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BACKGROUND Complicated nonstenosing carotid artery plaques (CAPs) are an under-recognized cause of stroke.

OBJECTIVES The purpose of this study was to determine whether complicated CAP ipsilateral to acute ischemic

anterior circulation stroke (icCAP) are associated with recurrent ischemic stroke or transient ischemic attack (TIA).

METHODS The CAPIAS (Carotid Plaque Imaging in Acute Stroke) multicenter study prospectively recruited patients with

ischemic stroke restricted to the territory of a single carotid artery. Complicated (AHA-lesion type VI) CAP were defined by

multisequence, contrast-enhanced carotid magnetic resonance imaging obtained within 10 days from stroke onset.

Recurrent events were assessed after 3, 12, 24, and 36 months. The primary outcome was recurrent ischemic stroke or TIA.

RESULTS Among 196 patients enrolled, 104 patients had cryptogenic stroke and nonstenosing CAP. During a mean

follow-up of 30 months, recurrent ischemic stroke or TIA occurred in 21 patients. Recurrent events were significantly

more frequent in patients with icCAP than in patients without icCAP, both in the overall cohort (incidence rate [3-year

interval]: 9.50 vs 3.61 per 100 patient-years; P ¼ 0.025, log-rank test) and in patients with cryptogenic stroke (10.92 vs

1.82 per 100 patient-years; P ¼ 0.003). The results were driven by ipsilateral events. A ruptured fibrous cap (HR: 4.91;

95% CI: 1.31-18.45; P ¼ 0.018) and intraplaque hemorrhage (HR: 4.37; 95% CI: 1.20-15.97; P ¼ 0.026) were associated

with a significantly increased risk of recurrent events in patients with cryptogenic stroke.

CONCLUSIONS Complicated CAP ipsilateral to acute ischemic anterior circulation stroke are associated with an

increased risk of recurrent ischemic stroke or TIA. Carotid plaque imaging identifies high-risk patients who might be suited

for inclusion into future secondary prevention trials. (Carotid Plaque Imaging in Acute Stroke [CAPIAS]; NCT01284933)

(J Am Coll Cardiol 2022;79:2189–2199) © 2022 The Authors. Published by Elsevier on behalf of the American College of

Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

AHA = American Heart

Association

cCAP = complicated carotid

artery plaques

DWI = diffusion-weighted

imaging

FLAIR = fluid-attenuated

inversion recovery

IPH = intraplaque hemorrhage

MRI = magnetic resonance

imaging

TIA = transient ischemic attack
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S troke is a leading cause of death and
disability and a major cause of cogni-
tive decline.1,2 Recurrence rates vary

depending on stroke etiology.3-5 We recently
demonstrated a role of complicated (Amer-
ican Heart Association [AHA] lesion type VI)
nonstenosing carotid artery plaques (cCAP)
as an under-recognized cause of ischemic
stroke.6,7 Estimates of the risk of recurrent
ischemic cerebrovascular events in patients
with acute ischemic stroke and cCAP are
required to counsel patients and inform pre-
vention trials, but are currently unavailable.
SEE PAGE 2200
cCAP are defined by the presence of a ruptured
fibrous cap, intraplaque hemorrhage (IPH), or mural
thrombus8 and can be accurately and reliably detec-
ted by multisequence, black-blood carotid magnetic
resonance imaging (MRI) using dedicated surface
coils and contrast agent.9-11 Previous carotid MRI
studies in patients with symptomatic carotid artery
stenosis have suggested an association between high-
risk features of carotid plaques, in particular IPH, and
an increased risk of recurrent ischemic stroke or
transient ischemic attack (TIA).12-15 However, there
was substantial delay in these studies between the
qualifying event and imaging (>1 month on
average),12-17 and they might thus not be reflective of
the risks associated with cCAP in the acute phase of
stroke. Also, these studies included patients selected
for the presence of carotid artery stenosis and typi-
cally used imaging protocols that do not permit the
detection of a ruptured fibrous cap.

To our knowledge, there are no studies that have
related the presence of cCAP or IPH as assessed in the
first days after stroke to recurrent ischemic stroke or
TIA. Such information is needed, particularly for pa-
tients with nonstenosing carotid artery plaques and
no recognizable cause of stroke (cryptogenic stroke),
to optimize strategies for risk prediction and poten-
tially also for stratifying patients into future second-
ary prevention trials.

