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ABSTRACT

BACKGROUND AND PURPOSE: Carotid webs are intraluminal shelf-like filling defects at the carotid bulb with recently recognized
implications in patients with recurrent ischemic stroke. We sought to determine whether carotid webs are an under-recognized cause of
“cryptogenic” ischemic stroke and to estimate their prevalence in the general population.

MATERIALS AND METHODS: A retrospective review of neck CTA studies in young patients with cryptogenic stroke over the past 6 years
(n � 33) was performed to determine the prevalence of carotid webs compared with a control group of patients who received neck CTA
studies for reasons other than ischemic stroke (n � 63).

RESULTS: The prevalence of carotid webs in the cryptogenic stroke population was 21.2% (95% CI, 8.9%–38.9%). Patients with symptom-
atic carotid webs had a mean age of 38.9 years (range, 30 – 48 years) and were mostly African American (86%) and women (86%). In contrast,
only 1.6% (95% CI, 0%– 8.5%) of patients in the control group demonstrated a web. Our findings demonstrate a statistically significant
association between carotid webs and ischemic stroke (OR � 16.7; 95% CI, 2.78 –320.3; P � .01).

CONCLUSIONS: Carotid webs exhibit a strong association with ischemic stroke, and their presence should be suspected in patients
lacking other risk factors, particularly African American women.

Carotid artery webs are shelf-like intraluminal protrusions in

the carotid bulb with emerging implications related to recur-

rent ischemic stroke.1,2 Most carotid web cases have been previ-

ously described with conventional angiography.3,4 More recently,

the imaging characteristics on CTA have also been established.

The typical appearance of a carotid web on CTA is a focal, gracile

intraluminal filling defect along the posterior wall of the carotid

bulb.1,5 Superimposed thrombus has also been described, which

is thought to be related to sluggish/turbulent blood flow produced

by the filling defect.5

Carotid webs also have been referred to as an atypical variant

of fibromuscular dysplasia, with intimal fibrosis and hyperplasia

on histology in contrast to the classic, medial variant.3,6 Typical

fibromuscular dysplasia occurs in middle-aged white women,

with a classic “string of beads” imaging appearance, and does not

have a direct association with ischemic stroke.6,7

Although considered a rare entity, a significant proportion

of reported carotid web cases have been associated with recur-

rent ischemic strokes, most frequently in younger adults who

lack other known risk factors.1 Recent studies have revealed a

mean age between 45 and 50 years in patients with carotid webs

and associated ipsilateral carotid territory ischemic strokes,

occurring more frequently in women than men.1,5,8 There is

limited reporting on the prevalence of carotid webs in the

stroke population. A recent report on an Afro-Caribbean pop-

ulation demonstrated a 23% prevalence of carotid webs in

young patients with ischemic stroke and a 7% prevalence

among control patients.8 Up to one-third of all patients pre-

senting with ischemic strokes lack an identifiable cause and are

classified as “cryptogenic” in etiology, with most of these cases

occurring in younger patients.9 Webs may be an under-recog-

nized entity because of their subtle morphology and a lack of

familiarity amongst radiologists and clinicians with this lesion.

They could account for a significant portion of cryptogenic

strokes, particularly in young adults.

The purpose of our study was to determine the prevalence of

carotid webs in a group of patients previously classified as having

cryptogenic stroke.
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MATERIALS AND METHODS
Patient Selection: Cryptogenic Stroke Group
This retrospective study was approved by our institutional review

board; the need for informed consent was waived. A chart review

of all patients presenting to the University of Maryland Medical

Center with ischemic strokes from January 1, 2010 to August 31,

2015 (n � 1738) was undertaken. Patients between 18 and 55

years of age (n � 590) were examined in detail to identify those

with anterior circulation cryptogenic stroke. Stroke etiology de-

termination was modeled after the Causative Classification

System, with patients characterized into one of the following cat-

egories after thorough work-up: large artery atherosclerotic, car-

dio-aortic embolism, small artery occlusion, other known cause,

or cryptogenic.10 The work-up for these patients was as follows:

all patients received transthoracic echocardiogram, with trans-

esophageal echocardiogram and evaluation for right-to-left shunt

performed if the etiology remained unknown after the initial eval-

uation. All patients had cardiac telemetry monitoring for arrhyth-

mia, with prolonged ambulatory monitoring when indicated. In-

tracranial vascular imaging was performed with CTA or MRA,

and extracranial vascular imaging was performed with CTA,

MRA, or carotid duplex sonography. The potential for underlying

dissection as the etiology was excluded by history and imaging.

