in PWH. The need for antithrombotic therapy in PWH should 
be individually balanced and holistically approached (ie, tak-
ing into account more than just clotting factor activity lev-
els). Furthermore, the clinical indication for antithrombotic 
therapy will have a major impact on patient management. 

Figure 1. Anticoagulation management of patients with hemophilia having a transient ischemic attack or minor stroke. PWH = patient with hemophilia; 
CFC = clotting factor concentrate; SAPT = single-antiplatelet therapy; DAPT = dual antiplatelet therapy.
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Therefore, recommendations should always be adapted 
according to the individual patient variables and the clinical 
context.

As the field of hemophilia treatment is changing rapidly with 
the availability of new generation therapeutic agents, including 
ultra-long acting FVIII products, nonfactor replacements, and 
gene therapy, our current recommendations likely will require 
future adaptation. Furthermore, it is also clear that many data 
on this topic stems from PWHA and that future research is 
urgently required for those with hemophilia B.

There remains a large gap in knowledge due to the lack 
of availability of a large prospective international dataset on 
the effectiveness and safety of antithrombotic therapies in 
PWH. Thus, future research is necessary to properly inform 
future care, and as such we recommend an international mul-
ticenter prospective registry in PWH receiving antithrombotic 
therapy for a wide range of clinical indications. The goal of 
this guidance document was to provide streamlined recom-
mendations to facilitate a sound approach based on the best 
available evidence and international expert consensus to these 
vulnerable patients and highlight the need for international 
collaboration.

Figure 2. Anticoagulation management of patients with hemophilia having an acute ischemic stroke. *Typically, a loading dose of 300 mg, followed 
by daily 80–100 mg is used. CFC = clotting factor concentrate; DOAC = direct oral anticoagulant; AF = atrial fibrillation.  

Summary of Recommendations

Section 1: General Considerations
What is the FVIII/FIX threshold to safely start aspirin or oral 
anticoagulation in patients with hemophilia (PWH)?

 - We do not recommend the use of any form of anti-
thrombotic therapy (including single-antiplatelet therapy 
[SAPT]) in patients with severe hemophilia without clot-
ting factor prophylaxis.

 - We do not recommend the use of any form of anti-
thrombotic therapy (including SAPT) in PWH with 
inhibitors (severe and nonsevere hemophilia) not using 
emicizumab.

 - We recommend a minimum trough FVIII/IX level of 1–5 
IU/dL for SAPT (aspirin or clopidogrel).

 - We recommend a minimum trough FVIII/IX level of 20 
IU/dL for dual antiplatelet therapy (DAPT.)

 - We recommend a minimum trough FVIII/IX level of 20 
IU/dL for oral anticoagulation (vitamin K antagonist 
[VKA] with international normalized ratio [INR] levels 
2–3 or full dose direct oral anticoagulant [DOAC]).

 - We recommend a minimum trough FVIII/IX level of 80 
IU/dL for triple therapy (oral anticoagulation and DAPT).

 - We recommend to apply the lowest factor level measured 
in case of discrepancy between 1-stage or chromogenic 
assays.

What is the bleeding risk in PWH using antiplatelet or oral 
anticoagulant therapy?

 - The use of antiplatelet therapy increases the risk of gas-
trointestinal bleeding complications; thus, we recommend 
the use of empiric proton pump inhibition in all PWH on 
antiplatelet therapy.

 - We recommend to actively manage anemia in association 
with antithrombotic treatment.

Should clotting factor prophylaxis be adapted in PWH in 
need for anticoagulation therapy?

 - For PWH with baseline clotting factor levels >20 IU/dL 
in need for any form of antithrombotic therapy, we rec-
ommend to start antithrombotic therapy and not to start 
additional clotting factor prophylaxis. Careful monitor-
ing for bleeding is recommended.

 - For PWH with baseline clotting factor levels <20 IU/dL 
with an indication for long-term prevention of thrombotic 
complications with oral anticoagulation (VKA or DOAC), 
we recommend not to start with oral anticoagulation ther-
apy. Instead, PWH should be considered as being naturally 
anticoagulated when clotting factors are <20 IU/dL.
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 - For patients with severe hemophilia using clotting fac-
tor prophylaxis in whom long-term oral anticoagula-
tion therapy is considered, we recommend adapting 
clotting factor prophylaxis to maximum peak levels 
of 25 IU/dL and not to start additional anticoagula-
tion therapy. This means a more frequent lower dose 
rather than once weekly higher dose clotting factor 
prophylaxis.

 - For patients with severe hemophilia with an indication for 
long-term prevention of thrombotic complications with 
SAPT (aspirin or clopidogrel), we recommend to start SAPT 
and maintain FVIII/FIX trough levels >1 IU/dL using regular 
clotting factor prophylaxis. In patients with severe hemo-
philia with on demand clotting factor supplementation, we 
recommend to switch to regular prophylaxis and SAPT.

 - For patients with severe hemophilia in need of short-term 
DAPT or oral anticoagulation, we recommend adapting 
clotting factor prophylaxis to maintain a factor trough 
level of ≥20 IU/dL.

 - For patients with nonsevere hemophilia with baseline clot-
ting factor levels <20 IU/dL with a very high thrombotic 
risk in need of (short-term) DAPT or oral anticoagula-
tion, we recommend adapting clotting factor prophylaxis 
to maintain a factor trough level of ≥20 IU/dL for as long 
as DAPT or oral anticoagulation is given

If the decision for oral anticoagulation in PWH has been 
made, is there a preference for a specific type of drug?

 - We recommend using DOACs over VKA in nonvalvu-
lar AF or venous thromboembolism (VTE) due to their 
favorable safety profile and the ability to individualize 
treatment regimens.

 - We recommend DOACs over VKAs in PWHB.
 - In PWH using VKAs, we recommend promoting INR 

self-monitoring.
 - In the general population, different DOACs have different 

bleeding profiles; we consider taking these profiles into 
account in making individualized decisions on drug choice

If the decision for oral anticoagulation in PWH has been 
made, is there a need for monitoring anticoagulation treat-
ment and dose adjustment?

 - We recommended similar INR ranges in PWH VKA as 
that of the general population.

