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Can patients with carotid stenosis be 
identified as at risk for stroke? 

• Classically risk is assigned by: 
– Clinical syndrome 

• Recently symptomatic  >> asymptomatic 
– Stenosis severity 

• Regardless of symptom status, risk increases with stenosis 
grade 

 
• Attempts to further stratify risk in the 

asymptomatic population have included: 
– Plaque characterization --Intracranial signaling 
– Cerebrovascular reserve --Clinical comorbidities 

 



Plaque characterization: 
In search of the “loaded gun” 

Fat-suppressed T1 Fat-suppressed T2 

Intra-plaque 
hemorrhage 



Potential importance of carotid plaque morphology 

• Key factors in advanced plaque relating to activity 
• Condition of the fibrous cap/TCFA 
• Size of the necrotic core/dynamism 
• Degree of intra-plaque hemorrhage/neogenesis 
• Extent of inflammatory activity/apoptosis/proteolysis 

 
• May have relevance in: 

• Natural history of plaque and stroke 
• Impact of medical therapy 
• Selecting the at-risk asymptomatic patient for 

revascularization, and identifying the low risk patient 
• Selecting revascularization method 

 



Contrast-enhanced ultrasound 
correlates with histology 

Hoogi A et al. AJR 2011; 196:431–436 

Definity IV injection 

Lipid pools 

Intraplaque vessels 



MRI plaque characterization 

Fat-suppressed T1 Fat-suppressed T2 

Source image TOF MRA Masson-Trichrome 

Watanabe Y et al. Neuroradiology (2010) 52:253–274 

TOF MRA 

Lipid core 

TOF source image Fat-suppressed T1 Fat-suppressed T2 



Assessment of inflammation: 
18F-FDG (Fluorodeoxyglucose) PET  

Hermus L et al. Eur J Vasc Endovasc Surg (2010) 39, 125e133 

Coronal view of a 50-70% symptomatic stenosis of 
the internal carotid artery on the left side in a 77-year-old 

male patient as shown by FDG-PET-CT imaging.  



Virtual histology has a weak 
correlation with captured CAS debris 

Inglese L et al.  J Cardiovasc Surg 2009;50:735-44 
Matsumoto S et al. Cerebrovasc Dis 2010;29:468–475 



Plaque echogenicity not predictive  
outcomes in asymptomatic patients 

AbuRahma AF et al. J Vasc Surg 2002;36:437-42. ACST Collaborative group, LANCET 2004; 363:1491-1502. 

Confidence intervals would 
likely negate any perceived  

effect of plaque  characterization  



Plaque echogenicity not predictive  
outcomes in asymptomatic patients 

Gronholdt M-LM et al. Circulation 2001; 104: 68-73. 

5-year risk of stroke: 16%  



Carotid stenosis progression  
predicts stroke 

Study Follow-up 
Duration 

(Yrs.) 

Rate of Ipsilateral TIA/Stroke 

Disease 
Progression 
(to >80%) 

No Disease 
Progression 

Roederer et al. 
 
Mansour et al. 
 
Mackey et al. 
 
Muluk et al. 

3.0  
 

3.7  
 

3.6  
 

2.3 

46% 
 

37.5% 
 

19.2% 
 

21.0% 

1.5% 
 

4.2% 
 

2.9% 
 

11.9% 



Perspectives on plaque characterization 
and stroke event prediction 

• In asymptomatic carotid stenosis, per annum rates of stroke events 
either with natural history (~2%-4%) or post-CEA or CAS (1.0%-
1.5%) low 
 PROSPECT coronary analogue 

 
• Any advanced plaque imaging modality with meaningful clinical 

utility would require a: 
 High positive predictive value for a given marker(s) within a 

clinical relevant time window 
 

• There are currently no clinical population-based predictive data 
to drive decision-making based on advanced plaque 
characterization in asymptomatic patients  

years 

PROSPECT  



Clinical predictors of high(er) stroke 
risk in carotid stenosis 

• Contralateral hemisphere events 
 

• Renal dysfunction 
 

~13% 

Eur J Vasc Endovasc Surg 2005;30:275-84 



Intracranial signaling: 
Asymptomatic infarction on CT scans identifies a 

high(er) risk group 

Spence JD et al. Stroke. 2005;36:2373-2378  

~20% 



Intracranial signaling: 
Cerebrovascular reserve predicts stroke 

incidence in small pilot studies 

Study ICA 
stenosis Method Sample Size 

Annual 
Stroke 

Risk (%) 

