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Abstract
The objective of study was to improve the results of surgical treatment of patients with bilateral atherosclerotic lesions of 

the carotid arteries.
Material and Methods: The study included 180 patients between the ages of 42 and 82 (mean age 59±5.6 yrs) who underwent 

surgical treatment for bilateral atherosclerotic lesions of the carotid arteries during 2008-2014. Depending on the surgical treatment 
tactic, a total of 180 patients were divided into two groups. Group 1 included 60 (33.3%) patients who underwent staged bilateral 
carotid endarterectomy (CEA). Group 2 included 120 (66.7%) patients, in whom the first stage of CEA was performed on the side 
of primary importance.

Results: The differentiated approach for identification the side for the first stage CEA is very important. Our experience 
shows that the intervals between CEA on both sides should not exceed 3 months and should be no less than 3 weeks. This tactic 
reduces not only mortality and complications, but also significantly improves the patient life quality by promoting rapid regression 
of neurological deficit.
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Introduction
Atherosclerotic lesions of the brachiocephalic arteries 

are one of the main reasons of acute and transient brain 
circulation disorders [1-6]. Bilateral atherosclerotic lesions 
of carotid arteries are more usual then isolated lesions [7-8]. 
The most reliable and effective method for the prevention of 
stroke that is caused by atherosclerosis of carotid arteries is 
carotid endarterectomy (CEA).  It is important to study the 
cerebral hemodynamics before planning intervention [9-11]. 
According to some authors, it is necessary to focus not only 
on the degree of stenosis but mainly on the embologenic 
properties of atherosclerotic plaque (ASP) [12-14].

Although, some questions have not been answered yet, 
namely criteria to be used for determining surgical tactics, the 
stages, and the sequence of the operations and the intervals 
between them? It should be borne in mind that a one-sided 

approach that considers the hemodynamic importance of the 
lesions only or the carotid pool with the prevalent carotid 
symptoms, is hopeless and fraught with serious consequences 
[15]. In connection with this, it is necessary to have a specific 
tactic in choosing a side with primary importance for CEA 
performance.

Taking into account the above-mentioned considerations, 
the aim of our study was to improve the results of the surgical 
treatment for patients with bilateral atherosclerotic lesions of 
the carotid arteries by determining the optimal time frame and 
the stages of the carotid reconstruction.

Material and Methods
The study included 180 patients between the ages of 

42 and 82 (mean age 59±5.6 yrs) who underwent surgical 
treatment for bilateral atherosclerotic lesions of the carotid 
arteries during 2008–2014. Written informed consent was 
obtained from each patient. Depending on the surgical 
treatment tactic, a total of 180 patients were divided into two 
groups. Group 1 included 60/33.3% patients who underwent 
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staged bilateral CEA. Group 2 included 120/66.7% patients, 
in whom the first stage of CEA was performed on the side of 
a primary importance. Patients of both groups did not differ 
significantly in mean age and sex. 

A duplex scan (DS) was performed in all patients, using 
Samsung Medison SonoAce X6 (South Korea, 2008). The 
diameter of common carotid artery (CCA), the internal carotid 
artery (ICA), and external carotid artery (ECA), as well as CCA 
intima-media thickness (IMT) cerebral blood  flow  velocity 
(CBFV), the pulsatility  index  (PI) and  resistance index  (RI) 
were measured.                           

The ECST method of measuring carotid stenosis 
was applied [2]. All patients underwent duplex imaging 
investigation with identification of the percentage of 
stenosis, velocity and direction of the blood flow, and the 
structure of plaques. For a description of ASP, the Gray-
Weale classification was used [16]. The volume velocity in 
the brachiocephalic arteries was measured at extracranial and 
intracranial levels. The volume velocity in CCA, ICA, ECA, 
and the vertebral artery was measured three times on each 
side, and then the average volume velocity was calculated 
on the left and right side of each patient. Hemodynamics in 
the intracranial arteries was analyzed using the analogical 
method for calculating average volume velocity. Performing 
transcranial duplex imaging, we paid attention to the blood 
flow direction and velocity in the MCA; compression tests for 
estimating the communicant arteries were also carried out. CT 
scans of the brain were performed in all patients to estimate 
the nature and localization of the brain lesions.  

All patients were examined by a neurologist before and 
after intervention, during both the short and long postoperative 
periods. For quantifying neurological deficit in patients 
with ischemic stroke or transient ischemic attack (TIA), the 
Hachinski Ischemic Scale scale was used [17]. 

Statistical analysis was performed using the statistical 
software «Statistica». Data significance was assessed by the 
Student’s t-test. Statistical significance was determined at 
P<0.05.

Results and Discussion
According to the A.V. Pokrovskiĭ classification, the 

patients of both groups were divided into stages of chronic 
cerebrovascular insufficiency (CCVI) (Table 1). In both 
groups, the stroke patients dominated.