 - If PWH with AF receive a DOAC, we recommend admin-
istering it at fixed standard dose without routine labora-
tory monitoring for dose adjustments.

 - We recommend giving DOACs in reduced dose to those 
PWH who meet the criteria of anticoagulant dose reduc-
tion as in the general population.

 - We recommend re-evaluation of the need for and choice 
of anticoagulant therapy on a regular basis.

Does the use of emicizumab suggest a safe threshold for anti-
thrombotic therapy?

 - In patients with hemophilia A (PWHA) using emicizumab 
(with or without inhibitors), we consider it acceptable to 
use SAPT.

 - There is currently insufficient data to draw conclusions 
on the safety of DAPT or oral anticoagulation in PWHA 
using emicizumab; therefore, we suggest not to switch 
PWHA from FVIII prophylaxis to emicizumab for this 
purpose.

Section 2: Atrial fibrillation
What tool can be used for ischemic stroke risk assessment in 
PWH with AF?

 - We suggest use of the CHADS2 score for individual 
stroke risk assessment as a general guide in PWH, but we 
cannot recommend specific predictive thresholds. Thus, 
expert-provided balance of thrombotic and bleeding risk 
must be taken into consideration for PWH.

What tool can be used as bleeding risk assessment in PWH 
with AF?

 - We consider PWH as being at high risk for bleeding in 
any bleeding score, regardless of factor level.

Is there a place for aspirin in the treatment of AF in PWH?

 - In PWH with AF, we recommend against the use of aspi-
rin over oral anticoagulation.

What is the role for alternative strategies in PWH with 
AF, such as left atrial appendix closure or pulmonary vein 
isolation?

 - We consider left atrial appendix occlusion (LAAO) a 
feasible option in PWH not eligible to long-term anti-
coagulant treatment for AF. However, accurate selection 
of eligible patients should consider the risk of bleeding 
during follow-up and temporary adapted prophylaxis is 
warranted if baseline level is <20 IU/dL.

Section 3: Acute and Chronic Coronary Syndromes
Can systemic thrombolysis be given in PWH?

 - We consider systemic thrombolysis to be relatively con-
traindicated in all PWH.

Is there an indication for pretreatment with antiplatelet 
therapy in PWH with acute coronary syndromes (ACS) 
before invasive (percutaneous cardiac intervention [PCI]) 
treatment?

 - We do not recommend pretreatment with a P2Y12 recep-
tor inhibitor in PWH with an ACS if an early invasive 
management is planned.

Is there an indication for clotting factor replacement in PWH 
before cardiac intervention?

 - In PWH undergoing a cardiac intervention, we recom-
mend clotting factor supplementation with a target FVIII/
FIX peak level of 80–100 IU/dL before the procedure. 
We recommend additional bolus infusions to maintain 
trough levels according to the procedure (see Table 4).

 - We recommend radial artery access over femoral in car-
diac interventions.

 - In PWHA on emicizumab without inhibitors under-
going a cardiac intervention, we recommend addi-
tional FVIII supplementation as in PWH without 
emicizumab.

 - In PWHA on emicizumab with inhibitors undergoing a 
cardiac intervention, we recommend supplementation 
with rFVIIa and do not recommend the use of activated 
prothrombin complex concentrates (aPCC).

Which anticoagulant is preferred in PWH before and during 
PCI?

 - In PWH with ACS where PCI is indicated, we recommend 
using unfractionated heparin (UFH) or bivalirudin over 
enoxaparin given their shorter half-lives.

 - We recommend the use of UFH or bivalirudin only after 
replacement of clotting factor levels.

Is there a formal bleeding risk assessment tool for bleeds in 
PWH with ACS?
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 - We consider all PWH at higher risk for bleeding and 
therefore recommend they should be treated as such 
according to the existing guidelines. We recommend 
that the severity of hemophilia and the individual 
bleeding risk should guide the clinician, not a formal 
score.

What type of stent is preferred in PWH with ASC?

 - We recommend a newer generation drug-eluting stent 
(DES) as these allow the shortest DAPT time without an 
increase in the risk of stent thrombosis.

What DAPT regimen is preferred in PWH?

 - We recommend the use of clopidogrel over ticagrelor 
or prasugrel in PWH in need for DAPT due to its lower 
bleeding risk.

 - We recommend short duration of DAPT (1 mo) after 
newer generation DES placement followed by long-term 
monotherapy with clopidogrel or aspirin.

 - In inhibitor patients, we consider an individual approach 
depending on the use of emicizumab and other risk fac-
tors for bleeding.

Section 4: Heart Valves
How to manage valve replacement in PWH?

 - We recommend bioprosthetic valves over mechanical 
valves to avoid life-long anticoagulation in PWH.

 - Anticoagulation postoperatively is variable and can be 
administered, observing the suggested minimum trough 
factor levels as described earlier (in general, we recom-
mend FVIII/IX levels >20 IU/dL).

Section 5: Venous Thromboembolism
Is routine thromboprophylaxis needed in PWH undergoing 
orthopedic surgery?

 - Considering the low prevalence of postoperative VTE 
in PWH and the potential chance of bleeding compli-
cations, we do not recommend the use of routine phar-
macological thromboprophylaxis in the perioperative 
period.

 - We recommend an individual approach in surgery with 
high VTE risk.

 - We recommend mechanical over pharmacological 
thromboprophylaxis if indicated.

 - We recommend against extended duration of pharma-
cological thromboprophylaxis.

Is the recommendation for routine thromboprophylaxis in 
PWH different according to the hemostatic product that is 
used (bypassing agents/emicizumab)?

 - We do not consider the routine use of pharmacological 
thromboprophylaxis for surgery in PWH patients using 
emicizumab or bypassing agents.

Section 6: Acute Neurology
What is the optimal antithrombotic management of tran-
sient ischemic attack in PWH?

 - In PWH with a noncardioembolic transient ischemic 
attack (TIA) and factor levels <20 IU/dL, we recom-
mend starting aspirin.

 - In patients with severe hemophilia with a noncardio-
embolic TIA without clotting factor prophylaxis (FVIII/
FIX <1 IU/dL), we do not recommend the use of anti-
thrombotic medication.

