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Abstract

Aim. This study aimed to compare and evaluate treatment outcomes in groups of ischemic stroke patients with or without COVID-19 infection who
underwent endovascular thrombectomy (EVT).

Materials and methods. We conducted a retrospective analysis of 817 case records of IS patients aged 25 to 99 years with confirmed thrombotic
occlusion of cerebral arteries and subsequent EVT who were treated in regional vascular centers in St. Petersburg from January 01, 2021

to December 31, 2021.

Results. Patients without COVID-19 had favorable outcome more often than patients with confirmed COVID-19 (35.0% vs. 7.3%, p < 0.001); mortality
rate was 30% vs. 52%, respectively (p < 0.001).

Conclusions. Intercurrent COVID-19 significantly worsened prognosis and increased risk of death in ischemic stroke patients who underwent EVT.

Keywords: ischemic stroke; endovascular thrombectomy; cerebral artery thrombosis; COVID-19 infection; severe respiratory infection

Ethics approval. The study was conducted with the voluntary informed consent of the patients. The research protocol was
approved by the Ethics Committee of the First St. Petersburg State Medical University named after Academician LP. Pavlov
(protocol No. 2, dated 11.18.1022).

Source of funding. This study was not supported by any external sources of funding.
Conflict of interest. The authors declare no apparent or potential conflicts of interest related to the publication of this article.

For correspondence: 192242, Russia, St. Petersburg, Budapeshtskaya str., 3. Saint-Petersburg L1. Dzhanelidze Research Institute
of Emergency Medicine. E-mail: yakovlevai92@yandex.ru. Yakovlev A.L

For citation: Yakovlev AL, Voznyuk LA, Kharitonova TV, Savello AV, Prokhorova M.V, Kolomentsev SV., Tsurikova N.A. Ischemic
stroke and COVID-19 infection: an analysis of treatment outcomes in patients who underwent endovascular thrombectomy. An-
nals of Clinical and Experimental Neurology. 2024;18(1):55-62. (In Russ.)

DOL: https://doi.org/10.54101/ACEN.2024.1.6
Received 16.01.2024 / Accepted 24.01.2024 / Published 25.03.2024

Annals of clinical and experimental neurology. 2024; 18(1). DOI: https://doi.org/10.54101/ACEN.2024.1.6 95


https://crossmark.crossref.org/dialog/?doi=10.54101/ACEN.2024.1.6&domain=PDF&date_stamp=2024-04-05

OPUTWHAITBHBIE CTATBI. KnuHnyeckas HeBponorus
Nwemun4ecknit MHCYNbT U KOPOHABUPYCHAS MHAEKLNS

Nmemunyeckuili UHCYJIbT U KOPOHABUPYCHAS
MH(}EeKUA: aHa/Iu3 UCXO0/I0B JIeYeHM s
y NalUeHTOB C BbINIOJIHEHHOU BHYTPUCOCYAUCTOU
TPOMOO3IKCTPaKI[HEl

AM. fxosnes', U.A. Bozuiok??, T.B. Xapuronosa‘, A.B.Casenno®, M.B. [Ipoxoposa?, C.B. Konomenues®’, H.A. Llypuxosa®

'Canxm-IlemepGypeckuii HayuHo-uccaiedosamenbekuil uHemumym ckopoti nomouju umenu MM, [Jxanenudse, Cankm-IlemepGype, Poccus;
“ITepeiti Canxm-ITemepOypeckuil 2ocydapcmeenHbii MeQuyuHCKuLl yHugepcumen
umeHu akademuxa U.I1. Iasnosa, Cankm-Ilemepbype, Poccus;
Sbanmutickuil (pedepanvHbili yHusepcumem umenu Ummaryuna Kanma, Kanununepad, Poccus;
‘Hayuonanshoe obujecmso HetipocoHonozuu u yepedpansholi 2emodunamuxy, Canxm-Ilemep6ype, Poccus;
*BoenHo-meduyurckas akademus umenu C.M. Kupoea, Carnxm-ITemepGype, Poccus;
606nacmHas demckas kauHudeckas 6onbHuya, Pocmos-Ha-/Jowy, Poccus

AnHoTarug

Llenv uccnedosanus — cpagHumenbHolll GHANU3 UCX0008 JIeUeHUs 8 2pyNNax NAYUeHMOo8 ¢ UeMUYeCKUM UHCYTbMOM, NEPeHECUILX 6HYMPUCOCy-
ducmyio mpomboakcmpakyuio (BCT) Ha dhoHe akmyansHot KopoHasupycHotl uHpekyuu u Ge3 Heg.

