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Objectives: Thousands of designated COVID-19 hospitals have been set up in China
to fight the ongoing COVID-19 pandemic. Anecdotal reports indicate a falling rate of
acute stroke diagnoses in these hospitals during the COVID-19 period. We conducted
an exploratory single-center analysis to estimate the change in acute stroke presentation
at the designated COVID-19 hospitals.

Methods: This retrospective observational study included all patients admitted to
Yongchuan Hospital Affiliated to Chongging Medical University with acute stroke between
January 24 and March 10, 2020. Patient demographics, characteristics of the stroke,
treatment details, and clinical outcomes were compared with those of patients admitted
in the corresponding period in the year before (2019, “the pre-COVID-19 period”).
Subgroup analysis was performed in the ischemic and hemorrhagic stroke groups.

Results: A total of 110 patients presented with acute stroke symptoms during the
COVID-19 pandemic, compared with 173 patients in the pre-COVID-19 period. A higher
proportion of stroke patients presented to the hospital via emergency medical services
during the pandemic (48.2 vs. 31.8%, p = 0.006). There was a lower proportion of
ischemic stroke patients (50.9 vs. 65.3%, p = 0.016) than in the preceding year. There
were significantly fewer patients with 90-day modified Rankin Scale score >3 in the
COVID-19 period compared with the pre-COVID-19 period (17.3 vs. 30.6%, p = 0.012).
Among patients with ischemic stroke, the mean time from patient arrival to vessel
puncture for emergency endovascular therapy in the COVID-19 period was shorter than
that in the pre-COVID-19 period (109.18 4+ 71.39 vs. 270.50 + 161.51 min, p = 0.002).
Among patients with hemorrhagic stroke, the rate of emergency surgical operation in the
COVID-19 period was higher than that in the pre-COVID-19 period (48.1 vs. 30.0%, p
= 0.047). The mean time from patient arrival to emergency surgical operation (15.31 +
22.89vs. 51.72 + 40.47 min, p = 0.002) was shorter in the COVID-19 period than in the
pre-COVID-19 period.
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Conclusions:

Although fewer acute stroke patients sought medical care in this

designated COVID-19 hospital during the COVID-19 pandemic, this type of hospital
was more efficient for timely treatment of acute stroke. Recognizing how acute strokes
presented in designated COVID-19 hospitals will contribute to appropriate adjustments
in strategy for dealing with acute stroke during COVID-19 and future pandemics.

Keywords: COVID-19, coronavirus, acute stroke, designated hospital, stroke center

INTRODUCTION

The COVID-19 pandemic, which originated in Wuhan, China,
in December of 2019, spread rapidly worldwide and became
a huge challenge for global health systems. By December
31, 2020, the global number of COVID-19 infections and
related deaths had reached over 83 million and 1.8 million,
respectively (1).

Acute stroke refers to a sudden cerebrovascular accident and is
a medical emergency. Acute stroke can be divided into ischemic
stroke and hemorrhagic stroke according to the occurrence of
cerebrovascular blockage and cerebrovascular rupture, which is
usually verified by imaging examination (2, 3). Thrombolytic
therapy, endovascular therapy, and surgery within the time
window have a significant impact on the prognosis of acute stroke
patients (4-6). However, reports suggest that the number of acute
stroke patients presenting to hospitals during COVID-19 was
significantly reduced (7).

During the pandemic period, thousands of designated
COVID-19 hospitals have been established in China to
centralized and treat COVID-19 patients in a designated region.
These hospitals are often designated by regional large tertiary
care centers (8). While such designated hospitals have played
an important role in fighting the pandemic (9), their stroke
centers have been significantly affected. Yongchuan Hospital
Affiliated to Chongqing Medical University (YCHCQMU) is
both a comprehensive stroke center and one of the four
designated hospitals for centralized treatment of COVID-19
patients in Chongging, China. As of March 1, 2020, a total
of 90 confirmed COVID-19 patients were admitted to this
hospital (10). The purpose of this study was to evaluate our
institution’s experience as a designated COVID-19 hospital
with acute stroke patients during the early months of the
COVID-19 pandemic.

