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Why do we need any more trials?



Question

• At 10-year follow-up in CREST, the combined stroke 

and death rate was:

• A. Significantly lower in the CEA compared to the 
CAS group

• B. The same in the CAS and CEA group

• C. Significantly higher in the CEA compared to the 
CAS group

• Ans:    A



CREST

• Periprocedural stroke or death and subsequent 
ipsilateral stroke

• 11.9% versus 7.9% (HR 1.37 p=0.04)

Rosenfield et al. NEJM March 2016 Vol 374 No. 11



Question

•In CREST, at latest reported follow-up, 
compared with CEA, the MI rate with CAS 
was:

•Ans LOWER



CREST: Initial follow-up

Brott et al. N Engl J Med 2010;363:11-23.



CREST data is not unique…

Sardar et al. JACC 2017



JACC 2017 meta-analysis

Sardar et al. JACC 2017



JACC 2017 meta-analysis
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Risk of stroke



Sardar et al. JACC 2017

JACC 2017 meta-analysis



CREST data is not unique…

Sardar et al. JACC 2017



ACT-1



Why do we need any more trials?
Because 
we can and must do better!
If we want to perform acute stroke 
intervention which has a demonstrated 
dramatic effect on neurologic outcome we 
need to become proficient with a procedure 
(CAS) the benefit of which compared to 
alternative (CEA) has not been conclusively 
shown 



What prevents the more widespread use of 
carotid stenting?

Aortic arch 

manipulation

Plaque protrusion/periprocedural and 

postprocedural stroke

Lesion crossing

Postdilatation
Filter pore size

Transcervical carotid 

access/radial access

Double mesh stents/new 

open cell stents

Proximal protection

Smaller filter pores



What prevents the more widespread use of 
carotid stenting?

New stent 

design?

Proximal or 

new distal 

protection 

devices?

Antiplatelet 

therapy and high 

dose statins/PCSK 

9?



What causes periprocedural strokes?

• Plaque embolization during arch manipulation

• Direct carotid access

• Radial access (right)

• Operator experience

• Plaque embolization during lesion crossing

• Proximal protection

• Plaque embolization during balloon inflation and stent deployment

• Stent design

• Proximal and distal protection

• Plaque protrusion and embolization and thrombus formation after completion 
of the procedure

• Stent design Open cell area >7.5mm2 , timing

• Antiplatelet therapy



Open cell design

• SPACE-1

• ICSS



Plaque protrusion



Trials with new stent technology

• CAS with double layer stents

• Roadsaver (Terumo)

• CGUARD (InspireMD)

• Gore Carotid stent (Gore)

• Open cell design with small cell area (MER-stent)

• CAS with hybrid stents

• Cristallo Ideale (Medtronic)

The theoretical advantages of these 

“ultra-closed” stents: Reduction of 

intraprocedural AND, by preventing 

plaque protrusion, post-procedural 

cerebral embolism



Roadsaver

Frame: Braided closed cell

Braided nitinol mesh:375-500 micron 

pore size, inside the frame



Roadsaver

EuroIntervention 2016;11



Trials with new technology

• Roadsaver

• Prospective study

• 100 pts, 31% symptomatic

• EPD 58%

• 30-day MAE 2.1% (1 MI->death, 1 [minor] stroke)

EuroIntervention 2016;11



CLEAR ROAD

Peters LINC 2017



Roadsaver

• Multicenter trial (3 centers in Italy)

• N=150

• Proximal protection 41%, distal protection 59%

• Technical success 100%

• 30-day stroke rate: 0%

• Plaque prolapse detected in 7.7% of patients

• Stent patency at 30 days by ultrasound 100%

Eurointervention 2016;12:e677-683



Roadsaver

• Single center study

• N=40

• Symptomatic stenosis in all

• Proximal protection in 27, distal in 14

• Technical success 100%

• One minor stroke (after carotid artery engagement)

• One TIA

Machnik et al. Adv Interv Cardiol 2017; 13, 2 (48): 130–134



Trials with new technology

• Roadsaver

• Single center study

• 23 pts, 61% symptomatic

• Distal EPD used

• MRI lesions 30.4% at 24 hours (all asymptomatic)

• MRI 30-day complete resolution 

• 6 months no adverse cardiac or cerebral events

Ruffino et al. Cardiovasc Intervent Radiol (2016) 39:1541–1549



C-Guard

Open cell

Mesh: PET single fiber knitted: 150-

180 micron pore size, outside the 

frame

High radial force



Trials with new technology
• CGUARD (InspireMD, Boston, MA, USA)

