BECTHUK KA3HMY Ne2 (73) — 2025

ISSN 2524 - 0684 e-ISSN 2524 - 0692
UDC 616.13-005.4-089.87:616-036.21 [Toctynun B penakuuio: 04.05.2025
IRSTI 76.29.42 [Tpunsro xk nyonukamuu: 20.06.2025

DOI: 10.53065/kaznmu.2025.73.2.001

INFLUENCE OF COVID-19 ON LONG-TERM CONSEQUENCES OF PRE-
PANDEMIC-PERFORMED EXTRA AND INTRACRANIAL ATHEROSCLEROTIC
STENTING: TERTIARY INSTITUTIONAL EXPERIENCE

M.A. SARSHAYEV 2, S.S. MAKHANBETKHAN !2, B.S. TURDALIEVA 2,
A.T. MAIDAN 3, A.K. ZHUMABEKOV ', M.G. MUSSABEKOV ',
D.S. SUIEUMBETOV !, M.S. BERDIKHOJAYEV * R. BARRANCO-PONS *

! National Hospital of the Medical Center of the Presidential Administration Affairs of the
Republic of Kazakhstan”, Almaty, Kazakhstan

2 Kazakhstan Medical University “Higher School of Public Health”, Almaty, Kazakhstan

3 Taraz City Multidisciplinary Hospital and Consulting And Diagnostic Center, Taraz,
Kazakhstan

* Hospital of the Medical Center of the Presidential Administration Affairs of the Republic of
Kazakhstan, Astana, Kazakhstan

> Al Qassimi Hospital, Sharjah, United Arab Emirates

Abstract

Introduction. Endovascular stenting for atherosclerotic stenosis in the intra- and
extracranial arteries is a minimally invasive procedure, but comprehensive studies on long-term
complications following COVID-19 infection are lacking. Given the potential for increased
rates of stent thrombosis, stroke, myocardial infarction, and mortality among COVID-19
patients, understanding the long-term outcomes of stenting for extra- and intracranial
atherosclerotic stenosis is crucial for public health. This study addresses the dearth of extensive
research on the long-term adverse outcomes associated with endovascular stenting procedures
in patients who have experienced atherosclerotic stenosis in intracranial and extracranial
arteries following COVID-19 infection.

Materials and methods. This retrospective study analyzed data from a tertiary hospital
database, focusing on individuals who underwent extracranial or intracranial atherosclerotic
stenting procedures at the Central Clinical Hospital JSC, Department of Neurosurgery, between
2016 and 2017, before the COVID-19 pandemic. The primary outcome measures evaluated
were the incidence of stent thrombosis, ischemic stroke, myocardial infarction, and all-cause
mortality.

Results. This study consisted of 81 participants, of whom 32 had a prior COVID-19
infection confirmed by PCR, antigen, and antibody testing, forming the COVID-19 group,
while the remaining 49 comprised the control group. The analysis revealed no statistically
significant differences in mortality, stroke, and myocardial infarction rates between the
COVID-19 and control groups. However, high blood pressure was found to be a significant
predictor of mortality and stroke. The binary logistic regression analysis indicated a trend
toward increased cardiovascular risk with smoking, but the association did not reach statistical
significance. While smoking remains a major modifiable risk factor for vascular disease, further
studies with larger sample sizes are needed to confirm its specific impact in post-stenting
patients.

Conclusion. While COVID-19 infection did not significantly influence long-term
mortality, stroke, or myocardial infarction rates, elevated blood pressure, smoking, and high
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stress levels were associated with worse outcomes. These findings highlight the importance of
managing cardiovascular risk factors in patients undergoing endovascular stenting

Keywords: atherosclerosis; stroke; risk factors; intracranial stenosis; extracranial
stenosis; COVID-19; public health; in-stent thrombosis; myocardial infarction

Introduction. Atherosclerotic disease is a chronic condition characterized by the
accumulation of lipids, inflammatory cells, and fibrous tissue within the arterial walls, leading
to plaque formation [1]. This process can result in stenosis, or the narrowing of the arterial
lumen, which impedes blood flow and increases the risk of ischemic events, such as stroke and
myocardial infarction [1,2]. Intracranial and extracranial stenosis, particularly in the carotid and
vertebral arteries, is a major cause of cerebrovascular events, contributing significantly to
morbidity and mortality worldwide [3].

The clinical management of atherosclerotic stenosis has evolved over recent decades,
with endovascular stenting emerging as a minimally invasive and effective treatment modality
[4]. Stenting restores vascular patency and stabilizes plaques, reducing the risk of embolic
events [5]. However, patients undergoing stenting remain at risk for complications such as in-
stent thrombosis, restenosis, and vascular inflammation, especially when compounded by
systemic factors, like smoking, hypertension, or diabetes [5,6].

The COVID-19 pandemic introduced an additional layer of complexity to managing
atherosclerotic disease. COVID-19 is associated with heightened pro-inflammatory and pro-
thrombotic states, which may exacerbate vascular complications in patients with pre-existing
conditions [7]. Understanding the interplay between COVID-19 infection and the long-term
outcomes of intracranial and extracranial stenting is critical for optimizing patient care and
improving prognoses [8].

This study aims to address the gap in research by examining the long-term outcomes of
endovascular stenting in patients with atherosclerotic stenosis who were affected by COVID-
19. By comparing these outcomes with those of a control group, this study provides insights
into the potential impact of COVID-19 on vascular interventions, contributing to the broader
understanding of how systemic diseases influence cerebrovascular health.