Lumbar puncture and laboratory testing to evaluate for appropri-

ate etiologies, such as vasculitis, other autoimmune disorders, or

hypercoagulable state, were performed when clinically indicated.

A total of 119 patients between 18 and 55 years old with anterior

circulation cryptogenic stroke were identified.

Forty of 119 patients with cryptogenic stroke had a diagnostic

neck CTA performed during their admission and were included

in the analysis. These neck CTA studies were transferred to the

Aquarius Workstation (version 3.6.2.3; TeraRecon, San Mateo,

California), an independent imaging viewer that enables multi-

planar reformation as well as MIPs. Studies were then evaluated

by a board-certified, fellowship-trained neuroradiologist with

more than 10 years of experience to exclude patients with athero-

sclerotic calcification and/or greater than 3-mm carotid wall

plaque within 2 cm above and below the level of the carotid bulb.

This criteria was assigned because of recent studies that have

shown that nonstenotic atherosclerotic disease above this thresh-

old may account for cases of cryptogenic ischemic stroke.11-13

Seven cases of atherosclerosis that met this criteria were identified

by the reader, with 1 additional study deemed nondiagnostic be-

cause of inadequate contrast bolus timing, leaving a total of 33

neck CTA studies in our case population (Fig 1).

Patient Selection: Control Group
The control group was composed of patients between 18 and 55

years of age who had CTA of the neck performed during their

admission and who presented for reasons other than ischemic

stroke (including trauma, presurgical planning, etc). We excluded

any CTA studies that demonstrated direct trauma to the neck

(blunt or penetrating) or studies demonstrating a cervical spine

fracture. Furthermore, patients with intracranial vascular lesions,

including aneurysms and AVMs, were also excluded from the

study because of a link between intracranial aneurysms and fibro-

muscular dysplasia.7 The control group was chosen to be compa-

rable with the case group with regard to age, sex, and ethnicity

(Table 1). A total of 63 patients who met the inclusion criteria and

had neck CTA studies done were acquired between November 6,

2012 and August 31, 2015. The following factors were assessed:

patient age, sex, and indication for the CTA. As with the neck CTA

studies in patients with ischemic stroke, these studies were trans-

ferred to the Aquarius Workstation.

Imaging Evaluation
CTA was chosen as the technique for interpretation because of its

reliability in characterizing carotid webs1,5,8 as well as its ability to

identify alternate pathologies such as atherosclerosis and vascular

injury.5 Neck CTA was acquired from the aortic arch through

the circle of Willis and performed on a 64-MDCT scanner with

1-mm thick sections. Scanning parameters included: pitch of 1;

gantry rotation time, 0.5 seconds; 120 kVp; 350 mAs. Intrave-

nous contrast material (100 mL of iohexol, 300 mg/mL; Om-

nipaque, GE Healthcare, Piscataway, New Jersey) and a 50-mL

saline flush were administered at a rate of 4 mL/s with a power

injector. Images were reconstructed with axial, coronal, and

sagittal MIPs.

An independent review of these studies was then performed by

2 board-certified, fellowship-trained neuroradiologists with a

range of 6 – 8 years of experience (T.K. and A.S.). The readers were

blinded to patient age, sex, and laterality of stroke. The following

parameters were assessed by each reader: presence of carotid web,

FIG 1. Algorithm of inclusion criteria.

Table 1: Demographic features of patients with cryptogenic
stroke and control group patients

Characteristic

Patients with
Cryptogenic

Stroke (n = 33)

Control Group
Patients
(n = 63)

P
Value

Age, mean, SD 39.2, 8.3 39.6, 8.4 .82
Sex, no. (%) .83

Male 11 (33) 21 (33)
Female 22 (67) 42 (67)

Ethnicity, no. (%) .89
African American 18 (54) 34 (54)
White 14 (43) 28 (44)
Other 1 (3) 1 (2)

Carotid webs, no. (%) 7 (21.2) 1 (1.6) .002
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atherosclerosis, and vascular injury. In patients with carotid web,

laterality of the web, presence of superimposed clot, and presence

of classic fibromuscular dysplasia were assessed. Disagreements

were resolved by the third reader (P.R.), also a board-certified,

fellowship-trained neuroradiologist with more than 10 years of

experience.

