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Carotid plaque composition in persons with hemophilia: An explorative study with st

multi-contrast MRI

Dear Editors,

Persons with hemophilia (PWH), who have a congenital deficiency of
clotting factor VIII or IX, are thought to be protected from acute car-
diovascular disease (CVD) [1]. This protection is hypothesized to be
conferred by decreased thrombin generation which slows the formation
of an arterial thrombus. In recent years, it has become clear that acute
CVD does occur in PWH [2]. This raises the question whether the
potentially protective effect of hypocoagulability is offset by other,
adverse, effects on the process that leads to arterial disease.

Atherosclerotic plaque rupture or erosion is a key feature in the
occurrence of an acute cardiovascular event. Imaging studies have
established that plaque burden and high-risk compositional features,
such as intraplaque hemorrhage (IPH), a large lipid-rich necrotic core
(LR/NC) and a thin or ruptured fibrous cap, are strongly associated with
CVD event risk [3]. Previous studies among relatively young PWH and
controls of similar age showed a comparable degree of atherosclerosis,
as measured with coronary artery calcium scoring and carotid artery
ultrasound [4,5]. However, plaque compositional features have not been
studied in hemophilia before. Therefore, in an explorative, cross-
sectional study we evaluated whether plaque composition in PWH
with atherosclerosis differs from that in controls without bleeding dis-
order. Presence of IPH and LR/NC in the carotid arteries was assessed
using 3-Tesla magnetic resonance imaging (MRI). Furthermore, the
fibrous cap was assessed in those subjects with a LR/NC.

We included PWH and sex- and age-matched controls > 50 years,
who had no history of symptomatic carotid atherosclerotic disease, no
claustrophobia or other MRI-related contra-indications and who were
not using anticoagulants (vitamin K antagonists and direct oral antico-
agulants, use of antiplatelet drugs was permitted). On group level PWH
and controls were matched for presence of cardiovascular disease, dia-
betes mellitus and use of antihypertensive medication.

Clinical data were obtained through a standardized questionnaire
(cardiovascular risk factors and medication), measurement (blood
pressure, BM]J, lipid profile, HbA1c) and review of medical records (type
and severity of hemophilia). All participants were imaged with a 3 Tesla
MRI scanner (Magnetom Skyra, Siemens, Erlangen, Germany) and a
dedicated surface coil (Bilateral Four Channel Phased Array Carotid
Coil, Machnet BV, Roden, The Netherlands). After identification of the
carotid bifurcations with a 3D-magnetization-prepared rapid gradient-
echo (MP-RAGE) sequence, four sequences in the axial plan were ob-
tained: a T1-weighted spin echo sequence, a T2-weighted turbo spin
echo sequence, a proton density (PD) weighted spin echo sequence and a
contrast-enhanced (CE) T1-weighted spin echo sequence. Furthermore,
a 3D contrast-enhanced magnetic resonance angiography (CE-MRA) was
obtained after administration of gadoterate meglumine (Dotarem,
Guerbet, Roissy CdG Cedex, France). Scan parameters were as follows:

https://doi.org/10.1016/j.thromres.2020.10.036

for T1-weighted sequences the repetition time (TR), echo time (TE) and
flip angle (FA) were 650 ms, 16 ms and 70° respectively. For the T2-
weighted sequence TR was 4000 ms, TE 82 ms and FA 175°. For the
PD-weighted sequence TR was 2000 ms, TE 11 ms and FA 120°. The
field-of-view was 200 x 150 mm for all sequences except for CE-MRA,
which was 330 x 248 mm. The matrix size was 384 x 326 mm. The
slice thickness was 2 mm in all weightings with the exception of CE-
MRA, which was 0.9 mm. The reconstructed voxel size was 0.3 x 0.3
x 2 mm in all sequences, but 0.9 x 0.9 x 0.9 in CE-MRA.

