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Abstract: Patients with carotid artery stenosis (CAS) are commonly defined as asymptomatic or 
symptomatic according with their neurological conditions, however, emerging evidences suggest stratifying 
patients according also with the presence of cerebral ischemic lesions (CIL). In asymptomatic patients, the 
presence of CIL increases the risk of future neurologic event from 1% to 4% per year, leading to a stronger 
indication to carotid revascularization. In symptomatic patients, the presence of CIL does not seem to 
influence the outcome of the carotid revascularization if the volume of the lesion is small (<4,000 mm3); the 
benefit of the revascularization is also more significant if performed within 2 weeks from the index event. 
However, high volume (>4,000 mm3) CIL are associated in some experiences with a higher risk of carotid 
revascularization suggesting to delay the carotid revascularization for at least 4 weeks. As a matter of fact, the 
evaluation of CIL dimensions and characteristics in patients with CAS gives to the physician involved in the 
treatment a valuable adjunctive tool in the choice of the ideal treatment.
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Introduction 

Patients with hemodynamically significant carotid artery 
stenosis (CAS) are commonly stratified according to the 
presence of previous neurological events. However, a 
dichotomy between symptomatic and asymptomatic patients 
is not accurate enough to precisely identify the risk of new 
symptoms or recurrences or to define the perioperative 
risk in patients submitted to carotid revascularization. As 
a matter of fact, the stratification of symptomatic patients 
according to the type of symptoms is important to identify 
those at higher risk of stroke and also to evaluate the risk 
of a revascularization procedure (1), since it is well known 
that patients with stroke in evolution or transient ischemic 
attack (TIA) in crescendo are more prone to perioperative 

complications compared with patients with a single stable 
TIA (2-4). Other than the clinical status, the presence and 
extension of cerebral ischemic lesions (CIL) is increasingly used 
as a stratification tool of these patients (5). Specifically, CIL are 
constantly considered in the evaluation of patients with CAS, 
since their presence can identify patients with “silent symptoms” 
who are at higher risk for further cerebral ischemic events, 
even if they are apparently asymptomatic (6). Moreover, CIL 
can be an adjunctive element to assess the perioperative 
risk of patients scheduled for carotid revascularization, 
being in some instances an important factor in defining the 
appropriate intervention time (7). 

In the European Society of Vascular and Endovascular 
Surgery guidelines (1), the presence of CIL in an 
asymptomatic CAS patient is considered an element of 
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increased stroke risk, suggesting carotid revascularization. 
In symptomatic patients, with a severe stroke and a CIL 
extension of more than 1/3 of the medium cerebral artery 
territory, the intervention should be delayed (1).

The present review focus on the influence of CIL 
on patients with CAS, analysing their impact in both 
asymptomatic and symptomatic patients.

Silent CILs in patients with asymptomatic 
carotid stenosis and risk of new events

The presence of CIL in asymptomatic patients is commonly 
defined as “silent” CIL. The identification of such lesions, 
ipsilateral to CAS, can be considered the effect of a previous 
embolic event from the carotid plaque; the apparent 
absence of symptoms can be due to either the involvement 
of a mute brain area or to a an unrecognized event, i.e., 
occurring during sleep or of a minimal clinical magnitude. 
A silent CIL can be identified in about 10–20% of patients 
with CAS (8,9).

The stroke risk of patients with asymptomatic CAS is 
commonly considered 1% for every year, but patients with 
CIL have a significantly higher annual risk of cerebral 
events (4.5–5%) (8,10). Specifically, in the ACSRS (11) 
analysis, patients with CAS had 2.4% of TIA/stroke risk per 
year, that increased to 4.6% in patients with asymptomatic 
CIL; moreover, the stroke rate increased from 1% to 3.6%. 
Similar results were reported in the ACST (12): patients 
with silent CIL had an absolute stroke risk increase of 5.8% 
at 10-year follow-up, as confirmed by the multivariate 
analysis, with a hazard ratio 1.5. In the Rotterdam study, 
including 1,077 patients, the presence of asymptomatic CIL 
at magnetic resonance imaging (MRI), was found to be an 
independent risk factor for stroke, with a 3-fold increase 
during a 4-year follow-up (13). 

