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thrombolysis in patients with
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the COVID-19 pandemic: An
observational study
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Tong University School of Medicine, Shanghai, China, *Department of Neurosurgery, Shanghai
Tenth People’s Hospital, Tongji University School of Medicine, Shanghai, China

Objective: This study analyzed the impact of the improved stroke green
channel process on the delay of intravenous thrombolysis in patients
with acute cerebral infarction under coronavirus disease 2019 (COVID-19)
prevention and control measures.

Methods: We included 57 patients from the stroke center of the Seventh
People’s Hospital of Shanghai University of Traditional Chinese Medicine before
the improvement of the stroke green channel process (March—July 2019), as
well as 94 patients during the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) outbreak (March—July 2020) and 68 patients during the Omicron
variant outbreak (March—July 2022) after the improvement of stroke green
channel process. The door-to-needle time (DNT), door-to-imaging time (DIT),
and door-to-test completion time were compared among the three groups.
We analyzed the impact of this process improvement in the emergency green
channel during the pandemic on the delay of intravenous thrombolysis.

Results: This study included a total of 229 patients with acute cerebral
infarction who went through the green channel for intravenous thrombolysis
(57 in the pre-pandemic group, 94 in the SARS-CoV-2 outbreak group, and
68 in the Omicron outbreak group). The percentages of patients undergoing
intravenous thrombolysis in the pre-pandemic, SARS-CoV-2 outbreak, and
Omicron outbreak groups differed significantly (19.32%, 22.27%, and 28.94%,
respectively, P = 0.029). Compared to the pre-pandemic group, the National
Institutes of Health Stroke Scale (NIHSS) score at admission was significantly
higher in the Omicron outbreak group (7.71 + 7.36 in the Omicron outbreak
group vs. 5.00 & 4.52 in the pre-pandemic group) (P = 0.026) but not in the
SARS-CoV-2 outbreak group (4.79 + 5.94 in the SARS-CoV-2 outbreak group
vs. 5.00 £+ 4.52 in the pre-pandemic group, P = 0.970). Significantly higher
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proportions of patients undergoing emergency intravenous thrombolysis
came to the hospital by ambulance in the SARS-CoV-2 and Omicron outbreak
groups compared to the pre-pandemic group (38.6% in the pre-pandemic
group, 51.1% in the SARS-CoV-2 outbreak group, and 82.4% in the Omicron
outbreak group, P < 0.001). Compared to the pre-pandemic group, the DIT
was significantly higher in the SARS-CoV-2 outbreak group (22.42 £+ 7.62 min
in the SARS-CoV-2 outbreak group vs. 18.91 + 8.23min in the pre-pandemic
group, P =0.031) but not the Omicron outbreak group (20.35 4+ 10.38 min
in the Omicron outbreak group vs. 1891 + 8.23min in the pre-pandemic
group, P = 0.543). The door-to-test completion time was significantly longer
in the SARS-CoV-2 and Omicron outbreak groups compared to that in the
pre-pandemic group (78.37 + 25.17 min in the SARS-CoV-2 outbreak group,
92.60 + 25.82min in the Omicron outbreak group vs. 65.11 4+ 22.35min in
the pre-pandemic group, P < 0.001); however, the DNT in the SARS-CoV-2
and Omicron outbreak groups did not differ significantly from those in the
pre-pandemic group (both P > 0.05).

Conclusion: During the two periods of the COVID-19 outbreak (SARS-CoV-2
and Omicron), after the improvement of the green channel for intravenous
thrombolysis, there might be some delay in in-hospital DIT during the
SARS-CoV-2 outbreak, however, the in-hospital delay indicator DNT for
intravenous thrombolysis were not affected.

acute cerebral infarction, COVID-19, improved green channel for intravenous

thrombolysis, intravenous thrombolysis, time delay

Introduction

Acute cerebral infarction is characterized by high incidence,
disability, and mortality rates. Patients are often left with motor-
sensory, language function, and cognitive impairments, which
not only significantly reduce their quality of life but also impose
great burdens on families and society. Currently, intravenous
thrombolytic therapy is the most effective treatment for early-
stage cerebral infarction. This therapy recanalizes the occluded
blood vessels and restores cerebral blood flow, helping to save
damaged neurons in the brain, thus minimizing the degree of
patient disability. However, the administration of intravenous
thrombolytic therapy has a strict time window of 4.5h after
disease onset, which can be extended to 9 h for patients who pass
a strict screening process (1). Thrombolysis beyond this time
window not only fails to improve neurological function but also
may induce serious complications such as reperfusion injury.
The prognosis of patients with acute cerebral infarction is closely
related to the timing of thrombolysis (2, 3). The construction
of the stroke green channel aims to shorten the time delay for
the administration of intravenous thrombolysis and to achieve a
good patient prognosis.

