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Abstract

Introduction: Carotid atherosclerotic intraplaque hemor-
rhage (IPH) predicts stroke. Patients with a history of stroke
are treated with antiplatelet agents to prevent secondary

cardiovascular events. A positive association between pre-
vious antiplatelet use and IPH was reported in a cross-
sectional analysis. We investigated the changes in IPH
over 2 years in patients who recently started versus those
with continued antiplatelet use. Methods: In the Plaque at
Risk (PARISK) study, symptomatic patients with <70% ipsi-
lateral carotid stenosis underwent carotid plaque magnetic
resonance imaging (MRI) at the baseline and after 2 years to
determine IPH presence and volume. Participants were
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categorized into new users (starting antiplatelet therapy
following the index event) and continued users (previous
use of antiplatelet therapy before the index event). The
association between previous antiplatelet therapy and the
presence of IPH at baseline MRI was investigated using
multivariable logistic regression analysis. The IPH volume
change over a period of 2 years, defined as the difference in
volume between follow-up and baseline, was investigated in
each group with a Wilcoxon signed-rank test. The IPH vol-
ume change was categorized as progression, regression, or
no change. Using multivariable logistic regression, we in-
vestigated the association between new antiplatelet use and
(1) newly developed ipsilateral or contralateral IPH and (2)
IPH volume progression. Results: A total of 108 patients
underwent carotid MRI at the baseline and follow-up. At the
baseline, previous antiplatelet therapy was associated with
any IPH (OR = 5.6, 95% Cl: 1.3-23.1; p = 0.02). Ipsilateral IPH
volume did not change significantly during the 2 years in
patients who continued receiving antiplatelet agents
(86.4 mm?3 [18.2-235.9] vs. 59.3 mm?3 [11.4-260.3]; p = 0.6)
nor in the new antiplatelet users (n = 31) (61.5 mm?3
[0.0-166.9] vs. 27.7 mm? [9.5-106.4]; p = 0.4). Similar results
of a nonsignificant change in contralateral IPH volume
during those 2 years were observed in both groups (p >
0.05). No significant associations were found between new
antiplatelet use and newly developed IPH at 2 years (odds
ratio [OR] = 1.0, 95% Cl: 0.1-7.4) or the progression of IPH
(ipsilateral: OR = 2.4, 95% Cl: 0.3-19.1; contralateral: OR = 0.3,
95% Cl: 0.01-8.5). Conclusion: Although the baseline as-
sociation between IPH and previous antiplatelet therapy was
confirmed in this larger cohort, the new onset of antiplatelet
therapy after transient ischemic attack/stroke was not as-
sociated with the newly developed IPH or progression of IPH
volume over the subsequent 2 years.

© 2023 The Author(s).
Published by S. Karger AG, Basel

Plain Language Summary

Carotid artery narrowing due to an atherosclerotic plaque is
responsible for around 20% of stroke. Intraplaque hemor-
rhage (IPH) predicts stroke. Antiplatelet agents are often
given to patients who have had a stroke to prevent further
cardiovascular events. A previous study found an association
between previous antiplatelet use and IPH at a specific point
in time. In this study, researchers investigated whether
starting antiplatelet therapy after a stroke or continuing to
use antiplatelets had any effect on IPH over a 2-year period.
The study included patients with <70% carotid narrowing
who had a carotid plaque MRI at the baseline and after
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2 years to determine the presence and volume of IPH. Pa-
tients were categorized into new users (starting antiplatelet
therapy following the stroke) and continued users (already
using antiplatelet therapy before the stroke). The presence
and the volume change of IPH over 2 years were investi-
gated in each group. The study found that IPH was more
present at the baseline when patients used antiplatelet
agents before the stroke. However, new antiplatelet use
after the stroke did not lead to new IPH or an increase in IPH
volume over the subsequent 2 years. There were no sig-
nificant associations between the new antiplatelet use and
newly developed IPH or IPH volume progression. Therefore,
while the baseline association between IPH and previous
antiplatelet therapy was confirmed in this larger cohort,
starting antiplatelet therapy after a stroke did not increase
the risk of new IPH or progression of IPH volume over the

subsequent 2 years. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Approximately 20% of ischemic strokes are caused
by a vulnerable atherosclerotic carotid plaque rupture
[1]. The term “vulnerable plaque” refers to rupture-
prone plaques. Intraplaque hemorrhage (IPH) is an
important feature of plaque vulnerability. A large meta-
analysis showed that IPH is a strong and independent
predictor for ipsilateral stroke [2-4]. Magnetic reso-
nance imaging (MRI) is the optimal noninvasive im-
aging modality to determine the presence and volume
of IPH [5].

