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ABSTRACT

Backgrounds: Stroke was the second-leading cause of death worldwid@1i®, 2vith ischemic stroke being the most
common type. In 2019, there were 77.19 million people globally eXperienced ischemic stroke, with 63.48 million
experiencing disability and 3.29 million experiencing detithas been discovered that Covid-19 can increase thefris
stroke, with 1-6% of Covid-19 patients being diagnosed witiketand a mortality rate of 30-40%. A head CT scan is a
primary diagnostic tool for diagnosing stroke. As a reseftearchers are interested in conducting a study to cergga
scan images of stroke patients before the pandemic, dhgngandemic, and after the pandemic, both with and without
COVID-19.

Objectives: This study aims to compare stroke patients' CT scan infgegandemic, during the pandemic and post-
pandemic (with and without COVID-19) identify any differences.

Method: The data was collected retrospectivejyexamining the medical recordéstroke patients and th&dT scan data

at the Radiology Department of Airlangga University. Taients were selected from three periods: pre-pandemic,
pandemic, and post-pandemic. Patients were grouped intategories during the pandemic and post-pandemic periods
- stroke with and without COVID-19 - basedtheir PCR resultsThe comparisonf CT scan imagesf the head was then
conducted during these three periods.

Results. From the results of head CT scans in the stroke groupglthve pre-pandemic, pandemic and post-pandemic
periods both with and without Covid-19 and the stroke gritip Covid-19, the highest number was small vessel ischemi
stroke (63.1-67.8%), followed by large vessel ischetnike (7.5-23.1%) and bleeding straqke20.6%)(P-value > 0.05),
aswell asthe distributiorof ischemic strokén small vessels and large vessels, tiene significant difference statistically
significantCT scan imagesf stroke patients the post-pandemic period both without and with COVID-19.

Conclusion: From the resultsf headCT scansn the stroke group during the pre-pandemic, pandemic and posmiand
periods, both with and without COVID-19, aimthe stroke group with COVID-19, there were no significtifierences.
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Stroke is the second leading cause of death globa®Pi®. Ischemic stroke accounts for 62.4% of all
stroke casefl]. In 2019, Indonesia had 93.3 deaths per 100,000 people, one oftibsthingidence rates of
strokein Asia[2].

In America, 1-6% of COVID-19 patients had a stroke in October 2020,a 38% increase in mortality.
Ischemic stroke frequency is independent of COVID-19 sevesitpke in COVID-19 patients is mainly
caused by embolism. COVID-19 patients with stroke are gienger, and the prognosssvorse with higher
mortality rates compared those without strokg3].

COVID-19 was first reported in Wuhan, China on December 31, 2&1pneumonia. WHO declared it a
pandemic on March 11, 2020. Indonesia recorded its first aasdgarch 2, 2020. There were waves of
COVID-19 in January 2021, July 2021, and February 2022, followed dignificant decrease in patients
startingin December 202/4].

Approximately 5% of COVID-19 patients experience ischemic strakéch has a high mortality rate
ranging from30-40%[5]. In Iranian stroke centres, there has been a significargasén large vessel ischemic
stroke patients by 38.7% during the pandemic compared to 26.5% lieéopandemic. Additionally, small
vessel ischemic strokes increased by 35% during the pandemjzared to 49% before the pandemic, while
hemorrhagic strokes increased by 25% during the pandemic cemnioa?4.5% before the pandenfég. In
the Philippines, the incidenod stroke during COVID-19 was 71.4% ischemic stroke and 27.5%ihneagic
stroke [7]. Based on Maharani's study in 2022 in Surabaya, Indottesincidence of hemorrhagic stroke in
COVID-19 patients during the pandemic was 85% with the remairdtey lschemic stroke, with the highest
locationin the cortex-subcortesf the frontal lobeat 24% [8].

Even though up to now, WHO has not declared that the CQ¥Ipandemic has ended, researchers use a
reference for a significant decrease in the number of C@MPpatients based on data from WHO, namely
December 2022 as a reference for the period after thermpand®y studying stroke imaging patterns before,
during and after the pandemitds hoped that thisanbea predictoof whether therés aninfluence of COVID-

19 on headCT scan images.

Figure 1. CT scan of the head without contrast, axéd,va. Hyperdense vessel sign in the left M1 MCA
segment (arrow), b. shows unclear (smooth) hypodense inghla and cortical oedema forming an insular
band sign, c. loss of grey-white matter differentiatiorthe right frontal lobe indicates an acute infarction
stroke,d. Extensive hypoattenuatiai the left MCA territory and left insular edema do&asogenic disease,
indicated brain infarction/ischemic.
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Figure 2. CT scan of the head without contrast, ax@lyva. Hyperattenuating/hyperdense lesion in the right
frontotemporal lobe with surrounding perifocal edema, b. lagpmruation in the pons suggests an acute
hemorrhagic stroke.

