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CHAPTER 9

RECURRENT  
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ABSTRACT 

BACKGROUND AND PURPOSE
A carotid artery web (CaW) is a shelf-like lesion in the posterior wall of the proximal 
internal carotid artery bulb and an under-recognized cause of stroke in the young. 
Anecdotal studies suggest that patients with symptomatic CaW have a high risk of 
recurrent stroke, but high quality data are lacking. We examined the 2-year risk of 
recurrent stroke in patients with symptomatic CaW.

METHODS  
We performed a comparative cohort study, using data of consecutive adult patients 
with an anterior circulation large-vessel occlusion (LVO) stroke from the MR 
CLEAN trial and MR CLEAN Registry (2010-2017). CT-angiography images were 
re-evaluated by two experienced neuroradiologists to identify patients with a CaW 
and these patients were interviewed for follow-up data. We compared patients with 
CaW ipsilateral to the index stroke to patients without CaW who participated in 
the MR CLEAN extended follow-up trial and who were randomized to the EVT 
arm. Recurrent stroke risk at 2-years was analysed with a Cox proportional-hazards 
model.

RESULTS  
Of 4137 patients included in the MR CLEAN trial (n=500) and Registry (n=3637), 
CT-angiography could be reassessed in 3439 patients. We identified 30 (0.9%) 
patients with a CaW ipsilateral to the index stroke and compared these to 168 
patients without a CaW who participated in the MR CLEAN extended follow-up 
trial. Patients with a CaW were younger (median age 57 vs 66 years, P=0.015) and 
more often women (73% vs 40%, P=0.001). At discharge, 26/30 (87%) CaW patients 
used antiplatelets and 3/30 (10%) anticoagulation. In the 2 years after the index 
stroke, 5/30 (17%) patients with a CaW had a recurrent stroke, compared to 5/168 
(3%) patients without a CaW (HR 5.0, 95% CI, 1.5 to 17.3). Details of recurrent 
stroke were available for 4 patients with a CaW, and all had an ischemic stroke in 
the vascular territory of the CaW.

CONCLUSIONS 
One out of every 6 patients with a symptomatic CaW had a recurrent stroke within 
2 years, suggesting that antiplatelet therapy alone provides insufficient protection 
for these patients.
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INTRODUCTION 

Carotid artery web (CaW) is a shelf-like lesion located in the posterior wall of the 
internal carotid artery bulb. Pathological studies suggest CaW is an intimal variant 
of fibromuscular dysplasia (FMD).1 CT-angiography is the preferred noninvasive 
method for identification of CaW.1-5 Because CaWs protrude into the lumen of the 
carotid artery, flow disruption and blood stasis can occur, resulting in thrombus 
formation and ischemic stroke.2, 6 Case-control studies have found that CaW are 
present in 9-37% of patients with cryptogenic stroke younger than 60 years, and 
that the presence of a CaW increases the risk of stroke approximately 10-20 fold.3, 

7, 8 Although data are limited, women and Black individuals appear most often 
affected.2, 4, 7, 9, 10  

It is unclear how patients with a symptomatic CaW, i.e. those who have had a 
stroke, are best treated.1 Most patients are treated with antiplatelet therapy, but some 
physicians advocate anticoagulation is a better choice because of the focal blood 
stasis in the carotid artery caused by CaW.1 Carotid artery stenting and surgical 
resection of the CaW have also been reported, especially in those with recurrent 
stroke.9, 10 One of the major knowledge gaps in deciding the optimal treatment is 
the lack of studies on the natural history of patients with a symptomatic CaW.1, 3 
A recent systematic review reported an alarming ischemic stroke recurrence rate 
of 56% in medically managed symptomatic CaW patients, but these data came 
from case reports and uncontrolled, retrospective, single center cohort studies.10 
Since these studies undoubtedly suffer from publication and selection bias, the true 
recurrent stroke risk in patients with a symptomatic CaW remains unknown. The 
aim of the current was study was to determine this recurrent stroke risk.