 - In PWH with a noncardioembolic TIA and factor levels 
>20 IU/dL, we recommend starting aspirin. In patients 
with high-risk noncardioembolic TIA, DAPT with aspi-
rin and clopidogrel may be considered for a maximum 
of 21 days after the TIA, followed by long-term aspirin.

 - We do not recommend the use of starting or adapting 
clotting factor prophylaxis merely to be able to start 
DAPT in the setting of a TIA.

What is the antithrombotic management of acute ischemic 
stroke in PWH?

 - In PWH with acute ischemic stroke, we do not recom-
mend intravenous thrombolysis.

 - In anterior circulation ischemic stroke due to large ves-
sel occlusion, fulfilling established eligibility criteria, we 
consider mechanical thrombectomy to be appropriate in 
PWH.

 - In PWH with acute minor ischemic stroke (NIHSS score 
< 5), we recommend similar treatment to PWH and TIA.

 - In PWH with acute, nonminor, ischemic stroke (NIHSS 
score > 3), we recommend starting aspirin.

D
ow

nloaded from
 http://journals.lw

w
.com

/hem
asphere by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/28/2023



18

Schutgens et al EHA-ISTH-EAHAD-ESO Guidance on Antithrombotic Therapy in Hemophilia

SOURCES OF FUNDING

The authors declare no sources of funding for this manuscript.

REFERENCES

 1. Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC Guidelines on 
cardiovascular disease prevention in clinical practice. Eur Heart J. 
2021;42:3227–3337.

 2. Ruff CT, Giugliano RP, Braunwald E, et al. Comparison of the effi-
cacy and safety of new oral anticoagulants with warfarin in patients 
with atrial fibrillation: a meta-analysis of randomised trials. Lancet. 
2014;383:955–962.

 3. Carnicelli AP, Hong H, Connolly SJ, et al. Direct oral anticoagulants 
versus warfarin in patients with atrial fibrillation: patient-level network 
meta-analyses of randomized clinical trials with interaction testing by 
age and sex. Circulation. 2022;145:242–255.

 4. Hindricks G, Potpara T, Dagres N, et al. Corrigendum to: 2020 ESC 
Guidelines for the diagnosis and management of atrial fibrillation 
developed in collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS): the task force for the diagnosis and manage-
ment of atrial fibrillatio. Eur Heart J. 2021;42:4194.

 5. Calderone D, Greco A, Ingala S, et al. Efficacy and safety of aspirin for 
primary cardiovascular risk prevention in younger and older age: an 
updated systematic review and meta-analysis of 173,810 subjects from 
21 randomized studies. Thromb Haemost. 2022;122:445–455.

 6. Niu PP, Guo ZN, Jin H, et al. Antiplatelet regimens in the long-term sec-
ondary prevention of transient ischaemic attack and ischaemic stroke: 
an updated network meta-analysis. BMJ Open. 2016;6:e009013.

 7. Xu W, Lv M, Wu S, et al. Severe bleeding risk of direct oral anticoagu-
lants versus vitamin K antagonists for stroke prevention and treatment 
in patients with atrial fibrillation: a systematic review and network 
meta-analysis. Cardiovasc Drugs Ther. 2023;37:363–377.

 8. Sood SL, Cheng D, Ragni M, et al. A cross-sectional analysis of car-
diovascular disease in the hemophilia population. Blood Adv. 
2018;2:1325–1333.

 9. Schutgens REG, Klamroth R, Pabinger I, et al. Atrial fibrillation in 
patients with haemophilia: a cross-sectional evaluation in Europe. 
Haemophilia. 2014;20:682–686.

 10. Soucie JM, Le B, Dupervil B, et al. Prevalence of comorbid condi-
tions among older males with haemophilia receiving care in hae-
mophilia treatment centers in the United States. Haemophilia. 
2022;28:986–995.

 11. Pandey B, Barnes RFW, Sun H, et al. Risk of diabetes in haemophilia 
patients compared to clinic and non-clinic control cohorts. Haemophilia. 
2022;28:445–452.

 12. van der Valk P, Makris M, Fischer K, et al. Reduced cardiovascular mor-
bidity in patients with hemophilia: Results of a 5-year multinational 
prospective study. Blood Adv. 2022;6:902–908.

 13. Tuinenburg A, Rutten A, Kavousi M, et al. Coronary artery calci-
fication in hemophilia a no evidence for a protective effect of factor 
VIII deficiency on atherosclerosis. Arterioscler Thromb Vasc Biol. 
2012;32:799–804.

 14. Biere-Rafi S, Tuinenburg A, Haak BW, et al. Factor VIII defi-
ciency does not protect against atherosclerosis. J Thromb Haemost. 
2012;10:30–37.

 15. Rizwan I, Minuk L, Jackson S, et al. Cardiovascular disease preva-
lence and relevance in haemophilia: a scoping review. Haemophilia. 
2015;21:e156–e166.

 16. Guillet B, Cayla G, Lebreton A, et al. Long-term antithrombotic treat-
ments prescribed for cardiovascular diseases in patients with hemophilia: 
results from the French registry. Thromb Haemost. 2021;121:287–296.

 17. Chantarangkul V, Clerici M, Bressi C, et al. Thrombin generation 
assessed as endogenous thrombin potential in patients with hyper- or 
hypo-coagulability. Haematologica. 2003;88:547–554.

 18. de Koning MLY, Fischer K, de Laat B, et al. Comparing thrombin gener-
ation in patients with hemophilia A and patients on vitamin K antago-
nists. J Thromb Haemost. 2017;15:868–875.

 19. Dargaud Y, Béguin S, Lienhart A, et al. Evaluation of thrombin generat-
ing capacity in plasma from patients with haemophilia A and B. Thromb 
Haemost. 2005;93:475–480.

 20. Gilmore R, Harmon S, Gannon C, et al. Thrombin generation in haemo-
philia A patients with mutations causing factor VIII assay discrepancy. 
Haemophilia. 2010;16:671–674.

 21. van Veen JJ, Gatt A, Bowyer AE, et al. Calibrated automated throm-
bin generation and modified thromboelastometry in haemophilia A. 
Thromb Res. 2009;123:895–901.