METHODS

Study Design

Acute stroke patients who presented to YCHCQMU were
retrospectively identified and compared. YCHCQMU is a
1,480-bed, tertiary care, comprehensive stroke center in
western Chongging. Stroke includes ischemic stroke (cerebral
infarction) and hemorrhagic stroke (parenchymal hemorrhage,
intraventricular hemorrhage, and subarachnoid hemorrhage).
All the onset of acute stroke was within 2 weeks. Acute stroke
was clinically diagnosed by a vascular neurologist and verified by
radiographic evidence: computed tomography (CT) or magnetic

resonance imaging. Patients were divided into two cohorts
according to treatment periods: (1) COVID-19, which included
patients admitted on dates between January 24 and March 10,
2020. This period was chosen to coincide with the experience
of Chongging initiating a first-level response to major public
health emergencies. (2) Pre-COVID-19, which included patients
admitted in the same calendar period, but in 2019. Subgroup
analysis was performed in the ischemic and hemorrhagic stroke
groups. The research was approved by the Medical Ethics
Committee of YCHCQMU and was conducted in accordance
with the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards.

Data Collection

The following clinical information was extracted from patients’
medical records and follow-up records: (1) sex; (2) age; (3)
home address; (4) time from last known normal (LKN) to
hospital arrival; (5) arrival mode; (6) length of stay; (7) final
diagnosis; (8) whether the patient had a refusal of medical
care recommended by medical personnel (denial of medical
services); (9) National Institutes of Health Stroke Scale (NIHSS)
score on admission; (10) use and timing of thrombolytic
agent, and/or emergency endovascular thrombectomy, and/or
emergency surgical operation; (11) 90-day modified Rankin
Scale (mRS); and (12) deaths at 90 days. In addition, 90
days mRS >3 points and <3 points indicate poor and good
prognosis, respectively.

Statistical Analysis

SPSS 22.0 statistical software was used for statistical analysis.
Categorical variables were reported as proportions. Continuous
variables were reported as medians with interquartile range, or
means with standard deviation. Between-group comparisons for
categorical data were made using chi-square or Fisher’s exact test
when contingency table cell counts were <5. The Kolmogorov—
Smirnov test was used for the normal distribution test. Between-
group comparisons for non-normally distributed continuous
data were made using Mann-Whitney U-test or independent
t-test for normally distributed continuous data. p < 0.05 was
considered to indicate statistical significance.

RESULTS

Comparison in the Acute Stroke Overall

A total of 110 patients presented with acute stroke symptoms
during the COVID-19 period, in comparison to 173 patients in
the pre-COVID-19 period (Table 1). All acute stroke patients
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TABLE 1 | Demographics, characteristics, and clinical outcomes of acute stroke
patients in the COVID-19 period in comparison to the pre-COVID-19 period.

COVID-19  pre-COVID-19 #/Z/x2 P value
(n =110) (n=173)
Female, n (%) 47 (42.7) 63 (36.4) 1127  0.288
Age (years), mean + SD 68 + 13 68 + 14 0.096  0.924
Urban resident, n (%) 33 (30.0) 59 (34.1) 0.516  0.472
LKN to hospital arrival 243 (179,931) 301 (179,1017) 0.928 0.354
(min), IQR
Arrival mode: EMS, n (%) 53 (48.2) 55 (31.8) 7.654  0.006
Length of stay (d), IQR 14.5 (8,20) 12(7,17) 1.759  0.079
Ultimate diagnosis: 56 (560.9) 113 (65.3) 5804 0.016
Ischemic stroke, n (%)
Denial of medical 23 (20.9) 39 (22.5) 0.105  0.746
services, n (%)
NIHSS at presentation, 12+8 183+9 0.771 0.441
mean + SD
mRS at 90 days > 3, n (%) 19(17.3) 53 (30.6) 6.330 0.012
Deaths at 90 days, n (%) 7 (6.4) 17 (9.8) 1.039  0.308

COVID-19, coronavirus disease 2019, LKN, last known normal; EMS, emergency medical
services; SD, standard deviation; IQR, interquartile range; Denial of medical services
indicates the patient had a refusal of medical care recommended by medical personnel;
NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.

