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Abstract

Introduction. Stenosis of intra- and extracranial arteries due to atherosclerosis is one of the most frequent causes of
ischemic stroke and mortality worldwide. Stenting of these vessels might be an effective treatment option in symptomatic
cases.

Research method. A retrospective study was conducted, including 93 patients with symptomatic atherosclerotic
stenoses of intra- and extracranial arteries who underwent stenting. The follow-up period was six years. Stroke, infarction,
and death were accepted as primary outcomes. Statistical analysis was carried out using parametric and nonparametric
analysis and regression analysis based on the Cox model.

Results. A statistically significant effect of age on mortality rate was revealed. The analysis showed that an increase in
blood pressure during the surgery increased the risk of mortality; however, its degree did not have a statistically significant
influence on the risk of postoperative stroke. Also, the effect of cholesterol level on mortality was not statistically significant.

Conclusion. Analysis of the risk factors revealed a significant impact of the hypertensive crisis on the mortality of
patients, increasing it substantially. Correction and control of blood pressure pre-operatively can reduce the risks of stroke
and mortality after stenting over a long period of time.

Key words: symptomatic stenoses of extracranial and intracranial arteries, endovascular treatment, stenting, risk factors,
long-term outcomes of stenting.
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BeepeHue. CTEHO3 MHTpa- U 3KCTpakpaHWasbHbIX apTepuit BCIEACTBIME aTePOCKNepo3a SBNSETCS 0AHOM 13 Haubonee
YacTbIX MPUYMH MLIEMUYECKOrO WHCYbTa M CMEPTHOCTM BO BCeM Mupe. CTEHTMPOBaHWE 3TMX COCY[OB MOXET ObiTb
3thheKTUBHBIM METOAOM NEYEHUS B CUMNTOMATUYECKUX CryyasX.

MeTogbl wuccnegoBaHus. [poBEfEHO PETPOCMEKTUBHOE WMCCRedoBaHMe, BKMovaiowee 93 nauneHta ¢
CUMMTOMATUYECKUMN  aTEPOCKNEPOTUYECKUMI CTEHO3aMM WHTpa- UM SKCTpaKkpaHWarbHbIX apTepuid, KOTopbiM  Gbino
BbINOIIHEHO CTEHTUpoBaHKe. Mepnoa HabMOAEHNS COCTaBUN LECTb NET. B kayecTBe NepBUYHbIX UCXOAO0B Bbli MPUHATGI
WHCYNMbT, WHAAPKT M cMepTb. CTATUCTWYECKWA aHanM3 MpOBOAMNCS C UCTMIONb30BaHWEM NApaMEeTpU4Yeckoro U
HenapaMeTPUYECKOTO aHanm3a, a Takke PErpPecCMoHHOTO aHanmaa Ha ocHoBe Mofenu Kokca.

Pe3ynbTatbl. BbiSBNEHO CTaTUCTUYECKM 3HAYMMOE BIUSHWE BO3pacTa Ha CMEpTHOCTb. AHanM3 Mokasan, uTo
MOBbILLEHNE apTepuanbHOTO AaBMEHWS BO BPEMS ONepauyy YBENUUYMBANO PUCK CMEPTHOCTW, OAHAKO €ro CTeneHb He
OKasblBara CTaTUCTUYECKM 3HAYMMOTO BIMSIHWUS Ha PUCK PasBUTUSI MOCMEONEPaLMOHHOTO WHCYNbTa. BnusiHue ypoBHS
XONecTepuHa Ha CMEPTHOCTb Takxke He GblNo CTaTUCTUYECKM 3HAYMMBIM.

3akntoueHne. AHanus (HaKTOpOB pUCKA BbIIBUM 3HAYUTENBHOE BIMSIHWE TMMEPTOHWMYECKOTO KpW3a Ha CMEpTHOCTb
NaLneHToB, CYLLIECTBEHHO ee yBenuumBas. Koppekums 1 KOHTPOMb apTepuanbHOro AaBMeHUs Ha J0ONepaLlyoHHOM JTane
MOTYT CHU3UTb PUCK Pa3BUTUS UHCYNbTA U CMEPTHOCTM MOCTE CTEHTUPOBAHMS B TEYEHIE ANUTENBHOTO BPEMEHH.

