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ABSTRACT

Introduction The COVID-19 pandemic has resulted in a
dramatic unexplained decline in hospital admissions due
to acute coronary syndromes and stroke. Several theories
have emerged aiming to explain this decline, mostly
revolving around the fear of contracting the disease and
thus avoiding hospital visits.

Aims In this study, we aim to examine the impact of the
COVID-19 pandemic on stroke admissions to a tertiary
care centre in Qatar.

Methods The Hamad General Hospital stroke database
was interrogated for stroke admissions between
September 2019 and May 2020. The number of stroke
admissions, stroke subtypes and short-term outcomes was
compared between the ‘pre-COVID-19’ period (September
2019 to February 2020) and the COVID-19 pandemic
period (March to May 2020).

Results We observed a significant decline in monthly
admissions in March (157), April (128) and May (135)
compared with the pre-COVID-19 6-month average (229)
(p=0.024). The reduction in admissions was most evident
in functional stroke mimics. The average admissions
decreased from 87 to 34 per month (p=0.0001). Although
there were no significant differences in admissions due
to ischaemic stroke (IS), intracranial haemorrhage or
transient ischaemic attacks between the two periods,

we noted a relative decrease in IS due to small vessel
disease and an increase in those due to large vessel
atherosclerosis in March to May 2020.

Conclusions The decline in overall stroke admissions
during the COVID-19 pandemic is most likely related to
concerns of contracting the infection, evidenced mainly
by a decline in admissions of stroke mimics. However,

a relative increase in large vessel occlusions raises
suspicion of pathophysiological effects of the virus, and
requires further investigation.

INTRODUCTION

During the outbreak of Middle East respira-
tory syndrome in South Korea in 2015, there
was a striking decrease in low-acuity disease
presentations (45.2%) to emergency depart-
ments (EDs). In addition, a lesser but notable
decrease in visits due to stroke (16.6%) and
myocardial infarction (14%) occurred.!
Similar declines in admissions of non-vascular
illnesses, stroke and cardiovascular disease
have also been observed in EDs during the

recent COVID-19 pandemic.”> The number
of cardiac catheterisation laboratory ST-seg-
ment elevation myocardial infarction activa-
tions decreased by 38% in the USA and 40%
in Spain as the pandemic spread.” * There
was also a reported decline in the number of
strokes in Piacenza, a city of 280000 inhab-
itants and an important epicentre of the
disease in Northern Italy, with monthly admis-
sions decreasing from an average of 51 cases
to only 6 over a 5-week period.” Two larger
studies from China and Spain also reported
an estimated 25% decrease in patients who
had a stroke presenting to EDs during the
peak weeks of the pandemic.6 7 Moreover,
two recent reports from the USA and Brazil
report a decrease in transient ischaemic
attacks (TIAs) and minor strokes during the
pandemic.®’

Although the decrease in minor ailments
and trauma-related ED visits may be due to
a fear of exposure to the virus, the reasons
behind the significant drops in visits due to
major acute cardiovascular and cerebrovas-
cular events remain unclear. Paradoxically,
recent reports are beginning to highlight
an association between COVID-19 and a
heightened coagulation state, resulting in
an increased risk of severe stroke in younger
patients.10

Prospective hospital-based or community
registriesare criticalwhenstudying the effects
of pandemics on the rates of admissions due
to vascular diseases.'' Registries may also
provide important insights pertaining to
time-sensitive healthcare delivery metrics,
such as door-to-intervention times, and
shed light on treatment delays real time,
as was recently observed in the treatment
of myocardial infarctions in Hong Kong.12
Similarly, concerns over delays in time-
sensitive management of ischaemic stroke
during the COVID-19 pandemic continue
to increase.
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AIMS AND OBJECTIVES

The Qatar Stroke Database has prospectively collected
detailed information on stroke admissions to Hamad
General Hospital (HGH) for 7 years." ' To evaluate the
impact of COVID-19 on stroke care in Qatar, we interro-
gated the HGH database for admissions and healthcare
delivery metrics over the last 4 months of 2019 and the
first 5 months of 2020. Our main objective was to compare
the change in the rate of admissions of patients who had a
stroke. We also aimed to explore any differences in stroke
subtypes and short-term outcomes before and during the
pandemic.

METHODS

The Qatar Stroke Database prospectively collects infor-
mation on all patients who had an acute stroke admitted
to the HGH in Qatar. The hospital has a dedicated
stroke ward, admits 98% of patients who had a stroke in
Qatar and is the only centre where treatment with intra-
venous thrombolysis and mechanical thrombectomy is
offered. The details of the database have previously been
published.”® '

Patient and public involvement

This study does not come under patient and public
involvement criteria. Patients or the public were not
involved in the design of this study.

Data sharing
Relevant anonymised patientlevel data can be made
available on further request.