were exclude with COVID-19 diagnosed by nucleic acid
detection test. The mean age of patients was 68 £ 13 and
68 £ 14 years in the COVID-19 period and pre-COVID-19
period, respectively, with a low proportion of female patients
(42.7 vs. 36.4%) and a low proportion of urban residents (30.0
vs. 34.1%). The mean time of LKN to hospital arrival was 243
(179-931) min in the COVID-19 period and 301 (179-1017)
min in the pre-COVID-19 period. There was no statistically
significant difference in any of these characteristics between
the two periods. The proportion of patients who presented
to the hospital via emergency medical services (EMS) during
the COVID-19 period in comparison to the pre-COVID-19
period increased significantly (48.2 vs. 31.8%, p = 0.006). The
proportion of patients diagnosed with ischemic stroke in the
COVID-19 period was lower than that in the pre-COVID-19
period (50.9 vs. 65.3%, p = 0.016). Further, 20.9 and 22.5%
patients rejected medical services in the COVID-19 period and
the pre-COVID-19 period, respectively. There was no statistically
significant difference (p = 0.746). The mean presenting NITHSS
score was 12 £ 8 in the COVID-19 period and 13 £ 9 in the
pre-COVID-19 period (p = 0.441). The number of patients with
90 days mRS >3 points was significantly lesser in the COVID-
19 period than in the pre-COVID-19 period (17.3 vs. 30.6%, p
= 0.012). There was no statistically significant difference in the
rate of death at 90 days between the two periods (6.4 vs.9.8%,
p=10.308).

Comparison in the Acute Ischemic Stroke

There were no significant differences in these indicators
between the two groups, including sex, age, home address,
LKN to hospital arrival, arrival mode, length of stay, denial

TABLE 2 | Demographics, characteristics, treatment details, and clinical
outcomes of acute ischemic stroke patients in the COVID-19 period in
comparison to the pre-COVID-19 period.

COoVID-19 pre-COVID-19 t/Z/x2? P value
(n =56) (n=113)

Female, n (%) 23 (41.1) 46 (40.7) 0.002 0.964
Age (years), mean + SD 71+£13 68 + 14 1.307 0.193
Urban resident, n (%) 21 (37.5) 45 (39.8) 0.085 0.771
LKN to hospital arrival 242.5(181,599) 359 (185,1377) 1.518 0.129
(min), IQR
Arrival mode: EMS, n (%) 21(37.5) 27 (23.9) 3.409 0.065
Length of stay (d), IQR 10.5 (5.75,15) 11(6,13) 0.884 0.377
Denial of medical 14 (25.0) 28 (24.8) 0.001 0.975
services, n (%)
NIHSS at presentation, 9+8 9+8 0.148 0.882
mean + SD
Intravenous 11 (19.6) 30 (26.5) 0.972 0.324
thrombolysis, n (%)
Door-to-needle (min), 52.45 +£26.14 4313 +34.27 0.822 0.416
mean + SD
Endovascular 11 (19.6) 16 (14.2) 0.839 0.360
thrombectomy, n (%)
Door-to-puncture 109.18 £ 71.39 270.50 + 161.51 3.526 0.002
(min), mean + SD
mRS at 90 days > 3, n (%) 10 (17.9) 26 (23.0) 0.593 0.441
Deaths, n (%) 2(3.6) 4 (3.5) 0.000 1.000

COVID-19, coronavirus disease 2019; LKN, last known normal; EMS, emergency medical
services; SD, standard deviation; IQR, interquartile range; Denial of medical services
indicates the patient had a refusal of medical care recommended by medical personnel;
NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.

of medical services, NIHSS score on admission, the rates of
thrombolysis and endovascular thrombectomy, the mean time
from patient arrival to administration of thrombolytic drug
(door to needle), mRS, and deaths at 90 days. However,
the mean time from patient arrival to vessel puncture for
emergency endovascular therapy (door to puncture) in the
COVID-19 period was shorter than that in the pre-COVID-19
period (109.18 £ 71.39 vs. 270.50 £ 161.51 min, p = 0.002)
(Table 2).