Knioyesbie cnosa: cumMnmoMamu4yeckue CMEHO3bl SKCMpakpaHuanbHbIX U  UHMpaKpaHuanbHbIX —apmepul,
3HO0BACKYIAPHOE IGUeHUE, CMeHMUpoBaHUe, hakmopbi pucka, 0moaneHHble UcX00b! CMEHMUPOBAHUS.
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3eptTey agicTepi. PetpocnekTuBTi 3epTTey XKypridingi, OHblH, illiHAEe WHTpaKkpaHuanbibl XaHe SKCTpakpaHuanbbl
apTepusnapablH, CUMNTOMaTHKanbIK aTepOCKNepoTMKanbIK, CTeHo3bl 6ap 93 nauueHT cTeHTTENreH. bakbinay mepsiMi anthb
Xbin Gongbl. Herisri HaTwxenep WHCYNbT, MHGAPKT XaHe eniM Oonpbl. CTaTUCTMKanblK Tangay napameTprik XXsHe
napameTprnik emMec Tangaygbl, COHbIMeH Katap Kokc ynriciHe HerisgenreH perpeccusinblk Tangayabl KOngaHy apkbinbl
opblHAanabl.

Hatuxenep. ©niMre xacTblH, CTAaTUCTUKATbIK, MaHpI3Abl aCepi aHbikTandbl. Tangay KkepceTkeHaen, onepauus kesiHae
KaH KbICbIMbIHbIH, XOFapblnaybl efiM KayniH apTTbipdbl, Bipak OHbIH, Japexeci onepauusfaH KediHri UHCYNbT kayniHe
CTaTUCTMKAIbIK MaHbI3abl acep eTnesi. XonecTepuH AeHreMiHiH eniMre acepi Ae CTaTUCTMKANbIK MaHbl3abl EMEC.

KopbITbiHAbL. Tayeken (haktopnapblH Tangay rMnepTOHUAMNbIK KPU3LiH, NaLMEHTTepaiH, enimM-XiTiMiHe anTapnbikTan
9CEpiH aHblKTadbl, OHbl aiTapmblkTal apTTbipadbl. Onepauus angbiHOA KaH KbICbIMbIH Ty3€Ty XaHe 6akbinay y3ak
Mep3iMAi CTEHTUHITEH KeNiH MHCYNbT NEH efiM KayniH a3anTybl MyMKiH.

Tylindi ce3dep: bac cyliekmeH mbic XaHe baccyliek iwinik apmepusinapdbiq CuMNMOMamuKarbl CMeHo30apbl,
9HO0BACKyNAP/bIK eM, CMEeHmMUHe, Kayin hakmopnapbl, CmeHmuHamir, y3ax Mep3imdi Hamuxenepi.
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Introduction than intracranial stenting [17,20,27,28]. However, conflicting

Stroke is a significant public health issue globally. The  data exists regarding mortality and the association of risk
Global Burden of Disease study reported that between 1990  factors with  serious complications after stenting
and 2013, about 26 million people worldwide suffered from  [2,5,7,18,23,25,28,29]. In this study, we evaluated mortality
a stroke, with 71% of them being of the ischemic type. The  rate among patients who underwent stenting of intra- and
number of stroke-related deaths during this period reached  extracranial arteries and the significance of risk factors in
6.5 million, with over half of them attributed to ischemic  the long-term period post-surgery. Also, we subsequently

stroke [10]. created prognostic models to predict fatal outcomes after
Intracranial atherosclerosis (ICAS) is a leading cause of  surgery depending on the risk factors that patients have.