In December 2019, a pneumonia outbreak caused by a novel
coronavirus occurred in Wuhan City, Hubei Province, China,
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and surrounding areas. The World Health Organization (WHO)
announced the name of the novel coronavirus pneumonia,
coronavirus disease 2019 (COVID-19), on February 11, 2020.
At the same time, the International Committee on Taxonomy
of Viruses declared that the novel coronavirus was named
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). The COVID-19 outbreak spread rapidly across the country,
and Shanghai launched a Level 1 response to major public
health emergencies to control the spread of the virus. After the
WHO announced on November 25, 2021, that the Omicron
(B.1.1.529) variant of SARS-CoV-2 was detected for the first time
in South Africa, this variant has led to a global surge of newly
diagnosed cases of COVID-19. An outbreak of the Omicron
variant occurred in Shanghai in March 2022. To prevent viral
spread within healthcare facilities and ensure that patients
with acute stroke were treated effectively and in promptly,
new requirements were introduced for stroke green channel
management (4). Considering the need for pandemic prevention
and control, our hospital has improved and optimized the
emergency stroke green channel accordingly since March 2020.
Further improvement was implemented in March 2022 to
address the Omicron variant. The present study explored
whether the improvement and optimization of the stroke green
channel process under the prevention and control of the

frontiersin.org


https://doi.org/10.3389/fneur.2022.998134
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wang et al.

COVID-19 pandemic would affect the timing for intravenous
thrombolysis in patients with acute cerebral infarction.

Materials and methods

Subjects

The data of 219 patients with acute ischemic stroke who
were sequentially admitted to the stroke center of the Seventh
People’s Hospital of Shanghai University of Traditional Chinese
Medicine through the stroke green channel process from March
1 to July 31, 2019 (pre-pandemic group), March 1 to July 31,
2020 (SARS-CoV-2 outbreak group), and March 1 to July 31,
2022 (Omicron outbreak group) were included in this study.

The SARS-CoV-2 outbreak group adopted the initial
improved stroke green channel process, while the Omicron
outbreak group adopted the advanced improved stroke green
channel process. The pre-hospital and in-hospital delays of the
patients in these two groups were compared to those of patients
in the pre-pandemic group.

Methods

Inclusion criteria

The inclusion criteria were as follows: acute ischemic stroke
diagnosed by head computed tomography (CT); within 4.5h
of symptom onset; age >18 years; informed consent signed by
family members; patients who met the diagnostic criteria of
the “Chinese Guidelines for Diagnosis and Treatment of Acute
Ischemic Stroke 2018; and underwent intravenous thrombolysis.
The exclusion criteria were patients with acute cerebral
infarction who did not undergo intravenous thrombolysis.

Emergency stroke green channel process

Before green channel improvement

The stroke center was established in 2015. Before the
COVID-19 outbreak, no epidemic prevention measures had
been adopted for the emergency stroke green channel. Upon
patient arrival at the emergency room, the nurse at the reception
desk triaged the patient according to the symptoms, and patients
with suspected stroke were directed into the emergency room.
The emergency physician in the stroke center recorded the
patient medical history and conducted physical examinations
and then prescribed assessments, including head CT scan,
hematology tests, electrocardiogram (ECG), etc. Subsequently,
the emergency physician analyzed the examination results
and confirmed the diagnosis of acute ischemic stroke. In
patients who did not exceed the time window for intravenous
thrombolysis, the current condition was explained in detail
to the patients family members, and informed consent for
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intravenous thrombolysis was requested. The patients received
thrombolytic therapy in the emergency room under ECG
monitoring and were then admitted to the stroke unit for further
diagnosis and treatment.