Comparison in the Acute Hemorrhagic
Stroke

There were no significant differences in these indicators between
the two groups, including sex, age, home address, LKN to
hospital arrival, arrival mode, length of stay, denial of medical
services, NIHSS score on admission, and deaths at 90 days.
However, 48.1% of patients underwent emergency surgery in the
COVID-19 period as against 30.0% patients in the pre-COVID-
19 period. There was a statistically significant difference (p =
0.047). The mean time from patient arrival to emergency surgical
operation (15.31 %+ 22.89 vs. 51.72 £ 40.47 min, p = 0.002)
was shorter in the COVID-19 period than in the pre-COVID-
19 period. The number of patients with 90 days mRS >3 points
was significantly lesser in the COVID-19 period than in the
pre-COVID-19 period (16.7 vs. 45.0%, p = 0.001) (Table 3).
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TABLE 3 | Demographics, characteristics, treatment details, and clinical
outcomes of acute hemorrhagic stroke patients in the COVID-19 period in
comparison to the pre-COVID-19 period.

CcoviD-19 pre-COVID-19 t/Z/x2? P value
(n =54) (n = 60)
Female, n (%) 24 (44.4) 17 (28.3) 3.203 0.073
Age (years), mean + SD 65 + 11 68 + 13 1116 0.267
Urban resident, n (%) 12 (22.2) 14 (23.3) 0.020 0.888
LKN to hospital arrival 243 119.75 1236 0.217
(min), IQR (178.25, 479.75) (183.5, 554.75)
Arrival mode: EMS, n (%) 32 (59.3) 28 (46.7) 1.808 0.179
Length of stay (d), IQR 18.5 20 0.650 0.516
(12.75,27) (13,29.25)
Denial of medical 9(16.7) 11 (18.3) 0.055 0.815
services, n (%)
NIHSS at presentation, 20+ 3 19+4 0.623 0.535
mean + SD
Emergent surgical 26 (48.1) 18(30.0) 3.950 0.047
operation, n (%)
Door-to-surgery (min), 156.31 £22.89 51.72 +£40.47 3.454 0.002
mean + SD
mRS at 90 days > 3, n (%) 9(16.7) 27 (45.0) 10.560 0.001
Deaths, n (%) 5(9.9) 13 (21.7) 3.291 0.070

COVID-19, coronavirus disease 2019; LKN, last known normal; EMS, emergency medical
services; SD, standard deviation; IQR, interquartile range; Denial of medical services
indicates the patient had a refusal of medical care recommended by medical personnel;
NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.

DISCUSSION

The COVID-19 pandemic has had a huge impact on our hospital,
especially in the early stages of the pandemic, when the hospital
also served as a designated COVID-19 hospital. Studies in
the international literature has generally reported a decline in
hospital admissions during the COVID-19 period compared with
the pre-COVID-19 period, due to the impact of COVID-19
pandemic on acute stroke care services. For example, Sacco et al.
(11) found 24.36% decrease in Italy, Butt et al. (12) found 12.66%
decrease in Denmark, and Kristoffersen et al. (13) found 29.91%
decrease in Norway. Consistent with previous study, we found
a 36.42% (63/173) decrease. In addition, a significant decrease
was observed in the proportion of ischemic stroke between the
two periods, which was consistent with the study of Tejada et al.,
which showed the weekly mean admitted ischemic stroke patients
decreased during the pandemic period compared to the pre-
pandemic period (124 vs. 173, p < 0.001) (14). In addition, the
proportion of patients who presented to the hospital via EMS and
the proportion of patients undergoing emergency surgery both
increased significantly. All of these findings point to the fact that
fewer acute stroke patients with mild symptoms sought medical
care during the COVID-19 period. The decrease in patients with
mild symptoms led to a decrease in the number of acute stroke
patients, decrease in the proportion of ischemic stroke patients
who tend to be less severe than hemorrhagic stroke patients
(15), increase in the proportion of patients who presented to the
hospital via EMS, and an increase in the proportion of patients

undergoing emergency surgery. This is also consistent with the
previous research results of Siegler et al. (16). Through a 6-
month follow-up study, Siegler et al. found that the number of
acute stroke patients who presented to the hospital in private
cars during the COVID-19 period was 55% lower than that
during the pre-COVID-19 period, and acute stroke patients who
presented to the hospital in private cars tended to have less
severe conditions. We identified two reasons for the decrease in
acute stroke patients with mild symptoms: (1) worry about virus
infection and transmission, as SARS-CoV-2 is highly contagious
(17). Most acute stroke patients with mild symptoms expressed
that their delay in seeing a doctor was related to the fear caused by
COVID-19. The patients expressed that they would rather wait at
home for the disease to improve or the pandemic to get under
control (18). The other reason is the (2) increased screening
measures: in order to prevent nosocomial cross-infection of
COVID-19, screening measures increased during the COVID-19
period (19). The increased screening measures made it difficult
for acute stroke patients to seek medical treatment.

