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Carotid Disease & Stroke
• 85% ischemic
• Most common source: extracranial carotid 

artery – especially carotid bulb
– Embolic  - plaque morphology; intraplaque 

hemorrhage and rupture
– Thrombotic – cardiac embolus, in-situ thrombosis 

of critical stenosis
• Prevalence in US pop (>18) 2.7% and will 

increase to 3.9% by 2030



Best Medical Therapy

• STOP SMOKING
• Anti platelet
• Statin
• Hypertensive control
• Diabetes control
• Healthy diet / weight loss / exercise



Carotid Endarterectomy (CEA)

carotid endarterectomy (CEA) is still the standard of care for 
carotid revascularization
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• Scarring
• Lengthy hospital stay
• Open surgical procedure leads to quality of 

life issues for patients
• Risks of general anesthesia
• Inappropriate for patients at high-risk for 

surgery due to medical co-morbidities 
and/or anatomical considerations

Challenges of Surgical Intervention
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Selective Lt Carotid Angio

Long Lt ICA ulcerated lesion 
(>80% stenosis)

Tf-CAS
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Completion Angiogram

Free flow into the ICA

Tf-CAS
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Current Treatments for Carotid Disease

• Less Invasive Alternative: Carotid Artery Stenting, 
transfemoral approach

• Patient friendly, durable1, but…
• Excess procedural stroke risk1
• Procedure itself can create thrombo-embolism

• 1CREST Trial: N Engl J Med 2010;363:11-23
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2x Peri-Procedural Stroke rate 
for Transfemoral CAS

CREST - Peri-procedural Stroke Rates
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1. N Engl J Med 2010;363:11-23.  
2. Stroke. 2011;42:00-00.                              
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Day 0 Stroke is the Culprit

1Circulation, Nov. 29, 2012. P-value calculated post hoc by independent statistician.

Stroke timing for Transfemoral CAS and CEA in 
CREST 
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New Paradigm: TransCarotid and Flow Reversal 



Dynamic flow controller with 
integrated 200 micron filter

Blood flow reversed 
from carotid artery

Blood flow returned to 
femoral vein
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CEA-like outcomes with shorter learning 
curve than transfemoral-distal filter CAS

Gray WA et al. CAPTURE 2 Registry. JACC Cardiovasc Interv 2011;4:235-246

ROADSTER  1
29 Operators 

S/D Rate = 2.3%*
N=219, Median=2, 
Mean=3.7

ROADSTER  2
49 New Operators 
S/D Rate = 2.2%*

N=157, Median=2, 
Mean=3.3

*Includes patients with Major Protocol Deviations
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WHO IS A CANDIDATE FOR TCAR?

§ Anatomical Requirements (per IFU)
• >5cm = Working distance from clavicle to bifurcation (“access to lesion”)
• >6mm = CCA reference diameter
• CCA free of significant disease for safe sheath insertion and vessel occlusion
• AND: lesion amenable to stent placement

~70-85% are anatomically “optimal” for TCAR



WHO IS ELIGIBLE FOR REIMBURSEMENT?

§ National Coverage Decision (NCD) for Carotid Stenting

• Since 2005: Symptomatic, high risk for CEA, >70% stenosis

• TCAR Surveillance Project (VQI)
• Asymptomatic, high risk, >80% stenosis
• Symptomatic, high risk, >50% stenosis
• Inpatient (overnight); use of “transcarotid-labeled stent”
• Modified Rankin Scale <3

2 out of 3 qualifies as “high risk” for CEA



PHYSIOLOGIC HIGH RISK
§ Age ≥75 
§ Congestive Heart Failure 
§ Left Ventricular Ejection Fraction ≤35%
§ >2 diseased coronaries with ≥70% 

stenosis
§ Unstable angina
§ Myocardial infarction within 6 weeks
§ Abnormal stress test
§ Need for open heart surgery
§ Need for major surgery (including 

vascular)
§ Uncontrolled diabetes
§ Severe pulmonary disease

ANATOMIC HIGH RISK
§ Prior head/neck surgery or irradiation
§ Restenosis post CEA
§ Surgically inaccessible lesion
§ Spinal immobility 
§ Laryngeal palsy; Laryngectomy
§ Permanent contralateral cranial nerve injury
§ Contralateral occlusion
§ Severe tandem lesions
§ Bilateral stenosis requiring treatment

Any ONE risk factor qualifies patient for CMS high surgical risk status

Above list is a compendium of all risk factors across all carotid stent and EPD IDE trials.

