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Abstract

Background and purpose Since the outbreak of the coronavirus pandemic in 2019 (COVID-19), healthcare systems around
the world have been hit to varying degrees. As a neurologist team, for patients with acute ischemic stroke (AIS), we compared
the situations of intravenous thrombolysis (IVT) treatment from 2019 to 2020 to investigate the influence of COVID-19
pandemic on the attendance and prognosis of the IVT patients.

Methods We collected the messages of objects who had received IVT (Bridging surgery was ruled out) during 2019-2020.
We analyzed differences in age, gender, time from onset to start [IVT, door to needle time (DNT), pretreatment NIHSS score,
postoperative NIHSS score, and so on. Statistical tests were also performed to respectively compare the discharged modified
Rankin score (mRS) and discharged NIHSS score between two years.

Results Since the onset of COVID-19 restrictions in Wenzhou, we observed a significant reduction of 24.7% (p=0.023) from
267(2019) to 201(2020) of received IVT on hospital admission. We compared the DNT between two years and it reflected
that the DNT (min) in 2020 was obviously longer than in 2019 (51.60 +23.80 vs 46.80 +21.90, p =0.026). We also compared
the discharged mRS, which reflected much more IVT patients in 2020 during the COVID-19 pandemic had a poor short-term
functional prognosis (38.2% vs 29.2%, p=0.043).

Conclusions The COVID-19 pandemic caused the decrease of admissions and prolonged the time of the green channel for
stroke, which led to the worse short-term prognosis of AIS patients during the pandemic. It’s necessary to ensure an effec-
tive green channel and provide adequate medical resources during the pandemic period to reduce the damage caused by
COVID-19.
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Introduction

Stroke is one of the common causes of mortality around the
Xueqian Xu, Yuenan Xiao, and Jia Li contributed equally to this world, which also leads to a long-term neurological dysfunc-
work. tion [1]. Although its incidence, prevalence, mortality tend
to decline from 1990 to 2013, the absolute number of people
affected by stroke burden has increased around the world in
both men and women of all age [2]. Intravenous thromboly-

< Jincai He
hjc@wmu.edu.cn

4 Xiaogian Luan

15058753868 @ 163.com sis (IVT) is a common treatment for acute ischemic stroke
(AIS), which requires a highly organized approach to acute
' Department of Neurology, The First Affiliated Hospital ischemic stroke treatment that enables patients to undergo

of Wenzhou Medical University, Wenzhou 325000,

e . ’ life-saving procedures as soon as possible after acute
Zhejiang Province, China

ischemic stroke onset [3]. Usually, the total treatment from
admission to discharge would work in a stroke unit. How-
ever, the outbreak of global coronavirus disease (COVID-
19) brought a big challenge to healthcare systems around
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the world, which also acted on stroke unit [4]. Recently, a
research declared a decrease in hospital admissions for the
transient ischemic attack, mild, and moderate stroke during
the COVID-19 era [5]. A large study from Europe confirmed
that intravenous thrombolytic treatments across Italy were
reduced during the worst period of the COVID-19 outbreak
[6].

Wenzhou is located in the southeast of China with a per-
manent population of 9.3 million. It was one of the areas
most influenced by COVID-19, where more than 90,000
people came back from Wuhan days before the Spring Fes-
tival (February 12) [7]. Therefore, measures to prevent and
control COVID-19 have resulted in a significant decrease in
the efficiency of diagnosis and treatment in many hospitals
in Wenzhou. As a neurologist team, we observed the diag-
nosis and treatment of patients with IVT treatment during
the COVID-19 pandemic, the situations of the patients who
received IVT treatment from 2019 to 2020 were compared.
We developed this research to investigate the influence of
the COVID-19 pandemic on the attendance and prognosis
of IVT patients. It is hoped that this will help to treat IVT
patients during the pandemic of COVID-19 in the future.

