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Introduction
Stroke is the leading cause of death and disability 

in the developed countries of the world [1, 2]. Until 
recently, the carotid endarterectomy (CE) was the gold 
standard in the treatment of carotid artery stenosis as 
a primary and secondary prevention of stroke. Today 
transluminal balloon angioplasty and carotid artery 
stenting (CAS) are becoming an alternative to CE [3, 
4]. Studies such as CREST (Carotid Revascularization 
Endarterectomy versus Stenting Trial), ACT1 (The 
Asymptomatic Carotid Trial-1), SAPPHIRE (Stenting 
and Angioplasty With Protection in Patients at HIgh 
Risk for Endarterectomy), the purpose of which was 
to compare long-term outcomes after CE and CAS, 
although did not reveal significant differences in long-
term outcomes after these interventions, they pointed 
to the weak point of CAS  — intraoperative and early 

postcomplications complications. For example, in 
the CREST study, which included 2502 patients and 
compared the results of CE and CAS, the incidence 
of large and minor strokes in the intraoperative period 
was significantly higher in the CAS group, which were 
caused by intra- and postoperative microembolization 
[5]. The development of such adverse clinical events can 
be facilitated by clinical, anatomical, morphological 
and technical factors. The aim was to study the efficacy 
of angioplasty and CAS and to identify risk factors 
affecting the results of endovascular treatment in the 
long-term follow-up period.

Material and methods
This study was performed in accordance with the 

Helsinki declaration and Good Clinical Practice standards. 
The medical ethics committee approved this study. 
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Aim. To identify clinical and morphological factors affecting the long-
term outcomes of endovascular angioplasty and carotid artery stenting.
Material and methods. The analysis included 198 patients after 
carotid artery stenting between 03.2014 and 05.2018. There 
were following inclusion criteria: (1) 50% of symptomatic or 70% 
of  asymptomatic carotid artery stenosis of according to NASCET 
(North American Symptomatic Carotid Endarterectomy Trial) criteria; 
(2) follow-up for each patient for at least 1 year. Using the univariate 
and multivariate logistic regression, risk factors associated with adverse 
events were determined.
Results. The incidence of major adverse events during the 12-month 
follow-up was 9,6% (n=19), including 4 (2%) major and 6 (3%) minor 
strokes, 7 (3,5%) cases of transient ischemic attack; one (0,5%) patient 
had transient blindness and one (0,5%) died in the long-term follow-
up period due to acute cerebrovascular accident in the target arterial 
territory. Also, 11 (5,6%) patients had restenosis >50% after 12-month 
follow-up. Multivariate analysis showed that long-term outcomes 
were significantly affected by: age >70 years (odds ratio (OR)=1,27, 
95% confidence interval (CI): 1,07-1,61 (p=0,01); using of open-cell 
stents (OR=1,02, 95% CI: 1,01-1,03 (p=0,034)); contralateral stenosis 
(OR=1,28, 95% CI: 1,05-1,57 (p=0,01); lesion length >15 mm (OR=1,46, 
95% CI: 1,12-1,89 (p=0,01)); residual stenosis <30% (OR=1,38, 
95% CI: 1,09-1,49 (p=0,012)); complicated atherosclerotic plaque 
(OR=1,78, 95% CI: 1,21-2,34 (p=0,007)). The development of in-stent 
restenosis was significantly influenced by factors such as the residual 
stenosis <30% (OR=1,26, 95% CI: 1,1-1,65; p=0,017) and severe plaque 
calcification (OR=1,24, 95% CI: 1,04-1,31; p=0,02).
Conclusion. The results obtained indicate the need for more careful 
preparation for endovascular intervention. Such factors as the use of 

open-cell stents, contralateral stenosis, lesion length >15 mm, and 
residual stenosis <30% may be associated with an increased risk of 
adverse events.
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Table 1
Clinical characteristics

n=198
Age, years 67±8,3
Age >70 years 91 (46%)
Women 55 (27,8%)
Hypertension 169 (85,4%)
Diabetes 54 (27,3%)
Smoking 97 (49%)
Coronary artery injury 48 (24,2%)
Peripheral artery disease 19 (9,6%)
HF 13 (6,6%)
Symptomatic carotid artery stenosis 76 (38,4%)
Large or minor stroke 48 (24,2%)
TIA 25 (12,6%)
Amaurosis fugax 3 (1,5%)
Uric acid, mg/dl 5,6±1,9
Total cholesterol, mmol/l 4,9±1,6
Triglycerides, mmol/l 1,69±0,42 
Low density lipoprotein cholesterol, mmol/l 3,4±0,4
High density lipoprotein cholesterol, mmol/l 0,96±0,14
Creatinine, μmol/L 97,2±35,3

