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Abstract

Background: Social distance, quarantine, pathogen testing,
and other preventive strategies implemented during CO-
VID-19 pandemic may negatively influence the manage-
ment of acute ischemic stroke (AIS). Objective: The current
study aimed to evaluate the impacts of COVID-19 pandemic
on treatment delay of AlS in China. Methods: This study in-
cluded patients with AIS admitted in 2 hospitals in Jiangsu,
China. Patients admitted before and after the COVID-19 pan-
demic outbreak (January 31, 2020, as officially announced by
the Chinese government) were screened to collect sociode-
mographic data, medical history information, and symptom
onset status from clinical medical records and compared for
pre- (measured as onset-to-door time [ODT]) and posthospi-
tal delay (measured as door-to-needle time [DNT]). The influ-
encing factors for delayed treatment (indicated as onset-to-
needle time >4.5 h) were analyzed with multivariate logistic
regression analysis. Results: A total of 252 patients were in-

cluded, of which 153 (60.7%) were enrolled before and 99
(39.3%) after the COVID-19 pandemic. ODT increased from
202 min (interquartile range [IQR] 65-492) before to 317 min
(IQR 75-790) after the COVID-19 pandemic (p = 0.001). DNT
increased from 50 min (IQR 40-75) before to 65 min (IQR 48—
84) after the COVID-19 pandemic (p = 0.048). The proportion
of patients with intravenous thrombolysis in those with AIS
was decreased significantly after the pandemic (15.4% vs.
20.1%; p =0.030). Multivariate logistic regression analysis in-
dicated that patients after COVID-19 pandemic, lower edu-
cational level, rural residency, mild symptoms, small artery
occlusion, and transported by other means than ambulance
were associated with delayed treatment. Conclusions: CO-
VID-19 pandemic has remarkable impacts on the manage-
ment of AlS. Both pre- and posthospital delays were pro-
longed significantly, and proportion of patients arrived with-
in the 4.5-h time window for intravenous thrombolysis
treatment was decreased. Given that anti-COVID-19 mea-
sures are becoming medical routines, efforts are warranted
to shorten the delay so that the outcomes of stroke could be

improved. © 2021 S. Karger AG, Basel
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Introduction

Recently developed treatments, such as intravenous
thrombolysis and mechanical thrombectomy, can signif-
icantly improve the outcomes of acute ischemic stroke
(AIS). But, the effects of these treatments were highly
time-dependent, which emphasize the importance of rap-
id pre- and posthospital managements. For selected pa-
tients with onset-to-needle time (ONT) shorter than 4.5
h, intravenous thrombolysis could be applied. But, those
with ONT shorter than 3 h had a higher likelihood of a
90-day favorable outcome [1]. For selected patients with
onset-to-puncture time (OPT) shorter than 6 h, mechan-
ical thrombectomy could be applied. Although patients
with OPT between 6 and 24 h still could be screened for
mechanical thrombectomy, the effects attenuate rapidly
with time delay. Current guidelines recommended that
extra imaging examinations should be performed for se-
lecting patients with OPT between 6 and 24 h for me-
chanical thrombectomy [2, 3]. Therefore, when applying
intravenous thrombolysis and mechanical thrombecto-
my in AIS patients, the shorter the treatment delays, the
better the functional outcomes.

Since the outbreak of COVID-19 pandemic, China has
implemented several nation-wide strategies for prevent-
ing and containing the spread of the disease [4]. Social
distance, quarantine, pathogen testing, and other strate-
gies were taken from January 31, 2020, as officially an-
nounced by the Chinese government. These measures in-
fluenced not only the regular medical procedures but also
the health-seeking behaviors. All these changes may have
influenced the management of stroke, but the impacts are
largely undetermined [5]. This study aimed to explore the
impact and extent of COVID-19 pandemic on treatment
delay of AIS in China. Additionally, we probed potential
factors responsible for the treatment delay.