Yamauchi  1992 >70% PET  40 57 

Gur 1996 >70% TCD 44 10.5 

Vernieri 1999 Occlusion TCD 42 11.9 

Silvestrini 2000 >70% TCD 94 13.9 

Marcus 2001 >70% TCD 59 3.8 

Marshall 2003 >80% or 
Occlusion TCD 35 20 



Carotid stenosis remains the most relevant and  
reliable predictor of stroke outcomes 

Stroke. 2006 Nov;37(11):2696-701.  



Conclusions regarding risk stratification of 
patients with asymptomatic carotid stenosis 

• Additional stroke risk may predicted by: 
 Stenosis severity  Asymptomatic emboli 
 Stenosis progression  Co-morbidities: 
 Cerebrovascular reserve      -Renal insufficiency 
 Plaque characteristics      -Contralateral symptoms 
 

• However randomized control studies to date have 
selected patients based on stenosis severity and 
symptom status, and have excluded co-morbidities. 
 Other potential predictors of increased risk have not been 

systematically studied 
 

 Most importantly, the concept of the “low risk” 
patient has not clearly been defined, nor identified 
 
 



Can the carotid patient be identified as 
high risk for surgery? 

 



High surgical risk patients are defined as 
having higher than expected death/stroke 
Symptomatic carotid stenosis: <6% CEA stroke and death rate 

Asymptomatic carotid stenosis: <3% CEA stroke and death rate 

• Contralateral CEA within 
previous 4 months 

• Uncontrolled hypertension or 
diabetes 

• Organ failure likely to cause 
death within 5 years 

• Total occlusion 
• Major surgical procedure in 

previous 30 days 
• Prior severe CVA 
• Progressing neurologic 

syndrome 
 

• Age>79 
• Prior ipsilateral CEA 
• Unstable coronary syndrome 
• Myocardial infarct in previous 6 

months 
• Cardiac valvular or rhythm 

abnormality likely to cause 
embolic cerebrovascular 
symptoms 

• Contralateral occlusion 
• A more severe lesion cranial to the 

surgical lesion 

NASCET and ACAS Exclusions 



Assessing CEA outcomes in  
high surgical risk patients 

There are no randomized trials  
in high surgical risk patients  

to guide recommendations for therapy 
 

Any realistic assessments of CEA outcomes would be 
required to be neurologically controlled/audited 

(increases stroke rates 2-3 fold) 



>100,000 Medicare patients 

Wennberg, et al., JAMA, 279: 1278-1281, 1998 

Post-trial CEA outcomes suggest results not 
generalizable to non-trial patients 
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High surgical risk CEA: 
Increased risk of stroke/death 

• Age >75 years: 7%-10% 
• Congestive heart failure: 8%-9% 
• Co-existent CAD requiring bypass surgery: 8%-10% 
• Contralateral carotid occlusion: 

– ACAS – 2% increase over medical therapy 
– NASCET – 14.3% 

• Prior CEA and recurrent stenosis: 8%-10%  
– Mayo Clinic 
– Cleveland Clinic 

•  Renal insufficiency: 
– Cr >1.5 mg%: 8.2% 
– Cr >2.9 mg%: 43%  

Daily PO et al. J Thor Cardiovasc Surg; June 1996:111(6), 1185-93 
Goldstein LB et al. Stroke April 1998:29(4), 750-53 

Wong JH et al. Stroke May 1997; 28(5), 891-98 
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Patients at high risk for CEA 

 
Both observational and randomized data 

strongly suggest that not only that there are 
patients who are at increased risk for CEA, but 

also that such patients can be reasonably 
identified by medical and surgical comorbidities 



Do the data support CEA as preferred 
alternative to BMT in symptomatic patients?  

 



Revascularization of severe symptomatic carotid 
stenosis results in significant reduction in stroke 
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What role does CAS play in the standard 
surgical risk symptomatic patient? 