Statistical Analysis
Carotid web prevalence was calculated by using a binomial distri-

bution with 95% confidence intervals. The association of carotid

webs with ischemic stroke was calculated by using logistic regres-

sion, where odds ratios were calculated with 95% confidence in-

tervals. Interrater agreement of identifying carotid webs for all

patients was assessed with Cohen � score. Statistical significance

was defined as P � .05. In addition, for both the cryptogenic

stroke versus control populations, as well as positive carotid web

versus nonweb in the stroke group, group differences in age were

assessed by using a 2-tailed t test. For other categoric parameters

(demographics and risk factors), group differences were assessed

by using the Fisher exact test.

RESULTS
Of the 119 patients between the ages of 18 and 55 years who

presented to our institution and were diagnosed with cryptogenic

stroke during the study time period, 33 (27.7%) underwent a

diagnostic neck CTA after accounting for patients with carotid

bulb atherosclerotic calcifications or

wall thickness greater than 3 mm.11-13

Both readers agreed on the presence

and laterality of 6 (18.2%) cases of ca-

rotid web (Cohen � coefficient, 0.78;

95% CI, 0.55–1) (Fig 2). Carotid webs

were present bilaterally in half of these

patients. Disagreement was encoun-

tered in 2 patients. Upon review of the

studies by the third reader, 1 additional

patient was deemed to have a web. Thus,

a total of 7 (21.2%) positive cases of ca-

rotid web were ultimately identified

within the cryptogenic stroke popula-

tion (Table 2). One patient with a web

demonstrated superimposed clot forma-

tion. No patients with coexistent typical,

medial variant fibromuscular dysplasia

were encountered.

Among the cases that were negative

for carotid web, both readers agreed on 1

(3.8%) case with classic features of typi-

cal fibromuscular dysplasia. Features of

prior carotid vascular injury, including

pseudoaneurysm and dissection, were
seen in 2 (7.7%) patients, though con-
tralateral to the stroke. A thorough re-
view of each patient’s clinical presenta-

tion did not demonstrate a history

suggestive of recent cervical vascular in-

jury, such as neck pain, recent neck ma-

nipulation, hyperextension, or trauma.

Of the 63 patients in the control group, both readers agreed on

1 (1.6%) patient with incidental findings of carotid web. This

patient was a 48-year-old African American woman whose imag-

ing demonstrated no evidence of superimposed clot, atheroscle-

rosis, or features of classic fibromuscular dysplasia. The preva-

lences of carotid webs in the cryptogenic stroke and control

groups were 21.2% (CI, 8.9%–38.9%) and 1.6% (CI, 0%– 8.5%),

respectively, with a statistically significant association between

webs and ischemic stroke (OR � 16.7; 95% CI, 2.78 –320.3; P �

.01). The mean age of patients with symptomatic carotid webs was

38.3 years (range, 30 – 41 years) compared with 42.5 years in pa-

tients with cryptogenic stroke without a carotid web (Table 3).

The symptomatic patients with carotid web were 6 (86%) women

and 1 (14%) man, and the remainder of the cryptogenic stroke

population, those without carotid webs, consisted of 16 (62%)

women and 10 (38%) men. With regard to ethnicity, 6 (86%)

patients with carotid web and stroke were African American and 1

(14%) was white. In contrast, the ethnic makeup of the patients

with noncarotid web included 12 African Americans (46%), 13

whites (50%), and 1 Asian (4%). There was no statistically signif-

icant difference in risk factors for patients with stroke such as

hypertension; dyslipidemia; diabetes mellitus; and alcohol, co-

caine, and tobacco use between the 2 groups (Table 3).

All symptomatic patients with carotid webs demonstrated

MCA territory infarction ipsilateral to the carotid web. These in-

FIG 2. A patient presenting with right-sided weakness demonstrating an acute, large left MCA
territory infarct as seen on diffusion-weighted imaging (A), with coronal CTA MIP image (B)
showing abrupt occlusion involving the M1 segment of the left MCA (yellow arrowhead). Sagittal
and axial neck CTA images (C and D) reveal a shelf-like intraluminal protrusion arising from the
posterior wall of the left carotid bulb (red arrows), compatible with a carotid web.
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farcts ranged in size from involvement of the basal ganglia and

insular cortex to involvement of greater than two-thirds of the

MCA territory (Table 2). None of these patients had the appear-

ance of a lacunar infarct. Of these 7 symptomatic patients with

carotid web, 1 (14.3%) had multiple documented episodes of re-

current stroke. This patient was treated with intravenous tPA dur-

ing each encounter, with the family refusing surgical intervention

with carotid endarterectomy. In the remaining 6 patients, 4 were

treated with supportive care during the initial episode and 2 with

mechanical thrombectomy. After the presence of web was identi-

fied, 2 patients underwent carotid endarterectomy.

