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These ones are not very
easy to stent…



Neither CEA nor CAS are perfect for 100 % 

of our patients



Crossing the 
aortic arch

Crossing
the lesion

Trans-Femoral 
Carotid Artery Stenting

(TF-CAS)
15 years on Market

HIGH (2x) peri-procedural stroke risk

CREST 30-day All Stroke1: 2.3% CEA vs 4.1% TF CAS

1 CREST Trial: N Engl J Med 2010;363:11-23  2 Circulation. 2012;125:2256-2264

TODAY…

CAS
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TRANSFEMORAL

CAS 
(and FILTERS) 



The terminology ” CAS” is a source
of  misunderstandings

Which EPD ?

Which stent ?

Which access route ?



WHY NOT STARTING 
YOUR RIDE IN THE 
NEAREST STATION?



Direct
TRANSCAROTID 

ACCESS

FLOW REVERSAL







Stent
Embolic 

Protection
N

Symptom 

Status

% New 

Lesions

% New Ipsi

Lesions

Wallstent (n=25)

Protégé (n=6)

Proximal Flow 

Reversal
31

Asx=39%

Sx=61%
12.5% 12.5%



TRANSCERVICAL
FLOW REVERSAL

TRANSFEMORAL 
FILTER

P

Patients with new lesions

(n, %)
4 (11,70 %) 11 (33,33 %) 0.04

Number of new lesions 4 13

Localization of new lesions
Ipsilateral: 4

Contralateral: 0

Ipsilateral: 11

Contralateral: 2

The lowest reported to 
date in a CAS experience

ICSS2 CEA
Clamp, 

backbleed
107 17%







TransCarotid Artery Revascularization 

ENROUTE® Transcarotid Neuroprotection System



Blood flow is reversed from 

the common carotid artery

Dynamic Flow Controller 

& Integrated 200µ Filter

Hi / Low / Off

Blood flow is returned 

to femoral vein

Working channel for 

interventional devices

ENROUTE® Transcarotid 

Stent System (57cm)

TransCarotid Artery Revascularization 

ENROUTE® Transcarotid Neuroprotection System



TCAR – Clinical Outcomes



ROADSTER Study
TCAR Subgroup Outcomes

*J Vasc Surg 2015;62:227-35 1 N Engl J Med 2010;363:11-23 2Stroke. 2011 Dec;42(12):3484-90
3Lancet Neurol. 2011Jun; 10(6): 530-537

ROADSTER - High Surgical Risk Patients CREST - Standard Surgical Risk Patients



Baseline Characteristics TCAR 
N=2,545

CEA
N=43,114 P-value

Age, Mean (SD) 73.1 + 9.4 70.6 + 9.6 <.001
Female 36% 39% <.01
Black 5% 5% .61
Hypertension 90% 89% .50
Diabetes Mellitus 37% 36% .52
Coronary Artery Disease 51% 27% <.001
CHF 19% 11% <.001
COPD 29% 23% <.001
Chronic Kidney Disease (GFR 
<60)

41% 34% <.001

Prior CEA/CAS 31% 15% <.001
Asymptomatic 53% 51% .37
General Anesthesia 83% 92% <.001

In-Hospital Outcomes of TCAR and CEA in the SVS-VQI TCAR Surveillance Project
Marc Schermerhorn, MD; Patric Liang, MD; Hanaa Dakour Aridi, MD; Vikram Kashyap, MD; Grace Wang, MD; 
Brian Nolan, MD; Jack Cronenwett, MD; Jens Eldrup-Jorgensen, MD; Mahmoud Malas, MD, MHS – VEITH Symposium Presentation, November 2018

TCAR Clinical Results: Real-life patients



In-Hospital Outcomes of TCAR and CEA in the SVS-VQI TCAR Surveillance Project
Marc Schermerhorn, MD; Patric Liang, MD; Hanaa Dakour Aridi, MD; Vikram Kashyap, MD; Grace Wang, MD; 
Brian Nolan, MD; Jack Cronenwett, MD; Jens Eldrup-Jorgensen, MD; Mahmoud Malas, MD, MHS – VEITH Symposium Presentation, November 2018

