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Abstract

Background Some previous reports have shown a reduced number of admission in stroke cases during the coronavirus disease
2019 (COVID-19) pandemic period. The present study aimed to investigate this changing pattern and the potential causes behind
it at an academic neurology and neurosurgery center in Iran.

Methods Patients admitted to our center with the diagnosis of ischemic and hemorrhagic stroke, between March 1, 2019, Jun 1,
2019, and the similar 3-month period in 2020 (COVID-19 pandemic period), were compared in terms of clinical characteristics
and outcome. Poisson regression was also conducted to assess the correlation between daily admissions and the COVID-19
pandemic period.

Results A total of 210 patients with stroke (ischemic and hemorrhagic) in 2019 were compared with 106 patients in 2020.
COVID-19 pandemic period was significantly associated with the decline in the number of daily admissions in ischemic stroke
(IRR, 0.51 [95% CI, 0.4-0.64]). A significant reduction (P = 0.003) in time from onset to arrival at hospital from median 12 h
[IQR, 5-32] in 2019 to median 6 h [IQR, 4-16] in 2020 was found in ischemic stroke cases. National Institute of Health Stroke
Scale (NIHSS) was significantly increased (P < 0.001) from median 4 [IQR, 2—7] in 2019 to median 9 [IQR, 4-14] in 2020.
Glasgow coma scale (GCS) was significantly decreased from 13.9 (SD, 2) in 2019 to 12.8 (SD, 2.9) in 2020 (P < 0.001).
Conclusions The present study provided new pieces of evidence regarding the changed pattern of hospital admission in stroke
especially the possible reasons for its decline.

Keywords Coronavirus - Stroke - Pandemics - Cerebrovascular disease - Public health - Subarachnoid hemorrhage -
Hospitalization

Introduction

The ongoing COVID-19 pandemic has changed the face of
healthcare systems globally. Since the start of the pandemic,
many countries have implemented lockdown and physical
distancing measures in order to reduce the spread of
COVID-19. However, this strategy as well as the fear of
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COVID-19 infection has resulted in patients’ hesitation to
seek medical emergency care. Previous reports have shown
a significant drop in the number of admissions in patients
presenting with acute coronary syndromes and ischemic
stroke during the COVID-19 pandemic in comparison to the
previous year [ 1-4]. This could finally result in increased out-
of-hospital morbidity, mortality, and a poorer prognosis upon
presentation. Moreover, additional workload imposed on
emergency facilities by COVID-19 cases mandates the need
for major reorganizations in the healthcare system to decrease
the complications associated with other urgent conditions.
Worldwide, stroke is one of the leading causes of mortality
and morbidity. Acute stroke interventions and outcomes of the
patients are highly dependent on the time from symptom onset
to arrival which can be prolonged during the pandemic [5—7].
The objective of the present study was to examine the changes
in the pattern of hospital admissions for ischemic and
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hemorrhagic stroke during the COVID-19 pandemic at a neu-
rology and neurosurgery center in Iran.

Methods

This retrospective cohort study was performed at Shohada
Tajrish Hospital and approved by the institutional review
board of Shahid Beheshti University of Medical Sciences.
Our center is one of the three academic public comprehensive
stroke unit hospitals providing acute stroke care for northern,
north-eastern, and eastern regions of Tehran province and city
(covering more than 5.7 million inhabitants with approximate-
ly 80% in Tehran city). Our stroke network follows a central-
ized management system that is suitable for sectors with a
high population density in metropolitan areas. All the eligible
patients in our territory are transferred by the ambulance ser-
vices to these three hospitals 24/7, following the emergency
medical services (EMS) teleconsultation. Informed consent
was not required due to the retrospective nature of the study.
The COVID-19 outbreak in Iran was officially announced on
February 19, 2020, following the death of two patients in Qom
city, due to COVID-19 infection. Thus, patients with the di-
agnosis of ischemic stroke, transient ischemic attack (TIA),
and hemorrhagic stroke including non-traumatic subarachnoid
hemorrhage (SAH) and intracerebral hemorrhage (ICH), in 3
months between March 1, 2020, Jun 1, 2020, and the corre-
sponding population to this group in the previous year be-
tween March 1, 2019, and Jun 1, 2019, were included in this
study. Patients’ data were gathered from the medical records
of the Shohada Tajrish Hospital. Data extraction from medical
records was performed according to ICD 10 discharge codes
which included ischemic or hemorrhagic strokes (160.x,
161.x, and 163.x) and transient ischemic attack (TIA, G45.x).