After green channel improvement

COVID-19 first emerged in China in November 2019 and
gradually spread across the entire country. On February 20,
2020, we improved the green channel process to prevent the
spread of the virus and to minimize the impact on in-hospital
delays. The improved green channel process was adopted at
the hospital from February 20, 2020 to February 28, 2022.
Upon patient arrival at the emergency room, additional full-
time nurses performed epidemiological investigations, body
temperature measurements, and triage. Patients with suspected
stroke with no travel history to high-risk epidemic areas and
no fever followed the previous stroke green channel process,
with the addition of lung CT scan, novel coronavirus nucleic
acid testing via pharyngeal swab, and serum antibody detection.
Patients with a travel history to epidemic areas or fever were
first admitted to the buffer area in the emergency room. The
buffer area was relatively isolated, with independent nurses and
the medical staff wearing level two protection to enter the buffer
area (work clothes, work cap, medical protective mask, goggles
or face shield, and disposable isolation gown). The emergency
physician in the stroke center recorded the patient’s medical
history and performed physical examinations in the buffer area,
while ECG, blood pressure, pulse, respiration, and blood oxygen
saturation (SPO;) were monitored. ECG, blood sugar test,
hematology tests, pharyngeal swab for novel coronavirus nucleic
acid testing and serum antibody detection were performed at the
bedside. The buffer area could directly access an independent
CT room for head and lung CT scans. Patients eligible for
thrombolysis after examination were returned to the buffer
area. The emergency physician in the stroke center talked
with the patient and family members and requested informed
consent for thrombolysis. The patient then received intravenous
thrombolysis and was observed. Patients diagnosed with or
with suspected COVID-19 based on follow-up findings were
admitted to the negative pressure isolation unit after intravenous
thrombolysis. Patients in whom COVID-19 was excluded were
admitted to the stroke unit for further treatment (Figure 1).

Advanced improvement of the green channel
The Omicron variant outbreak occurred in Shanghai in
March 2022. To address the issues of faster transmission and
higher vaccine resistance associated with the Omicron variant,
further improvement was made to the green channel on March
1, 2022. Based on the original pandemic prevention measures,
the COVID-19 antigen detection was added upon patient
admission to the hospital. Four physicians from the stroke
center were stationed in the emergency room, all of whom were

frontiersin.org


https://doi.org/10.3389/fneur.2022.998134
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wang et al.

10.3389/fneur.2022.998134

at the emergency
room

!

Body temperature
and triage

nier the bufier area YES Epidemiological
in the emergency [€——— investigations
room onsistent with anyo!

Y

1. ECG, blood suga?‘

test

2. Hematology tests
3. Pharyngeal swab
for novel coronavirus
nucleic acid testing
and serum antibody

detection

Independent CT
room for head and
lung CT scans

Intravenous
thrombolysis in

Independent CT room
or the buffer area in
the emergency room

Upon patient arrival

(1) There was a history of travel or
residence in the epidemic area within 14 days
before onset.

(2) There was a history of contact with novel
coronavirus infected persons within 14 days
before onset.

. (3) Cluster onset.
.* (4) Body temperature greater than 37.3 °C.
X (5) Have respiratory symptoms.

NO
Enter the general
emergency zone

1. ECG, blood sugar
test

2. Hematology tests
3. Pharyngeal swab
for novel coronavirus
nucleic acid testing
and serum antibody

etection

A
—

General CT room for
head and lung CT
scans

Intravenous
thrombolysis in
General CT room or
the general
emergency zone

Suspected or

sQnfirmed COVID- Sikeuok

YES

Negative pressure
isolation ward

FIGURE 1

The improved process of the emergency stroke green channel after the pandemic onset.

required to see patients while wearing level two protection in
shifts every 8 h; the other procedures were consistent with the
improved green channel process in 2.2.2.

Observation indicators
In this study, the door-to-needle time (DNT), door-to-

imaging time (DIT), and door-to-test completion time were
used as the main time indicators of in-hospital delay of the
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stroke green channel. The Modified Rankin Scale (mRS) score
at 30 days, incidence of spontaneous intracerebral hemorrhage
(sCIH) and 30-day mortality were adopted as indicators for the
observation of patient outcomes. Indicator variables subjected
to statistical analysis in this study included demographic data
(age and sex); presence or absence of history of hypertension,
diabetes, coronary heart disease, atrial fibrillation, and stroke;
mode of hospital arrival (via the emergency medical service or
other methods); and stroke severity assessed using the National
Institutes of Health Stroke Scale (NIHSS). The main time
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indicators were defined according to international standards
as follows: (1) onset time: time of onset of the current stroke
symptoms of the patient (for patients with an unclear onset time,
the last-known normal time was used); (2) door time: time at
which the patient arrived at the emergency room for registration;
(3) head imaging time: time at which the plain CT scan of the
head had been completed and the images had been obtained;
(4) test completion time: time at which the laboratory provided
all test reports; and (5) intravenous thrombolysis time: time of
initiation of intravenous thrombolytic therapy.