Materials and methods

Study Design and Patient Population

This study retrospectively analyzed data from a tertiary hospital database. The patient
population consisted of individuals who underwent extracranial or intracranial atherosclerotic
stenting at the Central Clinical Hospital JSC, Department of Neurosurgery, between 2016 and
2017, before the COVID-19 pandemic. The primary outcome measures evaluated were the
incidence of stent thrombosis, ischemic stroke, myocardial infarction, and all-cause mortality.
This study included patients who underwent extracranial or intracranial atherosclerotic stenting
procedures. The control group consisted of patients who tested negative for COVID-19.

This retrospective study analyzed data from a tertiary hospital database. The patient
population consisted of individuals who underwent extracranial or intracranial atherosclerotic
stenting at the Central Clinical Hospital JSC, Department of Neurosurgery, between 2016 and
2017, before the COVID-19 pandemic. Patients were followed up until December 2023, with a
mean follow-up duration of six years.

Patients from 2018 and 2019 were not included in this study to ensure a clear distinction
between pre-pandemic stenting cases and those potentially impacted by pandemic-related
healthcare system changes. Additionally, many patients who underwent stenting in 2018 and
2019 had incomplete follow-up data due to the disruptions caused by the COVID-19 pandemic,
limiting the reliability of long-term outcome assessments.
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The primary outcome measures evaluated were the incidence of stent-related
complications (such as in-stent thrombosis and restenosis), ischemic stroke, myocardial
infarction, and all-cause mortality. Given that this study focused on patients with intracranial
and extracranial stenting, complications related to stents were considered a primary endpoint to
capture clinically relevant vascular outcomes.

Patients were stratified into two groups based on COVID-19 status during the follow-up
period. The COVID-19 group included individuals with a history of COVID-19 infection
confirmed by PCR, antigen, and antibody testing. The control group comprised patients
confirmed as COVID-19 negative using the same diagnostic tests.

Due to the retrospective nature of this study, the precise timing of COVID-19 infection
for each participant was not always available. However, based on hospital records and follow-
up questionnaires, infection dates generally ranged from 2020 to 2022. Follow-up evaluations
were conducted at regular intervals (3 months or 1-year post-stenting), and any major adverse
events (stroke, myocardial infarction, mortality) occurring post-COVID-19 were documented.

Sample Size Determination

Although this study was retrospective in design, a post hoc power analysis was conducted
to ensure that the sample size was adequate for detecting meaningful differences between the
COVID-19 and control groups. Based on preliminary data and effect size estimations, the study
was powered to detect differences in mortality, stroke, and myocardial infarction outcomes at
an alpha level of 0.05 and a power of 80%. The final sample size of 81 participants met these
criteria and was deemed sufficient for the planned statistical analyses.

100 patients with extra and intra cranial stenosis were operated at the Central
Clinical Hospital JSC, Department of Neurosurgery, between 2016 and 2017

\ 4

12 patients were lost to follow-up

A\ 4

7 patients had refused to participate

A 4

A comprehensive evaluation by PCR,
antigen, and antibody testing

A 4 A 4

32 patients in COVID group 49 patients in control group

Figure 1. Inclusion and exclusion flowchart.

Survey Questionnaire

All the participants or their representatives provided voluntary informed consent and were
sent the questionnaire “Assessment of the Risk of Complications Following Cerebrovascular
Atherosclerotic Stenting” (copyright certificate No. 30993, issued on 9 December 2022). Our
center specifically developed the questionnaire in collaboration with the Public Health
Department to address this study’s objectives. It was used to collect data on (1) treatment
outcomes, including stroke, myocardial infarction, and mortality; (2) the number of months
post-procedure that the outcome occurred, and (3) risk factors, such as lifestyle, nutrition,
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medication adherence, and management of concurrent conditions. The questionnaire was
presented in Kazakh and Russian and consisted of 33 questions. The questionnaire can be found
in Supplementary Material S1.

This study complied with the ethical principles outlined in the Declaration of Helsinki
and received approval from the local bioethics committee of the Kazakhstan School of Public
Health, a medical university in Kazakhstan (NeIRB-A333, date 05.01.2023).

Predictive Model

A predictive model was developed using binary logistic regression [9] to estimate the
probability of mortality, stroke, and myocardial infarction based on various risk factors. The
model incorporated factors such as the severity and treatment setting of the COVID-19
infection, location of atherosclerotic plaques, smoking status, body mass index, changes in body
weight, sex, age, stress levels, sleep duration, physical activity patterns, adherence to
medication regimens, and type of stent used during the surgical procedure.

Stress levels were assessed using a standardized patient questionnaire, which included
self-reported measures of perceived stress, sleep disturbances, and anxiety symptoms.
Responses were scored using a Likert scale, with higher scores indicating greater stress levels.
Additionally, medical records were reviewed for documented stress-related symptoms such as
hypertension spikes and physician-reported psychological distress.

Statistical Analysis

The Shapiro—-Wilk test was used to assess the normality of the distribution of the
measured variables. Non-parametric quantitative data were analyzed using the Mann—Whitney
U-test, while parametric data were analyzed using Student’s #-test. Fisher’s exact test was
applied to examine the nominal data. Pearson’s chi-square test was leveraged to evaluate the
strength of associations, and the effect size was quantified using Cramer’s V metric.

Binary logistic regression modeling was employed to evaluate the impact of various
factors on the likelihood of developing complications. The coefficient of determination was
calculated using the Nagelkerke method. Sensitivity and specificity were determined through
the formulas Se = TP/100% and Sp = TN/100%, as well as by constructing an ROC curve.

Statistical significance was set at a p-value of less than 0.05. All the analyses were
conducted using the SPSS statistical software, version 26.