 



Multicenter randomized trials of CAS vs. CEA 

30-Day Outcome (Death/Stroke) 

EVA-3S (30 days) CEA: 3.9% CAS: 9.6% p=0.01 

SPACE (30 days) CEA: 6.3% CAS: 6.8% p=0.09 

ICSS (120 days) CEA: 4.7% CAS: 8.5% p=0.001 

CREST  
(Symptomatic Only) CEA: 5.4% CAS: 6.7% p=0.30 

28 

Trial 



EPD Use MI 
Ascertainment 

Operator 
Experience 

EVA-3S + 0 0 

SPACE ½+ 0 ++ 

ICSS + 0 0 

CREST ++ ++ ++ 

Trial 

Critical trial construct and conduct issues limit 
the value of EU CEA and CAS outcomes 



CREST outcomes: 
CEA and CAS are no different for the primary endpoint 

  



The material differences between CEA and 
CAS in CREST composite endpoints are in 

minor stroke and MI 

Per protocol 
CAS  

N = 1,131 
CEA  

N = 1,176 Difference 
Unadjusted 

p-value* 
All Death, 
Stroke, or MI  5.8% (65) 5.1% (60) 0.7% 0.5200 

Death 0.53% (6) 0.26% (3) 0.27% 0.3335 

Any  Stroke 4.1% (46) 1.9% (22) 2.2% 0.0019 

Major Stroke 0.9% (10) 0.4% (5) 0.5% 0.2005 

Minor Stroke 3.2% (36) 1.5% (18) 1.7% 0.0088 

MI 2.0% (22) 3.4% (40) -1.5% 0.0387 

* Fisher’s exact p-values were not adjusted for multiple comparisons; p-values for descriptive purposes only 
Gray et al. Circulation. In press 
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∆ = 0.50%  

∆ = 0.02%  

NIHSS neurological residual deficits from CEA and 
CAS minor strokes occur with very low frequency 

and are equal at 6 months 

Gray et al. Circulation. In press 



q23eq 
Comparison HR 

HR 
Confidence 

Interval 

Log 
Rank 

P-value 

MI vs. Control 2.81 [1.53 - 5.17] 0.0005 

Minor Stroke vs. Control 0.52 [0.13 – 2.09] 0.34 

MI vs. Minor Stroke 5.18 [1.15 – 23.4] 0.02 

Long-term mortality: 
No association with minor stroke but strong 

association with MI 

Gray et al. Circulation. In press 



CAS 
N = 1,131 

CEA 
N = 1,176 p-value 

Procedure related 
cranial nerve injury 0.0% 5.3% 

(62/1176) <0.0001 

Unresolved at  
one month 0.0% 3.6% 

(42/1176) <0.0001 

Unresolved at  
six months 0.0% 2.1% 

(25/1176) <0.0001 

CREST: 
Fate of CEA cranial nerve injury 

Gray et al. Circulation. In press 



Per Protocol CAS 
N = 1,131  

CEA 
N = 1,176 p-value 

Access Site Complication 
Requiring Treatment 1.1% 3.7% 0.0001 

Events may occur more than once in the same patient. 
Other includes pain requiring IV analgesics (5), incision complication (3), pseudoaneurysm (2), occlusion (1) 
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CREST: 
Access complications greater with CEA 
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No major strokes or deaths among  
symptomatic CAS patients  

in the last half of CREST 

Gray et al. Circulation. In press 



Macro-evolution in CAS outcomes demonstrating 
remarkable progression in past decade 
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Hierarchical- Includes only the most serious event for each  
patient and includes only each patient first occurrence of each event. 
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6%  AHA guideline 
  

EXACT/CAPTURE 2 (>180 sites and 400 operators):  
30-day major adverse events symptomatic patients <80 years  

CAS achieves AHA guidelines in symptomatic patients 
Large, prospective, multicenter neurologically-audited/independent 

adjudication single arm studies in high-surgical risk patients  

Gray et al. Circ Cardiovasc Interv. 2009 Jun;2(3):159-66 



2011 Multi-Society Guideline Document  



Symptomatic patients 



What about CEA and CAS and age, gender, 
and time from symptom event? 



CREST 4 year primary outcome by age: 
does the “best fit” line tell the real story? 



