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Abstract
Coronavirus disease-2019 (COVID-19) has become a pan-
demic disease globally. The First Affiliated Hospital of Cheng-
du Medical College has adopted telestroke to make stroke 
care accessible in remote areas. During the period January 
2020 to March 2020, there was no COVID-19 case reported 
in our stroke center. A significant reduction of stroke admis-
sion was observed between the ischemic stroke group (235 
vs. 588 cases) and the intracerebral hemorrhage group (136 
vs. 150 cases) when compared with the same period last year 
(p < 0.001). The mean door-to-needle time (DNT) and door-
to-puncture time (DPT) was 62 and 124 min, respectively. 
Compared to the same period last year, a significant change 
was observed in DNT (62 ± 12 vs. 47 ± 8 min, p = 0.019) but 
not in DPT (124 ± 58 vs. 135 ± 23 min, p = 0.682). A total of 
46 telestroke consultations were received from network hos-
pitals. Telestroke management in the central hospital was 
performed on 17 patients. Of them, 3 (17.6%) patients had 
brain hernia and died in hospital and 8 (47.1%) patients were 
able to ambulation at discharge and had a modified Rankin 
Scale of 0–2 at 3 months. The COVID-19 pandemic impacted 

stroke care significantly in our hospital, including prehospi-
tal and in-hospital settings, resulting in a significant drop in 
acute ischemic stroke admissions and a delay in DNT. The 
construction of a telestroke network enabled us to extend 
health-care resources and make stroke care accessible in re-
mote areas. Stroke education and public awareness should 
be reinforced during the COVID-19 pandemic.

© 2020 S. Karger AG, Basel

Introduction

Coronavirus disease-2019 (COVID-19) was declared 
a pandemic by the World Health Organization which has 
imposed enormous challenges to the health-care system 
[1]. Stroke care has been affected worldwide [2–5]. There 
have been many reports showing a significant decrease of 
stroke admissions in hospitals [6–10], as well as the delay 
in acute management [10–12]. The COVID-19 pandemic 
is changing the way we deliver stroke care [13].
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sidered as joint first authors.



Zhang/Guo/Lin/Hu/Yu/Yang/WangEur Neurol2
DOI: 10.1159/000513097

During the outbreak of COVID-19, The First Affili-
ated Hospital of Chengdu Medical College was designat-
ed as a treating hospital by the local government. This 
tertiary hospital was affiliated to the Health Commission 
of Sichuan Province, covering 4 million population in 
North Chengdu. It is a research and teaching hospital 
built in 1948, with 1,598 full-time employees and 1,500 
inpatient beds. The hospital established a comprehensive 
stroke center affiliated to China Stroke Center Alliance in 
2017. However, stroke service cannot meet the demand 
due to the few stroke centers in surrounding areas. 
Telestroke has become an increasing means to overcome 
the shortage of stroke expertise in recent years [14], which 
can improve intravenous thrombolysis (IVT) in regional 
areas with minor experience [15]. To provide stroke pa-
tients with timely treatment in northeast Chengdu, our 
hospital undertook the construction of a telestroke ser-

vice to connect with regional hospitals, which was funded 
by Health Commission of Sichuan Province. In this study, 
we would like to report the stroke care in our hospital 
during COVID-19 pandemic.

Materials and Methods

Overall Hospital Organization in Response to COVID-19
Stroke emergency response group was set up under the leader-

ship of COVID-19 prevention and control management team in 
our hospital. The director of the hospital and minister medical de-
partment served as team leader and deputy team leader, respec-
tively. A multidisciplinary team was formed to facilitate the coop-
eration within the hospital. The team includes the emergency  
department, radiology department, laboratory department, neu-
rology department, neurosurgery department, infectious diseases 
department, respiratory department, interventional treatment 
center, and anesthesiology department (shown in online suppl. 
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Fig. 1. Telestroke Network in Northeast Chengdu. a The First Affiliated Hospital of Chengdu Medical College. 
b The Second People’s Hospital of Pengzhou. c Guanghan Hospital of Traditional Chinese Medicine. d Xindu 
Traditional Chinese Hospital Affiliated to Chengdu Medical College. e Jintang County Second People’s Hospital. 
f The Second People’s Hospital in Xindu District of Chengdu.
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Fig. 1; for all online suppl. material, see www.karger.com/
doi/10.1159/000513097). Stroke care training, medical quality 
control, and regular debriefing reports were performed through 
teleconferences.

