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Assessment of Recurrent Stroke Risk in Patients With a Carotid Web
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Lucie A. van den Berg, MD; Pieter M. van der Sluijs, MD; Daniel M. Mandell, MD; Aad van der Lugt, MD;
Yvo B. W. E. M. Roos, MD; Charles B. L. M. Majoie, MD; Diederik W. J. Dippel, MD; Bart J. Emmer, MD;
Adriaan C. G. M. van Es, MD; Jonathan M. Coutinho, MD; for the MR CLEAN trial
and MR CLEAN Registry Investigators

IMPORTANCE A carotid web (CW) is a shelf-like lesion along the posterior wall of the internal
carotid artery bulb and an underrecognized cause of young stroke. Several studies suggest
that patients with symptomatic CW have a high risk of recurrent stroke, but high-quality data
are lacking.

OBJECTIVE To assess the 2-year risk of recurrent stroke in patients with a symptomatic CW.

DESIGN, SETTING, AND PARTICIPANTS A comparative cohort study used data from the MR
CLEAN trial (from 2010-2014) and MR CLEAN Registry (from 2014-2017). Data were analyzed
in September 2020. The MR CLEAN trial and MR CLEAN Registry were nationwide
prospective multicenter studies on endovascular treatment (EVT) of large vessel occlusion
(LVO) stroke in the Netherlands. Baseline data were from 3439 consecutive adult patients
with anterior circulation LVO stroke and available computed tomography (CT)–angiography
of the carotid bulb. Two neuroradiologists reevaluated CT-angiography images for presence
or absence of CW and identified 30 patients with CW ipsilateral to the index stroke. For these
30 eligible CW participants, detailed follow-up data regarding stroke recurrence within
2 years were acquired. These 30 patients with CW ipsilateral to the index stroke were
compared with 168 patients without CW who participated in the MR CLEAN extended
follow-up trial and who were randomized to the EVT arm.

MAIN OUTCOMES AND MEASURES The primary outcome was recurrent stroke occurring within
2 years after the index stroke. Cox proportional hazards regression models were used to
compare recurrent stroke rates within 2 years for patients with and without CW, adjusted for
age and sex. The research question was formulated prior to data collection.

RESULTS Of 3439 patients with baseline CT-angiography assessed, the median age was
72 years (interquartile range, 61-80 years) and 1813 (53%) were men. Patients with CW were
younger (median age, 57 [interquartile range, 46-66] years vs 66 [interquartile range, 56-77]
years; P = .02 and more often women (22 of 30 [73%] vs 67 of 168 [40%]; P = .001) than
patients without CW. Twenty-eight of 30 patients (93%) received medical management
after the index stroke (23 with antiplatelet therapy and 5 with anticoagulant therapy). During
2 years of follow-up, 5 of 30 patients (17%) with CW had a recurrent stroke compared with
5 of 168 patients (3%) without CW (adjusted hazard ratio, 4.9; 95% CI, 1.4-18.1).

CONCLUSIONS AND RELEVANCE In this study, 1 of 6 patients with a symptomatic CW had a
recurrent stroke within 2 years, suggesting that medical management alone may not provide
sufficient protection for patients with CW.

JAMA Neurol. 2021;78(7):826-833. doi:10.1001/jamaneurol.2021.1101
Published online May 10, 2021.
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A carotid web (CW) is a shelf-like lesion located along the
posterior wall of the internal carotid artery bulb.
Imaging and pathologic analyses suggest CW is an in-

timal variant of fibromuscular dysplasia (FMD).1 Computed to-
mography angiography (CTA) imaging is a common noninva-
sive method for identification of CW.1-5 Because CWs protrude
into the lumen of the carotid artery, flow disruption and blood
stasis can occur, resulting in thrombus formation and subse-
quent ischemic stroke.2,6 Case-control studies have found that
CWs are present in 9% to 37% of patients younger than 60 years
with cryptogenic stroke, and that a CW increases the risk of
ischemic stroke approximately 10- to 20-fold.3,7,8 Although data
are limited, patients with CW with ischemic stroke are more
often than usual women and of Black racial identity.2,4,7,9,10

