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Objectives

The surgical management options for of carotid stenosis

Embolic protection in carotid stenting

Patient specific surgical decision-making algorithm

–CEA vs. CAS vs. TCAR



A Niche Procedure

HIGHER (~2x) 30-day stroke risk

ENDOVASCULAR:
Transfemoral Carotid Artery Stenting 

(CAS)
Since the ‘90s

Crossing 

the aortic 

arch

Crossing

the lesion

~15%
of procedures*

LOWER adverse events

A Dated Standard of Care

SURGICAL:
Carotid Endarterectomy

(CEA)
65+ years

~75%
of procedures

LOW 30-day stroke risk

SIGNIFICANT adverse events

Source: Modus Health Group *Excludes TCAR procedures
1CREST Trial: Brott TG, et al. Stenting versus endarterectomy for treatment of carotid-artery stenosis. N Engl J Med. 2010 Jul 1;363(1):11-23.

Surgical Management – Historical Perspective



Surgical Management – CEA vs CAS

Carotid endarterectomy (CEA)

–Several decades of experience & trials have made carotid endarterectomy (CEA) the 

standard of care for the stroke prevention in patients with high-risk carotid stenosis

Carotid angioplasty and stenting (CAS)

–Historically CEA was favored over CAS due to increased embolic risk with CAS

TRIAL CAS CEA CONSIDERATIONS

EVA-3S1 9.6% 3.9%
Experience
Embolic protection

SPACE1 6.8% 6.3% Experience

ICSS2 8.5% 4.7%
Experience
Embolic protection

1Any stroke or death at 30 days
2Any stroke or death at 120 days





Outcomes

Similar 30-day clinical outcomes: CEA, CAS, and TCAR when patients were selected based on 

anatomical and clinical characteristics



Surgical Management - CAS

Subsequent CAS trials have improved dramatically over time 

due to improved operator experience and device development

8.3%

6.9%

7.5%

6.1%

4.1%

3.5%
3.9%

2.3%

2.9%
3.3%

2.6%

1.5% 1.4%
1.8%

0.6%

30 day Composite of Death, Stroke & MI

30 day Composite of Death & Major Stroke



Embolic Protection – The Key to Successful CAS

Etiology of embolic events

Pre-dilation 

angioplasty

Stent 

Deployment

Post-Dilation

Angioplasty 

“Cheese 

grater”

Effect

Debris release
Embolic 

Stroke

Arch access



Embolic Protection – The Key to Successful CAS

Techniques for embolic protection

Distal protection

Proximal protection



Embolic Protection – The Key to Successful CAS

Techniques for embolic protection

Distal protection

–Filters

Proximal protection

Emboshield Nav6
(Abbott)



Embolic Protection – The Key to Successful CAS

Techniques for embolic protection

Distal protection

–Filters

–Balloons

Proximal protection

PercuSurge GuradWire System 
(Medtronic) 



Embolic Protection – The Key to Successful CAS

Techniques for embolic protection

Distal protection

–Filters

–Balloons

Proximal protection

–Flow arrest

Mo.Ma System
(Medtronic) 



Embolic Protection – The Key to Successful CAS

Techniques for embolic protection

Distal protection

–Filters

–Balloons

Proximal protection

–Flow arrest

–Flow reversal

TCAR System
(Silk Road Medical) 



Embolic Protection – The Key to Successful CAS

Techniques for embolic protection

Distal protection

–Filters

–Balloons

Proximal protection

–Flow arrest

–Flow reversal

Pre-dilation 

angioplasty

Stent 

Deployment

Post-Dilation

Angioplasty 

“Cheese grater”

Effect

Debris release
Embolic 

Stroke

Arch access



Embolic Protection – The Key to Successful CAS

Techniques for embolic protection

Distal protection

–Filters

–Balloons

Proximal protection

–Flow arrest

–Flow reversal

Pre-dilation 

angioplasty

Stent 

Deployment

Post-Dilation

Angioplasty 

“Cheese grater”

Effect

Debris release
Embolic 

Stroke

Arch access

TCAR



Patient specific treatment algorithm

CT Angiogram
Aortic arch & carotid 

anatomy

Hostile arch and/or 
carotid anatomy

Non-hostile arch 
and carotid

CT Angiogram
Plaque morphology

CT Angiogram
Plaque morphology

Concentric calcificationNon-concentric calcification Non-concentric calcification

