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Cerebrovascular Disease

2nd leading cause 
of death

15% severely 
disabling

$70 billion 
annually



Evolution of Carotid Revasc



Adoption of Carotid Endarterectomy

5Gillum et al. Stroke. 1995 Sep;26(9):1724-8. 



Randomized Controlled Trials
CEA vs. Medical Management

• Symptomatic
– North American Symptomatic Carotid 

Endarterectomy Trial (NASCET)
– European Carotid Surgery Trial (ECST)

• Asymptomatic
– Asymptomatic Carotid Atherosclerosis Trial 

(ACAS)
– Asymptomatic Carotid Surgery Trial (ACST)



Randomized Trials - Symptomatic
CEA vs. Medical Management

Indication Periop
CVA/Death

Risk 
Reduction

Annual 
Risk 

Reduction
P Value

NASCET Sx ≥ 70% 5.8% 16.5% @ 2yr 8% <0.001

Sx 50-69% 6.7% 10.1% @ 5yr 2% <0.05

ECST Sx 70-99% 7.5% 9.6% @ 5yr 2% <0.01

Ferguson et al. Stroke 1999 Sep;30(9):1751-8.
Lancet 1998 May 9;351(9113):1379-8 



Randomized Trials - Asymptomatic
CEA vs. Medical Management

Indication Periop
CVA/Death

Risk 
Reduction

Annual 
Risk 

Reduction
P Value

ACAS Asx >60% 2.3 5.9% @ 5yr 1% 0.004

ACST Asx >60% 3.1 5.4% @ 5yr 1% <0.001

JAMA 1995 May 10;273(18):1421-8
Haliday et al. Lancet 2004 May 8;363(9420):1491-502



Randomized Trials
CEA vs. Medical Management

• Complications
– Death
– Stroke
– Myocardial infarction
– Cranial nerve injury

• Occur in 5-20%
• 1/3 of deficits are asymptomatic
• Permanent in 0.5-1%



Medical Management has Changed

Bose et al. J Vasc Surg. 2023 Mar;77(3):786-794.e2

Original trials



When To Operate

Symptomatic

Moderate 
Grade

High Risk Moderate 
Risk

High Grade

High Risk Moderate 
Risk

Asymptomatic

Moderate 
Grade

High Risk Moderate 
Risk

High Grade

High Risk Moderate 
Risk

Progression
High-risk 
features



CREST II

• Randomized 2 arm study
– Med Tx vs. CEA
– Med Tx vs. TF-CAS

• Must be asymptomatic, >70% stenosis
• Primary endpoint

– Any stroke/death during periprocedural period
– Any stroke during 4 year f/u

Meant to redefine therapy for asymptomatic disease

CEA arm enrollment nearly complete



Evolution of Carotid Revasc



Carotid Revascularization

Carotid 
Endarterectomy 

(CEA)

Transfemoral 
Carotid Stenting 

(TFCAS)

TransCarotid Artery 
Revascularization 

(TCAR)



Randomized Trials
CEA vs. TF-CAS

• EVA-3S
– Std Risk: Sx >60% ± EPD

• SPACE
– Std Risk: Sx >70% ± EPD

• ICSS 
– Std Risk: Sx >50% ± EPD

• CREST
– Std Risk: Sx >50%, Asx >60% with EPD 

• Sapphire
– High Risk: Sx >50%, Asx >80% with EPD

Variation
1. Indication
2. Risk
3. Embolic Protection Device
4. Outcomes



ICSS - Symptomatic

• Symptomatic 
stenosis >50%

• Life expectancy >2 
years



ICSS - Symptomatic

Bonati LH et al. Lancet. 2015 Feb 7;385(9967):529-38. 



ICSS - Symptomatic

Fatal/disabling stroke Any stroke



CREST

• Symptomatic patients with 
stenosis >50%

• Asymptomatic patients 
with stenosis >60% 

• Surgeons performed >12 
procedures per year & 
complications/death <3% 
among asymptomatic 
patients and <5% among 
symptomatic patients 



CREST

Brott et al. N Engl J Med. 2010 Jul 1;363(1):11-23. 