Our study also showed that the proportion of acute stroke
patients with poor prognosis during the COVID-19 period was
significantly lower than that during the pre-COVID-19 period.
In addition, the door-to-puncture time and door-to-surgery time,
which refers to the in-hospital time, were significantly reduced
compared to the corresponding period in the pre-COVID-19
year, which was consistent with previous findings. Nagamine
et al. study (20) showed that the door-to-puncture time during
the COVID-19 period was lesser than that in the non-pandemic
period (109 £ 32.4 vs. 132 £ 22.6 min). Zini et al. (21) found
that although the door-to-puncture time between the 2 years only
had a slight reduction (116.9 £ 39 vs. 118.8 & 55.7 min), the
mean time from patient arrival to CT scan that applied to each
patient in the hospital was increased. As a consequence, the time
after CT scan to puncture that exclusively belonged to stroke
centers was decreased. Lee et al. (22) found that the time from
patient arrival to surgery in the COVID-19 period was higher
than that in the pre-COVID-19 period, but in the comparison
of the subgroup of emergency surgery, the door-to-surgery time
during the COVID-19 period was significantly shorter than that
during the pre-COVID-19 period (p = 0.04). However, our study
showed that there was no significant difference in the numbers
of emergency endovascular therapy between the two periods.
In the context of the addition of rigorous COVID-19 screening
programs, the abovementioned changes point to the fact that our
stroke center was more efficient during COVID-19. As a result
of the improvement of our stroke center work efficiency, on the
one hand, patients could quickly complete a series of preoperative
examinations, and the doctors could immediately arrange for
the surgery, which led to the shortened door-to-puncture and
door-to-surgery times. On the other hand, the treatment effect
of acute stroke patients was greatly improved, which contributed
to the significantly reduced proportion of acute stroke patients
with poor prognosis. The reasons for the improvement of the
stroke center work efficiency during the COVID-19 period may
be as follows: (1) fewer acute stroke patients visiting the hospital
freed up more of the medical workforce; (2) fewer acute stroke
patients visiting the hospital led to a decrease in waiting times for
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patients to use medical devices; and (3) hospital policy during the
COVID-19 period was tightened, requiring medical staff to be on
high alert, taking fewer vacations and working more hours (23).

During the COVID-19 period, many acute stroke patients,
especially with mild symptoms, were unwilling to seek treatment
in hospitals, especially when the hospital also served as a
designated COVID-19 center; this greatly delayed treatment and
was not conducive to the prognosis of acute stroke patients.
However, throughout our study, we found that such stroke
centers tend to work more efficiently during the pandemic, and
patients are more likely to have good prognoses. These designated
hospitals have strict COVID-19 isolation wards, COVID-
19 special channels, disinfection equipment, and inspection
measures (24). Therefore, the possibility of nosocomial infection
of COVID-19 is perhaps low. Hence, we recommend that acute
stroke patients should visit the stroke center as soon as possible
during the COVID-19 period. A hospital that also serves as
a designated COVID-19 hospital will not be detrimental for
acute stroke patients, but rather enable them to seek better
medical services.

As of April 23, 2021, there were hundreds of millions of
confirmed COVID-19 patients in the international community
including the United States, Europe, India, and so on (1). What’s
worse, India was adding thousands of new confirmed cases of
COVID-19 every day. These countries appear to be facing the
same serious COVID-19 situation that China faced in its early
days (25). Because of the large number of COVID-19 patients
in these countries, there would be a huge demand of designated
hospitals for centralized treatment of COVID-19 patients (26).
Most of these hospitals also served as local acute stroke centers
(27). Therefore, this study can provide an experience for
designated COVID-19 hospitals in the international community
when they are also responsible for the treatment of acute stroke.

