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Background

* Described by Rainer et al. in 1967
— Patient with nocturnal episodes of R hemiparesis
— Dynamic angiography
— Treated with surgical resection

* Bulb, diaphragm, shelf-like structure

* Morgenlander and Goldstein described case of
recurrent TIAs and ipsilateral CW

Fibromuscular Hyperplasia of
Causing Positional Cer:

W. Gerarp Rainer, M.D., GLEr
James P. Newsy, M.D,, J. Pu
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Fic. 1. Left carotid
wrteriograms taken with
he patient’s head in neu-
ral (A) and right lateral
B) positions. The dis-
rete defect at the inter-
al carotid origin and
wost-stenotic dilatation in
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were no abnormal pulses or bruits and sequental
carotid compression was tolerated without ill ef- the p1
fect. There were no signs of residual neurologic ) M
deficit. Positional ophthalmodynamometry showed trichre
no significant changes in retinal artery pressures. specin
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Morgenlander and Goldstein Carotid Artery Web 95

FIGURE 1. Left carotid angiogram, lateral projection, show-
ing web of praximal internal carotid artery.
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Histopathology

— Absence of internal elastic lamina

— Increase fibrosis
— Myxoid degeneration

thickening

* Described as “Fibromuscular Hyperplasia” by
Rainer et al.

* |ntimal variant of fibromuscular dysplasia
e Gross: smooth contour with eccentric intimal

* Microscopy
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Epidemiology

Period Prevalence in a hospital-based study

— 1.2%(Choi et al.)

e Affects Women > Men
— Other vascular beds; <1%

bilateral carotid webs
e Association with FMD
— Carotid FMD: ~9%

Black > White
 Unilateral carotid webs are more common than

* Prevalence is unknown in general population

* Reported data is from stroke registries



Diagnosis of CaWs

Shelf like projection

— Originates from the proximal ICA

— Posterolateral wall

— Must be seen on axial and sagittal planes

Found within 2cm of ICA
Superimposed thrombus can be seen

Diagnosed by both invasive and non-invasive
carotid imaging
CUS, CTA, DSA and HRVWI
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Multimodality Imaging

* CUSvs. CTA
— Cohen’s kappa=0.553, p<0.01

* DSA vs. CTA
— Cohen’s kappa = 0.92, p<0.01

e DSA vs US vs CTA

— Correlation was perfect(Kappa =1)
— US and CTA was moderate (Kappa =0.62)




CW & Ischemic Stroke

Responsible for 1.6% of cryptogenic stroke

MR CLEAN

— Symptomatic CW(2.5%)

— Asymptomatic CW(0.5%)
RIH LVO Registry

— 1.8% ipsilateral carotid webs
— >70% were ESUS

— Over 90% were not detected

Patient Characteristics
— Young black women

— Less conventional risk factors(HTN, HLD, DM)

Large proportion of early studies were
performed in French Africa




Mechanism of Stroke

e Virchow’s triad

— Stagnant flow

Mean contrast density percentage

Contrast density percentage
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— TDC showed an initial fast decay from the peak

concentration followed by a plateau with a negative

exponential pattern.
— No association with morphology(size, shape, angle)




Flow Patterns

OSI & low TAWSS are markers of recirculation
zones

Average TAWSS(+0.4Pa) i
Increased wall shear stress 2 endothelial ]

B 1

damage I
Increased recirculation zones—> blood flow stasis

Low shear stress

— CW vs. mild atherosclerosis
 2.84% vs. 0.047%, p< 0.01

— CW vs. normal subjects
e 2.84vs. 0.47% p=0.01

Low flow velocity regions

U Magnitude (m/s)

0000+ 000

i 300w+ 000

600+ 000

. 900a+000
. 2000+000
i SO0 & D00

8000+ 000

. 100w+ 000

|4 D0+ 000

000e-001
Q00+ 000




25 e

=

20

15

* Volume of low flow velocity regions(<3cm/sec)
— CW 11.8% vs. athero 5.2%(p=0.03)

— CW 11.8% vs. normal 5.0%(p=0.03) z
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* Stasis(% of cardiac cycle<3 cm/s) . — P —— mpm—

— CW 95% vs athero 58%, p<0.001 B - I

— CW 95% vs. normal 84%, p=0.02 g 0 Sser i
* No of pts exposed to low velocity across full - 3

cardiac cycle % .
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Time Frames During One Cardiac Cycle

— 0/6 in normal



Case 1

50-year-old with hx of HTN presented with
mild right weakness and fluent aphasia

NIHSS 3 on arrival

Vessel imaging showed no LVO and

intraluminal thrombus vs. ulcerated plague in
L ICA

Heparin gtt was initiated

Work up unremarkable(TTE, EKG,
hypercoagulable)




Case 2

e 50 YO M presented with right MCA syndrome
after a TIA three weeks ago

e VVessel imaging showed soft non stenosing
plaque in the proximal ICA

e Work up unremarkable(TTE, EKG, hypercoag.)