Table 2
Anatomical and morphological characteristics 

 of the lesions
n=198

Stenosis >70% 174 (87,9%)
Contralateral stenosis >50% 34 (17,2%)
Contralateral occlusion 12 (6,1%)
Cerebral protection system 198 (100%)
Distal protection system 179 (90,5%)
Proximal protection system 19 (9,5%)
Predilation 60 (30,3%)
Postdilation 119 (60,1%)
Close-cell stent design 138 (69,7%)
Open-cell stent design 22 (11,1%)
Hybrid stent design 38 (19,2%)
Lesion length, mean, mm 10
Complicated plaque 39 (20%)
Parietal thrombosis 5 (2,5%)
Residual stenosis <30% 42 (21,2%)

We analyzed the treatment results of 198 patients who 
underwent CAS in the period from March 2014 to May 2018 
was carried out. There were following inclusion criteria: 
presence of 50% symptomatic or 70% asymptomatic carotid 
artery stenosis (as calculated in NASCET); patient follow-up 
for at least 1 year.

All patients were examined by a neurologist before 
and after the intervention. To assess the degree of carotid 
lesions, all patients underwent duplex ultrasound, computed 
tomography, or angiography of the brachiocephalic arteries.

Within 12 months after stenting, complications were 
recorded: large and minor strokes, transient ischemic attack 
(TIA), Amaurosis fugax, myocardial infarction and death; 
in-stent restenosis was also assessed during 12 months after 
intervention.

To identify factors associated with adverse events after 
CAS, the following variables were analyzed: (1) anatomical 
and morphological parameters — stenosis degree, contralateral 
stenosis >50%, plaque calcification, complicated plaque, 
plaque length and signs of parietal thrombosis; (2) clinical 
parameters  — age, sex, smoking, hypertension, diabetes, 
heart failure (HF), neurological symptoms 6 months 
prior intervention (“symptomatic stenosis”), (3) technical 
parameters  — use of distal/proximal cerebral protection 
device, various implantable stents, dilation, residual stenosis 
after stenting.

CAS was performed under local anesthesia with blood 
pressure monitoring. All patients received dual antiplatelet 
therapy (clopidogrel 75 mg/day, aspirin 100 mg/day) for 
at least 3 days before surgery. To prevent postoperative 
hypotension, antihypertensive therapy was missed on the day 
of surgery [6]. According to the generally accepted Seldinger 
technique, an 8-Fr introducer was inserted into the femoral 
artery, followed by a JR-4 guide catheter into the target 
common carotid artery. After puncture of the femoral artery 
and introducer installation, heparin was injected intravenously 
at the rate of 100 U/kg. In the postoperative period, heparin 
was not injected. In all patients included in this study, 
depending on the individual anatomical and angiographic 
features, we used distal or proximal cerebral protection system. 
Pre- or post-dilation balloon angioplasty was performed as 
needed. During stenting, only self-expanding stents with 
different cell designs were used: closed-cell  — WALLSTENT 
(Boston Scientific, USA), XACT (Abbot, USA) (35%), Adapt 
(Boston Scientific, USA); open-cell  — PRECISE (Cordis, 
USA), Protégé (Medtronic, USA); hybrid design  — Cristallo 
Ideale (Medtronic, USA) (40%).

Statistical analysis was performed using the SPSS 21.0 
software (SPSS Inc, Chicago, IL, USA). To compare the two 
groups, the Mann-Whitney U test was used for quantitative 
variables and the two-tailed Fisher’s exact test or Pearson’s 
chi-squared test  — for qualitative variables. To identify the 
association of blood pressure lowering factors with other 
variables, we used univariate and multivariate analysis  — 
binary logistic regression with the calculation of odds ratio 
(OR) and 95% confidence interval (CI). The multivariate 
analysis included variables with p<0,05, selected based on the 
univariate analysis.