Seventy-eight patients were excluded from the case group

given the lack of neck CTA imaging at presentation. Still, each of

these patients did receive cervical vascular imaging in the form of

MRA and/or carotid duplex sonography to rule out standard eti-

ologies of stroke. An imaging review of these patients, performed

in retrospect, showed no patients with definite features of carotid

web.

DISCUSSION
Our findings reveal a statistically significant association between

carotid webs and ischemic stroke, particularly in younger African

American women, with a prevalence of 21.2% in the cryptogenic

stroke population as opposed to 1.6% in the control group, yield-

ing an odds ratio of 10.6 (95% CI, 1.8 –203.1). By comparison, a

smaller case-control analysis of cryptogenic stroke in the Afro-

Caribbean population of Martinique in the French West Indies

found a prevalence of 37% in their 23 patients with cryptogenic

stroke and a prevalence of 7% in their control patients, yielding an

odds ratio of 5.0 (95% CI, 1.1–22.8).8 A more recent case-control

analysis by Coutinho et al11 also revealed similar findings, albeit

with a lower prevalence of webs in cases (9.4%) compared with

control patients (1%; OR � 8.0; 95% CI, 1.2– 67; P � .032) com-

pared with our series. They also noted a lack of significant differ-

ence in the prevalence of nonstenotic atherosclerotic disease be-

tween the case and control groups.

In our study, all patients with stroke who had carotid webs had

them ipsilateral to the stroke; 3 had bilateral webs. All patients in

this group had middle cerebral territory (MCA) infarcts, 5

(71.4%) with large territory involvement. These findings support

our hypothesis that carotid webs are found more frequently in

patients with cryptogenic strokes than in control patients and are

likely causative. Our findings are in concordance with the emerg-

ing literature on this topic, with a higher prevalence of carotid

webs in African American female patients with ischemic stroke

who are of younger age and lack other identifiable risk factors.1,5,8

It should be noted that our 7 cases of cryptogenic stroke with

carotid web included only 1 man and 1 person of white race. The

mechanism of stroke in such patients, as suggested by Choi et al,5

may be related to local turbulence and subsequent thromboem-

bolism. This is supported by the presence of a coexistent throm-

bus in 1 patient in our series.

CTA was used as the technique of choice in our study. Al-

Table 2: Detailed demographic and imaging/clinical features, including work-up, of patients with positive carotid webs in the
cryptogenic stroke populationa

Patient
No. Ethnicity Stroke Location

Thrombus
Location

Web
Location

Work-Up
Methodsb

Management
after Initial Event

Recurrent
Stroke

1 White Near complete right MCA
territory infarction

Right M1 Bilateral 1–3c Supportive care No

2 African American Near complete right MCA
territory infarction

Right M1 Right 1–3c Clot retrieval No

3 African American Right basal ganglia and
temporal lobe infarcts

Right distal M1/
proximal M2

Right 1–3 Supportive care No

4 African American Near complete left MCA
territory infarction

Left distal M1/
proximal M2

Bilateral 1–3 Supportive care Yes, multiple
recurrent

5 African American Near complete left MCA
territory infarction

Left M1 Bilateral 1–3c Clot retrieval, then
CEA

N/A

6 African American Left basal ganglia and
insular cortex infarcts

Left M2 Left 1–3 Supportive care,
then CEA

N/A

7 African American Left basal ganglia and
insular cortex infarcts

Left M2 Left 1–3 Supportive care No

Note:—CEA indicates carotid endarterectomy; M1, segment from the origin to the bifurcation/trifurcation of the MCA; M2, segment from the MCA bifurcation/trifurcation
to the insular circular sulcus; N/A, no follow-up available.
a Patient ages ranged from 30 – 48 years, composed of 6 women and 1 man.
b Work-up of patients with carotid web: 1, echocardiogram; 2, cardiac telemetry; 3, cross-sectional head/neck vascular imaging.
c Interventional head/neck angiogram also performed.

