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Abstract: Background and Objectives: The Coronavirus disease 2019 (COVID-19) pandemic caused
significant disruption to established medical care systems globally. Thus, this study was aimed to
compare the admission and outcome variables such as number of patient and its severity, acute
recanalisation therapy given pre-post COVID-19 at a primary stroke centre located in Malaysia.
Methods: This cross-sectional hospital-based study included adult ischaemic stroke patients. Variables
of the study included the number of ischaemic stroke patients, the proportions of recanalisation
therapies, stroke severity during admission based on the National Institutes of Health Stroke Scale,
functional outcome at discharge based on the modified Rankin Scale, and relevant workflow metrics.
We compared the outcome between two six-month periods, namely the pre-COVID-19 period (March
2019 to September 2019) and the COVID-19 period (March 2020 to September 2020). Results: There
were 131 and 156 patients, respectively, from the pre-COVID-19 period and the COVID-19 period. The
median door-to-scan time and the median door-to-reperfusion time were both significantly shorter in
the COVID-19 period (24.5 min versus 12.0 min, p = 0.047) and (93.5 min versus 60.0 min, p = 0.015),
respectively. There were also significantly more patients who received intravenous thrombolysis (7.6%
versus 17.3%, p = 0.015) and mechanical thrombectomy (0.8% versus 6.4%, p = 0.013) in the COVID-19
period, respectively. Conclusions: The COVID-19 pandemic may not have caused disruptions of acute
stroke care in our primary stroke centre. Our data indicated that the number of ischaemic stroke
events remained stable, with a significant increase of recanalisation therapies and better in-hospital
workflow metrics during the COVID-19 pandemic period. However, we would like to highlight that
the burden of COVID-19 cases in the study area was very low. Therefore, the study may not have
captured the true burden (and relevant delays in stroke patient management) during the COVID-19
pandemic. The effect of the pandemic crisis is ongoing and both pre-hospital and in-hospital care
systems must continue to provide optimal, highly time-dependent stroke care services.

Keywords: coronavirus; ischaemic stroke; thrombolysis; thrombectomy

1. Introduction

By witnessing the effects of the pandemic and prior to being seriously impacted by
COVID-19 itself, the National Stroke Workflow Steering Committee for Malaysia performed
a detailed review of the possible collateral effects of the pandemic on stroke patients in
Malaysia. The Committee, which consists of neurologists from government (Ministry of
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Health and university hospitals) and private hospitals, produced guidelines for acute stroke
care services during the COVID-19 pandemic. Due to time constraints, the Committee
guidelines were introduced instead of the national guidelines for clinical practice since the
national guidelines required a more systematic approach and in-depth literature review.
Although the Committee guidelines were not as comprehensive, they were very important
in such a crisis to assist healthcare workers to minimize the risk of acquiring COVID-19
infection while providing optimal stroke care services [1].

The COVID-19 pandemic greatly affected medical care systems, requiring significant
service reorganization in order to ensure continuity of care to patients [2]. Recent studies
showed certain negative impacts of the outbreak on acute stroke care resulting in a signifi-
cant drop in stroke admissions, thrombolysis, and thrombectomy cases [3,4]. However, this
does not necessarily mean that the incidence of stroke is declining and the situation could
be owing to factors like patients’ fear of contracting the disease while seeking treatment
at a hospital, mobility restriction due to lockdown and so forth. Other studies showed
there was some evidence that stroke patients delayed seeking treatment during the pan-
demic [5,6]. This situation, if verified, could cause severe and long-term public health
implications. There was also a study indicating that COVID-19 could possibly increase
the risk of cardiovascular diseases, including stroke [7]. Therefore, we embarked on this
pre-post COVID-19 comparison study to assess the impact of the COVID-19 pandemic on
acute stroke care services at a primary stroke centre in Malaysia. Admission and outcome
variables such as number of patient and its severity, acute recanalisation therapy, time
lapsed to receive treatment were also compared.

