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Abstract

This article presents management processes for dealing with the novel coronavirus disease 2019
(COVID-19) outbreak at the West China Hospital of Sichuan University. From January to
March 2020, the West China Hospital of Sichuan University established response structures
and protocols, as well as integrated out-of-hospital resources, to deal with the COVID-19 out-
break. A total of 8066 patients were screened, and 345 COVID-19 patients were isolated for
treatment. Hospital command systems, emergency management protocols, as well as process,
space, and personnel management, strengthening material reserves, and social responsibility
strategies were implemented. Outbreak management aspects that required improvement
included estimates of the anticipated number of cases, timely collection of patient information
and feedback on the effect of outreach and online consultation methods.

Effective management of public health crises by frontline tertiary hospitals is a challenge.' Since
the outbreak of the novel coronavirus disease 2019 (COVID-19), the staff of the West China
Hospital of Sichuan University, which is a large comprehensive hospital, introduced a series
of response measures, including a hospital command system, and protocols for the management
of emergency mechanisms, processes, space, personnel, and material resource allocation. In
addition, within 3 days after the first COVID-19 patient was admitted (January 21, 2020), a
research platform was established. These measures were based on the experience with the severe
acute respiratory syndrome (SARS) outbreak as well as insights from the Wenchuan earth-
quake.>* From the time the first case was admitted to the end of March 2020, a total of
8066 patients presented with COVID-19-like symptoms. Among them, 345 confirmed cases
of COVID-19 were isolated for treatment; no deaths were observed. Herein, we describe the
control measures adopted by the West China Hospital (institutional details are presented in
supplementary materials).

Discussion
Hospital command system

Following the outbreak of COVID-19, the West China Hospital established a dual organiza-
tional structure, which included a leadership group and an expert consultation group. The
leadership group was overseen by the president of the hospital who served as the overall group
leader, while the vice-president served as the deputy group leader, as was the protocol at other
similar institutions.* An expert consultation group was formed under the leadership group
and included multidisciplinary experts in infectious, respiratory, critical, emergency, labora-
tory, and radiology medicine. Lastly, epidemic monitoring, triage, medical care, out-of-hos-
pital consultation, personnel training, material reserve, and media response teams were
established (Figure 1). Each group had a person in charge and a contact person. The groups
were responsible for formulating operational processes in response to hospital situation and
communicated via an online social platform (Wechat). Individuals in charge of each team
solved problems during daily meetings.

Emergency management mechanisms

Given the requirements set forth by the National Health Commission for the prevention and
control of the COVID-19 epidemic, a hospital response plan was formulated on January 16,
2020 (supplementary material), outlining implementation plans for pre-examination and triage,
monitoring, diagnosis, quarantine, reporting, and treatment of suspected cases. Coordination
meetings were held daily. The leadership team visited treatment sites to respond to challenges
and optimize the protocols. All protocols were strictly implemented, pursuant to the relevant
guidelines and regulations. In addition, the West China Hospital connected with the national,
provincial, and municipal governments to strengthen information sharing, forewarn, and share
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Figure 1. Organizational structure of the hospital command system.

best practice with other institutions. Hospital plans and working
systems were developed for internal management.

Based on the COVID-19 diagnosis and treatment plan issued by
the National Health Commission, the West China Hospital’s expert
consultation group updated internal protocols, generating a total of
4 editions. Concurrently, experts examined and updated existing lit-
erature. Targeted guidance for the diagnosis and treatment of severe
and critically ill patients with COVID-19 was provided by the
Sichuan Province government. Technical consultations (including
on-site and telephone consultation) for the diagnosis, treatment,
prevention, and control of COVID-19 were available in the
Sichuan Province. All key personnel participated in policy develop-
ment and government organization and supervision.’

Process management

A temporary 24-hour COVID-19 clinic was established and staffed
by physicians with knowledge and experience gained during the
SARS epidemic.® Each patient was treated by a cooperative system
of 2 physicians and 2 nurses. Nucleic acid testing was conducted in
patients presenting with fever and relevant history. Experts in
infection and respiratory disease confirmed all diagnoses.

A consulting team included clinical and management experts
treating suspected, confirmed, severe, and critical cases. A
patient-specific protocol was implemented to help achieve a pre-
cise treatment plan,” which was adjusted, as required. At tertiary
hospitals during allocation of patients to the appropriate level of
care, a rapid scoring system,”® and the Sequential Organ Failure
Assessment scores,” were used for early identification of critically
ill COVID-19 patients.