Case 3

21 YO F presented with dysarthria and left-hand
numbness

OSH concern for right ICA dissection = transferred for
further evaluation

MRI brain with embolic-appearing right frontal lobe
infarct

Work-up
— TTE, cardiac monitoring, hypercoagulable panel (incl. APS) -




Diagnostic Challenges

 Agreement amongst subspecialistsin press)

— CW
* Fleiss kappa =0.51, p<0.001

— Large artery atherosclerosis >70% stenosis
 Fleiss kappa =0.87, p<0.001

* Accuracy
— Poor diagnostic accuracy(26%)

* Consensus decision involving three or more
aters
Roor agreement for CW( kappa=0.21, p<0.01)
\ t agreement for LAA(kappa=1, p<0.01)
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Causes of Diagnostic Challenges

* Similar appearing lesions

— Small protruding lesion

— Small cervical dissections

— Superimposed thrombus appearing as soft plaque
* Under-recognized entity

— Subtle nature of these lesions

— Lack of flow limiting stenosis
— Lack of education

e

Y
RBEY

\\\\ ALY A
\\\\\“‘\\:‘t\‘\“‘:\
\\\\\\\\\\\“
\\\\\\\\\“
A\\ \\\\\““‘

NN AN
N

S NN 2
_— \‘“\ §§§\\ ',




Case 1

50-year-old with hx of HTN presented with
mild right weakness and fluent aphasia

NIHSS 3 on arrival

Vessel imaging showed no LVO and

intraluminal thrombus vs. ulcerated plague in
L ICA

Heparin gtt was initiated
At 72 hours

— Resolution of thrombus
— Carotid web was noted




Case 2

e 50 YO M presented with right MCA syndrome

after a TIA three weeks ago
e VVessel imaging showed ?small CW with

superimposed thrombus
e No thrombus seen on prior imaging three

weeks ago(red arrow)




Case 3

21 YO F presented with dysarthria and left-hand

numbness

OSH concern for right ICA dissection - transferred for

further evaluation

MRI brain with embolic-appearing right frontal lobe

infarct

Work-up

— TTE, cardiac monitoring, hypercoagulable panel (incl. APS) —
Ive

At 3 months, repeat CTA showed resolution of clot with

underlying possible CW

6 months later
— Diagnostic angiogram confirmed proximal right ICA carotid
web




How to Overcome?

e Contrast enhanced US(non-invasive)
— Differentiate CW with and without plague

e Carotid artery web with plaque

— More likely to

— Longer web length

sed web thickness

>50% stenosis

= Parameters Total (n= CW[n=68) CWwith plaque [(n = £t p value
200) 231)
Web number; i (34) 8.465 0.003
Single 246 (82.3) 64 (94.1) 182 (78.8)
Multiple 53 (17.7) 4 (5.9) 49 (21.2)
Web length (mm) 6.21+2.82 400+ 2,22 7.00+x2.82 -5.307 = 0.001
eh thickhness ] 155 +0 73 095 +0.43% 1 23 +0.7a =2 70> oany
Web location, n (%) 1.346 0.271
Right artery 146 (48.8) 20 [(42.8) 117 (50.6)
Left artery 153 (51.2) 39 (54.4) 115 (49.6)
Arterial wall, n (%4) 28.344 =0.001
Anterior 71 (23.7) 4 (5.9) 67 (29.0)
Posterior 186 (62.2) 61 (89.7) 125 (54.1)
Sides 42 (14.0) 3 (4.4) 39 (16.9)
Web angle (%) 52.42+34.83 37.33% 58.72+36.95 -4.255 = 0.001
23.14
Plague length (mm) FA i 18.41 +7.39*%
Plague thickness (mm) [ Fi 3.91+1.33
= 5004 stenosis, n (%) 141 (47.2) 7 (10.3%4) 134 (58.0%4) 47.997 =0.001
CEUS enhancement. i 12948 =0.001
(o)
Grade 0 121 (40.5) a8 (100) 33 (22.9)
Grade 1 87 (29.1) 0 87 (33.7)
Grade 2 01 (30.4) 0 01 (39.4)

——————————




How to Overcome?