It is unclear how patients with a symptomatic CW (those
who have had an ipsilateral ischemic stroke) are best treated
to prevent recurrent stroke.1 Most patients are treated with an-
tiplatelet therapy, but some physicians advocate using anti-
coagulation therapy as a better choice because of focal blood
stasis in the carotid artery caused by CW.1 Carotid artery stent-
ing and surgical removal of the CW have also been reported,
especially in those with recurrent ischemic stroke.9,10

One of the major knowledge gaps in deciding the optimal
treatment is the lack of studies on the risk of recurrent stroke
in patients with a symptomatic CW.1,3 A 2018 systematic re-
view reported an ischemic stroke recurrence rate of 56% (with
a median of 12 months to the recurrent stroke, range, 0-97
months) in patients with CW receiving medical management,
but these data come from case reports and uncontrolled, ret-
rospective, single center studies.10 Owing to publication and
selection bias, the true recurrent stroke risk in patients with a
symptomatic CW remains unknown. The aim of the current
study was to assess the recurrent stroke risk in a population
of patients with a large vessel occlusion (LVO) stroke of the
anterior circulation and ipsilateral CW.

Methods
Study Design and Patient Selection
We conducted a comparative cohort study using data from
the MR CLEAN trial11 (December 2010-March 2014) and the
MR CLEAN Registry12 (March 2014-November 2017). The MR
CLEAN trial was a randomized clinical trial conducted at 16 cen-
ters in the Netherlands in which adult patients with ischemic
stroke due to an anterior circulation LVO were allocated to en-
dovascular treatment (EVT) or no EVT.11 The MR CLEAN Reg-
istry was a nationwide observational cohort study in which data
were collected from consecutive patients with LVO stroke
treated with EVT in the Netherlands.12 All Dutch EVT centers
participated in this registry, and enrollment started directly af-
ter the last patient was randomized in the MR CLEAN trial. De-
tails of both studies have been published.11,12 From both stud-
ies, we selected adult patients with an anterior circulation LVO
stroke (index stroke) and with available baseline CTA of the ca-
rotid bulb. This study followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guideline for cohort studies.

CW Assessment
All CTA images from the MR CLEAN trial and Registry were
reassessed by an experienced neuroradiologist (B.J.E. or
A.C.G.M.v.E.) to determine whether patients had a CW ipsilat-
eral to the index stroke. Carotid bulbs were evaluated in mul-
tiplanar reconstruction view. We defined CW on CTA as a thin
linear filling defect arising from the posterior wall of the proxi-
mal internal carotid bulb, with a typically smooth border and
without atherosclerosis.2,13 We distinguished CW from arte-
rial dissection by defining the latter as a linear filling defect be-
yond the distal internal carotid bulb, with typically irregular
borders.1,14

Data Collection and Ethical Approval
To determine recurrent stroke risk, we obtained extended fol-
low-up data from patients with CW. In addition to interview-
ing patients, we acquired follow-up data from medical rec-
ords by contacting their treating physicians. We collected
information on the use of anti-thrombotic therapy and
inquired whether patients had undergone any carotid artery
intervention (stenting or surgical resection). The medical eth-
ics committee of the Erasmus University Medical Center in
Rotterdam approved the study and waived the need for writ-
ten informed consent because the study did not fall within
the scope of the Dutch Medical Research Involving Human
Subjects Act (WMO).

To compare the risk of recurrent stroke of patients with a
CW ipsilateral to the index stroke with patients without a CW,
we used data of patients who participated in the MR CLEAN
extended follow-up trial, details of which have been
published.15 In this extension study of the original MR CLEAN
trial, detailed follow-up data, including stroke recurrences were
assessed 2 years after randomization.15 The investigators of the
MR CLEAN extended follow-up trial used the same methods
for data collection on stroke recurrences as used for patients
with CW (telephone interviews and medical records). From 391
patients who participated in the MR CLEAN extended fol-
low-up trial,15 we selected the 168 patients without a CW and
who were randomized to the EVT arm as a comparative co-
hort (Figure 1). The rationale for excluding patients who were
randomized to the no EVT arm was to avoid large disparities
between patients with a CW ipsilateral to the index stroke and

Key Points
Question What is the 2-year risk of recurrent stroke in patients
with a symptomatic carotid web (CW)?

