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Background: Coronavirus disease 2019 (COVID-19) has a long incubation period and
a high degree of infectivity. Patients may not show specific signs or symptoms of upper
respiratory tract infection, and the age of onset is similar to that of stroke. Furthermore,
an increase in neurological conditions, specifically acute cerebrovascular disease, has
been detected. Providing emergency treatment for acute stroke in accordance with the
strict epidemic control measures is currently one of the main challenges, as acute stroke
is rapid onset and a major cause of death and disability globally. We aimed to evaluate
the emergency treatment system for acute stroke during the epidemic control period
to provide a reference and basis for informing government and medical institutions on
improving patient treatment rates during this period.

Methods: Difficulties faced in providing emergency treatment for stroke during an
epidemic were investigated and combined with medical educational resources and
clinical management experiences to construct an emergency treatment framework for
acute stroke during the epidemic.

Findings: Currently, emergency treatment measures for acute stroke during the
epidemic control period are limited because the main focus is on identifying COVID-19
comorbidities during the critical period. Establishing standards for patients in the
neurological outpatient consultation rooms and emergency observation and resuscitation
zones; implementing a fast-lane system for the emergency treatment of patients with
acute stroke, and strengthening ward management and medicine popularization, can
improve the treatment efficiency for stroke patients during the epidemic and provide a
reference for peers in clinical practice.

Interpretation: Emergency treatment for acute stroke during COVID-19
epidemic control period requires a joint promotion of clinical, popularization, and
teaching resources.

Keywords: coronavirus disease 2019, epidemic control, emergency guarantee for acute stroke, medicine
popularization, medical education
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INTRODUCTION

In December 2019, an outbreak of a novel coronavirus
pneumonia (NCP) occurred in Wuhan, Hubei province, China,
and it rapidly spread to different provinces in China, as well
as countries in Southeast Asia, Europe, North America, and
many others (1). The Chinese National Health Commission
has listed NCP as a category B infectious disease, and the
management measures for category A infectious diseases were
adopted, indicating that new discovered cases are required to be
reported within 2 and 6 h in the city and countryside, respectively
(2, 3). According to the World Health Organization (WHO),
the official name of the disease is coronavirus disease 2019
(COVID-19) and according to the International Committee on
Taxonomy of Viruses, the virus is called severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) (4, 5). The main clinical
presentations of COVID-19 were fever, fatigue, dry cough, and
other respiratory symptoms (6-8). Although the main clinical
manifestations are respiratory, an increase in neurological
conditions, specifically acute cerebrovascular disease, has been
detected (9-11). Stroke refers to acute neurological dysfunction
due to a vascular cause, which tends to occur mostly in winter
and spring and is rapid onset and a major cause of death
and disability globally (12, 13). People with underlying diseases
such as diabetes, hypertension and cardiovascular disease, were
more associated with stroke (14-16). COVID-19 patients with
underlying diseases had poorer prognosis and higher mortality
rates (17, 18). Identifying COVID-19 comorbidities in a patient
during the critical period in acute stroke treatment is a key
point and a challenge in stroke management. Herein, we evaluate
and describe not only the challenges in providing emergency
treatment for acute stroke but also the possible response
strategies to ensure efficient operation regarding acute stroke
diagnosis and treatment during the COVID-19 epidemic and
provide basic ideas for clinical practice.

CHALLENGES IN PROVIDING
EMERGENCY TREATMENT FOR ACUTE
STROKE DURING THE COVID-19
EPIDEMIC CONTROL PERIOD

SARS-CoV-2 is an enveloped, positive-sense, single-stranded
RNA virus belonging to the Betacoronavirus genus, and
its sequence is highly homologous with that of SARS-like
coronaviruses in bats (19-21). The main transmission routes
include infected respiratory droplets and direct contact with
the infected individual. Transmission through other routes such
as aerosols and fecal-oral routes is still unclear and requires
validation through further studies (22, 23). Humans are generally
susceptible to the disease. Compared with SARS, SARS-CoV-2
has a longer incubation period and a high degree of infectivity.
Patients may not show specific upper respiratory tract signs and
symptoms (24). Therefore, COVID-19 tends to cause nosocomial
infection and cross-infection, which poses a great challenge in
epidemic control. The construction of an emergency treatment
framework and strategy is an important prerequisite for the

standardization of the diagnosis and treatment process and thus
improving patient treatment efficiency, thereby having direct
and key effects on improving treatment rate, thereby reducing
mortality rate, improving public confidence, and alleviating
social panic.