 22. Trossaërt M, Regnault V, Sigaud M, et al. Mild hemophilia A with factor 
VIII assay discrepancy: Using thrombin generation assay to assess the 
bleeding phenotype. J Thromb Haemost. 2008;6:486–493.

 23. Wartiovaara-Kautto U, Joutsi-Korhonen L, Ilveskero S, et al. Platelets 
significantly modify procoagulant activities in haemophilia A. 
Haemophilia. 2011;17:743–751.

 24. Fitzmaurice DA, Accetta G, Haas S, et al. Comparison of interna-
tional normalized ratio audit parameters in patients enrolled in 
GARFIELD-AF and treated with vitamin K antagonists. Br J Haematol. 
2016;174:610–623.

 25. Hansson KM, Gustafsson D, Skärby T, et al. Effects of recombinant 
human prothrombin on thrombin generation in plasma from patients 
with hemophilia A and B. J Thromb Haemost. 2015;13:1293–1300.

 26. Schutgens REG, Tuinenburg A, Roosendaal G, et al. Treatment of isch-
aemic heart disease in haemophilia patients: an institutional guideline. 
Haemophilia. 2009;15:952–958.

 27. Mannucci PM, Schutgens REG, Santagostino E, et al. How I treat 
age-related morbidities in elderly persons with hemophilia. Blood. 
2009;114:5256–5263.

 28. Tuinenburg A, Damen SAJ, Ypma PF, et al. Cardiac catheterization and 
intervention in haemophilia patients: prospective evaluation of the 2009 
institutional guideline. Haemophilia. 2013;19:370–377.

 29. Schutgens REG, Tuinenburg A, Fischer K, et al. Anticoagulation therapy 
in haemophilia. Hamostaseologie. 2013;33:299–304.

 30. Staritz P, de Moerloose P, Schutgens R, et al. Applicability of the 
European Society of Cardiology guidelines on management of acute 
coronary syndromes to people with haemophilia - an assessment by the 
ADVANCE Working Group. Haemophilia. 2013;19:833–840.

 31. Schutgens REG, Klamroth R, Pabinger I, et al. Management of atrial 
fibrillation in people with haemophilia - A consensus view by the 
ADVANCE Working Group. Haemophilia. 2014;20:e417–e420.

 32. Ferraris VA, Boral LI, Cohen AJ, et al. Consensus review of the treatment 
of cardiovascular disease in people with hemophilia A and B. Cardiol 
Rev. 2015;23:53–68.

 33. Martin K, Key NS. How I treat patients with inherited bleeding disor-
ders who need anticoagulant therapy. Blood. 2016;128:178–184.

 34. Schutgens REG, Van Der Heijden JF, Mauser-Bunschoten EP, et al. New 
concepts for anticoagulant therapy in persons with hemophilia. Blood. 
2016;128:2471–2474.

 35. Pipe SW, Kaczmarek R, Srivastava A, et al. Management of COVID-
19-associated coagulopathy in persons with haemophilia. Haemophilia. 
2021;27:41–48.

 36. Shapiro S, Benson G, Evans G, et al. Cardiovascular disease in hereditary hae-
mophilia: The challenges of longevity. Br J Haematol. 2022;197:397–406.

 37. Klamroth R, Ay C, De Moerloose P, et al. Applicability of the European 
Society of Cardiology Guidelines on the management of acute cor-
onary syndromes to older people with haemophilia A – A modified 
Delphi consensus by the ADVANCE Working Group. Haemophilia. 
2023;29:21–32.

 38. Franchini M, Focosi D, Mannucci PM. How we manage cardiovascular 
disease in patients with hemophilia. Haematologica. 2023 January 26. 
[Epub ahead of print].

 39. Cohen OC, Bertelli M, Manmathan G, et al. Challenges of anti-
thrombotic therapy in the management of cardiovascular disease in 
patients with inherited bleeding disorders: A single-centre experience. 
Haemophilia. 2021;27:425–433.

 40. van der Valk PR, Mauser-Bunschoten EP, van der Heijden JF, et al. 
Catheter ablation for atrial fibrillation in patients with Hemophilia or 
von Willebrand Disease. TH Open. 2019;3:e335–e339.

 41. Lim MY, Abou-Ismail MY. Left atrial appendage occlusion for man-
agement of atrial fibrillation in persons with hemophilia. Thromb Res. 
2021;206:9–13.

 42. Peyvandi F, Oldenburg J, Friedman KD. A critical appraisal of one-stage 
and chromogenic assays of factor VIII activity. J Thromb Haemost. 
2016;14:248–261.

 43. Westenbrink BD, Alings M, Connolly SJ, et al. Anemia predicts throm-
boembolic events, bleeding complications and mortality in patients with 
atrial fibrillation: insights from the RE‐LY trial. J Thromb Haemost. 
2015;13:699–707.

 44. Westenbrink BD, Alings M, Granger CB, et al. Anemia is associated with 
bleeding and mortality, but not stroke, in patients with atrial fibrilla-
tion: insights from the Apixaban for Reduction in Stroke and Other 
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial. Am 
Heart J. 2017;185:140–149.

 45. Alfredsson J, Neely B, Neely ML, et al. Predicting the risk of bleeding 
during dual antiplatelet therapy after acute coronary syndromes. Heart. 
2017;103:1168–1176.

D
ow

nloaded from
 http://journals.lw

w
.com

/hem
asphere by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/28/2023



19

  (2023) 7:6 www.hemaspherejournal.com

 46. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the 
diagnosis and management of atrial fibrillation developed in collabo-
ration with the European Association for Cardio-Thoracic Surgery 
(EACTS). Eur Heart J. 2021;42:373–498.

 47. van den Ham HA, Souverein PC, Klungel OH, et al. Major bleeding 
in users of direct oral anticoagulants in atrial fibrillation: a pooled 
analysis of results from multiple population-based cohort studies. 
Pharmacoepidemiol Drug Saf. 2021;30:1339–1352.

 48. Gómez-Outes A, Alcubilla P, Calvo-Rojas G, et al. Meta-analysis of 
reversal agents for severe bleeding associated with direct oral anticoag-
ulants. J Am Coll Cardiol. 2021;77:2987–3001.