A unidirectional flow was created to direct traffic among hos-
pital clinics.!? For example, a channel with a separate entrance and
exit was set up in the outpatient building of the hospital, and a door
on the side of the outpatient space served exclusively as an
entrance. Likewise, the channel that connected the outpatient
building to the first inpatient building was used only as an exit.
To reduce personnel cross-activities, other channel ports were
temporarily closed (Figure 2).

Space management

Dedicated space and service process

A dedicated COVID-19 clinic was built using 4 medical tents of 30
square meters each, helping to contain infection spread among sus-
pected cases. In addition, the public was informed that masks were
mandatory on hospital premises.''~'* Concurrently, a 3-level triage
model was implemented at the outpatient and emergency depart-
ments, starting with a fever pre-examination triage desk, which was
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separated from the common consultation desk and equipped with
an infrared body temperature monitor as well as a hand-held ther-
mometer. The second level of triage was a temperature detection
point created at nurses’ stations in the outpatient department to
collect patients’ epidemiological history. The third level of triage
entailed outpatient and emergency physicians interrogating fever
and epidemiological history of presenting patients. Patients with
fever or relevant epidemiological history triggered surgical mask
distribution to the patient and all interacting staff before being sent
to the COVID-19 clinic, accompanied by clinic or triage nurses.

Hospital bed preparation

Based on the previous outbreak response,'* the quarantine ward
was expanded. Initially, the West China Hospital reserved a single
50-bed ward for observation and quarantine, which was expanded
to 15 wards within a couple of weeks, using space initially allocated
to other departments. Given the anticipated number of patients
and existing regulations, the West China Hospital prepared to
serve as a designated reserve hospital for patients with COVID-
19. The preparation involved obtaining buy-in from all hospital
departments; transferring patients already hospitalized at the
infectious disease and tuberculosis departments, and the fifth
inpatient building; temporarily transforming 20 negative pressure
wards (40 beds) into severe COVID-19 units and acquiring 400
quarantine beds by managing early discharge and obtaining
new beds.

Population clustering control

The members of the public were asked to self-diagnose using
online tools and to judge whether hospital visit, or admission,
was required before presenting at the clinic. This approach helped
reduce the number of suspected cases presenting at the hospital.'®
The risks of infection were communicated through mass media
channels. Population clustering was reduced to decrease the risk
of transmission and ensure that acute and critical cases received
the required care.

Personnel management

Consultation team and echelons of prevention and control

An in-hospital consultation team (including departments of infec-
tion, respiratory, and critical medicine) and inter-hospital consul-
tation expert team (including departments of infection,
respiratory, critical, and laboratory medicine) were established
within a day of the COVID-19 outbreak.'®!” To cope with the
shortage of medical resources, physicians in non-infectious respi-
ratory specialties were trained in COVID-19 management,
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Figure 2. Separate entrance and exit routes were created in the outpatient building during the COVID-19 epidemic.

epidemiological and clinical characteristics, case definitions and
classification, differential diagnosis, reporting, treatment, dis-
charge criteria, patient transportation principles, nosocomial
infection control, and personal protective equipment use. The sec-
ond echelon of prevention and control was established by the
medical staff of the general medical departments, while the third
echelon of the protocol was established mainly by the medical staff
of the surgical departments. Contingency plans involved mobiliz-
ing non-specialists to address increased care demands.

All-staff training

Like the case at other healthcare institutions,'®*" all staff underwent
training on COVID-19 control, prevention, self-protection, and
diagnosis. From January 17 onwards, training on COVID-19 spread,
control, and prevention was administered 4 times to the hospital
staff both online and in person, through televised meetings, and per-
sonal correspondence. The training included information on
COVID-19-associated pneumonia and pneumonia of unknown ori-
gin, methods of epidemiological and medical history taking, diag-
nostic  criteria, treatment principles, epidemic reporting
requirements, disinfection skills, quarantine protocols, protection,
and other infection prevention and control details.

18-20

Special training for key personnel

On January 17, the hospital appointed key management persons to
study documents detailing COVID-19-related pneumonia diagno-
sis and treatment processes, and infection control and prevention
protocols. Pursuant to the latest national diagnosis and treatment
plans, employee training was organized in a timely manner
through online meetings and self-study, including information
sharing on social platforms to ensure efficient implementation
of relevant strategies.

