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Background: Early in the pandemic, coronavirus disease 2019 (COVID-19) had been reported with significant impact on the stroke
care pathway. Meanwhile, the mid/long-term consequence of treatment efficiency and effectiveness of the acute stroke pathway still
remains unknown.
Methods: A comprehensive retrospective analysis was conducted on the acute stroke care pathway parameters in a stroke unit in
Chongqing, Southwest China. A total of 1492 patients were involved in this study, of whom 634 patients (42.5%) were included during
the COVID-19 pandemic, 858 patients (57.5%) included during the similar period of 2019. We collected demographic and clinical
characteristics, clinical outcome as the treatment efficiency and effectiveness indicators of the acute stroke pathway.
Results: Compared to the same period in 2019, there were 2.8% fewer transient ischemic attack (TIA) patients, while 9.9% more
acute ischemic stroke patients in 2020. In addition, patients had significantly higher National Institutes of Health Stroke Scale (NIHSS)
scores (P = 0.002) and hospital mortality (P = 0.004) during the pandemic. The median door-CT time (P < 0.001) and emergency stay
(P < 0.001) of acute stroke were also remarkably increased during the pandemic. The proportion of patients with intravenous
thrombolysis (IVT) was significantly lower (P < 0.001), while the mechanical thrombectomy (MET) was remarkably higher
(P = 0.042) in the pandemic group. Moreover, the IVT was significantly delayed during the pandemic (door-needle time: P = 0.001).
Conclusion: The COVID-19 outbreak did not reduce the willingness of the acute stroke patient to seek medical help. Benefited from
adjustments of stroke procedure in response to the COVID-19 pandemic, no significant reduction was observed in the reperfusion
success of the acute stroke care pathway. However, more medical resources need to be invested into the acute stroke care pathway to
prevent serious consequences of undiagnosed and untreated strokes.
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Introduction
Coronavirus disease 2019 (COVID-19) has posed unprecedented challenges for global healthcare systems and has forced
restructuring of health services and reallocation of resources in many places.1 The impact of the pandemic on the
management of acute stroke may be inevitable, and growing evidence indicates an increasing prevalence of neurological
involvement during viral infection (eg, in the form of stroke).2 Thus, most studies have focused on the relationship
between COVID-19 and stroke.

In fact, the pandemic has also had a great impact on the treatment efficiency and effectiveness of acute stroke patients
without COVID-19. Studies have reported remarkable delays in CT scanning and thrombolytic therapy for stroke patients
during the pandemic.3,4 However, previous studies have focused on the early stages of the pandemic (home isolation
stage). Since the pandemic has been going on for a long period of time (almost two years), the acute stroke protocol
adapted to COVID-19 screening has also been regularly updated. The medium and long-term impact of COVID-19 on
the acute stroke care pathway is still unknown.
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This study seeks to perform a detailed analysis of the impact of COVID-19 on treatment efficiency and effectiveness
of the acute stroke pathway in Chongqing, one year since the outbreak, using the same time period from 2019 for
comparison. We focused on major time intervals, reperfusion therapies, admissions and patient outcomes.

Materials and Methods
Study Design and Patients
This study was approved by the institutional ethical review board of the First Affiliated Hospital of Chongqing Medical
University (reference 2021–057, 24 February 2021), and completed the clinical trial registration (ChiCTR2100053382).
The data in this study are anonymous, and therefore the requirement for informed consent was waived.

