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Abstract
Background and purpose The COVID-19 pandemic has impacted the reperfusion therapy for acute ischemic stroke (AIS)
patients. Huizhou City utilized its experience with the SARS and MERS breakouts to establish a reperfusion treatment program
for AIS patients.
Method This is a retrospective study on 8 certified stroke hospitals in Huizhou City from January 2020 to May 2020. We
analyzed the number of AIS patients with reperfusion therapy, stroke type (anterior/posterior circulation stroke), modes of
transport to hospital, NIHSS score, onset to door time (ODT), door to needle time (DNT), and door to puncture time (DPT).
The analysis was compared with baseline data from the same time period in 2019.
Result In 2020, the number of AIS patients receiving reperfusion therapy decreased (315 vs. 377), NIHSS score increased [8 (4, 15)
vs. 7 [ (1, 2)], P = 0.024], ODT increased [126 (67.5, 210.0) vs. 120.0 (64.0, 179.0), P = 0.032], and DNT decreased [40 (32.5, 55)
vs. 48 (36, 59), P = 0.003]. DPT did not change. Seventy percent of AIS patients indicated self-visit as their main mode of transport
to the hospital. In both periods, mild stroke patients were more likely to self-visit than utilize emergency systems [2019: 152
(57.6%) vs. 20 (45.6%), P = 0.034; 2020: 123 (56.9%) vs. 5 (14.7%), P < 0.001]. The NIHSS score for self-visiting patients was
lower for patients who utilized the ambulance system in both years [self-visit: 6.00 (3.00, 12.00), ambulance: 14.00 (9.00, 19.00),
P < 0.001]. The volume of reperfusion patients was lower in 2020; however, the decrease was only significant (P = 0.028) in
February 2020.
Conclusion During the COVID-19 pandemic in 2020, the number of AIS patients receiving reperfusion therapy significantly
decreased when compared to the same period in 2019. The patients’ condition increased severity, ODT increased, and the DNT
decreased. DPT was not significant for self-visiting and ambulance patients. Moderate to severe stroke patients were more likely
to utilize ambulance services.
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Abbreviations
AIS Acute ischemic stroke
NIHSS National Institute of Health Stroke Scale

ODT Onset to door time
DNT Door to needle time
DPT Door to puncture time
BOSC Big Data Observatory Platform for stroke of China

Huizhou City is located in the southern part of Guangdong
Province of China, with an area of 11,599 km2 and a popula-
tion of approximately 5 million. In 2019, five hospitals in
Huizhou were certified by The Stroke Prevention Project
Commission of the National Health Commission in China to
perform thrombolytic therapy for acute ischemic stroke (AIS)
patients, and three hospitals were certified for both thrombo-
lytic therapy and endovascular mechanical thrombectomy for
AIS patients. Stroke patients within 24 h of onset were sent to
the nearest one of these eight hospitals for reperfusion
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treatment. These eight hospitals were strategically located to
be accessible throughout the city, forming a stroke emergency
network in Huizhou. With improvements in road construction
within the past 10 years, the eight service areas are all within
an hour’s drive.

The COVID-19 outbreak in Wuhan became a global public
health emergency in January 2020 [3, 4]. On January 23, 2020,
Guangdong Province initiated the first-level public health emer-
gency response, and transitioned to the second-level response on
February 24, 2020, throughMay 8, 2020. According to the State
Council of the People’s Republic of China on January 8, 2016,
they publicly issued and implemented the “General Emergency
Response Plan for National Emergencies” for the classification
of public emergencies, the first-level response being the highest
level response. Since Huizhou had experience with SARS in
2003 and had the experience of successfully curing the only
MERS-CO case imported into mainland China in 2017 [ 1],
the government immediately designated one hospital for the
treatment and isolation of COVID-19 patients. This designated
hospital is a stroke emergency hospital qualified for throm-
bolysis and thrombectomy. All hospitals established fever
clinics to proactively screen for COVID-19 patients. The
COVID-19 outbreak response was different than with
SARS. The government’s management was stricter as they
implemented community and village lockdowns. Hospitals
closed for non-essential services, restricted visitors, and
restricted non-essential staff from entering the hospitals.
For the safety of the patients and their families, staff, stu-
dents, and volunteers, the hospitals formulated strict and
effective guidelines for entering and leaving the hospitals.
Patients, family members, and medical staff were all re-
quired to wear personal protective equipment.