To better define the role of cCAP ipsilateral to acute
ischemic anterior circulation stroke and the associa-
tion with recurrent ischemic stroke or TIA, we initiated
CAPIAS (Carotid Plaque Imaging in Acute Stroke;
s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.

received November 4, 2021; revised manuscript received Januar
NCT01284933) as a prospective, observational, multi-
center study. CAPIAS employed multisequence,
contrast-enhanced carotid MRI at 3-T within 10 days
from stroke onset using dedicated carotid coils. Base-
line results on index events have previously been
published.7 The current study examined the associa-
tion of ipsilateral cCAP with recurrent ischemic stroke
or TIA over 3 years of follow-up with a particular
emphasis on patients with cryptogenic stroke. We
further analyzed associations of individual cCAP
characteristics (fibrous cup rupture, IPH, mural
thrombus) with recurrent ischemic stroke or TIA.
Finally, we explored the association of ipsilateral cCAP
with new brain lesions in patients undergoing brain
MRI at 12 months after the index event. Our pre-
specified hypothesis was that recurrent ischemic
stroke or TIA would be more frequent in patients with
ipsilateral cCAP compared with patients without ipsi-
lateral cCAP.

METHODS

STUDY PARTICIPANTS. CAPIAS is an observational,
prospective, multicenter cohort study conducted at
4 tertiary care centers in Germany: Ludwig-
Maximilian-University Munich, Technical Univer-
sity Munich, University of Tübingen, and University
of Freiburg. The study was approved by the local
ethics committees. All participants provided written
informed consent. The study design including
eligibility criteria have previously been pub-
lished.7,18 In brief, eligible patients were older than
49 years of age, had an acute ischemic stroke within
the last 7 days, and had a corresponding unilateral
infarct restricted to the territory of a single carotid
artery as defined by a diffusion-weighted imaging
(DWI)–positive lesion on brain MRI at 3-T. Eligible
patients further had unilateral (independent of side)
or bilateral carotid artery plaques with a thickness
of $2 mm as determined by duplex ultrasound. Key
exclusion criteria were carotid artery stenosis $70%
(NASCET),19 carotid artery dissection, intracranial
atherosclerosis as the presumed stroke etiology,
competing etiologies, and incomplete evaluation.7

Stroke etiology was classified according to TOAST
criteria.7,20 The recruitment period was February
2011 to July 2018.
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

y 31, 2022, accepted March 21, 2022.
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TABLE 1 AHA-LT Classification Used for MR Plaque Imaging

AHA-LT Definition

AHA-LT I/II Near-normal wall thickness, no calcification

AHA-LT III Diffuse intimal thickening or small eccentric plaque, no calcification

AHA-LT IV/V Plaque with a lipid or necrotic core surrounded by fibrous tissue with
possible calcification

AHA-LT VI Complicated plaque with possible surface defect, hemorrhage, or thrombus

AHA-LT VII Calcified plaque

AHA-LT VIII Fibrotic plaque without lipid core and with possible small calcifications

Magnetic resonance (MR) imaging allows for differentiation of the following American Heart Association lesion
types (AHA-LT) in carotid arteries: AHA-LT I/II, AHA-LT III, AHA-LT IV/V, AHA-LT VI, AHA-LT VII, and AHA-LT VIII.
Modified from Cai et al.8
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PROCEDURES. All study participants underwent
high-resolution, multisequence carotid MRI within
10 days of symptom onset. Imaging was done on 3-T
MRI systems using dedicated 4-channel carotid coils
and contrast agent as previously described.7 Magnetic
resonance plaque imaging allows differentiation of
specific AHA-lesion types (Table 1). Complicated
(AHA-LT VI) carotid artery plaques were assessed on
the basis of published criteria (Table 1, Supplemental
Table 1).8 Patients with incomplete carotid MRI data
were excluded, leaving 196 patients for analysis
(Figure 1, Supplemental Table 2).7 The magnetic
resonance plaque imaging results were archived
centrally and were not communicated to the study
participants or treating physicians.