In order to assess the carotid artery wall thickness, the inner and
outer contours of the vessel wall were manually delineated on the PD-
weighted sequences by two independent readers (SBF and HH) using
vessel wall analysis software (VesselMass, Leiden University Medical
Center, Leiden, The Netherlands). Both readers were blinded for group,
scan date and demographic data. Participants with a low image quality,
assessed according to a previously described method, were excluded [6].
The first slice showing the internal and external carotid artery separately

Table 1
Baseline characteristics.
PWH (n = Controls (n = P-
20) 20) value
Median age (IQR) 61 (55-70) 62 (57-69) -
Hemophilia A/B (%) 17 (85)/3 - -
(15)
Severity of hemophilia
Severe (%) 5(25) - _
Moderate (%) 3(15) - -
Mild (%) 12 (60) - -
CVD (%) 1 1 -
Diabetes mellitus (%) 3(15) 3(15) -
Smoking status
Current smoker (%) 5(25) 4 (20) 1.000
Former smoker (%) 11 (55) 8 (40) 0.375
Use of anti-hypertensive drugs (%) 6 (30) 5(25) -
Use of lipid lowering drugs (%) 3(15) 6 (30) 0.375
Median BMI, kg/m? (IQR) 26 (25-28) 27 (24-29) 0.881
BMI >25 kg/m? (%) 15 (52) 14 (48) 1.000
Median systolic blood pressure, mm 148 149 (138-154) 0.695
Hg (IQR) (137-162)
Median diastolic blood pressure, mm 90 (77-96) 85 (77-93) 0.968
Hg (IQR)
Total cholesterol, mmol/L (IQR) 5.1 (3.9-5.5) 4.8 (4.2-5.2) 0.896
LDL-cholesterol, mmol/L (IQR) 3.5 (2.4-4) 3.2 (2.5-3.8) 0.627
HDL-cholesterol, mmol/L (IQR) 1.2 (1.1-1.4) 1.4 (1.2-1.8) 0.058
HbAlc, mmol/mol (IQR) 40 (35-42) 34 (34-41) 0.248

Data is presented as numbers unless otherwise specified.

Abbreviations: PWH, persons with hemophilia; SD, standard deviation; IQR,
interquartile range; CVD, cardiovascular disease; BMI, body-mass index; LDL,
low-density lipoprotein; HDL, low-density lipoprotein.
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was used as reference. From here, two slice above and six slices below
the reference were assessed. The software automatically calculated the
mean and maximal vessel wall thickness for the left and right carotid
artery separately. In 14 out of 80 arteries the presence of unsuppressed
blood in the lumen complicated vessel wall delineation. In those cases
the readers jointly evaluated the PD- and T1-weighted sequences and
MRA images using RadiAnt Dicom Viewer (Medixant, Poznan, Poland).
In six of them consensus could be reached and in eight cases a third
independent assessor (AJN) decided whether wall thickening was
consistent with atherosclerosis. After this evaluation, the assessors
independently redrew the vessel contours if necessary. The mean of both
readers was used in the analysis.

The composition of all atherosclerotic plaques, defined as a maximal
vessel wall thickness of >2 mm, was evaluated by comparing all ob-
tained MR contrast weightings in RadiAnt Dicom Viewer [7]. Plaque
features were determined according to previous studies [6,8]. One
reader (HH) first evaluated the images. In case of a possible IPH or LR/
NC an independent second reader (KHZ or AJN) was asked to interpret
the images.
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Continuous variables were presented as mean + SD or median values
with the 25th and 75th percentile, categorical variables as counts and
percentages.

A total of 48 potentially eligible PWH were invited, of which 25 were
willing to participate. Five of them were excluded because of a cardiac
pacemaker (n = 1) or claustrophobia (n = 4), resulting in 20 included
PWH. Characteristics of all included participants are listed in Table 1. All
PWH with severe disease were on prophylactic treatment. None of the
PWH had a chronic hepatitis B or C infection. Of the 23 potentially
eligible controls, three were excluded because of low MRI scan quality,
resulting in 20 controls. All included participants were Caucasian.