During the pandemic, acute stroke remains as an emergen-
cy condition and needs to be treated immediately. The 8 cer-
tified hospitals in Huizhou continued to provide services. We
compared the reperfusion treatment for AIS patients in the city
between January and May 2020 with the same period in 2019,
and analyzed the impact of the outbreak.

Method

The design of the studyData originated from low-risk original
data and the third author (Z.Q.Lee) can be contacted if the
relevant information is requested. The Institutional Review
Board of Huizhou Municipal Central Hospital Affiliated to
Guangdong Medical University approved this research
protocol.

Data was collected from the 8 hospitals in Huizhou City
certified by the Stroke Prevention Project Commission of the
National Health Commission in China. Our study included
patients who were admitted to any of the 8 certified stroke
hospitals in Huizhou City and received reperfusion treatment

(thrombolysis and mechanical thrombectomy). These 8 hos-
pitals have dedicated data managers, and were required to
report information monthly regarding patients with acute
stroke thrombolysis and mechanical thrombectomy, such as
the following: stroke type(anterior/posterior circulation
stroke) [5], the number of stroke patients with thrombolysis
and thrombectomy, the time from symptoms onset to arrival to
hospital (onset to door time, ODT), the time of reperfusion
treatment (door-to-needle, DTN, and door-to-puncture, DTP),
the mode of transport to the hospital, the NIHSS score upon
hospital arrival, and other data. The data was reported to the
Big Data Observatory Platform for stroke of China (BOSC)
through the network. BOSC was established in 2017 (https://
sinosc.org/home/index). Data collection began from January
1, 2020, to May 31, 2020, mirroring the start of the pandemic
to the end of the second-level public health emergency re-
sponse, and was compared with baseline data of the same
period last year.

Statistics and analysis

This is a retrospective simple descriptive study. Data presen-
tation uses the actual number or percentage. SPSS 19 statisti-
cal software was used for statistical analysis of the obtained
data, chi-square (χ2) statistic was used for data analysis, and
non-parametric test was used for data measurement. All tests
used a two-sided test; P < 0.05 was considered statistically
significant.

Result

AIS admission among the 8 certified stroke hospitals in
Huizhou City decreased by 16.6% in 2020 since 2019 (4369
vs. 5238). Although the total AIS admission in 2020 has de-
creased significantly compared with 2019, the rate of AIS
receiving reperfusion therapy in the same period of 2 years
is very close (7.1% in 2020 (315/4369), 7.2% in 2019 (377/
5238)). Comparison of the two timeframes, in terms of gen-
der, age, wake-up stroke, the mode of transport to hospital ((a)
self-visit; (b) call 120 ambulance; (c) transfer from outside
hospital: refer from the hospital without qualification for re-
perfusion; (d) onset in the hospital), reperfusion method (in-
travenous thrombolysis, mechanical thrombectomy, bridging
thrombolysis), intravenous thrombolysis whether with
alteplase or urokinase, onset to needle time (ONT), and
DPT, the differences were not statistically significant (P ≥
0.05). However, the NIHSS score before treatment, ODT,
and DNT were found to be statistically significant (P < 0.05)
between both groups. According to the Oxford Community
Stroke Classification, the percentage and total number of
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anterior and posterior circulation strokes in the same period of
2 years is not statistically significant [5]. (See Table 1).