Methods

All data were obtained from the largest medical center of
cerebrovascular disease in Wenzhou area (the first affili-
ated hospital of Wenzhou Medical University), where was
equipped with an independent neuro-emergency clinic and
mature Green Channel of AIS, where electronic medical
records could be acquired. We collect the messages of the
objects who had received IVT (Bridging surgery was ruled
out) from 2019 to 2020. The steps of messages collecting
were as follows: firstly, we derived data from the Green
Channel of Stroke, which included the age, gender, time
from onset to arrive hospital, time from onset to start IVT,
door to needle time (DNT), pretreatment NIHSS score, post-
operative NIHSS score and so on; Then, we collected the
data such as discharged modified Rankin score (mRS), dis-
charged NIHSS score in inpatient records of the neurology
department. The NIHSS score has been divided in 4 parts
(04, 5-8, 9—-14,> 14) to get a better assessment of over-
all patient neurological function, the same classification as
the Brazilian study. The short-term outcome was functional
dependence or death when discharged from hospital defined
as modified Rankin score (mRS) of 3-6, and the patients
with a mRS score of 0-2 would be deemed to have a good
prognosis [8].

The first confirmed case of COVID-19 in Wenzhou was in
January 17, 2020. (Wenzhou Health Commission http://wjw.
wenzhou.gov.cn/). On February 2, official decrees to start
restrictions on social activities in Wenzhou were published.
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(Wenzhou municipal people's government http://www.
wenzhou.gov.cn). Until March 27, the strictest restrictions
were lifted, but a series of restriction policies sustained for
the whole year, especially after the rebound of the pandemic
situation in June, so the daily activities of residents in the
region in 2020 had significant changes from 2019, which
also brought large changes in the medical system.

Statistical analysis

The continuous variables were presented as means + SD.
Categorical variables were assessed by Pearson y? test. Sta-
tistical analysis was performed using SPSS Statistics 26.0
software. We used the line chart in Excel to show fluctuates
of DNT or the number of IVT patients between 2019 and
2020. The bar chart in the SPSS was used to compare the
short-term functional prognosis at discharge between the
same months over two years. p <0.05 was considered sta-
tistically significant.

Results

The total number of patients with IVT was 201 in 2020,
which is apparently less than the year 2019. We compared
all stroke patients within the treatment time window and
we found a lower proportion of IVT in 2020 than in 2019
(16.6% vs 24.6%). Since the onset of COVID-19 restric-
tions in Wenzhou, we observed a significant reduction of
24.7% (p=0.023) of received IVT on hospital admission,
when compared with the total year in 2020 (Table 1). It
showed that the inpatient number was decreased apparently

Table 1 Comparison of the number of people with thrombolysis ther-
apy in different months (2019) before and (2020) after COVID-19

Months 2019 (n=267) 2020 (n=201) P
Jan 21 18

Feb 26 5

Mar 23 11

Apr 13 23

May 24 23

Jun 20 12

Jul 25 16

Aug 18 13

Sep 21 22

Oct 23 14

Nov 26 29

Dec 27 15

0.023%*

*p values considered statistically significant
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in February and June in 2020 when compared with 2019,
which was consistent with the time of restriction-policy be
sustained (Fig. 1).

Futurely, we observed the difference in hospital admis-
sions for AIS (2019) before and (2020) after COVID-19.
Through the comparative analysis, it showed that there
was no significant difference in the distribution of age
(p=0.218), gender (p=0.170), time from onset to arrive
hospital (p =0.467) and time from onset to start IVT
(p=0.113) between the two group. But when comparing the
DNT between two years, it reflected that the DNT in 2020
was obviously longer than in 2019 (51.60 + 23.80 vs 46.80
+ 21.90, p=0.026) (Table 2). The DNT in each month was
shown that a significant difference was in July (p =0.001),
and also the same trend was seen in March, April, and June,
which shows the great influence of the restriction policy on
the hospital treatment process. And this trend disappeared
in August which may owe to the effective control of the
pandemic (Fig. 2).