Methods

Study Design and Patient Population

This study is a part of an ongoing program for analyzing pre-
and posthospital delay in managing stroke patients. Patients with
acute stroke were enrolled in 2 tertiary hospitals in Jiangsu prov-
ince. On January 31, 2020, the Chinese government announced
several nation-wide strategies for preventing the COVID-19 pan-
demic. Patients with AIS diagnosed during December 1, 2019, and
January 30, 2020 (pre-COVID-19), and those diagnosed during
February 1, 2020, and March 31, 2020 (post-COVID-19), were
compared in this study. AIS was diagnosed based on clinical symp-
toms and computed tomography or magnetic resonance imaging
scans. Patients who reached the hospitals within 7 days after stroke
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onset were included. Socioeconomic status, medical history, and
stroke symptoms were reviewed and analyzed. All participants and
their relatives provided written informed consent, and the study
was approved by the Ethics Committees of the participated hospi-
tal. The work was supported by the National Natural Science
Foundation of China (NSFC 81870947).

Treatment Delay Assessment

Demographic and clinical data were collected after hospitaliza-
tion. Onset-to-door time (ODT) was defined as the duration from
stroke symptom onset or time last known well to hospital arrival,
which included awareness time, decision time, and transporting
time. Decision time is defined as the duration from symptom onset
to the decision being made to go to hospital. Door-to-needle time
(DNT) was defined as the time from hospital arrival to the start of
intravenous thrombolysis from hospital arrival to the start of in-
travenous thrombolysis. For those who did not meet the criteria of
intravenous thrombolysis, DNT was based on a presumed throm-
bolytic therapy of the earliest possibility. Door-to-puncture time
was defined as the duration from hospital arrival to groin puncture
for mechanical thrombectomy. For those who did not meet the
criteria of mechanical thrombectomy, door-to-puncture time was
based on a presumed mechanical thrombectomy of the earliest
possibility. Potential influencing factors for treatment delay, such
as residency, means of transportation, and the level of the first vis-
ited hospital, were retrieved and analyzed. Self-management after
stroke onset means that patients choose to stay at home or take
medicine on their own, instead of going to the hospital immedi-
ately. Etiology was classified using the Trial of ORG 10172 in Acute
Stroke Treatment categories. The severity of stroke was measured
with the National Institutes of Health Stroke Scale (NIHSS). In this
study, we choose 4.5 h as the cut point for defining delayed treat-
ment because 4.5 h is the accepted deadline for rt-PA intravenous
thrombolysis at present [1].

Statistical Analysis

Continuous variables were expressed as mean * standard de-
viation or median and interquartile range (IQR) as appropriate.
Categorical variables were presented as frequency and percentage.
Continuous variables with normal distribution were compared us-
ing Student’s t-test. The x? and Fisher’s exact tests were used for
comparing categorical values. Multiple-variable stepwise logistic
regression was used to determine the main influencing factors of
treatment delay. A 2-sided p value of <0.05 was deemed as statisti-
cal significance. All statistical analyses were performed using SPSS
25.

Results

A total of 252 patients were included during the de-
scribed time frames, of which 153 (60.7%) were arrived
before and 99 (39.3%) after the COVID-19 pandemic.
The mean age of the included patients was 69.1 + 11.3
years, and 167 (62.5%) of them were male. The median
(IQR) NIHSS score at admission was 6 (3-13) in the pre-
COVID-19 group and 8 (5-16) in the post-COVID-19
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Table 1. Characteristics and treatment delay of stroke patients before and after COVID-19 pandemic

Characteristics Pre-COVID-19,n =153  Post-COVID-19,n=99  p value
Age, year, mean 69.5£11.1 70.1+£12.2 0.334
Male gender, n (%) 92 (60.1) 70 (66.0) 0.133
Education, n (%)

Elementary education 46 (30.1) 32(32.3)

Secondary education 86 (56.2) 54 (54.4) 0.242

Higher education 21(13.7) 13 (14.3)
Solitary, n (%) 47 (30.7) 32(32.3) 0.410
Residence, n (%)

Urban 103 (67.3) 70 (70.7) 0411
Rural 50 (32.7) 29 (29.3) :
Daytime onset, n (%) 79 (51.6) 53 (53.5) 0.433

Stroke etiology, n (%)

Large artery atherosclerosis 59 (38.5) 38 (38.3)

Small vessel disease 56 (36.6) 40 (40.4)

Cardioembolism 32(21.1) 17 (17.2) 0.270

Other demonstrated cause 3(1.9) 1(1.0)