Identification of COVID-19 Comorbidities
During the Critical Period of Acute Stroke

Treatment

Stroke, or cerebrovascular accident, involves injury to the
central nervous system due to a vascular cause, which is a
major cause of death and disability globally (24). Patients
with COVID-19 alongside an underlying disease had poorer
prognosis and higher mortality rates: the mortality rates of
patients with diabetes, hypertension, and heart disease were
5.3, 2.8, and 4.2%, respectively (25). In addition to smoking,
obesity, excessive alcohol consumption, and lack of exercise,
hypertension and diabetes are the most important risk factors
for stroke (26-28). A recent study showed ~81% of COVID-
19 patients with ischemic stroke had known vascular risk
factors, the commonest being hypertension (75%) followed by
diabetes (50%), coronary disease or atrial fibrillation (29). The
age at onset of COVID-19 is similar to that of stroke, and
all underlying comorbidities are also important risk factors for
stroke. Studies have shown the possibilities of cerebrovascular
diseases being the initial symptoms of COVID-19, associating
with a poor prognosis. The mortality rate of COVID-19 patients
with stroke was higher than that previously reported in either
COVID-19 respiratory infection alone, or acute ischemic stroke
alone (30). Additionally, racial disparities in COVID-19 case
counts and outcomes have been highlighted, especially among
African American populations (30, 31). Underlying biological,
genetic, or epigenetic characteristics along with less access to
healthcare, and social and economic disparities might predispose
to health differences and outcomes (32, 33). 84.6% of strokes
were cortical and more than 50% of patients had no identifiable
source, which were categorized as embolic stroke of unknown
source (ESUS) (34). The common large vessel disease with ESUS
indicates an increased risk of coagulopathy and endothelial
dysfunction. Several COVID-19 series pointed infarcts typically
followed a subcortical or distal cortical distribution and some
mechanisms for stroke, which might be associated with the
infection and its complications, including either the causation
of acute cardiac injury, creation of antiphospholipid antibodies
or even severe hypercoagulable conditions caused by D-dimer
or fibrinogen abnormalities (9, 35, 36). Consistent with the
previous studies, a high rate inflammatory markers was found
in stroke population, such as the neutrophil-lymphocyte ratio,
ferritin, D-dimer, procalcitonin, C-reactive protein (CRP) and
lactate dehydrogenase (29, 37). Therefore, attention must be paid
closely to the risk of comorbidities in COVID-19 during stroke
treatment. Regarding the treatment of patients with acute stroke,
time is of the essence. Identifying COVID-19 comorbidities in
patients with acute stroke during the critical period and reducing
delays caused by COVID-19 screening is the main challenges in
the emergency treatment.
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Strong Popular Science Requirements for
Acute Stroke