Patients were followed up through telephone in-
terviews conducted at 3, 12, 24, and 36 months after
the index stroke. Assessments were done centrally by
qualified investigators. Standardized questionnaires
were used to assess new clinical events, medical
treatment, and cardiovascular risk factors. If a patient
was unable to take part in the interview, the infor-
mation was obtained from a caregiver or other suit-
able proxy. Details on the approach used for data
ascertainment are described in Supplemental
Figure 1. In case of a positive screening for any cere-
brovascular outcome event, the information was
validated by contacting the hospital, treating
neurologist, and general practitioner, in that order.

CLINICAL OUTCOMES. The primary outcome was the
composite endpoint of recurrent ischemic stroke or
TIA. Secondary outcomes included recurrent
ischemic stroke and recurrent ipsilateral ischemic
stroke or TIA. Ischemic stroke was defined as an
episode of neurological dysfunction caused by focal
cerebral infarction as documented by a corresponding
DWI-positive lesion on brain MRI. TIA was defined as
a transient episode of neurological dysfunction sug-
gestive of focal cerebral ischemia without acute
infarction. All information recorded from the patient,
their hospital records, their neurological records,
their general practice records, and their brain imaging
results, were used for the adjudication of outcome
events. Outcome events were adjudicated on the ba-
sis of clinical records. Adjudication was performed by
2 board-certified stroke experts (D.J. and A.K.), who
independently reviewed all available records and
were blinded to the plaque imaging data. Ipsilateral
ischemic events were defined as any event in the
distribution of the symptomatic carotid artery or of
uncertain vascular distribution.21 Death was classified
into cardiovascular death and noncardiovascular
death following consensus criteria.22 Patients
undergoing revascularization were censored at the
time of the intervention.

NEW BRAIN LESIONS. Patients were invited for a
second brain MRI scan 12 months after stroke for the
detection of new brain lesions. Imaging was done on
3-T MRI systems. The core protocol consisted of a 2-
dimensional (2D) fluid-attenuated inversion recov-
ery (FLAIR) sequence (repetition time: 7,000-9,000
milliseconds, echo time: 93-136 milliseconds, slice
thickness: 3-4 mm). New brain lesions were detected
by comparing the follow-up scans to the baseline
brain MRI scans, which had been obtained in the
context of clinical routine. Scans were independently
reviewed by 2 experienced radiologists (A.S. and D.S.)
who were blinded to the clinical status. In case of
disagreement, a third expert radiologist (T.S.) was
consulted and a consensus decision was made. New
brain lesions were divided into 3 categories: 1)
definitive new ischemic lesion; 2) progression of pre-
existing small vessel disease; and 3) new brain lesions
that could not be confidently attributed to a specific
lesion type.

STATISTICAL ANALYSIS. Incident event rates were
calculated as the number of incident events divided
by the person-time at risk and expressed as incidence
rates per 100 patient years. Kaplan-Meier curves
along with log-rank tests were used to depict and test
the differences of cumulative event rates between
patients with and without ipsilateral cCAP. Analyses
started at the time of stroke onset and terminated at
the earliest occurrence of an outcome event. Analyses
were censored at the time of last available follow-up,
revascularization, or death, whichever came first.
Multivariable Cox proportional hazards regression
was used to estimate HRs with 95% CIs adjusted for
age and sex. We added 3 sensitivity analyses: an
analysis further correcting for minimal lumen area of
both the ipsilateral and contralateral carotid artery as
a quantitative measure of stenosis grade; a second
analysis further correcting for the presence/absence
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FIGURE 1 Study Profile

234 patients recruited

208 patients with appropriate stroke etiology

Excluded because of stroke etiology: n = 26

Excluded because of incomplete MRI data: n = 12

Death: n = 5
Lost to follow-up: n = 3

Death: n = 6
Lost to follow-up: n = 14

Death: n = 3
Lost to follow-up: n = 7

196 patients included in final analysis

188 patients with follow-up

168 patients with follow-up

118 patients with face-to-face interview 50 patients with telephone follow-up

Death: n = 8
Lost to follow-up: n = 6

158 patients with follow-up

144 patients with follow-up

baseline

3 months

12 months

24 months

36 months

107 patients with MRI data 11 patients without MRI data

Study participants were followed up by telephone interviews conducted at 3, 12, 24, and 36 months after stroke. In addition, patients were invited for a second brain

MRI scan 12 months after stroke for the detection of new brain lesions. MRI ¼ magnetic resonance imaging.
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of contralateral cCAP; and a third analysis further
correcting for diabetes, hypertension, and history of
myocardial infarction.