All patients who had a stroke admitted to HGH from
September 2019 to May 2020 were evaluated for this
study. Clinical information including rates of admissions,
clinical presentation, National Institutes of Health Stroke
Scale (NIHSS) at admission and discharge, Trial of Org
10172 in Acute Stroke Treatment (TOAST) classifica-
tion, ethnicity, risk factors, investigations, complications,
length of stay and discharge outcomes was obtained.'
The modified Rankin Scale (mRS) before admission, at
discharge and at 90-day follow-up was also collected when
available.

Monthly stroke admission rates to HGH were eval-
uated for the last 4 months in 2019, prior to the onset
of COVID-19 pandemic, and were compared with the
first 5 months of 2020. We investigated these rates as the
pandemic was being documented in China and Europe
(January to February), and as COVID-19, cases began to
be diagnosed in Qatar (March to May). In addition to
overall rates of admissions, we evaluated the frequency
of stroke subtypes, TIAs and stroke mimics during the
study period. We documented all patients diagnosed with
COVID-19.

Descriptive and inferential statistics were used to char-
acterise the study sample. Descriptive results (including
graphical displays) for all quantitative variables (eg, age)

are presented as the mean+SD for normally distributed
data or median with IQR for data not normally distributed.

The monthly rate of stroke admissions was compared
in the 6 months pre-COVID-19 to 3 consecutive months
of COVID-19 pandemic using the Mann-Whitney U test,
and using the Poisson test with the outcome being the
observed count in the 3 months post-COVID-19 and
assuming that the previous 6-month rate was the average
prior to COVID-19. The monthly rate of stroke mimics
was compared between the pre-COVID-19 period and
the post-COVID-19 period in a similar manner. Bivar-
iate analysis comparing the demographic and clinical
characteristics of the patients along with some discharge
outcomes between the two periods was performed using
independent samples t-test, and the Mann-Whitney U
test to compare the average for all quantitative variables
(eg, age) between stroke subtypes, wherever appropriate,
while the Pearson % test or Fisher’s exact test was used,
as appropriate, in comparing all the qualitative variables.
The statistical tests were performed using IBM SPSS
Statistics V.26 (IBM). A p value of 0.05 or less was consid-
ered significant.

RESULTS

Over the 9-month study period, 1796 patients (age:
53.0£14.2; male/female: 1318 (73.4%)/478 (26.6%))
were admitted to HGH'’s stroke service (table 1). The
higher percentage of males reflects the demographics of
Qatar with a predominantly male expatriate population.
The first confirmed COVID-19 case in Qatar was reported
on 27 February 2020. In March, April and May, the monthly
reported cases of COVID-19 were 779, 12628 and 45501,
respectively. There were 1376 admissions in the 6 months
prior to the local COVID-19 spread (average monthly
admissions to HGH: 229, see table 1). With the increase
in confirmed COVID-19 cases in the country, there was a
significant decrease in the rates of hospital admissions for
suspected stroke to an average of 140 per month (March:
157; April: 128; May: 135, p=0.024 using Mann-Whitney
U test and p<0.001 using the Poisson test, see figure 1).
Except for age, there were no significant differences in
the demographics and comorbidities between patients
who were admitted pre-COVID-19 period and those
admitted post-COVID-19 period (see table 1).

The rates of ischaemic strokes and intracerebral haem-
orrhage increased significantly from the pre-COVID to
the post-COVID time period (41.6%-53.6%, p<0.001 and
8.1%-12.9%, p=0.003, respectively), while those of stroke
mimics decreased significantly from 38.0% to 24.0%,
p<0.001; whereas the minimal changes in the rates of
TIAs and cerebral venous sinus thrombosis did not reach
statistical significance between the two time periods.

When considered per month, the average number of
stroke mimics, including medical and functional, in the
initial 6months was 87. This decreased significantly to
34 in the last 3 months (March: 46; April: 27; May: 28,
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Table 1 Baseline characteristics and investigations of patients during the pre-COVID period and the post-COVID period