Results

Patient Characteristics

The final study cohort consisted of 81 participants, with 32 individuals in the COVID-19
group and 49 in the control group. The average follow-up duration was six years (mean: 6.2 +
1.1 years, range: 5.5-7 years), with the last recorded follow-up in December 2023. For the
COVID-19 group, the mean time from stenting to COVID-19 infection was 4.3 + 1.5 years.
Among them, nine patients experienced COVID-19 in 2020, 16 in 2021, and 7 in 2022. The
mean time from COVID-19 diagnosis to the occurrence of vascular events (stroke, myocardial
infarction, or death) was 15.8 + 4.2 months.

The two cohorts did not exhibit statistically significant differences in terms of sex or age,
as seen in Table 1.

Table 1. Patient characteristics
COVID-19 Control p-Value | Effect Size

Gender
Male 81.3% (26/32) | 65.3% (32/49) | 0.095 0.173 (0.138)
Female | 18.8% (6/32) | 34.7% (17/49)
Age 65.3+7.1 66.6 +6.9 0.947
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Data are % (n/N) or Mean = SD. SD: standard deviation.

In the COVID-19 group, the severity of illness varied, with 9 patients experiencing mild,
16 moderate, and 7 severe COVID-19 cases. Regarding the treatment setting, 16 patients were
managed at home, 4 received day-patient care, and 12 required full hospitalization, as seen in
Table 2.

Table 2. Characteristics of COVID-19

COVID-19 Characteristic | % (n/N)
Severity of symptoms

Mild 28.1% (9/32)
Average 50.0% (16/32)
Severe 21.9% (7/32)
Location of symptoms

At home 50.0% (16/32)
Day-patient facility 12.5% (4/32)
Hospital 37.5% (12/32)

The most common endovascular stent used by the study participants was the Protégé
stent. Medication adherence, including antiplatelet therapy, was assessed in both the COVID-
19 and control groups. All the patients were required to take antiplatelet agents for 6 months
following their endovascular procedure. In the COVID-19 group, 10 patients fully adhered to
the antiplatelet regimen, 13 adhered intermittently or in cycling patterns, and 9 did not take the
medication as prescribed. Similarly, in the control group, 21 patients adhered to the antiplatelet
therapy, 15 adhered partially or cyclically, and 13 did not take the medication. The differences
in medication adherence between the two groups were not statistically significant, as seen in
Table 3.

Table 3. Medications and adherence to prescribed dosage.

Medication Type Adherence COVID- | Control | p- Effect
19 Value | Size
Anti-hypertensives Yes 50.0% 63.3% 0.421 |0.183
(16/32) (31/49) (0.421)
Only when 28.1% 12.2%
hypertension was | (9/32) (6/49)
elevated
Irregular usage 9.4% 8.2%
(3/32) (4/49)
No 12.5% 16.3%
(4/32) (8/49)
Lipid-lowerings Yes 31.3% 42.9% 0.699 |0.092
(10/32) (21/49) (0.699)
Sometimes or in 40.6% 30.6%
dosing cycles (13/32) (15/49)
No 28.1% 26.5%
(9/32) (13/49)
Antiplatelets Yes 31.3% 42.9% 0.699 |0.092
(10/32) (21/49) (0.699)
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Sometimes or in 40.6% 30.6%
dosing cycles (13/32) (15/32)
No 28.1% 26.5%
(9/32) (13/49)
Mandatory course of Yes 15.6% 24.5% 0.299 |0.294
antiplatelets regimen (5/32) (12/49) (0.299)
after the surgery Stopped after 1 12.5% 20.4%
month (4/32) (10/49)
Stopped after 3 28.1% 12.2%
months (9/32) (6/49)
Stopped after 6 37.6% 24.5%
months (12/32) (12/49)
Stopped after 12 0% (0/32) | 8.2%
months (4/49)
No 6.2% 6.1%
(2/32) (3/49)
Unknown 0% (0/32) | 4.1%
(2/49)
Blood-sugar lowerings Yes 31.3% 38.8% 0.399 |0.092
(10/32) (19/49) (0.399)
No 68.6% 61.2%
(22/32) (30/49)

Data are % (n/N)

Long-Term Outcomes

To assess whether COVID-19 severity influenced long-term outcomes, we stratified
patients into three subgroups: mild (n = 9), moderate (n = 16), and severe (n = 7) COVID-19
cases. The key outcome measures (mortality, stroke, and myocardial infarction) were compared
across these subgroups.

The overall mortality rate was 21.9% in the COVID-19 group and 34.7% in the control
group, but this difference was not statistically significant (p = 0.271). However, patients with
severe COVID-19 infections had the highest mortality rate (42.9%) compared to those with
mild (11.1%) or moderate (18.8%) COVID-19 cases (p = 0.041). The causes of mortality in the
COVID-19 group included stroke, COVID-19, other causes, and unknown causes. Similarly,
in the control group, the causes of mortality were stroke, myocardial infarction, other causes,
and unknown causes. These differences in mortality causes between the two groups were not
statistically significant, as seen in Table 4.

Regarding stroke, the overall incidence was 56.3% in the COVID-19 group and 44.9% in
the control group. Although this difference did not reach statistical significance (p = 0.052), the
observed odds ratio of 1.4 (95% CI: 0.55-3.25) suggests a meaningful clinical trend toward
increased cerebrovascular events among post-COVID patients. Stratified analysis revealed
increasing stroke rates by severity: 3 of 9 patients (33.3%) in the mild group, 7 of 16 (43.8%)
in the moderate group, and 5 of 7 (71.4%) in the severe group. Although these differences did
not reach statistical significance (p = 0.19, Fisher’s exact test), the data suggest a dose-
dependent trend between COVID-19 severity and cerebrovascular risk.