2. Methods

This cross-sectional hospital-based study was registered with the Malaysian National
Medical Research Register and received ethical approval (NMRR-20-1034-55038) from the
Medical Research and Ethics Committee, Ministry of Health Malaysia (KKM/NIHSEC/P20-
1203 (6) dated 22-July-2020). The Committee waived the need for patient consent.

2.1. Setting

Hospital Seberang Jaya (HS]J), as a primary stroke centre, has been providing intra-
venous thrombolysis to patients in Penang and offering stroke advice to nearby states
since 2012. Stroke patients who needed mechanical thrombectomy were referred to a
separate comprehensive stroke centre. Even though HSJ was designated as one of the
screening centres for COVID-19, the stroke care services were still continued as usual. For
stroke patients with an epidemiological link to COVID-19 or with respiratory symptomes,
a nasopharyngeal swab would be taken for COVID-19 using the Antigen Rapid Test Kit
(RTK-Ag) (SD Biosensor, INC., Suwon-si, Korea). While awaiting the results, these patients
would be directed to a quarantine ward. Hospital personnel would equip with full personal
protective equipment, i.e., eye protection with face shield or goggles, N95 masks, dispos-
able isolation gowns, long-sleeved plastic aprons, and gloves if they were dealing with
potential COVID-19 patients. Stroke patients would receive routine hyperacute stroke care
assessment, urgent imaging, and offered revascularization therapy similar to that of the
pre-COVID-19 period, regardless of the COVID-19 RTK-Ag result. Further confirmation of
COVID-19 with the reverse transcription-polymerase chain reaction test would be carried
out after initial stabilization of patients, with an HS]J laboratory turnaround time of around
one day. Other precautionary measures to prevent the spread of the disease were intro-
duced, such as restricting all nonessential visits for medical care and replacing them with
online phone consultation. The outpatient multidisciplinary stroke clinic was also replaced
by the conventional stroke clinic. Nevertheless, the provision of acute stroke care services
was not diminished. There was no reduction in stroke beds or other stroke performance
measures such as thrombolytic therapy, imaging services, rehabilitation assessment, stroke
education, or smoking cessation counselling. Hence, there was no disparity in stroke
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services or practices between the pre-COVID-19 period and the COVID-19 period in order
to ensure timely care of stroke patients during the COVID-19 pandemic.

2.2. Data Collection

We included all adult ischaemic stroke patients (Age >18 years old) who presented to
HS]J from 1 March 2019 to 30 September 2019 in the pre-COVID-19 period and from 1 March
2020 to 30 September 2020 in the COVID-19 period. Patients” data were obtained from their
medical case records and were verified by a neurologist before data entry and analysis.

2.3. Study Outcomes and Statistical Analyses

The variables of the study included the number of ischaemic stroke patients, the
proportions of recanalisation therapies among ischaemic stroke patients, stroke severity
during admission based on the National Institutes of Health Stroke Scale, functional
outcome at discharge based on the modified Rankin Scale, and in-hospital workflow
metrics such as onset-to-door time, door-to-scan time, scan-to-reperfusion time, door-to-
reperfusion time, and onset-to-reperfusion time. All outcome variables were collected,
stratified and compared between the two periods, namely the pre-COVID-19 period and
the COVID-19 period.

All data analyses were performed using the Statistical Package of Social Sciences
software, version 20.0 (IBM Corporation, New York, NY, USA). Descriptive statistics were
employed for all variables in the study. Continuous variables were reported as mean and
standard deviation (SD) or as median and interquartile range (IQR) and were compared
with the Independent t-test or Mann-Whitney’s U test when the assumptions were not met.
Categorical variables were reported as proportions and percentages and were compared
with the chi-square test or Fisher’s exact test when the assumptions were not met. All
probability values are two-sided and a level of significance of less than 0.05 (p-value < 0.05)
was considered statistically significant.