The main mode of transport to the hospital for stroke pa-
tients was self-visiting, and both groups accounted for about
70%. In 2019, the number of patients who arrive at the hospi-
tal through 120 ambulances was higher than that of outside
hospital referrals (47 vs. 34, P = 0.149). However, in 2020, the
utilization of 120 ambulances was lower than the referral rates
from external hospitals (41 vs. 51, P = 0.149), but the differ-
ences were not statistically significant (see Fig. 1). The pro-
portion of mild stroke (NIHSS < 8 points) patients who self-
visit to the hospital were higher than the patients who called
120 ambulances [2019: 152 (57.6%) vs. 20 (45.6%), P =
0.034; 2020: 123 (56.9%) vs. 5 (14.7%), P < 0.001]. The
NIHSS scores of the two comparative groups who self-visit
to the hospital were significantly lower than the patients who
called 120 ambulances [6.00 (3.00, 12.00), 14.00 (9.00,
19.00), P < 0.001] (see Table 2). In the 2020 group, the pro-
portion of patients who called 120 ambulances with moderate
to severe ischemic stroke were significantly higher than those
who came to the hospital by themselves (82.4% vs. 60.1%)
(see Table 2 and Table 3). The ODT and ONT in the 2020

group are significantly higher than those of the 2019 group
[ODT: 105.00 (60.00–165.00) vs. 302.50 (167.50–617.75),
P = 0.012; ONT: 158.00 (107.50–210.50) vs. 235.00
(235.00–235.00), P = 0.002] (see Table 3).

The number of AIS patients with reperfusion treatment
who came to the hospital during the peak outbreak of the
epidemic in February 2020 was significantly lower than that
in February 2019 (see Fig. 2). The number of AIS patients
decreased at week 4 of 2020 and reached to the lowest level at
week 10 and then increased; the declined period lasted for
about 6 weeks, while in 2019, volume decreased from week
6 and to the lowest level at week 7 and then increased; the
declined period lasted for about 1 week.

Discussion

COVID-19 has a tremendous impact on the treatment of pa-
tients with acute ischemic stroke. This study revealed that
during the pandemic from January 01, 2020, to May 31,
2020, compared with the same period in 2019, AIS admission
decreased by 16.6%; also, the number of patients receiving

Table 1 Characteristics of patients with reperfusion treatment from Jan 1 to May 31 in 2019 and 2020

2019 (n = 377) 2020 (n = 315) Total (N = 692) P value

Sex Female (n, %) 126 (33.4%) 97 (30.8%) 223 (32.2%) 0.461
Male (n, %) 251 (66.6%) 218 (69.2%) 469 (67.8%)

Age 64.30 ± 12.57 62.98 ± 12.83 63.70 ± 12.70 0.379

Wake-up stroke No (n, %) 320 (84.9%) 277 (87.9%) 597 (86.3%) 0.992
Yes (n, %) 44 (11.7%) 38 (12.1%) 82 (11.8%)

Miss (n, %) 13 (3.4%) 13 (1.9%)

Mode of transport to hospital Self-visit (n, %) 264 (70.0%) 216 (68.6%) 480 (69.4%) 0.141
Call 120 ambulance (n, %) 47 (12.5%) 34 (10.8%) 81 (11.7%)

Transfer from outside hospital (n, %) 41 (10.9%) 51 (16.2%) 92 (13.3%)

Onset in the hospital (n, %) 9 (2.4%) 13 (4.1%) 22 (3.2%)

Miss (n, %) 16 (4.2%) 1 (0.3%) 17 (2.5%)

Reperfusion method Intravenous thrombolysis (n, %) 293 (77.7%) 231 (73.3%) 524 (75.7%) 0.331
Mechanical thrombectomy (n, %) 67 (17.8%) 70 (22.2%) 137 (19.8%)

Bridging thrombolysis (n, %) 17 (4.5%) 13 (4.1%) 30 (4.3%)

Miss (n, %) 1 (0.3%) 1 (0.1%)

NIHSS score before treatment Median (IQR) 7 (3, 13) 8 (4, 15) 7 (3, 14) 0.024

Medicine of intravenous
thrombolysis

None 60 (15.9%) 71 (22.5%) 131 (18.9%) 0.950
Alteplase (n, %) 276 (73.2%) 212 (67.3%) 488 (70.5%)