Undetermined cause 3(1.9) 3(2.8)
NIHSS, median (IQR) 6 (3-13) 8 (5-16) 0.040
Stroke history, n (%) 33 (21.6) 22 (22.2) 0.871
Hypertension, n (%) 100 (65.4) 60 (60.6) 0.640
Diabetes, n (%) 60 (39.2) 42 (42.4) 0.256
Hyperlipidemia, n (%) 50 (32.6) 31(31.3) 0.734
Atrial fibrillation, n (%) 20 (13.1) 15 (15.1) 0.399
Coronary heart disease, n (%) 22 (13.6) 17 (17.1) 0.277
Smoking, 1 (%) 68 (44.4) 40 (40.5) 0.143
Alcohol drinking, n (%) 55 (34.1) 40 (37.7) 0.300
Self-management, n (%) 63 (41.1) 63 (63.6) <0.001
Transported by ambulance, n (%) 41 (30.7) 33 (33.3) 0.105
ODT, min, median (IQR) 202 (25-492) 317 (65-790) 0.010

Decision time 129 (55-430) 244 (80-710) <0.001

Transportation 73 (31-93) 67 (33-88) 0.316
DNT, median (IQR), min, n (%) 50 (40-75) 65 (48-84) 0.048
ONT <4.5h, n (%) 53 (35.3) 29 (29.3) 0.032
Intravenous thrombolysis, 7 (%) 34 (22.2) 15 (15.1) 0.030
Mechanical thrombectomy, n (%) 24 (15.7) 12 (12.1) 0.115
In-hospital mortality, n (%) 8 (4.9) 6 (6.1) 0.120
Discharge mRS score (0-2), 1 (%) 92 (60.1) 54 (54.5) 0.180

IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; ODT, onset-to door time; DNT,
door-to-needle time; mRS, modified Ranking Scale; ONT, onset-to needle time.

group (p = 0.040). However, no significant differences
concerning age, sex, residence, education level, onset
time, medical insurance, etiology of ischemic stroke, am-
bulance use, and comorbidities were detected between
patients who arrived before and after the COVID-19 pan-
demic (Table 1).

The ODT, a proxy of prehospital delay, was signifi-
cantly longer in post- than pre-COVID-19 pandemic pa-
tients (317 [IQR 65-790] vs. 202 [IQR 25-492] min; p =
0.010). The decision time for patients after the COVID-19
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pandemic was significantly longer than that of those be-
fore COVID-19 pandemic (129 [IQR 55-430] vs. 244
[IQR 80-710] min, p < 0.001). Time used for transporta-
tion was similar between patients before and after the
COVID-19 pandemic (67 [IQR 33-88] vs. 73 [IQR 31-
93] min; p = 0.316). DNT was prolonged significantly af-
ter the implementation of anti-pandemic strategies (65
[IQR 48-84] vs. 50 [IQR 40-75] min, p = 0.048). The pro-
portion of patients choosing self-management after
stroke onset was significantly increased after the pandem-
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Table 2. Influencing factors for delayed treatment

Characteristics ONT p value
<4.5h,n =80 >45h,n=172

Age, yr, mean 67.5£12.2 70.1+11.8 0.134

Male gender, n (%) 51 (63.8) 106 (61.6) 0.736

Education, n (%)

Elementary education 15 (18.4) 64 (37.2)

Secondary education 46 (57.5) 94 (54.7) 0.018

Higher education 19 (24.1) 14 (8.1)

Solitary, n (%) 21 (26.3) 58 (33.7) 0.044
Residence, n (%)

Urban 59 (73.7) 105 (61.0)

Rural 21 (26.3) 67 (39.0) <0.001
Onset in daytime (6:00-18:00) 58 (72.5) 77 (44.8) <0.001
Etiology of ischemic stroke, n (%)

Large artery atherosclerosis 33 (41.3) 64 (37.2)

Small artery occlusion 26 (32.5) 70 (40.7)

Cardioembolism 20 (25.0) 29 (16.9) 0.011

Other demonstrated cause 0 4(2.3)

Undetermined cause 1(1.2) 5(2.9)