Patients in the two groups (periods) were comparatively
analyzed in terms of demographics (age, sex), time from onset
to arrival at the hospital, type of stroke (ischemic/TIA and
hemorrhagic), treatment, comorbidities, in-hospital mortality,
GCS, NIHSS, and onset symptoms. Stroke severity was clas-
sified based on NIHSS as mild (0—4), moderate (5-8), and
severe (> 8). NIHSS and GCS scores are according to patients’
clinical status upon presentation. Furthermore, these variables
were also compared between the ischemic stroke patients with
and without COVID-19 infection. COVID-19 diagnosis was
performed using quantitative reverse-transcriptase polymerase
chain reaction (RT-PCR) test of nasopharyngeal swab
samples.

Statistical analysis

Quantitative variables (age, time from onset to arrival, GCS,
and NIHSS) were presented as mean and standard deviation
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(SD) or median and inter-quartile range (IQR, 25th to 75th
percentile). Nominal variables were expressed as frequency
and percentage. Mann-Whitney U test was performed to com-
pare differences in continuous variables between the two
groups. Chi-square and Fisher’s exact tests were used to assess
differences in categorical variables. Furthermore, in order to
determine whether there was a significant difference in the
daily admissions between the two study periods, incidence
rate ratios (IRRs) with 95% confidence interval (CI) were
calculated using Poisson regression (daily admissions as the
response variable; year, month, and day as the independent
variables). Statistical analysis was performed using SPSS 24
(SPSS, Inc., Chicago, IL, USA). Poisson regression was per-
formed using STATA 15. P values < 0.05 were considered
statistically significant.

Results

From March 1, 2019, to Jun 1, 2019, a total of 210 cases of
stroke (ischemic and hemorrhagic) were admitted to our cen-
ter, and a total of 106 cases were diagnosed during the same
period in 2020 (COVID-19 pandemic). There is a reduction of
50% in all types of stroke in our center in comparison to 2019
(Figs. 1 and 2). Details regarding demographics and clinical
characteristics of patients with ischemic and hemorrhagic
stroke are depicted in Tables 1 and 2, respectively.

Time from onset to arrival among cases with ischemic
stroke was significantly reduced in 2020 (median, 6 h [IQR,
4-16], P = 0.003) compared with 2019 (median, 12 h [IQR,
5-32]). There was no significant difference in time from onset
to arrival in hemorrhagic cases (P = 0.64). A significant de-
crease (P < 0.001) in GCS scores in 2020 with an average of
12.8 (SD, 2.9) in comparison to 2019 with an average of 13.9
(SD, 2) for all cases was found. Percentage of cases with GCS
score 13—15 was decreased from 80.9 to 64.8%, GCS score 9—
12 was increased from 16.4 to 26.4%, GCS score 6—-8 was
increased from 2.2 to 4.4%, and GCS score 3—5 was increased
from 0.5 to 4.4%. GCS scores were similar for hemorrhagic
stroke in both periods (P = 0.6). There was a significant in-
crease in NIHSS scores in 2020 (median, 9 [IQR, 4-14], P <
0.001) compared with 2019 (median, 4 [IQR, 2-7]) for the
ischemic stroke. NIHSS score 0—4 was decreased from 51.9 to
21.8%, NIHSS score 5-8 was decreased from 29.6 to 23.7%,
NIHSS score 9-14 was increased from 11.1 to 29%, and
NIHSS score > 14 was increased from 7.4 to 21.5% in
COVID-19 pandemic period.