Jayasooriya et al. (14) confirmed those data, with non-
lacunar CIL identified as a specific risk factor for future 
stroke in patients with CAS, with an odd ratio of 4.6. CIL in 
asymptomatic CAS are associated with ipoechogenicity of the 

carotid plaque at the grey scale measurement, plaque ulceration 
and very severe stenosis (15,16). However, independently 
from the intima media thickness, the presence of a CIL is an 
independent risk factor for future stroke (17).

There are different hypotheses to justify such an 
increased risk. The CIL can damage the cerebrovascular 
reactivity, reducing the cerebrovascular reserve of the brain, 
consequently leading to a greater sensibility of the cerebral 
parenchyma to the ischemic events; also the CIL can be a 
manifestation of an embolizing CAS, as demonstrated by the 
association between CIL and microembolic signals at TCD 
(18-20). The identification of asymptomatic microembolic 
signals at the transcranial Doppler was identified as an 
adjunctive factor supporting the indication to CEA in 
asymptomatic patients (Class IIa level B, evidence) (1,21-24). 

Silent CIL and carotid revascularization outcome 

According with the concepts detailed above, asymptomatic 
patients with silent CIL are comparable to symptomatic 
patients. Based on that assumption, some authors evaluated 
the risk of carotid revascularization in these instances, in 
order to ascertain if the results were similar to those of 
symptomatic patients. Although Cao et al. (25) concluded 
that silent CIL do not influence CEA results significantly, 
the study of Fürst et al. (26), by analysing the results of 297 
asymptomatic CEAs, showed that silent CIL increased the 
postoperative stroke risk up to 7%; the authors concluded 
that SCI can affect the cerebral vascular reserve, with an 
alteration of the collateral pathway determining a higher 
sensitivity to ischemic lesion. In the paper of Pini et al. (6),  
patients with silent CIL had a significantly higher  
30-day post-CEA stroke of 3.1% vs. 0.2% of patients 
without CIL (Table 1). The slight increase of the risk of CEA 
complications in asymptomatic patients with CIL led to 
question the real benefit obtainable in this particular group 
of patients. Data from ACST (12) confirm the efficacy of 
CEA in the reduction of stroke in patients submitted to 
carotid endarterectomy with silent CIL. At 5-year of follow-

Table 1 Effect of silent cerebral ischemic lesion on the CEA outcome

Author post CEA stroke in patients with silent CIL Post CEA stroke in patients without silent CIL P

Cao et al. (25) 2% 1% 0.60

Fürst et al. (26) 8.8% 0.8% 0.0001

Pini et al. (6) 3.1% 0.2% 0.001

CEA, carotid endarterectomy; CIL, cerebral ischemic lesion.
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up, the stroke rate in patients in the delayed CEA group 
was 10%, compared with 7% in patients submitted to early 
CEA, with a relative risk reduction of 30% (absolute 3%) 
in the latter group. The benefit was more pronounced at  
10 years of follow-up, with 12.8% stroke rate in the early 
CEA group, compared with 18.6% in the deferred group, 
with a relative stroke risk reduction of 50% (absolute 6%).

The ACST (12) data underline the necessity to consider 
asymptomatic patients with silent CIL a separate entity, 
different from both asymptomatic and symptomatic patients, 
with a high risk of cerebral events the carotid lesion is left 
untreated, and a high benefit from the intervention. 

CIL in symptomatic CAS

Carotid revascularization outcome according to the 
presence of CIL

Symptomatic carotid artery stenoses need prompt 
revascularization to reduce the recurrence of cerebral 
ischemic events; the highest benefit is reached if the 
intervention is performed within two weeks from the index 
event (1). In the panorama of the symptomatic status, the 
presence and characteristics of CIL can be considered 
important elements to better stratify these patients.