New media and we media have continuously emerged and
become important sources of information for the public, which
not only means that the media provides increasing popular
medical knowledge, but also prompts the misinformation and
rumors (38). Previous studies have shown that new media
use and more media engagement was associated with negative
psychological outcomes, while certain media content such as
viewing heroic acts, speeches from experts, and knowledge
of the disease and prevention was associated with positive
psychological impact (39, 40). These studies highlighted the need
for timely public health communication from official sources and
debunking misinformation associated with the COVID-19 in real
time by local communities and governments (41). The outline
of “Healthy China 2030” highlighted that prevention was better
than cure in the establishment of a healthy China and encouraged
the strengthening of popular medical education and improving
the public health communication (42, 43). Season type, especially
winter and spring, and unhealthy lifestyles increase the risk for
stroke (12, 13). How to prevent stroke at home, how to identify
stroke, and the subsequent admission and treatment processes
in hospitals during an epidemic are the main aspects of popular
science. The deep learning of the admission and treatment
processes in hospitals for patients’ family members during the
epidemic will not only avoid losing time due to unfamiliarity,
but also strengthen their trust in the medical staff and reduce
medical disputes which occur during COVID-19 screening (44,
45). However, the impact of COVID-19 on improving the
doctor-patient relationship in China is still very controversial.
Although the occupancy in most inpatient and outpatient
clinics were reduced, the amount of work was increased by
fundamental transitions of work flows, communication, staff
structure and hygiene measures to cover the needs of prevention,
treatment and follow-up care as well as protection of staff
(46). Additionally, self-reported rates of anxiety symptoms
and depression symptoms were high among medical staff
under the outbreak of COVID-19 (47, 48). Therefore, how
to balance the work and popular science of medical staff is
another problem. How to rationally utilize the professional
knowledge of medical students, combine teaching resources
and medical popularization, cultivate new medical talents, and
examine sustainable development mechanisms for combining
social mission and the literacy training of medical students,
science popularization, and public interests are problems that
require crucial analytical investigation (49).

CONSTRUCTION OF AN ACUTE STROKE
EMERGENCY TREATMENT FRAMEWORK
UNDER EPIDEMIC CONTROL
CONDITIONS

In this study, the problem of reducing the delay caused by
COVID-19 screening faced during the treatment of patients
with acute stroke under COVID-19 epidemic control conditions
was used to propose a basic framework for fast lane treatment

of acute haemorrhagic stroke and acute ischemic stroke. In
this framework, the construction of a rational organizational
framework is the basis for ensuring the rapid diagnosis and
treatment of patients with acute stroke on the basis of COVID-
19 control. The coordinated and orderly collaboration between
various departments is a prerequisite for achieving resuscitation
during the golden hour. Real-time standby of different teams
provides important support for the emergency treatment of acute
stroke. This strategy with a good response has been applied to
hospitals in Changsha, China, aiming at providing a reference
and basis for informing government and medical institutions on
improving patient treatment rates during this period.

Strengthening Staff Control and

Standardizing Admission Screening

During the treatment of patients with acute stroke, attention
should be paid to the risk of COVID-19 comorbidities, which is
determined by the following criteria:

Epidemiological history: () History of travel or residence to
high-risk areas within 14 days before disease onset in patients
with acute stroke; @ History of contact with people from the
high-risk areas within 14 days before disease onset in patients
with acute stroke; (3) Presence of disease clusters; @ Close
contact with patients with fever, fatigue, or respiratory symptoms

Clinical presentation: (I) Fever or respiratory symptoms
including weak and dry cough; 2) Classical imaging presentation
of COVID-19; 3 Normal or reduced white blood cell count or
lymphocytopenia during the early stages of the disease.

Patient Admission Management Process in the

Neurological Outpatient Consultation Room

@ Inpatient treatment should be avoided as much as possible
for non-emergency outpatients, and elective admission and
treatment should be carried out after the epidemic has
been controlled.

@ For outpatients who require hospitalization, temperature
monitoring and detailed inquiry, on epidemiological contact
history and clinical presentation for COVID-19 should be
carried out. Lung computed tomography (CT), routine blood
tests, erythrocyte sedimentation, CRP, procalcitonin, four-
item pre-transfusion screening (HBsAg, HCV-Ab, TP-Ab,
and HIV-Ab), and electrolyte tests should be carried out.

® The above medical tests and relevant results are used to
determine a suspected case of COVID-19 and whether the
patient is admitted or entered the neurology emergency
department for stroke and inpatient screening process
(Figure 1).

@ For those who require inpatient treatment, the outpatient
physician is responsible for notifying the chief resident
physician in the ward.