* Use of optical coherence tomography(OCT)
* Used NIR(backscattered light from particles)

* Ruled in 75% of cases
25% had presence of microthrombi




Imaging Biomarker

Hyperdense MCA sign (HMCAS): observed in
60.5%(~80% in CW)

Mean 65.{50
M_ax: 67.00

Association with HMCAS

— Higher CW vs LAA - aRR 1.89 (95% Cl, 1.18-2.99; p =
0.007)

— Higher CW vs CE & aRR 1.64 (95% Cl, 1.07-2.51; p =
0.022)

Optimal rHU threshold (CW vs LAA) . OB IR G s kv
— 1.14(Sensitivity 0.86, Specificity 0.56, AUC 0.71)
Recanalization outcomes(>TICl2c)

— Higher rates in CW vs LAA - aRR 1.53 (95% Cl, 1.15-
2.02; p =0.003)

— No difference compared with CE

Youden rHU = 1.14

0.751

0.501

0.25

True positive rate (sensitivity)

0.00 1

0.00 025 050 0.75 1.00
False positive rate (1 - specificity)

Area under ROC curve = 0.7121



Recurrent Ischemic Stroke

* High rates of early and late recurrence
— 10%-40%
— Early Recurrence

* Increased in-hospital recurrence (RR 4.38, 95% Cl: 1.38—
13.85)

— Silent cortical infarction

* Detected in 7.6%

* Predictor of recurrence (HR 8.4; 95% Cl, 2.9 to 24)
— Late Recurrence

* Annual recurrent CIE rate was 5.4%/year
— MR CLEAN registry

* 17% with CW vs 3% without CW

MNumber at risk CIE 92 63 5O
MNumber atrisk IS 92 63 51

Kaplan-Meier curves for time to recurrent CIE and IS under medical treatment

Probability of event

1.0
0.9 -
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0.7 -
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Years since the first-ever CIE

41 25 17
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2

Kaplan-Meier curves of cumulative rates of cerebral ischemic
event and ischemic stroke recurrences in symptomatic carotid web patients
medically treated. CIE, cerebral ischemic event; IS, ischemic stroke.

Fig?  Kaplan-Meier Estimates of Recurrent Stroke and Recurrent Ipsilateral Ischemic Stroke During 2-Vear Follow-up
After the Index Stroke

E Recurrent stroke

E Recurrent ipsilateral ischemic stroke
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Time since index stroke, mo Time since index stroke, mo
No, at risk No. at risk
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Impact of Diagnostic Delay

RIH LVO registry
— >90% were not detected

— 20% had recurrence
CAROWEB multicenter registry

— 25% were undetected

Predictors of diagnostic delay
— Low NIHSS

— Absence of CTA

— Stroke recurrence before 2019

Impact of delay
— Increased recurrence(Adjusted hazard ratio, 5.02; p=0.014)
— Delayed revascularization(median 248.5 versus 53.5; p<0.001)



Management

. . Carotid web is a thin, circumferential shelf-like filling defect that arises from the
o N O C | ear gu | d el INes fro m AHA/ASA posterior wall of the ICA bulb visualized on CTA or carotid angiography. @
Pathologically, carotid web is a variant of fibromuscular dysplasia and can be
. classified as focal or multifocal. Platelet deposition can occur in the corrugations of ke During 2-ear Foll
o P ra Ctl Ce patte rn S a re u n C | ea r carotid web, forming a nidus for potential blood flow stagnation and g FOKELUNING 2TEar Fotlow-Up
thromboembolism. Carotid web is a known cause of ischemic stroke in young <
patients <65 years of age; it is detected in up to 9.5% of patients <65 years of age

¢ Medical management(antlp|at9|9t & antiCOagU|ati0n) with anterior circulation stroke of unknown cause.” e

Recommendation-Specific Supportive Text

— High rates of recurrence(9%-40%)

1. The optimal management of symptomatic carotid web is unknown| Medical
management with antithrombotic therapy is first-line treatment; however, it is not