ischemic stroke worldwide, occurring in up to 56% of Materials and methods

individuals from different ethnic groups [13]. Studies have A study was conducted on 93 patients with symptomatic

shown that ICAS is more prevalent in Asian populations,  atherosclerotic stenoses of intra- and extracranial arteries.
leading to ischemic stroke in 30-50% of cases, comparedto ~ The patients underwent endovascular stenting in 2016-
8-10% in North Americans [16]. Additionally, extracranial ~ 2017. The study collected baseline clinical data such as
carotid artery stenosis is the third most common cause of  age, sex, acute vascular events, and risk factors like arterial
ischemic stroke globally and the second most common non-  hypertension, diabetes mellitus, coronary heart disease,
traumatic cause of brain damage in adults under 45 [30].  smoking history, and total cholesterol level at the time of
The standard treatment for intra- and extracranial ~ surgery. Preoperative antiplatelet therapy included
atherosclerotic stenoses includes antiplatelet and lipid-  clopidogrel combined with acetylsalicylic acid for 92
lowering therapy. However, depending on the location and ~ patients, and one patient received ticagrelor with
severity of the stenosis, as well as the neurological  acetylsalicylic acid. Patients were given loading doses of
symptoms, various surgical procedures such as  medication before stent placement and recommended to
endovascular techniques (carotid angioplasty with stenting, ~ continue the medication postoperatively. Platelet reactivity
intracranial artery stenting), carotid endarterectomy, and  was measured, and only patients with specific platelet
microsurgical extracranial-intracranial arterial bypass (EC-  reaction units were selected for stenting. The choice of
IC bypass) may be considered [16,24,26,30]. stent depended on various factors like the location and

Numerous researchers have studied the development  degree of stenosis, vessel size, and type of atherosclerotic
of arterial stenoses at different sites under the influence of  plaque. Patients underwent clinical and neurological
various risk factors [6,4,8,14,15]. It has been observed that ~ examinations post-surgery, and all adverse events related
intracranial vessels have a different structure and  to the procedure were recorded. Neuroimaging follow-up
hemodynamics compared to extracranial arteries. Stenting  included CT angiography or MR angiography of cerebral
of extracranial arteries has shown more favorable results  vessels at specific intervals.
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Outcome assessment

The primary endpoints were stroke, myocardial
infarction, fatal outcome, and baseline risk assessment of
significant risk factors for different follow-up periods.
Survival time (in months) in the qualitative variable was
considered from the date of stenting up to the end of the
follow-up period, which was November 2022. Reports on
primary outcomes (death, stroke, and infarction in the
follow-up period) were obtained from outpatient
departments.

Statistical analysis was performed in the SPSS-
Statistical 26 program. To assess the normal distribution of
measured variables, the Shapiro-Wilk test was used.
Nonparametric quantitative data were analyzed by the
Mann-Whitney U test; parametric data were analyzed with
Student's t test. The prognostic model, describing changes
in mortality depending on the impact of risk factors, was
built by means of Cox regression. The level of statistical
significance was determined as p<0.05.

Results. General data from perioperative medical
records on anamnesis, comorbidities, and stents used can
be found in Tables 1 - 5 and figures 3 - 4.

The mean age of patients undergoing stenting (M
(SD+)) was 67 years in those with a lethal outcome and
64.38 years without a fatal outcome; the differences were
statistically significant (p = 0.020) (Table 1). There was no
significant difference in blood total cholesterol level in either
group: the group with the fatal outcome had a mean total
cholesterol level (M (SDz)) of 4.9 mmol/l, while the
surviving patients had 4.6 mmol/l as well (p = 0.058) (Table
1). The median and interquartie range (IQR) of
hypertensive crisis (mm Hg) were -180 (20) and -200 (30),
respectively, and the differences were not statistically
significant, p = 0.450** (Table 1). Following the median and
IQR body mass index (BMI), in patients with a fatal outcome
of 27.2 and without a fatal outcome of 25.5 (p = 0.169),
there was no statistically significant difference between the
groups (Table 1). The most frequently used stent was
Protege; it was implanted in 57 cases (61.3%) (Table 5).