Date collection and patient follow

During the hospital stay of each patient, the following
data were recorded by a neurologist: patient age, sex, past
histories, mode of transportation to the hospital, NIHSS score
at admission, NIHSS score at discharge, DNT, DIT, door-to-
test completion time, and whether sCIH had occurred. For each
patient or patient’s surrogate, reliable contact information was
obtained to assess outcome in person (eg., clinic follow-up) or
by telephone between 30 days from the incident stroke. The
mRS score was obtained at 30 days (4-7 days allowed to establish
contact). Patients who were lost to follow-up received the last
recorded mRS or an mRS derived from the last documented
neurological evaluation as their final score.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows, version 25.0. The quantitative data were expressed
as X £ s, and x 2 tests were used for comparisons among the
three groups. Qualitative data were expressed as frequencies,

10.3389/fneur.2022.998134

and comparisons among the three groups were performed
using Fisher’s exact tests. Pairwise comparisons among the three
groups were performed using Dunnett’s tests. P < 0.05 indicated
statistical significance.

Ethics statement

The studies involving human participants were reviewed and
approved by Seventh People’s Hospital of Shanghai University
of Traditional Chinese Medicine. The patients/participants
provided their written informed consent to participate in
this study.

Results

Basic clinical data of the three patient
groups

A total of 295 patients with acute cerebral infarction were
admitted to our hospital between March and July 2019, before
the pandemic onset. Of these, 57 patients (19.32%) underwent
intravenous thrombolysis in the emergency room. A total of 422
patients with acute cerebral infarction were admitted between
March and July, during the SARS-CoV-2 outbreak. Of these,
94 patients 22.27%) underwent intravenous thrombolysis in the
emergency room. A total of 235 patients with acute cerebral
infarction were admitted between March and July, during the
Omicron outbreak. Of these, 68 patients (28.94%) underwent
intravenous thrombolysis in the emergency room (P = 0.029).

The baseline data of the three groups of patients are shown in
Table 1. Patient age; sex; and histories of hypertension, diabetes,
coronary heart disease, atrial fibrillation, and stroke did not
differ significantly among the groups (all P > 0.05). The NIHSS

TABLE 1 Baseline information of three patients groups undergoing intravenous thrombolysis.

Pre-
pandemic group

N =57
Age (years) 65.84 & 14.35
Male sex 36 (63.2%)
History of hypertension 39 (68.4%)
History of diabetes 13 (22.8%)
History of coronary heart disease 10 (17.5%)
History of atrial fibrillation 2 (3.5%)

History of cerebral infarction 12 (21.1%)

NIHSS score at admission 5.00 £ 4.52
NIHSS score at discharge 3.84+4.57

Taking an ambulance to the hospital 22 (38.6%)

NIHSS, the National Institute of Health Scale Score.
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SARS-CoV-2 Omicron outbreak P value
outbreak group group
N =94 N=68
66.98 + 14.21 66.41 + 13.70 0.889
52 (55.3%) 49 (72.1%) 0.094
56 (59.6%) 51 (75.0%) 0.115
20 (21.3%) 15 (22.1%) 0.975
18 (19.1%) 15 (22.1%) 0.808
10 (10.6%) 8 (11.8%) 0.223
13 (13.8%) 13 (19.1%) 0471
479 4594 7.71 4 7.36 0.007
4734720 522+ 7.07 0.501
48 (51.1%) 56 (82.4%) <0.001
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scores at admission did not differ significantly between the
SARS-CoV-2 outbreak group and the pre-pandemic group, but
was significantly higher in the Omicron outbreak group than
that in the pre-pandemic group (7.71 £ 7.36 vs. 5.00 £ 4.52, P
= 0.026). The NIHSS scores did not differ significantly among
the three patient groups at discharge (pre-pandemic group 3.84
+ 4.57, SARS-CoV-2 outbreak group 4.73 £ 7.20, Omicron
outbreak group 5.22 %+ 7.07, P = 0.501). The proportions of
patients undergoing emergency intravenous thrombolysis who
came to the hospital by ambulance were significantly higher
during the COVID-19 pandemic (pre-pandemic group 38.6%,
SARS-CoV-2 outbreak group 51.1%, Omicron outbreak group
82.4%, P < 0.001).