- M eta'a na |yS|S Showed 32%(90/28 1) recu rrence In known whether SAPT, short-term DAPT, or anticoagulant therapy is superior. In J

Carotid web

. the absence of such data, it is recommended to treat patients with antiplatelet
m Ed |Ca | a rm therapy first line or to follow antithrombotic recommendations in this guideline.
2. There is a high risk of recurrent stroke or TIA in patients with symptomatic
carotid web on medical management, estimated in 29% to 56% of patients.?*2.730
Carotid stenting or CEA is a good alternative treatment for patients with Nocaroid web

) ) . ) . . | I |
symptomatic carotid web, with published series revealing no recurrent stroke I

risk 748,749

aHR, 8.1.95% Cl, 14-46.3)

12 18 M
since index stroke, mo

Knowledge Gaps and Future Research

The optimal medical or interventional management of symptomatic carotid web is
unknown. Future prospective research evaluating the natural history of symptomatic
carotid web on medical management compared WIth Interventional management
would be of interest and evolve to multicenter randomized trials comparing medical
management (ie, antiplatelet versus anticoagulant, then best medical therapy versus
carotid stenting or CEA) if enough patients can be identified.

120 17 103
3 4 )|




Morphologic Features of CW

* Pooled analysis of 6 trials and registries

— Symptomatic(n=39) vs. Asymptomatic webs(n=24)
* Angioarchitecture

— Length size(3.4 mm vs 2.6 mm, p=0.02)

— More acute angle(54° vs 68°, p=0.01)
— Volume(37.9 mm?3 vs 25.1 mm?3, p=0.01)

e Strong predictors of ischemic stroke
— ICA-pouch tip angle
— CCA-pouch tip angle
— ICA web-pouch angle
— CCA web-pouch angle

B C

Pouch Width

Web Size

Longitudinal ICA (LI) Line

ICA Pouch-Tip (IPT) Angle I
ICA Web-Pouch (IWP) angle

Pouch-Bifurcation (PB) Line
Superior Pouch Wall (SPW) Line ~ |
CCA Pouch-Tip (CPT) Angle (

Symptomatic Asymptomatic
AllCaW (n=63) CaW (n=39) CaW (n=24) P value

length (mm)  34(23-43)  38(2844)  26(223¢)  0.02

longh ) 340343 380849 260239 o0

Distance to 3.3 (254) 34(274) 27 (24-3.9) 0.19
wall (mm)

Base width 26 (21-4.1) 29 (21-5) 25 (21-3.1) 0.27
(mm)

Volume (mm’) 316 (21.6-443) 379 (260-65.1) 25.1 (199-357) 0.0




* Meta-analysis(medical vs. surgical)

e Reduced recurrence, RR 0.11; 95% Cl, 0.04-0.31

e Carotid revascularization
— CEA vs CAS vs TCAR

* CEA vs CAS

— 287 underwent revascularization
— 146 TFAS, 136 CEA, and 5 TCAR

N\Q major complications were noted

— — — — =~

No difference in outcomes, RR 0.44, 95% Cl 0.11-1.76

Surgery  Medical Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Joux et al. (2016) 0 7 6 14 —B—— 020[001, 3.19] 1123
Olindo et al. (2024) 0 10 35 53 —— 0.01[0.00, 0.18] 11.11
Turpinat et al. (2021) 0 14 4 16 —MW——  0.16[0.01, 2.68] 1066
Guilemi et al. (2021) 0 2 5 23 —-—U.BB[0.0E-, 12.31] 1210
Olindo et al. (2021) 0 6 19 67 ——— 032002 474 11.66
Haussen et al. (2017) 0 16 6 10 —B— 0.08[0.00, 1.26] 10.98
Rodriguez-Castroetal. (2024) 0 9 4 5 —_— 0.11[0.01, 1.80] 11.04
Brinster et al. (2023) 0 5 10 ¢—B— 0.01[0.00, 0.16] 11.22
Choi et al(2015) 0 4 1 3 —8——— 033[0.02, 6.37] 10.01
Overall sl 0.11[0.04, 0.31]
Heterogeneity: 1° = 0.35, I” = 14.92%, H* = 1.18
Test of 8, = 8: Q(8) = 9.23, p = 0.32 Favors surgery
Testof8=0:z=-4.24 p=0.00 |