Patient Admission Management Process in the
Neurological Emergency Observation and
Resuscitation Zones

The pre-screening and triage procedures are strictly complied
with scientific screening and rational triaging of patients.
Patients who visit the new medical emergency observation
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FIGURE 1 | Neurology emergency department and inpatient screening process.
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or resuscitation zones after pre-screening and triage at the
emergency department will be hospitalized after specialist
consultation according to the routine procedures, if they do not
have a fever, epidemiological history, or respiratory symptoms.
If fever and respiratory symptoms are present, () Lung
CT, blood routine, ordinary CRP, erythrocyte sedimentation,
procalcitonin, four-item pre-transfusion, and electrolyte tests
must be performed. @ If significant imaging presentation is
absent, two emergency department team members will sign
and confirm, and the comments of the imaging expert will be
recorded (valid within 24h of signing). No further screening
is required, and the patient can be admitted by a specialist
attending physician. @ If COVID-19 cannot be excluded
according to the consultation opinions of the emergency
department expert group (including imaging), the patient will
be transferred to a designated fever isolation zone in the
hospital for further screening. On the following day, two
pharyngeal swabs will be collected for SARS-CoV-2 nucleic acid
screening. @ Patients who are positive for SARS-CoV-2 will
be transferred to designated hospitals, while those who are
negative will undergo consultation by the emergency department
expert group (including imaging). After COVID-19 exclusion,
emergency department team members will sign. Simultaneously,
the comments of the imaging expert will be documented in
the medical records, and the patient will be admitted to the
specialist department.

Fast Lane Treatment of Emergency Department for
Acute Stroke

Due to the differences in resuscitation measures during an acute
haemorrhagic stroke and acute ischemic stroke, we describe the
fast lane procedures for acute haemorrhagic stroke (Figure 2)
and acute ischemic stroke (Figure3) during a COVID-
19 epidemic and propose the following recommendations

for the consultation of patients with acute stroke in the
emergency department:

@ For patients with suspected or confirmed COVID-19 along
with comorbid critical cerebrovascular disorder, if the
disease onset occurs outside of the hospital, then they should
be transferred to the nearest National Health Commission-
designated hospital for treatment. Patients with acute
cerebrovascular disorder who seek medical attention at
our hospital should undergo scientific screening, rational
triage, and timely quarantine in strict accordance with
the COVID-19 emergency department pre-screening and
triage procedures.

@ For suspected patients who need to enter the fast lane
of stroke, dedicated medical staff will accompany them
to the COVID-19 screening zone, and screening will be
carried out according to the fever outpatient procedure.
Simultaneously, neurologists will be assigned to assist in the
fast lane treatment of stroke.

@ Aggressive thrombolysis treatment should be administered
simultaneously with the screening for acute ischemic
stroke in patients who fulfill the criteria for a suspected
COVID-19 case, within the time window for intravenous
thrombolysis and if there is no contraindication for
intravenous thrombolysis (50). Endovascular recanalization
therapy should also be considered in suspected COVID-
19 patients with acute ischemic stroke due to large artery
occlusion within 6h [or within 24h in some cases (51)]
after onset (52). Stroke team members must be careful
of COVID-19 exposure during clinical evaluation and
performance of imaging and laboratory procedures of stroke
patients with suspected or confirmed COVID-19 infection,
especially in the process of intravenous thrombolysis
and mechanical thrombectomy (53). For patients with
severe/critical COVID-19, the pros and cons should be
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FIGURE 2 | Acute haemorrhagic stroke fast lane management procedure during the COVID-19 epidemic.

weighed. In principle, pneumonia is treated first. After () Clean zones, potential contamination zones, and

completing the treatment, the patient is transferred to the contamination zones are designated in the neurological
isolation room, and neurologists are organized to conduct ordinary and ICU wards; staft paths are set up; and bedside
ward rounds in the isolation room daily. diagnosis, treatment, and nursing are advocated.

@ As patients with cerebral hemorrhage or subarachnoid (3 Emergency isolation wards are set up in the ward,
hemorrhage often present with fever, the procedure must which are equipped with sufficient disinfection and
be strictly followed for identification and screening. protective equipment to respond to acute respiratory
Patients suspected to have COVID-19 will not enter infection for quarantine and treatment of suspected and
the catheterisation room for angiography, craniotomy, or confirmed patients. Work is carried out according to
intervention treatment for the disease. These patients should relevant systems and procedures to achieve isolation,
be isolated and treated with routine medical conservative disinfection, and protection requirements stipulated in the
treatment. Time selecting operations will be performed when relevant guidelines.