Urokinase (n, %) 41 (10.9%) 32 (10.2%) 73 (10.5%)

Stroke type Anterior circulation (n,%) 315 (83.3%) 268 (85.4.8%) 583 (84.2%) 0.530
Posterior circulation (n,%) 63 (16.7%) 46 (14.6%) 109 (15.8%)

ODT (min) Median (IQR) 120.0 (64.0, 179.0) 126 (67.5210.0) 120.0 (64.0, 199.0) 0.032

DNT (min) Median (IQR) 48 (36, 59) 40 (32.5, 55) 44 (34, 58) 0.003

ONT (min) Median (IQR) 160 (106.75, 212.25) 157.5 (103.75, 211.75) 158.5 (106, 212) 0.791

DPT (min) Median (IQR) 135 (82.5, 209.5) 118 (89, 149.25) 128 (87, 179) 0.118

ODT, onset to door time; DNT, door to needle time; ONT, onset to needle time; DPT, door to puncture time
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reperfusion treatment among the 8 certified stoke emergency
hospitals in Huizhou decreased by about 1/6 (16.4%), of
which the number of intravenous thrombolysis decreased by
21.2%, and the number of mechanical thrombectomy de-
creased by 1.2%. In January 2019, due to the traditional
Chinese Spring Festival, people prefer not to visit the hospital
for medical care during this period. Therefore, the number of
AIS reperfusion treatments became the lowest in 5 months,
and then the number began to increase month by month. The
number of AIS reperfusion patients admitted in January 2020
increased compared to the same period in 2019. However, due
to the first-level public health emergency response and the
Spring Festival, the number of AIS reperfusion patients de-
creased sharply during week 3 in January 2020. The number
of reperfusion patients admitted in February 2020 decreased
by 48.8% (21 vs. 41) compared with the same period in 2019,
and the number of mechanical thrombectomy patients de-
creased by 6.7% (14 vs. 15) (see Figs. 1 and 3). The number
of intravenous thrombolysis decreased close to 50% during
the peak outbreak in February 2020 compared to 2019, and
it is similar to the report from Shanghai, China [6]. The num-
ber of mechanical thrombectomy in February reported by 280
hospitals in China’s BOSC system decreased by 25.3% com-
pared to 2019 in the same period, and the number of intrave-
nous thrombolysis decreased by 26.7% [7].

In other regions and countries with COVID-19 outbreaks,
the number of hospitalized AIS patients has decreased to vary-
ing degrees [8]. Our data analysis, supported by literature

review, found that the decrease in patient volume is mainly
caused by the stay-at-home order which kept mild patients at
home, social isolation which inadvertently delayed stroke de-
tection, increased emergency cases which resulted in stroke
patients directed to non-stroke facilities, comorbidities
masking stroke symptoms which caused misdiagnoses of
AIS, and external changes in environmental and behavioral
factors which may have reduced AIS risk [9]. Compared with
other regions in mainland China, the reduction rate of
thrombectomy in patients with acute ischemic stroke in
Huizhou is not obvious (only 1.2%), and this may be that
due to the experience of reperfusion therapy for acute ische-
mic stroke while in combating SARS and MERS, Huizhou
did not stop emergency stroke services in the early stage of the
outbreak of COVID-19. Experience in combating SARS and
MERS taught medical staff, patients, and their families that
simple protective measures such as wearing surgical masks
and frequent hand washing can effectively prevent the spread
of disease [10]. According to the literature, to perform a CT
scan of the lungs at the same time to perform a CT scan of the
head for patients with suspected strokes can help to rule in or
rule out COVID-19. The imaging technicians have to protect
themselves with wearing protective gowns, goggles, gloves,
and surgical masks. The designated hospital for COVID-19 is
equippedwith a special CTmachine to examine suspected and
confirmed patients of COVID-19. If a CT scan revealed
ground glass-like changes in the lungs and/or decreased blood
routine lymphocytes, then COVID-19 is highly suspected [11,

Table 2 Comparison of transport
mode to hospital for patients with
reperfusion treatment from Jan 1
to May 31 in 2019 and 2020