Comparison of the delay indicators for
intravenous thrombolysis in the three
patient groups

The DNT did not differ significantly among the three patient
groups (39.96 £ 10.75min in the pre-pandemic group, 46.07
=+ 22.83 min in the SARS-CoV-2 outbreak group, and 39.92 +
17.12 min in the Omicron outbreak group, P = 0.064).

The DIT in the SARS-CoV-2 outbreak group was
significantly longer than that in the pre-pandemic group
(22.42 £+ 7.62 vs. 1891 £ 8.23 min, P = 0.031), but did not
differ significantly between the Omicron outbreak group and
pre-pandemic group (20.35+ 10.38 min vs. 18.91 £ 8.23 min,
P =0.543).

The door-to-test completion time in the Omicron outbreak
group was significantly longer than that in the pre-pandemic
group (92.60 =+ 25.82 min vs. 65.11 = 22.35 min, P < 0.001) and
also visible between the SARS-CoV-2 outbreak group and the
pre-pandemic group (78.37 & 25.17 min vs. 65.11 £ 22.35 min,
P =0.003) (Tables 2, 3).

Comparison of outcome indicators of the
three groups

At the 1-month follow-up, the proportion of patients with
mRS scores of 0-2 did not differ significantly among the

10.3389/fneur.2022.998134

three groups (82.5% in the pre-pandemic group, 76.6% in
the SARS-CoV-2 outbreak group, and 73.5% in the Omicron
outbreak group, P = 0.488). The incidence of sSICH was not
significantly different among the three groups (1.8% in the pre-
pandemic group, 2.7% in the SARS-CoV-2 outbreak group, and
3.2% in the Omicron outbreak group, P = 0.151). Significant
differences in 30-day mortality were also absent among the three
groups (1.8% in the pre-pandemic group, 2.1% in the SARS-
CoV-2 outbreak group, and 2.9% in the Omicron outbreak
group, P = 0.899) (Table 4).

Discussion

The COVID-19 pandemic is the largest public health crisis
in a century, with an estimated 541 million infections and 6.33
million deaths as of June 28, 2022 (5). The novel coronavirus
pneumonia caused by SARS-CoV-2 infection appeared in
December 2019, with its widespread dissemination of SARS-
CoV-2 and the large number of infected patients attracting
global attention. At present, SARS-CoV-2 has evolved into
multiple variants, including o (B.1.1.7), Beta (B.1.351), Gamma
(P.1), Delta (B.1.617.2), and the currently dominant variant
Omicron (B.1.1.529). Due to the global spread of the Omicron
variant, the cumulative number of infections in Shanghai from
March to July 2022 exceeded 600,000. Compared with the
other variants, the Omicron variant is the most highly mutated
variant, spreads faster than the original virus strain and other
VOCs, and poses a higher risk of reinfection than the other
variants (6, 7), thus posing a greater challenge for outbreak
prevention and control.

Emergency medical service resources were heavily utilized
during the COVID-19 pandemic, with a 330% increase in the
number of calls to the emergency medical system in some
places (8). The results of the present study showed an increased
proportion of patients with acute cerebral infarction who visited
the clinic by ambulance during the SARS-CoV-2 outbreak. It was
also observed that the proportion of patients with acute cerebral
infarction who arrived at the hospital via emergency medical
services increased further during the Omicron outbreak, which
may be due to the strict traffic control measures and movement
restrictions imposed in Shanghai during this period.

TABLE 2 Comparisons of in-hospital delay indicators in the three groups of patients undergoing intravenous thrombolysis.

Pre-pandemic group

N=57
DIT (min) 18.91 £8.23
DNT (min) 39.96 + 10.75
DNT <60 min 54 (94.7%)
Door-to-test completion time (min) 65.11 +22.35

SARS-CoV-2 outbreak Omicron outbreak P value
group N =94 group N = 68
22424 7.62 20.35 4+ 10.38 0.049
46.07 4 22.83 39.92 4+ 17.12 0.064
80 (85.1%) 62 (91.2%) 0.150
78.37 4 25.17 92.60 + 25.82 <0.001

NIHSS, the National Institute of Health Scale Score; DNT, door-to-needle time; DIT, door-to-imaging time.
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TABLE 3 Further comparisons by Dunnett’s test.