NIHSS at admission, median (IQR) 8 (3-14) 3 (2-7) 0.031
Stroke history, 1 (%) 19 (24.1) 36 (21.1) 0.523
Hypertension, n (%) 53 (66.3) 107 (62.2) 0.278
Diabetes, 1 (%) 36 (45.0) 70 (40.7) 0.298
Hyperlipidemia, n (%) 25(31.3) 56 (32.6) 0.776
Atrial fibrillation, n (%) 12 (15.0) 23 (13.3) 0.165
Coronary heart disease, 1 (%) 12 (15.0) 27 (15.7) 0.679
Current smoker, 1 (%) 36 (45.0) 72 (42.0) 0.108
Regular drinker, n (%) 32 (40.0) 63 (36.7) 0.182
Self-management after onset, 1 (%) 8 (10.0) 118 (68.6) <0.001
Transported by ambulance, 1 (%) 38 (43.7) 57 (33.1) 0.018
Post-COVID-19 period, # (%) 22 (27.5) 69 (38.9) 0.015

IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; ONT, onset-to needle time.

ic (41.1% vs. 63.6%; p < 0.001). The proportion of patients
from onset to treatment within 4.5 h was significantly de-
creased after the COVID-19 pandemic (34.8 vs. 29.0%,
p = 0.032). The proportion of patients with intravenous
thrombolysis was decreased significantly after the pan-
demic (20.1 vs. 15.4%, p = 0.030), while the proportion of
patients with mechanical thrombectomy (15.7 vs. 12.1%,
p = 0.115), in-hospital mortality (4.9 vs. 6.1%, p = 0.120),
and discharge mRS score (0-2) remained unchanged
(60.1 vs. 54.5%, p = 0.180, Table 1).

When compared with patients who arrived to the hos-
pital within 4.5 h (ONT <4.5 h), those who arrived to the
hospital latter (ONT >4.5 h) had a lower education level
(elementary education: 18.4 vs. 37.2%, p = 0.018), more
likely lived in rural areas (26.3 vs. 39.0%, p < 0.001) and
living alone (26.3 vs. 33.7%, p = 0.044), more likely had
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small artery occlusion (32.5 vs. 40.7%, p = 0.011), had
lower NIHSS scores (8 vs. 3, p = 0.031), less likely trans-
ferred by ambulance (43.7 vs. 16.1%, p < 0.001), more
likely had self-management after stroke onset (9.2 vs.
87.8%, p <0.001), less likely (72.5 vs. 44.8%, p < 0.001) had
daytime onset (6:00-18:00), and more likely had stroke
after COVID-19 pandemic (27.6 vs. 45.6%, p = 0.031, Ta-
ble 2).

Table 3 presents the potential influencing factors for
delayed treatment (ONT >4.5 h) by multivariate logistic
regression analysis. Compared with patients before CO-
VID-19 pandemic, patients after COVID-19 pandemic
had an odds ratio (OR) of 1.52 (95% confidence interval
[CI], 1.02-2.94) for treatment delay. Compared with pa-
tients with advanced education, those with elementary
education had an OR of 1.41 (95% CI, 1.08-2.31) for
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Table 3. Multivariate logistic regression analysis of influencing
factors for delayed treatment (ONT >4.5 h)

Variables OR 95%CI  pvalue
Elementary versus higher education 1.41 1.08-2.31  0.045
Rural versus urban residency 1.20 1.01-1.42  0.030
High NIHSS score 0.64 0.45-0.89 <0.001
Small artery occlusion 2.44 1.28-3.75 <0.001
Self-management after onset 2.03 1.40-3.76 <0.001
Transported by ambulance 0.76 0.68-0.86  0.038
Onset after COVID-19 pandemic 1.52 1.02-2.94  0.010

ONT, onset-to-needle time; OR, odds ratio; CI, confidence
interval; NTHSS, National Institutes of Health Stroke Scale.

treatment delay. Compared with patients living in urban
areas, those living in rural areas had an OR of 1.20 (95%
CI, 1.01-1.42) for treatment delay. Patients who had a
small artery occlusion had an OR of 2.44 (95% CI, 1.28-
3.75, vs. other types of ischemic stroke) for treatment de-
lay. Patients with baseline a high NIHSS score had an OR
of 0.64 (95% CI, 0.45-0.89) for treatment delay. Patients
who first chose for self-management after stroke onset
had an OR of 2.03 (95% CI, 1.40-3.76) for treatment de-
lay. Patients transported by ambulance had an OR 0f 0.76
(95% CI, 0.68-0.86) for treatment delay.

Discussion

The current study highlights the impact of the CO-
VID-19 pandemic on treatment delay in patients with
acute stroke. ODT and DNT were significantly pro-
longed, and the proportion of patients who arrived with-
in the time window for intravenous thrombolysis was sig-
nificantly decreased after the COVID-19 pandemic.