Mamepuanst u memodsL. [Ipogedén pempocnexkmushbii ananuz 817 ucmopuii Gonesnu nayuenmos ¢ UM 6 gospacme 25-99 nem, npoxoduguiux
JleueHue 8 pezUoHabHbIX cocyducmbix yenmpax Cankm-[Temep6ypea c 01.01.2021 no 31.12.2021, ¢ dokasanHoti mpombomuueckoli Okko3uell ye-
pebpanbhbix cocydos u nocnedyiougum svinonnenuem BCTO.

Pesynsmamet. Y nayuenmos 6e3 COVID-19 uawe ommeuancs 6nazonpusmmbiti QpyHkyuonamshoui ucxod — 35% npomus 7,3% y nayuermos
¢ COVID-19 (p < 0,001), dons nemanshblx ucxodos cocmasua 30% npomus 52% (p < 0,001).

3axmouenue. Humepkyppenmuas COVID-19 3nauumo yxyowiaem npozHo3 u ysenuuusaem 6eposmHocmy JemansHozo ucxoda y nayuexmos
C ULeMUUECKUM UHCYbmoM U ebinoaHenHoll BCTD.

Kntouesvie cnoea: uwiemuyeckuti uHcynom; eHympucocyducmas mpomboskcmpakyus, mpomoo3 yepebpanvHbix apmeput; H08as
KOPOHABUPYCHAS UHDEKYUS; MKENAs pecnUpamopHas UHpexyus
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Introduction comes [1-4]. Reperfusion treatment in cerebral artery throm-

bosis has become more accessible with the combined use
Endovascular therapy has significantly expanded pathogenetic of endovascular intervention and intravenous thrombolytic
treatment options for patients with acute ischemic stroke (IS) therapy, expanding the “therapeutic window” for restoring
caused by occlusion of proximal cerebral arteries and allowed blood flow from 4.5 to 6 and even up to 24 hours, increasing
decreasing hospital mortality and improving functional out- the rates of successful recanalization [5-7].
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An established and well-equipped network of vascular
centers sharing common triage principles was a key fac-
tor that allowed introducing advanced specialized medi-
cal care, including high-tech one, for stroke patients in
the regions of Russia. Intensive recruitment of personnel
experienced in endovascular surgery and regular training
of new specialists have been performed since 2011, and
this has significantly accelerated introducing endovascular
thrombectomy (EVT) into routine practice of regional vas-
cular centers. By 2014, there were 20 radiology surgeons
in Saint Petersburg with up to 10 cerebral endovascular
procedures in their professional journey [7-9], while to-
day there are 77 of them. Twenty-four surgeons have per-
formed up to 10 EVT procedures, and 10 to 100 surgeons up
to 38 EVT procedures. Fourteen surgeons have performed
over 100 procedures, and one of them has performed over
150 cerebral endovascular procedures for acute thrombo-
sis and cerebral artery occlusion. The expertise gained in
patient triage in St. Petersburg together with adequate
staffing has led to an exponential increase in the number
of endovascular procedures (i.e. from 25 in 2014 to 1123 in
2022). In 2019, 26% of the total number of EVT procedures
performed in vascular centers of Russia was performed
in St. Petersburg.

Considering the complex nature of the surgical interven-
tions, regional registries to access the quality and suc-
cess of the interventions were established in Moscow and
St. Petersburg at the beginning of the introduction of
EVT. According to the Moscow Stroke Registry, in 2019,
successful recanalization (Modified Treatment in Cere-
bral Ischemia (mTICI) score of 2b-3) was achieved in 75%
of patients; thromboaspiration, which was used in 51.6%
of patients, was the most common procedure for throm-
bectomy; good functional recovery by the end of Day 20
(Rehabilitation Triage Scale score of 0-2) was observed
in 29.2% of patients. 20-day mortality rate in the cohort
of surgically treated patients was 31.8% [8].