Findings In this cohort study among 3439 patients with large
vessel occlusion stroke, during 2 years’ follow-up, 17% of patients
with an ipsilateral CW had a recurrent stroke compared with 3% of
patients without CW. Ninety-three percent of patients with a CW
received medical management after the index stroke.

Meaning In this study, 1 of 6 patients with a symptomatic CW had
a recurrent stroke within 2 years, suggesting that medical
management alone may not provide sufficient protection for
patients with CW.
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the comparative cohort in terms of proportion of patients who
received reperfusion treatment for the index stroke.

Statistical Analysis
The primary outcome was recurrent stroke occurring within
2 years after the index stroke. Strokes occurring within 24 hours
of EVT for the index stroke were considered periprocedural and
were excluded.

We compared patients with an ipsilateral CW from the MR
CLEAN trial and Registry with patients from the MR CLEAN
extended follow-up trial without a CW. For comparison of con-
tinuous data, we used a 2-sided independent t test and for pro-
portions, we used a χ2 test or Fisher exact test, as appropri-
ate. Two-sided P values of ≤.05 were considered to indicate
statistical significance. To compare cumulative incidences of
recurrent stroke within 2 years between groups, we used
Kaplan-Meier survival analysis techniques with a log-rank test.
In addition, we used Cox proportional hazards regression mod-
els to estimate a hazard ratio (HR) for recurrent stroke risk
within 2 years for patients with an ipsilateral CW compared
with patients without a CW. We used univariable Cox regres-
sion to calculate an unadjusted HR and multivariable Cox re-
gression to calculate an HR adjusted for age and sex. We cen-
sored patients who died of another cause than a recurrent
stroke or who were lost to follow-up before 2 years. Using the
same methods, we performed an additional analysis for re-
current ischemic stroke ipsilateral to the index stroke within
2 years after the index stroke. For both 2-year outcomes. there

was no indication of violation of the proportional hazards as-
sumption by visual inspection of the Schoenfeld residuals. Fur-
thermore, we provided an incidence rate for recurrent stroke
in patients with CW ipsilateral index stroke, throughout the
total available follow-up duration. We calculated recurrent
stroke incidence per 100 person-years, with 95% CIs, using
Mid-P exact test. Statistical analyses were performed with SPSS
software, version 26.0 (IBM) and R software, version 3.6.1
(R Foundation for Statistical Computing).

Results
Of 4137 patients included in the MR CLEAN trial (n = 500) or Reg-
istry (n = 3637), 698 were excluded (Figure 1). Of the remain-
ing 3439 patients of whom the CTA was reassessed (median age,
72 years [interquartile range, 61-80 years]; 1813 [53%] were men
and 1626 [47%] were women), we identified 30 patients (0.9%)
with a CW ipsilateral to the side of the index stroke. The CWs
were located in the right internal carotid artery in 24 of 30 (80%)
patients. There were 2 patients with a bilateral CW. In addi-
tion, 6 of 3439 patients (0.2%) had a CW contralateral to the in-
dex stroke. None of the patients with CW had a stenosis greater
than 50% according to North American Symptomatic Carotid
Endarterectomy Trial criteria owing to their CW.16

Patients with an ipsilateral CW were younger (median age,
57 years [interquartile range, 46-66 years] vs 66 years [inter-
quartile range,56-77 years]; P = .01) and more often women
(73% vs 40%; P = .001) compared with patients without a CW
(Table 1). Three patients with an ipsilateral CW had had an is-
chemic stroke prior to the index stroke, 2 of which were in the
same vascular territory as the CW. In 24 of 30 patients (80%)
with an ipsilateral CW, no other cause for the index stroke was
found, whereas 6 of 30 patients (20%) also had a potential car-
dioembolic cause (atrial fibrillation). Among patients with-
out a CW, the cause of the index stroke was large-artery ath-
erosclerosis in 48 of 168 (29%), cardioembolic in 44 of 168
(26%), other determined in 11 of 168 (7%), and undetermined
in 65 of 168 (39%).17