According to the type of carotid reconstructions 
performed, patients of both groups were similar; in both 
groups the technical procedures of the operations were 
identical (Table 2). In total of 296 CEA were performed. 

Group 1 patients underwent staged bilateral  CEA. In 
patients with ischemic stroke, in determining the side for 
the carotid reconstruction, the preference was given to the 
appropriate carotid pool; the degree of stenosis played a 
secondary role.  Twenty-two (36.7%) patients underwent CEA 
on the side of the ischemic episode. In 23 (38.3%) cases, the 
patients with discirculatory encephalopathy and asymptomatic 
patients underwent CEA on the side with a higher degree of 
stenosis.  Most patients with TIA at the first stage intervention 
underwent CEA on the side of the ischemic episode regardless 
of the degree of stenosis on the contralateral side. Among 
patients in this group, unstable ASP was detected in 12 (20.0%) 
cases. The patients (8/13.3%) with ICA occlusion at the first 
stage intervention underwent CEA on the side of the ischemic 
episode regardless of the degree of stenosis on the contralateral 
side.  Three (5.0%) patients with ICA occlusion underwent 
CEA on the contralateral side because of ischemic stroke in 
that carotid pool. The time frame of carotid reconstruction on 
the contralateral side varied from 2 weeks to 2 years (average 
period 5.2 months). Thirty-two (53.3%) patients of Group 1 
underwent CEA within 6 months.

The analysis revealed a pronounced association between 
the clinical effect of the operation and the initial level of the 
neurological deficit, as well as time frame from stroke and 
time frame of the second stage of carotid reconstruction.  The 
first stage of CEA was performed in 14/56.0% patients with a 
mild degree of neurological deficit, in 6/24.0% patients with 
a moderate degree of neurological deficit, and in 5/20.0% 
patients with a severe degree of neurological deficit. 

Absolute increase in scores among different levels of 
neurological deficit was not the same for all patients. The 
highest rate of neurological deficit  involution was observed 
in patients with a mild to moderate degree of neurological 
deficit, and who were operated on within 6 months of a 
stroke, and also in patients who underwent the procedure on 
the contralateral side within 2 or 3 months. According to the 
Hachinski Ischemic Scale, an increase of points in patients 
with mild, moderate, and severe degrees of neurological 
deficit was 29.2, 17.1, and 4.4, respectively.

In Group 1, the total complication rate was 5.0%. 
Ischemic stroke occurred in one (1.7%) patient in the carotid 

Table 1.

Stages of chronic cerebrovascular insufficiency 

Stages of CCVI Number of the patients Total
%Group 1

(n=60)
Group 2 
(n=120)

Asymptomatic CCVI 3 (5.0%) 7 (5.8%) 5.6
TIA 12 (20.0%) 23 (19.2%) 19.4
Discirculatory encephalopathy 20 (33.3%) 42 (35.0%) 34.4
Consequences of ischemic stroke 25 (41.7 %) 48 (40.0%) 40.6
Total 180 100

Table 2.
Types of of carotid reconstructions

Name of operation
Quantity of procedures

Group 1
(n=117)

Group 2
 (n=200)

Total
(n=317)

1 stage 2 stage 1 stage 2 stage
CEA with patch 30 33 41 59 166
Eversion CEA 21 24 44 41 130
ICA bypass grafting 1 - - - 1
ECA plasty 8 - 15 23
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artery operation pool after 30 days from the first stage of CEA. 
Neurological deficit totally disappeared during 15 days.  On the 
contralateral side, SEA was performed after 2 months, and the 
patient was discharged in satisfactory condition. Perioperative 
ischemic stroke occurred in one patient with occluded ICA 
on the contralateral side. In one (1.7%) patient with a local 
occlusion of the left ICA and a complete occlusion of the right 
ICA, staged bilateral CEA was performed with an interval of 
2 weeks because of frequent TIA on the contralateral side. 
This patient underwent hemorrhagic stroke after the 2nd stage 
of CEA. We suppose that this stroke resulted from irregular 
taking of hypotensive drugs and the development of the 
cerebral  hyperperfusion syndrome after discharge from the 
hospital.

In Group 2 patients, the differentiated approach was 
performed to identify the side of primary importance in 
determining the indications for reconstruction. The severity 
of of the atherosclerotic lesions in the carotid pool was taken 
into account. Particular attention was paid to total stenosis 
of the carotid arteries and the volume velocity in the extra- 
and intracranial cerebral arteries while taking into account 
the adapted flow redistribution and the brain’s tolerance to 
ischemia. The structure, surface and spread of the plaque 
according to the data of DS and MSCTA were also considered. 
The remoteness of the ischemic episode, and the severity and 
speed of the regress of neurological deficit were taken into 
account in patients with ischemic stroke in anamnesis. Thus, 
the preference was given to the side of the occlusion for the 
first stage of CEA in patients with occlusion of ICA and the 
opposite critical stenosis.

