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Educational objectives

• Explain the pathophysiology and risk factors associated with embolic 

stroke.

• Describe the use of duplex ultrasound to evaluate carotid artery 

abnormalities, plaque morphology, and flow dynamics.

• Recognize the sonographer’s role as a key member of the 

multidisciplinary stroke care team.

Disclosure: I have no actual or potential conflict of interest in relation to this presentation

Presentation Outline

• Embolism

• Embolic Stroke of Undetermined 

Source (ESUS)

• Case based

• Extracranial carotid arteries

(1)
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Rudolph Virchow
1821-1902

"The detachment of larger or smaller 

fragments from the end of the 

softening thrombus which are carried 

along by the current of blood and driven 

into remote vessels. This gives rise to 

the very frequent process on which I 

have bestowed the name of Embolia."

(2)

"Blood coagulation”

Virchow’s Triad

(3)
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• Different to pulmonary emboli
• Smaller
• Arterioles
• Abnormal -> normal

• Bacterial endocarditis
• Spleen, myocardium, kidney and brain
• Cause of stroke

Virchow – Systemic Circulation Emboli

(4)

Endothelial damage

Hypercoagulability

Stasis

Slowing or cessation of flow
Polycythemia

Smoking

Drug use

IV Lines

Trauma

Surgery

Inherited
Factor V Leiden, Hyperhomocysteinemia
Protein C resistance, Protein S decrease

Acquired
Malignancy, Lupus, Renal failure, Diabetes
Thrombocytopenia, Immobility, Pregnancy, 

OCP, HRT, Obesity, Smoking 

Virchow’s Triad  - contemporary concept
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Athero-embolism  - applying Virchow’s Triad

Vessel wall damage
Flow

Blood constituents / Hypercoagulability
Thrombogenic factors, impaired fibrinolysis,

Hyperlipedemia, Cell aggregation

Local flow behavior 
and biomechanical 

characteristics
Stasis, Viscosity, 

Slow, multi-stage
Endothelial dysfunction

Active inflammatory infiltration
Rich lipid core

Weakening fibrous cap

© 2014 American Heart Association, Inc.

(5)

StrokeStroke

• 10% of deaths6

• 5% of global loss of disability-

adjusted life years

• 200 per 100,000 population

• 80% of strokes are ischemic
• ~25% cardioembolic
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Embolic Stroke of Undetermined Source (ESUS)Embolic Stroke of Undetermined Source (ESUS)

Non-lacunar ischemic 

stroke with no convincing 

etiology7

Embolic Stroke of Undetermined Source (ESUS)Embolic Stroke of Undetermined Source (ESUS)

Lacunar stroke

• Small-vessel disease

• Deep in brain

• Small infarcts

• Lacuna (hole) – small residual 

cavity after tissue death

Cerebral 
Amyloid 
Angiopathy

Hypertensive 
Cerebral Small 
Vessel Disease

(8)
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Embolic Stroke of Undetermined Source (ESUS)Embolic Stroke of Undetermined Source (ESUS)

• 17% of all ischemic strokes6

• Younger patients

• Mild stroke

• Recurrent stroke risk 4-5% per-yr9

• Secondary prevention challenge

ESUS diagnosisESUS diagnosis
Exclude :

• Lacunar stroke

• Ipsilateral carotid artery disease ≥50% 

• Major cardioembolic source
• Atrial fibrillation
• Sustained Atrial flutter
• Intracardiac thrombus
• Prosthetic valve / valve vegetations / infective endocarditis
• Atrial myxoma / other tumours
• Mitral stenosis
• Recent myocardial infarct
• LV Ejection fraction of ≤30%

• Dissection, arteritis, migraine, vasospasm, drug 
abuse

(7)

13

14



2025 SD M S Annual Conference

© Copyright. Society of Diagnostic Medical Sonography. 
All Rights Reserved.

ESUS Diagnostic work-up

(10) (11)

• Brain MRI/CT - non-lacunar infarct

• Extracranial and intracranial arterial 
imaging

• Echocardiography 

• ECG and cardiac monitoring ≥24-hrs

• +/- Heart Bugs / Implantable Loop 
Recorders

• Serology

• Multidisciplinary approach

ESUS Diagnostic work-up

(10)

• Always capture and 
document arrhythmia

(11)
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ESUS etiologyESUS etiology

(12)

ESUS aetiologyESUS etiologyESUS etiology

(12)
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Extracranial Carotid Sonography in Embolic Stroke 

White or Red? 