Twenty-eight of 30 patients (93%) received medical man-
agement to prevent recurrent stroke after the index stroke,
1 of 30 (3%) underwent carotid endarterectomy 19 days after
the index stroke and 1 of 30 (3%) died 1 day after admission for
the index stroke prior to start of secondary prevention therapy.
Of the patients receiving medical management, 23 were pre-
scribed antiplatelet agents (15 single and 8 double) and 5 anti-
coagulants (4 vitamin K antagonists and 1 direct oral antico-
agulant). One of the patients who received antiplatelet therapy
had a recurrent ischemic stroke 6 months after the index stroke
and underwent carotid endarterectomy 8 days thereafter. Both
patients remained free of stroke after carotid endarterectomy.
Histopathologic samples of CW were not available. None of the
patients with CW underwent carotid stenting.

Recurrent Stroke
We obtained 2-year follow-up data for 28 of 30 patients (93%)
with an ipsilateral CW. Four patients with an ipsilateral CW were
censored before the 2-year follow-up was completed: 2 ow-

Figure 1. Flow Diagram of Patient Selection

4137 Included in study population
500 From MR CLEAN trial

3637 From MR CLEAN Registry

3439 Had baseline CTA reassessed
443 From MR CLEAN trial

2996 From MR CLEAN Registry

698 Excluded
291 Had low-quality CTA or the carotid bulb was

not imaged
177 Were not assessed at a MR CLEAN trial center
172 Had posterior circulation

49 Did not have CTA data available
9 Younger than 18 y

3241 Excluded
 2972 From MR CLEAN Registry

170 Randomized to no EVT
93 Did not participate in

MR CLEAN extended
follow-up trial

6 Had contralateral web

30 Had ipsilateral
carotid web

3409 Had no ipsilateral
carotid web

168 Had no
carotid web

CTA indicates computed tomography angiography; EVT, endovascular
treatment.
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ing to death (1 patient died 1 day after the index stroke, and
the other died following palliative sedation for chronic refrac-
tory pain 18 months after the index stroke), 1 patient declined
to participate in the follow-up telephone interview resulting
in missing data beyond 3 months, and the last patient was lost
to follow-up after emigrating 20 months after the index stroke.

In the comparator cohort, 61 of 168 patients (36%) were
censored before the 2-year follow-up was completed, 48 (29%)
because of death due to other causes than a recurrent stroke
and 13 patients (7%) did not complete the 2-year follow-up.
Censoring was unrelated to a recurrent stroke in all cases.

During the 2 years after the index stroke, 5 of 30 patients
(17%) with an ipsilateral CW had a recurrent stroke, com-
pared with 5 of 168 patients (3%) without a CW (adjusted HR,
4.9; 95% CI, 1.4-18.1) (Figure 2). Median time to recurrent stroke
was 6 months (interquartile range, 1-10 months) in patients with
a CW and 1 month (interquartile range, 0-7 months) in pa-
tients without a CW. Incidence of recurrent stroke per treat-
ment strategy in patients with CW is presented in eTable 1 in
Supplement 1. The 2-year risk of patients with recurrent stroke
with CW receiving medical management excluding patients
who were censored was 5 of 25 (20%).

Type and location of the recurrent stroke could be ascer-
tained in 4 of 5 patients with CW, and these 4 recurrences were
ischemic strokes in the same vascular territory as the CW
(Table 2). For the last case, the details of the recurrent stroke
could not be determined because the patient died shortly there-
after in a nursing home and no imaging or autopsy was per-

formed (Table 2). Figure 3 presents the CTA images (acquired
at the time of the index stroke) of the patients with CW who
had recurrent stroke.