As a part of routine treatment, platelet aggregation
inhibitors are prescribed to prevent further ischemic
events in symptomatic patients [6]. However, although
antiplatelet agents have a favorable effect in reducing
thrombus formation, they also increase the risk of
bleeding complications [7]. Previously, in a cross-
sectional study, we reported an association between
antiplatelet use before the index event and the presence of
IPH in transient ischemic attack (TIA) and stroke pa-
tients with <70% symptomatic carotid stenosis [8]. We
suggested that the use of antiplatelet medication might
contribute to the formation of IPH, but since this was a
cross-sectional study, causality could not be demon-
strated. In the current longitudinal study, we hypothesize
that patients who started antiplatelet therapy after the
index event (new antiplatelet users) are at higher risk of
developing new IPH and IPH progression over a 2-year
period than patients who already used antiplatelet agents
before the index event.
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Materials and Methods

Study Population

The baseline and follow-up MRI and clinical data from patients
included in the PARISK study were analyzed (clinicaltrials.gov
NCT1208025) [9]. Patients were eligible for inclusion when they
had a recent (<3 months) cerebral or monocular TIA or minor
ischemic stroke (modified Rankin scale <3) in the anterior cir-
culation as diagnosed by a neurologist through a comprehensive
evaluation involving medical history, physical examination, and
neuroimaging (CT or MRI), and an ipsilateral carotid plaque of at
least 2-3 mm thick with <70% carotid artery stenosis (NASCET)
and were not scheduled for carotid revascularization. Individuals
suspected of having embolic origins from cardiac sources or pa-
tients with clotting disorders were excluded. Additionally, cases of
hemorrhagic stroke were not eligible for inclusion. Approval from
the local Institutional Ethical Review Board was obtained, and each
patient gave written informed consent.

Clinical Information

At the baseline, information was gathered regarding the index
event, history of other symptomatic arterial diseases, and car-
diovascular risk factors. Medication prescribed to participants after
the index event (baseline) and at 2 years (follow-up) was also
collected. Patients who received antiplatelet therapy following the
index event were classified as new antiplatelet users, whereas
patients who had already used antiplatelet therapy before the index
event were classified as continued users. In those patients, the
duration of antiplatelet use prior to the index event was recorded.

MRI Acquisition and Analysis

Carotid MRI was scheduled at the baseline and after 2 years in
the first 150 patients of the PARISK study using 3.0 T scanners
with dedicated carotid coils [9]. Evaluation of the MR images was
performed as previously described using dedicated vessel wall
analysis software (VesselMass, Leiden University Medical Centre,
Leiden, The Netherlands) [10]. IPH, defined as a hyperintense
region in the bulk of the plaque compared to the surrounding
muscle, was manually delineated on T1-weighted inversion re-
covery turbo field echo images (three centers), also known as
magnetization prepared-rapid gradient echo or on spoiled gradient
echo images (one center). Ipsilateral and contralateral IPH at the
baseline and after 2 years were delineated by independent, trained
observers, who were blinded to the clinical data [11]. The follow-
up MR images were delineated blinded to the baseline MRI.