The COVID-19 pandemic created critical challenges, sig-
nificantly affecting the specialized medical care system for
stroke patients and limiting triage opportunities and care
availability in most regions of Russia [10]. Stroke patients
were more vulnerable if having signs of COVID-19 [11-15].
A dramatic role in increased frequency of more severe dis-
ease and increased mortality was played by the mutual ag-
gravation of the two conditions and a loss of time caused
by “rehospitalization” of patients from vascular centers to
so-called “green zones” in repurposed hospitals, as well as
limitations associated with more common contraindications
to intravenous thrombolytic therapy and EVT due to the
comorbidity.

This study aimed to compare and evaluate treatment out-
comes in the ischemic stroke patients with or without
COVID-19 infection who underwent EVT.

Ischemic stroke and coronavirus infection

Materials and methods

We conducted a retrospective analysis of 817 case records of
all patients (365 men and 452 women) aged 25-99 years who
were treated for IS from January 01, 2021 to December 31,
2021 in 11 vascular centers in St. Petersburg (Pokrovskaya
City Hospital No 1, Hospital for War Veterans, Mariinskaya
City Hospital No 16, A.M. Nikiforov Russian Emergency and
Radiation Medicine Center, Aleksandrovskaya City Hospital
No 17, Almazov National Medical Research Center, City Hos-
pital No 40, City Multi-Field Hospital No 2, LI. Dzhanelid-
ze Research Institute of Emergency Medicine, City Hospital
No 26, St. Elizaveta City Hospital No 3).

Inclusion criteria for study population:

* Ischemic stroke confirmed by neuroimaging, i.e. computed
tomography (CT) or magnetic resonance imaging (MRI);

o confirmed thrombotic occlusion of proximal cerebral

arteries followed by EVT;

no history of thrombolytic therapy;

Exclusion criteria:

no polymerase chain reaction test for SARS-CoV-2;

no indications for EVT;

no control CT performed 24 hours after the surgery.

All patients underwent standard clinical and neurological ex-
amination, and the clinical diagnosis of IS was established
according to ICD-10 and TOAST criteria. Neurological deficit
was assessed using the National Institutes of Health Stroke
Scale (NIHSS). EVT success was determined by control angi-
ography; result was considered as success if the lumen of the
cerebral artery was restored with mTICI score of 2b to 3 and
as failure if mTICI score was 0 to 2a. Functional outcomes
after IS were assessed using the Modified Rankin Scale (mRS)
at discharge. Functional outcome was considered favorable
if mRs score was 0 to 2 and unfavorable if mRs score was
3 to 5; death corresponded to mRs score of 6. We also as-
sessed mortality on Day 90 after the onset of stroke in a co-
hort of discharged patients based on cases registered in the
St. Petersburg State Information System. Death causes were
reported based on autopsy results (for hospital deaths).

Quantitative data were presented as medians and quartiles
(Me [Q1; Q3]); categorical (qualitative) data were presented
as rates and percentages; 95% confidence intervals (Cis) were
calculated for proportions. For all numerical data, preliminary
testing for normality of distribution was performed using Sha-
piro-Wilk test, as well as skewness and kurtosis test by calcu-
lating p value when testing the null hypothesis about normal
distribution of the variable. Student’s t-test for independent
samples was used for statistical analysis of data with normal
distribution. Non-parametric Wilcoxon-Mann-Whitney and
Kruskal-Wallis tests were used for data without normal dis-
tribution. The association between categorical variables was
evaluated using Fisher’s exact test and Pearson’s * test. The
relationship between quantitative characteristics was deter-
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mined by calculating Pearson linear correlation coefficient.
Univariate and multivariate logistic regression models were
generated to assess the association of favorable functional
outcome (mRs score of 0-2) at discharge and the variables
of interest and their confounder variables. All p-values
were based on two-sided tests. Differences were considered
significant with p < 0.05. All calculations were performed
using R package version 4.3.1.

Results

Demographics and clinical characteristics of the study popu-
lation are presented in Table 1.

Based on the selection criteria, we identified a cohort of 219
patients with confirmed COVID-19 (according to PCR and
chest CT results) from all 817 patients who underwent EVT;
no documented confirmation of COVID-19 was obtained in 598
cases. Outcome assessment results are presented in Table 2.