No statistically significant change was observed in stroke
symptoms from 2019 to 2020, except for a significant increase
in motor symptoms (an increase of 16.3%, P = 0.003) and
impaired level of consciousness (an increase of 20%, P <
0.001) during the pandemic period. There was a significant
increase (11.7%, P = 0.007) in the mortality rate for all cases
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Table 1 Clinical and demographic characteristics of patients with ischemic stroke in pre-COVID-19 and COVID-19 period
2019 (Mar 1 to Jun 1) 2020 (Mar 1 to Jun 1) P value
Number of admissions 190 95
COVID-19 infection (n, %) - 15 (15.8%)
Age (mean, SD! [years]) 67.1 (14.9) 68.3 (15.2) 0.44
Sex (male [n, %]) 111 (58.4%) 50 (52.6%) 0.60
Time from onset to arrival at hospital (median [IQR]Z, hours) 12 (5-32) 6 (4-16) 0.003*
Time from arrival to thrombolysis (median [IQR], minutes) 18 (15-31) 22 (20-45) 0.42
Time from arrival to puncture (median [IQR], minutes) 123 (107-135) 127 (105-140) 0.66
Comorbidities (1, %)
Hypertension 84 (44.2%) 53 (55.8%) 0.07*
Diabetes mellitus 65 (34.2%) 30 (31.6%) 0.65
Coronary artery disease 35 (18.4%) 26 (27.4%) 0.08*
Heart failure 23 (12.1%) 8 (8.4%) 0.34
Atrial fibrillation 27 (14.2%) 18 (18.9%) 0.30
Renal disease 6 (3.2%) 2 (2.1%) 0.61
Prior stroke 33 (17.4%) 14 (14.7%) 0.57
Cancer 2 (1.1%) 1 (1.1%) 1.00
Arterial territory (anterior/middle [n, %]) 124 (65.3%) 67 (70.5%) 0.04*
Stroke subtypes (n, %)
Large artery atherosclerosis 24 (12.6%) 16 (16.8%) 0.33
Cardioembolic 47 (24.7%) 22 (23.2%) 0.76
Small vessel disease 71 (37.4%) 36 (37.9%) 0.93
Other determined etiology 5(2.6%) 0 (0.0%) 0.17
Cryptogenic or undetermined 43 (22.6%) 21 (22.1%) 0.92
Symptoms (n, %)
Impaired level of consciousness 52 (27.4%) 45 (47.4%) 0.001%*
Motor symptoms 115 (60.5%) 73 (76.8%) 0.006*
Sensory deficit 4 (2.1%) 3(3.2%) 0.58
Visual field loss 11 (5.8%) 6 (6.3%) 0.86
Aphasia 42 (22.1%) 23 (24.2%) 0.70
Dysarthria 85 (44.7%) 38 (40.0%) 0.44
Ataxia 27 (14.2%) 7 (7.4%) 0.09
Treatment interventions (n, %)
Thrombolysis 25 (13.2%) 18 (18.9%) 0.19
Thrombectomy 6 (3.2%) 7 (7.4%) 0.10
Thrombolysis and thrombectomy 10 (5.3%) 7 (7.4%) 047
NIHSS? (n, %)
Median (IQR) 4(2-7) 9 (4-14) <0.001*
04 98(51.6%) 24 (25.3%) <0.001*
5-8 56(29.5%) 22 (23.2%) 0.29
9-14 21(11.1%) 27 (28.4%) <0.001*
> 14 14(7.4%) 20 (21.1%) 0.001*
GCS* (n, %)
Mean (SD) 13.85(2.01) 12.78 (2.79) <0.001*
3-5 1(0.5%) 4 (4.4%) 0.52
6-8 4.(22%) 4 (4.4%) 0.31
9-12 31 (16.4%) 25 (26.4%) 0.04*
13-15 154 (80.9%) 62 (64.8%) 0.003*
Decompressive craniectomy (1, %) 2 (1.1%%) 2 (2.1%) 047
In-hospital mortality (n, %) 14 (7.4%) 16 (16.8%) 0.01%*

*indicates statistically significant (P < 0.05)

!'Standard deviation

2 Interquartile range

3 National Institute of Health Stroke Scale

* Glasgow coma scale

(both ischemic and hemorrhagic) in 2020. However, no sig-
nificant difference in the mortality rate for hemorrhagic stroke

was found (P = 0.06).