METHODS  

STUDY DESIGN, PATIENT SELECTION AND CAW ASSESSMENT
We conducted a comparative cohort study. We used 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 controlled trial 
conducted at 16 centers in the Netherlands in which adult patients with an anterior 
circulation large vessel occlusion (LVO) stroke were allocated to endovascular 
treatment (EVT) or no EVT.11 The MR CLEAN Registry was a nation-wide 
observational cohort study in which data from consecutive patients with LVO 
stroke treated with EVT in the Netherlands were collected.12 All Dutch EVT centers 
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participated in this registry, and enrolment started directly after the last patient was 
randomized in the MR CLEAN trial. Details of both studies have been published 
previously.11, 12

From both studies, we selected adult patients with an anterior circulation 
LVO stroke and with available baseline CT-angiography of the carotid bulb. For 
the purpose of this study, all CT-angiography images were reassessed by two 
experienced neuroradiologists (Bart J. Emmer and Adriaan C.G.M van Es) to 
determine if patients had a CaW ipsilateral to the index stroke. Carotid bulbs were 
evaluated in multiplanar reconstruction view. We defined CaW on CT-angiography 
as a thin, linear filling defect arising from the posterior wall of the proximal internal 
carotid bulb, with a typically smooth border and without atherosclerosis.2, 13 We 
distinguished CaW from arterial dissection by defining the latter as a linear filling 
defect beyond the distal internal carotid bulb, with typically irregular borders.1, 14 

DATA COLLECTION AND ETHICAL APPROVAL
To determine recurrent stroke risk, we obtained extended follow-up data from 
all patients with a CaW. Patients received an information letter, allowing them to 
opt-out of follow-up contact by telephone. In addition to interviewing patients, 
we acquired follow-up data from medical records by contacting their treating 
physicians. We collected information on the use of anti-thrombotics and inquired 
whether patients had undergone any carotid artery intervention (stenting or surgical 
resection). The medical ethics committee of the Erasmus University Medical Center 
in Rotterdam evaluated the study and waived the need for written informed consent 
(MEC-2020-0084). 

To compare the risk of recurrent stroke of patients with a CaW to those without 
a CaW, we used data of patients who participated in the MR CLEAN extended 
follow-up trial (N=391), details of which have been published previously.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 Patients who were 
randomized to the "no EVT" arm in the trial were not used for comparison. 

OUTCOME AND DATA ANALYSIS 
The outcome of interest was recurrent stroke risk 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 CaW to patients from the MR CLEAN 
extended follow-up trial without a CaW. Baseline characteristics were described 
using standard statistics. For comparison of continuous data we used a two-sided 
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independent T-test and for proportions we used a Chi-Square test or Fisher’s exact 
test, whichever was appropriate. We used a Cox proportional-hazards model to 
analyse recurrent stroke risk at 2-years. Using the same method, we performed an 
additional analysis of recurrent ischemic stroke risk ipsilateral to the index stroke 
within 2 years after the index stroke. We performed binary logistic regression for 
dichotomous outcomes (functional independence and mortality at 90 days) and 
report odds ratios (ORs). Imputation was not necessary as 90-day outcome data was 
complete. Two-sided P values of 0.05 or less were considered to indicate statistical 
significance for all statistical tests. Statistical analyses were performed with SPSS 
software (version 26.0, IBM) and R software (version 3.6.1, R Foundation). 

Role of the funding source 
This study received funding only from non-profit organizations. The MR CLEAN 
trial and Registry were coordinated by the Erasmus University Medical Centre, 
the Amsterdam University Medical Centres, and the Maastricht University 
Medical Centre. The MR CLEAN trial was additionally funded by the Dutch 
Heart Foundation and the MR CLEAN Registry by Applied Scientific Institute for 
Neuromodulation (Toegepast Wetenschappelijk Instituut voor Neuromodulatie). 
None of the funders played any role in trial design and patient enrolment, nor in 
data collection, analysis, or writing of the manuscript. 

Data availability
Individual patient data cannot be made available under Dutch law because we did 
not obtain patient approval for sharing individual patient data, even in coded form. 
However, syntax and output files of statistical analyses will be made available upon 
reasonable request to the corresponding author.