The data show that statistically significant differences were
seen in 4 parameters:

* neurological deficit severity (NIHSS score);

* mortality rate by the end of acute IS period;

» functional outcome by mRS score by the end of treatment
in the acute period;

¢ death number and percentage on Day 90 after disease on-
set.

When assessing the cohorts, we found that the neurologi-
cal syndrome at admission and initiation of treatment was
significantly more severe in patients with COVID-19, which
supported the hypothesis on mutual aggravation of the con-
ditions and demonstrated pathogenesis of COVID-19. NIHSS
score was 17 and 15 in patients with or without COVID-19,
respectively (p < 0.001).

Hospital mortality rate in the study population (n = 817) was
36% (n = 294), which was significantly higher than before
the pandemic. Of those, mortality rate in patients without
or with COVID-19 at the time of stroke was 30% vs. 52%,
respectively (p < 0.001). A total of 89 (11%) IS cases were
excluded from the analysis because their treatment did not
comply with several provisions of the Procedure for provid-

Table 1. Demographics and clinical characteristics of IS patients with or without COVID-19

Parameter

Number of patients, n

Age, years

Male gender, n (%)

NIHSS score at admission

ASPECTS score by CT at admission

Number and percentage of patients with 0 to 6 h from stroke
to arterial puncture, n (%)

Successful angiographic reperfusion (mTICI score of 2a to 3), n (%)

Functional outcome at discharge, mRS score

Mortality rate on Day 90 from IS onset, n (%)

Patients with COVID-19 Patients without COVID-19 p

219 598
75 [67; 84] 73 [63; 82 0.023
103 (47) 262 (44) 0.4
17 [13; 20] 15 [10; 18] <0.001

10.00 [8.00; 10.00] 10.00 [8.00; 10.00] 0.5

133 (61; 95% Cl 54-67) 399 (67; 95% Cl 63-70) 0.11

164 (77, 95% C1 71-83) 492 (86; 95% Cl 83-89)  0.004

6.00 [4.00; 6.00] 3.00 [2.00; 6.00] < 0.001

98 (51; 95% Cl 44-59) 177 (33; 95% C129-37) < 0.001

Note. *Quantitative data are presented as medians and quartiles (Me [Q1; Q3]). Qualitative data are presented as rates and percentages.
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Table 2. Comparative analysis of outcomes at discharge after EVT in IS patients with or without COVID-19

Outcome group Patients with COVID-19

Discharged + died (total), n 219
During 3 months after IS:

died, 1 (%) 98 (51%; 95% CI 44-59)

survived, n (%) 93 (49%; 95% CI 42-56)

Number of missed values 28

ing specialized medical care for stroke patients' due to triage
problems, lack of personnel or shortage of critical care beds.
In these cases, the relationship between outcomes of hospital
treatment was obviously not related to the treatment option
and comorbidity.

In IS patients who underwent EVT and did not have confirmed
COVID-19, favorable functional outcomes (mRS score of 0-2)
at discharge were more common (35.0% vs. 7.3%; p < 0.001).
By Day 90 from stroke onset, outcome was known in 728/817
patients, while in 89 patients it could not be established. Mor-
tality rate on Day 90 after stroke onset was lower in patients
without diagnosed COVID-19 compared with patients without
it (33% vs. 51%).

Outcomes of endovascular surgery (successful/unsuccessful)
were available in 784/817 patients; no information on mTICI
recanalization score was available in 33 case records. Sta-
tistical analysis confirmed significant intergroup differences
(Table 1): successful recanalization was achieved in 86% of
patients without signs of COVID-19 vs. 77% of patients with
concomitant COVID-19 (p = 0.004).

To identify the association between favorable functional out-
come with endpoints and confounders in a cohort of IS pa-
tients who required endovascular surgery, a multiple logistic
regression model was generated including age, neurological
deficit (NIHSS score) at admission, degree of revascularization
achieved, and absence of COVID-19 (Table 3).

Discussion

We studied a continuous sample of IS patients who under-
went EVT in vascular centers of St. Petersburg in 2021; this
population was representative for the period of the wide-
spread COVID-19 pandemic. We found that IS patients without

" Decree 928n of the Ministry of Health of the Russian Federation dated November 15, 2012
“On approval of the Procedure for providing medical care to stroke patients”.