Self-visit Call 120 ambulance P value

NIHSS score before
treatment

Median (IQR) 6.00 (3.00, 12.00) 14.00 (9.00, 19.00) 0.000

ODT Median (IQR) 105.00 (60.00, 165.00) 302.50 (167.50, 617.75) 0.012

DNT Median (IQR) 44.00 (34.00, 58.00) 86.75 (51.00, 122.50) 0.518

ONT Median (IQR) 158.00 (107.50, 210.50) 235.00 (235.00, 235.00) 0.002

DPT Median (IQR) 150.00 (60.00, 310.50) 116.00 (79.00, 170.50) 0.127

ODT, onset to door time; DNT, door to needle time; ONT, onset to needle time; DPT, door to puncture time

Table 3 Comparison of transport
mode to hospital for AIS patients
with reperfusion treatment by
severity from Jan 1 to May 31 in
2019 and 2020

2019 (n, %) 2020 (n, %)

Self-visit Call 120 ambulance Self-visit Call 120 ambulance

Total 264 47 216 34

Mild AIS (NIHSS < 8) 152 (57.6%) 20 (45.6%) 123 (56.9%) 5 (14.7%)

Moderate AIS (NIHSS 8–15) 47 (17.8%) 14 (29.8%) 57 (26.4%) 17 (50.0%)

Severe AIS (NIHSS > 15) 31 (11.7%) 10 (21.3%) 32 (14.8%) 11 (32.4%)

Miss 34 (12.9%) 3 (6.4%) 4 (1.8%) 1 (2.9%)

P value 0.034 < 0.001

AIS, acute ischemic stroke
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12], and a member of the COVID-19 expert team in the hos-
pital will be consulted immediately; if the expert suspected
COVID-19, then the patients were transferred to the isolation
ward of the designated hospital for observation. For patients
who are not suspected of COVID-19, they stayed in a single
room for the first 3 days under observation and waited for the
COVID-19 nucleic acid test results. These regulations are
consistent with the guidelines on stroke treatment during
COVID-19, issued by the Guangdong Provincial
Cerebrovascular Disease Branch and the Health Commission
of Mainland China [13].

Sixty-two patients with COVID-19 were treated in
Huizhou City from January to May 2020, and all were cured
and discharged by March 3, 2020. Luckily, patients with
COVID-19 did not comorbid with acute stroke during the
treatment period, and no medical staff was infected by
COVID-19. Therefore, the number of patients with acute is-
chemic stroke for thrombectomy in 2020 has not decreased
significantly comparedwith the same period in 2019. Huizhou
City lifted the first-level public health emergency response in
February 24, 2020, and the number of patients with acute
stroke reperfusion treatment has shown a monthly increase.

Reports from southern Europe reported that AIS patients
who were treated in 2020 were older and more severely ill,
had longer ODT, and were more likely to call an ambulance

for hospital visits due to fear of COVID-19 infection [8]. This
study from our data found that there was no statistically sig-
nificant difference in the age of the patients who visited the
hospital from January to May 2020 compared to the same
period in 2019.

Patients withmild symptomsweremore reluctant to hospital
visits, possibly due to fear and uncertainty. Simultaneously,
public health efforts (such as restricting transportation, admin-
istrative reporting, and geographic restriction) may have inad-
vertently caused more inconvenience for patients to seek med-
ical attention. Therefore, patients with mild symptoms often
chose to observe at home. Patients with severe symptoms were
more likely to seek medical care.

In Huizhou, the majority of patients with mild to moderate
acute ischemic stroke were more likely to travel to the hospital
using their own mode of transportation. This is due to the
improvement of public transportation in China as well as the
rate of car ownership. Most people in Huizhou were appre-
hensive with calling an ambulance due to uncertain wait time
as well as fear in contracting the COVID-19 virus due to
improper disinfectant protocols. We found out that most of
the patients experienced anterior circulation strokes, we con-
sider there being no COVID-19 impact on the stroke type.