 49. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS guideline 
for the management of patients with atrial fibrillation: executive sum-
mary: a report of the American college of cardiology/American heart 
association task force on practice guidelines and the heart rhythm soci-
ety. J Am Coll Cardiol. 2014;64:2246–2280.

 50. January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS Focused 
Update of the 2014 AHA/ACC/HRS Guideline for the Management of 
Patients With Atrial Fibrillation: A Report of the American College of 
Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines and the Heart R. Circulation. 2019;140:e125–e151.

 51. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: Antithrombotic ther-
apy to prevent stroke in patients who have nonvalvular atrial fibrilla-
tion. Ann Intern Med. 2007;146:857–867.

 52. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin 
in patients with atrial fibrillation. N Engl J Med. 2009;361:1139–1151.

 53. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in 
nonvalvular atrial fibrillation. N Engl J Med. 2011;365:883–891.

 54. Granger CB, Alexander JH, McMurray JJV, et al. Apixaban versus warfa-
rin in patients with atrial fibrillation. N Engl J Med. 2011;365:981–992.

 55. Baker WL, Cios DA, Sander SD, et al. Meta-analysis to assess the quality 
of warfarin control in artial fibrillation patients in the United States. J 
Manag Care Pharm. 2009;15:244–252.

 56. Chokesuwattanaskul R, Thongprayoon C, Tanawuttiwat T, et al. Safety 
and efficacy of apixaban versus warfarin in patients with end-stage renal 
disease: meta-analysis. Pacing Clin Electrophysiol. 2018;41:627–634.

 57. Connors JM. Testing and monitoring direct oral anticoagulants. Blood. 
2018;132:2009–2015.

 58. ten Cate H, Olie RH, ten Cate-Hoek AJ, et al. Direct oral anticoag-
ulants: When to consider laboratory testing? Int J Lab Hematol. 
2018;40:30–33.

 59. Patel JP, Byrne RA, Patel RK, et al. Progress in the monitoring of direct 
oral anticoagulant therapy. Br J Haematol. 2019;184:912–924.

 60. Gosselin RC, Adcock DM, Bates SM, et al. International Council 
for Standardization in Haematology (ICSH) Recommendations for 
Laboratory Measurement of Direct Oral Anticoagulants. Thromb 
Haemost. 2018;118:437–450.

 61. Testa S, Legnani C, Antonucci E, et al. Drug levels and bleeding compli-
cations in atrial fibrillation patients treated with direct oral anticoagu-
lants. J Thromb Haemost. 2019;17:1064–1072.

 62. Testa S, Tripodi A, Legnani C, et al. Plasma levels of direct oral antico-
agulants in real life patients with atrial fibrillation: Results observed in 
four anticoagulation clinics. Thromb Res. 2016;137:178–183.

 63. Chan NC, Eikelboom JW. How I manage anticoagulant therapy in older 
individuals with atrial fibrillation or venous thromboembolism. Blood. 
2019;133:2269–2278.

 64. Weyand AC, Dorfman AL, Shavit JA, et al. Emicizumab prophylaxis 
to facilitate anticoagulant therapy for management of intra-atrial 
thrombosis in severe haemophilia with an inhibitor. Haemophilia. 
2019;25:e203–e205.

 65. Al-Banaa K, Gallastegui-Crestani N, von Drygalski A. Anticoagulation 
for stroke prevention after restoration of haemostasis with emicizumab 
in acquired haemophilia A. Eur J Case Rep Intern Med. 2021;8:002984.

 66. Jiménez-Yuste V, Auerswald G, Benson G, et al. Practical considerations 
for nonfactor-replacement therapies in the treatment of haemophilia 
with inhibitors. Haemophilia. 2021;27:340–350.

 67. Uchida N, Sambe T, Yoneyama K, et al. A first-in-human phase 1 study 
of ACE910, a novel factor VIII-mimetic bispecific antibody, in healthy 
subjects. Blood. 2016;127:1633–1641.

 68. Lenting PJ, Denis CV, Christophe OD.  Emicizumab, a bispecific anti-
body recognizing coagulation factors IX and X: How does it actually 
compare to factor VIII? Blood. 2017;130:2463–2468.

 69. Weyand AC, Pipe SW. New therapies for hemophilia. Blood. 
2019;133:389–398.

 70. Callaghan MU, Negrier C, Paz-Priel I, et al. Long-term outcomes with 
emicizumab prophylaxis for hemophilia A with or without FVIII inhib-
itors from the HAVEN 1-4 studies. Blood. 2021;137:2231–2242.

 71. Muto A, Yoshihashi K, Takeda M, et al. Anti-factor IXa/X bispecific 
antibody (ACE910): hemostatic potency against ongoing bleeds in a 
hemophilia A model and the possibility of routine supplementation. J 
Thromb Haemost. 2014;12:206–213.

 72. Yada K, Nogami K, Ogiwara K, et al. Global coagulation function 
assessed by rotational thromboelastometry predicts coagulation-steady 
state in individual hemophilia A patients receiving emicizumab prophy-
laxis. Int J Hematol. 2019;110:419–430.

 73. Nakajima Y, Mizumachi K, Shimonishi N, et al. Comparisons of global 
coagulation potential and bleeding episodes in emicizumab-treated 
hemophilia A patients and mild hemophilia A patients. Int J Hematol. 
2022;115:489–498.

 74. Hatayama Y, Motokura T, Hosoda Y, et al. Regression analysis to esti-
mate the factor VIII activity of patients with hemophilia A without 
inhibitor who received emicizumab therapy. Clin Appl Thromb Hemost. 
2022;28:107602962210829.

 75. Kizilocak H, Marquez-Casas E, Malvar J, et al. Determining the 
approximate factor VIII level of patients with severe haemophilia A 
on emicizumab using in vivo global haemostasis assays. Haemophilia. 
2021;27:730–735.

 76. Matsumoto T, Wada H, Toyoda H, et al. Modified clot waveform anal-
ysis to measure plasma coagulation potential in the presence of the 
anti-factor IXa/factor X bispecific antibody emicizumab: comment. J 
Thromb Haemost. 2018;16:1665–1666.

