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BACKGROUND 

• For the last 20 years 
investigators have been 
comparing stenting versus 
surgery regarding effectiveness 
and safety treating carotid 
artery stenosis 

 

• At present more carotid 
revascularization procedures 
are performed via 
endovascular approach 

 

Roffi M, Mukherjee D, Clair DG. Carotid artery stenting vs. endarterectomy. Eur Heart J 2009;30(22):2693–704 







BACKGROUND 

• Trials and Registries showed us interesting 
data that could affect the outcomes of the 
procedures 

 

– Patient selection 

– Clinical presentations 

– Operators expertise 

– Protection devices 
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Patient Selection 



Patient Selection 



Background 

• Current American Heart Association/American 
Stroke Association guidelines, published in 
2006, state that CAS is reasonable when 
performed by operators with established 
periprocedural morbidity and mortality rates 
in the 4% to 6% range. 





Events in Registries 

Thirty-Day Death/Stroke Rates in CAS Registries Enrolling More Than 
1,000 Patients 
           Death/Stroke  
     Overall   Symptomatic  Asymptomatic  
        Patients   Patients 

  
 CAPTURE  5.7%   10.6%    4.9% 
 CASES PMS  4.5%   NA     NA 
 PRO-CAS  3.6%   4.3%    2.7% 
 SAPPHIRE-W  4.0%   NA     NA 
 SVS    NA    NA     NA 
 EXACT   4.1%   7.0%    3.7% 
 CAPTURE 2  3.4%   6.2%    3.0% 





CREST 
CREST (Carotid Revascularization Endarterectomy vs. Stenting Trial) 

 2,502 patients 

   symptomatic (n = 1,321) 

   asymptomatic (n = 1,181) 

 

Randomized CAE or CAS at 117 centers in the USA and Canada 

over 9-years 

 

Average age of 69 years, received neurological exams and best medical 
therapy and risk factor management  

 

Follow-up was out to 4 years (median 2.5) 

 

 

 
Brott TG, Roubin G, Howard G, et al. Randomized carotid revascularization endarterectomy vs stenting trial (CREST): Primary results. 
Presented at: American Stroke Association International Stroke Conference; February 26, 2010; San Antonio, TX  



CREST Outcomes 

       CAS   CEA   HR (95% CI) 
Primary Endpoint   7.2%  6.8%  1.11 (0.81-1.51) 
≤ 4 Yearsa 
 
Periprocedural    5.2%  4.5%  1.18 (0.82-1.68) 
Complicationsb 

 
 
a Primary Endpoint, any stroke, MI, or death within 30 days plus 
subsequent ipsilateral stroke 
 
b Periprocedural Complications, any periprocedural stroke, MI, or 
death. 





CREST Periprocedural MI and Stroke 
 

    CEA   CAS   HR (95% CI)       P Value 

Stroke  2.3%  4.1%  1.79 (1.14-2.82)   0.01 

 

MI    2.3%  1.1%  0.50 (0.26-0.94)   0.03 

 

 

Stent patients experienced more strokes and fewer MIs 
in the peri-procedural period than did surgery patients  



CREST “Strokes” 

• Minor stroke 2.7% for CAS vs. 1.4% for CEA 
 

• Major stroke 1.4% for CAS vs. 0.8% for CEA (p > 0.05) 
 

• Stroke and death in the surgical and stent groups was the 
lowest ever reported in a large stroke prevention trial 

 

• At 4-year follow-up, recurrent event rates were low in both 
groups: 2.0% for CAS, 2.4% for CEA 



“Expert Comments” CREST Strokes 

• Most Strokes Were Non-Disabling 
 
• The incidence of major strokes and death between the CEA and 

CAS groups “was comparable” 
 
• Non-disabling strokes caused numbness or weakness that resolve 

few days later 
 
• “Minor strokes are comparable to a surgical cranial nerve palsy. It’s 

a minor deficit that typically goes away” 
 
• The rate of cranial nerve palsy in the CEA was 4.7%, compared with 

0.3% in CAS group (P < 0.001) 
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–Clinical presentations 
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Operators expertise 

• Higher annual operator volume of carotid artery 
stenting is associated with benefits 

– lower post-operative mortality, fewer complications, 
shorter length of hospitalization, and reduced cost 

 

• Symptomatic Patients & Low-Volume Operators 
Fare Worse 

 