However, patients with severe illness prefer to choose 120
rescue systems; the difference is more obvious especially dur-
ing the impact of the COVID-19 pandemic. Patients with se-
vere acuity believed that the 120 rescue systems could provide
faster and more efficient medical care. In support, the ONT/
ODT showed to be significantly shorter for patients who uti-
lized the 120 rescue systems than those who came to the
hospital on their own. Having the option to call rescue systems
encourages families and caretakers to be more attentive and
allows them to initiate medical care more efficiently.

Guangdong Province, China, executed the first-level public
health emergency response on January 23, 2020 (week 5 of
the year), and simultaneously, reperfusion therapy for patients
with acute ischemic stroke began to decline week by week. At
the same time, Huizhou City started to admit COVID-19 pa-
tients in the designated hospital. All COVID-19 patients were
cured and discharged onMarch 03, 2020 (week 9 of the year).
Huizhou City began to increase the number of patient visits

Fig. 1 Comparison for transport mode to hospital of patients with
reperfusion treatment in 2019 and 2020

Fig. 2 The number of AIS patients with reperfusion treatment from Jan to
May in 2019 and 2020
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Fig. 3 The trend of AIS patients with reperfusion treatment by week in
2019 and 2020
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gradually since reaching the lowest during week 10. The num-
ber of COVID-19 patients in the hospital impacted the number
of AIS patient visits significantly. The number of AIS patient
visits began to gradually increase only after all COVID-19
patients were completely cured and discharged. However,
the number of patient visits per week was still less than during
the same period in 2019. This suggests that the psychological
fear and uncertainty related to the outbreak still exists. In
2020, the prevention and control cycle of COVID-19 in
Huizhou City began to reverse the trend of the pandemic by
fivefold. None of the acute stroke patients was suspected of or
diagnosed with COVID-19 during their treatment period. In
addition, no medical providers were infected with COVID-19
during the 2020 time period. This achievement was heavily
dependent on the city’s strict population movement control.

According to Chinese Guidelines for diagnosis and treat-
ment of acute ischemic stroke, patients with acute ischemic

stroke with an onset of > 4.5 h and < 6 h can be given uroki-
nase intravenous thrombolytic therapy [2], but the usage of
urokinase thrombolysis is very low. This study revealed that
the DNT average time of thrombolytic therapy for acute is-
chemic stroke during the January to May 2020 outbreak in
Huizhou City was 40 min, an average decrease of 8 min com-
pared with the same period in 2019, and the difference was
statistically significant (P < 0.05). In comparison with the re-
sults of the significant prolonged DNT and DPT in southern
European during the pandemic reported by Montaner et al.
[8], the DNT decreased significantly and DPT also did not
prolong in Huizhou City during the epidemic, and we believe
these are due to the following: (1) all eight hospitals in
Huizhou City have passed the certification of the National
Brain Prevention and Treatment Hospital for Stroke; (2) have
a designated channel for stroke patients, which is a new con-
sensus that has been reached in the early stage of the outbreak

Fig. 4 Huizhou hospitals green
channel process for stroke
patients during the epidemic
period
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(see Fig. 4); (3) the closure of non-essential medical services
decreased number of patients in the hospital; and (5) it is
possible to centralize labor and resources to treat patients with
acute ischemic stroke.

Conclusion

The number of acute ischemic stroke patients receiving reper-
fusion therapy significantly decreased during the COVID-19
pandemic compared with the same period in 2019, patients
who visited the hospital were more severely ill, and the OPT
time was longer. Regardless of the pandemic, self-visit
remained as the main mode of transport for stroke patients to
the hospital. However, for patients with moderate to severe
stroke, most of them chose 120 rescue systems, whereas mild
stroke patients chose to visit the hospital using their own
transportation. Although prevention and control cycle of the
COVID-19 pandemic in Huizhou City lasted about 5 weeks in
2020, the psychological impact still exists in our communities.

Supplementary information The online version of this article (https://doi.
org/10.1007/s10072-020-04938-w) contains supplementary material,
which is available to authorized users.
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