There was no significant change in ischemic stroke treat-
ments including thrombolysis (P = 0.19) and thrombectomy

(P =0.10). The frequency of decompressive craniectomy was
similar between the two periods (P = 0.47). No significant

change in the time from arrival to thrombolysis (P = 0.42)

and puncture (P = 0.66) was observed in the COVID-19 pan-
demic period compared with the pre-COVID-19 period.
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Poisson regression showed a correlation between the reduc-
tion in ischemic stroke admissions and the COVID-19 pan-
demic period (IRR ofyear, 0.51 [95% CI, 0.4-0.64]). IRRs for
month and day were 1.17 [95%CI, 1-1.24] and 0.98 [95%CI,
0.97-0.99]. However, no significant association between
hemorrhagic stroke (non-traumatic SAH and ICH) admissions
and COVID-19 period was found (IRR of year, 0.55 [95% CI,
0.26-1.14]). Moreover, Poisson regression was used for the
association between the COVID-19 pandemic period and dai-
ly admissions of severe stroke cases (NIHSS scores > 9)
which showed no significant correlation (IRR, 1,34 [95%
CI, 0.86-2.04]). Table 3 shows the IRRs calculated by
Poisson regression.

Fifteen cases of ischemic stroke and 3 cases of SAH are
diagnosed with COVID-19 infection (onset before the hospital
admission or hospitalization) whose demographic and clinical
characteristics are shown in Table 4. Patients with both
COVID-19 infection and ischemic stroke had a significantly
higher NIHSS score (median, 14 [IQR, 9.5-16.5]) in compar-
ison to non-infected ones (median, 7.5 [IQR, 4-13], P=0.01).
No significant difference in the number of NIHSS subgroups

was found between the infected and non-infected cases. GCS
scores were significantly lower (P < 0.001) in infected patients
10.27 (SD, 2.74) compared with non-infected ones 13.18 (SD,
2.60). The in-hospital mortality rate was also significantly
higher in infected patients (P = 0.04). Among the 15 patients
with COVID-19 infection, 11 had symptoms with a median
time from COVID-19 symptoms to the onset of stroke of 6.5
[IQR, 2—-15]. Regarding the stroke subtypes, small vessel dis-
ease and cryptogenic categories were significantly lower (P =
0.001) and higher (P = 0.004) in stroke cases with COVID-19
infection compared with non-infected patients, respectively.

Discussion

The current study showed that there is a significant association
between the COVID-19 pandemic period and a reduction in
the number of admissions in ischemic stroke compared with
the same period of 2019. A significant increase in the severe
presentations (NIHSS scores > 9) and a significant reduction
in the mild to moderate presentations (NIHSS scores 0-8) of

Table 2 Clinical and

demographic characteristics of 2019 (Mar 1 to Jun 1) 2020 (Mar 1 to Jun 1) P value
patients with hemorrhagic stroke
in pre-COVID-19 and COVID-19 Number of admissions 20 11
period COVID-19 infection (n, %) - 3 (27.3%)
Age (mean, SD' [years]) 559 (14.2) 51.1 (12.4) 0.67
Sex (male [n, %)) 14 (65.0%) 10 (90.9%) 0.04*
Time from onset to arrival at 10 (4-72) 15 (10-72) 0.64
hospital (median [IQR]?, hours)
Comorbidities (n, %)
Hypertension 7 (35.0%) 3(27.3%) 0.40
Diabetes mellitus 1 (5.0%) 1(9.1%) 0.65
Coronary artery disease 1 (5.0%) 0 (0.0%) 0.17
Prior stroke 1 (5.0%) 3 (27.3%) 0.63
Stroke type (n, %)
aSAH? 16 (80.0%) 9 (81.8%) 0.90
ICH* 4 (20.0%) 2 (18.2%) 0.90
GCS® (n, %)
Mean (SD) 11.71 (4.24) 12.85 (3.65) 0.06
3-5 2 (10.0%) 4 (36.4%) 0.07%*
6-8 1 (5.0%) 0 (0.0%) 0.45
9-12 2 (10.0%) 3 (27.3%) 0.21
13-15 15 (75.0%) 4 (36.4%) 0.03*
In-hospital mortality (n, %) 3 (15.0%) 5 (45.4%) 0.06

*indicates statistically significant (P < 0.05)

! Standard deviation
2 Interquartile range

3 Aneurysmal subarachnoid hemorrhage

* Intracerebral hemorrhage

> Glasgow coma scale
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Fig. 1 Stroke admissions
according to their type during the
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ischemic stroke were found. The significantly decreased time
from onset to arrival, during the COVID-19 pandemic, was
also one of our findings.

