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A b s t r a c t

Introduction: Since December 2019, coronavirus 2019 (COVID-19) has rapidly spread to become a global pandemic, exert-
ing a great pressure on medical staff worldwide. This study aimed to observe whether COVID-19 influenced the diagnosis 
and treatment of ischemic stroke (IS).
Material and methods: This study retrospectively analysed the clinical data (number of emergencies, time from onset to 
treatment, and door-to-needle time [DNT]) of patients with acute IS (AIS) treated in our hospital within six months of  
the first case of COVID-19 reported in the city; the derived data were then compared with the situation of patients during 
the same period in 2019.
Results: The results showed that the number of medical visits during the period of COVID-19 decreased by 44.3%, and the 
median time from the onset of IS to emergency treatment was 35 min longer than that during the same period in 2019. 
The median time from entering the emergency department to the completion of cranial computerized tomography was  
8 min shorter than during the same period in 2019, and the median time of DNT was relatively shorter than that during 
the same period in 2019.
Conclusions: The pandemic situation of COVID-19 significantly reduced the number of patients with AIS and prolonged  
the travel time to the hospital whereas most of the stroke treatment services were maintained.
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Introduction
Ischemic stroke (IS) is a  destructive disease with 

high mortality and disability. Timely and effective reper-
fusion treatment for IS can significantly improve prog-
nosis. At present, reperfusion therapy, which is also 
the most effective treatment for acute IS (AIS), is 
unanimously recommended by domestic and foreign 
guidelines [7,12]. It is known that reperfusion therapy 
is strictly limited by the treatment time window, and  
the time window of intravenous thrombolysis is 4.5 h. 
To save as many patients as possible within the time 
window, stroke centres actively promote the construc-
tion of green channels for stroke to optimize hospital 

procedures and shorten thrombolysis, or door-to-needle 
time (DNT) [4,9]. Whether the patient arrives at the hos-
pital in time after the onset of the disease (the time 
from the onset to the hospital), and whether the DNT 
can be controlled at an ideal level after admission has 
become the main factor affecting reperfusion treatment 
for IS [16].

Whether to visit a doctor in time after the onset of 
the disease is often affected by many factors, such as 
the level of health knowledge of patients, the knowl-
edge of correct first aid procedures for stroke and urban 
traffic [11]. Whether the patients are quickly identified 
and screened after admission, given timely auxiliary 
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examinations, and whether can be treated quickly 
are the key factors controlling DNT [13,14]. Since the 
emergence of coronavirus 2019 (COVID-19) in Decem-
ber 2019, it has rapidly evolved into a global pandemic, 
exerting a  great pressure on medical staff around  
the world [5]. China has implemented strict public 
health measures against COVID-19, strengthened med-
ical resources for the screening of suspected patients, 
and implemented the isolation and treatment of infect-
ed patients [3]. For example, it may have affected  
the public’s behaviour around seeking medical treat-
ment, making people hesitant about going to the hospi-
tal and may delay their treatment [17,22]. It is uncertain 
whether the treatment services for AIS will be affected 
by the provision of stroke green channel treatment and 
the allocation of the labour force and medical resources, 
which may prolong the DNT because of the response 
to the pandemic situation [6,19]. Therefore, this study 
aimed to explore the impact of the pandemic on the 
attendance of patients with AIS, including the number 
of visits, time from onset to treatment, and DNT.

Material and methods
This paper retrospectively analysed the clinical 

data of selected patients with AIS to compare the 
arrival time (onset to hospital), computerized tomog-
raphy (CT) completion time, and DNT of patients 
admitted and treated with the stroke green channel 
in the primary stroke centre of our hospital. Inclu-
sion criteria included: 1) typical symptoms of AIS 
with confirmation by head CT and/or magnetic reso-
nance imaging (MRI); 2) age ≥ 18 years old; 3) admis-
sion to the hospital through the green channel of 
stroke; and 4) patients with stroke symptoms or when 
the patient was last known to be “normal” within  
24 hours. Exclusion criteria included: 1) patients referred 
by other hospitals; 2) severe respiratory failure, heart 
failure, or acute coronary syndrome; and 3) coexist-
ing confirmed or suspected COVID-19. We selected all 
patients meeting these criteria who had been admitted 
from 19 January to 18 July 2020 as the COVID-19 group, 
following the first confirmed case of COVID-19 in Bei-
jing. Similar patients admitted from 19 January 2019 
to 18 July 2019 were included in the control group. All 
patients diagnosed and suspected of having COVID-19 
were transferred to designated hospitals under the 
guidelines of the National Health Commission; as such, 
they were excluded from this study. The diagnosis of IS 
was confirmed by the attending neurologist.