 77. Kitazawa T, Esaki K, Tachibana T, et al. Factor VIIIA-mimetic cofactor 
activity of a bispecific antibody to factors IX/IXA and X/XA, emici-
zumab, depends on its ability to bridge the antigens. Thromb Haemost. 
2017;117:1348–1357.

 78. Minuk L, Jackson S, Iorio A, et al. Cardiovascular disease (CVD) in Canadians 
with haemophilia: Age-Related CVD in Haemophilia Epidemiological 
Research (ARCHER study). Haemophilia. 2015;21:736–741.

 79. Van Den Ham HA, Klungel OH, Singer DE, et al. Comparative perfor-
mance of ATRIA, CHADS2, and CHA2DS2-VASc risk scores predicting 
stroke in patients with atrial fibrillation: results from a national primary 
care database. J Am Coll Cardiol. 2015;66:1851–1859.

 80. Gage BF, Waterman AD, Shannon W, et al. Validation of clinical classi-
fication schemes for predicting stroke: results from the national registry 
of atrial fibrillation. J Am Med Assoc. 2001;285:2864–2870.

 81. Fox KAA, Virdone S, Pieper KS, et al. GARFIELD-AF risk score for mor-
tality, stroke, and bleeding within 2 years in patients with atrial fibrilla-
tion. Eur Heart J Qual Care Clin Outcomes. 2022;8:214–227.

 82. Kramer AD, Korsholm K, Kristensen A, et al. Left atrial appendage 
occlusion in haemophilia patients with atrial fibrillation. J Interv Card 
Electrophysiol. 2022;64:95–102.

 83. Borre ED, Goode A, Raitz G, et al. Predicting thromboembolic and 
bleeding event risk in patients with non-valvular atrial fibrillation: a sys-
tematic review. Thromb Haemost. 2018;118:2171–2187.

 84. Lip GYH, Frison L, Halperin JL, et al. Comparative validation of a 
novel risk score for predicting bleeding risk in anticoagulated patients 
with atrial fibrillation: the HAS-BLED (hypertension, abnormal renal/
liver function, stroke, bleeding history or predisposition, labile INR, 
elderly, drug. J Am Coll Cardiol. 2011;57:173–180.

 85. Gao X, Cai X, Yang Y, et al. Diagnostic accuracy of the HAS-BLED 
bleeding score in VKA- or DOAC-treated patients with atrial fibrilla-
tion: a systematic review and meta-analysis. Front Cardiovasc Med. 
2021;8. doi: 10.3389/fcvm.2021.757087.

 86. Connolly SJ, Eikelboom J, Joyner C, et al. Apixaban in patients with 
atrial fibrillation. N Engl J Med. 2011;364:806–817.

 87. Sagris D, Leventis I, Georgiopoulos G, et al. Bleeding risk comparison 
between direct oral anticoagulants at doses approved for atrial fibrilla-
tion and aspirin: systematic review, meta-analysis and meta-regression. 
Eur J Intern Med. 2020;79:31–36.

 88. Potpara TS, Larsen TB, Deharo JC, et al. Oral anticoagulant therapy for 
stroke prevention in patients with atrial fibrillation undergoing abla-
tion: results from the First European Snapshot Survey on Procedural 
Routines for Atrial Fibrillation Ablation (ESS-PRAFA). Europace. 
2015;17:986–993.

 89. Holmes DR, Reddy VY, Turi ZG, et al. Percutaneous closure of the 
left atrial appendage versus warfarin therapy for prevention of stroke 
in patients with atrial fibrillation: a randomised non-inferiority trial. 
Lancet. 2009;374:534–542.

 90. Lakkireddy D, Sridhar Mahankali A, Kanmanthareddy A, et al. Left 
atrial appendage ligation and ablation for persistent atrial fibrillation: 
the LAALA-AF registry. JACC Clin Electrophysiol. 2015;1:153–160.

 91. Bhatti Z, Goldbarg S. Combined left atrial appendage closure and abla-
tion in a patient with hemophilia B, paroxysmal atrial fibrillation, and 
transient ischemic attack. HeartRhythm Case Rep. 2019;5:266–268.

D
ow

nloaded from
 http://journals.lw

w
.com

/hem
asphere by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/28/2023



20

Schutgens et al EHA-ISTH-EAHAD-ESO Guidance on Antithrombotic Therapy in Hemophilia

 92. Cheung VTF, Hunter RJ, Ginks MR, et al. Management of throm-
boembolic risk in persons with haemophilia and atrial fibrillation: 
is left atrial appendage occlusion the answer for those at high risk? 
Haemophilia. 2013;19:e84–e86.

 93. Güray U, Korkmaz A, Gürsoy HT, et al. Percutaneous left atrial 
appendage closure in a patient with haemophilia and atrial fibrillation: 
a case report. Dinov B, Kanakakis J, Savarese G, Cassar MP, Green P, 
eds. Eur Heart J Case Rep. 2019;3:ytz124.

 94. Toselli M, Bosi D, Benatti G, et al. Left atrial appendage closure: a bal-
anced management of the thromboembolic risk in patients with hemo-
philia and atrial fibrillation. J Thromb Thrombolysis. 2020;50:668–673.

 95. Lawton JS, Tamis-Holland JE, Bangalore S, et al. 2021 ACC/AHA/SCAI 
guideline for coronary artery revascularization: a report of the American 
College of Cardiology/American Heart Association Joint Committee 
on Clinical Practice Guidelines. Circulation. 2022;145:E18–E114.

 96. Collet JP, Thiele H, Barbato E, et al. 2020 ESC Guidelines for the man-
agement of acute coronary syndromes in patients presenting without 
persistent ST-segment elevation. Eur Heart J. 2021;42:1289–1367.

 97. Neumann FJ, Sechtem U, Banning AP, et al. 2019 ESC Guidelines for 
the diagnosis and management of chronic coronary syndromes. Eur 
Heart J. 2020;41:407–477.

 98. Jabbar AY, Baydoun H, Janbain M, et al. Current concepts in the man-
agement of stable ischemic heart disease and acute coronary syndrome 
in patients with hemophilia. Ann Transl Med. 2018;6:299–299.