3. Results

A total of 287 ischaemic stroke patients were included in this study, among them
were 131 and 156 patients from the pre-COVID-19 period and the COVID-19 period,
respectively. Table 1 presents the characteristics and clinical features of the patients. The
mean (SD) age of the patients was 59.6 (13.8) in the pre-COVID-19 period and 61.1 (13.2)
in the COVID-19 period. No significant differences in sex, age, and ethnicity were noted
between the 2 periods. All risk factors including both the medical-related risk factors
(hypertension, diabetes, hyperlipidaemia, or atrial fibrillation) and behavioural-related
risk factor (smoking) showed no significant differences between the two periods too. Most
of the patients in the two periods presented with mild stroke (median National Institutes
of Health Stroke Scale score, 2 versus 3). Patients from the two periods also showed
similarities in stroke subtypes, stroke events, and stroke severity. They were discharged
with the same mean modified Rankin Scale score of 2.2 and the same median length of stay
at the hospital of 2 days.

Table 1. Patient characteristics between the pre-COVID-19 period and the COVID-19 period.

Characteristic Pre-COVID-19 1 (%) (n = 131) COVID-19 1 (%) (n = 156) p-Value
Demographics

Sex, Male 89 (67.9) 98 (62.8) 0.365
Age <65, year 70 (55.6) 90 (59.2) 0.539
Ethnicity 0414

Malay 69 (52.7) 72 (46.2)

Chinese 31 (23.7) 51 (32.7)

Indian 26 (19.8) 28 (17.9)

Others 5(3.8) 5(3.2)
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Table 1. Cont.

Characteristic Pre-COVID-19 1 (%) (n = 131) COVID-19 1 (%) (n = 156) p-Value
Risk factors
Hypertension 94 (71.8) 98 (62.8) 0.109
Diabetes 59 (45.0) 65 (41.7) 0.566
Hyperlipidaemia 21 (16.0) 32 (20.5) 0.330
Atrial fibrillation 3(2.3) 5(3.2) 0.731
Smoking 28 (48.3) 36 (34.6) 0.088
Stroke manifestations
Stroke subtypes 0.681
LACI 95 (77.2) 85 (83.3)
PACI 20 (16.3) 13 (12.7)
POCI 5(4.1) 2 (2.0
TACI 3(24) 2 (2.0)
First stroke event 105 (80.2) 123 (78.8) 0.785
Stroke severity 0.900
None to mild stroke 83 (67.5) 104 (70.7)
Moderate stroke 37 (30.1) 39 (26.5)
Moderate to severe
stroke 2 (1.6) 3(2.0)
Severe stroke 1(0.8) 1(0.7)
Stroke outcome
mRS at discharge, mean
(SD), score 2.2 (1.5) 2.2(1.6) 0.939
Alive 114 (96.6) 145 (98.6) 0.412
Length of stay <7 days 109 (93.2) 136 (95.1) 0.504
Stroke treatment
Onset-to-door time <3 h 27 (33.8) 30 (34.1) 0.963
* Door-to-scan time,
median (IQR), minute 24.5 (15.0) 12.0 (12.0) 0.047
* Scan-to-reperfusion
time, mean (SD), minute 73.3 (31.7) 55.7 (30.2) 0.134
* Door-to-reperfusion
time, median (IQR), minute 93.5 (29.0) 60.0 (42.0) 0.015
* Onset-to-reperfusion
time, mean (SD), minute 186.7 (45.7) 194.1 (52.3) 0.697
Intravenous thrombolysis 10 (7.6) 27 (17.3) 0.015
Mechanical
thrombectomy 1(0.8) 10 (6.4) 0.013

* Only include ischaemic stroke patients with reperfusion therapies. COVID-19, Coronavirus disease 2019; SD, Standard Deviation; IQR,
Interquartile Range; LACI, Lacunar Cerebral Infarct; PACI, Partial Anterior Circulation Infarct; POCI, Posterior Circulation Infarction;
TACI, Total Anterior Circulation Infarct; mRS, modified Rankin Scale.