The myocardial infarction rate was 3.1% in the COVID-19 group, while in the control
group, it was 4.1%. The odds ratios for mortality and myocardial infarction in the COVID-19



BECTHUK KA3HMY Ne2 (73) — 2025

ISSN 2524 - 0684 e-ISSN 2524 - 0692

group compared to the control group were both 0.5. However, these differences were not found
to be statistically significant, as seen in Table 4.

The data analysis revealed that individuals with severe COVID-19 infections experienced
significantly higher mortality rates compared to those with mild COVID-19 cases. Furthermore,
the severe COVID-19 cohort exhibited the highest incidence of myocardial infarction. While a
trend toward increased stroke risk was observed in the severe COVID-19 group, this association
did not reach statistical significance.

Timing of Events Relative to COVID-19 Infection

To evaluate the temporal relationship between COVID-19 infection and vascular events,
we assessed the incidence of major adverse outcomes within 3, 6, and 12 months following
COVID-19 diagnosis. Within 3 months post-infection, 2 strokes, 1 myocardial infarction, and
2 deaths were observed. Over the subsequent 6-month period, 5 strokes, 1 myocardial
infarction, and 4 deaths occurred. Finally, within 12 months post-infection, 10 strokes, 3
myocardial infarctions, and 5 deaths were documented. While there was an apparent increase
in cerebrovascular events during the first year after COVID-19, the difference in event rates
between the COVID-19 and control groups did not reach statistical significance.

Table 4. Long-term outcomes.

Outcome COVID-19 | Control OR (95% p- Effect Size
CI) Value
Mortality 21.9% (7/32) | 34.7% 0.5 0.271 0.114
(17/49) (0.212, (90.271)

Before the 0% (0/7) 29.4% (5/17) | 1.551)

pandemic

Missed 0 3

Causes of mortality 0 0.651 0.329 (0.651)

Stroke 14.3% (1/7) | 17.6% (3/17)

Myocardial 0% (0/7) 11.8% (2/17)

infarction

COVID-19 571% (4/7) | 0% (0/17)

Other 14.3% (1/7) | 52.9% (9/17)

Unknown 14.3% (1/7) | 17.6% (3/17)

Myocardial 3.1% (1/32) | 4.1% (2/49) | 0.5 0.588 0.092 (0.588)

infarction (0.053,

Before the 0% (0/1) 0% (0/2) 5.366)

pandemic

Missed 100% (1/1) | 50.0% (1/2)

Stroke 56.3% 44.9% 1.4 0.521 0.070 (0.531)
(18/32) (22/49) (0.550,

Before the 3.251)

pandemic

Missed 0 4.5% (1/22)

CI: confidence interval; OR: odds ratio.

Predictors of Outcomes
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The binary logistic regression analyses revealed that overall, maximum systolic blood
pressure, stress levels, and the type of stent used were statistically significant predictors of
mortality. Collectively, these factors accounted for 41.2% of the observed mortality.
Specifically, higher maximum systolic blood pressure and greater stress levels demonstrated a
significant positive association with the likelihood of death. The type of stent utilized showed
a varying association with clinical outcomes, with some types demonstrating a lower
probability of a lethal outcome, as shown in Table 5. The authors should specify how the stress
level was calculated.

Table 5. Predictors of mortality

Risk Factor Unadjusted OR (95% | p- Adjusted -
CI) Value | OR Value
(95% CI)

Max systolic blood | 1.005 (0.992-1.018) | 0.466 | 1.042 (1.000, 1.085) | 0.049 *
pressure

Stress 1.586 (1.069-2.354) 0.022 * | 3.612 (1.192,| 0.023 *
10.943)

Stent 0.942 (0.775-1.145) 0.548 | 0.660 (0.404, 1.088) | 0.098

Sensitivity 0

Specificity 100%

Total percentage 74.3%

Nagelkerke R2 0.412

p-value 0.021 *

CI: confidence interval, OR: odds ratio. * p <0.05.

The binary logistic regression analysis revealed statistically significant associations
between stroke and elevated maximum systolic blood pressure as well as the number of
cigarettes smoked per day. These two risk factors collectively accounted for 53.4% of the
observed strokes. Specifically, higher maximum systolic blood pressure demonstrated a

significant positive relationship with the likelihood of experiencing a stroke, as seen in Table
6.

Table 6. Predictors of stroke

Risk Factor Unadjusted OR | p- Adjusted OR p-
(95% CI) Value | (95% CI) Value

Max systolic  blood | 1.015 (1.001, 1.028) 0.035 * | 1.046 (1.007, | 0.019 *

pressure 1.086)

Number of cigarettes | 1.025 (0.976, 1.077) 0.320 1.077 (0.966, 1.2) | 0.182

per day

Sensitivity 0
Specificity 100%
Total percentage 53.8%
Nagelkerke R2 0.534
p-value 0.017 *

CI: confidence interval; OR: odds ratio. * p < 0.05. Overall model fit: Nagelkerke R? = 0.534,
p =0.017 (significant), indicating that overall model variables contributed to stroke risk.
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The binary logistic regression analysis showed a trend toward increased myocardial
infarction risk with smoking, but this association did not reach statistical significance (adjusted
p = 0.100). However, the overall model was significant (Nagelkerke R = 0.236, p = 0.03),
indicating that other risk factors in the model contributed to the prediction of myocardial
infarction, as seen in Table 7. This suggests that while smoking remains an important
cardiovascular risk factor, our sample size may have been insufficient to detect a significant
association in this cohort.

Table 7. Predictors of myocardial infarction.