 99. Theodoropoulos KC, Vakalopoulou S, Oikonomou M, et al. How to 
manage a patient with haemophilia and ACS requiring PCI: a battle 
between bleeding and thrombosis. Medicina (B Aires). 2021;57:352.

 100. Boehnel C, Rickli H, Graf L, et al. Coronary angiography with or with-
out percutaneous coronary intervention in patients with hemophilia—
systematic review. Catheter Cardiovasc Interv. 2018;92:1–15.

 101. Touzé E, Gruel Y, Gouin-Thibault I, et al. Intravenous thrombolysis for 
acute ischaemic stroke in patients on direct oral anticoagulants. Eur J 
Neurol. 2018;25:747–e52.

 102. Redfors B, Dworeck C, Haraldsson I, et al. Pretreatment with P2Y12 
receptor antagonists in ST-elevationmyocardial infarction: a report 
from the Swedish Coronary Angiography and Angioplasty Registry. 
Eur Heart J. 2019;40:1202–1210.

 103. Rodriguez-Merchan EC. Pseudoaneurysms in haemophilia. Blood 
Coagul Fibrinolysis. 2013;24:461–464.

 104. Kinnaird T, Anderson R, Hill J, et al. Bleeding during percutane-
ous intervention: tailoring the approach to minimise risk. Heart. 
2008;95:15–19.

 105. Dane KE, Lindsley JP, Streiff MB, et al. Successful use of emicizumab 
in a patient with refractory acquired hemophilia A and acute coronary 
syndrome requiring percutaneous coronary intervention. Res Pract 
Thromb Haemost. 2019;3:420–423.

 106. Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the man-
agement of acute myocardial infarction in patients presenting with 
ST-segment elevation. Eur Heart J. 2018;39:119–177.

 107. Valgimigli M, Patialiakas A, Thury A, et al. Zotarolimus-eluting versus 
bare-metal stents in uncertain drug-eluting stent candidates. J Am Coll 
Cardiol. 2015;65:805–815.

 108. Kvidal P, Bergström R, Malm T, et al. Long-term follow-up of morbid-
ity and mortality after aortic valve replacement with a mechanical valve 
prosthesis. Eur Heart J. 2000;21:1099–1111.

 109. Tang M, Wierup P, Terp K, et al. Cardiac surgery in patients with hae-
mophilia. Haemophilia. 2009;15:101–107.

 110. Thankachen R, George B, Shukla V, et al. Aortic and mitral valve 
replacement in a patient with hemophilia B. Asian Cardiovasc Thorac 
Ann. 2007;15:526–527.

 111. Mackinlay N, Taper J, Renisson F, et al. Cardiac surgery and catheter-
ization in patients with haemophilia. Haemophilia. 2000;6:84–88.

 112. Zatorska K, Orlowska-Baranowska E, Abramczuk E, et al. Short and 
long-term management of haemophilia A patient requiring heart valve 
surgery. Haemophilia. 2012;18:e352–e354.

 113. Stine KC, Becton DL. Use of factor VIII replacement during open 
heart surgery in a patient with haemophilia A. Haemophilia. 
2006;12:435–436.

 114. Nishimura RA, Otto CM, Bonow RO, et al. 2017 AHA/ACC Focused 
Update of the 2014 AHA/ACC Guideline for the Management of 
Patients With Valvular Heart Disease: A Report of the American 
College of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. J Am Coll Cardiol. 2017;70:252–289.

 115. Perez Botero J, Spoon DB, Patnaik MS, et al. Incidence of symptom-
atic venous thromboembolism in patients with hemophilia under-
going joint replacement surgery: a retrospective study. Thromb Res. 
2015;135:109–113.

 116. Pradhan SM, Key NS, Boggio L, et al. Venous thrombosis prophylaxis 
in haemophilics undergoing major orthopaedic surgery: a survey of 
haemophilia treatment centres. Haemophilia. 2009;15:1337–1338.

 117. Hermans C, Hammer F, Lobet S, et al. Subclinical deep venous throm-
bosis observed in 10% of hemophilic patients undergoing major ortho-
pedic surgery. J Thromb Haemost. 2010;8:1138–1140.

 118. Verstraete G, Lambert C, Hammer F, et al. Low rate of subclinical 
venous thrombosis in patients with haemophilia undergoing major 
orthopaedic surgery in the absence of pharmacological thrombopro-
phylaxis. Haemophilia. 2020;26:1064–1071.

 119. Coppola A, Franchini M, Makris M, et al. Thrombotic adverse events 
to coagulation factor concentrates for treatment of patients with hae-
mophilia and von Willebrand disease: a systematic review of prospec-
tive studies. Haemophilia. 2012;18:e173–e187.

 120. Hermans C. Perioperative thromboprophylaxis in patients with hemo-
philia and von Willebrand disease undergoing major orthopedic sur-
gery. Hematology Am Soc Hematol Educ Program. 2015;9:69–74.

 121. Ono K, Takedani H. Risk of deep venous thrombosis after total knee arthro-
plasty in patients with haemophilia A. Haemophilia. 2020;26:867–872.

 122. Ahmed AB, Koster A, Lance M, et al. European guidelines on periop-
erative venous thromboembolism prophylaxis. Eur J Anaesthesiol. 
2018;35:84–89.

 123. Rodriguez-Merchan EC, la Corte-Rodriguez HD, Alvarez-Roman T, 
et al. Total knee arthroplasty in hemophilia: lessons learned and pro-
jections of what’s next for hemophilic knee joint health. Expert Rev 
Hematol. 2022;15:65–82.

 124. Escobar MA, Brewer A, Caviglia H, et al. Recommendations on mul-
tidisciplinary management of elective surgery in people with haemo-
philia. Haemophilia. 2018;24:693–702.

 125. Zhai JL, Weng XS, Peng HM, et al. Common complications after 
arthroplasty in patients with haemophilia - a Chinese experience. 
Haemophilia. 2015;21:e230–e232.

 126. Holderness BM, Goto Y, Mckernan L, et al. Thromboprophylaxis and 
outcomes for total joint arthroplasty in congenital bleeding disorders. 
Clin Appl Thromb Hemost. 2016;22:563–568.