CREST

Brott et al. N Engl J Med. 2016 Mar 17; 374(11): 1021–1031.



CREST – Age Interaction

Brott et al. N Engl J Med. 2010 Jul 1;363(1):11-23. 



CREST - HRQOL



SAPPHIRE – High Risk



SAPPHIRE – High Risk

Yadav JS et al. N Engl J Med. 2004 Oct 7;351(15):1493-501 



SAPPHIRE – High Risk

Yadav JS et al. N Engl J Med. 2004 Oct 7;351(15):1493-501 



SAPPHIRE – High Risk

Yadav JS et al. N Engl J Med. 2004 Oct 7;351(15):1493-501 

P=0.053



Current CMS Coverage for TFCAS

ONE risk factor qualifies patient for CMS high surgical risk status



Halliday et al. 2021 Sep 18;398(10305):1065-1073 



Halliday et al. 2021 Sep 18;398(10305):1065-1073 



CMS NCD for Carotid Stenting

CMS opened the NCD 
for comments 
01/12/2023



What About TCAR?

Limitations of CEA
• CNI Risk
• MI Risk
• Incision length (cosmesis)

• General Anesthesia
• Procedure time
• Length of Stay
• Bleeding Risk



Proximal Protection with Flow 
Reversal

• Avoids the arch
• Proximal protection
• Protects prior to crossing
• Improved particle capture

Blood flow is 
temporarily 

reversed in the 
carotid arteries

Dynamic Flow Controller 
& Integrated 200µ Filter

High / Low / Stop

Blood flow 
is returned 

to femoral veinWorking channel for 
interventional devices

ENROUTE® 
Transcarotid Stent 

System (57cm)



Proximal Protection with Flow 
Reversal



Limitations of TF-CAS

• Previous efforts to move to a  
less invasive procedure have 
not been successful

• TCAR is different
– Avoids pitfalls experienced during 

TF-CAS
– Practices that have adopted TCAR 

have seen benefits in overall 
carotid outcomes

Crossing the 
aortic arch

Crossing
the lesionPitfalls of 

a TF 
approach



The Arch is a Source of Stroke

Study Procedure Embolic 
Protection Patients New Ipsilateral 

DW-MRI Lesions

ICSS2 CEA Clamp, backbleed 107 17%

PROFI1 Transfemoral 
CAS

Proximal occlusion 
(MoMA) 31 45%

ICSS2 Transfemoral 
CAS

Distal filter 
(various) 51 73%

PROFI1 Transfemoral 
CAS

Distal filter 
(Emboshield) 31 87%

PROOF3 TCAR Proximal clamp, 
reversed flow 56 18%

1. Bijuklic K, et al. The PROFI study (Prevention of Cerebral Embolization by Proximal Balloon Occlusion Compared to Filter Protection During Carotid Artery 
Stenting): a prospective randomized trial. J Am Coll Cardiol. 2012;59(15):1383-1389.
2. Bonati LH, et al. New ischaemic brain lesions on MRI after stenting or endarterectomy for symptomatic carotid stenosis: a substudy of the International 
Carotid Stenting Study (ICSS). Lancet Neurol. 2010 Apr;9(4):353-62. 
3. Alpaslan A, et al. Transcarotid Artery Revascularization With Flow Reversal. J Endovasc Ther. 2017 Apr;24(2):265-270
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Carotid Revascularization

Carotid 
Endarterectomy 

(CEA)

Transfemoral 
Carotid Stenting 

(TFCAS)

TransCarotid Artery 
Revascularization 

(TCAR)



TCAR Outcomes

ROADSTER (N=208)

• Prospective, single arm, multi-
center trial of TCAR Procedure 

• High surgical risk patients
– Symptomatic stenosis ≥50% 

stenosis
– Asymptomatic stenosis ≥70% 

stenosis

ROADSTER 2 (N=692)
• Prospective, open label, single 

arm, multicenter, post approval 
registry for patients undergoing 
TCAR

• High surgical risk patients
– Symptomatic stenosis ≥50%
– Asymptomatic stenosis ≥80%

Kwolek CJ et al. Vasc Surg. 2015 Nov;62(5):1227-34
Kashyap et al. Stroke. 2020 Sep;51(9):2620-2629. 