95% CL CAS CEA 

N=599 N=620 N=532 N=556 N=1,025 N=1,073 N=106 N=103 

No difference between CEA and CAS for the primary 
composite endpoint by symptomatic or octogenarian 

status in CREST 

Gray et al. Circulation. In press 



No age trend in CREST: Hazard Ratio by age group  
Per protocol analysis 

CAS=206 CAS=164 CAS=235 CAS=233 CAS=187 CAS=106 
CEA=189 CEA=178 CEA=222 CEA=259 CEA=226 CEA=102 

Gray et al. Circulation. In press 



Comparative “best fit” line skewed by good CAS 
outcomes in young patients, and not by poor 

outcomes in aged 

CAS=206 CAS=164 CAS=235 CAS=233 CAS=187 CAS=106 
CEA=189 CEA=178 CEA=222 CEA=259 CEA=226 CEA=102 

0.39 

Gray et al. Circulation. In press 



Benefit of CEA decreases as time from 
neurologic symptom increases 

Rothwell PM et al.  Lancet  2004. 363(9413): 915-924. 



Effect of CEA timing especially 
pronounced in females  

  

Rothwell PM et al. Stroke 2004 Dec:35 (12):2855-61 



Timing of CAS after index event 

• Conflicting data exist, mostly from small single-
center registries  

• ICSS and CREST found no differences for outcomes 
in CAS by timing  

• A shorter time to access for CAS was noted in ICSS   

ICSS 

Brown MM et al. Lancet 2010 (9719): 985-997 



CREST demonstrated increase in peri-procedural 
stroke events for CAS in symptomatic women  

Howard VJ et al. Lancet Neurology. 2011 Jun:10(6):530-7 

~230-240 symptomatic 
 women treated with CAS 



However, CAS appears to be more effective than 
CEA in the symptomatic female in EVA-3S and ICSS 

  
• ICSS 

– Women: better outcomes with CAS? 
 

• EVA-3S 
– Women: better outcomes with CAS? 

ICSS 

EVA3S 



Predefined exploratory subgroup analyses 

CEA and CAS:  
outcomes by index symptom 

EVA-3S 

ICSS 



Summary of CEA and CAS in 
symptomatic patients 

• CEA proven far superior to medical care  
• CAS and CEA appear equivalent in outcomes and stroke 

prevention in CREST and in large, controlled single arm 
studies of high surgical risk patients 
– European trials flawed and therefore interpretation of primary 

results limited 
– Significant rapid and continued improvement in outcomes in CAS 

over past decade; CEA outcomes excellent, plateau’d 
– More wound complication/re-op and cranial nerve injury with CEA 

• Earlier intervention with greater benefit, especially in women 
• Women probably do somewhat better with CAS than CEA 

(EVA-3S and ICSS), no difference in men 
• Patients with amaurosis and TIA may do better with CAS 

 



What is the preferred therapy for stroke 
prevention for asymptomatic patients? 



The best available evidence supports revascularization 
as a principal treatment option in asymptomatic 

patients 
• Two RCTs show superiority of revascularization over 

medical therapy for asymptomatic patients 
 

• Systematic review and population based studies 
purporting to show improvements in best medical therapy 
over time has significant flaws  
 

• Claims that medical therapy has greatly reduced stroke 
rates can therefore only be viewed as hypothesis-
generating at best, and do not supplant Tier 1 evidence 
showing clear patient benefits from revascularization 
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Revascularization of severe carotid stenosis 
results in significant reduction in stroke 



The support for medical therapy 
without revascularization for severe asymptomatic 

carotid stenosis rests on retrospective analyses 



Significant methodological flaws  
with Abbott review  

• Mainly based on observational data (8 of 11 studies) 
• Most of the asymptomatic patients in the included studies would 

not be candidates for revascularization 
– Sixty percent (60%) of patients in the systematic review did not meet 

current AHA guidelines for revascularization 

• The heterogeneity of the populations across studies makes it 
inappropriate to include in a single analysis 
– Earlier studies had a higher minimum stenoses than later studies 
– Studies used different imaging modalities 
– Some studies excluded patients with any prior CV events  
– Some studies included patients with prior revascularizations 

• Medical management was variable across studies 
– Not clearly adjudicated across studies  
– Other causes of stroke were not controlled for, such as atrial fibrillation 



Studies included in Abbott analysis are 
inclomplete 

Largest randomized trial in  
asymptomatic carotid disease is omitted  
(ACST, 1500 medically treated patients) 



Poor documentation of medical 
therapies, heterogeneity in populations 



Critical appraisal of Abbott analysis 
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Largest REACH study 
(n=3,164) not included and 
is contradictory