Risk Factor Unadjusted OR (95% | p- Adjusted OR p-
CI) Value | (95% CI) Value

Number of cigarettes per | 1.035 (0.993, 1.080) 0.107 1.037 (0.993, | 0.1

day 1.083)

Sensitivity 0

Specificity 100%

Total percentage 74.3%

R-Nigel Kirk square 0.236

p-value 0.03 *

CI: confidence interval; OR: odds ratio. * p < 0.05. Overall model fit: Nagelkerke R? = 0.236,
p = 0.03 (significant), indicating that overall model variables contributed to myocardial
infarction risk.

Discussion. This study examines the impact of the COVID-19 pandemic on the long-term
outcomes of patients who underwent endovascular stenting procedures before the pandemic. It
is one of the first investigations of this nature conducted in Kazakhstan, exploring the
association between COVID-19 infection, various risk factors, and the development of long-
term complications following neuroendovascular interventions. Our findings underscore the
significant association between severe COVID-19 and poorer long-term outcomes in stented
patients. We observed that those with severe COVID-19 had the highest mortality rate and a
markedly increased risk of myocardial infarction. These results align with existing evidence
that severe COVID-19 can induce a hyperinflammatory and hypercoagulable state,
exacerbating cardiovascular complications in vulnerable individuals. While stroke incidence
was highest in the severe COVID-19 group, the association did not reach statistical significance,
likely due to the limited sample size. Nevertheless, the observed trend suggests that severe
group COVID-19 statistically significantly (p = 0.048) increased stroke incidence, suggesting
that greater systemic inflammation and endothelial dysfunction in severe COVID-19 may
contribute to increased cerebrovascular risk.

During the COVID-19 pandemic, primary stroke centers and healthcare facilities
witnessed a significant decline in the number of stroke-related hospitalizations. This reduction
was associated with a global decrease in various medical interventions, such as intravenous
thrombolysis treatments and endovascular procedures. These procedures, including cerebral
angiograms, carotid artery stent placements for both symptomatic and asymptomatic stenoses,
as well as intracranial angioplasty and/or stent placements for stenosis, experienced notable
decreases of 55.4% and 45%, respectively [10,11].

Despite the lack of confirmed COVID-19 infection, patients undergoing endovascular
procedures during the pandemic experienced serious complications. For instance, the VERN
and COVER international multicenter observational study conducted during the COVID-19
pandemic revealed a significant increase in mortality rates across all types of endovascular

9
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interventions, even though most participants did not exhibit SARS-CoV-2 infection [12].
Before the pandemic, the reported in-hospital mortality rate following carotid stenting was 1%,
while during the pandemic, the in-hospital mortality rate in the COVER study was 10.7%.
Additionally, some researchers have identified an elevated susceptibility to both arterial and
venous thrombosis [7,13], as well as a higher risk of thromboembolism [14], cerebral venous
thrombosis [15], and thrombotic microangiopathy [16] involving multiple organs in COVID-
19 patients, including an increased likelihood of stent thrombosis. While some reports have
suggested an association between certain COVID-19 vaccines and thrombotic complications,
particularly thrombosis with thrombocytopenia syndrome following viral vector vaccines [17],
large-scale studies have indicated that the absolute risk remains low and is outweighed by the
protective effects of vaccination against severe COVID-19 complications [18]. These factors
synergistically contributed to a disproportionately high intraluminal thrombus burden relative
to mild underlying atherosclerotic plaque [19]. As a result, the authors recommended
considering the possibility of deferring endovascular procedures [20].

The analysis of our results revealed that despite patients undergoing endovascular
stenting before the pandemic, the long-term complications did not show statistically significant
differences between the COVID-19 and control groups. While the rates of mortality, stroke,
and myocardial infarction were similar across the two groups, we identified the impact of other
risk factors. Specifically, we found that elevated blood pressure in the long term was
significantly correlated with an increased probability of death and stroke. Furthermore, the
number of cigarettes smoked per day exhibited a significant association with the likelihood of
myocardial infarction, and higher stress levels demonstrated a significant relationship with the
probability of mortality. The authors should specify how the stress level was calculated.

The results indicate that higher stress levels were associated with an increased risk of
mortality, stroke, and myocardial infarction. Stress was evaluated using a standardized
questionnaire that incorporated measures of perceived stress, sleep disturbances, and anxiety
symptoms, in addition to hypertension spikes documented in medical records. Given that
chronic stress is known to exacerbate endothelial dysfunction and systemic inflammation, these
findings align with previous research linking stress to atherosclerotic disease progression [21].

The complications observed during a COVID-19 infection can be attributed to a cascade
of pathological processes, including systemic inflammation throughout the body, impaired
blood clotting, and local inflammation of the blood vessel lining. To mitigate the complications
associated with systemic inflammation and coagulation disorders, some researchers have
advocated for the surgical removal of atherosclerotic plaques in extracranial atherosclerotic
lesions [16]. Nevertheless, the impact of COVID-19 on intracranial artery stenting continues to
be an unexamined area of research.

Conversely, some researchers advocate for a “carotid artery stenting-first” approach
during the COVID-19 pandemic, arguing that it is a safe and justified strategy. This perspective
suggests that prioritizing CAS as the initial treatment may help mitigate the burden on
healthcare facilities and ensure the timely and sufficient provision of care to patients,
particularly when healthcare resources are constrained [22]. Existing research suggests that
prioritizing carotid artery stenting as the initial treatment approach may be a safe and justified
strategy, even during the COVID-19 pandemic. This perspective contends that a CAS-first
approach for managing symptomatic carotid artery stenosis can remain a safe and effective
intervention, particularly for patients concurrently affected by COVID-19 infection [14].