Badheka AO, Chothani A, Panaich SS, et al. Impact of symptoms, gender, co-morbidities and operator volume 
on outcome of carotid artery stenting (from the Nationwide Inpatient Sample [2006-2010]). Am J Cardiol. 2014  



   Predictors of Mortality & Complications after 
CAS 

 
        OR   95% CI    P 
Value 
  
 Female vs Male    1.47   1.23-1.76   < .001 
 
 Symptomatic vs    2.17   1.78-2.65   < .001 
 Asymptomatic 
 
 Operator Volume of    0.74   0.59-0.92   .01 
 5-13 Procedures/Year vs < 5 

 
 Operator Volume of   0.70   0.54-0.91   .01 
 14-68 Procedures/Year vs < 5 

 

Badheka AO, Chothani A, Panaich SS, et al. Impact of symptoms, gender, co-morbidities and operator volume 
on outcome of carotid artery stenting (from the Nationwide Inpatient Sample [2006-2010]). Am J Cardiol. 2014  



Operators expertise 

• Higher annual operator volume remained an independent 
predictor of lower post-procedural mortality and 
complications 

 

• Common complications reported 
– Iatrogenic stroke (1.6%) 

– Cardiac complications post-procedure (2%) 

–  Vascular (3.7%) complications  

– Renal complications (0.1%)  

– 0.8% requiring transfusion due to postoperative hemorrhage 

Badheka AO, Chothani A, Panaich SS, et al. Impact of symptoms, gender, co-morbidities and operator volume 
on outcome of carotid artery stenting (from the Nationwide Inpatient Sample [2006-2010]). Am J Cardiol. 2014  



Operators expertise 
• Any post-procedural complication was associated with an average increase 

in LOS of 2.48 days (P < .001) and an increase in hospitalization costs of 
$7,466 (P < .001) 

 

• Compared with those who were asymptomatic, symptomatic patients had 
hospital stays that were on average 1.3 days longer (P < .001) and $3,223 
more costly (P < .001) 

 

• Higher annual operator volume predicted shorter LOS (1.11 days shorter 
for operators with 5-13 annual procedures, 1.17 days shorter for operators 
with 14-68 cases) as well as reduced hospitalization cost ($2,956 less for 
operators with 5-13 annual procedures, $2,778 less for operators with 14-
68 cases) 

Badheka AO, Chothani A, Panaich SS, et al. Impact of symptoms, gender, co-morbidities and operator volume 
on outcome of carotid artery stenting (from the Nationwide Inpatient Sample [2006-2010]). Am J Cardiol. 2014  



Operators Expertise 
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Protection Devices 
Distal Protection devices Proximal Protection Devices 







Proximal protection devices could be the first 
choice for most carotid artery stenting 

procedures? 















Evaluation of proximal protection devices could be the 
first choice for most carotid artery stenting procedures 

 
Frankfurt CardioVascular Center (Dr Sievert) 124 consecutive patients 
undergoing carotid angioplasty with proximal protection 
 
First 92 patients received the Gore Flow Reversal System (WL Gore; 
Flagstaff, AZ) 
 
Next 32 pts received the Mo.Ma Ultra System(Medtronic; Minneapolis, 
MN) 
 
21% of the population presented a symptomatic lesion 

 
Predilation was necessary in 33.1% of lesions 

Hornung M et al. EuroIntervention. 2014  



Evaluation of proximal protection devices could be the 
first choice for most carotid artery stenting procedures 

The primary end point, a combination of new transitory ischemic accident 
and minor or major stroke within 30 days, was observed in one patient only. 
 
Stroke rate of 0.08%  
 
The patient had no procedural complications but suffered a stent thrombosis 
9 days after discharge 
 
Transitory neurological symptoms due to intolerance of antegrade flow 
interruption were observed in 10 patients (8.1%), but were promptly and 
completely solved once flow was reestablished 
 
Only 2 patients were not able to benefit from the proximal embolic 
protection device. None of these patients presented neurological 
complications 

Hornung M et al. EuroIntervention. 2014  





• Reasons for the superiority of proximal to 
distal protection, less lesion manipulation only 
after embolic protection and more complete 
protection with flow reversal 



“Wrap-Up” 

 

–Patient selection 

–Clinical presentations 

–Operators expertise 

–Protection devices 



•GRACIAS!!!!!!!!! 