COVID-19 is ruled out. @ The neurological ordinary and ICU wards will report data

on fever in inpatients from the midnight of the previous day
to the present midnight to the medical affairs department

Strengthening Ward Management at 8 a.m. daily. The infectious disease management office of

Ward Control and Management the medical affairs department will complete the summary at

(D A dedicated entrance is set up at the ordinary neurological 8:30 a.m. daily and submit the report.
ward for demographic information registration and (& If suspected or confirmed patients are discovered in the
temperature measurement by the staff, and it restricts ward, relevant emergency plans and work procedures will
access to unauthorized people. Only one caregiver can be activated rapidly. The suspected or confirmed patients
accompany every patient. In the neurological ICU ward, a are transferred to the emergency isolation wards [point
telephone is used to communicate with the staff about the @], who need treatment and referral according to the
patient’s condition. When necessary, visitation is carried out. requirements later. The entire ward needs to be thoroughly
Workers will use their staff cards, inpatients will use their disinfected, and both medical staff, patients and caregivers
wrist bands, and caregivers will use their caregiver card for in the ward are classified as close contacts. Medical staff
access. People without their facial masks on are not allowed and caregivers should be isolated immediately and patients
into the medical zone. should be observed and isolated while treating. Another
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FIGURE 3 | Acute ischemic stroke fast lane management procedure during the COVID-19 epidemic.

group of medical staff will take over this ward with  Overall deployment of medical resources
protection measures. Overall deployment of medical resources in the department,
©® Specialist diagnosis and treatment or care of suspected or  rational establishment of medical echelons, rational scheduling,
confirmed patients are carried out to ensure that medical — and organization of a preparatory echelon are carried out.
staff achieve the corresponding protection grade in the  Graded protection is carried out according to the position and
relevant regulations. Additionally, access of non-medical  zone protection standards and material allocation requirements.
staff is restricted, and visitations are not allowed according  Department staff are supervised to ensure that they strictly
to the principle. comply with the medical staff protective gear gowning/de-
(@ After patients are transferred out, the contact environment  gowning procedure (56), and suspected medical staff are
is treated according to the medical institution disinfection  quarantined and treated in a timely manner. The protection
technical specifications (54, 55). measures for different roles are as follows:

@
Medical Staff Management

Entire departmental staff training

Training on COVID-19 case discovery and reporting,
epidemiological survey, sample collection, laboratory testing,
medical treatment and nosocomial infection control, and
personal protection will be given to all staff members in the
department to make them familiar with COVID-19 control
knowledge, methods, and techniques; understand laws and
obligations related to epidemic control; and achieve early
identification, early reporting, early quarantine, early diagnosis, @
and early treatment.

Primary protection: (a) Diagnosis, treatment and nursing
of ordinary inpatients; (b) Triaging, and registration of
outpatients in the fever outpatient clinic and timely data
reporting; (c) Cleaning and disinfection of ordinary zones;
(d) Collection of medical waste from ordinary patients; (e)
Ordinary cleaning work; (f) Testing ordinary patients by
medical technicians; (g) While processing the samples from
suspected patients in the laboratory, it is recommended that
the staff wear masks (N95), protective goggles (anti-fog) or
protective face shields for primary protection.

Secondary protection: (a) Diagnosis and treatment, care,
and processing medical waste from infected or suspected
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Sharps waste Infectious waste

Samples and preservation solution
containing pathogens

\ \

Double medical

Sharps box
e waste bag

3/4 full

v

Effective sealing, ensuring it is tight.
Gooseneck knot

v

Spraying with disinfectant containing
1000 mg/L available chlorine/external
medical waste packaging

v

Placing in medical waste transport box
and sealing with red tape

v

Labelling (unit, production department, type)

FIGURE 4 | Medical waste management and treatment flowchart.

v

Autoclave/chemical disinfection

Weighing, registration,
signing, and submission

*

COVID-19 labelling

patients; (b) Collection of medical waste from infected or
suspected patients; (c) Cleaning areas that have been exposed
to patients with suspected or confirmed COVID-19.