While this study aimed to evaluate the impact of COVID-19 on long-term outcomes after
endovascular stenting, the actual results appear to reflect more the natural evolution of
atherosclerosis rather than a direct consequence of COVID-19 infection. Similar findings have
been extensively discussed in multiple other studies [23]. Given that the COVID-19 pandemic

10



BECTHUK KA3HMY Ne2 (73) — 2025

ISSN 2524 - 0684 e-ISSN 2524 - 0692

occurred more than three years after the initial procedures, its influence on vascular
complications might be less significant than expected [24]. This suggests that the progression
of atherosclerosis itself remains the dominant factor influencing long-term outcomes, rather
than the added impact of COVID-19.

Emerging evidence suggests that hybrid immunity—resulting from both vaccination and
natural infection—can lead to heightened immune responses, potentially contributing to
inflammatory and thrombotic complications [25]. While our study did not collect data on
vaccination or hybrid immunity status, this remains an important area for future investigation.
Prospective studies incorporating immune response profiling could provide deeper insights into
the role of hybrid immunity in patients with intracranial and extracranial atherosclerotic disease
undergoing endovascular interventions [26].

Unfortunately, the existing literature lacks comprehensive, rigorous data examining the
long-term outcomes and associated risk factors following stenting procedures for both intra-
and extracranial arteries and how these factors may impact subsequent prognoses. This
significant knowledge gap has been recognized by numerous researchers during the COVID-
19 pandemic era. Factors such as resource limitations, service closures to curb virus
transmission, and guidance to postpone surgeries until more urgent clinical presentations have
likely hindered surgeons’ ability to optimize patient care before interventions.

Study Limitations

This study has several limitations. First, its retrospective design restricts the ability to
establish causal relationships. Second, the single-center design in Kazakhstan may limit
external validity and generalizability to populations with different healthcare systems,
demographics, or treatment protocols. Third, the relatively small sample size, while adequate
based on power analysis, limits detailed subgroup analyses, such as distinguishing between
intracranial and extracranial stenting outcomes. Expanding the cohort by including patients
treated in 2018 and 2019 and reducing follow-up intervals to 3 months, 1 year, and 3 years may
improve statistical power and provide more structured insights into vascular complications.

Fourth, while the patient questionnaire was specifically developed for this study, it has
not been externally validated, which may impact broader applicability. Fifth, the lack of
vaccination data prevents analysis of vaccine-related vascular outcomes, such as thrombotic
complications or hybrid immunity effects. Sixth, the study may have been underpowered to
detect smaller but clinically meaningful associations between smoking and cardiovascular
events, warranting further investigation with larger cohorts.

Another key consideration is the potential impact of post-COVID syndromes, which can
emerge 3 weeks to 1 year after acute SARS-CoV-2 infection. Since these conditions may
contribute to vascular complications, future research should systematically track post-COVID
symptoms to assess their influence on long-term cerebrovascular health. Lastly, the timing of
COVID-19 infection relative to major adverse events was not consistently available, limiting
the ability to analyze event clustering around the infection period.

Implications for Future Research

Future studies should incorporate detailed vaccination data to assess the impact of
vaccination on thrombotic risks in patients undergoing neurovascular stenting. A direct
comparison of outcomes between vaccinated and unvaccinated individuals could help elucidate
this relationship. Additionally, the role of hybrid immunity as a potential modifier of long-term
cerebrovascular risk warrants further investigation.

Conclusion. The analysis revealed that the rates of mortality, stroke, and myocardial
infarction did not differ significantly between the COVID-19 group and the control group.
However, elevated blood pressure, increased cigarette consumption, and higher stress levels
were identified as significant predictors of long-term adverse outcomes. To better comprehend
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the impact of COVID-19 on extra- and intracranial atherosclerotic stenting, more rigorous and
prospective data are required. The authors should specify how the stress level was calculated.
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COVID-19-IbIH TAHJAEMUSFA JIEVTH dKACAJIFAH DKCTPA- )KOHE
WHTPAKPAHHUAJIIBIK ATEPOCKJIEPO3]bI CTEHTTEYIIH ¥3AK MEP3IM/I
CAJIJAPJIAPBIHA OCEPI: YIHIHIIT JEHI'EWJII MEKEMEHIH TOXIPUBECI

M.A. CAPIIIAEB 12 MIII. MAXAHBETXAH 2, 5.C. TYPJAJIVEBA 2,
A.T. MAWJIAH °, A K. )XYMABEKOB !, M.T. MYCABEKOB',
J.1I1I. CYMEYMBETOB !, M.C. BEPJIUXO/’)KAEB 4, P. BAPAHKO-IIOHC 3

! Kasaxcran Pecniy6nukacel Ipesunenti Ic backapMachiHbIH MeIUIMHANBIK OPTaIbIFbIHBIH
Y aTThIK TOCuTali, Anmatsl K, Kazaxcran

2 Kazakcranaplk MenuinHa yHUBepcuTeTi "KoFaMIbIK qeHCayIbIK caKTay KOFapbl MEKTe01",
Anmartsr K, Kazaxcran

3 KananbIk ken Oeifinzi aypyxaHa ’oHe KOHCYIbTaTUBTIK-HarHOCTHKAJIBLIK OpTanbirsl, Tapas
K, Kazaxcran

4 Kasakcran Pecniy6mukacsl Ipesunenti Ic BackapmachinbiH MeaunuHansk OpTajibiFbIHbIH
AypyxaHnacsel, Anmartsl K, Kazaxcran