Our study has some limitations. This was a single-center
retrospective study, which may not be generalizable to other
stroke centers. Additionally, the sample size was relatively less
to reliably detect small but potentially important differences. In
addition, our center admitted only COVID-19-negative patients,
thus contributing to the decrease in stroke admission. Indeed,
COVID-19 patients with stroke might have been admitted to
other hospitals. Besides, only in-hospital times were considered
in this study; however, the pandemic could also have had an
impact on prehospital patient transportation that could have
affected stroke admissions. Moreover, we used administrative
coding data for the diagnosis of stroke, which was heavily
influenced by the stroke neurologist’s decision. However, through
periodic follow-up data, this study greatly enhanced applications

REFERENCES

1. Dong E, Du H, Gardner L. An interactive web-based dashboard
to track COVID-19 in real time. Lancet Infect Dis. (2020)
20:533-4. doi: 10.1016/s1473-3099(20)30120-1

2. Wang L, Xiong X, Zhang L, Shen J. Neurovascular unit: a critical role in
ischemic stroke. CNS Neurosci Ther. (2021) 27:7-16. doi: 10.1111/cns.13561

(28). Finally, only the current clinical status has been reported,
and long-term clinical outcomes remain to be seen. The
differences between designated and non-designated hospitals are
also worth further study.

In conclusion, our study showed that fewer acute stroke
patients, especially with mild symptoms, sought medical care
in the designated hospitals during the COVID-19 period.
Additionally, we found that this kind of designated COVID-19
hospital was more efficient for timely treatment of acute stroke
during COVID-19. To avoid delayed treatment and obtain better
treatment outcomes, we suggest that acute stroke patients should
seek treatment at the nearest stroke center as soon as possible,
even if the hospital also serves as a designated COVID-19 center.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Medical Ethics Committee of Yongchuan
Hospital Affiliated to Chongqing Medical University. The
patients/participants provided their written informed consent
to participate in this study. Written informed consent
was obtained from the individual(s) for the publication
of any potentially identifiable images or data included in
this article.

AUTHOR CONTRIBUTIONS

QT: study design and data collection and analysis. Q-JL and L-BZ:
study design. W-HF and X-YD: revise the paper. LW, H-MG, JW,
RZ, and ML: data analysis. All authors contributed to the article
and approved the submitted version.

FUNDING

This work was supported by the Foundation and Frontier
Program of Chongqing Science and Technology Commission
(cstc2018jcyjAX0341), the Chongqing Key Program of
Technological Innovation and Application Development
(cstc2019jscx-gksbX0064); and  the Medical Research
Program of Chongqing Science and Technology Commission
(2018ZDXM023).

3. Barclay R, Stevenson T, Poluha W, Semenko B, Schubert
J.  Mental practice for treating upper extremity deficits in
individuals ~ with  hemiparesis after stroke. ~Cochrane  Database
Syst  Rev.  (2020)  5:CD005950. doi:  10.1002/14651858.CD0059
50.pub5

4., Man S, Xian Y, Holmes D, Matsouaka R, Saver J, Smith E, et al
Association between thrombolytic door-to-needle time and 1-year mortality

Frontiers in Neurology | www.frontiersin.org

September 2021 | Volume 12 | Article 673703


https://doi.org/10.1016/s1473-3099(20)30120-1
https://doi.org/10.1111/cns.13561
https://doi.org/10.1002/14651858.CD005950.pub5
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Tan et al.

Designated COVID-19 Hospital

10.

11.

12.

13.

14.

15.

16.

17.