During COVID-19, patients may be reluctant to seek
medical help for fear of being infected. Patients with mild
symptoms may stay at home and manage stroke by them-
selves or their relatives. This speculation was partly con-
firmed by the higher NIHSS score in post-COVID-19. A
similar pattern of delay in seeking medical care due to fear
of being infected within the hospitals was observed in the
Ebola epidemic in West Africa [6].

During the COVID-19 pandemic, the ONT was sig-
nificantly prolonged than before. Traffic control during
the pandemic may delay the patient transportation. Social
distance may influence the management of stroke pa-
tients. Procedures for COVID-19 prevention, such as in-
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formation inquiring concerning travel and contact his-
tory, temperature measuring, chest X-ray or computed
tomography scanning, coronavirus nucleic acid or anti-
body testing, blood cell counting, and multidisciplinary
consultation may all delay the management of stroke. On
the other hand, medical staff may need longer time to
wear protective devices before they could manage stroke
patients during the COVID-19 pandemic.

This study associated a higher NTHSS score with short-
er prehospital delay. This is consistent with some previ-
ous studies [7, 8] but not with others [9]. Patients with
severe symptoms may be more obvious to be identified,
but severe symptoms may render patients from seeking
for help when alone. Stroke patients with small vessel dis-
ease were referred later than stroke patients with other
etiologies. It may be partly attributed to the mild neuro-
logic deficit in patients with AIS caused by small vessel
disease. Another potential explanation lies in that vascu-
lar cognitive impairment, which may prevent patients
from going to hospital, which is more common in pa-
tients with small vessel disease.

Transferred with ambulance was associated with
shorter prehospital delay [10-13]. Early awareness of
stroke onset and rapid response is crucial to shorten the
treatment delay [14, 15]. Previous studies [16] indicated
that the major factors for prehospital delay included un-
awareness of stroke symptoms, lack of understanding on
importance of early response, and lack of knowledge on
early management. Previous studies demonstrated that
only 15.6% of respondents knew stroke warning signs
[17]. A large proportion of respondents think that stroke
symptoms may not warrant emergent management [18].

The American Heart Association and American Stroke
Association Temporary Emergency Guidance to US
Stroke Centers During the COVID-19 Pandemic recom-
mended telemedicine to help neurologists collect medical
history without contacting patients, reducing contact
risk, saving time, and isolating equipment. At the same
time, telephone/video consultation can help patients
choosing the most appropriate hospital at the first time,
avoiding additional exposure risk of COVID-19 and
shortening prehospital delay [19].

For posthospital management of stroke patients,
guidelines recommended that the green channel should
be equipped with personal protective equipment (PPE)
and continue to promote intravenous thrombolysis and
endovascular therapy in accordance with the regular pro-
cedures [19]. Other posthospital efforts include optimiz-
ing the process of wearing PPE, conducting simulation
training, shortening the wearing time of PPE, and opti-
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mizing communication and co-operation among depart-
ments to reduce the examination time before thromboly-
sis and thrombectomy.

Several limitations should be addressed when inter-
preting the results of the current study. First, patients
were enrolled outside the epicenter of the COVID-19
pandemic in China, which may have underestimated the
impacts of the pandemic on stroke management. Second,
with the accumulation of coping experiences, the impacts
of the COVID-19 pandemic on stroke management may
be relieved. Finally, only 2 hospitals were included in this
study. There might be selection bias, although patients
were enrolled consecutively. Multicenter collaborations
and population-based studies are warranted to draw a
complete picture of the subject.

Conclusion

In conclusion, COVID-19 pandemic has a remarkable
influence on the management of AIS. In Jiangsu province
where this study was carried out, social distance, quaran-
tine, pathogen testing, suspension of classes, and tempo-
rarily shutting-down of factories were implemented dur-
ing COVID-19 pandemic. These strategies were also im-
plemented in other provinces of China and many other
countries. Both pre- and posthospital delays were pro-
longed significantly, and the proportion of patients ar-
rived within the 4.5-h time window for intravenous
thrombolysis treatment was decreased. Given that anti-
COVID-19 measures are becoming medical routines, ef-
forts are warranted to shorten the delay so that the stroke
outcome could be improved in this complex time.
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