Table 1.
Baseline characteristics of patients before surgery.
Evaluation results Results Fatal outcome (1) Alive (2) p-value
Age M (SD4) 67 (£7,2) 64,38 (£6,58) 0,020*
Cholesterol (mmol/L) M (SD+) 4,9 (x1,4) 4,6 (+1,3) 0,058*
Magnitude of the hypertensive crisis Me (Q1-Q3) 180 (20) 200 (30) 0,450*
BMI Me (Q1-Q3) 27,2 (1,42) 25,5 (2,99) 0,169*
Me - median, Q1-Q-3 - interquartile range, M-mean, SD — standard deviation, t Student’s test*, Mann-Whitney U-test**

Table 2.
Summary of patients’ data.
Outcomes / risk factors (n) %
Ischemic stroke > 6 months before stenting 53 56,9
Ischemic stroke < 6 months and > 8days before stenting 39 419
Myocardial infarction > 1 month before stenting 18 19,4
Smokers in the past 36 38,7
Current smokers 11 11,8
Intracranial stenting 20 215
Extracranial stenting 73 78,5
males 67 72
females 26 28
Degree 1 arterial hypertension 7 75
Degree 2 arterial hypertension 8 8,6
Degree 3 arterial hypertension 76 81,7
Diabetes mellitus 34 36,6
Ischemic heart disease 47 50,5
Stroke after stenting 15 16,1
Myocardial infarction after stenting 4 43
Mortality 27 29

Table 3. Stroke rate in patients with intra- and
extracranial atherosclerotic stenoses after stenting.

Table 4. Mortality rate in patients with intra- and
extracranial atherosclerotic stenoses after stenting.

Intracranial |[Extracranial |Overall Intracranial |[Extracranial |Overall

30 days after intervention| None None None 30 days after intervention| None None None

90 days after intervention| None 1 1 90 days after intervention| None None None
1 year after intervention 2 2 4 1 year after intervention 1 3 4
2 years after intervention | None 5 5 2 years after intervention | None 4 4
3 years after intervention 4 7 11 3 years after intervention 2 10 12
4 years after intervention 5 8 13 4 years after intervention | None 14 14
5 years after intervention 7 8 15 5 years after intervention 4 18 22
Total 7 8 15 6 years after intervention 7 20 27
Total 7 20 27
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Table 5.
Stents used.

Ne Stent types %
1 |Casper 3,2
2 |Protege 57 61,3
3 |Biotronic 1 1,2
4 |Resolute Integrity 7 75
5 |XIENCE Xpedition 1 11
6 |Cristallo Ideal 2 2,2
7 |Carotid Wallstent 1 1,1
8 |Terumo Ultimaster 6 55
9 |Orsiro 1 1,1
10 |Promus PREMIER 2 2,2

As a result, we developed a prognostic model with the
Cox regression method. The model describes the changes
in mortality depending on the impact of risk factors: age,
sex, diabetes mellitus, coronary heart disease, cholesterol
level, hypertensive crisis, degree of blood pressure
elevation, smoking, localization of atherosclerotic plaques
(intracranial and extracranial), and stent use. The selection
of predictors by the Wald exclusion method resulted in
model 1 given below.

hi(t) =h0(t)*exp (0.020*X1),

where hi(t) is the predicted risk of crisis for the i-th
patient (in%), hO(t) is the baseline risk of hypertensive crisis
development for a certain time period t (in%), and X1 is the
extent of hypertensive crisis (mm Hg).

Model 1 was statistically significant (p = 0.043).

The values of the baseline risk of mortality for different
time periods are presented in Table 6.

Table 7 and Figure 1 show the change in the risk of a
fatal outcome depending on the factor. Furthermore, the
analysis revealed a statistically significant increase in the
risk of lethal outcome with a 1 mmHg increase in BP during
a hypertensive crisis by 1.020 times (p = 0.001).