Table 3: Demographic features and pertinent risk factors of
patients with and without carotid webs in the cryptogenic stroke
populationa

Characteristics

Patients with
Cryptogenic
Stroke with

Carotid Web
(n = 7)

Patients with
Cryptogenic

Stroke without
Carotid Web

(n = 26)
P

Value
Age, mean, SD 38.3, 5.6 39.4, 9.0 .721
Sex, no. (%)

Male 1 (14) 10 (38) .38
Female 6 (86) 16 (62)

Ethnicity, no. (%) .16
African American 6 (86) 12 (46)
White 1 (14) 13 (50)
Other 0 (0) 1 (4)

Risk factors, no. (%)
Hypertension 0 (0) 8 (31) .15
Dyslipidemia 2 (29) 4 (15) .58
Diabetes mellitus 0 (0) 7 (27) .30
Alcohol abuse 0 (0) 5 (19) .56
Cocaine 0 (0) 0 (0) N/A
Tobacco 3 (43) 6 (23) .39

Note:—N/A indicates not available.
a Added P values for patient characteristics.
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though descriptions of webs in conventional angiography, MR

angiography, and sonography exist in the literature, CTA appears

to be reliable in the detection and characterization of this en-

tity.14,15 The advantages of CTA include rapid, high-resolution

imaging as well as the ability to obtain reformatted images in

multiple planes. Furthermore, CTA provides the added benefit of

characterizing superimposed findings, such as thrombus, and aids

in the exclusion of atherosclerosis or vascular injury. In the group

of 78 patients with cryptogenic strokes who did not undergo CTA,

no webs were found. This may have been because of limitations

imposed by operator dependence (ultrasound), technique (TOF

MRA), and artifacts. Therefore, based on our experiences, we sug-

gest that all patients with cryptogenic stroke receive CTA imaging

of the neck as part of the standard work-up.

Carotid webs can be distinguished from dissection and athero-

sclerotic plaques by their characteristic location and appearance,

being gracile and focal in nature and exclusively located in the

posterior wall of the carotid bulb. In contrast, dissection flaps

typically propagate beyond the carotid bulb and may be associ-

ated with intramural hematomas and/or pseudoaneurysms. Soft

carotid plaques present as focal areas of mural thickening, often,

but not necessarily, confined to the posterior wall of the carotid

bulb.

The prospective diagnosis of carotid webs will allow for tar-

geted intervention to prevent recurrent ischemic events. Al-

though 2 of our patients underwent carotid endarterectomy,

there may also be a role for endovascular stent placement in the

management of carotid webs, as described by Elmokadem et al.16

Histopathology in the patients who underwent surgery showed

extensive intimal fibromuscular proliferation with fibrosis and

myxoid degeneration. No frank atheromatous change was seen in

either patient. These findings were most consistent with an atyp-

ical, intimal variant form of fibromuscular dysplasia, in keeping

with prior descriptions of the histopathologic features of this en-

tity (Fig 3).5

Our study had several potential limitations, including a retro-

spective study design and a small sample size. In addition, we

included only patients between 18 and 55 years old, and it is con-

ceivable that webs may be encountered in patients younger and

older than our cohort. In fact, we have recently identified at least

2 patients with ischemic stroke with im-

aging features of carotid web who were

older than 55 years. Another potential

limitation of our study was evaluating

only patients who had a CTA of the neck

performed. Seventy-eight young pa-

tients with cryptogenic stroke were not

included within the study population

secondary to a lack of neck CTA imaging

as detailed above. In addition, histo-

pathologic correlation was available for

only 2 patients in our series, though 1

patient’s family refused surgical inter-

vention, and several of the remaining

cases had large territory infarcts, poten-

tially limiting any benefit of an invasive

procedure.

CONCLUSIONS
Carotid webs are an under-recognized cause of ischemic anterior

circulation stroke, especially in younger African American

women. CT angiography reliably depicts webs as gracile crescentic

filling defects arising from the posterior wall of the carotid

bulb and should be considered as part of the evaluation for

patients with cryptogenic stroke. Histopathologically, they

represent an intimal variant of fibromuscular dysplasia. Defin-

itive treatment may require carotid endarterectomy or endo-

vascular stent placement.
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