Proportional hazards assumptions were checked by
inspecting scaled Schoenfeld residuals (all P > 0.05).
New brain lesions on MRI were compared in patients
with and without ipsilateral cCAP using logistic
regression adjusted for age and sex. Categorical var-
iables are presented as absolute and relative fre-
quencies; continuous variables are presented as mean
� SD. Subject characteristics were calculated with
Student’s t-test for numerical variables. Categorical
variables were analyzed with chi-square or Fisher
exact test. All analyses were performed using
R version 4.1.0 (R Project for Statistical Computing). A
P value <0.05 was considered statistically significant.
Because of the exploratory nature of our analysis, P
values and 95% CIs presented in this report have not
been adjusted for multiplicity.

RESULTS

Among 196 eligible patients with complete carotid
MRI data, 104 patients had cryptogenic stroke, 54 had
cardioembolic stroke, 19 had large artery stroke, and
19 had small vessel stroke.7 In total, 188 patients
attended at least 1 follow-up visit, and 144 patients
completed the follow-up after 3 years (Figure 1).



TABLE 2 Patient Characteristics

With icCAP
(n ¼ 56)

Without icCAP
(n ¼ 140) P Value

Demographic characteristics

Age, y 73.7 � 8.4 73.4 � 10.1 0.859

Male 48 (86) 93 (66) 0.007

NIHSS

0-5 46 (82) 99 (71) 0.099

6-10 8 (14) 26 (19) 0.474

>10 2 (4) 15 (11) 0.160

Vascular risk factors

Hypertension 44 (79) 97 (69) 0.191

Hypercholesterolemia 21 (40) 44 (33) 0.316

Diabetes mellitus 13 (24) 31 (22) 0.822

BMI, kg/m2 27.2 � 3.6 26.3 � 3.7 0.114

Current smoker 8 (22) 26 (36) 0.143

Ever smoker 36 (64) 72 (51) 0.102

History of cardiovascular disease

Coronary heart disease 14 (26) 24 (17) 0.162

Myocardial infarction 6 (11) 17 (12) 0.862

TIAa 7 (13) 8 (6) 0.088

Strokea 13 (23) 19 (14) 0.099

Stroke-related interventions

Thrombolysis 5 (9) 33 (24) 0.022

Thrombectomy 2 (4) 14 (10) 0.162

Carotid plaque imaging

Time interval from stroke, d 4.3 � 2.4 4.1 � 2.1 0.618

Contralateral cCAP 13 (23) 10 (7) 0.002

Ipsilateral min. lumen area, mm2 12.6 � 8.0 15.8 � 7.3 0.009

Contralateral min. lumen area, mm2 15.7 � 6.2 16.6 � 7.9 0.463

Values are mean � SD or n (%). Baseline characteristics in patients with acute ischemic stroke restricted to the
territory of a single carotid artery. Numerical variables were analyzed with Student’s t-test. For categorical
variables, chi-square or Fisher exact test was used. No corrections for multiple testing were applied. P values
reaching statistical significance are shown in bold. aPrevious to the qualifying event.

BMI ¼ body mass index; cCAP ¼ complicated carotid artery plaque; icCAP ¼ ipsilateral complicated carotid
artery plaque; NIHSS ¼ National Institutes of Health Stroke Scale; TIA ¼ transient ischemic attack.
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A total of 22 patients died (8 cardiovascular deaths, 14
noncardiovascular deaths), and 30 patients were lost
to follow-up.

Overall, 56 (29%) patients had ipsilateral cCAP at
baseline (Table 2).7 In total, 13 patients underwent
carotid endarterectomy (9 patients with large artery
stroke, 2 with cryptogenic stroke) or stenting (2 with
large artery stroke) during follow-up (median interval
between the qualifying event and the intervention:
8 days [range 2-478 days]). Their characteristics are
shown in Supplemental Table 3.

