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Evolution of Carotid Revascularization



Carotid Revascularization

Carotid 
Endarterectomy 

(CEA)

Transfemoral 
Carotid 
Stenting 
(TFCAS)

TransCarotid Artery 
Revascularization 

(TCAR)



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 vein
Working channel for 

interventional devices

ENROUTE® Transcarotid Stent 
System (57cm)



Why TCAR? 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

Crossing the aortic arch

Crossing
the lesionPitfalls of a TF approach



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
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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 High-Risk Patients

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.



What About Standard Risk?

May, 2022



Limitations

• Anatomic requirements
– >5cm = Working distance from clavicle to 

bifurcation (“access to lesion”)
– Circumferential calcium or fresh thrombus 

contraindicated
• Close oversight of cases by industry  ? long term
• Limited data

– Roadster 1, 2, 3 data & VQI-TSP
– No RCT

16



Clavicle CCA

Lesion

? Bad 
Geometry

Geometry



Getting the CCA Out

• Transverse or longitudinal incision between SCM heads 
immediately above clavicle

• Ultrasound to mark center
• Dissect caudal to get umbilical tape as low as possible

– PTX risk



Carotid Dissection

Posterior wall nicked by 
micropuncture needle

½ of bevel in posterior wall

Invagination –  dull 
needle

Artery ovalized by vessel 
loop

Occurs in 1.4 – 5.7% of cases (Teter JVS 2021, 
Kwolek JVS 2015



Rescue Technique

• Maintain flow reversal if possible
• Wire and microcatheter into true-lumen
• Re-puncture
• Consider transfemoral and surgical bail-outs



Soft Plaque
• CT and duplex to evaluate plaque makeup
• Aggressive target-sized pre-dilation under flow 

reversal
• No post-dilation, deliberate reversal



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)
• Significant ICA tortuosity
• Circumferential calcification

TF-CAS
Unfavorable anatomy



Conclusions

• TCAR > TFCAS

• TCAR = CEA for short term outcomes

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

– VQI data suggests at least equivalency in both high and 
standard risk outcomes

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



SAVE THE DATE
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