Pre-COVID time COVID Post-COVID
(September time coviD COoVvID time
2019 to (March time (April time (May (March to
Total February 2020) 2020) 2020) 2020) May 2020)
(n=1376,
Characteristic or average=229.3
investigation (n=1796) per month) (n=157) (n=128) (n=135) (n=420) P value
Age, mean (years) 53.0+14.2 52.5+14.0 54.5+14.8 54.6+14.4 54.9+15.0 54.7+14.7 0.007*
Sex (males) 1318 (73.4) 1010 (73.4) 115 (73.2) 89 (69.5) 104 (77.0) 308 (73.3.0) 0.978
Sec (females) 478 (26.6) 366 (26.6) 42 (26.8) 39 (30.5) 31(23.00 112 (26.7)
Hypertension 1181 (65.8) 904 (65.7) 118 (75.2) 90 (70.3) 69 (51.1) 277 (66.0) 0.923
Diabetes 838 (46.7) 626 (45.5) 83 (52.9) 62 (48.4) 67 (49.6) 212 (50.5) 0.073
Dyslipidaemia 928 (51.7) 701 (50.9) (63 1) 0 (54.7) 58 (43.0) 227 (54 0) 0.265
Coronary artery disease 195 (10.9) 142 (10.3) 1(13.4) 3(10.2) 9(14.1) 3 (12.6) 0.185
Atrial fibrillation on 126 (7.0) 99 (7.2) ( 6) 5 (3.9) 0(7.4) ( 4) 0.590
admission
History of stroke 202 (11.2) 153 (11.1) 21 (13.4) 13 (10.2) 15 (11.1) 49 (11.7) 0.756
Active smoking 415 (23.1) 331 (24.1) 34 (21.7) 27 (21.1) 23 (17.0) 84 (20.0) 0.084
Final diagnosis
Ischaemic stroke 797 (44.4) 572 (41.6) 79 (50.3) 72 (56.3) 74 (54.8) 225 (53.6) <0.001*
Transient ischaemic 192 (10.7) 157 (11.4) 14 (8.9) 16 (12.5) 5(3.7) 35 (8.3) 0.074
attack
Intracerebral haemorrhage 165 (9.2) 111 (8.1) 16 (10.2) 11 (8.6) 27 (20.0) 54 (12.9) 0.003*
Cerebral venous sinus 18 (1.0) 13 (0.9) 2(1.3) 2 (1.6) 1(0.7) 5(1.2) 0.587
thrombosis
Stroke mimic 624 (34.7) 523 (38.0) 46 (29.3) 27 (21.1) 28 (20.7) 101 (24.0) <0.001*
TOAST classification
Small vessel disease 336 (41.2) 258 (44.1) 38 (46.9) 25 (33.8) 15 (20.0) 78 (33.9) 0.008*
Large vessel disease 141 (17.3) 84 (14.4) 17 (21.0) 24 (23.0) 16 (21.3) 57 (24.8) <0.001*
Cardioembolic 215 (26.4) 151 (25.8) 17 (21.0) 17 (23.0) 30 (40.0) 64 (27.8) 0.557
Stroke of determined 43 (5.3) 32 (5.5) 3(3.7) 34.1) 5(6.7) 1(4.8) 0.693
origin
Stroke of undetermined 80 (9.8) 60 (10.3) 6 (7.4) 5 (6.8) 9 (12.0) 20 (8.7) 0.500
origin
Prognosis —at discharge
Good (MRS 0-2) 1246 (69.4) 997 (72.5) 97 (61.8) 76 (59.4) 76 (566.3) 249 (59.3) <0.001*
Poor (mRS 3-6) 550 (30.6) 379 (27.5) 60 (38.2) 52 (40.6) 59 (43.7) 171 (40.7)
Mortality —at discharge 23(1.3) 15(1.1) 2(1.3) 2(1.6) 4 (3.0) 8(1.9 0.194
NIHSS on admission 3.9+6.1 3.6+5.9 4.4+5.7 5.3+6.7 6.0+7.4 5.2+6.6 <0.001*
Mild stroke (NIHSS 4 or 1347 (75.0) 1071 (77.8) 111 (70.7) 84 (65.6) 81 (60.0) 276 (65.7) <0.001*
less)
Moderate stroke (NIHSS 227 (12.6) 155 (11.3) 23 (14.6) 25 (19.5) 24 (17.8) 72 (17.1) 0.002*
5-10)
Severe stroke (NIHSS 222 (12.4) 150 (10.9) 23 (14.6) 19 (14.8) 30 (22.2) 72 (17.1) 0.001*
>10)

*Significant p values.
mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; TOAST, Trial of Org 10172 in Acute Stroke Treatment.
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Figure 1 Number of patients admitted to the Hamad
General Hospital in Qatar every month during the 6 months
prior to the first reported case of COVID-19 (September
2019 to February 2020) and the 3 months when COVID-19
cases were being reported (March to May 2020). There is a
significant decrease in the overall stroke admissions during
the post-COVID-19 period (p<0.05).

p=0.024 using Mann-Whitney U test and p<0.001 using
the Poisson test) (see figure 2).