Results
The main demographic and clinical characteristics 

of patients are presented in Table 1. It can be seen that 

76 (38,4%) patients were with symptomatic carotid 
lesions (48 patients with stroke, 25 patients with 
TIA, 3 patients with amaurosis fugax within the last 
6 months). Age of 46% (n=91) of patients were >70 
years. Anatomical and morphological characteristics 
of the lesions are presented in Table 2. All patients 
underwent surgery using cerebral protection systems. 
In 34 (17,2%) patients, >50% carotid stenosis on the 
contralateral side was observed. In 39 (20%) patients, a 
complicated plaque was noted. In 42 (21,2%) patients, 
the conservative strategy was used with residual minor 
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Figure 1.    Complication structure (12 months).

Table 3
Comparison of characteristics of patients with/without major adverse cardiac and cerebrovascular events

MACCE, n=19 No MACCE, n=179 p
Age, years 73,4±6,8 67,9±8,6
Age >70 years 16 (84,2%) 92 (51,4%) 0,04
Women 12 (63,2%) 43 (24,1%) 0,01
Hypertension 16 (84,2%) 153 (85,5%) 0,72
Diabetes 12 (63,2%) 42 (23,5%) 0,04
Smoking 9 (47,4%) 88 (49,2%) 0,83
Coronary artery injury 4 (21%) 44 (24,6) 0,73
Peripheral artery disease 2 (10,5%) 17 (9,5%) 0,62
HF 4 (21%) 9 (5%) 0,21
Symptomatic carotid artery stenosis 11 (57,9%) 65 (36,3%) 0,31
Stenosis >90% 8 (42,1%) 29 (16,2%) 0,28
Contralateral stenosis >50% 14 (73,7%) 20 (11,2%) 0,01
Contralateral occlusion 3 (15,8%) 9 (5%) 0,17
Cerebral protection system
Distal protection system 18 (94,7%) 161 (89,9%) 0,49
Proximal protection system 1 (5,3%) 18 (10,1%) 0,22
Predilation 6 (31,6%) 54 (30,2%) 0,91
Postdilation 15 (78,9%) 104 (58,1%) 0,87
Close-cell stent design 7 (36,8%) 131 (73,2%) 0,24
Open-cell stent design 10 (52,6%) 12 (6,7%) 0,02
Hybrid stent design 2 (10,5%) 36 (20,1%) 0,43
Lesion length >15 mm 7 (36,8%) 9 (5%) 0,01
Complicated plaque 15 (78,9%) 24 (13,4%) <0,01
Parietal thrombosis 2 (10,5%) 3 (1,7%) 0,07
Residual stenosis <30% 15 (78,9%) 27 (15,1%) <0,01

stenosis (<30%). The number of major adverse events 
within 12-month follow-up was 9,6% (4 (2%) large 
and 6 (3%) minor strokes; 7 (3,5%) TIAs; 1 (0,5%) 
amaurosis fugax; 1 (0,5%) patient died in the long-
term follow-up). Also, in 11 (5,6%) patients, in-stent 
restenosis >50% was verified after 12-month follow-up 
(Figure 1).

Univariate analysis was used to determine the 
relationship of clinical, anatomical, morphological 
and technical characteristics with the development 
of adverse events (Table 3) and in-stent restenosis 12 
months after the intervention (Table 4). Multivariate 
analysis showed that the long-term results were 
significantly influenced by the age of patients >70 years 
(OR, 1,27, 95% CI, 1,07-1,61; p=0,01), using open-
cell stents (OR, 1,02, 95% CI, 1,01-1,03; p=0,03), 
contralateral stenosis (OR, 1,28, 95% CI, 1,05-1,57; 
p=0,01), lesion length >15 mm (OR, 1,46, 95% CI, 
1,12-1,9; p=0,01), residual stenosis <30% (OR, 1,38, 
95% CI, 1,09-1,49; p=0,01) as well as the complicated 
plaque (OR, 1,78, 95% CI, 1,21-2,34; p=0,01) 
(Figure 2). The development of in-stent restenosis was 
significantly inf luenced by such factors as the residual 
stenosis <30% after CAS (OR, 1,27, 95% CI, 1,1-1,65; 
p=0,02) and severe calcification of plaques (OR, 1,24, 
95% CI, 1,04-1,31; p=0,02).