Statistical Analysis

For all statistical analyses, SPSS version 25 (IBM Co., Armonk,
NY, United States) was used. Differences in patient characteristics
between groups were examined by a x? test for categorical values
and a Mann-Whitney U test or unpaired ¢ test for continuous
values. A potential difference in the prevalence of IPH at the
baseline and follow-up was determined using a McNemar test. Any
IPH was defined as the presence of IPH in the ipsilateral, con-
tralateral, or both carotid arteries. IPH is categorized as “new” if it
is identified on a follow-up carotid MRI in patients who did not
display IPH in that particular artery at the baseline. The IPH
volume change over a period of 2 years was investigated in each
group with a Wilcoxon signed-rank test. A threshold for IPH
progression or regression was defined by calculating the mean
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coefficient of variation (measurement error), defined as 100% *
standard deviation (SD)/mean [12]. The coefficient of variation
was calculated based on IPH volumes that were calculated by
independent delineation of IPH by five trained readers. The
measurement error for the IPH volume was 11%. Therefore,
progression was considered as a volume increase >11% or new
IPH, regression as a volume decrease >11%, or IPH disappearance,
and an absolute change <11% was classified as no change. Mul-
tivariable logistic regression analysis was used to evaluate the
association between new antiplatelet therapy and the presence of
IPH at the baseline or the progression in IPH volume at follow-up
(progression vs. regression/no change) after adjusting for potential
confounders. Clinical confounders were selected based on bio-
logical plausibility [13, 14]. Therefore, based on our sample size
and the biological effects, age, sex, smoking, hypercholesterolemia,
history of cardiovascular disease (CVD), the type of baseline event
(amaurosis fugax, TIA, or stroke) and time from index event to
baseline MRI were considered potential confounders. The mag-
nitude of the association was expressed as the odds ratio (OR) with
a 95% confidence interval (CI).

Results

Of the 150 patients who were invited to undergo
baseline and follow-up carotid MRI, 108 patients were
included for further analysis. Forty-two patients were
excluded for different reasons, including anticoagulant
use (n = 7) (online suppl. Fig. 1; for all online suppl.
material, see https://doi.org/10.1159/000535274). At the
baseline, 42 (39%) patients were receiving antiplatelet
therapy prior to the index event, and they all continued to
use antiplatelet therapy after the index event (referred to
as “continued users”), while 66 (61%) patients started
antiplatelet treatment immediately following the index
event (referred to as “new antiplatelet users”). Twenty-
three of the 42 continued patients used antiplatelet
therapy for a median period of 6 years (IQR: 3-12 years)
before the index event. However, data regarding this
period could not be retrieved for 19 patients. All 108
(100%) patients were still on antiplatelet therapy at the 2-
year follow-up.

Baseline Analysis

At the baseline, IPH was present on the ipsilateral,
contralateral, or bilateral side in 44/108 (41%), 12/108
(11%), or 6/108 (6%) of the patients, respectively. Patients
with any IPH (ipsilateral, contralateral, or both) were
older, more often male, and more often used antiplatelet
agents before the index event (27 [54%] vs. 15 [26%] p =
0.003) (Table 1). In the multivariable analysis, after ad-
justing for covariates, only previous antiplatelet therapy
was associated with any IPH at baseline MRI (OR = 5.6,
95% CI: 1.3-23.1; p = 0.02) (Table 2).
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Table 1. Univariable analyses of clinical variables that are associated with the presence of any IPH at the baseline

Variable All patients 3lPH - N = 58 alPH + N = 50 p value
(N = 108) (54%) (46%)
Age, years (mean%SD) 68 (+8) 66 (+9) 70 (£6) 0.02
Sex, male, n (%) 76 (70) 35 (60) 41 (82) 0.01
BMI, kg/m2 median (IQR) 26 (24-28) 26 (23-28) 25 (24-27) 0.5
Currently smoking, n (%) 23 (21) 16 (28) 7 (14) 0.08
Diabetes mellitus, n (%) 25 (23) 12 (21) 13 (26) 0.5
Hypertension, n (%) 61 (56) 31 (53) 30 (60) 0.5
Hypercholesterolemia,* n (%) 54 (50) 24 (41) 30 (60) 0.08
Previous antiplatelet use, n (%) 42 (39) 15 (26) 27 (54) 0.003
Baseline statins use, n (%) 52 (48) 25 (43) 27 (54) 0.3
Baseline antihypertensive medication use, n (%) 60 (55) 29 (50) 31 (62) 0.2
Baseline antidiabetic medication use, n (%) 20 (18) 9 (15) 11 (22) 0.3
History of cardiovascular disease, n (%) 44 (41) 21 (36) 23 (46) 0.2
Type ischemic event, stroke, n (%) 47 (44) 22 (38) 25 (50) 0.2
Time index event to baseline MRI, days; median (IQR) 49 (34-65) 45 (33-62) 52 (35-68) 0.2

IPH, intraplaque hemorrhage; SD, standard deviation; IQR, interquartile range; BMI, body mass index; MRI, magnetic resonance
imaging. ?Any IPH at baseline MRI (ipsilateral, contralateral, or bilateral). *Two missing data.