Methodsand Materials

This research is an observational analytical study witlkt@spective design at Airlangga University
Hospital, Surabaya, Indonesia. The populatibstroke patients who underwe®T scansf the head without
contrast was divided into 3 periods, namely the pre-pardperiod (January-December 2019), during the
pandemic (June 2020-December 2021) and the post-pandemic (Jaumer3023), specifically the pandemic
and post-pandemic, stroke patients underwRmt PCR examination-exclusion criteriafor COVID-19
patients with stroke who have a normal image on CT scancomplete data. CT scan of the head was
performed with a Siemens Somatom go.TipScan(128Slices)in the formof digital raw data which a head
and neck consultant radiologist interpreted.

Hemorrhagic stroke patients were grouped into 3 categorsesita bleeding volume (<30 mB0-60 ml,
> 60 ml), calculated using formula ABCJ2], with variable locations. Ischemic stroke patients aoeged
with ischemic strokes caused by occlusion of large vessels aaltl\@ssels with variable locations. Chi-
square were uséal comparing all the qualitative variables. A p-vaddi®.050r less was considered significant.

Result

Basedon gender, there were more male patiéht®.84), with a totabf 189 men and 158 women during
the pre-pandemic, pandemic and post-pandemic periods. Inetpapdemic period, the total for men was
95 and women was 65. During the pandemic, the total for waan66 and women was 49, with the
description of stroke patients with COVID-19 being 42 men, 2Bidvomen. and stroke patients without
COVID-19 were 24 men, and 21 women. In the post-pandemic p#rmthtal for men was 28 and women
was 44, with the descriptiaf stroke patients with COVI9 being 3 men, 3 women, 10 and stroke patients
without COVID-19 being25 men, 34 women. (Table 1)

The data shows that in the pre-pandemic period, them 2idestroke patients under the age of 50 and 139
stroke patients over the age of 50. During the pandem@aumber of stroke patients decreased for both age
groups, with 19 patients under the age of 50%6patients over the agi 50. Outof the stroke patients with
COVID-19, there were 13 patients under the age of 50 and Sntgatieer the age of 50. For stroke patients
without COVID-19, there were 6 patients under the age of 5Banutients over the age of 50. In the post-
pandemic period, there were 11 stroke patients under thef &@eand 61 stroke patients over the age of 50.
Out of the stroke patients with COVID-19, there were 2 ptgiander the age of 50 and 11 patients over the
age of 50. For stroke patients without COVID-19, there wepati®nts under the age of 50 and 50 patients
over the agef 50. (Table 1)
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Table 1. Characteristics headCT scans without contraeh stroke patients pre-pandemic, pandemic and 119

post-pandemic basesh gender and age.

Pre-Pandemic Pandemic Post-Pandemic P-value
COVID-19 COVID-19 COVID-19
(Jan-Dec 2019)  (Jun 2020-Dec 2021) (Jan-Jun 2023)
Characteristic (n=160) (n=115) (n=72)
PCR (+) PCR (-) PCR (+) PCR (-)
Sex
Man 95 42 24 3 25 0,026
(59,4%) (60%) (53,3%) (23,1%)  (42,4%)
Woman 65 28 21 10 34
(40,6%) (40%) (46,7%) (76,9%)  (57,6%)
Age
<50 year 21 13 6 2 9 0,872
(13,1%) (18,6%) (13,3%) (15,4%)  (15,3%)
>50 year 139 57 39 11 50
(86,9%) (81,4%) (86,7%) (84,6) (84,7%)
STROKE
Ischemic stroke Small 101 54 34 10 40 0,195
vessel (63,1%) (77,1%) (75,6%) (76,9%)  (67,8%)
Large 12 9 4 1 11 0,101
vessel (7,5%) (12,9%) (8,9%) (7,7%) (18,6%)
Haemorrhagic <30ml 33 6 4 0 5 0,016
stroke (20,6%) (8,6%) (8,9%) (0,0%) (8,5%)
30-60ml 7 1 3 1 2 0,628
(4,4%) (1,4%) (6,7%) (7,7%) (3,4%)
> 60ml 8 1 1 1 1 0,485
(5,0%) (1,4%) (2,2%) (7,7%) (1,7%)

Table 2. Characteristiadf headCT scans without contrash small vessel ischemic stroke patieintgre-

pandemic, pandemic and post-pandemic basesdiroke location.