Additionally, data presented the constitution of the
patients had some difference. The pretreatment NIHSS score
(»=0.048) and the postoperative NIHSS score (p=0.012)
between the 2 years had significant variation, which showed
the patients with a high NIHSS score have decreased from
2019 to 2020. And the difference of NIHSS between the
postoperative and pretreatment showed that there was a
poorer therapeutic effect in 2020 than 2019 (1.34 vs 0.52.
(p=0.001)) (Table 2). The discharged mRS reflected the
much more IVT patients in 2020 have a poor short-term
functional prognosis (38.2% vs 29.2%, p=0.043), however,
there was no difference in admission mRS (p=0.259), which
concluded the same situation as the difference in NIHSS
score between 2019 and 2020 that the pandemic might
greatly affect the effectiveness of treatment. In Fig. 3, we had
compared discharge mRS, which reflected Short-Term Func-
tional Prognosis for AIS between corresponding months in
a 2-year period. There was an interesting finding that longer
DNT corresponded to poorer functional prognosis.

Fig. 1 The trend of intravenous 35
thrombolysis (2019) before and
(2020) after COVID-19 30
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Discussion

As is known to all, early treatment of cerebral infarction
plays an important role in the prognosis of patients. Also,
appropriate treatment of ischemic stroke is essential in
the reduction of mortality and morbidity. Management of
stroke involves a multidisciplinary approach that starts
and extends beyond hospital admission [9]. Alteplase
significantly improved the overall odds of a good stroke
outcome when delivered within 4.5 h of stroke onset,
with earlier treatment associated with bigger proportional
benefits [10]. In the present article, we provided the real-
world data of the patients who received the IVT treat-
ment during the COVID-19 pandemic in the whole year
of 2020, compared with the same data in 2019. Firstly,
we found that the number of patients receiving thrombo-
lytic therapy decreased significantly in 2020, which was
in line with the decline in the number of patients seen by
healthcare systems around the world in the face of the
pandemic. A similar research in Brazil showed the number
of patients admitted to hospital for stroke fell by 36.4%
percent [5]. Another research in Italy also was confused
with the baffling case of ischemic stroke disappearance
from the casual department [11]. This situation appeared
not only in neurology disease but also in other systems.
A research in Austria showed the number of ST-segment
elevation myocardial infarction (STEMI) patients reduced
by 39.4% [12]. As the largest general hospital in Wen-
zhou, our research showed the number of patients admit-
ted to the hospital for thrombolytic therapy decreased in
most months. Due to the COVID-19 outbreak at the end
of January, the number of patients had a precipitous fall.
The same situation appeared in June, after the rebound
of the pandemic. The restrictions on traffic might be an
important factor that patients who lived in villages and
towns around Wenzhou could arrive at the hospital for-
merly [13]. The restrictions increased the time for patients
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Table 2 Differences in hospital
admissions for stroke (2019)
before and (2020) after COVID-
19

Fig.2 Door to needle time
(DNT) trend of intravenous
thrombolysis (2019) before and
(2020) after COVID-19
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Parameters 2019 2020 P
(n=267) (n=201)

Age,Y 69.14+12.24 67.72+12.35 0.218
Gender (male, %) 55% 61% 0.170
Time from onset to arrive hospital (h) 2.14+0.98 221+1.15 0.467
Time from onset to start IVT (h) 2.92+0.99 3.08+1.15 0.113
DNT (min) 46.80+21.90 51.60+23.80 0.026*
Pretreatment NIHSS (%)

04 45.3 44.0

5-8 17.6 28.0

9-14 26.2 20.6

>14 10.9 74

Total 0.048%*
Postoperative NIHSS (%)

04 56.3 48.0

5-8 13.5 27.3

9-14 21.1 16.7

>14 9.1 8.0

Total 0.012%*
Postoperative NIHSS—Pretreatment NIHSS 1.34 0.52 0.001%**
mRS (admission) (%)

0-2 52.3 46.7

3-6 47.7 53.3

Total 0.259
mRS (discharged) (%)

0-2 70.8 61.8

3-6 29.2 38.2

Total 0.043*

IVT intravenous thrombolysis, DNT door to needle time, N/HSS The National Institutes of Health Stroke

Scale, mRS Modified Rankin Scale

*p values considered statistically significant; *p<0.05, ***p<=0.001
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Months
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to arrive at a district medical center so that patients and
their relatives were more likely to go to their local hospital
[14]. Another reason was that more patients exceeding the
treatment time window which decreased the number of
patients who received treatment successfully. They could
only receive conservative treatment because of this. To
sum up, the pandemic did cause inconvenience for stroke
patients. Therefore, it was necessary to establish modified
stroke care networks and allocate resources efficiently to
reduce the negative impact of COVID-19.