RESULTS

Of 4137 patients included in the MR CLEAN trial (n=500) and Registry (n=3637), 
698 were excluded (Figure 1). Of the remaining 3439 patients of whom the CT-
angiography was reassessed, we identified 30 (0.9%) patients with a CaW ipsilateral 
to the side of the index stroke. The CaWs were located in the right internal carotid 
artery in 24/30 (80%) cases. There were two patients with a bilateral CaW. From 
391 patients who participated in the MR CLEAN extended follow-up trial,15 we 
selected the 168 patients who were randomized to the EVT arm as a comparative 
cohort (Figure 1).  
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Patients with a CaW were younger (median age 57 vs 66 years, P=0.015) 
and more often women (73% vs 40%, P=0.001) compared to patients without a 
CaW (Table 1). Three patients with a CaW had had an ischemic stroke prior to 
the index stroke, two of which were in the same vascular territory as the CaW. 
Patients with a CaW had a lower National Institutes of Health Stroke Scale 
(NIHSS) score (median 15 vs 17, P=0.022) and systolic blood pressure (median 
137 vs 145 mmHg, P=0.027) at the time of the index stroke. At 90 days, patients 
with a CaW had a higher proportion of mRS 0-2 (16/30 (53%) vs 58/168 (35%), 
and lower mortality (2/30 (7%) vs 41/168 (24%), than patients without a CaW 
(supplementary material, Figure I). 

FIGURE 1. Flowchart of patient selection 

Abbreviations: CTA, CT-angiography; EVT, endovascular treatment.   

Study population (N=4137) 

• MR CLEAN trial (n=500)
• MR CLEAN Registry (n=3637)

Baseline CTA reassessed (n=3439) 

• MR CLEAN trial (n=443)
• MR CLEAN Registry (n=2996)

Excluded (n=698) 

• Age <18 years (n=9)
• No MR CLEAN trial center (N=177)
• Posterior circulation (n=172)
• CTA not available (n=49)
• Poor quality CTA or carotid bulb not 

imaged (n=291)

Ipsilateral carotid 
artery web

(n=30)

No ipsilateral carotid 
artery web 
(n=3409)

No carotid
 artery web

(n=168)

Excluded (n=3241) 
 

• MR CLEAN Registry (n=2977)
• Did not participate in MR CLEAN 

extended follow-up trial (n=93)
• Randomized to no EVT (n=171)
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FIGURE 2. Kaplan-Meier estimates of survival without recurrent stroke during 2-year follow-up 

after index stroke 

At 2-year follow-up 5/30 (17%) of patients with carotid artery web (CaW) had a recurrent stroke, 

compared to 5/168 (3%) without CaW (hazard ratio 5.0, 95% CI, 1.4-17.3, P=0.005). 

FIGURE 3. Kaplan-Meier estimates of survival without recurrent ipsilateral ischemic stroke during 

2-year follow-up after index stroke

At 2-year follow-up 4/30 (13%) of patients with carotid artery web (CaW) had a recurrent ischemic 

stroke ipsilateral to ithe index stroke, compared to 2/168 (1%) without CaW (hazard ratio 9.9 (95% 

CI, 1.8-54.2; P=0.001). 
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TREATMENT OF PATIENTS WITH CAW
Twenty-six of 30 (87%) CaW patients received intravenous thrombolysis (IVT) 
in addition to EVT for the index stroke. At discharge, 26/30 (87%) patients used 
antiplatelets (17 single and 9 double) and 3/30 (10%) used anticoagulation. The last 
patient died during admission of the index stroke. Two of the 30 (7%) cases with a 
CaW underwent carotid endarterectomy (CEA). One case underwent CEA 19 days 
after the index stroke and had no recurrent stroke. The other case had a recurrent 
stroke 6 months after the index stroke and underwent CEA 8 days thereafter. 
Histopathological samples of CaW were not available. None of the patients with 
CaW underwent carotid stenting.

RISK OF RECURRENT STROKE 
During the two years after the index stroke, 5/30 (17%) patients with a CaW had 
a recurrent stroke, compared to 5/168 (3%) patients without a CaW (HR 5.0, 95% 
CI, 1.5 to 17.3; P=0.005; Figure 2). Median time to recurrent stroke was longer in 
patients with a CaW (6 months (IQ 1-10) vs 1 month (IQR 0-7), but this difference 
was not statistically significant (P=0.396). Details of the recurrent stroke could be 
ascertained in 4/5 CaW patients, and all these 4 recurrences were ischemic strokes 
ipsilateral to the index stroke, and thus in the same vascular territory as the CaW 
(Supplemental Table I). For the last case the type and location of the recurrent 
stroke could not be determined because the patient died shortly after the event in a 
nursing home and no imaging or autopsy was performed (patient C, Supplemental 
Table I). CT-angiography images (acquired at the time of the index stroke) of the 
CaW patients who had recurrent stroke are provided in Figure 4A-E. 