11024 164 14 4

Random-effects REML model
95% prediction interval

CEA  CAS Risk ratio Weight
Study Yes No Yes No with 95% CI (%)

|
Olindo et al. (2024) 0 80 0 30 & | 0.38[0.01, 18.87] 12.84
Aziouaz et al. (2021) 0 4 0 1 = 0.40(0.01, 14.07] 15.40
Haynes et al. (2020) 0 6 0 1 B 0.29[0.01, 10.36] 15.13
Rodriguez-Castroetal. (2024) 0 8 0 1 i ! 0.22[0.01, 8.20] 14.99
Brinster et al. (2023) 0 21 0 23 E 0.86[0.02, 41.58] 12.95
Khan et al. (unpublished) 0 2 0 13 . 1.3310.04, 49.93) 14,67
Multon(2021) 0 13 0 3 E 0.2910.01, 12.26) 13.81
Overall —ii— 044[0.11, 1.76]
Heterogeneity: T° = 0.00, I = 0.00%, H = 1.00
Testof §, = g]: Q(6)=0.72,p=0.99 Favors CEA | Favors CAS
Testof 80=0:2=-1.16,p=0.24
M8 1B 2 3

Random-effects REML model
95% prediction interval




Case 1

50-year-old with hx of HTN presented with
mild right weakness and fluent aphasia

NIHSS 3 on arrival

Vessel imaging showed no LVO and

intraluminal thrombus vs. ulcerated plaque in
L ICA

Heparin gtt was initiated

At 72 hours
— Resolution of thrombus

— Carotid web was noted
Management

— Carotid revascularization(TCAR)
— Follow up: 10 months stroke free




Case 2

e 50 YO M presented with right MCA syndrome
after a TIA three weeks ago

e Vessel imaging showed ?small CW with
superimposed thrombus

e No thrombus seen on prior imaging three
weeks ago(red arrow)

* Management
*CEA

e Follow-up
e 11 months stroke-free




Case 3

21 YO F presented with dysarthria and left-hand
numbness

OSH concern for right ICA dissection - transferred for
further evaluation

MRI brain with embolic-appearing right frontal lobe
infarct

Work-up

— TTE, cardiac monitoring, hypercoagulable panel (incl. APS) -
ive

6 months later

— Diagnostic angiogram confirmed proximal right ICA carotid
web

Treatment

— CEA
— Follow up: 36 months stroke free

0.08mm"™ — . 0.05mm



Practice Patterns of VN and NIR

Survey
— 1660 to VN
— NIR/NSG via SVIN and SNIS

Cryptogenic Stroke with Ipsilateral CW
—53% NIR vs 37% VN, p=0.03(favored revasc.)

Elderly Patients with AF & Ischemic Stroke
— 48% NIR vs 31% VN, p=0.03(favored revasc.)

TFAS as preferred technique
— 86% NIR vs 35% VN, p=0.002

Stenosis threshold >70% not required

— 75% NIR vs 57% VN, p=0.013

intervention

intervention

Ipsilateral Carotid Web & First Ever Cryptogenic Stroke

stroke

p=0.03 I Medical Management

Neurointerventional radiologists

Carotid Web, Atrial Fibrillation & Ischemic Stroke

(on anticoagulation)

B Medical +- WATCHMAN
Il Carotid Revascularization

Neurointerventional radiologists




Take-Home Message

CWs are an underrecognized cause of ischemic stroke, often missed on initial imaging.

Diagnosis remains challenging - modest inter-rater agreement and frequent misclassification as
plaque or dissection.

Pathophysiology: CW alters flow dynamics = stasis, thrombus formation, and embolization despite
non—flow-limiting stenosis.

Neuroimaging features: CW thrombi are more often hyperdense, RBC-rich, and more responsive to
thrombectomy than LAA.

Quantitative tools: Relative HU threshold (rHU = 1.14) may improve diagnostic accuracy.

Management: High recurrence risk on medical therapy alone; revascularization should be strongly
considered.

Future directions: Need for multicenter studies, standardized reporting, and risk stratification tools.



Future Directions

* Large epidemiologic studies

— SPIDER WEB

* Retrospective multicenter study
* Aim to have sample size ~2000 pts
e Over 40 sites across the world

* |[ncorporation of CW in radiology reports

* |ntegration of morphologic and hemodynamic
patterns

Risk stratification scoring system
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