Similar to our results, previous reports have also shown a
significant reduction in the number of stroke admissions [ 14,
8—12]. However, the exact reason behind this decline is un-
clear. Nevertheless, there are some potential explanations in
this regard. Many patients with minor symptoms of ischemic
stroke and TIA likely become reluctant to seek medical emer-
gency care or have a delayed hospital visit due to fear of
COVID-19 infection in care facilities. This could increase
the frequency of patients admitted with more severe condi-
tions which is highly consistent with our findings.
Significant changes in mortality rate, NIHSS, and GCS scores
among ischemic stroke cases in our study indicated an in-
creased proportion of patients admitted with severe symptoms
in the COVID-19 pandemic period compared with the same
period in 2019. Some previous investigations also had similar

Fig. 2 Weekly number of stroke 25
admissions (all cases) with trends
during pre-COVID-19 and

COVID-19 periods 20

15

10

Stroke admissions (n)

2019 2019 2020 2020 2020

HIS mSAH mICH

results regarding the changes in the severity of stroke [1, 10,
11]. Similarly, a previous report from Brazil also showed a
significant decrease in the rate of admission in mild cases of
stroke [10]. Zini et al. in a study from Italy, also showed a
significant increase in their percentage of moderate to severe
stroke cases during the pandemic period [11]. Thus, these
findings underscore the necessity for informing people partic-
ularly those at increased risk for ischemic stroke, of minor
stroke symptoms and the importance of seeking medical care
during the COVID-19 pandemic [13, 14].

Time from onset to arrival at the hospital was interestingly
decreased in our ischemic stroke cases during the COVID-19
pandemic period. Accordingly, it is unlikely that delay in hos-
pitalization has major effects on the severity of patients’
symptoms. Therefore, the increase in the frequency of severe
stroke cases is best explained by the reduced presentation of
mild cases, given that the Poisson regression showed no sig-
nificant correlation between the daily admissions of severe

@) (019 (Pre-COVID-19 period)

2020 (COVID-19 period)
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Table 3 Incidence rate ratios
(IRRs) with 95% confidence in-

Total IS cases

Mild IS cases Severe IS cases Hemorrhagic stroke cases

terval (CI) calculated by Poisson
regression (number of daily ad-
missions as the response variable;
month, day, and year as the inde-
pendent variables)

Year IRR (95% CI)
Month IRR (95% CI)
Day IRR (95% CI)

0.51 (0.40-0.64)
1.17(1.02-1.34)
0.98 (0.97-0.99)

0.34(0.25-046)  1.34(0.86-2.08)  0.55(0.26-1.15)
1.06 (0.90-1.25)  1.57(1.19-2.08)  1.00 (0.65-1.54)
0.98 (0.97-0.99)  0.99(0.96-1.01)  1.00 (0.97-1.04)