RECURRENT ISCHEMIC STROKE OR TIA. Overall, 21
patients experienced a recurrent ischemic stroke
(n ¼ 16) or TIA (n ¼ 5), and 4 patients had multiple
(n $1) recurrent events. The incidence rate (3-year
interval) for the combined endpoint of recurrent
ischemic stroke or TIA was significantly higher in
patients with ipsilateral cCAP (9.50 per 100 patient-
years) compared with patients without ipsilateral
cCAP (3.61 per 100 patient-years; P ¼ 0.025, log-rank
test) (Central Illustration). In Cox regression models
adjusting for age and sex, ipsilateral cCAP were
associated with a 2.5-fold increased risk of recurrent
ischemic stroke or TIA over 3 years (HR: 2.51; 95% CI:
1.03-6.11; P ¼ 0.043) (Figure 2). Results remained
significant when restricting the analysis to ipsilateral
recurrent ischemic stroke or TIA (HR: 3.37; 95% CI:
1.21-9.38; P ¼ 0.020) (Figure 2, Supplemental
Figure 2A). Figure 2 further shows the HRs for the
isolated endpoint of ischemic stroke, which did not
reach statistical significance.

More than one-half of patients with recurrent
ischemic stroke or TIA (11 of 21 patients, 52.4%) had
been classified as having cryptogenic stroke based on
their index stroke. Recurrent ischemic stroke or TIA
were significantly more frequent in cryptogenic
stroke patients with ipsilateral cCAP (incidence rate
[3-year interval]: 10.92 per 100 patient-years)
compared with cryptogenic stroke patients without
ipsilateral cCAP (1.82 per 100 patient-years; P ¼
0.003, log-rank test) (Figure 3). In Cox regression
models adjusting for age and sex, ipsilateral cCAP
were associated with a 5.6-fold increased risk of
recurrent ischemic stroke or TIA over 3 years (HR:
5.60; 95% CI: 1.43-21.83; P ¼ 0.013) (Figure 2). Again,
results remained significant when focusing on ipsi-
lateral recurrent ischemic stroke or TIA (HR: 5.01;
95% CI: 1.25-20.05; P ¼ 0.023) (Figure 2, Supplemental
Figure 2B). Results for patients with other stroke
etiologies are shown in Supplemental Table 4.

To account for differences in stenosis grade, we
added a sensitivity analysis, further correcting for
the minimal lumen area of the ipsilateral and
contralateral carotid artery. The results for recurrent
ischemic stroke or TIA remained significant both in
the overall cohort and in patients with cryptogenic
stroke (Supplemental Table 5). The same was seen
in a second sensitivity analysis further correcting
for the presence/absence of contralateral cCAP
(Supplemental Table 5). Effects were even more pro-
nounced in a third sensitivity analysis additionally
adjusting for diabetes, hypertension, and history of
myocardial infarction. We also explored associations
between the presence of cCAP irrespective of side
(ipsilateral, contralateral, or both) and recurrent
ischemic stroke or TIA. The associations were atten-
uated both in the overall cohort (HR: 2.26; 95% CI:
0.93-5.49; P ¼ 0.070) and in patients with cryptogenic
stroke (HR: 4.79; 95% CI: 1.20-19.04; P ¼ 0.026).

MRI PLAQUE CHARACTERISTICS DEFINING IPSILATERAL

cCAP. The associations of individual MRI
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CENTRAL ILLUSTRATION Study Concept and Main Study Results

Kopczak A, et al. J Am Coll Cardiol. 2022;79(22):2189–2199.