All 5 recurrent strokes in the group of patients without a
CW were ischemic, 2 of which were in the same vascular ter-
ritory as the index stroke. When restricting the analysis to those
with recurrent ischemic stroke ipsilateral to the index stroke,
the risk was increased 8-fold in patients with an ipsilateral CW
as compared with patients without a CW (adjusted HR, 8.1; 95%
CI, 1.4-46.8) (Figure 2B). None of the 6 patients with a CW con-
tralateral to the index stroke had a recurrent stroke.

During the total follow-up period (median 39 months,
interquartile range, 16-74 months) of patients with an ipsilat-
eral CW, 2 additional recurrent strokes beyond 2 years oc-
curred. One patient who received antiplatelet therapy had a
recurrent ischemic stroke in the same vascular territory as the
CW at 30 months. The other patient ( Table 2) had a second
recurrent stroke at 28 months and died 6 days later in a nurs-
ing home; no imaging or autopsy was performed. The inci-
dence rate of recurrent stroke in the 30 patients with ipsilat-
eral CW throughout the total follow-up period was 5.5 per 100
person-years (95% CI, 2.2-11.4).

Discussion
This cohort study found that patients with a CW ipsilateral to
the index stroke had a 5 times higher risk of recurrent stroke

Table 1. Baseline Characteristics at Index Stroke

Characteristic

No./total No. (%)

P value
Carotid web
(n = 30)

No carotid web
(n = 168)

Age, median (IQR), y 57 (46-66) 66 (56-77) .02

Women 22/30 (73) 67/168 (40) .001

Medical history

Ischemic stroke 3/30 (10) 20/168 (12) >.99

Hypertension 10/30 (33) 73/168 (44) .30

Hypercholesterolemia 5/29 (17) 41/168 (24) .40

Smoking 5/28 (18) 47/168 (28) .26

Diabetes 2/30 (7) 24/168 (14) .38

Atrial fibrillation 6/30 (20)a 43/168 (26) .51

Myocardial infarction 0/30 (0) 22/168 (13) .03

Prestroke mRS score

0 23/29 (79) 136/168 (81)

.441 1/29 (3) 15/168 (9)

≥2 5/29 (17) 17/168 (10)

Right hemisphere stroke 24/30 (80) 82/168 (49) .002

Median NIHSSb 15 (12-19) 17 (14-21) .02

Systolic BP, median (IQR), mm Hgc 137 (119-150) 145 (130-160) .03

ASPECTS, median (IQR)d 9 (8-10) 9 (7-10) .68

Occlusion location

ICA-T 6/29 (21) 42/168 (25)

.50
M1 19/29 (66) 114/168 (68)

M2 4/29 (14) 10/168 (6)

Other 0/29 (-) 2/168 (1)

Abbreviations: ASPECTS, Alberta
stroke program early CT score;
BP, blood pressure; ICA-T, internal
carotid artery terminal;
IQR, interquartile range; M1, middle
cerebral artery segment 1; M2, middle
cerebral artery segment 2;
mRS, modified Rankin Scale;
NIHSS, National Institutes of Health
Stroke Scale.
a Diagnosed at admission in 3 of

6 patients.
b Number of patients with missing

data in carotid web group vs no
carotid web group, 1 vs 0.

c Number of patients with missing
data in carotid web group vs no
carotid web group, 1 vs 0.

d Number of patients with missing
data in carotid web group vs no
carotid web group, 0 vs 1.
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compared with patients without a CW. In absolute terms, 1 of
6 patients with a CW ipsilateral to the index stroke had a re-
current stroke within 2 years. Moreover, the recurrent ische-
mic strokes were in the same vascular territory as the CW, and
the risk of recurrent stroke appeared to persist after the 2-year
follow-up period.