The median (IQR) stroke onset-to-door time was 5.6 (9.1) h during the pre-COVID-19
period and 4 (6.9) h during the COVID-19 period. Despite no significant association, the
time needed is 1.6 h shorter in the COVID-19 period. The median (IQR) door-to-scan time
was significantly shorter in the COVID-19 period, 24.5 (15.0) min versus 12.0 (12.0) min,
p = 0.047. The median (IQR) door-to-reperfusion time was also significantly shorter in
the COVID-19 period, 93.5 (29.0) min versus 60.0 (42.0) min, p = 0.015. As depicted in
Table 1, there were significantly more patients who received intravenous thrombolysis in
the COVID-19 period, 10 (7.6%) versus 27 (17.3%), p = 0.015. There were also more patients
who received mechanical thrombectomy, 1 (0.8%) versus 10 (6.4%), p = 0.013. Figure 1
shows the number of ischaemic stroke cases with or without acute recanalisation and the
number of COVID-19 cases in Penang during the COVID-19 pandemic.
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Figure 1. Number of ischaemic stroke cases during the COVID-19 pandemic. Data for COVID-19
positive cases over time in Penang was available for the period beginning in March 2020 and ending
in September 2020 (http://covid-19.moh.gov.my/, accessed on 1 May 2021).

4. Discussion

Regardless of the additional time necessary for COVID-19 screening on all stroke
patients and for the donning and doffing of personal protective equipment by healthcare
workers, we noticed that there were no delays in in-hospital workflow metrics compared
to the pre-pandemic period. In fact, our study reported significantly shorter door-to-scan
time and door-to-reperfusion time during the COVID-19 period. Although our results
showed better workflow metrics, which conflicted with previous studies [6,8-12], it was
encouraging to observe that, despite unprecedented stress on the medical care system,
our primary stroke centre still provided comparable stroke care during the COVID-19
period while strictly abiding by infection control guidelines. These could be due to the
fact that with additional training and through reorganization of the medical care system,
the readiness of the multidisciplinary team in our centre in response to the pandemic
was increased and consequently led to fewer issues in providing stroke care services to
patients. Challenges, such as overwhelmed staff in the emergency and intensive care units,
inadequate supply of personal protective equipment, and shortages of personnel were
thus avoided.

There was a significant increase in the number of recanalisation therapies, in both
thrombolysis and thrombectomy cases. One plausible explanation for these findings is
better in-hospital workflow metrics, as discussed above. Two other possible explanations
were first, large vessel occlusion strokes are often debilitating (i.e., aphasia and/or hemiple-
gia) and in such a critical situation it is likely that medical personnel would have expedited
treatment for the stroke patient despite the pandemic [13]. Second, the health transporta-
tion system was at or near full operational strength and was not severely impacted by the
COVID-19 pandemic. This would have enabled the smooth transfer of patients who needed
mechanical thrombectomy within the therapeutic window to a comprehensive stroke cen-
tre. Even though we cannot confirm that the increase in the number of recanalisation
therapies was not due to a random fluctuation, we agree with the concept of establishing
centralized stroke treatment centres, especially during the crisis, to ensure that there is no
disruption of stroke treatment and to prevent the transmission of infectious disease during
transportation of patients [14].
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We also observed that there was no decline in the number of ischaemic stroke patients
between the two periods. This outcome was inconsistent with several other studies that
reported a reduction of stroke cases during the pandemic [8,9,11,12]. The severity of
COVID-19 cases and the mortality rate in Malaysia were low. The majority (92%) of
COVID-19 cases presented with mild symptoms and the mortality rate was only 1.2% [15].
This suggests that the COVID-19 pandemic might not have been seen as a threat and a
deterrent by local stroke patients seeking medical help at the hospital. In addition to that,
during the pandemic, COVID-19 screening at the emergency department usually took
precedence when patients arrived with fever and/or respiratory failure and neurological
deficits from a stroke might have been ignored [13]. Based on the result of our study
showing stable ischaemic stroke incidences between the two periods, it appears that stroke
cases were likely to be recognized by hospital personnel at the emergency department
during the COVID-19 period.