Unadjusted Outcomes TCAR
N = 2,545

CEA
N = 43,114 P-value

Stroke/Death 1.8% 1.4% .09

Stroke/Death/MI 2.1% 1.8% .17

Stroke 1.4% 1.2% .27

In-hospital Death 0.5% 0.3% .04

30-day Death 0.9% 0.6% .08

Myocardial Infarction 0.4% 0.4% .71

TCAR Clinical Results: Real-life patients



In-Hospital Outcomes of TCAR and CEA in the SVS-VQI TCAR Surveillance Project
Marc Schermerhorn, MD; Patric Liang, MD; Hanaa Dakour Aridi, MD; Vikram Kashyap, MD; Grace Wang, MD; 
Brian Nolan, MD; Jack Cronenwett, MD; Jens Eldrup-Jorgensen, MD; Mahmoud Malas, MD, MHS – VEITH Symposium Presentation, November 2018

Unadjusted Outcomes TCAR
N = 2,545

CEA
N = 43,114 P-value

Hemodynamic Instability
Hypertension 12% 20% <.001
Hypotension 13% 10% <.001

Bleeding with Intervention 1.4% 1.0% .05
Reperfusion Syndrome 0.2% 0.2% .54
CNI 0.2% 2.7% <.001
Operative Time, Mins, Mean 75 + 31 116 + 45 <.001
LOS, Days, Median (IQR) 1 (1-2) 1 (1-2) .34

LOS >1 day 29% 32% <.01

TCAR Clinical Results: Real-life patients





Periprocedural Stroke Rates

1,3% 1,4%

1,1% 1,0%

1,4%
1,2%

2,3%

3,6%

PROOF ROADSTER
Univ Rochester
& Stony Brook

UH, Cleveland
Multi-Center

VQI - TCAR
Surveillance

VQI - CEA
CREST

SSR
SVS HSR

REGISTRY

Stroke 1,3% 1,4% 1,1% 1,0% 1,4% 1,2% 2,3% 3,6%

High Surgical Risk Patients

PROOF: J Endovasc Ther. 2017 Apr;24(2):265-270
ROADSTER: J Vasc Surg. 2015 Nov;62(5):1227-34. The Silk Road System for Transcervical Access with Reversal of Flow to Perform  TCAR: Results of the ROADSTER Trial - VEITH, 2016
Univ Rochester & Stony Brook: Transcarotid Arterial Revascularization: First Post-Approval Safety & Efficacy Study – VAM, 2018 Poster Presentation
UH Cleveland: A Multi Institutional Analysis of TCAR Compared to CEA – VAM, 2018 Poster Presentation
VQI TCAR + CEA: In-Hospital Outcomes of TCAR & CEA in the SVS-VQI TCAR Surveillance Project – VEITH Symposium 2018 Presentation Unadjusted Outcomes – M. Schermerhorn, MD
CREST Standard Surgical Risk: N Engl J Med. 2016 Mar 17;374(11):1011-20.
SVS Registry: J Vasc Surg. 2013 May;57(5):1318-24.

n=219 n=2,545n=75

TCAR

n=1,240n=292n=88

CEA

n=43,114

P=.27

n=6,370



Can we really improve this
numbers ??



Can we really improve this
numbers with different stent 

choices ??



Which stent design is your first choice for most of your CAS patients?

1. Open cell

2. Closed cell

3. Mesh-membrane







STENT DESIGN

NEUROPROTECTION 
STRATEGY



EXCESS OF MICROEMBOLIZATION

…We are talking about a real-life
relative weakness of  CAS



Which of the following is the most important for you in terms of 
embolic protection during CAS?

1. The stent you use

2. The EPD you use



• Diffusion-weighted magnetic
resonance imaging (DW-MRI) has 
emerged as a highly sensitive (88-
100%)1-3 and specific (95-100%)4-7 

tool in detecting cerebral ischemia

1. Lovblad et al . Am J Neuroradiol 1998;19:201-. 2.Meyer et al.  Am J Neuroradiol 2000;21:1821-9. 3. Hammer et al. J Vasc Surg. 2005;42:847-
53. 4. Jaeger et al. Am J Neuroradiol. 2002;23:200-7 5. McDonnell et al. Eur J Vasc Endovasc Surg. 2006;32:46-50. 6. Rapp et al. J Vasc Surg. 
2007;45:867-72; discussion 872-4. 7. Guidelines for the early management of adults with ischemic stroke. Circulation. 2007;115:e478-534.

DW-MRI



DW-MRI: How does it work?