30-day stroke (ITT) = 
1.4% 

30-day stroke (ITT) = 
1.9% 



TCAR: FDA Approval

05/18/2015



Original CMS Coverage - TCAR

ONE risk factor qualifies patient for CMS high surgical risk status

HIGH RISK PATIENTS



TCAR Anatomy

• Anatomic Requirements
– >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

• Lesion Morphology
– Circumferential calcium
– Fresh thrombus

42

Contraindicated



TCAR Surveillance Project

43



TCAR Publications

44

Majority based on VQI-TSP data
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• TCAR vs. CEA
• 2016-2019
• 53,869 patients 
• Propensity matched

In-Hospital 
Outcome

CEA 
(N=6384)

TCAR
(N=6384

RR (95% CI)

Stroke/death 1.6% 1.6% 1.01 (0.77–1.33)
Death 0.3% 0.4% 1.14 (0.64–2.02)
Ipsilateral stroke 1.0% 1.2% 1.21 (0.87–1.68)
Myocardial infarction 0.9% 0.5% 0.53 (0.35–0.83)
Stroke/death/MI 2.4% 2.0% 0.85 (0.67–1.07)
Cranial nerve injury 2.7% 0.4% 0.14 (0.08–0.23)

TCAR Surveillance Project



• TCAR vs. CEA
• 2016-2019
• 53,869 patients 
• Propensity matched

TCAR Surveillance Project

HR: 1.09 (0.87-1.36)



TCAR by Symptom Status

Columbo et al. J Am Heart Assoc. 2022 Oct;11(19):e024964.

CEA vs. TCAR: HR 1.30 (1.04, 1.64)CEA vs. TCAR: HR 1.04 (0.77, 2.80)



TCAR for Octogenarians

Kibrik et al., J Vasc Surg. 2022 Sep;76(3):769-777.e2.



TCAR for Octogenarians

Kibrik et al., J Vasc Surg. 2022 Sep;76(3):769-777.e2.



TCAR for Octogenarians

Kibrik et al., J Vasc Surg. 2022 Sep;76(3):769-777.e2.



TCAR for High-Risk Patients

Zhang et al., J Vasc Surg. 2022 Aug;76(2):474-481.e3. 



TCAR for High-Risk Patients

Zhang et al., J Vasc Surg. 2022 Aug;76(2):474-481.e3. 



TCAR for High-Risk Patients

Stonko et al., JAMA Surg. 2023 Apr 12;e228384.



What About Standard Risk?



What About Standard Risk?

OR (95% CI)
Stroke

CEA Ref
TFCAS 1.60 (1.37-1.86)
TCAR 1.05 (0.84-1.31)

Death
CEA Ref
TFCAS 3.35 (2.47-4.54)
TCAR 1.58 (0.97-2.56)

MI
CEA Ref
TFCAS 1.77 (1.54-2.04)
TCAR 1.11 (0.91-1.37)

Adjusted for age, sex, 
smoking status, 
hypertension, 
diabetes, coronary 
artery disease, and 
congestive heart 
failure stage I/II

Zhang et al. J Vasc Surg. 2022 Aug;76(2):474-481.e3 



• TCAR vs. CEA
• 2016-2019
• 38,025 patients 
• Propensity matched

TCAR for Standard Risk

Liang et al., JAMA Neurol. 2023 Mar 20;e230285.