For an objective assessment of the carotid pool, we 
developed and applied the estimated scale of the severity of the 
carotid artery pool lesions (Table 3). Every lesion parameter 
was estimated in points. The first stage of CEA was performed 
on the side with the highest number of points that corresponded 
to the greatest lesion of the carotid artery pool. Two hundred 
CEAs were performed in Group 2 patients, and each case was 
considered independently.  The timing for performing CEA on 
the contralateral side varied from 2 to 3 months. 

The clinical effect of surgery was significantly increased 
by the identification of the most affected carotid pool and the 
choice of the optimal time frame for CEA on the contralateral 
side. Also in 22/18.3% patients with low brain tolerance to 
ischemia and severe lesions of carotid arteries on both sides 
and in patients with stroke we used an intra-arterial temporary 
shunt. In the cases of temporary shunting, a mean time of 
ischemia was 7±2 min, which was necessary to perform CEA, 
insert the shunt, and complete anastomosis. 

At the first stage of CEA, 20/41.6% patients had a mild 
degree of neurological deficit; 22/45.8% patients, a moderate 
degree; and 6/12.5% patients, a severe degree. A full regress of 
the neurologic symptoms took place in 16/33.3% patients after 
CEA had been performed on the opposite side, and 3/6.2% 
patients passed from a moderate degree to a mild degree of 
neurological deficit. 

In Group 2, the total complication rate was 1.7%. 
Ischemic stroke occurred in one patient after 5 months 
from the second stage of CEA. We believe that ischemic 

stroke was connected with discontinuation of hypotensive 
drugs and antiplatelats. It is necessary to underline that such 
complications as stroke and mortality were not detected in 30 
days after 2nd stage CEA in this group of the patients.

The identification of the most important side for CEA 
with detection of the severity of the carotid artery pool lesion 
helped to reduce the complications connected with the stroke 
in 6 months after 2nd stage CEA from 5% to 1.7% (Table 4). 

The differentiated approach for identifying the side 
for the first stage CEA is very important. Our experience 

Table 3.

The estimated scale of the severity of the carotid artery pool lesions

Variables
On the right Points On the left Points

1.Degree of stenosis
55 - 70%
70 - 99%
Occlusion 

1
2
3

1.Degree of stenosis
55 - 70%
70 - 99%
Occlusion 

1
2
3

2. Stroke (terms) and TIA
TIA
< 6 months
> 6 months

3
2
1

2. Stroke (terms) and TIA
TIA
< 6 months
> 6 months

3
2
1

3. Neurologic deficit
Permanent 
Hidden 
Progressive 

1
2
3

3. Neurologic deficit
Permanent 
Hidden 
Progressive 

1
2
3

4. Number of the strokes 
(in anamnesis)

1
2

>2	

1
2
3

4. Number of the strokes 
(in anamnesis):

1
2

>2

1
2
3

5. Brain CT (sizes of the 
focus):

<3 cm
<6 cm
>6 cm

3
2
1

5. Brain CT (sizes of the 
focus):

<3 cm
<6 cm
>6 cm

3
2
1

6. ASP features:
Stabile 
Occlusion
Embologenous

1
2
3

6. ASP features:
Stabile 
Occlusion
Embologenous

1
2
3

7. Deficit of total cerebral 
blood flow	

1 degree
2 degree
3 degree

1
2
3

7. Deficit of total cerebral 
blood flow

1 degree
2 degree
3 degree

1
2
3

8. Compensation in the 
MCA during the clamped 
trials

Bad
Satisfactory
Good

1
2
3

8. Compensation in the 
MCA during the clamped 
trials

Bad
Satisfactory
Good

1
2
3

Table 4.
Character of complications                                                                                            

Complications Group 1 Group 2 Total
Stroke on the atipsilateral side 2 (3.3%) 1 (0.83%) 3 (1.7%)
Stroke on the contralateral side 1 (1.7%) 1 (0.83%) 1 (0.5%)
“Stroke+mortality” 1 (1.7%) - 1 (0.5%)
Total 3(5.0%) 2 (1.7%) 4 (2.2%)
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shows that the intervals between CEA on both sides should 
not exceed 3 months and should be no less than 3 weeks. 
This tactic not only reduces mortality and complications, 
but also significantly improves the patient’s quality of life by 
promoting rapid regression of ND. Determining the stages and 
timing of carotid reconstruction is very important. Choosing 
the side with more pronounced stenosis for the first stage of 
EAS contributed to the reduction of complications associated 
with stroke from 5.0% to 1.7%.
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