Baseline demographic statistics, past medical his-
tory, vascular risk factors, the National Institute of 
Health Stroke Scale, and details of acute stroke treat-
ment were retrieved from the database of the Emer-
gency Department of Beijing Shijingshan Hospital for 

the selected patients. The evaluation indicators includ-
ed the number of medical visits, onset-to-door time, 
door-to-CT time, and the DNT. Onset-to-door time was 
defined as the time from the onset of symptoms to  
the emergency room. Door-to-CT time was defined as 
the time from arrival at the emergency room to the com- 
pletion of the CT scan. The DNT was the time from 
arrival at the emergency room to intravenous injection 
of the recombinant tissue plasminogen activator. This 
study was approved by the research ethics committee 
of our hospital.

Statistical analysis
The SPSS Statistics 20.0 statistical software was 

used to analyse the data. The measurement data were 
expressed by an independent sample t-test, and the co- 
unting data were expressed as percentages and com-
pared by a c2 test; p < 0.05 was a statistically signifi-
cant cut-off value.

Results
From 19 January to 18 July 2020, 39 patients were 

admitted to the COVID-19 group after excluding three 
patients (two from other hospitals and one with coexist-
ing severe respiratory failure). Meanwhile, 70 patients 
comprised the control group in the corresponding peri-
od in 2019 after seven patients were excluded (four 
from other hospitals and three with coexisting severe 
respiratory failure, heart failure, or acute coronary syn-
drome). The number of medical visits during the epi-
demic decreased by 44.3% compared with the same 
period in the previous year, indicating a significant dif-
ference. There were no significant differences in age, 
sex, body weight, or risk factors for previous cerebro-
vascular disease and stroke severity between the two 
groups (Table I). In the COVID-19 group, the time from 
the onset of IS to the emergency visit was relatively 
longer than in the control group (135 [104-171] vs. 100 
[60-135] min, p = 0.013) (Table II). The time from enter-
ing the emergency department to the completion of 
cranial CT of the COVID-19 group was relatively shorter 
than that of the control group (12 [10-21] vs. 20 [14-25] 
min, p = 0.028). In the COVID-19 group, the DNT was 
relatively shorter than in the control group (38 [30-43] 
vs. 44 [32-60] min, p = 0.009) (Table II). 

Discussion
During the pandemic period, the number of patients 

decreased significantly, and the time taken to see  
a  doctor was significantly longer than in the corre-
sponding period a year earlier. This situation was relat-
ed to the reduction of public mobility during the pan-
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demic period, which may have affected the willingness 
of patients to seek medical help for acute symptoms.  
The COVID-19 pandemic is widespread with strong 
infectivity and high early mortality, and medical work-
ers and the media have been urging people to stay at 
home as much as possible. Because of media publicity 
and the strict implementation of public health control 
measures, this pandemic is reminiscent of infectious 
diseases such as severe acute respiratory syndrome. 
This has caused panic within the Chinese society [15] 
that patients who worry about going to the hospital in 
the pandemic context will increase their risk of infec-
tion with COVID-19 [10]. According to a previous large-
scale research survey, during the intensifying COVID-19 
pandemic, 98.54% of the respondents said they were 
‘very scared’ and 94.45% worried about themselves 
or their families being infected [8]. The stroke centre 
in New Jersey reported that the number of new stroke 
diagnoses decreased by an average of 38% during the 
pandemic [18]. Considering that the decrease in the 
number of patients and the delay in visiting doctors in 
this study were related to fear caused by the COVID-19 
pandemic, where patients chose to wait at home for 
their symptoms or the pandemic situation to improve 
and were reluctant to go to the hospital, an optimal 
treatment time could easily have been missed. Patients 
should be encouraged to seek medical treatment 
through social media or other information sources, and 

hospitals should ensure to make every effort to prevent 
contact with potentially infectious patients. 

Stroke is a  destructive disease with high mortali-
ty and disability. However, in ordinary patients with no 
medical background of this condition, both personally 
and in their families, there is a  lack of knowledge of 
stroke, making it easy to attribute their symptoms 
to other diseases or believe that the disease can be 
resolved through self-healing [21]. Therefore, in the pan- 
demic context, it is recommended to raise and main-
tain public awareness of stroke, particularly about  
the importance of a  timely diagnosis and treatment  
of acute neurological symptoms.

The time to complete the CT and DNT was relative-
ly reduced after admission to the hospital. According 
to our statistical results, the time from admission to 
the completion of CT was significantly reduced, and the 
reduction of DNT was mainly because of the reduction 
of time to complete CT. We found that in the COVID-19 
pandemic context, not only did the number of stroke 
patients decrease, but the overall number of peo-
ple who went to the hospital decreased significantly. 
This proportion was far greater than the limited med-
ical resources that hospitals could provide because of  
the pandemic. Compared with the corresponding peri-
od in the previous year, the time for patients to receive 
a doctor consultation, complete physical examination, 
and complete auxiliary examination was significantly 
shorter when patients went through the stroke green 
channel. This was consistent with our results. From 
another point of view, it also proves the importance 
of optimizing the in-hospital consultation process for 
shortening DNT [20]. The reason why the time from 
the completion of CT to intravenous thrombolysis was 
slightly longer during the study’s COVID-19 period was 
because of the additional requirements for the preven-
tion and control of nosocomial infection. In this way, 
the preparation time before obtaining informed con-
sent and the puncture operation was increased.