The prospective CAPIAS (Carotid Plaque Imaging in Acute Stroke) study investigated the association between the presence of complicated

carotid artery plaques ipsilateral to acute ischemic anterior circulation stroke and the risk of recurrent ischemic stroke or transient ischemic

attack (TIA). Recurrence rates were significantly higher in patients with ipsilateral complicated carotid artery plaques than in patients without

ipsilateral complicated carotid artery plaques. Shown are the results for the primary endpoint in the overall study cohort. Ipsilateral

complicated carotid artery plaques were associated with a 2.5-fold increased risk of recurrent ischemic stroke or TIA. The results were

driven by ipsilateral events.
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FIGURE 2 Recurrent Ischemic Stroke or TIA in Patients With icCAP
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Shown are the HRs and CIs for the combined primary endpoint of recurrent ischemic stroke and transient ischemic attack (TIA) in patients with ipsilateral complicated

carotid artery plaques (icCAP). Also shown are results for ischemic stroke and for ipsilateral ischemic stroke or TIA as secondary endpoints. Results are adjusted for age

and sex, without correction for multiple testing, and are displayed separately for the overall cohort and for patients with cryptogenic stroke. Data are n/N.
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characteristics defining ipsilateral cCAP with risk of
recurrent ischemic stroke or TIA are shown in Table 3.
Presence of a ruptured fibrous cap at baseline was
associated with an increased risk of recurrent
ischemic stroke or TIA both in the overall cohort (HR:
2.61; 95% CI: 1.01-7.05; P ¼ 0.041) and in patients with
cryptogenic stroke (HR: 4.91; 95% CI: 1.31-18.45;
P ¼ 0.018). Although presence of intraplaque hem-
orrhage did not reach significance in the overall
cohort (HR: 2.34; 95% CI: 0.94-5.81; P ¼ 0.067), it was
associated with an increased risk of recurrent
ischemic stroke or TIA in patients with cryptogenic
stroke (HR: 4.37; 95% CI: 1.20-15.97; P ¼ 0.026).

NEW BRAIN LESIONS ON 3-T MRI. A total of 118
patients (67 patients with cryptogenic stroke)
returned for a face-to-face visit after 12 months.
Follow-up brain MRI scans were obtained in suffi-
cient quality in 107 patients (Figure 1). Reasons for
not undergoing brain MRI are detailed in
Supplemental Figure 3. New brain lesions were
detected in 35 of the 107 study participants with
interpretable brain MRI scans. In 16 patients they
were classified as definitive new ischemic lesions, in
11 patients they were classified as progression of
pre-existing small vessel disease, and in 8 patients
they could not be confidently attributed to a
specific lesion type. In total, 6 of the 107 patients
with available brain MRI had experienced a recur-
rent ischemic stroke. In 4 of them, the corre-
sponding brain lesion was still visible on the 12-
month follow-up scan, whereas in 2 cases, the
lesion was either not detectable or visible only as
local atrophy (Supplemental Figure 4). In 12 pa-
tients, the new ischemic lesion was classified as
silent ischemic brain infarct. There was no associa-
tion between ipsilateral cCAP and new brain lesions
(P < 0.05).

DISCUSSION

This study found ipsilateral cCAP as detected by high-
resolution MRI within 10 days from ischemic stroke
onset to be associated with a higher risk of recurrent
ischemic stroke or TIA. The results were driven by the
results in cryptogenic stroke patients and by events
ipsilateral to the index stroke. Among patients with
cryptogenic stroke, those with ipsilateral cCAP had a
5.6-fold increased risk of recurrent ischemic stroke or
TIA when compared with those without ipsilateral
cCAP, although the CI was large. We further found the
presence of an ipsilateral ruptured fibrous cap and of
IPH to be significantly associated with recurrent
ischemic stroke or TIA.

https://doi.org/10.1016/j.jacc.2022.03.376
https://doi.org/10.1016/j.jacc.2022.03.376


FIGURE 3 Recurrent Ischemic Stroke or TIA Stratified by Presence of icCAP
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The most important finding in terms of clinical
implications is the association between IPH and an
increased risk of recurrent ischemic stroke or TIA in
patients with cryptogenic stroke. Compared with
patients without an ipsilateral IPH, those with an
ipsilateral IPH had a 4.4-fold increased risk of recur-
rent ischemic stroke or TIA, although the CI was large.
Unlike other cCAP features, IPH can be reliably
detected by standard coils and conventional native
T1-weighted sequences,10,11,23 implying that MR im-
aging for IPH detection could be integrated into the
diagnostic workflow of anterior circulation stroke, as
further suggested by a recent study that ascertained
IPH from routine neck MR angiography.24