TCAR CEA CAS



Patient specific treatment algorithm

CT Angiogram
Aortic arch & carotid 

anatomy

Hostile arch and/or 
carotid anatomy

Non-hostile arch 
and carotid

CT Angiogram
Plaque morphology

CT Angiogram
Plaque morphology

Concentric calcificationNon-concentric calcification Non-concentric calcification

TCAR CEA CAS

CT Angiogram
Aortic arch  & carotid anatomy

Hostile Arch
Type III aortic arch
Heavy calcification, particularly at the origins of the innominate and left common 
carotid arteries
Aortic stent blocking origin of innominate or left common carotid arteries

Hostile Carotid Anatomy
Factors favoring CAS/TCAR

High carotid bifurcation
History of prior neck radiation or anterior cervical surgery

Factors favoring CEA
Tortuous common carotid artery
Limited landing space for distal embolic filter device
• Short cervical internal carotid artery
• Tortuous cervical internal carotid artery



Patient specific treatment algorithm

CT Angiogram
Aortic arch & carotid 

anatomy

Hostile arch and/or 
carotid anatomy

Non-hostile arch 
and carotid

CT Angiogram
Plaque morphology

CT Angiogram
Plaque morphology

Concentric calcificationNon-concentric calcification Non-concentric calcification

TCAR CEA CAS



Patient specific treatment algorithm

CT Angiogram
Aortic arch & carotid 

anatomy

Hostile arch and/or 
carotid anatomy

Non-hostile arch 
and carotid

CT Angiogram
Plaque morphology

CT Angiogram
Plaque morphology

Concentric calcificationNon-concentric calcification Non-concentric calcification

TCAR CEA CAS

CT Angiogram
Plaque morphology

Concentric Calcification
Best viewed on axial CT angiogram

Concentric Calcification Non-concentric Calcification



Updated patient specific treatment algorithm

CT Angiogram
Aortic arch & carotid 

anatomy

Hostile arch and/or 
carotid anatomy

Non-hostile arch 
and carotid

CT Angiogram
Plaque morphology

CT Angiogram
Plaque morphology

Concentric calcificationNon-concentric calcification Non-concentric calcification

TCAR CEA CAS



CGuard
Investigational Device in USA



Prospective randomized- single 

center clinical trial

100 patients randomized

–Acculink

–cGuard

CAS 

–DAPT

–NAV6 used in all procedures

–Pre and post procedural 

angioplasty

Karpenko A, Bugurov S, Ignatenko P, Starodubtsev V, Popova I, Malinowski K, Musialek P. Randomized Controlled Trial of 
Conventional Versus MicroNet-Covered Stent in Carotid Artery Revascularization. JACC Cardiovasc Interv. 2021 Nov 
8;14(21):2377-2387. doi: 10.1016/j.jcin.2021.08.005. PMID: 34736737



Reduction of peri-procedural 
ischemia on DWI-MRI

• Overall embolic load to brain 
minimized in CGuard group

• Minimize “cheese grater” effect





Neuroguard Integrated Embolic Protection System



Neuroguard Integrated Embolic Protection System



Neuroguard Integrated Embolic Protection System





Retrograde Access to Common Carotid Artery
Another TCAR niche



65 year-old male presenting with acute right 

hemiparesis and aphasia
PMHx CAD (s/p stent)

NIH stroke scale: 6

–LOC questions (1), facial palsy (1), RUE motor (1), sensory (1), language (2)

Given tPA

CTA

–Severe proximal left ICA stenosis

–Proximal left CCA thrombus

CT perfusion

–Subtle left hemispheric increased time to peak with preserved cerebral blood volume

Carotid dopplers

–Right ICA 121/17; left ICA 465/93



CTA and CT Perfusion

TTPCBV





Decision Making

Options

–CEA

–Does not directly address the CCA thrombus

–CAS

–Staged stenting of CCA & ICA vs single session

–Difficult to obtain distal embolic protection while treating the CCA lesion

–TCAR

–Able to treat both lesions independently while maintaining flow reversal

–Retrograde stenting is a less familiar procedure



Tandem TCAR





Pre-TCAR Post-TCAR



Pre-TCAR Post-TCAR



Thank You
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