Table 2. Logistic regression analysis of variables associated with any IPH at the baseline

Univariable, OR p value Multivariable, *OR p value
(95% ClI) (95% Cl)
Age 1.1 (1.0-1.1) 0.03 1.0 (1.0-1.1) 0.3
Sex 3.0 (1.2-7.3) 0.02 2.0 (0.7-5.4) 0.2
Smoking 2.3 (0.9-6.2) 0.09 1.5 (0.4-5.3) 0.5
Hypercholesterolemia 2.0 (0.9-4.3) 0.08 1.5 (0.7-11.1) 04
Previous antiplatelet therapy? 3.4 (1.5-7.5) 0.003 5.6 (1.3-23.1) 0.02
History of CVD 1.7 (0.8-3.8) 0.2 2.8 (0.7-11.1) 0.1
Time index event to baseline MRI 1.0 (1.0-1.0) 0.3 1.0 (1.0-1.0) 0.8

OR, odds ratio; Cl, confidence interval; IPH, intraplaque hemorrhage; CVD, cardiovascular disease; MRI, magnetic resonance
imaging; BMI, body mass index; DM, diabetes mellitus. 2Before the index event. *Variables in the model: age, sex, current smoking,
hypercholesterolemia, antiplatelet agent use, history of CVD, and time index event to baseline MRI.

Association between New Development of IPH

during Two Years of Follow-Up and New Antiplatelet

Users

The percentage of patients with IPH did not change
significantly between baseline and 2-year follow-up in the
new antiplatelet users (ipsilateral: 32% vs. 39%; p = 0.3,
contralateral: 5% vs. 9%; p = 0.4, respectively), nor did it
change in the continued antiplatelet users (ipsilateral:
55% vs. 57%; p = 1.0, contralateral: 21% vs. 29%; p = 0.4,
respectively). 15% and 8% of new antiplatelet users de-
veloped new ipsilateral and contralateral IPH, respec-
tively, while 9% and 9% of patients who were already
using antiplatelets prior to the index event developed new

Antiplatelet Agents Use and Changes in
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ipsilateral and contralateral IPH, respectively, but these
changes were not statistically significantly different
(Table 3).

Univariable analysis showed no significant associations
between the start of antiplatelet agent use and the for-
mation of newly developed ipsilateral or contralateral IPH
at the 2-year follow-up (OR = 2.1,95% CI: 0.5-8.1; p = 0.3).
After correcting for potential confounders, the association
between new antiplatelet use and newly developed IPH
during 2 years of follow-up remained nonsignificant (OR =
1.0, 95% CI: 0.1-7.4; p = 0.9). Furthermore, no significant
associations were observed between age, sex, current
smoking status, hypercholesterolemia, the history of CVDs,
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Table 3. Cross table between the status of antiplatelet agent use and changes in prevalence of IPH during 2-year follow-up

IPH did not change, New IPH developed, IPH disappeared, Total
n (%) n (%) n (%)
Presence of ipsilateral IPH during 2-year follow-up
New antiplatelet user 51 (77) 10 (15) 5(8) 66
Continued antiplatelet user 35 (83) 4 (9) 3(7) 42
Total 86 (80) 14 (13) 8 (7) 108
Presence of contralateral IPH during 2-year follow-up
New antiplatelet user 59 (89) 5(8) 2 (3) 66
Continued antiplatelet user 37 (88) 4 (9) 1(2) 42
Total 96 (89) 9(8) 3(3) 108

IPH, intraplaque hemorrhage.

the type of baseline event (stroke vs. TIA/amaurosis
fugax) and the time from index event to the baseline
MRI, and the development of new ipsilateral or
contralateral IPH.