18.

and readmission in patients with acute ischemic stroke. JAMA. (2020)
323:2170-84. doi: 10.1001/jama.2020.5697

. Ospel J, Holodinsky J, Goyal M. Management of acute ischemic stroke due

to large-vessel occlusion: JACC focus seminar. ] Am Coll Cardiol. (2020)
75:1832-43. doi: 10.1016/j.jacc.2019.10.034

. Sun G, Fu T, Liu Z, Zhang Y, Chen X, Jin S, et al. The rule of brain hematoma

pressure gradient and its influence on hypertensive cerebral hemorrhage
operation. Sci Rep. (2021) 11:4599. doi: 10.1038/s41598-021-84108-w

. Katsouras C, Karapanayiotides T, Papafaklis M, Giannopoulos S, Ziakas

A, Sianos G, et al. Greater decline of acute stroke admissions compared
with acute coronary syndromes during COVID-19 outbreak in Greece:
cerebro/cardiovascular implications amidst a second wave surge. Eur ] Neurol.
(2020) doi: 10.1111/ene.14666. [Epub ahead of print].

. Mei J, Hu W, Chen Q, Li C, Chen Z, Fan Y, et al. Development

and external validation of a COVID-19 mortality risk prediction
algorithm: a multicentre retrospective cohort study. BM] Open. (2020)
10:¢044028. doi: 10.1136/bmjopen-2020-044028

. LiJ, Yuan P, Heffernan J, Zheng T, Ogden N, Sander B, et al. Fangcang shelter

hospitals during the COVID-19 epidemic, Wuhan, China. Bull World Health
Organ. (2020) 98:830-41D. doi: 10.2471/b1t.20.258152

Wang A, Long Q, Tian C. Initial symptoms and epidemiological
characteristics of confirmed cases of COIVD-19 in the west of Chongqing.
Chin ] Infec Contl. (2020) 19:234-8. doi: 10.12138/j.issn.1671-9638.20206500
Sacco S, Ricci S, Ornello R, Eusebi P, Petraglia L, Toni D. Reduced admissions
for cerebrovascular events during COVID-19 outbreak in Italy. Stroke. (2020)
51:3746-50. doi: 10.1161/strokeaha.120.031293

Butt ], Fosbol E, @stergaard L, Yafasova A, Andersson C, Schou M, et al.
Effect of COVID-19 on first-time acute stroke and transient ischemic attack
admission rates and prognosis in Denmark: a nationwide cohort study.
Circulation. (2020) 142:1227-9. doi: 10.1161/circulationaha.120.050173
Kristoffersen E, Jahr S, Faiz K, Thommessen B, Renning O. Stroke admission
rates before, during and after the first phase of the COVID-19 pandemic.
Neurol Sci. (2021) 42:791-8. doi: 10.1007/s10072-021-05039-y

Tejada Meza H, Lambea Gil A, Saldafia A, Martinez-Zabaleta M, Juez
P, Martinez E, et al. Impact of COVID-19 outbreak on ischemic stroke
admissions and in-hospital mortality in North-West Spain. Int J Stroke. (2020)
15:755-62. doi: 10.1177/1747493020938301

Viderman D, Issanov A, Temirov T, Goligher E, la Fleur P. Outcome
predictors of stroke mortality in the neurocritical care. Unit Front Neurol.
(2020) 11:579733. doi: 10.3389/fneur.2020.579733

Siegler J, Heslin M, Thau L, Smith A, Jovin T. Falling stroke rates during
COVID-19 pandemic at a comprehensive stroke center. J Stroke Cerebrovasc
Dis. (2020) 29:104953. doi: 10.1016/j.jstrokecerebrovasdis.2020.104953

Ma C, Sacco M, Hurst B, Townsend ], Hu Y, Szeto T, et al. Boceprevir,
GC-376, and calpain inhibitors II, XII inhibit SARS-CoV-2 viral
replication by targeting the viral main protease. Cell Res. (2020)
30:678-92. doi: 10.1038/541422-020-0356-z

Sobkow A, Zaleskiewicz T, Petrova D, Garcia-Retamero R, Traczyk
J. Worry, risk perception, and controllability predict intentions
toward COVID-19 preventive behaviors. Psychol.  (2020)
11:582720. doi: 10.3389/fpsyg.2020.582720

Front

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Fang Y. Large-scale national screening for coronavirus disease 2019 in China.