TOAST criteria were used for classifying the aetiology
of ischaemic stroke in our patients."” Small vessel disease
(SVD) is the most common type of stroke in the Qatari
and expatriate population, likely due to the high preva-
lence of poorly controlled hypertension and diabetes."*
There was a significant decrease in the percentage of SVD
in patients with confirmed ischaemic stroke, decreasing
from 44.1% in the preceding 6 months to 33.9% in the
3 months post-COVID-19 (p=0.008). We also noted a
concomitant significant increase in the percentage of
stroke due to large vessel disease, increasing from 14.4%
in the 6 months pre-COVID-19 to 24.8% in the 3 months

Figure 2

Diagnosis

Sep-19 Oct-19 Now-19 Dec-19 Jan-20

Feb-20 Mar-20 Apr-20 May-20

B STROKE MIMIC
TRANSIENT ISCHAEMIC ATTACK

0 ISCHAEMIC STROKE

INTRACEREBRAL HAEMORRHAGE
Figure 2 The number of admissions of ischaemic stroke,
transient ischaemic attacks, intracerebral haemorrhage and
stroke mimics in Qatar 6 months prior to COVID-19 and
during pandemic. The significant decrease in the number of
suspected stroke admissions during March to May 2020 is
related to a decrease in stroke mimics.

3

post-COVID-19 (21% in March, 23% in April and 21.3%
in May, p<0.001).

The severity of symptoms at presentation increased
during the pandemic months. There was an increase in
the average NIHSS on admission from 3.6+5.9 in the 6
months pre-COVID to 5.2+6.6 in the 3 months post-
COVID (4.4+5.7 in March, 5.3+6.7 in April and 6.0+7.4
in May, p<0.001). The percentage of patients with mild
symptoms (NTHSS <4) decreased from 77.8% in the pre-
COVID months to 65.7% in the 3 months post-COVID-19
(70.7% in March, 65.6% in April and 60.0% in May,
p=0.0001).

Finally, there was a decrease in the number of patients
with good outcomes at discharge. The percentage of
patients with mRS 0-2 at discharge decreased from 72.5%
in the pre-COVID months to 59.3% in the 3 months post-
COVID (61.8% in March, 59.7% in April and 56.3% in
May, p=0.0001). Although mortality increased a little
from 1.1% pre-COVID to 1.9% post-COVID, this increase
did not reach statistical significance (p=0.194) (table 1).

DISCUSSION
The Qatar Stroke Database was established in 2013 and
has shown a steady rise in stroke admissions over the
past 7 years. This trend exhibits seasonal variations,
manifesting in relative increases during the spring and
summer months."? ' 1°

Only a single patient was diagnosed with COVID-19
in Qatar in February 2020, with the number of cases
increasing significantly in March, April and May. Our study
demonstrated a significant decrease in the rate of overall
admissions of patients with suspected stroke during those
3months. The decreases appear to be driven primarily by
a reduction in the number of stroke mimics. In addition,
we noted a relative decrease in strokes related to SVD and
areciprocal increase in strokes due to large vessel athero-
sclerosis. This was mirrored by an increased severity of
symptoms at admission and lower rates of good outcomes
at discharge. We did not have 90-day follow-up of mRS
data available at the time of writing this manuscript.

Several reasons may underlie this apparent decrease in
admissions and relative change in causative pathophysi-
ology. First, the decrease in stroke mimics, both medical
and functional, strongly suggests a reluctance to seek
medical attention for fear of contracting the virus. This
concern may have also driven patients with stroke causing
minor neurological deficits, most of which are likely due
to SVD, from seeking treatment at an outpatient setting
or avoiding it entirely. This trend appears to parallel those
of many countries around the world, and includes other
serious conditions such as cardiac and surgical emergen-
cies 5 71217-19

Second, thevariationin the number oflarge vessel strokes
with more significant deficits may be related to patho-
physiological changes induced by SARS-CoV-2. Recent
reports have highlighted the association of COVID-19
with more severe strokes, the latter occasionally being the
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presenting feature, especially in younger patients often
without other notable risk factors.'” An increase in lupus
anticoagulant and other abnormal coagulation tests may
also be more commonly seen in patients with COVID-19
and may be linked to the higher incidence of strokes.*

Our study has several strengths. The Qatar Stroke Data-
base has been accurately recording an increase in stroke
admissions over the past 7 years until the months of the
pandemic. A noticeable decline occurred over the March
to May 2020 period, which coincided with a dramatic
increase in the number of COVID-19 cases reported in
the country. We were able to demonstrate that this decline
in admissions was mostly driven by a decrease in stroke
mimics, especially those with underlying functional aeti-
ologies. Our results are consistent with admission data
observed in many parts of the world.

The study also has some limitations. The study period
included only a 3-month duration of the COVID-19
pandemic, which may not be enough to completely
examine the changes in admissions or fully document
the impact of the pandemic. Given the time of this study,
we also do not have complete follow-up data on patients
seen during the pandemic, which prevented us from
adequately examining usual 90-day outcomes.

The impact of COVID-19 in our communities in general
and patients who had a stroke in particular cannot be
overstated. Further studies are required to completely
understand its magnitude and challenges, and to clarify
the best mechanisms of addressing them.
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