Using the Cox regression method, we developed a
prognostic model describing the changes in mortality

depending on the impact of risk factors: age, sex, diabetes
mellitus, coronary heart disease, cholesterol level,
hypertensive crisis (mmHg), degree of blood pressure
increase, smoking, localization of atherosclerotic plaques
(intracranial and extracranial), and stent use. The selection
of predictors by the Wald exclusion method resulted in the
following model:

hi(t) =h0(t)*exp (0.178*X1),

where hi(t) is the predicted risk of crisis for the i-th
patient (in%), hO(t) is the baseline risk of developing a crisis
for a certain time period t (in%), and X1 is the degree of
arterial hypertension (1st degree, 2nd degree, 3rd degree).

The statistical significance of model 2 was not
substantial (p = 0.103). However, the clinical significance of
this increase in risk should be evaluated in the context of
the specific population and clinical situation. Finally, Table 6
provides baseline stroke risk values for different time
periods, whereas the change in risk of mortality depending
on the factor is given in Table 7 and Figure 2.

Table 6.
Baseline risk values for death and stroke for different
time periods (max. — 67 months).

Time | Baseline risk value hO(t) | Baseline risk value hO(t)
(months) for fatal outcome for ischemic stroke
5 0,000 0,000
29 0,001 0,001
34 0,002 0,002
36 0,002 0,002
40 0,003 0,003
45 0,004 0,004
56 0,004 0,004
58 0,005 0,005
60 0,006 0,006
62 0,006 0,006
64 0,007 0,007
66 0,008 0,008

Table 7.

Changes in the risk of death and stroke after stenting in patients with atherosclerosis compared with the baseline,

taking into account the influence of individual factors.

Risk factors Changes in risk in the presence of a factor
P - value
HR 95 % Cl
Magnitude of hypertensive crisis (for fatal outcome) 1,020 1,001-1,040 0,02
Blood pressure level (for ischemic stroke) 3,248 0,628-16,788 0,160
67 0,008 0,008

According to the outcomes of the performed statistical
analysis, the risk of stroke development increased with the
presence of a higher degree of arterial hypertension by
3.248 times, but the result was not statistically significant (p
=0.160). Despite the HR being greater than 1, the result is

66

not statistically significant because of the wide confidence
interval and high P value. It is possible that larger studies or
consideration of other factors may be needed to assess the
association between blood pressure and the risk of stroke
more accurately.
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Figure 1. Changes in the risk of death after stenting in patients with atherosclerosis
compared with the baseline, taking into account the influence of individual factors.
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Figure 3. Stroke rate in patients with intra- and extracranial atherosclerotic stenoses after stenting.
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Figure 4. Mortality rate in patients with intra- and extracranial atherosclerotic stenoses after stenting.

Discussion 72 hours with WINGSPAN stenting and DAT. The study

Many studies have analyzed the rates of perioperative
stroke incidence and mortality in the long term, but the
results on  fatal  outcomes  were different
[1,2,5,7,12,15,18,23,29].

For intracranial stenoses, the guidelines of the
American Heart Association and the American Association
for Stroke Prevention are currently applied worldwide. The
same is true in our country: as the first-line treatment of
symptomatic and asymptomatic stenoses of intracranial
arteries, double antiplatelet therapy (DAT) with correction of
modifiable risk factors is recommended [17, 32].

The SAMMPRIS multicenter RCT, conducted in the
United States with a sample of 451 participants, evaluated
the risk of recurrent stroke or death in patients with ICAS
[5]. The patients were divided into groups according to the
type of intervention: the first (224 patients) underwent
stenting combined with DAT, and the second (227 patients)
had DAT alone. As drug therapy, patients received 325 mg
aspirin (ASC) daily for the entire follow-up period and 75 mg
clopidogrel daily for 90 days. The risk of stroke or death
within 30 days was significantly higher in patients in the first
group than in the group receiving DAT alone (14.7% vs.
5.8%; p = 0.002). The SAMMPRIS authors also report that
the high mortality and stroke rates in the stenting group
were due to perioperative complications such as vessel
occlusion by detached plaques. At the 1-year and 3-year
follow-ups, a higher incidence of stroke or mortality was
reported in the stenting + DAT group than in the control
group (19.7% and 12.6% [p = 0.04] in the first year; 23.9%
and 14.9% (p = 0.02) in the third year) [5]. However, Yu W,
and Jiang W. analyzed the results of the SAMMPRIS ftrial,
which studied the incidence rates of recurrent disabling
stroke and mortality 30 days after stenting or medical
therapy [29]. According to the results of the analysis, the
incidence of disabling or fatal strokes was three times
higher in the medical therapy group than in the stenting
group (6.2% in the medical therapy group versus 2.2% in
the stenting group). Thus, in cases where angioplasty and
stenting are performed with low rates of periprocedural
complications, the long-term benefits of stenting can
provide some protection against disabling stroke and death
compared to drug therapy alone.