Largest and most recent REACH study (N = 
3164) published after the systematic review 

contradicts the review findings  
Aichner FT, et al. Eur J Neurol 2009; 16:902-908. 
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If the systematic review’s analysis had adjusted for 
minimum % stenosis, or had included more recent 

studies (REACH and ACST) the trend in stroke rates would 
have been in the opposite direction (p = 0.55)  



“ Everything has been said before, but since nobody listens 
we have to keep going back and beginning all over again.. ” 

Andre Gide, Le Traite du Narcisse 1891 

Stampfer MJ et al. Prev Med. 1991 Jan;20(1):47-63. Hulley S et al. JAMA 1998;280(7):605-613 



Randomized trial data in asymptomatic patients 
ACST trial 

• Asymptomatic patients with standard surgical risk 
 

• Randomized trial  
 CEA vs. non-directed medical care 

 
• 5 year follow-up published 2004, 10 year in 2010 

 
• Primary endpoint:  

 Any stroke or peri-operative death 



Rate and implication of cross-over in ACST 

Results are reported based on ITT analysis 



ACST 10 year outcomes: 
Significant and sustained benefit from revascularization 



ACST outcomes:  
Men benefit from revascularization 



ACST outcomes:  
Women benefit from revascularization 



ACST outcomes: 
CEA results in contralateral stroke reduction 

2.2% 0.7% 



ACST outcomes:  
More than ½ of deferred strokes are disabling 



ACST outcomes: 
Deferred surgery has twice the complication rates  

Immediate 
 CEA 

Deferred 
CEA 



Significant medication  
penetration in ACST 



ACST: 
Population with lipid-lowering Rx 

demonstrate continued benefit with CEA  
Not on lipid-lowering therapy at entry On lipid-lowering therapy at entry 



Best Medical Therapy in carotid artery disease:  
what’s missing 

• Knowledge as to the correct “cocktail” of medication class, 
specific to carotid-related targets 
– What is “Best Medical Therapy”?  

• What BP med? What target BP?  
• Which lipid med? What target lipid levels?  For LDL? For HDL? 
• How do we improve smoking cessation rates? 

 
• Measures and assurances of compliance and side effect issues 

– NHANES reports <25% patients achieve BP goal 
 

• Randomized data showing equivalence or superiority to 
revascularization in asymptomatic severe carotid stenosis 
 



What role does CAS play in the standard 
surgical risk asymptomatic patient? 



Periprocedural outcomes in CREST: 
No difference between CAS and CEA for Asx 
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EXACT/CAPTURE 2 (combined): 30-day major adverse events  
asymptomatic patients <80 years              

Hierarchical- Includes only the most serious event for each  
patient and includes only each patient first occurrence of each event. 

 

3%  AHA guideline 

CAS achieves AHA guidelines in asymptomatic patients 
Large, prospective, multicenter neurologically-audited/independent 

adjudication single arm studies in high-surgical risk patients  

Gray et al. Circ Cardiovasc Interv. 2009 Jun;2(3):159-66 



CAPTURE 2: Asymptomatic <80 y.o.  patients 

N=1372 
30 day stroke/death distribution by site 

No stroke or death in 81% (134/166) of sites 

Gray et al. JACC Cardiovasc Interv. 2011 Feb;4(2):235-46 



Contemporary outcomes demonstrate continued 
improvement for CAS in asymptomatic patients: 

ACT 1 Lead-in patients 
Event  30 days, N=118 

Death, Stroke and MI* 1.7% 

All Stroke and Death* 1.7% 

Major Stroke and Death* 0.0% 

Death 0.0% 
All Stroke 1.7% 

Major Stroke 0.0% 
Minor Stroke 1.7% 

MI  0.0% 
31-365 days, N=77 

Ipsilateral Stroke 0.0% 
*Hierarchical – Includes only the most serious event for each patient Courtesy of Kenneth Rosenfield, MD 



2011 Multi-Society Guideline Document: 
Asymptomatic patients 



Managing patients with asymptomatic carotid stenosis: 
 Summary 

• Asymptomatic carotid stenosis is a risk factor for stroke 
 

• Surgical revascularization therapy is proven beneficial vs. 
unmonitored (but probably real world) medical therapy 
 