“HIGH RISK” CRITERIA FOR REIMBURSEMENT
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CEA Periprocedural stroke rates
significantly worse in High Surgical Risk patients

High Surgical Risk Patients Standard Surgical 
Risk Patients

SVS Registry (n=6,370)
JVascSurg.2013 May;57(5):1318–1324.

PERIPROCEDURAL 
STROKE RATES 

ROADSTER: J Vasc Surg. 2015 Nov;62(5):1227-35.
SVS Registry: Schermerhorn, et al. The impact of Centers for Medicare and Medicaid Services high-risk criteria on outcome 
after carotid endarterectomy and carotid artery stenting in the SVS Vascular Registry. J Vasc Surg. 2013 May;57(5):1318-24.
CREST: N Engl J Med. 2016 Mar 17;374(11):1011-20.
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Outcomes of TransCarotid Revascularization with dynamic flow reversal (TCAR) versus 
carotid endarterectomy (CEA) in the TCAR Surveillance Project
Malas MB, Dakour-Aridi H, Kashyap VS, Wang GJ, Motaganahalli RL, Cronenwett J, Eldrup-Jorgensen J, Schermerhorn ML – VAM Presentation, June 2019

Baseline Characteristics
TCAR 

N=5,716
CEA

N=44,442
P-value

Age, Mean (SD) 74 (67-80) 71 (65-77) <.001

Female 36.4% 39.4% <.01

Non-White Race 9.8% 10.2% .38

Hypertension 90.9% 89.5% <.01

Diabetes Mellitus 38.0% 36.7% .05

Coronary Artery Disease 51.8% 26.7% <.001

CHF 18.8% 11.1% <.001

COPD 27.7% 23.2% <.001

Chronic Kidney Disease (GFR <60) 39.0% 33.4% <.001

Ipsilateral Stenosis ≥ 80% 54.2% 47.0% <.001

Prior Ipsilateral CEA 16.4% 1.7% <.001

Prior CABG/PCI 40.7% 34.5% <.001

Symptomatic 38.6% 29.6% <.001

General Anesthesia 81.6% 92.6% <.001
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Outcomes of TransCarotid Revascularization with dynamic flow reversal (TCAR) versus 
carotid endarterectomy (CEA) in the TCAR Surveillance Project
Malas MB, Dakour-Aridi H, Kashyap VS, Wang GJ, Motaganahalli RL, Cronenwett J, Eldrup-Jorgensen J, Schermerhorn ML – VAM Presentation, June 2019

Unadjusted Outcomes (In-hospital)
TCAR

N=5,716
CEA

N=44,442
P-value

Stroke 1.4% 1.2% .37

Stroke/Death 1.6% 1.4% .23

Stroke/Death/MI 2.0% 2.0% .98

In-hospital Death 0.5% 0.3% .03

30-day Death 0.7% 0.7% .95

Myocardial Infarction 0.5% 0.7% .07

Hemodynamic Instability

Hypertension 14.0% 19.9% <.001

Hypotension 14.7% 10.1% <.001

Bleeding with Intervention 1.3% 1.0% .14

CNI 0.3% 2.6% <.001

Non-Home Discharge 6.6% 6.4% .70

LOS >1 day 29.6% 31.2% 0.03



Presenter name
Title
Date

Propensity Score Matching

Matched on symptomatic status, age, CAD,  CHF, COPD, CKD, prior ipsilateral CEA, prior ipsilateral CAS, contralateral occlusion, ASA Class and statin use

Propensity Score Matching (n=5,160 in each)
In-Hospital Outcomes OR (95% CI) P-value
Death 0.86 (0.46-1.61) 0.63
Ipsilateral Stroke 0.92 (0.64-1.32) 0.64
Stroke 0.80 (0.58-1.11) 0.19
MI 0.41 (0.26-0.66) <0.001
Stroke/Death 0.77 (0.57-1.04) 0.09
Stroke/Death/MI 0.65 (0.50-0.84) <0.01
Cranial Nerve Injury 0.13 (0.07-0.22) <0.001
Post-procedural Hypotension 1.66 (1.47-1.87) <0.001
Post-procedural Hypertension 0.64 (0.57-0.71) <0.001
Bleeding with intervention 1.17 (0.83-1.65) 0.38
Non-Home discharge 0.75 (0.64-0.87) <0.001
Hospital Stay for more than 1 day 0.74 (0.68-0.80) <0.001



Not great TCAR cases

• Heavily Calcified lesions
• Short CCA (<5 cm from access site to lesion)
• Small CCA (<6 mm), heavily diseased CCA
• Open laryngeal stomas
• Severe radiation dermatitis



Carotid Endarterectomy



CEA
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