Scenario:
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Interpretation of Extracranial Carotid Artery Duplex Ultrasound

Interpretation of Extracranial Carotid Artery Duplex Ultrasound

Plaque morphology?
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Extracranial Carotid Artery Duplex Ultrasound

(15)

Extracranial Carotid Artery Duplex Ultrasound

(16)
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Extracranial Carotid Artery Duplex Ultrasound

(17)

Extracranial Carotid Artery Duplex Ultrasound

(18)
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Extracranial Carotid Artery Duplex Ultrasound

(19)

Extracranial Carotid Artery Duplex Ultrasound

(20)
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Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 1 

Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 1 
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Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 1 

Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 1 
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Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 1 

Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 1 
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Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 2 

Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 2 
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Duplex Ultrasound – complex sub-stenotic atherosclerotic disease - 2 

Carotid Endarterectomy
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Carotid Endarterectomy

Embologenic lesions
are not always 

hemodynamically significant

The Vulnerable Plaque

(21)
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Interpretation of Extracranial Carotid Artery  Duplex Ultrasound

Carotid webs 
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• Rainer - 196822

• Variant intimal fibromuscular dysplasia

• Shelf-like projection into bulb

• Young stroke

• F>M

Carotid web 

Carotid web etiology

• Case reports

•Focal 

intimal 

dissection 

Congenital Acquired

• Embryological remnant?

• Developmental anomaly?

• Genetic factors?

• Intimal fibrous proliferation - without 

atherosclerosis

Unclear and controversial 
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• Embolic stroke of undetermined source (ESUS)

• Prevalence 9.6% 23

• Ipsilateral

• 24% <55yrs

•Female

•African heritage

•Further studies 

needed 

Carotid web 

Carotid web 

• Recirculation, flow stasis and 

thrombogenesis

• Medical treatment

• Antiplatelet 

• Interventional treatment

• Carotid stent

• Carotid web resection (24)

45

46



2025 SD M S Annual Conference

© Copyright. Society of Diagnostic Medical Sonography. 
All Rights Reserved.

(30)

Carotid web 

(25) (26)

• Digital subtraction angiography (DSA)

• CT Angiography

• Magnetic Resonance Angiography 

• Ultrasound

• Contrast enhanced ultrasound

Carotid web – diagnosis 
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Carotid web 
Imaging characteristics

• Motionless triangular lesion 

• Protrudes into the lumen

• ICA wall

• Varies in size

• Iso / hypoechoic

• Longitudinal view

• Easily missed

Carotid web 

• Flow stasis and thrombus 
formation
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Carotid web 
Imaging characteristics

(27)

Carotid web 
Imaging characteristics

(27)
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Carotid web 
Imaging characteristics

(27)

Carotid web 
Imaging characteristics

(27)
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Carotid web 
Imaging characteristics

(27)

Carotid web 
Imaging characteristics

(27)
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flow resulting

Carotid web 

(28)

• 36-yr-old male

• Right hemispheric embolic 

stroke

Carotid web – case 1 
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Carotid web – case 1 

• Right hemispheric embolic 

stroke

Carotid web – case 1 
• Bilateral carotid webs
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Carotid web – case 1 
• Bilateral carotid webs

• 64-yr-old male

• Right hemispheric embolic 

stroke

• Bilateral webs on DUS

Carotid web – case 2
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Carotid web – case 2

Carotid web – case 3

• 57-yr-old female

• Seizures 

• PH of traumatic brain injury 

• CTA – small left ICA intimal flap, suggesting dissection

• Duplex to characterize
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Carotid web – case 3

Carotid web – case 3

65

66



2025 SD M S Annual Conference

© Copyright. Society of Diagnostic Medical Sonography. 
All Rights Reserved.

Carotid web – case 3

Carotid web – case 3

https://tvtropes.org/pmwiki/pmwiki.php/ComicStrip/Garfiel
d

Neuroimaging MDT meeting
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Carotid web – case 3

Neuroimaging MDT meeting

Carotid web – case 4

• 38-yr-old female

• Young stroke work-up

• Right hemispheric embolic stroke 

• CTA – 50% stenosis at C5 level CCA

• RFs:  Smoker, hypercholesterolemia, newly diagnosed T2M 
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Carotid web – case 4

• Complex, mobile lesion
• ∽ 3.0cms length
• No velocity or ratio increase

Carotid web – case 4
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Carotid web – case 4

• 35-yr-old male

• Left amaurosis fugax 

• CT brain normal

• CTA - bilateral carotid webs

Carotid web – case 5 
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Case 5 -Duplex ultrasound study 

Case 5 -Duplex ultrasound study 
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Case 5 -Duplex ultrasound study 

CT Angiography 
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CTA & DUS  

DSA
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• Future directions 

Carotid web 

(29)

• Future directions 

Carotid web 

(30)
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Carotid web – future directions 

• Research opportunities:  

• Risk, prevalence, populations

• DSA: flow dynamics, particle residence time, recirculation 

zones31

• CTA: flow dynamics, web character, angioarchitecture

• MRA: flow dynamics, wall stress

• DUS: correlative imaging, increase awareness, 

enhanced protocols, sensitivity

ESUS – (perhaps) Not
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