The overall mean and maximum vessel wall thickness was compa-
rable between PWH and controls (mean 1.07 mm [0.96-1.21] vs. 1.04
mm [0.97-1.15], p = 0.502; maximum 1.58 mm [1.36-2.29] vs. 1.52
mm [1.31-1.81], p = 0. 188). Atherosclerotic plaques were found in 14
participants; 8 (40%) PWH and 6 (30%) controls (p = 0.774). Three
PWH and one control had bilateral carotid plaques, resulting in a total of
eleven plaques in PWH and seven plaques in controls. IPH was present in
none of the atherosclerotic plaques. LR/NC was found in three PWH

Fig. 1. The carotid artery bifurcation of a person with hemophilia (A, B, C) and a control without bleeding disorder (D). (A) Severe stenosis (>70%) of the right
internal carotid artery (arrow). The plaque shows hypointense areas on contrast enhanced T1- weighted images (*), while these areas appear isointense on T1- and
T2- weighted images and iso- to hyperintense on PD-weighted images. This points to the presence of a LR/NC in the plaque. The fibrous cap cannot be reliable
assessed due to an artifact. (B) Small plaque (arrow) with a LR/NC (*) and a thick fibrous cap in the left external carotid artery. (C) Vessel wall thickening in right
carotid artery bifurcation. A small plaque (arrow) with a LR/NC (*) and a thick fibrous cap in the external carotid artery can be seen. (D) A mixed atherosclerotic
plaque in the right carotid artery bifurcation. The plaques shows a hypointense area (#) on all weightings, suggesting the presence of a calcified plaque. Abbre-

viations; LR/NC, lipid-rich necrotic core.
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(one with severe hemophilia B, one with moderate hemophilia A and
one with mild hemophilia A), and in none of the controls (Fig. 1). Two
out of three PWH with a LR/NC had a thick fibrous cap, the other fibrous
cap could not be reliably assessed due to an artifact.

PWH with atherosclerotic plaques (n = 8) were older than PWH
without plaques (n = 12) (69[59-72] vs. 59[52-63], p = 0.047) and
more frequently active smokers (4[50%] vs. 1 [8%], p = 0.035).
Furthermore, PWH with plaques more frequently used antihypertensive
drugs, although not significantly (4[50%] vs. 2[17%], p = 0.161). No
differences were found with respect to other classical CVD risk factors or
type and severity of hemophilia.

The finding of a LR/NC in three older PWH with cardiovascular risk
factors, while none of the controls had a LR/NC, confirms that PWH are
able to develop advanced atherosclerosis. Previously, a temporary
hypocoagulable state because of anticoagulant treatment with vitamin K
antagonists has been associated with an increased risk of IPH [9].
Therefore, one can speculate that in PWH, who have a lifelong hypo-
coagulable state, IPH occurs earlier and to a larger extent. However, we
did not find any IPH in our study population. Even in the three PWH
with a LR/NC, as sign of plaque progression, no IPH was found. A
possible explanation is that anticoagulation treatment with vitamin K
antagonists has an effect on coagulation proteins expressed by the
atherosclerotic plaque itself, such as VII produced by local vascular
smooth muscle cells, while changes in systemic coagulation factors VIII
and IX might not have such an effect [10].

The fact that we found a LR/NC in PWH, but not in controls impli-
cates that some PWH in our study had a more advanced stage of
atherosclerosis. This might be related to hemophilia, but might also be
explained by difference in risk factors between both groups. Although
the groups were matched for the most important cardiovascular risk
factors, statin use was lower in PWH and the lipid profile worse, which
hampers the interpretation of the data on LR/NC.

Another limitation that should be considered is the inclusion of
persons with mild as well as severe hemophilia. When hemophilia is
related to plaque composition the strongest association would be ex-
pected in persons with severe hemophilia and proven atherosclerotic
plaques. However, inclusion of only PWH with severe disease would
have been difficult due to the limited number of eligible participants in
our center. Moreover, our results do not support any relationship be-
tween atherosclerosis development and severity of hemophilia.

Taking into account the small sample size of the study, we conclude
that IPH or fibrous cap rupture is not an important feature of athero-
sclerotic plaques in PWH. Whether the increased prevalence of LR/NC is
related to hemophilia needs further investigation. We have confirmed
that, despite a permanent hypocoagulable state, PWH are able to
develop advanced atherosclerosis of the carotid artery.
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