• Inner open cell nitinol

• Outer closed cell PET

• Initial experience (N=30)

• Symptomatic patients

• No stroke up to 6 months

• CARENET trial

• Multicenter non-randomized study

• N=30

• No stroke at 30 days

• 48 hour new ipsilateral ischemic lesions in 37% MRI

• At 30 days all but one resolved (one new)

Am Coll Cardiol Intv 2015;8:1229–34



Trials with new technology
• PARADIGM

• Inner open cell nitinol

• Outer closed cell PET

• Prospective non-industry funded

• N=101 (54% symptomatic)

• Distal protection 54%, proximal protection 46%

• 0.9% minor stroke at 30 days

• No major strokes

Eurointervention 2016;12:e658-670



C-Guard IRON-Guard Study

Eurointervention 2018;13:1774-1720



• Prospective multicenter study

• 200 consecutive patients 

• Distal embolic protection 91%

• Technical success 100%

• No periprocedural death, MI or major stroke

• 2 TIAs and 5 periprocedural minor strokes (2.5%)

• No external carotid occlusion

• New postprocedural DW-MRI defects in 19.6%

C-Guard IRON-Guard Study

Eurointervention 2018;13:1774-1720



Gore Carotid stent

Gray LINC 2018

Open Cell nitinol frame and 500 

micron PTFE lattice, coating with 

CBAS bioactive heparin coating



SCAFFOLD

Gray LINC 2018



SCAFFOLD

Gray LINC 2018



Meta-analysis double layered stent

Catheter Cardiovasc Interv. 2018;91:751–757



Meta-analysis double layered stent

Catheter Cardiovasc Interv. 2018;91:751–757



SMALL CELL OPEN CELL 
(MER-) STENT OCEANUUS 

CELL AREA (6.2 

mm2)

Pienziazek LINC 2018

?



MER stent:L OCEANUS

Pienziazek LINC 2018



MER stent: OCEANUS

Pienziazek LINC 2018



MER-stent: OCEANUS

• N=100

• 30-day

• 1 stroke at day 4

• Death: 0

• MI: 0

• Edge dissection requiring additional stent: 1 patient

Pienziazek LINC 2018



MER-stent 6 months: OCEANUS

Pienziazek LINC 2018



Plaque protrusion/prolapse and stent 
malapposition

• De Donato et al.



Plaque protrusion: does it matter?

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 10, NO. 8, 2017



Plaque protrusion: does it matter?

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 10, NO. 8, 2017



Open versus closed cell design

EuroIntervention 2016; 12:e265-270



Proximal versus distal embolic protection meta-
analysis

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 7, NO. 10, 2014



Proximal versus distal embolic protection 
meta-analysis

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 7, NO. 10, 2014

Incidence of new (DW-MRI) ischemic brain lesions after CAS



Proximal versus distal embolic protection 
meta-analysis

Texakalidis et al. CRM 2017

New DW-MRI brain lesions after CAS



Direct carotid access: Why?

Malas wet al. J Vasc Surg 2017;65:916-20



Direct carotid access: How?

Malas wet al. J Vasc Surg 2017;65:916-20



Direct carotid access

Malas wet al. J Vasc Surg 2017;65:916-20



ROADSTER

J Vasc Surg 2015;62:1227-35.)



ROADSTER

J Vasc Surg 2015;62:1227-35.)



ROADSTER

J Vasc Surg 2015;62:1227-35.)



ROADSTER
One death at day 15 from MI after pneumonia and diabetic 

ketoacidosis, one death from respiratory complications in an elderly 

woman with prior respiratory co-morbidities

One minor stroke during procedure, one evening of the procedure, 

second within 48 hours

One-year follow-up: 

ipsilateral stroke 0.6%

Malas et al.  Journal of Vascular Surgery 2018; January, Volume 67, issue 1

J Vasc Surg 2015;62:1227-35.)