All five recurrent strokes in the control group were ischemic, two of which were 
in the same vascular territory as the index stroke. When restricting the analysis of 
recurrent stroke to those ipsilateral to the index stroke, the risk was almost 10-fold 
increased in patients with a CaW (HR 9.9, 95% CI, 1.8-54.2; P=0.001; Figure 3). 
For both 2-year outcomes there was no indication of violation of the proportional 
hazards assumption by visual inspection of the Schoenfeld residuals.  

For 28/30 (93%) patients with a CaW, follow-up beyond 2 years was available 
(median duration of follow-up 45 months, IQR 28-79). During this extended follow-
up period, two additional patients had a recurrent stroke, at 28 and 30 months, 
respectively. In one of these cases (patient D) it was a second recurrent stroke, 
but further details were not available because the patient succumbed shortly after 
the recurrence. The other case was a woman of 55 years with a medical history of 
smoking who had a recurrent ischemic stroke ipsilateral to the index stroke. 
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FIGURE 4A-E. Carotid artery webs (arrows) on CT-angiography (sagittal plane) at index stroke, in 

patients who had recurrent stroke during 2-year follow-up 

Detailed patient data is provided in supplemental Table I. 
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DISCUSSION

We found that patients with a symptomatic CaW had a five times higher risk of 
recurrent stroke than patients without a CaW. In absolute terms, one out of every 
six patients with a symptomatic CaW had a recurrent stroke within 2 years of the 
index stroke. Moreover, most recurrent strokes were in the same vascular territory 
as the CaW, and the risk of recurrent stroke appeared to persist after the 2-year 
follow-up period. This study provides the most reliable data thus far on the natural 
history of symptomatic CaW in acute ischemic stroke patients.

In our study, almost 90% of patients with a CaW received antiplatelet therapy 
after the index stroke. Since there are no guideline-based recommendations for the 
treatment of CaW, and CaWs are often not recognized as a cause, most patients 
with a CaW likely also receive antiplatelet therapy in routine clinical practice. While 
we cannot determine from our data what the optimal therapy for these patients 
should be, at the very least, the high recurrent stroke risk we observed indicates 
that antiplatelets alone provide insufficient protection. A number of other therapies 
have been advocated for the treatment of symptomatic CaW. Considering our 
results, together with the imaging evidence of flow disruption and blood stasis in 
CaW,6, 9 anticoagulation or endovascular stenting may be better secondary stroke 
prevention strategies for these often young stroke patients, but this requires further 
study.9 Carotid surgery may also be an option, although such an invasive strategy 
should be deliberated with caution.16 In our sample, two (7%) patients underwent 
CEA, in one case after a second recurrent stroke.   

Despite the high recurrent stroke risk in our comparative cohort study, it is lower 
than reported in a systematic review of medically managed symptomatic CaW (56%, 
with a median time to recurrent stroke of 12 months, range 0-97).10 This difference 
is most likely the result of publication and reporting bias inherent to case reports 
and case series. Previous studies in ischemic stroke patients with an undetermined 
source have reported a yearly stroke recurrence risk of 3-6%.17 

The prevalence of a CaW ipsilateral to the index stroke was approximately 1% 
in our study, which is in line with a previous report that used data from a general 
acute ischemic stroke population (0.7% ipsilateral),2 but lower than reported in 
other studies.3, 7, 8, 13  Studies have shown that CaW is more prevalent in selected 
populations of young (<60 years) stroke patients with no other apparent cause.3, 7, 8 
We found a higher prevalence of CaW in patients included in the MR CLEAN trial 
than in the Registry, which may be explained by the older median age of patients 
from the MR CLEAN Registry.12 Because we only wanted to include certain CaW 
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cases, we used a narrow definition of CaW. For instance, patients with carotid 
atherosclerosis were not scored as CaW, since it can be difficult to differentiate 
between atherosclerotic luminal protrusions and CaW in these patients.1, 18 Due to 
this narrow definition, we may have missed some cases with a CaW. 