Year variable represents the COVID-19 and pre-COVID-19 periods

stroke cases (NIHSS > 9) and the COVID-19 period, as well
as a significantly reduced number of admissions in mild cases
based on IRRs in our study. Patients with acute onset severe
clinical deterioration are more likely to present to the emer-
gency department than mild cases which could be the reason
for the shorter time from onset to arrival. The unchanged time
from onset to arrival, GCS scores, and the number of admis-
sions between the two periods, for hemorrhagic cases (SAH
and ICH), further support this fact while taking into consider-
ation the more severe presentation of these cases in compari-
son to ischemic stroke. Previous studies from Italy, Spain, and
the USA with decentralized stroke networks, however, report-
ed no change in time from onset to arrival [1, 11, 12]. As
mentioned earlier, our stroke network follows a centralized
model, and all eligible stroke cases are transferred to our cen-
ter through the province-wide ambulance. One of the advan-
tages of decentralized networks over centralized ones is the
lower time from onset to arrival (prehospital delay) which is
largely due to telestroke facilities. However, the shorter door-
to-needle time (in-hospital delay) in centralized networks
countervails it [15]. This finally results in a relatively similar
time from onset to treatment in both networks. Road traffic
reduction as an indirect effect of pandemic especially in urban
areas also allows for a more rapid EMS response. Moreover,
no substantial change in various components of our stroke
network was found during the pandemic period. Hence, it is
likely that due in part to the more pronounced effect of
prehospital delays in centralized networks, we found a shorter
time from onset to arrival during the pandemic period.
Nevertheless, these findings should be interpreted cautiously
owing to the effects of many confounding factors.
Furthermore, based on the results, it is unlikely that recent
reorganizations in the healthcare system due to the COVID-19
pandemic have led to ineffective and delayed treatment with a
resultant increase in in-hospital mortality. This is highly sup-
ported by the finding that time from arrival to thrombolysis
and thrombectomy remained unchanged during the pandemic
period. Moreover, the increase in the percentage of treatment
procedures including thrombolysis, thrombectomy, and de-
compressive craniectomy was not significant during the pan-
demic period. Previous reports also demonstrated a similar
door-to-needle time between the COVID-19 and pre-
COVID-19 periods [1, 11, 12]. Despite an unchanged door-
to-needle time, Zini et al. showed a significant increase in
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door-to-scan time which was mainly due to COVID-19
screening measures according to authors [11]. However,
Rudilosso et al. found no significant change in time from
arrival to imaging between the two periods [12]. Although
door-to-imaging time was not assessed in our study, we found
a similar door-to-needle time between the pre-COVID-19 and
COVID-19 periods which indicates that our in-hospital delay
was not affected by the pandemic and screening measures.
We also examined the differences in clinical characteristics
of ischemic stroke between the patients with positive and neg-
ative COVID-19 infection which was consistent with previous
reports [16-20]. In contrast to the early reported cases [18]
which included young patients without comorbid conditions,
we found a higher mean age as well as high prevalence of
preexisting comorbid conditions in COVID-19-positive
stroke cases which is also supported by a systematic review
of 26 studies involving 183 stroke patients with COVID-19
infection [19]. Similar to our study, an increase in the frequen-
cy of impaired level of consciousness as a presenting stroke
symptom in COVID-19-positive cases compared with nega-
tive ones was reported previously. Our study also showed a
significantly higher mortality rate and NIHSS scores in ische-
mic stroke cases with COVID-19 infection in comparison to
non-infected ones. A previous large scale cohort study (the
Global COVID-19 Stroke Registry) also reported findings
similar to our study [16]. The time from COVID-19 symptoms
to the onset of stroke in our study cohort was virtually similar
to previous studies; however, 27.7% of stroke cases with
COVID-19 infection were asymptomatic [19, 21]. In addition,
we found a significantly higher frequency for cryptogenic
stroke subtype among COVID-19-infected patients which is
in line with previous reports [11, 20, 22]. Further, the rate of
ischemic stroke cases presenting to emergency departments
might be increased slightly during the pandemic period due
to the higher burden of ischemic stroke with COVID-19 in-
fection [20]. However, our study cohort included a small num-
ber of ischemic stroke cases with COVID-19 infection which
was not the main objective of this study. Several prior reports
have found an association between COVID-19 infection and
some neurological symptoms such as peripheral nervous sys-
tem involvement, encephalitis, myelitis, encephalopathy, and
cerebrovascular disease [21, 23]. Although the exact mecha-
nism is still undetermined, there are several potential explana-
tions including immune cell infiltration and inflammation due
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Table 4  Clinical and demographic characteristics of ischemic stroke cases with and without COVID-19 infection during the pandemic period
Positive COVID-19 infection Negative COVID-19 infection P value
Number of admissions 15 80
Age (mean, SD! [years]) 72.7 (16.8) 67.4(14.9) 0.09
Sex (male [n, %]) 8 (53.3%) 42 (52.5%) 0.96
Time from onset to arrival at hospital (median [IQR]z, hours) 6 (3-18) 6 (4-15) 0.98
Comorbidities (n, %)
Hypertension 7 (46.7%) 46 (57.5%) 043
Diabetes mellitus 4 (26.7%) 26 (32.5%) 0.65
Coronary artery disease 3 (20.0%) 23 (28.8%) 0.48
Heart failure 1 (6.7%) 7 (8.8%) 0.79
Atrial fibrillation 3 (20.0%) 15 (18.8%) 091
Renal disease 1 (6.7%) 1(1.3%) 0.18
Prior stroke 3 (20.0%) 11 (13.8%) 0.53
Cancer 0 (0.0%) 1(1.3%) 0.66
Arterial territory (anterior/middle [n, %]) 8 (53.3%) 59 (73.8%) 0.11
Stroke subtypes (1, %)
Large artery atherosclerosis 3 (20.0%) 13 (16.25%) 0.71
Cardioembolic 4 (26.7%) 18 (22.5%) 0.74
Small vessel disease 0 (0.0%) 36 (45.0%) 0.001%*
Other determined etiology 0 (0.0%) 0 (0.0%) -
Cryptogenic or undetermined 8 (53.3%) 13 (16.25%) 0.004*
Symptoms (1, %)
Impaired level of consciousness 14 (93.3%) 34 (42.5%) 0.02%*
Motor symptoms 11 (73.3%) 59 (73.8%) 0.09
Sensory deficit 0 (0.0%) 3(3.8%) 0.44
Visual field loss 0 (0.0%) 6 (7.5%) 0.27
Aphasia 6 (40.0%) 17 21.3%) 0.12
Dysarthria 5(33.3%) 33 (41.3%) 0.56
Ataxia 0 (0.0%) 7 (8.8%) 0.23
Treatment interventions (2, %)
Thrombolysis 4 (26.7%) 14 (17.5%) 0.40
Thrombectomy 2 (13.3%) 5(6.3%) 0.33
Thrombolysis and thrombectomy 1 (6.7%) 6 (7.5%) 0.91
NIHSS® (1, %)
Median (IQR) 14 (9.5-16.5) 7.5 (4-13) 0.01*
04 2 (13.3%) 22 (27.5%) 0.34
5-8 2 (13.3%) 20 (25.0%) 0.50
9-14 5(33.3%) 22 (27.5%) 0.75
> 14 6 (40.0%) 14 (17.5%) 0.07
GCS* (n, %)
Mean (SD) 10.27 (2.74) 13.18 (2.60) <0.001*
3-5 1 (6.7%) 3 (3.8%) 0.50
6-8 2 (13.3%) 2 (2.5%) 0.11
9-12 9 (60.0%) 15 (18.8%) 0.002*
13-15 3 (20.0%) 56 (70.0%) <0.001*
Decompressive craniectomy (7, %) 0 (0.0%) 2 (2.5%) 1.00
In-hospital mortality (n, %) 5(33.3%) 9(11.3%) 0.04*