> Anb-Kaccumu aypyxanacel, [llapmka K, bipikken Apa6 Owmipiikrepi

Tyiingeme

Kipicnme. WHTpa- XoHe »SKCTpakpaHHaJIIbIK AaTE€POCKIEPO3JbIK CTEHO3 Ke31HJe
9HJIOBACKYIISIPIIBIK CTEHTTEY — MUHUMAJAbl HHBA3UBTI npoueaypa 6onransiMeH, COVID-19
MH(QEKUMSIChIHAH KEeMIHI y3aK Mep3iMJll acKblHyJlap OOWBIHINA >KaH-KAaKThl 3€pTTeyiep
xerkinikeis. COVID-19-6en ayblpraH HaykacTapjia CTEHT TPOMOO3bl, MHCYJIBT, MHOKap.
MH(papKTICI JKOHE OJIM-XKITIMHIH apTybl MYMKIH OOJFaHIbIKTaH, Oyl HaykacTtapaa
CTEHTTEYACH KeHiHT1 y3aK Mep3iM/1 HOTHXKeNIep/li 3epTTey KOFaM/bIK JIEHCAYIbIK CaKTay YIIiH
MaHp3abl. by 3eprrey COVID-19 nn@ekuusacbiHaH KeiH UHTpa- jK9HE SKCTPaKpaHUANIbIK
apTepusiapAa aTepoCKIEPO3JbIK CTEHO30€H SHIOBACKYJSAPIBIK CTEHTTEYJeH KeHiHri
’KaFbIMCBI3 Y3aK MEp31M/Il HOTHIKEJep/l 3epTTEY 1iH KETKIIIKCI3AITH IIenryre OarbITTalFaH.

Marepuanmap Men dgicrep. byn perpocnextuBti 3eprrey 2016-2017 xpuigapsl
nangemusra nerin Kazakcran PecnyOmukacer [lpesunenti Ic backapmaceiabiH OpTaibik
KJIMHUKAJIBIK aypyxaHachlHbIH Helipoxupyprust 6esiMiHie HHTpa- HEMece SKCTPaKpaHUaJIIbIK
aTepOCKJIEPO3/bIK CTEHTTEY JKYPIi3UIreH HayKacTap JepeKTepiH Tannaisl. Herisri Hotuxkenep
— CTEHT TPOMOO3bI, MIIEMHSIIBIK WHCYJIbT, MUOKAp MH(MAPKTICI KOHE Kbl ©JIIM-XKITIM
KUUTITI.

Horumxenep. 3eprreyre GapinbiFbl 81 KaTblcymsl Kipai, onapabiH 32-cinge COVID-19
pacranran (IITP, anTuren »oHe aHTHAEHE ChlHAMallapbl apKbuibl) *koHe ojmap COVID-19
ToOBIHA eHJli, KanFaH 49 karbicylibl Oakpuiay ToObIH Kypanel. Tammay COVID-19 >xone
Oaxkplay TONTAapbl apachblHAa OJIM-XKITIM, HHCYJIbT KOHE HMH(ApPKT >KULIri OoHbIHIIA
CTaTUCTHKAJIBIK MAaHBI3bl aWbIPMAIIBUIBIKTAPIbl aHBIKTAMabl. JlereHMeH, apTepUsIbIK
TUTIEPTEH3US ©JIIM MEH WHCYJBTTIH €JIeysl OOJKAyIIbIChI PETIHAE aHBIKTAIIbl. BUHAPIBIK
JIOTHCTUKAIBIK PETPECCHSUIBIK Tajlay TeMeKi IICTYAiH >XYPEK-KaHTaMbIPJIBIK KayilnTepiH
apTThIpyFa OeHIMIUTIK Oap €KEeHIH KOPCETTl, OIpaK CTaTUCTUKAIBIK MaHBI3bUIBIKKA KETKCH
*OK. Temeki miery Moau(HKanMAIaHATBIH HEri3ri Kayin (akTopbl OOJFaHBIMEH, OHBIH
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CTEHTTEYJICH KEHIHT1 HAaKThl 9CEPiH aHBIKTAY YIIIH YJIKEH KOJEM/I 3epTTeyIep KaxeT.

KopsiThinabl. COVID-19 unpekuusacsl y3ak Mep3imMai eiM-KiTiM, HHCYJIbT HEMece
MUOKap MHGAPKTICI eHreliHe alTapJIbIKTail ocep €THEreHIMEH, apTePUSIIbIK THIICPTEH3HS,
TEMEKi IIery >KOHE CO3bUIMalIbl CTPECC Hallap HOTHXKeNepMeH OainaHbicThl Ooinmbl. by
HOTIDKEIIEP HI0BACKYJISIPIIBIK CTCHTTEYACH OTKCH HayKacTapia YPEK-KaHTaMBIPJIBIK Kayill
(axTopiapbH 6acKapyIbIH MaHbI3IbLIBIFBIH KOPCETE .

Tyiiingi ce3mep: arepockiepo3; WHCYNIBT; Kayinl (akTopiapbl, WHTPaKpaHUAIIBIK
CTEHO3; 3KCcTpakpaHuanabIK creHo3; COVID-19; KoraMIbIK JeHCayIIbIK; CTEHT 1IUTIK TPOMO03

BJIUSAHUE COVID-19 HA OTJAJEHHBIE MOCJAEACTBUA DKCTPA- U
HNHTPAKPAHUAJIBHOI'O ATEPOCKJIIEPOTUYECKOI'O CTEHTUPOBAHUAA,
BBIIIOJIHEHHOI'O 10 NAHAEMHAMU: OIIBIT TPETUYHOI'O YYPEKJAEHUA

M.A. CAPIIIAEB 12 MIII. MAXAHBETXAH 2, 5.C. TYPJAJIVEBA 2,
A.T. MAWJIAH °, A K. )XYMABEKOB ', M.T. MYCABEKOB ',
J.I1I. CYMEYMBETOB !, M.C. BEPJIUXO/’)KAEB ', P. BAPAHKO-IIOHC 3

! Harmonaneupiii TocnuTane MeTHIMHCKOTO neHtpa Ynpasienusa Jlemamu IIpe3npenrta
Pecriyonuku Kazaxcrany, r.Anmarel, Kazaxcran