A comprehensive retrospective analysis was conducted on the acute stroke care pathway parameters in a stroke unit in
Chongqing, Southwest China, from 23 January to 30 December 2020 (Wuhan was locked down on January 23, and after
that many cities entered a state of alert) and the same period from 2019. In accordance with guidelines from the National
Health Commission, all patients in the stroke center underwent screening for COVID-19, which included body
temperature measurement, travel history, chest CT scanning, real-time reverse transcriptase-polymerase chain reaction
(RT-PCR), complete blood count test and even multidisciplinary consultation. None of the patients included in this study
were diagnosed with COVID-19. This is because that all suspected and confirmed COVID-19 patients were transferred to
designated hospitals in accordance with the guidelines of the National Health Commission.5

The Stroke code team in our center was composed of five attending physicians, five residents, six technicians, eight
nurses (four professional stroke nurses and four senior emergency nurses) and four three anesthetists. Before the
pandemic, all suspected stroke patients received symptom and medical history assessment immediately by professional
physician when arrived at the hospital, and then prioritize the blood routine and coagulation examination, imageological
diagnosis (cerebral CT, CTA and CTP), while there was no dedicated CT unit. Therapeutic interventions (intravenous
thrombolysis/angiographic) were performed after the thrombus was identified. Finally, patients were transferred to
a common ward. During the pandemic, we established three adjustments for stroke procedure: 1) A dedicated CT unit
was set up (March/April); 2) A progressive stroke unit was created (May/June). Stroke patients were transferred to
a progressive unit ahead of COVID-19 nucleic acid result. 3) Increased manpower was allocated for abroad cases
screening (September/October).

Baseline Characteristics and Outcomes
We collected demographics and outcome data for all patients included in the stroke unit. The demographics included age,
gender, final diagnosis in the stroke unit and medical history. Outcome data included the time from onset to hospital door
(onset-door), the time from door to CT (door-CT), the National Institutes of Health Stroke Scale (NIHSS) score, admission
rate, hospital mortality, emergency stay and length of stay. In addition, more detailed analyses on the major time intervals,
acute revascularization treatments [intravenous thrombolysis (IVT) and mechanical thrombectomy (MET)] and successful
recanalization rate of ischemic stroke patients were performed. Successful recanalization was defined as an mTICI grade 2b
or 3 (mTICI≧ 2b) assessed on angiography. Finally, we also performed a monthly trend graph of major time intervals and
patient volume for ischemic stroke, which was compared to data in 2019 to assess potential seasonal variations.

Statistical Analysis
Categorical variables were reported as absolute numbers and percentages, and differences between proportions were assessed
using the χ2 test or Fisher’s exact tests. The distribution of continuous variables was not normal, and therefore, differences in
variables were assessed with the Mann–Whitney U-test. Multivariate logistic regression analysis was used to determine risk
factors for hospital mortality. All analyses were two-tailed, and the significance level was considered by p < 0.05. Data
analyses were performed using the Statistical Package for Social Science (SPSS) statistical package version 25.0.
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Results
From January 23, 2019 to December 30, 2020, a total of 1492 patients were involved in the First Affiliated Hospital of
Chongqing Medical University with a clinical diagnosis of acute stroke, of whom 634 patients (42.5%) were included
during the COVID-19 pandemic. Compared to the same period in 2019, there were 2.8% fewer TIA patients (3.4% vs
0.6%, P < 0.001) but 9.9% more acute ischemic stroke patients (57.1% vs 67%, P < 0.001 in 2020). In addition, patients
had significantly higher NIHSS scores during the pandemic (6 vs 8, P = 0.002). No marked differences were observed
between groups concerning age, gender and medical history. Baseline patient characteristics are outlined in Table 1.

In general, compared with the pre-pandemic group, the median door-CT time (20 vs 22 (min), p < 0.001), median
emergency stay time (64.7 vs 90 (min), p < 0.001) and hospital mortality (16.7% vs 23.3%, P = 0.004) were significantly
higher in the pandemic group. Only a slight variation in median onset-door time (120 vs 120, min, P = 0.148), median
length of stay (13 vs 13, days, P = 0.698) and admission rate (85.0% vs 83.9%, P = 0.578) were observed between groups
(Table 2).