Pre-Pandemic Pandemic Post-Pandemic P-value
COVID-19 COVID-19 COVID-19
Characteristic (Jan-Dec 2019) (Jun 2020-Dec 2021) (Jan-Jun 2023)
Location PCR (+) PCR (-) PCR (+) PCR (-)
Small vessd
ischemic
Pons dan Medulla 13 10 2 3 3 0,092
(8,2%) (14,2%) (4,3%) (23,0%) (5,0%)
Cortical subcortical 10 9 2 2 15 0,001
lobus frontal and (6,3%) (12,8%) (4,3%) (15,3%)  (35,4%)
parietal
Capsula interna and 3 11 7 2 3 0,001
eksterna (1,9%) (15,7%) (15,6%) (15,4%) (5,1%)
Basal ganglia, corona 62 20 16 1 13 0,038
radiata (38,8%) (28,6%) (35,6%) (7,7%) (22%)
Insular 0 0 1 0 0 0,151
(0%) (0%) (2,2%) (0%) (0%)
Centrum semiovale 9 1 0 0 2 0,268
(5,6%) (1,4%) (0%) (0%) (3,4%)
Thalamus 2 2 3 0 3 0,264
(1,3%) (2,9%) (6,7%) (0%) (5,1%)
Other 1 3 1 2 1 0,010
(0,6%) (4,2) (2,1%) (15,3%) (1,7%)
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was highest in the ganglia and corona radiata, amountiég (88.8%), followed by the pons and 1%
medulla oblongata at 13 (8.2%), cortical and subcorticaltdtdn parietal lobes at 10 (6.3%),
centrum semiovale 9 (5.6%). During the pandemic with andowitCOVID-19, the basal ganglia
and corona radiata were also most numerous with 20 (2816%d)6a(35.6%) respectively, followed
by the internal and external capsules with COVIDai®1 (15.7%) and without COVID-1&8many
as 7 (15.6%), pons and medulla oblongata with COVID-19 as naniy 414.2%) and without
COVID-19 as many as 2 (4.3%). In the post-pandemic period, tfegitpavere in the subcortical
cortex of the frontal and parietal lobes with and with@@VID-19, respectively 2 (15.3%) and 15
(35.4%), followed by basal ganglia and corona radiata itotatwith COVID-19. 1 (7.7%) and
without COVID-19 as many as 13 (22%), in the internal and mxtarapsules in patients with
COVID-19 as many as 2 (15.4%) and without COVID-19 as mar®/(&8sl%). In the three periods
(pre-pandemic, pandemic and post-pandemic) both with and witli@JIBE19, the largest location
of small vessel ischemic stroke wagshe basal ganglia and corona radiata with a tbthl 2 samples
(32.3%). (Table 2)

Table 3. Characteristicef headCT scans without contrash large vessel ischemic stroke patientgre-
pandemic, pandemic and post-pandemic basesiroke location

Pre-Pandemic Pandemic Post-Pandemic P-value
COVID-19 COVID-19 COVID-19
Characteristic (Jan-Dec 2019)  (Jun 2020-Dec 2021) (Jan-Jun 2023)
Location PCR (+) PCR (-) PCR(+) PCR(-)
Large vessd
ischemic
MCA 10 5 5 1 6 0,911
(6,2%) (7,1%) (11,1%) (7,7%)  (10,2%)
PCA 1 1 1 0 3 0,250
(0,6%) (1,4%) (2,2%) (0,%) (5,1%)
ACA 1 1 0 0 1 0,853
(0,6%) (1,4%) (0%) (0%) (1,7%)
Other 0 0 0 0 1 0,298
(0%) (0%) (0%) (0%) (1,7%)

The distribution of large vessel ischemic stroke laredj in pre-pandemic stroke patients consisted of 10
(6.2%) MCA territories, 1 (0.6%) PCA and 1 (0.6%) ACA. During the pamdestroke with COVID-19
consisted of 5 (7.1%) MCA territories, PCA and ACA each had 1 (0&%)jn strokes without COVID-19
in MCA territories 5 (11.1 %), PCA 1 (2.2%)r ACA 0 (0%). In the post-pandemic period, strokes with
COVID-19 consisted of 1 (7.7%) MCA territory, 0 (0%) PCA and AG#d 6 (10.2%) strokes without
COVID-19 in the MCA territory. PCA 3 (5.1%) and ACA 1 (1.7%). In theee periods (pre-pandemic,
pandemic and post-pandemic) both with and without COVID-19atigest location of large vessel ischemic
stroke vasin the MCA territory with a totabf 29 samples (8.4%). (Table 3)
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Table4. Characteristicef headCT scans without contrash hemorrhagic stroke patientspre-pandemic, 121