In this study, 93% of patients with an ipsilateral CW re-
ceived medical management after the index stroke, most with
antiplatelet therapy. We observed a relatively higher incidence
of recurrent stroke in patients receiving anticoagulant therapy
similar to the systematic review by Zhang et al.10 This finding
may be unexpected, considering the imaging evidence of flow
disruption and blood stasis in CW.6,9 However, interpretation
is limited by the small sample in both studies. Notably, all pa-

tients receiving anticoagulant therapy experienced concomi-
tant atrial fibrillation, which may further compound the stroke
risk. Also, information on whether the international normal-
ized ratio was in the therapeutic range was not available for
1 of the 2 patients who had a recurrent stroke receiving antico-
agulation therapy. While we cannot determine from our data
what the optimal therapy for these patients should be, the high
recurrent stroke risk we observed indicates that standard medi-
cal management alone may not provide sufficient protection.
Endovascular stenting may be a better secondary stroke pre-
vention strategy, particularly in patients already receiving en-
dovascular treatment for LVO, but further study is warranted.9

Carotid surgery may also be an option, although such an inva-
sive strategy should be deliberated with caution.18

Figure 2. Kaplan-Meier Estimates of Recurrent Stroke and Recurrent Ipsilateral Ischemic Stroke
During 2-Year Follow-up After the Index Stroke
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A., During 2-year follow-up, 5 of 30 patients (17%) with a carotid web ipsilateral
to the index stroke had a recurrent stroke compared with 5 of 168 patients (3%)
without carotid web (hazard ratio, 5.0; 95% CI, 1.4-17.3; adjusted hazard ratio,
4.9; 95% CI, 1.4-18.1). B, During 2-year follow-up, 4 of 30 patients (13%) with

a carotid web ipsilateral to the index stroke had a recurrent ischemic stroke
ipsilateral to the index stroke compared with 2 of 168 patients (1%) without
carotid web (hazard ratio, 9.9; 95% CI, 1.8-54.2; adjusted hazard ratio, 8.1;
95% CI, 1.4-46.8).

Table 2. Patients With Carotid Web With Recurrent Stroke During 2-Year Follow-up

Patient Agea Sexa
Cardiovascular
risk factorsa

Index
strokea

Recurrent stroke (time since index stroke),
details on type and acute treatment

Treatment
at time of
recurrent
stroke

Treatment after
recurrent stroke

Alive at 2-y
follow-up

1 Early 40s F HT Right M1 (6 mo) Ipsilateral ischemic LVO treated
with IVT

AP CEA, AP Yes

2 Early 70s F HT, AF, D, HC Right M1 (9 mo) Ipsilateral ischemic, no cerebral
artery imaging performed, no RT

AP, ACb Palliative care Noc

3 Early 90s F HT, AF Right M1 (2 mo) Undetermined type, no imaging
performed, no RT

ACd Palliative care Noe

4 Early 90s F NR Right M2 (6 d) Ipsilateral ischemic LVO treated
with EVT

AP AP Yes

5 Early 60s F NR Right M1 (11 mo) Ipsilateral ischemic LVO treated
with IVT and EVT

AP AP Yes

Abbreviations: AC, anticoagulation; AF, atrial fibrillation; AP, antiplatelet;
CEA, carotid endarterectomy; D, diabetes; EVT, endovascular treatment;
F, female; HC, hypercholesterolemia; HT, hypertension; IVT, intravenous
thrombolysis; LVO, large vessel occlusion; M1, middle cerebral artery segment 1;
M2, middle cerebral artery segment 2; NR, none reported; RT, reperfusion
therapy.
a All patients received IVT and EVT for index stroke.
b Vitamin K antagonist. The patient had a therapeutic international normalized

ratio (2.0) at the time of the recurrent stroke.
c Hemorrhagic transformation occurred after recurrent ischemic stroke; patient

was discharged from hospital with palliative care and died of aspiration
pneumonia.

d Vitamin K antagonist. Data on international normalized ratio at the time of the
recurrent stroke were not available.

e Died in a nursing home; no imaging or autopsy was performed.
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Despite the high recurrent stroke risk in our study, the risk
is lower than reported in a systematic review of patients with
CW receiving medical management (56%, with a median time
to recurrent stroke of 12 months, range 0-97 months).10 This
difference may result from publication and reporting bias
inherent to case reports and case series.