J Med Virol. (2020) 92:2266-8. doi: 10.1002/jmv.26173

Nagamine M, Chow D, Chang P, Boden-Albala B, Yu W, Soun J. Impact of
COVID-19 on acute stroke presentation at a comprehensive stroke center.
Front Neurol. (2020) 11:850. doi: 10.3389/fneur.2020.00850

Zini A, Romoli M, Gentile M, Migliaccio L, Picoco C. Dell’Arciprete O,
et al. The stroke mothership model survived during COVID-19 era: an
observational single-center study in Emilia-Romagna, Italy. Neurol Sci. (2020)
41:3395-9. doi: 10.1007/s10072-020-04754-2

Lee S, Jang J, Chung J, Kwon J, Park Y. Clinical pathway for emergency brain
surgery during COVID-19 pandemic and its impact on clinical outcomes. J
Korean Med Sci. (2021) 36:¢16. doi: 10.3346/jkms.2021.36.e16

Le T, Vodden K, Wu J, Atiwesh G. Policy responses to the COVID-
19 pandemic in Vietnam. Int ] Environ Res Public Health. (2021)
18:559. doi: 10.3390/ijerph18020559

Wu S, Wang Y, Jin X, Tian ], Liu ], Mao Y. Environmental contamination by
SARS-CoV-2 in a designated hospital for coronavirus disease 2019. Am J Infect
Control. (2020) 48:910-4. doi: 10.1016/j.ajic.2020.05.003

Verity R, Okell L, Dorigatti I, Winskill P, Whittaker C, Imai N, et al. Estimates
of the severity of coronavirus disease 2019: a model-based analysis. Lancet
Infect Dis. (2020) 20:669-77. doi: 10.1016/s1473-3099(20)30243-7

Kim M, Lee J, Park J, Kim H, Hyun M, Suh Y, et al. Lessons from a
COVID-19 hospital, Republic of Korea. Bull World Health Organ. (2020)
98:842-8. doi: 10.2471/b1t.20.261016

D’Anna L, Brown M, Oishi S, Ellis N, Brown Z, Bentley P, et al.
Impact of national lockdown on the hyperacute stroke care and rapid
transient ischaemic attack outpatient service in a comprehensive tertiary
stroke centre during the COVID-19 pandemic. Front Neurol. (2021)
12:627493. doi: 10.3389/fneur.2021.627493

Sacco S, Pistoia E Carolei A. Stroke tracked by administrative coding
data: is it fair? Stroke. (2013) 44:1766-8. doi: 10.1161/strokeaha.113.
001742

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Tan, Liu, Fan, Du, Wu, Gong, Wei, Zhao, Lei and Zhao. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Neurology | www.frontiersin.org

September 2021 | Volume 12 | Article 673703


https://doi.org/10.1001/jama.2020.5697
https://doi.org/10.1016/j.jacc.2019.10.034
https://doi.org/10.1038/s41598-021-84108-w
https://doi.org/10.1111/ene.14666
https://doi.org/10.1136/bmjopen-2020-044028
https://doi.org/10.2471/blt.20.258152
https://doi.org/10.12138/j.issn.1671-9638.20206500
https://doi.org/10.1161/strokeaha.120.031293
https://doi.org/10.1161/circulationaha.120.050173
https://doi.org/10.1007/s10072-021-05039-y
https://doi.org/10.1177/1747493020938301
https://doi.org/10.3389/fneur.2020.579733
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104953
https://doi.org/10.1038/s41422-020-0356-z
https://doi.org/10.3389/fpsyg.2020.582720
https://doi.org/10.1002/jmv.26173
https://doi.org/10.3389/fneur.2020.00850
https://doi.org/10.1007/s10072-020-04754-2
https://doi.org/10.3346/jkms.2021.36.e16
https://doi.org/10.3390/ijerph18020559
https://doi.org/10.1016/j.ajic.2020.05.003
https://doi.org/10.1016/s1473-3099(20)30243-7
https://doi.org/10.2471/blt.20.261016
https://doi.org/10.3389/fneur.2021.627493
https://doi.org/10.1161/strokeaha.113.001742
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Impact of COVID-19 on Acute Stroke Presentation in a Designated COVID-19 Hospital
	Introduction
	Methods
	Study Design
	Data Collection
	Statistical Analysis

	Results
	Comparison in the Acute Stroke Overall
	Comparison in the Acute Ischemic Stroke
	Comparison in the Acute Hemorrhagic Stroke

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