2 KaszaxCTanckuii MeauIMHCKHUI YuuBepcurer "Bwicmas Illkoma OO6miecTBEeHHOTO
3npaBooxpanenus", r.AnMatel, Kazaxcran

3 Toponckas Muoronpoduibshas bonbauna u KoHCynbTaTUBHO-AMArHOCTHYECKUH LleHTp,
r.Tapa3, Kazaxcran

* Bonpruna Menununckoro Ilentpa VYnpapienus Jlemamu Ilpesumenta Pecrny6iauku
Kazaxcran, r.Anmarel, Kazaxcran

>Tocmurans Anb-Kaccumu, 1. [lapmka, O0bequuéRabIe ApabeKkie DMUpPAThI

AHHOTANUA

BBenenune. DHIOBACKYISIPHOE CTEHTHUPOBAHUE IPH ATEPOCKIEPOTHUECKOM CTEHO3E
MHTPa- U JKCTPAKPAaHUAIBHBIX apTepUil SBISAETCS MAJOMHBA3WBHOM MPOLENYPOH, OJHAKO
KOMILJIEKCHBIC HCCIIEIOBAHUS OTHAJEHHBIX OCIOKHEHHH mocie mnepenecénHoin COVID-19-
UHQEKIMM B HacTosIee BpeMs OTCYTCTBYIOT. C y4éTOM MNOTEHLUMAIBHOTO YBETUYEHUS
4acTOThl TpOMOO3a CTEHTa, MHCYJbTa, MHQApKTa MUOKapJa U CMEPTHOCTU y MNAI[MEHTOB,
nepeécuimx  COVID-19, wu3yueHue AOATOCPOYHBIX HMCXOJOB CTEHTUPOBAaHUS IIpU
aTepOCKJIEPOTHYECKOM CTEHO3€ IMPEACTaBIsSeT BaXXHOCTh JJIsi CHUCTEMbI OOIIECTBEHHOTO
3npaBooxpaHeHus. Hacrosmee wuccienoBaHHMEe  BOCHOJHSAET HEXBATKy JAaHHBIX O
HEOJArONMpPUATHBIX OTAAIEHHBIX IMOCIEICTBUSAX SHAOBACKYJISIPHBIX BMEUIATENBCTB y TaKUX
MAIMEHTOB.

Martepuanbl U MeTOAbl. PeTpoCTeKTHBHBIM aHaIM3 BBIMOJHEH Ha 0a3e JTaHHBIX
TPETUYHOTO METULIMHCKOTO YupexaeHnsa — OpToneauuecKkoro KImHudeckoro rocnutansg AO
«eHTpasibHas kIMHUYecKas: OoNbHULIA» (OTHENeHHe Helpoxupyprun), rae B 2016—-2017 rr.
1o nma"gemun COVID-19 npoBoannock 3kcTpa- WM MHTPAKpaHUAIbHOE CTEHTHUPOBAHHE I10
MoBOAYy aTepockiiepo3a. OCHOBHBIMH HMCXOJaMU OBLIM TPOMOO3 CTEHTA, WINEMHUYECKUM
UHCYJIBT, UH(APKT MUOKap/a U 00I11as CMEPTHOCTb.

Pe3yabTartsl. B nuccienoBanue Bkio4eHo 81 manuenT: 32 naluueHTa ¢ moATBePKIEHHBIM
COVID-19 (ITLP, anturen, anturena) — COVID-rpynna; 49 nanneHTOB — KOHTPOJIbHAS
rpymnmna. AHaiau3 HE BBISIBUJ CTATHCTHYECKH 3HAYMMBIX PAa3jIU4Mil B YPOBHE CMEPTHOCTH,
MHCYJIbTa U MH(apKTa MUOKapjaa Mexnay rpynnamu. OmHako apTrepuaibHas TMIIEPTEH3US
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OKa3ajach 3HAYMMBIM MPEIUKTOPOM JIETANBHOCTH M HMHCYJIbTa. buHapHas JOorucTudeckas
perpeccust mokaszajia TeHACHIIMIO K MOBBIIIEHHOMY PUCKY TIPU KYPEHHH, HO CTaTUCTHYECKON
3HAYUMOCTHU JOCTUTHYTO He Obuto. HecMoTps Ha 3T0, KypeHHe ocTaércsi MOIU(ULIUPYEMbIM
(dakTopoM prcKa, TPEOYIOIINM JAITBHEUIIIETO H3yUeHUSI.

3akiouenue. Ilepenecénnas COVID-19 wundexums He mnokaszajia JOCTOBEPHOTO
BIIUSTHUS HA OT/IAJIEHHBIC UCXObI, TAKAE KAK CMEPTHOCTh, MHCYJIBT ¥ UH(APKT, MOBBIIICHHOE
apTepualibHOE JIaBJICHHE, KypEeHHE M CTPEecC acCOLUHUPOBAIUCH C YXYALIEHHUEM IPOTHO3a.
[TomydeHHbIE NaHHBIC MOAYEPKUBAIOT HEOOXOAUMOCTHh IPPEKTUBHOTO KOHTPOJIST (PaKTOPOB
CEpJICYHO-COCYAUCTOrO PUCKA Y MalMEHTOB, EPEHECIINX CTEHTUPOBAHUE.

KiroueBble c€JIOBa: aTepoCKIEpO3; HMHCYIBT; (DAKTOPBl PHCKA; WHTPAKPaAHUATbHBIN
CTEHO3; dKCTpakpaHuaibHblil creHo3; COVID-19; o0uiecTBeHHOE 3jpaBOOXpaHEHHE; TPOMOO03
CTEHTa
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