The prevalence of a CW ipsilateral to the index ischemic
stroke was approximately 1% in our study, which is consis-
tent with a previous report2 that used data from a general acute
ischemic stroke population (0.7% ipsilateral), but lower than
reported in a smaller study by Compagne et al13 in a popula-
tion with acute large vessel occlusion stroke from the MR
CLEAN trial (2.5%). Other studies have shown that CW is more
prevalent in selected populations of young (<60 years)
patients with ischemic stroke with no other apparent
cause.3,7,8,19,20 Patients in our sample were older than in the
study by Compagne et al13 (eTable 2 in Supplement 1), and be-
cause older age comes with an increase in traditional cardio-
vascular risk factors, it is possible stroke was less often the
result of a CW. Moreover, as the prevalence of atherosclerosis
increases with age, and we used a narrow definition of ca-
rotid web whereby patients with carotid atherosclerosis were
not scored as CW, it is possible we excluded some cases with
CW who had superimposed carotid atherosclerosis.

The exact pathophysiologic nature of CW is unknown. The
most widely propagated hypothesis is that CW represents an
intimal variant of FMD.1 Alternatively, CW may be a remnant
of aberrant embryologic development of the carotid bifurca-
tion and internal carotid artery from the third aortic arch.21,22

Acquired etiologic theories for CW have also been proposed.23

Our observation that patients with CW were more often women
is consistent with previous CW studies9,10,18 and in line with
the predominance of women in FMD.24,25 FMD has been di-
agnosed across all ethnic groups, but is most often reported
in White populations, a potential result of referral bias.26 In
contrast, limited CW data on racial identities suggest that
Black populations may be more often affected than other
ethnic populations.2,4,7,9 In our study, data on ethnicity were
not available.

Notably, the CW was located in the right internal carotid
artery in 80% of patients. We could not find a similar skewed
distribution in any of the other studies on CW, but location was
often not reported.9,18 A right-sided predominance has been
observed in some studies on renal FMD,27 but not in others.24,25

Limitations
Our study has several limitations. Ideally, we would have col-
lected 2-year follow-up data for all 3439 patients, but this was
not feasible. Importantly, we applied the same methodology
for acquiring follow-up data of patients with CW as was used in
the comparative cohort. Second, secondary prevention was not
standardized.ThemajorityofpatientswithCWweretreatedwith
antiplatelets, but approximately 25% of patients received anti-
coagulant therapy. Third, despite data being derived from a large
cohort, the number of patients with a CW was limited, and there-
fore our estimate of the recurrent stroke risk has a wide confi-
dence interval. Fourth, we did not correct for multiple testing
in the statistical analyses. Fifth, the study populations included
in the MR CLEAN trial and MR CLEAN Registry are not entirely
the same.12 We attempted to minimize differences by selecting
patients with anterior circulation LVO stroke treated with EVT
from the total study population. The broad inclusion criteria of
the MR CLEAN trial and the MR CLEAN Registry permit a wide
generalizability of our findings to other patients with LVO stroke.
However, our results may not be fully representative for patients
who had a stroke with an ipsilateral CW but without LVO or with
a TIA. Finally, 20% of patients with an ipsilateral CW in our
sample had atrial fibrillation. We do not know whether CW and/
or atrial fibrillation contributed to stroke etiology in these cases.

Conclusions
In this cohort study, patients with a symptomatic CW have a
high risk of recurrent stroke. Our data suggest that medical
management alone may not provide sufficient protection for
recurrent stroke. Prospective studies on targeted secondary
prevention measures for patients with a CW are warranted.

Figure 3. Carotid Webs on Computed Tomography Angiography Imaging at the Index Stroke in Patients With Recurrent Stroke
During 2-Year Follow-up

Patient 1A Patient 2B Patient 3C Patient 4D Patient 5E

Carotid webs are indicated by arrowheads. Detailed patient data are provided in Table 2.
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