The Construction of Telestroke Network
Regional network in northeast Chengdu was constructed as 

“Hub and Spoke” Model (shown in Fig. 1). This network aimed to 
extend stroke care in a resource limited semi-urban area, including 
3,998 square kilometer and 4 million population. Stroke network 
consists of 1 central hospital, 5 secondary central hospitals, and 23 
spoke (primary) hospitals. We signed a cooperation agreement on 
tiered medical services, stroke training with secondary and pri-
mary hospitals. The infrastructure supporting the telestroke net-
work is the telemedicine system. Consulting computers with a 
broadband system, video cameras, smart phones, software, and ap-
plications were set up at these hospitals. Teleconsultant data, in-
cluding age, gender, symptoms, time of symptom onset, telecon-
sultant time, the National Institutes of Health Stroke Scale  
(NIHSS) score, medical history, and CT scan imaging are shared 
with stoke doctors. The following teleconsultant recommenda-
tions from the stroke doctors are made: (1) the patient is eligible 
for IVT and transfer is unnecessary; (2) the patient is eligible for 
IVT and must be transferred to the central hospital (for 2 main 
reasons, either because patients are with severe stroke or because 
subsequent endovascular treatment is a potential option); (3) the 
patient is not eligible for IVT and must be transferred to the central 
hospital (patients are with severe stroke or subsequent endovascu-
lar treatment is a potential option); (4) the patient is not eligible 
for IVT and transfer is unnecessary.

Stroke Admission and Telestroke Management during 
COVID-19
A fever clinic has been incorporated into the stroke pathway to 

ensure patients with fever could be managed properly (shown in 
online suppl. Fig. 2, 3). RT-PCR testing for COVID-19 was per-
formed to the admitted patients in all departments.

Prehospital triage during the COVID-19 pandemic provided 
timely transfer of stroke patients while minimizing the risk of 
infection exposure [16]. In our prehospital emergency system, 

the ambulance was equipped with a tablet computer and a smart 
phone, which was connected to the emergency command center 
in our hospital. FAST (Face, Arm, Speech, and Time) stroke 
scale, blood pressure, blood glucose, and heart rate were record-
ed in ambulance. Through transmitted video or audio and am-
bulance location, the stroke team could track and assess the pa-
tient in real time. During the COVID-19 pandemic, our emer-
gency system reduced in-hospital delays at the emergency 
department and lowered the risk for cross-infection with other 
patients. However, patient delivery was not possible in some ar-
eas. Therefore, telestroke was more important than ever before 
to provide timely stroke care to patients, especially in remote 
areas. Our hospital was the central hospital as the telestroke cen-
ter and the secondary central hospitals were telestroke assisted 
stroke units. Telestroke assisted IVT is available in secondary 
central hospitals. For most minor stroke patients beyond the re-
perfusion time window, they can receive routine treatment to 
avoid unnecessary transfer during the COVID-19 pandemic. 
For patients with severe stroke or patients within reperfusion 
time window, the telestroke network helps patients to be trans-
ferred to central or secondary central hospitals for IVT and to 
the central hospital for thrombectomy.

Online Stroke Conference and Education
Prior to the outbreak of COVID-19, academic seminars within 

the stroke network were face-to-face. During the pandemic, our 
stroke center held 2 internal coordination meetings, 2 quality con-
trol meetings, and 5 online academic conferences. Stroke patient 
education during hospitalization reduced significantly and was re-
placed by online meetings. During the COVID-19 pandemic, pa-
tients received online stroke education. Stroke patient follow-up 
was not affected as it was mainly performed by telephone or We-
Chat.

Statistical Analyses
Data were presented as actual numbers and percentages. Com-

parison was made using t test or χ2 test where appropriate. All 
analyses were performed using Stata (V.14.0; College Station, TX, 
USA) and a p value of <0.05 was considered statistically signifi-
cant.
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Fig. 2. Stroke patients treated annually in 
central hospital. AIS, acute ischemic stroke; 
ICH, intracerebral hemorrhage.
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Results

The total number of stroke patients treated during the 
past years in the central hospital is shown in Figure 2. 
During the period January 2020 to March 2020, there was 
no COVID-19 case reported in our stroke center. Stroke 
unit staff including 6 doctors and 14 nurses were allocat-
ed to the medical team to assist COVID-19 care in Wuhan 
or our hospital and therefore have decreased dramatical-
ly by 20 (40%). The number of patient admissions due to 
stroke had also decreased (Fig.  3). Compared with the 
same period last year, a significant reduction (p < 0.001) 
was observed between the acute ischemic stroke (AIS) 
group (235 vs. 588 cases) and intracerebral hemorrhage 
(ICH) group (136 vs. 150 cases).

In 235 admitted AIS patients, 20 (8.5%) actually re-
ceived reperfusion therapy. Among them, 13 patients 
were transferred to the central hospital for thrombectomy 
(4 received prior thrombolysis), 4 patients were trans-
ferred for thrombolysis, and another 3 patients receiving 
thrombolysis were directly contacted our stroke center. 
The mean door-to-needle time (DNT) and door-to-
puncture time (DPT) was 62 and 124 min, respectively. 
Compared to the same period last year, a significant 
change was observed in DNT (62 ± 12 vs. 47 ± 8 min, p = 
0.019) but not in DPT (124 ± 58 vs. 135 ± 23 min, p = 
0.682).