ROADSTER-2

• Open label 

• Single arm

• Postapproval

• Planned enrollment: 600 (up to 100 sites)

• Primary endpoint: procedural success



ROADSTER-2

• Interim analysis presented at LINC 2017

Schneider at LINC 2017



ROADSTER-2

Schneider at LINC 2017



ROADSTER-2

Schneider at LINC 2017



ROADSTER-2

Schneider at LINC 2017



PROOF
• N=75

• 16% symptomatic

• 40% with contralateral stenosis

• 5 patients with transient intolerance to flow reversal

• Mean flow reversal time 19.1 min

• 17.9% of patients had DW-MRI defects

• No death/major  stroke at 30 days

• One minor stroke

Alpaslam et al. Journal of Endovascular Therapy 2017, Vol. 24(2) 265–270



PROOF

Alpaslam et al. Journal of Endovascular Therapy 2017, Vol. 24(2) 265–270



Integrated embolic protection (Paladin 
balloon, Contego Medical)

• Balloon with incorporated filer using ultra-small pores

40 micron filter



Integrated embolic protection (Paladin balloon, 
Contego Medical)

Ravish Sachar LINC 2018



Integrated embolic protection (Paladin 
balloon, Contego Medical)



PALADIN study

• PI Thomas Zeller, Horst Sievert

• N=106

Ravish Sachar LINC 2018



PALADIN

• 30-day results

Ravish Sachar LINC 2018



PALADIN

• Substudy

• N=30, DW MRI

• New ischemic lesions 37%

• Ipsilateral 27%

• Average number of new lesions per patient 0.5

Ravish Sachar LINC 2018



CREST-2

• Ten-year follow-up from the CREST trial and 5-year follow-up from 
the ACT I study, presented at the 2016 International Stroke 
Conference, showed that CAS holds up well over the long term 
against CEA in asymptomatic and symptomatic patients with severe 
carotid stenosis. Neither of these trials assessed how 
revascularization compares to medical therapy alone.

• CREST-2, launched in late 2014, aims to answer that question. 
However, its unusual, two-arm design may preclude direct 
comparisons between stenting and surgery. The trial is enrolling 
patients who have ≥ 70% asymptomatic stenosis, with a primary 
endpoint of any stroke or death within 44 days of randomization or 
ipsilateral ischemic stroke thereafter up to 4 years.



CREST-2

• seeks to enroll 2480 participants, 40% women and 
12% minorities. Patients are eligible to participate 
if they are ≥35 years, have narrowing (≥70%) of at 
least 1 of their carotid arteries, no medical history 
of ipsilateral stroke or TIA within 180 days of 
randomization in the distribution of the target 
artery, carotid stenosis that is treatable with CEA or 
CAS, and lack other serious medical conditions. 



• As of December 2016, the registry included 84 
approved sites and 164 approved interventionists, 
with more than 1,300 patients enrolled. By 
December 2017, there were nearly 2,200 patients. 
Overall, fewer than half of operators who expressed 
interest in the registry were allowed to participate.



50% mark



•The primary outcome in CREST-2 is the 
proportion of patients who experience the 
composite end point of any stroke or death 
within 44 days of randomization or ipsilateral 
stroke ≤4 years thereafter. 



Randomised trials of treatment for carotid 
stenosis

BMT vs CEA Asymptomatic ACAS, ACST

Symptomatic NASCET, ECST,

CEA vs CAS Symptomatic EVA3S-2008,
SPACE-2008

ICSS-2010

CEA high risk SAPPHIRE-2004,
Any risk CREST -2010,
Asymptomatic ACT-1-2016

BMT vs BMT+CEA vs BMT +CAS

Asymptomatic ACST2, CREST2

Any risk ECST 2



ECST 2 & ACST 2

• ECST-2 and ACST-2 both seek to recruit patients with 
asymptomatic carotid artery stenosis, but the trials are not 
competing for patients because the questions they ask are 
different and complementary. ACST-2 is recruiting patients 
in whom it has been decided that revascularisation of 
asymptomatic stenosis is definitely required, but the 
clinicians are uncertain whether stenting or 
endarterectomy should be used. Patients in ACST-2 are 
therefore randomised between carotid endarterectomy and 
stenting. ECST-2 is recruiting patients with asymptomatic or 
symptomatic carotid stenosis in whom the clinicians are 
uncertain whether revascularisation is required. Patients in 
ECST-2 are randomised to immediate revascularisation or 
initial optimised medical management alone. All the 
patients in both trials will have appropriate medical 
management.



ACST 2

ECST 2

30 May 2017: 247 patients 

randomised at 28 Centres



Conclusion

• CEA will remain the first choice as long as the 
stroke rate remains higher with CAS

• Newer technology suggests that we can reach a 
stroke rate similar to CEA (while avoiding the 
surgical risks [cranial nerve injury/periprocedural 
MI])

• Need a randomized trial with new technology to 
prove equivalency of CAS to CEA



•Newer technologies may further 
improve CAS outcomes but [they] 
do not replace good CAS technique 
and judgement