Patients without COVID-19 p Total, n
598 - 817
177 (33%; 95% Cl 29-37) < 0.001 275
360 (67%; 95% Cl 63-71) <0.001
61 89

COVID-19 who underwent EVT had a better prognosis for fa-
vorable functional outcome, higher chances of good revascu-
larization and a lower probability of death both during hospital
treatment and within 3 months after IS onset.

This may be partly caused by administrative factors such
as suboptimal pre-hospital and in-hospital triage and
poor availability of specialized medical care. Stroke ad-
missions and frequency of systemic thrombolysis and/or
EVT dropped during the COVID-19 pandemic in many coun-
tries [16]. Door-to-puncture time increased in EVT candi-
dates, which was associated with the performance of chest
computed tomography [17]. In our population, there was a
trend towards less frequent early (up to 6 hours from the
onset) EVT in patients with COVID-19 (61% vs. 67% in pa-
tients without COVID-19), which, however, did not achieve
statistical significance in either univariate or multivariate
analysis.

Other possible causes may include aggravation of neurolog-
ical deficit due to intercurrent SARS-CoV-2 infection. Neuro-
logical symptoms in COVID-19 are not uncommon: headache,
paresthesias, impaired perception of smell and taste, impaired
consciousness have been reported in patients with COVID-19,
and, in some cases, COVID-19 manifested with stroke [18, 19].
In our population, COVID-19 was associated with more severe
neurological deficit in the hyperacute stroke phase (NIHSS
score at admission). It is important to note that differences in
the severity of neurological deficit were not associated with
inter-group differences in the ASPECTS score, suggesting
that the higher NIHSS score in patients with COVID-19 was
not explained by later hospitalization.

Therefore, COVID-19 appeared to be an independent factor
to aggravate IS severity, which was confirmed by multivari-
ate analysis results. In our population, the odds of an unfa-
vorable stroke outcome in patients with COVID-19 increased
6.82-fold (95% CI 3.81-13.2) with adjustment for age, sever-
ity of neurological deficit, EVT outcome, and time. This ob-
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Table 3. Coefficients of logistic regression equation to assess the association between favorable functional outcome (mRs
score of 0-2) and clinically significant variables in the study group

Parameter

odds ratio
Age 0.96
NIHSS score at admission 0.87
Over 6 h from stroke onset to arterial puncture 0.78
Successful recanalization 3.18
No COVID-19 6.77

servation is consistent with the global trend: less favorable
outcomes in patients treated for stroke have been reported
in most cohort studies during the COVID-19 pandemic [18,
20]. This might be directly related to COVID-19 severity.
The advantage of our study compared with observational
case series that compared IS outcomes before and during
the COVID-19 pandemic is that our study considered the
status of SARS-CoV-2 infection and IS severity. Our results
confirmed a hypothesis on the pathophysiological role of
COVID-19 per se and its complications in IS patients. It is
important to note that administrative measures during a
pandemic should aim not only at improving patient triage
but also at carefully preventing secondary infection in IS
patients admitted without COVID-19.

Limitations. Our study was based on a retrospective analysis
of case records; it was observational and did not consider

Univariate analysis

Multivariate analysis

95% Cl p odds ratio 95% Cl p
0.95-0.98  <0.001 0.97 0.96-0.99  <0.001
0.84-0.89  <0.001 0.88 0.85-0.91  <0.001
0.56-1.08 0.13 0.74 0.50-1.10 0.14
1.98-5.37  <0.001 2.84 1.64-5.18 < 0.001
4.08-120  <0.001 6.82 3.81-13.2 < 0.001

treatment outcomes of patients who did not undergo EVT
due to extreme severity of their respiratory syndrome or
multiple organ involvement that complicated COVID-19. We
did not consider cases with reduced EVT availability due to
administrative issues because deaths in this population were
expected and would likely to worsen the outcomes in the
general population of stroke patients.

Conclusion

Our results demonstrated with high confidence the negative
impact of COVID-19 on outcomes in patients receiving endovas-
cular treatment for acute cerebral artery thrombosis. COVID-19
significantly worsened survival and functional outcomes in
IS patients who underwent EVT. Administrative issues, which
reduced the availability of timely pathogenetic therapy, signifi-
cantly contributed to hospital mortality in IS patients.
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