A total of 46 telestroke consultations were received 
from network hospitals. Telestroke management in the 

central hospital was performed on 17 patients. Table  1 
shows their baseline characteristic and functional out-
come. Most of these patients had a moderate-severe 
stroke (NIHSS > 10). There were 3 (17.6%) patients who 
had brain hernia died in hospital, 8 (47.1%) patients were 
able to ambulation at discharge and had a favorable out-
come (modified Rankin Scale of 0–2) at 3 months.

Discussion

This study reported stroke care in our hospital during 
the COVID-19 pandemic in China. We found hospital 
admissions related to AIS were significantly dropped. 
The mean DNT was 15 min longer than the last year. 
Moreover, we shared our preliminary experience on the 
construction of a telestroke network in a resource-limited 
semi-urban area, which may provide insight to other 
health institutions to provide stroke care.

For stroke admission during the COVID-19 pandem-
ic, our findings are consistent with that from a big data 
analysis of 280 hospitals across China [6] and a multi-
center study in Germany [7]. In prehospital setting, the 
admission of minor stroke has experienced the biggest 
drop, followed by AIS, and ICH had the smallest drop [6, 
17]. This might be due to the fact that patients with minor 
stroke remained at home due to the fear of getting an in-
fection if going to the hospital [6, 18]. However, we did 
not observe a significant change of ICH admissions in our 
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Fig. 3. Stroke admissions before and after the COVID-19 pandemic in central hospital. AIS, acute ischemic stroke; 
ICH, intracerebral hemorrhage; COVID-19, coronavirus disease-2019.
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hospital, this could be partly explained by that ICH is nor-
mally a more severe type of stroke so that patients have to 
seek medical help rather than stay at home. In addition, 
the sample size for ICH is small in our report, which 
might be another reason to explain why our result differs 
from a prior study [17]. In addition, COVID-19 pandem-
ic also impacted in-hospital stroke care; our results and 
the prior study [10] both observed a significant longer 
DNT in patients treated with IVT. The main reason for 
prolonged DNT was the screen procedure for COVID-19. 
However, this significant change was not observed in 
DPT for these patients with thrombectomy. This proba-
bly because the decision time for thrombectomy may be 
shorter when families stayed together during the CO-
VID-19 pandemic.

This work has several limitations. First, we recognize 
that there were only a series of 17 patients who received 
telestroke care in this report. The telestroke network is 
more likely to capture moderate to severe patients and 
less likely to capture patients with minor symptoms, so 
we could not make any meaningful conclusion for minor 
stroke patients. Second, we did not collect any prehospital 
information, which would be helpful to understand why 
the number of stroke patients changed. Third, we were 

not able to compare the stroke care quality in our hospital 
before and after COVID-19 pandemic to reveal the im-
pact of COVID-19 on stroke care.

In conclusion, the COVID-19 pandemic impacted 
stroke care significantly in our hospital, including pre-
hospital and in-hospital stroke care, resulting in a signif-
icant drop in AIS admissions and a delay in DNT. The 
construction of a telestroke network in the northeast 
Chengdu region may enable us to extend health-care re-
sources and make stroke care accessible for those who are 
in critical need in remote areas.
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Table 1. Patient characteristic of telestroke management in central hospital

Patient, 
n

Age, 
years

Gender Arrival 
time, 
min

Treatment DNT, 
min

DPT, 
min

NIHSS Stroke 
etiology

Intracranial 
complication

Ambulation 
at discharge

mRS score 
at 3 month

1 82 M 43 IVT + MT na 76 16 LAA Brain hernia N 6
2 65 M 35 IVT + MT na 154 14 CE N Y 2
3 75 M 32 MT na 57 17 LAA N Y 2
4 74 M 50 IVT + MT na 144 14 CE N N 3
5 72 F 54 MT na 84 15 CE N Y 0
6 81 F 52 MT na 92 16 CE Brain hernia N 6
7 50 M 15 MT na 56 16 LAA N Y 1
8 72 F 41 MT na 155 18 CE N Y 1
9 67 F 16 MT na 61 14 CE N Y 2

10 78 F 35 MT na 95 20 CE Brain hernia N 6
11 49 M 60 IVT + MT na 116 11 CE Any ICH Y 2
12 74 F 11 MT na 67 13 CE Any ICH N 4
13 68 F 34 MT na 126 18 CE N N 5
14 76 F 40 IVT 60 na 8 LAA N N 4
15 63 M 13 IVT 51 na 13 CE N Y 0
16 86 F 34 IVT 65 na 18 CE N N 5
17 89 F 23 IVT 52 na 20 CE N N 6

M, male; F, female; IVT, intravenous thrombolysis; MT, mechanical thrombectomy; DNT, door-to-needle time; DPT, door-to-
puncture time; NIHSS, National Institutes of Health Stroke Scale; LAA, large artery atherosclerosis; CE, cardioembolism; ICH, 
intracerebral hemorrhage; mRS, modified Rankin Scale; Y, yes; N, no; na, not applicable.
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