 127. Rodriguez-Merchan EC. Preventing surgical site infection in haemo-
philia patients undergoing total knee arthroplasty. Blood Coagul 
Fibrinolysis. 2012;23:477–481.

 128. Srivastava A, Santagostino E, Dougall A, et al. WFH guidelines for the 
management of hemophilia, 3rd edition. Haemophilia. 2020;26:1–158.

 129. Hermans C, Makris M. Disruptive technology and hemophilia care: 
the multiple impacts of emicizumab. Res Pract Thromb Haemost. 
2021;5:e12508.

 130. Oldenburg J, Mahlangu JN, Kim B, et al. Emicizumab prophylaxis in 
hemophilia A with inhibitors. N Engl J Med. 2017;377:809–818.

 131. Makris M, Iorio A, Lenting PJ. Emicizumab and thrombosis: the story 
so far. J Thromb Haemost. 2019;17:1269–1272.

 132. Hermans C, Apte S, Santagostino E. Invasive procedures in patients 
with haemophilia: Review of low-dose protocols and experience with 
extended half-life FVIII and FIX concentrates and non-replacement 
therapies. Haemophilia. 2021;27:46–52.

 133. Guillaume L, van Dievoet MA, Lambert C, et al. Challenges of biolog-
ical monitoring in a hemophilia A patient without inhibitors on emici-
zumab undergoing major orthopedic surgery: a case report. Ther Adv 
Hematol. 2021;12:204062072110403.

 134. Kruse-Jarres R, Peyvandi F, Oldenburg J, et al. Surgical outcomes in 
people with hemophilia A taking emicizumab prophylaxis: experience 
from the HAVEN 1-4 studies. Blood Adv. 2022;6:6140–6150.

 135. Lewandowska M, Randall N, Bakeer N, et al. Management of people 
with haemophilia A undergoing surgery while receiving emicizumab 
prophylaxis: real-world experience from a large comprehensive treat-
ment centre in the US. Haemophilia. 2021;27:90–99.

 136. Hassan E, Motwani J. Management and outcomes of paediatric 
patients on emicizumab prophylaxis undergoing surgical procedures: 
Experience from a large haemophilia centre in the UK. Haemophilia. 
2021;27:e620–e623.

 137. Escobar M, Dunn A, Quon D, et al. A phase IV, multicentre, open-label 
study of emicizumab prophylaxis in people with haemophilia A with 
or without FVIII inhibitors undergoing minor surgical procedures. 
Haemophilia. 2022;28:e105–e108.

 138. Castaman G, Linari S, Pieri L, et al. Safe and successful surgical out-
come in persons with hemophilia A with and without inhibitors treated 
with emicizumab: a large, single center, real-world experience. J Clin 
Med. 2023;12:2317.

 139. Badulescu OV, Bararu Bojan I, Badescu MC, et al. Thromboembolic 
disease in haemophilic patients undergoing major orthopaedic surgery: 
is thromboprophylaxis mandatory? Diagnostics. 2022;13:13.

D
ow

nloaded from
 http://journals.lw

w
.com

/hem
asphere by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/28/2023



21

  (2023) 7:6 www.hemaspherejournal.com

 140. Albers GW, Caplan LR, Easton JD, et al. Transient ischemic attack — 
proposal for a new definition. N Engl J Med. 2002;347:1713–1716.

 141. Amarenco P, Lavallée PC, Labreuche J, et al. One-year risk of stroke 
after transient ischemic attack or minor stroke. N Engl J Med. 
2016;374:1533–1542.

 142. Johnston SC, Rothwell PM, Nguyen-Huynh MN, et al. Validation and 
refinement of scores to predict very early stroke risk after transient isch-
aemic attack. Lancet. 2007;369:283–292.

 143. Dawson J, Merwick A, Webb A, et al. European stroke organisation 
expedited recommendation for the use of short-term dual antiplate-
let therapy early after minor stroke and high-risk TIA. Eur Stroke J. 
2021;6:CLXXXVII–CLXXCXCI.

 144. Rothwell PM, Algra A, Chen Z, et al. Effects of aspirin on risk and 
severity of early recurrent stroke after transient ischaemic attack and 
ischaemic stroke: time-course analysis of randomised trials. Lancet. 
2016;388:365–375.

 145. Pan Y, Elm JJ, Li H, et al. Outcomes associated with clopidogrel-as-
pirin use in minor stroke or transient ischemic attack: a pooled anal-
ysis of Clopidogrel in High-Risk Patients with Acute Non-Disabling 
Cerebrovascular Events (CHANCE) and Platelet-Oriented Inhibition 
in New TIA and Minor Ischemic Stroke (POINT) Trials. JAMA Neurol. 
2019;76:1466–1473.

 146. Berge E, Whiteley W, Audebert H, et al. European Stroke Organisation 
(ESO) guidelines on intravenous thrombolysis for acute ischaemic 
stroke. Eur Stroke J. 2021;6:I–LXII.

 147. Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early 
management of patients with acute ischemic stroke: 2019 update to 
the 2018 guidelines for the early management of acute ischemic stroke 
a guideline for healthcare professionals from the American Heart 
Association/American Stroke A. Stroke. 2019;50:E344–E418.

 148. Fonseca AC, Merwick A, Dennis M, et al. European Stroke Organisation 
(ESO) guidelines on management of transient ischaemic attack. Eur 
Stroke J. 2021;6:CLXIII–CLXXXVI.

 149. Turc G, Tsivgoulis G, Audebert HJ, et al. European Stroke Organisation 
– European Society for Minimally Invasive Neurological Therapy 
expedited recommendation on indication for intravenous thromboly-
sis before mechanical thrombectomy in patients with acute ischaemic 
stroke and anterior circulation. Eur Stroke J. 2022;7:I–XXVI.

 150. Rennert RC, Wali AR, Steinberg JA, et al. Epidemiology, natural his-
tory, and clinical presentation of large vessel ischemic stroke. Clin 
Neurosurg. 2019;85:S4–S8.

 151. McMeekin P, White P, James MA, et al. Estimating the number of UK 
stroke patients eligible for endovascular thrombectomy. Eur Stroke J. 
2017;2:319–326.

D
ow

nloaded from
 http://journals.lw

w
.com

/hem
asphere by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/28/2023