We also compared if there were any other differences
between the two groups. Age, gender, and time from onset
to arrive hospital or start IVT had no difference. But inter-
estingly, we found that patients” DNT increased in 2020,
which mean the patients were staying longer in the hospital
before they received thrombolysis therapy. What’s more, we
observed the biggest differences DNT in February, June, and
July, in line with the in-patient numbers. The main reason
might be the pandemic delayed the green channel of stroke.
In accordance with the Get With The Guidelines findings,
interhospital transfers were also a significant predictor for
an unfavorable outcome in the GSR-ET, even after adjust-
ment for potential confounders including time from symp-
tom onset to groin puncture [15], therefore the epidemic
increased the time of hospital transfer. Considering that
our hospital was the largest diagnosis and treatment center
for cerebral infarction patients in the region, the COVID-
19 actually magnified the damaging effect of such hospital
transfer. In accordance with the hospital's pandemic preven-
tion regulations, all patients should have a coronavirus test,
the CT machine should be disinfected after each patient has
completed the CT examination. All of this could systemati-
cally slow down the rate at which patients receive treatment.

1/2

Another reason was that because of the pandemic, hospital
staff began to work in shifts, and the reduction of staff has
greatly slowed the flow of patients in the hospital. A joint
research of more than 40 countries around the world shows
that the center volume had a robust effect on DNT [16]. Pan-
demic had taken up too many medical resources and reduced
the capacity of hospitals for stroke. How to balance the con-
trol of pandemic and efficiency of green channel would be
an urgent problem for hospitals to solve.

The COVID-19 pandemic also affected to patients’ out-
come. The data showed the discharged mRS increased sig-
nificantly in 2020. Since there was no difference in time
from onset to arrive hospital or start IVT among hospitalized
patients, we had reason to believe that the pandemic was
mainly affected post-admission treatment procedures. One
of the reasons might be the variation of DNT. One study in
the Netherlands showed that early care helped reduce DNT
time and decreased patients' NIHSS scores [17], and another
study in the Netherlands showed that overwork affected DNT
time [18]. Given that there was no difference in the time
between onset and admission of patients in this study, the
effect of DNT on outcomes may have been magnified, lead-
ing to worse outcomes in 2020 than in 2019. In addition, we
compared NIHSS score differences (Postoperative NIHSS—
Pretreatment NIHSS) over two years, showing differences
consistent with mRS scores. This suggested that the quality
of thrombolytic therapy had declined during the pandemic,
and a study in Brussels concluded that out-of-hours throm-
bolytic therapy can lead to poorer outcomes, possibly due
to doctors' long working hours and fatigue [19]. In Fig. 3,
we had compared discharge mRS, which reflected Short-
Term Functional Prognosis for AIS between correspond-
ing months in a two-year period. There was an interesting
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finding that longer DNT corresponded to poorer functional
prognosis, which conformed to the view that among patients
aged 65 years or older with acute ischemic stroke who were
treated with tissue plasminogen activator, shorter door-to-
needle times were associated with lower all-cause mortality
and lower all-cause readmission at 1 year [20].

To sum up, the COVID-19 pandemic caused a certain
impact on AIS treatment in Wenzhou, especially prolonged
the time of green channel for stroke, which led to the worse
prognosis of stroke patients during the pandemic. Therefore,
ensuring an effective green channel during the pandemic
period, providing adequate medical resources, and construct-
ing a special framework that was convenient for implementa-
tion during the pandemic period will effectively help throm-
bolytic therapy during the pandemic period and improve the
prognosis of patients [21]. With the people commonly vac-
cinated, a gradual easing of travel restrictions would greatly
improve the prognosis of stroke patients. At the same time,
restoring normal shifts for medical staff and hospital admin-
istrators as soon as possible would help reduce DNT.
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