There was no delay in the presentation of acute ischaemic strokes during the COVID-
19 period as well. This finding conflicts with another study that reported fewer patients
willing to go to hospitals during the pandemic due to the fear of contracting COVID-19 [16].
With the MCO in place, as well as work-from-home allowances from most companies,
patients tended to spend more time at home with family, friends and/or relatives. Patients
who were not alone at symptom onset demonstrated a higher probability of seeking
medical attention [17]. This could be due to the fact that bystanders often recognize
stroke symptoms and this situation was positively associated with the decision to call
for ambulance assistance [17,18]. Traffic patterns during the pandemic may have also
influenced the results of this study. The implementation of restrictions on mobility greatly
reduced the amount of traffic. This could be seen in a study in which the overall state-wide
traffic volume dropped by nearly half [19]. With less traffic during the pandemic, delays in
onset-to-door time were probably less likely to occur.

Another highlight of our study was the finding that there was no significant difference
in stroke severity on admission between the two periods. There was no change in the
stroke outcome as well in terms of the modified Rankin Scale score at discharge, number
of mortality cases, and the length of hospital stay. These outcomes of the study were
consistent with previous studies [10,12]. The COVID-19 lockdown may have triggered
behavioural and socio-environmental modifiers that would influence stroke care systems.
During the ongoing pandemic, people are more likely to encounter undesired social effects
from isolation, such as anxiety caused by fear of falling sick or dying, feeling stranded
or abandoned, being stigmatised by others, and from job loss or a failed business ven-
ture [20]. A systematic review and meta-analysis demonstrated a substantial increase in the
prevalence of stress (29.6%), anxiety (31.9%), and depression (33.7%) during the COVID-19
outbreak [21]. These psychological disorders could be expected to impose more challenges
in stroke care. Several studies have reported associations of psychological distress with
more severe strokes and a higher prevalence of a poorer outcome [22]. Interestingly, our
study suggested that stroke severity and stroke outcome were constant across the two
periods despite the possibility that the stroke patients involved may have experienced
some degree of psychological dysfunction. However, our study did not include a qualita-
tive approach regarding patient behaviour or a mental health assessment for the patients.
Therefore, further study is warranted.

5. Limitation

The following limitations of this study are acknowledged: Firstly, COVID-19 was
purportedly related to the increased incidence of cerebrovascular cases [23]. None of the
stroke patients included in the study were found to be diagnosed with COVID-19 on
admission and no patient developed the disease during follow-up. Studies from China
and Korea have found that more than half of COVID-19 patients reported no symptoms
at the time of diagnosis [24,25]. Since extensive screening on asymptomatic patients was
not carried out in our setting, we simply could not rule out the possibility that our stroke
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patients had contracted COVID-19 and thus possibly affect the results of the study. Secondly,
the full effect of the pandemic is still uncertain and, as the pandemic continues to develop,
additional changes may be seen. Our study may not have been of long enough duration to
provide clear evidence reflecting the definitive effects of COVID-19 on acute stroke care
services. Therefore, continuous monitoring is paramount so that we can observe patterns
of the pandemic and adapt our services accordingly. Thirdly, the retrospective nature of
our study was limited and was not intended to prove causality or to reaffirm associations
and the postulated factors represented a compilation of existing evidence. Fourthly, we
would like to highlight that the burden of COVID-19 cases in the study area was very low.
Therefore, the study may not have captured the true burden (and relevant delays in stroke
patient management) during the COVID-19 pandemic. Lastly, this study represented a
dataset from a regional sample in Malaysia and was relatively small. Thus, it might not
indicate that there would be a similar response in other societies to the country-specific
components of the Malaysian COVID-19 lockdown or to the distinctive stroke care systems
in our centre.

6. Conclusions

The study showed no reduction in the number of ischaemic stroke patients but there
was an increase in the cases of recanalisation therapy and better in-hospital workflow
metrics during the COVID-19 pandemic at our primary stroke centre. The findings of the
study, based on preliminary data, provide an insight that might be useful for national
policy-makers and could serve to support more studies in geographically diverse regions.
Further study is crucial in order to evaluate the emergent care of stroke patients during
the rapidly changing landscape of the COVID-19 pandemic so that we can determine the
best methods for providing high-quality care while also minimizing the risk of COVID-19
exposure and infection.
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