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Background

• Several natural history studies in patients with 

asymptomatic carotid stenosis have investigated the 

association between stenosis progression and risk 

of subsequent ipsilateral cerebrovascular events. 



Study No of 
pts

Annual 
progression rate

Annual 
event rate

Follow-up 
period (y)

Association between 
progression and  Sx

Roederer, 1984 167 8% 4% 3  (max) Yes

Mackey, 1997 715 8.3% 6.8% 3.6 (mean) Yes

Olin, 1998 465 6% 2.3% 2 (mean) Yes

Mansour, 1999 344 7.7% 8.1% 2.1 (mean) Yes

Muluk, 1999 1004 9.3% 6.1%* 2.3 (mean) No for Blsten>50%*

Liapis, 2000 332 5% 3.5% 3.7 (mean) Yes

Raman, 2004 279 4.3% (ipsi) - 2.3 (mean) -

Sabeti, 2007 1065 14% - 0.63 (median) Yes

Fluri, 2008 361 1.9% 1.6%
vs 0.6%

7.4 (mean) Yes

Conrad, 2013 794 7.76% 2.3% 3.6 (mean) Yes

Hirt, 2014 1469 5.2% 3.27 5.2 (mean) Yes

ACSRS, 2014 1121 4.95% 2.90 4.0 (mean) Yes

Singh, 2015 214 5.22% 1.5% 13 (median) No

Stenosis progression is associated with an increased risk of cerebrovascular events

Background: Summary of 13 studies on 8,330 pts



Association between annual neuro-event and 
progression rates in 11 studies on 6,990 pts

R2=0.72
p=0.001

R2=0.67
p=0.002



Background

• However, most of these studies had limitations such as 

• the small number of cerebrovascular events and short duration of 

follow up

• lack of reporting TIAs and stroke as separate outcome events

• multivariate analysis was not performed to adjust for stenosis severity

• Most studies concluded that the value of repeat  US 

scanning to predict cerebrovascular events was limited by a 

low incidence of outcome events and low rates of 

progression. 



Sabeti, Stroke, 2007

Progression of Carotid Stenosis Detected by 
Duplex Ultrasonography Predicts Adverse 

Outcomes in Cardiovascular High-Risk Patients

1,065 pts with Ax stenosis
(376 pts ≥50% NASCET)

Duplex Duplex

6-9 months

0

Progression rate 9%

Clinical F/U for a median of 3.2 years 56 strokes 
(5%)



Modified from Sabeti, Stroke, 2007

Hazard ratio: 2.0 (95% CI 1.02 to 4.11)

Progression of Carotid Stenosis Detected by 
Duplex Ultrasonography Predicts Adverse 

Outcomes in Cardiovascular High-Risk Patients
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Sabeti, Stroke, 2007

Progression of Carotid Stenosis Detected by 
Duplex Ultrasonography Predicts Adverse 

Outcomes in Cardiovascular High-Risk Patients

• Of 56 strokes, 53 were ischemic and 3 were 
hemorrhagic.

• Half of all strokes occurred in stenoses <50% 
(NASCET). 

• Only 9 of 56 strokes occurred in patients with 
progressive carotid disease. 

• Only 7 (13%) of these strokes were ipsilateral
to the progressive stenosis.



(The IUA international multicentre natural history study)

Primary aim

To determine the cerebrovascular risk stratification potential of baseline 

• degree of stenosis

• clinical features and

• ultrasonic plaque characteristics

in patients with asymptomatic carotid stenosis 50% -99% ECST.

Nicolaides et al, J Vasc Surg 2010,

Kakkos et al, J Vasc Surg 2013

Asymptomatic Carotid Stenosis and 
Risk of Stroke (ACSRS) Study



Secondary objective of the ACSRS study

To assess the value of stenosis progression or 
regression using repeated (six monthly) duplex 
scanning and to determine

(a) the incidence of progression and regression 

(b) the association of baseline clinical, biochemical 
and plaque characteristics with progression or 
regression 



(c) the association between progression or 
regression and ipsilateral cerebral or retinal 
ischemic (CORI) events, including stroke

(d) whether progression is a predictor of 
cerebrovascular events, independent of stenosis
and 

(e) the contribution of progression (or regression) in 
stroke risk stratification when used in 
combination with established risk factors.