10.3389/fneur.2022.998134

Group Group P-value
NIHSS score at admission SARS-CoV-2 outbreak group Pre-pandemic group 0.970

Omicron outbreak group Pre-pandemic group 0.026
DIT SARS-CoV-2 outbreak group Pre-pandemic group 0.031

Omicron outbreak group Pre-pandemic group 0.543
Door-to-test completion time SARS-CoV-2 outbreak group Pre-pandemic group 0.003

Omicron outbreak group Pre-pandemic group <0.001
NIHSS, the National Institute of Health Scale Score; DIT, door-to-imaging time.
TABLE 4 Comparisons of outcome indicators in the three groups of patients undergoing intravenous thrombolysis.

Pre- SARS-CoV-2 Omicron outbreak P-value
pandemic group outbreak group group N = 68
N=57 N=94

MRS 0-2 47 (82.5%) 72 (76.6%) 50 (73.5%) 0.488
sICH 1(1.8%) 6 (2.7%) 7 (3.2%) 0.151
30 days mortality 1(1.8%) 2(2.1%) 2(2.9%) 0.899

MRS, Modified Rankin Scale; sICH,symptomatic Intracranial Hemorrhage.

The COVID-19 pandemic has an inevitable impact on
the management of stroke patients. Some studies have shown
a decreased rate of stroke patients intravenous thrombolysis
during the pandemic, which might be related to the delayed
access or even reluctance of stroke patients to seek medical care
during this time (9). However, some studies also showed that
the reperfusion therapy rate was not greatly affected during the
pandemic (10). Our study indicates that the number of patients
with acute cerebral infarction and proportion of acute cerebral
infarction patients who received intravenous thrombolytic
therapy were increased during the SARS-CoV-2 outbreak
compared with the pre-pandemic period. Previous studies
have shown that first-line neurologist decision, Laboratory and
neuroimaging in nearest Location can increase the rate of
intravenous thrombolysis (11). In our process improvement,
we set up a separate CT room and access, and arranged a
separate neurologist in the emergency department, which may
have played a role. During the Omicron outbreak, the number
of patients with acute cerebral infarction decreased significantly
compared with the previous period, although the number
of patients who underwent intravenous thrombolysis did not
show a corresponding decrease, resulting in an increase in the
proportion of intravenous thrombolysis. A possible explanation
for this phenomenon is that the number of COVID-19 cases
during the SARS-CoV-2 outbreak period was relatively low,
which did not affect the healthcare seeking behavior of patients.
In addition, health education related to stroke has been ongoing;
previous research has shown that public health education
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promotes an increase in the intravenous thrombolysis rate (12).
However, the number of COVID-19 cases in Shanghai showed a
huge surge during the Omicron outbreak period, prompting the
adoption of traffic control measures and movement restrictions
by the Shanghai government. Consequently, some patients,
especially those with mild symptoms and slow progression who
were less likely to experience obstruction of large blood vessels,
avoided seeking medical care due to fear of being infected. This
resulted in a decrease in the number of acute cerebral infarction
patients who sought medical attention, although those with a
more severe condition, who were in genuine need of emergency
intravenous thrombolysis, were still transported to the hospital
via emergency medical services.