® Tertiary protection: Diagnosis and treatment, care, and
surgical operation in patients with suspected severe
infections (such as tracheotomy or intubation).

Concern for the physical and mental health of medical staff
During the COVID-19 epidemic, clinical staff will face physical,
intellectual, and psychological challenges, and protecting them
is key to eradicating the epidemic (57, 58). Therefore, rational
arrangement of manpower resources and shifts should be
carried out to avoid over-exhaustion among the medical staff.
Proactive health monitoring should be carried out based on
the characteristics of different positions and risk assessment,
and several measures should be employed to ensure good
physical and mental health among the medical staff as well as
the families of clinical frontline staff. If medical staff develop
psychological problems and require psychological counseling
and drug intervention, a psychiatrist should be asked to assist in
psychological intervention when necessary.

Inpatient Management

If a suspected COVID-19 case is identified in a ward, then the
patient should be quarantined in a single room, and activities and
visits from family members should be restricted. Medical staff
should wear protective gears (N95 mask and disposable isolation

gown for primary protection), avoid contact with patients as
much as possible, and avoid repeated movement in and out the
ward. Emergency chest CT and routine blood tests, ordinary
CRP, erythrocyte sedimentation, procalcitonin, four-item pre-
transfusion, and electrolyte tests should be performed. The
person in charge of the ward will examine and identify patients.
For specific procedure, please refer to “neurological emergency
outpatient and inpatient screening process (Figure 1).” Close
attention must be paid to the following points during the
management of inpatients:

@ Quarantine should be carried out early for suspected or
confirmed patients.

@ Inpatients should be guided on how to correctly select and
wear masks, correct cough etiquette, and hand hygiene.

® Strengthening the management of patient visits
by caregivers.

@ Proactive advocacy on epidemic control knowledge in

inpatients and caregivers.

Medical Waste Management and Treatment

Different medical waste (sharps waste, infectious waste,
samples, and preservation solution containing pathogens, etc.)
should be collected in order (Figure 4). Tightness, cleanliness,
color specificity, labeling, and processing registration are the
most important points in the management and treatment of
medical waste.
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CONSTRUCTION OF AN ACUTE STROKE
EMERGENCY TREATMENT TEAM DURING
EPIDEMIC CONTROL

With the continuous emergence of new media, people are
no longer restricted to television and newspapers to acquire
information, as more information is acquired from various
new media platforms (59-61). However, this increases
misinformation and rumors. When faced with a public
health emergency such as COVID-19, the public tended to
be misinformed on the Internet when they were unable to
obtain timely, authoritative, and scientific information (62, 63),
which resulted in panic buying of medical supplies, increased
nervousness in the public and caused severe negative social
effects. This showed the importance of science popularization
and the emergency treatment team. In this study, acute stroke
was used as a starting point to construct science popularization
and an emergency treatment team during an epidemic. First,
the selection of science popularization content should include
the following principles: ) Determine the target population;
@ Target the current status of the epidemic; 3 Conform to
actual situation; @) Get accurate and easily understandable
content. Therefore, science popularization was divided into
COVID-19 epidemic and stroke modules to describe the disease
characteristics, type of onset, and prevention. The connections
between the contents are ensured, and long articles were
avoided. This required professional knowledge and language
summarisation ability of the popular science author. In addition
to text, animations, comics, and videos could be combined in
many ways to make popular science content more interesting and
acceptable to the public. A three-layered structure is adopted for
the construction of a science popularization team: () Editorial
team: consisted mainly of medical professionals with a Ph.D.
degree or students with a master’s or an undergraduate degree,
who were responsible for selecting and compiling popular
science content and submitting manuscripts to the review group.
@ Review team: mainly consisted of hospital professors and
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