The prevalence of ipsilateral IPH in our cohort was
relatively high (27% of cryptogenic stroke patients,
26% of the overall sample)7 similar to a recent study in
patients with acute anterior circulation stroke,24 thus
further highlighting the potential utility of this marker
for risk stratification and the selection of patients into
clinical trials. It should be noted, however, that our
study participants had been selected for the presence
of carotid artery plaque and were rather mildly
affected, as reflected by the National Institutes of
Health Stroke Scale at baseline. This, together with the
relatively large CIs for recurrence rates, emphasizes
the need for additional studies. We envision the next
step to be a multicenter study determining the precise
prevalence of IPH and associated recurrence rates in
unselected patients with anterior circulation stroke.
Such a study would enable analyses in relevant sub-
groups to prepare for future prevention trials.

Treatment options in patients with cryptogenic
stroke are limited. The NAVIGATE-ESUS (New
Approach Rivaroxaban Inhibition of Factor Xa in a
Global Trial versus ASA to Prevent Embolism in
Embolic Stroke of Undetermined Source) and RE-
SPECT ESUS (Randomized, Double-Blind, Evaluation
in Secondary Stroke Prevention Comparing the
Efficacy and Safety of the Oral Thrombin Inhibitor
Dabigatran Etexilate versus Acetylsalicylic Acid in
Patients with Embolic Stroke of Undetermined
Source) trials found no benefit of anticoagulant
treatment over aspirin in patients with embolic stroke
of undetermined source,25,26 leaving these patients
with standard antiplatelet therapy. Whether patients
with cryptogenic stroke and ipsilateral IPH or other
cCAP features would benefit from more intensive
medical therapy or carotid interventions is currently
unknown. Yet, our results of a substantially increased
recurrence risk in cryptogenic stroke patients with
cCAP suggest that it is reasonable to think about
secondary prevention trials in high-risk patients
defined on the basis of carotid plaque imaging.



TABLE 3 Association of Individual Plaque Characteristics With Recurrent

Ischemic Stroke or TIA

Recurrent Ischemic Stroke or TIA

HR (95% CI) P Value

Overall cohort

Ruptured fibrous cap 2.61 (1.01-7.05) 0.041

Intraplaque hemorrhage 2.34 (0.94-5.81) 0.067

Mural thrombus 1.47 (0.55-3.91) 0.443

Cryptogenic stroke patients

Ruptured fibrous cap 4.91 (1.31-18.45) 0.018

Intraplaque hemorrhage 4.37 (1.20-15.97) 0.026

Mural thrombus 2.89 (0.84-10.01) 0.093

Shown is the association of plaque characteristics defining ipsilateral complicated carotid artery
plaques with recurrent ischemic stroke or transient ischemic attack (TIA) as the combined primary
endpoint. Multivariable Cox Proportional Hazards regression was used to estimate HRs with
95% CIs for the individual plaque characteristics. Results are adjusted for age and sex, without
correction for multiple testing, and displayed separately for the overall cohort and for patients
with cryptogenic stroke. P values reaching statistical significance are shown in bold.
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The association of ipsilateral cCAP with recurrent
ischemic stroke or TIA remained significant when
controlling for the minimal lumen area, indicating
that the association is not confounded by stenosis
grade. Less than 10% of the study participants had
large artery stroke and a NASCET 50%-69% stenosis.
Almost one-half of them underwent carotid revascu-
larization, typically within the first 2 weeks after the
index event following contemporary guideline rec-
ommendations.27,28 These patients were censored
with start of the intervention, thus limiting the
contribution of patients with large artery stroke to the
study results. Notably, 2 patients with cryptogenic
stroke and nonstenosing ipsilateral cCAP also
received carotid endarterectomy upon judgement of
the treating physicians and were thus censored. Still,
we found ipsilateral cCAP to be associated with a
higher recurrence rate, highlighting the relevance of
cCAP in medically treated patients.