pandemic and post-pandemic basadtroke location

Pre-Pandemic Pandemic Post-Pandemic P-value
COVID-19 COVID-19 COVID-19
Characteristic (Jan-Dec 2019)  (Jun 2020-Dec 2021) (Jan-Jun 2023)
Location PCR (+) PCR (-) PCR(+) PCR ()
Hemorrhagic
stroke
Frontal, parietal, 8 4 3 2 5 0,595
temporal (5,0%) (5,7%) (6,7%) (15,4%) (8,5%)
Pons, midbrain, 9 0 0 0 2 0,119
thalamus (5,6%) (0%) (0%) (0%) (3,4%)
Basal ganglia, 25 2 3 0 2 0,003
centrum (16,3%) (2,9%) (6,7%) (0%) (3,4%)
semiovale, corona
radiata
IVH 0 0 1 0 0 0,151
(0%) (0%) (2,2%) (0%) (0%)
Others 2 1 1 0 0 0,853
(1,3%) (1,4%) (2,2%) (0%) (0%)

Distribution of bleeding strokes on pre-pandemic strokeipiat in the basal ganglia, centrum semiovale
and corona radiata was 25 (16.3%), pons, midbrain and thaR(%u8%) and frontal, parietal and temporal
lobes 8 (5.0%). %) and others 2 (1.3%). During the pandemic, stradkeC@iVID-19 in the basal ganglia,
centrum semiovale and corona radiata was 2 (2.9%), padisraim and thalamus 0 (0%) and frontal, parietal
and temporal lobes 4 (5.7%) and others 1 (1.4%) and in streikkout COVID-19 in the basal ganglia,
centrum semiovale and corona radiata 3 (6.7%), pons, nrddmdithalamus 0 (0%) and frontal lobe, parietal
and temporal 3 (6.7%) and others 1 (2.2%). In the post-panderiad,psrokes with COVID-19 in the basal
ganglia, centrum semiovale and corona radiata were 2 (15.4%9,in other locations and strokes without
COVID-19 were in the basal ganglia, centrum semiovale ammdna radiata as many as 2 (3.4%), pons,
midbrain and thalamus 2 (3.4%) and frontal, parietal and temiobed 5 (8.5%). In the three periods (pre-
pandemic, pandemic and post-pandemic) both with and without CQ¥JEhe highest number of bleeding
stroke locations wais the MCA territory with a totabf 33 samples (9.5%). (Table 4)

Discussion

There were 347 stroke patients during the pre-pandemiajepsc and post-pandemic periods who
underwent hea@T scans without contrast who were includethe research inclusion. Gendee risk factor
for stroke that canndte modified. Of all the samples obtained, the male gender had a greatbéenwunamely
189 (54.5%) while the female gender was 158 (45.5%), by thatliterstates that the male gender has a greater
risk of stroke than women [10]. However, based on Vyas' mdseiais explained that the incidence of stroke
is higher in women than in men at <30 years of age, wihddncidence of stroke is higher in men than in
women in middle age and the same or higher ratio in womaeting in the last eight decade [11]. Generally,
the numbebnf menin the samplés greater than thatf women. Stillin the post-pandemic periadthis study,
it appears that the number of stroke patients in womengreater, of which there were 10 strokes with
COVID-19 comparedo men3, aswell as34 patients without COVID-19 compare25 men, with a P-value
of 0.026for gender, which means thasa statistically significant difference.

In terms of age, the dominant results showed that age >a56 was 296 (85.3%), pre-pandemic stroke
patients numbered 139 (40%) with an average age of 65 years, dwgipgridemic stroke patients with
COVID-19 numbered 57 ( 16.4%) with an average age of 70 years anchi@® gatients without Covid-19
(11.2%) with an average age of 55.5 years, and post-pandemic sat@ms with Covid-19 numbered 11 (
3.1%) with an average age of 66.5 years and stroke patientovid-19 numbered 50 (14.4%) with an
average age of 53 years. There is no significant difter&etween the age groups between pre-pandemic,
pandemic and post-pandemic, both with and without COVID-1%h wi P value of 0.876 for the age
comparison. In line with research conducted by Belani, agenat significant in the stroke group with and
without COVID-19 [12]. Classically, stroks considered a disease of old age with the incideneéreteasing
2-fold atages > 55 years [13].
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pandemic period, during the pandemic both with and without C@\M@nd post-pandemic both with and 122
without COVID-19, with a P-value of 0.195 in small vesseld @.101 in large vessel ischemic. For bleeding
stroke, there was also no significant difference grpandemic, pandemic and post-pandemic stroke patients
both with and without COVID-19 with bleeding amounts30-60ml and > 60l with P-valuef 0.628 and
0.485 respectively. However, there were no bleeding stwithsa volume of <30 ml in COVID-19 patients
during the pandemic, so statistically there appeared todignificant difference with a P-value of 0.016. In
the pre-pandemic, pandemic and post-pandemic periods, itbtlawvd without COVID-19, 63.1 -77.1% of
small vessel ischemic strokes were found with 7.5-23 flktrge vessel ischemic strokes, where this number
was significantly the percentage is greater than hemorrtrgike with the largest percentage being 20.6%.
Thisisin line with research from Qatar, that there wadrlyfiarge numbeiof small vessel strokes during the
pre-pandemic, pandemic and post-pandemic periods with pegesrof 44.1%, 34.3% and 39.4%
respectively, namely 40.1% of the entire sample followethlne vessel stroke respectively 14.4%, 24.5%
and 21.3% with a total of 19.2% of the entire sample.dtigke, there is as much bleeding as possible. 8.7%
of the total sample, 8.1% in the ppendemic, 11.0% during the pandemic, and 8.0% in the post-pandemic
period [14].