*indicates statistically significant (P < 0.05)

! Standard deviation

2 Interquartile range

3 National Institute of Health Stroke Scale
“ Glasgow coma scale

to viral CNS entry, virus-associated microangiopathy, endo-
thelial dysfunction, and vasculitis [21-28]. Nevertheless, cur-
rently there is a lack of evidence regarding the pathophysiol-
ogy and mechanism of neurological symptoms in COVID-19
infection, and there is a need for future high-quality studies to
consider this. In this respect, a previous study has provided
several recommendations for more accurate reporting of
COVID-19-associated neurological manifestations [21].

The present study has some limitations. Firstly, due to the
retrospective character of the study, it is difficult to determine
the exact cause of the reduction in mild cases. The delay in
presentation for mild cases of stroke is highly possible; how-
ever, it is hypothetical and more evidence from prospective
studies is required. Secondly, this study was done in one
stroke center. Despite providing new evidence regarding the
changing pattern of admission in stroke, future nationwide
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cohort studies are highly needed to examine the differences in
the epidemiology of stroke between the COVID-19 pandemic
period and before.

Conclusions

This study revealed that there was a significant correlation
between the COVID-19 pandemic period and a decreased
number of stroke admissions. According to our findings, this
reduction mostly involved mild cases (NIHSS < 8), and daily
admission of more severe cases was not associated with the
COVID-19 pandemic period. In addition to significantly in-
creased severity in ischemic stroke cases due to a reduced
number of admission in mild ones, a significantly decreased
time from onset to arrival at the hospital was found. In con-
clusion, the present study results support the necessity of re-
organization in the healthcare system especially stroke centers
during the COVID-19 pandemic.
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