Volume Change of IPH

The IPH volumes in the 58 ipsilateral and 20 con-
tralateral arteries that showed IPH at the baseline, at
follow-up, or both were analyzed. The median ipsilateral
IPH volume did not change after 2 years of follow-up in
patients who continued receiving antiplatelet therapy
(n = 27) (864 mm> [18.2-2359] vs. 59.3 mm>
[11.4-260.3]; p = 0.6) nor in the new antiplatelet users
(n=31) (61.5 mm" [0.0-166.9] vs. 27.7 mm" [9.5-106.4];
p = 0.4). Similar results of a nonsignificant change in
contralateral IPH volume during those 2 years were
observed in the continued antiplatelet therapy (n = 12)
(26.6 mm® [1.0-111.8] vs. 12.8 mm? [6.0-144.4]; p = 0.8),
as well as in the new antiplatelet users (n = 8) (0.0 mm?
[0.0-8.6] vs. 11.8 mm?® [1.4-77.0]; p = 0.2) (Fig. 1).
Nevertheless, even though the overall median volume did
not significantly change, 26 out of 58 (45%) ipsilateral
carotid arteries and 12 out of 20 (60%) contralateral
carotid arteries showed progression of IPH volume
(defined as volumetric increase >11% or new IPH) after
2 years (Table 4; Fig. 2), while 29 out of 58 (52%) on the
ipsilateral side and 6 out of 20 (30%) on the contralateral
side exhibited regression.

No association was found between new antiplatelet use
after the index event and the progression of ipsilateral or
contralateral IPH volume after 2 years (OR = 1.4, 95% CI:
0.5-3.9; p = 0.6 and OR = 1.2, 95% CI: 0.2-7.5; p = 0.8,
respectively). In the multivariable analysis, there was also
no significant association between starting antiplatelet
therapy after the index event and IPH volume progres-
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sion on the ipsilateral (OR = 2.4, 95% CI: 0.3-19.1; p =
0.4) or on the contralateral side after 2 years (OR = 0.3,
95% CI: 0.01-8.5; p = 0.5). Furthermore, there was no
significant association between age, sex, current smoking
status, hypercholesterolemia, the history of CVDs, the
type of baseline event (stroke vs. TIA/amaurosis fugax)
and the time from index event to the baseline MRI, and
the progression of ipsilateral and contralateral IPH after
2 years of follow-up.

Discussion

In the present study, we reported on longitudinal
changes in IPH prevalence and volume in relation to
continued versus new antiplatelet agent use. Our study
confirmed the association between the presence of IPH at
the baseline and previous use of antiplatelet therapy in
symptomatic patients with ipsilateral nonsignificant
(<70%) carotid artery stenosis. However, the frequency
and volume of IPH did not increase during the 2 years of
follow-up in the new antiplatelet users or in the continued
users. Additionally, although we showed a slightly higher
prevalence of new IPH in the new antiplatelet users, no
significant association was found between new anti-
platelet agent use and the formation of new IPH or IPH
volume progression during the 2-year follow-up.

Most of the previous studies focused on a cross-
sectional analysis on the association between IPH and
antiplatelet use. A histopathological study showed a
significantly higher amount of multiple carotid IPH in
154 endarterectomy specimens from patients who used
antiplatelet therapy (80.1% vs. 19.7%; p < 0.001) [15].
Another histopathology study failed to identify an as-
sociation between antiplatelet use and the prevalence of
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Fig. 1. Volume of IPH at the baseline and after the 2-year follow-up was categorized by using antiplatelet therapy

before the index event.

Table 4. The prevalence of IPH progression in relation to antiplatelet therapy after the index event in patients
with IPH at the baseline, at follow-up, or at both time points

Progression, Regression, No change, Total
n (%) n (%) n (%)
Ipsilateral IPH during 2-year follow-up
New antiplatelet user 15 (48) 15 (48) 1(3) 31
Continued antiplatelet user 11 (41) 15 (56) 1 (4) 27
Total 26 (45) 29 (52) 2 (3) 58
Contralateral IPH during 2-year follow-up
New antiplatelet user 6 (75) 1(13) 1(13) 8
Continued antiplatelet user 6 (50) 5 (42) 1(8) 12
Total 12 (60) 6 (30) 2 (10) 20

IPH, intraplaque hemorrhage.