ACUTE ISCHEMIA

MEMBRANE DISFUNCTION

CELLULAR SWELLING



TRANSCERVICAL
FLOW REVERSAL

TRANSFEMORAL 
FILTER

P

Patients with new lesions

(n, %)
4 (11,70 %) 11 (33,33 %) 0.04

Number of new lesions 4 13

Localization of new lesions
Ipsilateral: 4

Contralateral: 0

Ipsilateral: 11
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TRANSFEMORAL GROUPS
B E.S. Wald gl P Exp(B)

CI 95 % Exp (B)

Inferior Superior

Age 1,641 ,291 4,312 1 ,003 1,122 1,021 1,041

Sex -2,156 ,211 316,621 1 ,225 1,024 0,733 1,034

Recent Symptoms 4,109 ,537 9,4535 1 ,000 4,118 1,740 9,650

Hypertension ,976 ,041 5,001 1 ,219 1,135 0,697 1,662

Hypercolesterolemia -2,337 ,347 64,423 1 ,199 ,376 0,265 1,199 

Diabetes Mellitus -4,112 ,631 43,494 1 ,422 ,776 0,239 1,746 
Previous Myocardial

Infarctation
1,413 ,438 10,415 1 ,455 4,109 0,742 9,695

Current smokers ,044 ,025 31,240 1 ,322 1,931 0,521 2,032

Peripherial arterial disease ,131 ,482 12,451 1 ,349 2,341 ,691 4,072

Preop - RANKIN -2,119 ,121 9,121 1 ,198 ,201 0,118 1,345 

Post- RANKIN 2,126 ,543 1,288 1 ,651 1,534 0,847 1,913

RANKIN difference -3,222 ,128 5,422 1 ,112 0,986 0,701 1,475

Plaque morphology 0,912 ,315 6,359 1 ,285 1,346 0,634 1,542

Predilatation 1,231 ,028 2,115 1 ,173 1,247 0,618 1,189

Stent (Open cell / closed

cell)
2,536 ,114 3,331 1 ,031 1,991 1,032 3,421 

Flow reversal time - - - - - - - -

Surgical time ,963 ,211 3,322 1 ,432 1,293 ,888 1,293

MULTI VARIATE ANALYSIS  TRANSFEMORAL GROUP
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TCAR DW MRI DATA

PROOF Study

EU PILOT MRI STUDY

ROADSTER 2 TRIAL SUBSTUDY



Do you think Mesch-Covered stents will be game-changers?

1. Yes

2. No

3. N/A



Membrane- Mesh – Not sure…



Membrane- Mesh – Not sure…

1 MOMA was used in one patient; 30-day S/D/MI = 0%

2 30-day S/D/MI = 0.9%

3 DW-MRI rate was sub-study performed at some centers- detail not provided; 30-day S/D/MI = 2.1%

4 % new lesions was reported for only those that had ipsilateral lesion; bilateral lesions were not included (hence manually calculated); 
30-day S/D/MI = 3.0%

Study Procedure Stent
Embolic 

Protection
N

Symptom 
Status

% New 
Lesions

% New Ipsi
Lesions

Avg Lesion 
Volume

CARENET TF-CAS CGuard Distal Filter1 30
Asx=66%
Sx=33%

NR 37% 0.039

PARADIGM2 TF-CAS CGuard
Proximal (46%)

Distal (54%)
101

Asx=45%
Sx=55%

NR NR NR

CLEAR-
ROAD3 TF-CAS Roadsaver

Distal (48%)
Proximal (10%)

None (32%)
100

Asx=69%
Sx=31%

40% NR NR

IRON-
GUARD

TF-CAS CGuard NR
165 Total

61 DW-MRI
NR 19%4 30%4 NR

Krakow TCAR CGuard
Proximal Flow 

Reversal
11

Asx=45%
Sx=55%

9.1% 9.1% NR

PROOF TCAR

Wallstent
(n=36)
Precise 
(n=13)

Other (n=7)

Proximal Flow 
Reversal

56
Asx=82%
Sx=18%

23.4% 17.9% 0.171



In conclusion…

1. Microembolization is inherent to any carotid stent intervention

2. Both stent design and neuroprotection strategy impact outcomes

3. The choice of the neuroprotection strategy is crutial in terms of 
clinical and subclinical outcomes

4. TCAR is associated with excellent clinical results, and the stent used
shows no impact



The stent choice in TCAR
Does (not) Matter! 
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