According to recent research, COVID-19 is linked to ACEZ2 ridoghelial cells. Blood vessels can
experience systemic inflammation, also knasga cytokine reaction, which increases the askemorrhagic
strokeg[15]. One study conducted in an Iranian stroke centre found thatdidence of hemorrhagic strokes
increased by 25% during the pandemic comptr@d.5% before the pandenf@]. However, this study found
that the incidence of hemorrhagic strokes decreased duringatidemic (17.5%) compared to the pre-
pandemic period (20.6%). Furthermore, the incidence tendée tagher in patients without COVID-19
(8.9%) compared to patients with COVID-19 (8.6%), especially irptst-pandemic period (8.5%) among
non-COVID-19 patients (8.5%). In comparison, patients with @BYO had no incidence of hemorrhagic
strokes (0%).

There were no significant differences in the locatiérstookes involving small vessels, large vessels
ischemic and the location of bleeding strokes during teeopndemic, pandemic with and without COVID-
19 and post-pandemic with and without COVID-19. Small vedsekes are the most dominant in pre-
pandemic patients, as well as during the pandemic arteppodemic in non-COVID-19 and COVID9
patients, with the distribution of the most dominant lioret in the basal ganglia to the corona radiata,
especially in the pre-pandemic period. pandemic and duringahdemic, but in nhon-COVID-19 pb
pandemic patients, the distribution was dominant in the stitetlocortex of the frontal and parietal lobes.
Strokes involving large blood vessels in pre-pandemicngatigere dominant in MCA, as well as during the
pandemic and post-pandentiamon-Covid-19 and Covid-19 patients. The medial cerebraydReCA) is the
most common artery involved in strokes. It suppliesgelarea of the lateral surface of the brain and pérts
the basal ganglia and internal capsule through four segrfddhisM2, M3, and M4). The M1 (horizontal)
segment supplies the basal ganglia, wiééhvolvedin motor control, motor learning, executive function, and
emotion. TheM2 (Sylvian) segment innervates the insula, superior temgdoba, parietal lobe, and
inferolateral frontal lob§16].

Stroke hemorrhagic patients on pre-pandemic and non-COVID-Ihtsaturing the pandemic tended to
be dominant in the basal ganglia, centrum semiovaleaiha radiata with the respective numbers being 25
(15.8%) and 3 (6.5%in patients non-COVID-19 during the post-pandemic period wasrduontin the frontal,
parietal and temporal lobes, 5 (8.4%). Cerebral microvasdhlppasociated with hypertension (whislone
of the risk factors for stroke) is the most common eafdCH, accounting for 56% of the population at risk.
ICH associated with hypertension often occurs deep in the ttaére small, thin-walled arteries originate
directly from larger arteries. The best examples ardethteculostriates, the tiny proximal branches of the
middle cerebral artery (MCA), and the branches of tmldr artery. It is thought that high pressure in these
thin-walled blood vessels overloads autoregulation ancesdilsinoid necrosis and arterial rupture, possibly
via Charcot-Bouchard aneurysm. Therefore, ICH (haemorfheagdsto occurin the basal ganglia, thalamus,
cerebellum, and brain stem, especially the pons [17].

There are limitations in this research, namely thelssaaiple size and does not exclude comorbid factors
which will be confoundingn the research.

Conclusion

The results of head CT scans in the stroke group duringréipandemic, pandemic and post-pandemic
periods, both with and without COVID-19, aimdhe stroke group with COVID-19, there war@significant
differences.
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