Similarly, more detailed analyses for ischemic stroke also found that the median door-CT time (19 vs 20 (min),
p < 0.001) and emergency stay time (62 vs 91 (min), p < 0.001) significantly increased during the pandemic. In addition,
the proportion of patients with IVT was significantly lower (29.8% vs 19.3%, P < 0.001) while with MET significantly
higher (3.5% vs 6.4%, P = 0.042) in the pandemic group compared to the pre-pandemic group. Moreover, the door-

Table 1 Demographics Characteristics of Included Patients

Characteristic Pre-Pandemic (n=858) Pandemic (n=634) OR (95% CI) P-value

Gender, man (%) 527 (61.3) 381 (60.0) 1.055 (0.855, 1.301) 0.617
Age (median, IQR) 67 (56–77) 67 (57–78) NA 0.708

Classification of stroke
Ischemic stroke, n (%) 490 (57.1) 425 (67.0) 0.655 (0.529, 0.811) <0.001
Hemorrhagic stroke, n (%) 271 (31.6) 162 (25.6) 1.345 (1.070, 1.692) 0.011

Subarachnoid hemorrhage, n (%) 68 (7.9) 43 (6.8) 1.183 (0.796, 1.759) 0.406

TIA, n (%) 29 (3.4) 4 (0.6) 5.510 (1.927, 15.753) <0.001
Pre-NIHSS score, median (IQR) 6 (2–13) (n=573) 8 (3–16) (n=498) NA 0.002

Pre-NIHSS score, median (IQR)(IS) 6 (3–13) (n=438) 7 (3–16) (n=379) NA 0.079

Medical history
Hypertension, n (%) 439 (51.2) 314 (49.5) 1.070 (0.872, 1.314) 0.517

Diabetes, n (%) 146 (17.0) 105 (16.6) 1.033 (0.785, 1.360) 0.818

Coronary heart disease, n (%) 85 (9.9) 52 (8.2) 1.231 (0.857, 1.767) 0.260
Hyperlipidemia, n (%) 13 (1.5) 9 (1.4) 1.068 (0.454, 2.515) 0.880

Smoking, n (%) 288 (33.6) 192 (30.3) 1.163 (0.933, 1.451) 0.180

Atrial fibrillation, n (%) 78 (9.1) 49 (7.7) 1.194 (0.822, 1.734) 0.351
Cerebral infarction, n (%) 109 (12.7) 75 (11.8) 1.085 (0.793, 1.484) 0.612

Cerebral hemorrhage, n (%) 23 (2.7) 27 (4.3) 0.619 (0.352, 1.091) 0.094

Abbreviations: IQR, interquartile range; TIA, transient ischemic attacks; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; CI, confidence interval; NA, not
available.

Table 2 Stroke Time Interval and Clinical Outcomes Before and During the Pandemic

Pre-Pandemic (n=858) Pandemic (n=634) OR (95% CI) P-value

Onset-door (mins), median (IQR) 120 (60–300) 120 (60–300) NA 0.148

Door-CT (mins), median (IQR) 20 (15–25) 22 (18–30) NA <0.001
Admission, n (%) 729 (85.0) 532 (83.9) 1.083 (0.817–1.438) 0.578

Length of stay (days), median (IQR) 13 (8–20) 13 (8–21) NA 0.698

Hospital mortality, n (%) 122 (16.7)(n=729) 124 (23.3)(n=532) 0.661 (0.500–0.875) 0.004
Emergency stay (mins), median (IQR) 64.7 (47–85.25) 90 (65–130) NA <0.001

Abbreviation: CT, computed tomography.
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needle time also increased during the pandemic (43 vs 52.5, P = 0.001). There were no significant variations in onset-
door time, door-groin time, length of stay or reperfusion success rate between groups (Table 3). Furthermore, we
performed logistic regression to clarify the hospital mortality risk factors. The following variables were investigated: age,
pre-NIHSS revascularization treatments, COVID-19 pandemic and classification of stroke. We found that age (OR:
1.017, 95% CI: 1.001–1.033), pre-NIHSS (OR: 1.154, 95% CI: 1.123–1.185) and COVID-19 pandemic (OR: 1.670, 95%
CI: 1.107–2.519) were independently associated with a greater risk of hospital mortality (Table 4).