Discussion
Present study with 198 patients revealed that 

the following characteristics are associated with an 
increased risk of adverse events: age, contralateral 
lesions, open-cell design of the stent, and plaque 
morphology. The incidence of 12-month complications 
in the presented study was 9,6%, which is consistent 
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Table 4
Comparison of characteristics of patients with/without restenosis

With restenosis, n=11 Without restenosis, n=187 p
Diabetes 2 (18,2%) 52 (27,8%) 0,64
Smoking 4 (36,4%) 93 (49,7%) 0,58
Symptomatic carotid artery stenosis 4 (36,4%) 68 (36,3%) 0,88
Stenosis >90% 4 (36,4%) 33 (17,6%) 0,08
Severe plaque calcification 9 (81,9%) 27 (14,4%) <0,01
Close-cell stent design 7 (63,3%) 131 (70%) 0,38
Open-cell stent design 2 (18,2%) 20 (10,7%) 0,28
Hybrid stent design 2 (18,2%) 36 (19,2%) 0,43
Lesion length >15 mm 1 (9,1%) 15 (8%) 0,58
Complicated plaque 2 (18,2%) 37 (19,8%) 0,73
Parietal thrombosis 9 (81,9%) 33 (17,6%) <0,01
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Figure 2.     Independent risk factors associated with adverse events (multivariate analysis).

with other studies. For example, in the ARCHer, 
BEACH, and SAPPHIRE studies, the incidence of 
major adverse cardiac and cerebrovascular events 
amounted to 9,6%, 9,1%, 9,9%, respectively [7-9]. 
Clinical, anatomical, morphological, and technical 
factors can play an important role in the development 
of adverse events. The study by Lee HJ, et al. [10] 
showed that the routine use of open-cell stents 
significantly increases the number of intraoperative 
neurological events. In the present study, multivariate 
analysis also showed the relationship of this factor 
with the development of adverse clinical events. In 
our opinion, at present, the use of open-cell stents is 
advisable only in rare cases of pronounced convoluted 

lesion. According to the presented study, it was revealed 
that the lesion length >15 mm and the complicated 
nature of the atherosclerotic plaque are independent 
predictors of adverse events. This is due to the large 
volume of atherosclerotic plaque and the high risk of 
intraoperative microembolization of cerebral arteries in 
patients who underwent the intervention with a distal 
cerebral protection system. Another independent factor 
that increases the number of adverse clinical events 
is the conservative angioplasty, in which, after stent 
implantation and residual stenosis <30%, it is customary 
to complete the intervention without use of aggressive 
strategy. This is due to the fact that dilatation in the 
carotid sinus area is often accompanied by transient 
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showed the new microembolizations in the period from 
24 h to 30 days after the intervention [12, 13].

Also in the present study, it was shown that the 
development of in-stent restenosis was significantly 
influenced by such factors as the residual stenosis <30% 
(OR, 1,26, 95% CI, 1,09-1,64; p=0,01) and severe 
plaque calcification (OR, 1,24, 95% CI, 1,04-1,31; 
p=0,02), which was also confirmed in the study by 
Daou B, et al. [14].

Conclusion
The results obtained indicate the need for more 

careful preparation for endovascular intervention. Such 
factors as the use of open-cell stents, contralateral 
stenosis, lesion length >15 mm, and residual stenosis 
<30% may be associated with an increased risk of 
adverse events.

Relationships and Activities: none.

bradycardia with episodes of asystole and syncope, 
which psychologically strongly affects the operating 
surgeon. According to the study by Harada K, et al. 
[11], dilatation in stent area significantly increases 
the frequency of microembolization and worsens the 
prognosis in patients. However, according to the results 
of the presented study, residual stenosis <30% (OR, 
1,38, 95% CI, 1,09-1,48; p=0,01) was an independent 
factor in increasing the risk of adverse events. This may 
be due to the technological characteristics of stents, 
which are made of an alloy containing nitinol, which in 
the postoperative period contribute to stent expansion to 
the factory setting dimensions. At the time of additional 
deployment, the residual atherosclerotic plaque covered 
with a stent can prolapse through the stent cells into the 
artery lumen, which can cause cerebral embolization and 
neurological deficit. This theory was supported in the 
study by Ruffino MA, et al. [12], which, according to the 
data of diffusion-weighted magnetic resonance imaging, 
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