• CAS outcomes have demonstrated similar outcomes to CEA 
(CREST), achieved AHA guidelines, and now is Class 2b 
recommendation in asymptomatic patients (CEA Class 2a) 
 

• The role of medical therapy remains a tantalizing but 
unproven alternative to revascularization in patients with 
established severe carotid stenosis.   
 Until such time as this benefit is demonstrated to be superior, the 

available randomized controlled data support revascularization in 
suitable patients 

 



Patient level (ACST) cost-effectiveness 
analysis for carotid revascularization 
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Final perspectives on CEA, CAS  
and Best Medical Therapy 

• The judicious and selective use of these 
therapies can result in overall improved patient 
outcomes: 
– Fewer strokes, fewer MI’s  
– Less disability and less CV mortality 

 
• CEA and CAS have complementary, not 

competitive roles in the patient requiring 
revascularization 

 
 



Thank you 



Back-up slides 

 



Carotid stenosis:  
Public Health Implications 

• Stroke is the 3rd leading cause of death and the 
leading cause of disability in the US 

• Carotid disease is estimated to be responsible for 
between 12% and 21% of all anterior circulation 
strokes 

• This translates into roughly 90,000-150,000 
strokes/year in the US 
– The average age of carotid patient in studies over the 

past 20 years is ~68-72 
• The result is that carotid territory stroke is a 

significant public health issue, and especially 
affects the Medicare population 



MRI acquisition and enhancements 

• Fat-suppression 
– Reduces adjacent fat signals allowing better plaque 

characterization 
 

• Contrast imaging 
– Gadolinium 

• Differentiates fibrous cap from lipid core 
• USPIO (ultra-small paramagnetic iron oxide) allows detection of 

macrophage infiltration 
 

• Advances in receiver coil and pulse sequence design have 
resulted in high spatial resolution imaging of plaques 

 



30-Day death/stroke rate for the 2nd half of 
CREST symptomatic and asymptomatic patients 

Event Rate±SE (N) Difference  
95% CL CAS CEA 

2nd Half of 
Patients 3.73% (21/563) 2.38%   (14/588) 

1.35%  
[-0.64%, 3.34%]  



Benefit of CEA decreases with time 
from event 



ACST 10-year results are the most rigorous comparison of 
revascularization and BMT to date 

89 
* Halliday A, et al. 10-year stroke prevention after successful carotid endarterectomy for asymptomatic stenosis (ACST-1): a multicentre 

randomized trial. Lancet 2010;376:1074-84.  

• Revascularization continues to show 
statistically significant benefit at 5- 
and 10-year follow up 

• Patients followed up to 2009 
• Patients received intensive medical 

therapy 
– 80% of subjects on lipid lowering drugs  
– 88% of subjects on anti-hypertensives  
– 88-89% of subjects on anti-platelets 

• Post-hoc analysis found CEA benefit 
was clearest for patients on lipid-
lowering medication or less than 
age 75 years 

89 



Analysis of Interaction between Age and Treatment on 1-
Year Composite Endpoint (2nd Half of CREST) 



CEA in US academic centers confirms non-
trial, higher risk patients do less well 

McCrory DC et al. Stroke 1993;24:1285-1291 
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Assessment of proteolysis: Labeled MMPI 
Assessment of apoptosis: Annexin A5 

Hermus L et al. Eur J Vasc Endovasc Surg (2010) 39, 125e133 

Hypercholestrolemic  rabbit aorta 



Macro-evolution in CEA outcomes over 
the past 4 decades 

Symptomatic 

Asymptomatic 



No difference by age between CAS and CEA: 
PP analysis and appropriate log scale 



CAS in high surgical risk  
asymptomatic patients 



Sex, stenosis and time to CEA all 
influence benefit of CEA 

Rothwell PM et al. Stroke 2004 Dec:35 (12):2855-61 



High surgical risk CEA: 
Increased risk of stroke/death 

• Cleveland Clinic experience 
– 10 years of CEA 

• 3061 operations retrospectively designated high risk 
if they had: 
– CAD 
– COPD 
– CRI  

• Outcomes for in-hospital stroke/death 
– High risk: 7.4% 
– Low risk: 2.9%  
– p<0.0005 

Ouriel et al. J Vasc Surg 2001 Apr 3; 33(4): 728-32 



These analyses purport observational trends in 
medical outcomes in patients with carotid stenosis  
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