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CAS Indication - Guidelines

Current guideline endorsements of CEA and CAS 
are mainly based on trials in which patients were 

randomized 15 to 35 years ago !



Key points for a successful CAS

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience



Age

1196 CAS-CEA  

- Age was significantly 
associated with the risk of 
stroke and death

- The lower risk after CAS 
versus CEA in patients up to 68 
years of age was not 
detectable in older patients

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience



Gender

1065 CAS- 1131 CEA 

2004-2009 

Women with carotid stenosis 
(whether symptomatic or 
asymptomatic) might have 
favourable early and late 
outcomes from CAS with 
complication rates similar and 
even lower than those 
attained with CEA

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience

Ipsilateral stroke Restenosis



Previous Symptoms

21 registries;
More than 
1.500.000 
procedures

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience

Comparable 
Stroke/death rates 
for “average risk” 
asymptomatic 
patients 
undergoing CAS 
and CEA



Previous Symptoms

21 registries;
More than 
1.500.000 
procedures

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience

Worse 
Stroke/death rates 
for symptomatic 
patients 
undergoing CAS 
compared to CEA



Anatomical Issues

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience



Plaque characteristics

soft plaqueCalcified plaque



Arch pathology



Effect of Statins

1083 CAS  (2004-2009)

- Statins use is associated with decreased perioperative and late ischemic strokes 
risk  and lower mortality rates in patients undergoing CAS

- Statins therapy should be considered part of the BMT in current CAS practice

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience



Last Generation Hybrid Room

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience





Protection Device

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience





Protection Device

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience

National quality assurance 
database  
13.086 CAS
2009-2014

The use of CPD was 
independently associated 
with lower in-hospital 
risk for stroke or death



Protection Device

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience

3160 CAS
1997-2006

No difference in
procedural adverse 
neurological events 
observed for any of
the CPDs or types of 
CPDs



Stent configuration

1368 CAS  (2005-2012)

- The use of conic stents appears to be associated with similar perioperative 
results when compared with straight stents

- Late outcomes suggest a lower risk of late neurological events in patients with 
conical shape stents

Log rank test: p=0.027 Log rank test: p=ns

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience



Stent configuration

3179 CAS

In the symptomatic 
population post-
procedural complication 
rates are highest for the 
open cell types and 
increase with larger free 
cell area

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience



Multi-layered Stent



2001 2002 2003 2004 2005 2006
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2001-2003:    3.1%

2004-2006:    0.9%

p=0.047, OR 3.2

Perioperative major stroke & death /year

Learning Curve

627 CAS

2001-2006

First study interval independent 
predictor of stroke 
(HR, 3.68; 95% CI, 1.49-9.01; P=.005)

The effect of the learning curve 
related to technical expertise and 
patient selection may influence the 
results of CAS

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience



Training

1026 CAS

2006-2012

No differences in term of stoke/death
between the two teams

- Institutional experience is a primary 
factor driving outcomes of CAS
- Effective team-working approach 
can reliably improve the training of 
new trainees preserving CAS safety 
and efficacy

• Patient selection

• Medical treatment

• Intra-operative imaging 

• Protection device 

• Stent

• Operator experience



Perugia CAS experience 
January 2001- June 2016

2069 CAS

2004-2016

1853 CAS

Learning Curve 2001-2004

199 CAS

No crossing

17 



Population

Characteristics n. %

Age Mean 71.1 ± (SD 7.2)

Male gender 1285 69.3

Hypertension 1446 78

Diabetes 506 27.3

CHD 440 24

Symptoms 338 18.2

Stroke 180 9.7

Contralateral Occlusion 148 8

Statins 1134 61.2

Double antiplatelet 1764 95.2



Backward stepwise logistic regression
(Male gender, symptoms, diabetes, hypertension, tapered stent, close cell, double antiplatelet, >80 yrs, statins)

Independent predictors of perioperative Stroke  

Perioperative Results
Endpoint n. %

Stroke 35 1.9

Asymptomatic 24 1.6

Symptomatic 11 3.2

Death 1 0.05

OR 95% C.I. p

Statins 0.423 0.225 - 0.794 0.007

Prev. Symptoms 2.594 1.331 – 5.054 0.005



Mean F-U 45 (± 27,7) months

Late Results

Months 12 24 36 48 60 72 84 96 108 120 132 144 156

% 99,8 99,4 99,2 98,9 98,6 98,6 98,6 97,9 97,9 97,9 97,9 97,9 97,9

N. at risk 1698 1344 1315 912 633 633 633 132 132 132 132 132 132

Freedom from late stroke

Months

98%



Mean F-U 45 (± 27,7) months

Late Results
Survival

Months

51%

Months 12 24 36 48 60 72 84 96 108 120 132 144 156

% 98,3 95,7 92,5 88,8 86,2 84,8 81,5 79,6 78,4 76,1 70,4 63,7 50,8

N. at risk 1654 1343 1031 771 471 318 150 125 64 34 24 19 9



Mean F-U 45 (± 27,7) months 

Late Results
Freedom from Restenosis

Months

94%

Months 12 24 36 48 60 72 84 96 108 120 132 144 156

% 99,3 99,1 98,8 98,6 98,3 97,9 96,6 96,6 96,6 93,8 93,8 93,8 93,8

N. at risk 1685 1413 1182 809 567 285 140 140 140 34 34 34 34



Cox regression analysis
(Male gender, symptoms, diabetes, hypertension, tapered stent, close cell, double antiplatelet, >80 yrs, statins)

Independent predictor of late Stroke  

Late Results

OR 95% C.I. p

Prev. Symptoms 5.07 1.46 – 17.53 0.01

Independent predictors of late Death

OR 95% C.I. p

Male gender 1.62 1 – 2.65 0.05

Prev. Symptoms 2.43 1.54 – 3.83 <0.001

Age > 80 yo 2.4 1.32 – 4.33 0.004



With increasing experience and material refinements CAS represents 
today a valid alternative option to CEA in selected cases

Individual clinical judgment should be applied, allowing...
...a perfectly tailored strategy

CAS:
What have we learned?