The decision to focus on ipsilateral cCAP in our
primary analysis was motivated by published data
showing a higher risk of ischemic events in symp-
tomatic compared with asymptomatic carotid artery
stenosis and previous results from CAPIAS evidencing
a causal relationship between ipsilateral cCAP and in-
dex events, particularly in patients with cryptogenic
stroke.7 Lumping ipsilateral and contralateral cCAP
into a combined exposure would have implied lump-
ing lesions with potentially different properties and
risks. Indeed, associations with recurrent ischemic
stroke or TIA were attenuated with the combined
exposure in the overall cohort, but given the small
number of patients with contralateral cCAP, this
observation should be interpreted cautiously. Studies
in larger patient cohorts will allow determining the
precise risks associated with ipsilateral and contralat-
eral cCAP and the optimal strategy for risk prediction,
including in patients with infarcts in multiple vascular
territories, who were not represented in CAPIAS.

The association between a ruptured fibrous cap
and recurrent ischemic stroke or TIA adds to previous
studies in patients with symptomatic or asymptom-
atic carotid artery stenosis that found thinning
or rupture of the fibrous cap to be associated with
an increased risk of future stroke or TIA.13,15,16

Histopathological studies on carotid endarterectomy
samples from patients with symptomatic or asymp-
tomatic stenosis found a ruptured fibrous cap to be
associated with symptomatic status29,30 and early
stroke recurrence before revascularization.31 Our
current results expand these findings by showing that
a ruptured fibrous cap as assessed within the first
days after stroke associates with recurrent ischemic
stroke or TIA in patients with cryptogenic stroke.
Due to the widespread clinical use of 2D-FLAIR
sequences at the time of study conception, our brain
imaging protocol was not optimized for the detection
of new brain lesions: baseline scans had been ob-
tained in the context of clinical routine, and the core
protocol for follow-up imaging consisted of a simple
2D-FLAIR sequence without harmonization with the
baseline scans. Only 55% of the patients returned for
study-related brain MRI, which might have intro-
duced bias, and the follow-up interval was relatively
short, thus limiting statistical power. Still, our results
offer some insights. First, symptomatic infarcts that
had been visible at the time of stroke recurrence were
not reliably detected on the follow-up scans. Second,
new ischemic lesions were often difficult to distin-
guish from other processes, in particular the pro-
gression of small vessel disease. Third, pre-existing
white matter hyperintensities, which are common in
stroke patients,32 might have masked the detection of
new lesions on FLAIR images. Therefore, reliable
assessment of the association between cCAP and new
brain lesions may require alternative strategies, such
as serial imaging with DWI sequences and 3D-FLAIR
sequences.33

STUDY STRENGTHS. CAPIAS was a prospective,
multicenter study with imaging confirmed stroke,
comprehensive diagnostic work-up, and plaque MRI
obtained within 10 days after symptom onset. Sample
size by far exceeded that of previous carotid plaque
imaging studies employing high-resolution carotid
MRI.6,34 We used high-resolution carotid MRI at 3-T,
dedicated carotid coils, and a standardized multi-
sequence imaging protocol including contrast-
enhanced sequences,35 thus enabling the assessment
of plaque rupture and other plaque features. Analyses



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: cCAP

ipsilateral to acute ischemic anterior circulation stroke

are associated with an increased risk of recurrent

ischemic stroke or TIA.

TRANSLATIONAL OUTLOOK: In future studies,

the presence of cCAP identified by noninvasive imag-

ing could be used to select high-risk patients with

prior stroke for clinical trials of novel secondary pre-

vention strategies.
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were specified before study onset, and adjudication
of endpoints was done centrally by experts blinded to
the plaque imaging data.

STUDY LIMITATIONS. Our study also had limitations,
in particular, the long recruitment period. This mostly
related to our entry criteria and the requirement for a
study-related MRI with injection of a contrast agent.7

Second, several patients, mostly with a NASCET 50%-
69% stenosis, underwent early revascularization and
were therefore censored from statistical analysis,
although this did not affect the results in cryptogenic
stroke patients. Additional limitations included a
relatively low proportion of female patients, the
limited age range, and the exclusion of patients with
CAP <2 mm, which limited the results to stroke pa-
tients with some degree of atherosclerosis.

CONCLUSIONS

cCAP ipsilateral to acute ischemic anterior circulation
stroke are associated with a substantially increased
risk of recurrent ischemic stroke or TIA. Carotid pla-
que imaging identifies high-risk patients who might
be suited for inclusion into future secondary pre-
vention trials.
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