Standard Risk Approval

May, 2022



58JAMA Netw Open. 2022;5(9):e2231944. 
doi:10.1001/jamanetworkopen.2022.31944

• VQI Data
• N=108,676
• Jan 2015 to Dec 2019



59

• VQI Data
• N=108,676
• Jan 2015 to Dec 2019

CEA = 85%
TFCAS = 14%
TCAR = 1% 

CEA = 65%
TFCAS = 13%
TCAR = 22% 

TCAR use increased by 
5.3% (95% CI, 2.3%-8.3%) 

per year

ALL PATIENTS
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• VQI Data
• N=108,676
• Jan 2015 to Dec 2019

CEA = 52%
TFCAS = 46%
TCAR = 3% 

CEA = 20%
TFCAS = 25%
TCAR = 53% 

TCAR use increased by 12.6% 
(95% CI, 7.1%-18.1%) per year

HIGH RISK PATIENTS



TCAR is Dominant for High-Risk

RRR (95% CI)

High-Risk Status Year

CEA Reference Reference

TFCAS 14.1 (11.9, 16.7) 1.1 (1.08, 1.2)

TCAR 36.1 (29.4, 44.7) 2.4 (2.2, 2.7)

Multinomial regression adjusting for age, sex, race and ethnicity, insurance 
status, comorbidities (hypertension, coronary artery disease, congestive 
heart failure, chronic obstructive pulmonary disease, diabetes, and chronic 
kidney disease or hemodialysis), functional status, smoking status, high-risk 
vs standard-risk status, degree of, symptomatic status, and year of surgery.

Stonko et al. JAMA Netw Open. 2022;5(9):e2231944. 



Standard Risk Adoption

62

• VQI Data
• N=108,676
• Jan 2015 to Dec 2019

2022



TCAR Limitations

• Anatomic requirements  “cherry-picking” cases?
• Close oversight of cases by industry  ? long term 

sustainability
• Limited comparative data  data biases

– Roadster 1, 2, 3 data 
– VQI-TSP
– RCT not financially viable (likely)

• Emerging technology / applications off-IFU
– Hard to study

63



Is There Bias in TCAR Data?

64

Bias Type Description
Selection Different prognoses between groups
Channeling Treatment decision based on prognostic features
Chronology Different timing of interventions
Detection Nonuniform measuring methods
Ascertainment Different availability of data / outcomes reporting
Performance Nonuniform intervention
Publication Distorted data reporting
Optimism Underlying belief that new is better
Conflicts of Interest Competing interests



Selection & Channeling Biases

Anatomic Criteria Risk Status Med Compliance



Detection & Ascertainment Biases

Stroke Definition Data Capture Data Reporting

ROADSTER 1/2

Claims: 37215



Performance Bias

Rx Protocol New TechnologyIFU Reporting



Publication Bias

Coelho et al., Stroke. 2020 Sep;51(9):2863-2871. 

Through March 2020

High-
Quality 
Studies

• N = 0

Moderate-
Quality 
Studies

• N = 6

Poor-
Quality 
Studies

• N = 12



Optimism and COI Biases

New Technology COI

ROADSTER 1/2



TCAR vs. CEA in Practice

Clear advantage CEA
• Low bifurcation (CCA <5cm)
• Significant CCA disease
• Lesions with prohibitive calcium
• ICA diameter >9mm or <4mm
• Liquid thrombus

Clear advantage TCAR
• High bifurcation
• Hostile neck (radiation, immobility)
• Reoperative site (CEA restenosis)
• Frail patients
• (Patient prefers less invasive 

procedure)

TF-CAS

Unfavorable 
anatomy



TCAR vs. CEA in Practice

Clear advantage CEA
• Low bifurcation (CCA <5cm)
• Significant CCA disease
• Lesions with prohibitive calcium
• ICA diameter >9mm or <4mm
• Liquid thrombus

Clear advantage TCAR
• High bifurcation
• Hostile neck (radiation, immobility)
• Reoperative site (CEA restenosis)
• Frail patients
• (Patient prefers less invasive 

procedure)

Everything Else  TBD



Conclusions

• TCAR adoption has increased dramatically since 2015

• In general, TCAR > TFCAS

• TCAR = CEA for short term outcomes

– TCAR ?> CEA for high-risk & symptomatic patients

– VQI data suggests at least equivalency

• Longer term outcomes (and ideally an RCT) for CEA vs. 
TCAR needed



@CaitlinWHicks
@HopkinsSurgery

@JHHVascular

Thank You
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