Table II. Diagnosis and treatment before and 
after entering the hospital

COVID-19
(n = 39)

Pre-COVID-19
(n = 70)

P-value

Onset-to-door 
time (min), 
median (IQR) 

135 (104-171) 100 (60-135) 0.013

Door to CT time 
(min), median 
(IQR)

12 (10-21) 20 (14-25) 0.028

Door-to-needle 
time (min), 
median (IQR)

38 (30-43) 44 (32-60) 0.009

Table I. Demographic data and clinical characte- 
ristics of patients

COVID-19
(n = 39)

Pre-COVID-19
(n = 70)

P-value

Male, n (%) 29 (74.4) 51 (72.9) 0.84

Age (years),  
mean ±SD

66 ±12.3 68.5 ±12.4 0.11

Weight (kg),  
mean ±SD

70.3 ±9.1 69.0 ±11.0 0.53

Diabetes mellitus, 
n (%)

12 (30.8) 17 (24.3) 0.46

Hypertension, n (%) 22 (56.4) 45 (64.3) 0.42

Hyperlipidemia, n (%) 10 (25.6) 16 (22.9) 0.74

Coronary heart 
disease, n (%)

11 (28.2) 23 (32.9) 0.62

Atrial fibrillation,  
n (%)

4 (10.2) 8 (11.4) 0.85

Cerebral infarction, 
n (%)

10 (25.6) 16 (22.8) 0.74

Blood sugar (mmol), 
mean ±SD

7.2 ±1.9 8.1 ±3.3 0.12

Median baseline 
NIHSS, median (IQR)

5 (2-8) 4 (3-9) 0.88
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The COVID-19 pandemic has significantly reduced 
the number of patients with AIS and prolonged  
the time of treatment, which has harmed the treat-
ment of AIS. The reasons for this are mainly related to 
the psychological fear of patients and their families 
during brought on by COVID-19 and a  lack of know- 
ledge or attention to the treatment of stroke in the 
acute stage. The significant shortening of DNT in this 
period once again confirmed from different perspec-
tives that reducing the waiting time can significantly 
shorten DNT when there is no significant improvement 
in the diagnosis and treatment level of medical staff 
and the allocation of medical resources. The results of 
this study suggest that, when dealing with major pub-
lic health emergencies, public psychological counselling 
should be increased to help ease the fear of patients. 
In addition, public education on the general knowl-
edge of infectious diseases should be strengthened 
through various channels, and public health knowl-
edge of stroke, especially first aid for cerebrovascular 
diseases, should be improved, and the importance of 
immediate medical treatment should be emphasized. It 
is necessary to make patients and their families realize 
that stroke is a destructive disease with high mortality 
and disability rates and that delaying or not seeking 
treatment will adversely affect the prognosis of stroke.  
The timely and effective treatment of AIS, particularly 
the reperfusion treatment of IS, can significantly im- 
prove the prognosis and avoid delaying the best time 
for stroke treatment. Although our stroke centre recruit-
ed medical staff to assist in the fight against COVID-19, 
we reorganized the staff promptly so that most of 
the stroke treatment services were maintained. Every 
effort was made to ensure that AIS treatment was not 
affected. Stroke centres should actively optimize the 
in-hospital consultation process and make continuous 
improvements to further shorten the DNT because if 
the waiting time is too long it will harm the treatment 
of AIS.

The limitations of this study are its retrospective 
nature and that only a few patients managed in a sin-
gle primary stroke centre in Beijing were included; 
therefore, future research is needed with multi-centre, 
multi-regional, and larger sample coverage. There are 
some factors, like the changes in patients’ medical 
behaviours and the number of ambulances available 
during the COVID-19 period that may have affected  
the study results. Further study is needed to consider 
the affecting factors and their control within the meth-
odology; for example, excluding patients with irregular 
medical behaviours. In addition, studies on stroke asso-
ciated with COVID-19 pneumonia have been observa-
tional and retrospective, and no studies have assessed 
the risk of stroke after the onset of COVID-19 [1,2]. 

This study only analysed the impact of the pandemic 
on stroke patients and the hospital treatment process, 
and did not prove whether these changes impacted  
the prognosis of patients; further research is required to 
confirm this. This study was conducted during the early 
stages of COVID-19 pneumonia incidence in China and 
we do not know whether these findings have changed 
in the context of the current Omicron pandemic. 

Conclusions
In conclusion, in the early stages of the novel 

Coronavirus pandemic, the number of visits for stroke 
patients declined significantly compared to the pre- 
pandemic stage. The time between onset of symptoms 
and hospital visit was significantly longer whereas  
the stroke treatment services were maintained, even 
with a relatively shorter time from the emergency room 
to intervention.
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