SARS-CoV-2 is transmitted primarily through respiratory
and contact transmission. The safe distance between people is
inevitably reduced in a medical setting, which increases the risk
of infection. During the COVID-19 pandemic, the optimization
of the stroke green channel played a great role in protecting
the health environment of medical institutions and the safety
of relevant medical personnel, preventing the spread of SARS-
CoV-2 in medical institutions, and ensuring that patients with
acute stroke received timely and effective treatment. During the
SARS-CoV-2 outbreak, we: (1) arranged for trained full-time
nurses in the stroke green channel to conduct epidemiological
investigations, body temperature measurements, and screening
of stroke patients to screen for patients at risk of COVID-19
infection while performing triage; (2) required all medical staff
working in the stroke green channel to implement level 2 or
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higher protection in the emergency room (wearing work clothes,
a disposable cap, a medical protective mask [N95 or above],
goggles or face shield, a medical protective gown, disposable
gloves, and disposable shoe covers) and also required patients
and their family members to wear a mask throughout the whole
process; (3) set up an independent buffer area in the emergency
room to isolate suspected infected patients from non-infected
patients and reduce transmission; (4) set up an independent CT
room near the emergency buffer area equipped with radiologists.
Lung CT scans were performed in patients with suspected
infection, who reached the independent CT room through an
independent channel; (5) performed pharyngeal swabs for novel
coronavirus nucleic acid testing and serum antibody detection.
During the Omicron outbreak in 2022, we further optimized the
stroke green channel given the highly infectious and insidious
characteristics of this variant: (1) Novel coronavirus antigen
detection was performed additionally in patients at admission
to provide rapid results; (2) a biometric door reader with body
temperature detection was set up to facilitate the detection of
febrile patients at admission; (3) several doctors stationed in
the stroke green channel in shifts were relatively isolated from
other areas of the hospital to reduce the risk of transmission.
These additional protocols were designed to prevent the spread
of the virus inside the hospital and they worked accordingly.
During the pandemic, no patients with acute cerebral infarction
in the stroke green channel were cross-infected in our hospital.
Studies have shown that patients presenting to the hospital with
acute neurological symptoms during the COVID-19 pandemic
may experience delayed treatment due to in-hospital delays
(13, 14). In this study, while the DIT time during the SARS-
CoV-2 outbreak increased, the DIT time during the Omicron
outbreak did not differ significantly from that before the
pandemic, which might be related to the additional COVID-19
screening measures at the beginning of the pandemic. However,
with the continuous improvement of the stroke green channel
after the normalized prevention and control of the pandemic,
and the continuous familiarity of nurses, doctors from the
stroke center, and radiologists with the improved process, the
impact continued to decrease over time. Moreover, the DNT for
intravenous thrombolysis and proportion of DNT <60 min in
the new process for the stroke green channel was not affected
by the pandemic, during either the SARS-CoV-2 or Omicron
outbreaks This result indicates that the optimization of the green
channel process to reduce in-hospital virus transmission did not
affect the in-hospital delay of intravenous thrombolysis.

In this study, the door-to-test completion time was
prolonged in patients with acute cerebral infarction during the
SARS-CoV-2 outbreak and the Omicron outbreak compared to
that before the pandemic, a further increase occurred during the
Omicron outbreak compared with the SARS-CoV-2 outbreak,
which may be due to the increase in antigen and antibody
testing for outbreak prevention and control during the SARS-
CoV-2 outbreak period. This might be related to the demand
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for medical resources during the Omicron outbreak and the
participation of laboratory physicians in nucleic acid screening
in the community, resulting in a decreased number of laboratory
physicians in the hospital. Although the door-to-test completion
time did not affect the in-hospital delay in intravenous
thrombolysis, reduced platelet count and abnormal coagulation
function are contraindications to intravenous thrombolysis in
some patients (15). Thus, it was necessary to wait for the
laboratory test results before starting intravenous thrombolysis,
which may have affected the thrombolysis timing.

Our results showed that the incidence of sICH after
intravenous thrombolysis and 30-day mortality did not differ
significantly among the three groups of patients and were not
affected by adjustments made to the green channel process
during the pandemic period. To investigate the short-term
outcomes of the patients, we performed a 30-day follow-up of
the mRS scores of patients. It was found that the good outcome
rate (proportion of patients with mRS scores of 0-2) was also not
significantly different among the three groups.

This study has certain limitations. First, this was a single-
center study with a relatively small sample size, which may
not comprehensively reflect the effects of the COVID-19
pandemic on stroke green channels in high-risk areas. However,
the hospital had experienced the SARS-CoV-2 and Omicron
outbreak stages of the COVID-19 pandemic and implemented
corresponding pandemic prevention and control measures
according to the different virus transmission characteristics of
the two stages. Therefore, our results possess certain reference
value, and it is not limited to the COVID-19 virus. Second,
there are certain inherent limitations due to the retrospective
nature of the study, any observed changes may have been subject
to general trends or interventions targeting public health or
individual behavior changing. We hope that future prospective
studies will be conducted to understand the role of green
channel adjustment in epidemic prevention and control. Last,
since arterial thrombectomy was not performed in our hospital
before 2020, there is a lack of impact of improved green access
on in-hospital time delays for arterial thrombectomy during
the pandemic.

In conclusion, the results of this study showed that during
the two outbreaks of the COVID-19 pandemic (SARS-CoV-
2 and Omicron), improvement of the green channel for
intravenous thrombolysis might have caused some delay in the
in-hospital DIT during the SARS-CoV-2 outbreak, however,
it did not affect the in-hospital delay indicator DNT for
intravenous thrombolysis during the pandemic.
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