IPH in 1,070 patients [16]. Current and past use of an-
tiplatelet agents was (nonsignificantly) associated with a
higher prevalence of carotid IPH in a subpopulation of
the Rotterdam Study with a carotid plaque larger than
2.5 mm in at least one of the carotid arteries [17]. Fur-
thermore, a recent longitudinal study in 34 symptomatic
patients with carotid IPH and at least 6 months of follow-

Antiplatelet Agents Use and Changes in
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up showed that atherosclerotic plaques were significantly
more likely to be in the progressed IPH group if the
patient used antiplatelet therapy at the baseline (86.7 vs.
53.3%, p = 0.046) [18]. In that study, the use of antiplatelet
therapy at follow-up was not reported. In our study, all
patients were on antiplatelet therapy during the follow-up
period.
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Fig. 2. IPH progression after two 2-year follow-up in a new antiplatelet user. 3D T'1-weighted inversion recovery
turbo field echo images of carotid atherosclerotic plaque with IPH at the baseline (a) and follow-up (b). IPH
volume (red contours) increased from 121.0 mm? at the baseline to 250.6 mm? after 2 years of follow-up (107%
increase). IPH, intraplaque hemorrhage.

Although the baseline association between IPH and
previous antiplatelet therapy was confirmed in our study,
against our hypothesis, the new onset of antiplatelet therapy
after TIA/stroke was not associated with the newly devel-
oped IPH or progression of IPH volume over the subse-
quent 2 years. Possibly, the baseline association between
IPH and previous antiplatelet therapy is affected by the fact
that previous antiplatelet users may have had a more severe
disease stage, since usually antiplatelet therapy is prescribed
in high risk patients, although we did correct for previous
CVD in the multivariable analysis.

Another explanation may be that the present study lacks
a control group consisting of patients who did not use
antiplatelet agents at follow-up. The current clinical
guideline states that the prescription of antiplatelet therapy
after stroke has to be continued for a lifetime; therefore, we
could not include such a control group. Following a stroke,
a significant number of patients previously treated with a
single antiplatelet agent often have a transition to dual
antiplatelet therapy, typically involving both aspirin and
clopidogrel, for a few weeks. Nevertheless, in this current
study, we opted not to distinguish between mono- and
dual therapy among continued users due to the limited
sample size. Moreover, in the present study, the follow-up
MRI was performed after 2 years and we cannot exclude
that this period may not have been long enough to show an
association between the new onset of antiplatelet therapy
and new IPH or progression of IPH. In the previous cross-
sectional studies that demonstrated an association between
antiplatelet use and IPH, the median interval between the
initiation of antithrombotic medication and the subse-
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quent MRI was 6 years (with a range of 1-28 years) and
72 months (interquartile range: 30-123 months), re-
spectively [8, 17]. One study reported no association be-
tween the duration of antiplatelet therapy and IPH (p =
0.94) [8], while in the other study, a longer duration of the
use for antiplatelet agents showed a positive, but statisti-
cally nonsignificant, trend of IPH (OR: 1.21, 95% CI:
0.88-1.67) [17].

Finally, our population was limited to patients with
ipsilateral carotid artery stenosis <70% who were not
scheduled for revascularization surgery or stenting.
Symptomatic patients with severe stenosis (>70%) will be
operated on in the Netherlands, which means follow-up
of the plaque and IPH is not possible. Future studies could
be performed in asymptomatic individuals with and
without IPH in the carotid plaque. If that group consists
of both subjects using antiplatelet agents and subjects
who do not use antiplatelet agents, the relationship be-
tween (no) the use of antiplatelet agents and the presence/
volume of IPH can be studied.

Conclusion

Stroke patients with mild to moderate carotid artery
stenosis who previously used antiplatelet therapy show a
significantly higher prevalence of IPH at the baseline.
However, no association was found between starting
antiplatelet agents and either newly developed IPH or
progression of IPH volume during 2 years of follow-up.
Additional studies are warranted to further investigate the
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relationship between antiplatelet agent use and IPH
progression in asymptomatic individuals with carotid
stenosis.
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