In general, the visual representation for ischemic stroke indicated a significant reduction in patients and a marked
prolongation of door-CT and door-needle time due to the COVID-19 pandemic. However, monthly fluctuations in these
data are similar to those in the pre-pandemic period, reflecting the seasonal variation of ischemic stroke. Emergency stays
were also generally prolonged after the pandemic, showing three prolongation peaks (23 February to 22 March 2020,
23 April to 22 May 2020, and 23 August to 22 September 2020) (Figure 1).

Discussion
We evaluated the impact of COVID-19 on treatment efficiency and effectiveness of the acute stroke care pathway in
a regional stroke center. Overall, the COVID-19 outbreak did not reduce the willingness of acute stroke patients to seek

Table 3 Stroke Time Interval and Clinical Outcomes Before and During the Pandemic (Ischemic Stroke)

Pre-Pandemic (n=490) Pandemic (n=425) OR (95% CI) P-value

Onset-door (mins), median (IQR) 120 (60–330) 180 (60–330) NA 0.382

Door-CT (mins), median (IQR) 19 (13–23) 20 (17–30) NA <0.001

Door-needle (mins), median (IQR) 43 (34.75–52.25) 52.5 (37.75–65) NA 0.001
Door-groin puncture (mins) median (IQR) 184 (111–232.5) 195 (130–273) NA 0.419

IVT, n (%) 146 (29.8) 82 (19.3) 1.775 (1.303–2.418) <0.001

MET, n (%) 17 (3.5) 27 (6.4) 0.530 (0.285–0.986) 0.042
IVT and MET, n (%) 7 (1.4) 14 (3.3) 0.425 (0.170–1.064) 0.076

mTICI 2b-3, n (%) 13 (76.5)(n=17) 25 (92.6)(n=27) 0.260 (0.042, 1.613) 0.129

Admission, n (%) 442 (90.2) 351 (82.6) 1.941 (1.315–2.865) 0.001
Length of stay (days), median (IQR) 12 (8–18)(n=442) 12 (7–17)(n=351) NA 0.682

Hospital mortality, n (%) 52 (11.8)(n=442) 63 (17.9)(n=351) 0.610 (0.410, 0.907) 0.014

Emergency stay (mins), median (IQR) 62 (49.75–81.25) 91 (65–126.5) NA <0.001

Abbreviations: IVT, intravenous thrombolysis; MET, mechanical thrombectomy; mTICI, modified thrombolysis in cerebral infarction.

Table 4 Multivariable Logistic Regression Analysis of Hospital Death Risk

Variable OR (95% CI) P-value

Age 1.017 (1.001–1.033) 0.038

Pre-NIHSS score 1.154 (1.123–1.185) 0.000

COVID-19 pandemic 1.670 (1.107–2.519) 0.014
Classification of stroke
TIA 1 (Reference)

Ischemic stroke 0.159 (0.011–2.299) 0.177
Hemorrhagic stroke 0.092 (0.015–0.549) 0.009

Subarachnoid hemorrhage 0.161 (0.026–0.984) 0.048

Revascularization treatments
No reperfusion therapy 1 (Reference)

IVT 0.465 (0.169–1.280) 0.138

MET 0.413 (0.140–1.219) 0.109
IVT and MET 0.744 (0.181–3.054) 0.681

Abbreviation: COVID-19, coronavirus disease 2019.
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medical help, as there was no significant prolongation in the time from onset to hospital door, which is inconsistent with
previous research.6 However, compared with pre-pandemic, patients who came to the hospital during the outbreak were
more seriously ill. Similarly to a previous short-term study,4 we also found a remarkably increased baseline NIHSS score
for acute stroke patients, a lower proportion of TIA patients, while a higher proportion of ischemic stroke patients during
the pandemic. According to the results of logistic regression analysis, COVID-19 pandemic and baseline NIHSS score
were independently associated with a greater risk of hospital mortality, which explains the higher hospital mortality
observed during the pandemic. One of the reasons for this phenomenon may be that people were isolated at home, and
some with chronic diseases (eg, atrial fibrillation and hypertension) did not take medication regularly or were followed
up regularly. These chronic diseases played an important role in the development of acute stroke. Normally, primary
healthcare services play an important role in the management of these chronic diseases, which include scheduled follow-
up, health education and drug intervention. However, most of these primary healthcare resources were allocated to
epidemic prevention during the pandemic. This would increase the incidence and severity of cerebrovascular diseases. As
a previous study reported,7 we indeed need to increase publicity about the relationship between these chronic diseases
and stroke through social media and encourage regular exercise at home.