Secondary objective of the ACSRS study
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1,121 patients

EUROPE

Participating centres in ACSRS



• Clinical

Age, gender, ht and wt, clinic of origin, medical 
history, c.v. risk factors, medications, family history.

• Biochemical

Creatinine, fibrinogen, hematocrit, total cholesterol, 
LDL, HDL, triglycerides.

Information Collected



 Duplex examination

To grade the degree of stenosis (ECST and NASCET) 
and to assess carotid plaques. Recorded on video. 
Training provided at coordinating centre.

 Six monthly follow up 

For progression of stenosis and development of 

symptoms.

 Video tapes reported centrally -- Quality control.

Information Collected



Medical therapy was left to the discretion of the 
physician in charge

 20% of patients were on lipid lowering therapy

 80% of patients were on antiplatelet therapy 

Medical Therapy



Methodology

• Stenosis was graded using a combination of 
velocities and velocity ratios, including 
PSVic/EDVcc, into six groups: 50-59%, 60-69%, 70-
79%, 80-89%, 90-95% or 96-99% (ECST) 

• Progression or regression was considered present if 
there was a change to adjacent groups that 
persisted for at least two consecutive visits



Regression, 43

No change, 
856

Progression, 
190

Occlusion, 32

Change in degree of stenosis during 
follow-up (mean 4 years)

(3.8%)
(2.9%)

(16.9%)

(76.4%)



Relationship between the incidence of 
regression, progression and occlusion and 

baseline stenosis

Chi sq: chi square for trend in comparison to the “No change” group.



Unadjusted hazard ratios of risk 
factors for ipsilateral stenosis 

progression 
(with or without occlusion)

*

*

*

*

*

* Significant in multivariate analysis



Significant predictors of progression

Lipid-lowering therapy
log-rank P = 0.009

Protective



Effect of changes in stenosis on ipsilateral
cerebrovascular or retinal ischemic (CORI) events

log-rank P <0.001



Effect of changes in stenosis on ipsilateral ischemic stroke

log-rank P = 0.05

19 strokes

40 strokes

Average annual 

stroke rate over 

8 years

1.1%

2.0%progression

no change

40/59 strokes occurred 
in the group of patients 

without progression

RR 1.9

Similar pattern for stenosis subgroups



Effect of changes in stenosis on ipsilateral ischemic stroke 
in patients with > 70% NASCET stenosis (N = 449)

Numbers at risk

Regression               21            13             9             2

No change              292          159           91           45

Progression              77            49           31           11

p=0.34

30 strokes

9 strokes

Average annual 

stroke rate over

8 years

1.5%

2.6%
progression

no change



Multivariate (Cox) model with 
stenosis and progression as covariates 
and stroke as the dependent variable

Variable β HR 95% CI p value

Ipsilateral stenosis 0.295 1.343 1.068-1.687 0.011

(10% increase) 

Progression      0.616 1.852 1.072-3.202 0.027



Progression of stenosis added as 
covariate in a Cox model previously 
published* that could predict the risk 
of future events

*Nicolaides et al, J Vasc Surg 2010



Urgent need for studies using modern 
best medical treatment

Progression of asymptomatic carotid stenosis despite optimal 

medical therapy (2005-6). Conrad, J Vasc Surg, 2013



Conclusions (I)

• Progression is very common in stenosis 50-69% ECST. 

• One in three patients in this subgroup will develop 

progression and approach or reach a “surgical 

threshold”.

• About 24 Duplex tests (1,200-2,400 €) have to be 

performed to detect one clinically significant 

progression in this subgroup.



Conclusions (II)

• The severity of stenosis and progression are both

associated with the occurrence of ischemic events 

and stroke in patients with asymptomatic carotid 

stenosis. 



Conclusions (III)

• Progression identifies a group at increased risk of 

stroke, but it is of relatively limited value compared 

with stenosis combined with plaque image analysis.

• Further studies using current medical therapy may 

be suggested.