Additionally, the multicenter clinical trial WEAVE
evaluated perioperative and postoperative complications at
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included patients with symptomatic intracranial vascular
lesions >70%, with baseline mRS <3, who had suffered at
least 2 strokes and were stented =8 days after the last
stroke. In contrast to SAMPRISS, the surgeons performing
the operations were more experienced (they completed at
least 50 operations with the WINGSPAN stent). As a result,
only 2.6% of patients developed a stroke or died within 72
hours after surgery. This was followed by the WOVEN trial,
in which patients from the WEAVE trial were followed up for
1 year, resulting in a 1-year stroke or death rate of 8.5% [1].

In a study by Duan I.H. et al., including 69 patients over
80 years of age with symptomatic or asymptomatic
extracranial internal carotid artery stenosis =70%, the three-
year survival rate was approximately 90%, whereas the
five-year survival rate was 73%; thus, the calculated overall
mortality was approximately 5.4% per year. The authors
report that stenting in patients in their eighties was safe and
effective in the periprocedural period if carefully selected.
Long-term follow-up showed a low rate of fatal and nonfatal
strokes, and patients survived long enough to benefit from
the procedure [7].

In the SAPPHIRE study [28], the authors compared
survival and mortality rates in the CAS and CEA patient
groups for symptomatic carotid artery stenosis >50% or
asymptomatic carotid artery stenosis >80%. The incidence
of perioperative mortality, stroke or myocardial infarction
within 30 days after surgery, and/or death or ipsilateral
stroke at 1 year (12.2% vs. 20.1%, 95% CI 0.7-16.4%) was
not significantly different. CAS also performed better than
CEA in terms of mortality (6.9% vs. 12.6%), stroke (5.7%
vs. 7.3%), and myocardial infarction (2.5% vs. 7.9%). At
long-term follow-up, the stroke mortality rate at three years
was 21.4% in the group of asymptomatic patients who
underwent CAS and 29.2% in patients who underwent CEA
[28, 19].

In a systematic review by Ding X. et al. on the
differences in the degree of influence of risk factors in intra-
and extracranial stenosis among Asian populations,
smoking and dyslipidemia were recognized as the most
significant for the development of atherosclerosis,
especially in the extracranial localization of the lesion [6,
11]. This may be because intracranial arteries are more
resistant to hypercholesterolemia due to the different
protective functions of vascular wall cells. LDL may impair
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the vasodilation of extracranial arteries but not intracranial
arteries [21].

Miao Z. et al. (2012) compared endovascular and drug
treatment of stenotic middle cerebral artery lesions and
identified a history of arterial hypertension as a factor in
disabling stroke or mortality (P = 0.015). Other risk factors,
namely, age, sex, physical characteristics, body mass index,
serum lipid levels, blood glucose levels, coronary heart
disease, family history, smoking, alcoholism, and neurological
deficit, did not influence end-point events [15, 20].

Conclusion

In summary, this study on risk factors on mortality after
stenting of intra- and extracranial arteries revealed a
significant impact of hypertensive crisis on the mortality of
patients, increasing it substantially. Correction and control
of BP before surgery can reduce the risks of stroke and
mortality over a long period of time. Large randomized trials
in this direction are needed in the future to understand the
influence of other risk factors on fatal outcomes.
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