The treatment efficiency of the acute stroke care pathway was indeed reduced to a certain extent after the outbreak.
Thorough assistance for ischemic stroke patients with door-to-needle usually takes more than 50 min (43 min in 2019),
which directly results in the delay of thrombolytic therapy, thus the proportion of patients with IVT was lower after the
outbreak. In addition, the median emergency stay time was obviously prolonged, and the admission rate also significantly
decreased. This could be attributed to the increased time required to perform personal protection measures during the
COVID-19 pandemic, which led to delays in symptom identification, neurological assessment, communication, transport,
imaging and treatments, ultimately prolonging the emergency stay. While these delays did not significantly affect the
effectiveness of the acute stroke care pathway, and there were no significant variations in the reperfusion success rate or
length of stay before and after the pandemic.

The overall visual representation for ischemic stroke reflected the impact of the pandemic, including a significant
reduction in patient volume and marked delay in imaging and reperfusion therapy. While monthly trend representation of
these data reflected the seasonal variation of ischemic stroke, it is worth noting that there were three emergency stay
peaks, which were associated with changes during the pandemic. The first peak (2.23.2020–3.23.2020) reflected the
increased pressure in the emergency department in the early days of the outbreak. All patients in the emergency
department, regardless of etiology, underwent immediate screening for signs, symptoms, and risk factors for COVID-
19 exposure before admission to the inpatient ward, prolonging the stay in the emergency unit. In response to this

Figure 1 Visual representation of monthly trend of time intervals and patient volume (ischemic stroke) ((A) a dedicated CT unit was set up for suspected stroke patients;
(B) a progressive stroke unit was created; (C) increased manpower was allocated for abroad cases screening).
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situation, we set up a dedicated CT unit for suspected stroke patients (Figure 1A). Consequently, the door-CT time and
emergency stay of ischemic stroke patients were largely decreased in the next period of time. In April 2020, the closure
of temporary treatment centers in two major hospitals (Huoshenshan hospital and Leishenshan hospital) in Wuhan
marked the domestic epidemic being under effective control, and most cities across the country lifted the lockdown. With
an increase in outpatients and emergency patients, the number of patients waiting for hospitalization kept rising, and the
emergency stay of ischemic stroke was significantly prolonged again (4.23.2020–5.22.2020). We adapted quickly to the
pandemic and created a progressive stroke unit (Figure 1B). Patients were transferred to a progressive unit ahead of
COVID-19 nucleic acid result, thus reducing treatment delays and protecting patients and healthcare workers from
potential exposures. Finally, the third emergency stay peak (8.23.2020–9.22.2020) was related to the increase in cases
from abroad. To deal with this situation, we increased manpower for the screening of cases from abroad, and the further
revised pandemic prevention efforts (Figure 1C).

Some limitations are still raised in this study. Firstly, our stroke center did not receive any COVID positive case during the
epidemic period, we could not provide this part of data for readers to compare it with their experience. In addition, data on the
patient’s mRS scores were unavailable, thus we evaluated the treatment effectiveness of the acute stroke care pathway by using
TICI scores, it may affect the conclusion to some extent, more studies are needed in the future.

At present, the global COVID-19 pandemic is continuing, and the incidence is increasing. We should constantly
optimize the acute stroke care pathway protocol according to current changes during the pandemic so as to provide
complete medical assistance for acute stroke as quickly as possible, while implementing COVID-19 prevention
measures.
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