The patients with a CaW were more often women than those without a 
CaW, which is consistent with female predominance in previous CaW studies.9, 

10, 16 FMD generally affects women more often than men.19, 20 FMD is a non-
atherosclerotic, non-inflammatory vascular disease and likely has a multifactorial 
etiology, with genetics, hormonal factors and smoking as potential contributors to 
pathophysiology.19 It has been diagnosed across all ethnic groups, but most often 
reported in White populations, a potential result of referral bias.21 Contrarily, limited 
CaW data on ethnicity suggests Black populations are more affected than others 
ethnicities.2, 4, 7, 9 In our study, data on ethnicity was not available.  

Notably, the CaW 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 CaW, but location was often not reported.9, 16 A right sided predominance has 
been observed in some studies on renal FMD,22 but not in others.19, 20 Thus, while the 
right side preference in our study is somewhat remarkable, it may be due to chance.  
Our study has several limitations. Ideally, we would have collected 2-year follow-up 
data for the total study population, but this was not feasible. In addition, despite 
data being derived from a large cohort, the number of patients with a CaW was 
limited. As a result, our estimate of the recurrent stroke risk has a wide confidence 
interval. Also, detailed information on the recurrent stroke was unavailable for one 
CaW patient with a recurrent stroke at 2-year follow-up. Furthermore, the study 
populations included in the MR CLEAN trial and MR CLEAN Registry are not 
entirely the same.12 We attempted to miminize differences by selecting patients with 
anterior circulation LVO stroke treated with EVT from the total study population. 
Our results may not be fully representative for stroke patients with a CaW but 
without LVO or with a TIA. 

CONCLUSIONS 

Patients with a symptomatic CaW have a very high risk of recurrent stroke. Our 
data suggest that antiplatelet therapy alone provides insufficient protection for 
recurrent stroke. Prospective studies on targeted secondary prevention measures 
are warranted.  
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SUPPLEMENT 

TABLE I. Carotid artery web patients with recurrent stroke during 2-year follow-up 
(2Y-FU)

Patient Age Sex Cardiovascular 
risk factors

Index 
stroke* 

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

Treatment 
at time of 
recurrent
stroke

Treatment 
after 
recurrent 
stroke

Alive 
at 
2Y-FU

A 44 F HT Right 
M1

(6mo) Ipsilateral ischemic 
LVO treated with IVT

AP CEA, AP Yes

B 74 F HT, AF,  
DM, HC

Right 
M1

(9mo) Ipsilateral ischemic, 
no cerebral artery imaging 
performed, no RT

AP, AC Palliative 
care

No†

C 90 F HT, AF Right 
M1

(2mo) Undetermined type, 
no imaging performed, 
no RT

AC Palliative 
care

No‡

D 93 F - Right 
M2

(6d) Ipsilateral ischemic 
LVO treated with EVT

AP AP Yes

E 63 F - Right 
M1

(11mo) Ipsilateral ischemic 
LVO treated with IVT and 
EVT

AP AP Yes

Data on age, risk factors and previous history refer to index stroke. 

Abbreviations: -, no; AF, atrial fibrillation; AC, anticoagulation; AP, antiplatelets; CEA, carotid 

endarterectomy; CTA, CT-angiography; d, days; DM, diabetes mellitus; F, female; HT, hypertension; 

M, middle cerebral artery; mo, months; HC, hypercholesterolemia; IVT, intravenous thrombolysis; 

LVO, large vessel occlusion; RT, reperfusion therapy. 

* All patients received IVT and EVT for index stroke. † Hemorrhagic transformation occurred after 

recurrent ischemic stroke, patient was discharged from hospital with palliative care and died of 

aspiration pneumonia three weeks after recurrent stroke. ‡ Died in a nursing home one day after 

recurrent stroke, no imaging or autopsy was performed..
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FIGURE I. Modified Rankin Scale (mRS) score at 90 days

At 90 days, patients with a carotid artery web (CaW) had a higher proportion of mRS 0-2 (16/30 (53%) 

vs 58/168 (35%), OR 2.17, 95% CI 0.99-4.75) and lower mortality (2/30 (7%) vs 41/168 (24%), OR 0.22, 

95% CI 0.05-0.97) than patients without a CaW.
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