However, different data are reported in the literature. 
Cao et al. (27), in their analysis of 503 symptomatic patients, 
identified CIL in 54% of patients with stroke and 33% 
of those with TIA. CIL influenced the outcome of CEA 
in their series: stroke and death were significantly higher 
in patients with CIL (OR: 6.37; 95% CI, 5.12–7.63). 
Similarly, Blohmé et al. (28), in a retrospective analysis of 
273 symptomatic patients, showed that the presence of an 
ipsilateral CIL was associated with a higher risk of stroke/
death, compared with patients without CIL (10% vs. 3%; 
P=0.01).

Differently, data from 1,604 symptomatic patients 
submitted to CEA in the ECST (29) showed a stroke/death 
rate after CEA similar in patients with and without CIL 
(7.5% vs. 6.7%; P=0.45). 

Influence of CIL volume on the carotid revascularization 
outcome

A possible explanation of the different outcome associated 
with CIL in the literature data can be due to the effect of 
the CIL volume, that has been scarcely evaluated in many 
reports (30). In a paper from Pini et al. (5), the presence of 

a CIL was not identified as a possible risk factor for carotid 
revascularization in 489 symptomatic patients: 4.8% vs. 
3.5%, P=0.46. However, the CIL volume of patients who 
suffered a post-operative stroke was significantly higher 
compared with that of patients with favourable outcome: 
5,100 mm3 (IQR, 31,000 mm3) vs. 1,000 mm3 (IQR,  
7,000 mm3) P=0.01. In the evaluation of CIL volumes, the 
authors identified in 4,000 mm3 a threshold for a higher risk 
of stroke/death after carotid revascularization. A CIL volume 
>4,000 mm3 was identified as an independent risk factor for 
postoperative stroke, which was as high as 9.3%, compared 
with 1.9% of patients with a CIL volume <4,000 mm3. 

Patients with large volume CIL should have a carotid 
revascularization delayed for more than 2 weeks, according 
to the guidelines of ESVES (1), without a more specific 
definition of the timing for the intervention. For those 
patients, some authors suggest awaiting at least 4-week 
from symptoms, reporting better results in the late 
revascularization group (11.9% vs. 1.7%, P=0.03) (31).

Asymptomatic CIL after carotid endarterectomy

Other than evaluating the effect of preoperative CIL on 
CEA outcome, many authors focused their researches on 
the identification of new asymptomatic CIL after carotid 
revascularization, as a surrogate marker of possible cerebral 
events after carotid revascularization. The common method 
adopted to identify new asymptomatic CIL is the diffusion 
weight magnetic resonance, which can identify new 
asymptomatic CIL after carotid revascularization. Different 
studies have evaluated the presence of new CIL after 
CEA, founding that their presence is relatively uncommon 
ranging from 4% to 9%. Different anatomical and technical 
characteristics were identified as possible risk factors for 
new asymptomatic CIL at DWI-MR, such as the presence 
of concomitant ipsilateral vertebral artery stenosis or the 
intraoperative use of shunt (32,33).

Conclusions

Patients with CAS are commonly divided in symptomatic 
and asymptomatic, however it is necessary to better stratify 
these patients, as shown by a growing evidence in the 
literature. Asymptomatic CAS patients can be divided in 
those without CIL, who are at low risk for future neurologic 
events, and in those with CIL, who are at higher risk for 
future strokes. Moreover, symptomatic patients can be 
stratified in patients without CIL (more often with TIA and 
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amaurosis fugax) or small (<4,000 mm3) CIL; in both cases 
the carotid revascularization can be performed in the early 
period after symptoms, with a low rate of post-operative 
events. Differently, patients with a CIL volume >4,000 
mm3 are associated with a poorer outcome, therefore some 
experiences suggest delaying the carotid revascularization 
of at least 4 weeks, in order to reduce the postoperative 
complication rate (34) (Table 2).

In summary, CIL are a key factor to ascertain indication 
to, and benefit of, carotid revascularization. 
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