Minimizing staff cross-infection

Staff cross-infection prevention protocols included early detection
of potential cases, staff contact management, and education about
infection spread. Tests for the presence of COVID-19 antibodies
through nasopharyngeal swabs were performed among 5000
employees on duty; all staff daily reported their physical condition
to the director of the department; exposed employees were isolated.
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Symptomatic staff members were re-tested for antibodies.
Employee entry and exit channels were established, personal pro-
tective equipment was provided, and online task checklists were
updated regularly to improve staff awareness of infection control
and prevention methods.

Material resource allocation

From January to March 2020, personal protective equipment sup-
plies were lacking, requiring nationwide collaboration. The logis-
tics team was tasked with identifying resource requirements, while
the liaison officer was tasked with procuring materials from gov-
ernmental and non-governmental organizations, among others,
which were then quality controlled by the logistics team. Based
on the experience gained during the SARS outbreak,?! the logistics
team galvanized all stakeholders to increase the supply of personal
protective equipment and relevant raw materials, securing
increased expenditures and donations.??

Social responsibility of regional medical center

Remote consultation system

The provincial government and health commission of the Sichuan
Province established a remote consultation system covering the pro-
vincial, municipal, and county levels to deliver remote medical con-
sultations to the whole province. The West China Hospital acted as
the center of remote consultation systems for COVID-19 in the
Sichuan Province, targeting other hospitals within the network; at
launch, the system was available to 27 nearby primary hospitals that
admitted COVID-19 confirmed or suspected patients. Given the
volume of transmitted data, this system used fifth generation mobile
communication technology to ensure efficient transmission. Exactly
3 days after the COVID-19 outbreak, remote consultations for dif-
ficult cases were successfully provided to 20 patients with COVID-
19 in primary hospitals. On January 26, the West China Hospital
completed the first regional remote consultation for patients with
acute and severe COVID-19.

Online diagnosis and treatment
In response to the COVID-19 outbreak, the West China Hospital
upgraded the existing Internet Diagnosis and Treatment Platform,
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a direct online communication channel for the management of
subsequent clinical consultations. This upgrade benefitted chronic
disease patients, enabling them to manage their registration and
wait listing, to view clinical recommendations and prescriptions,
confirm appointments, and order medicine deliveries. In addition,
the platform enabled both the doctor and patient to view medical
records, perform video and voice consultations, and effectively
diagnose and treat disease. The system also enabled issuing test
referrals and admission cards, as required, including a recommen-
dation for an in-person visit.!°

In addition, telephone and online consultation systems were
established during the COVID-19 epidemic.’ These services were
targeted at the general public rather than at chronic disease
patients, and included COVID-19-related and psychological coun-
seling, self-evaluation, and at-home management advice. On
January 26, the West China Hospital opened a mental health sup-
port helpline. As of January 28, a total of 1606 and 231 patients had
consulted 153 doctors online and by telephone on concerns regard-
ing mental health, respiratory and critical care medicine, infectious
disease, vascular surgery, cardiac surgery, rheumatology and
immunology, endocrinology and metabolism, thoracic surgery,
gastrointestinal surgery, neurology, urology, dermatology, and
venereology. A follow-up team with 30 medical staff was created
and 2 editions of mental health support manuals were issued.
Meanwhile, information on COVID-19 control, prevention, diag-
nosis, and treatment was released to the public through micro
blogs, WeChat, and other social media platforms, including infor-
mation on correct mask use, helping contain public panic and sup-
porting infection control efforts.”

Supporting national infection control and prevention

Experts were dispatched to participate in the consultation, treat-
ment, and development plans for early cases of COVID-19
recorded in the Sichuan Province, including 3 experts that deliv-
ered keynote addresses at the province-level teleconference train-
ing hosted by the Health Commission of the Sichuan Province. The
out-of-hospital consultation group led the West China Hospital
expert team to primary hospitals to assist in the prevention and
treatment of infection cases.

Following applicable guidance, the West China Hospital, as the
leading unit, immediately transferred 25 experienced medical staff,
including 6 physicians, 14 nurses, and 5 laboratory technicians to
join the first batch of medical teams in the Sichuan Province, sup-
porting the work in Wuhan City on January 25. Staff selection
included assignments and volunteers from various departments.
On February 2, 10 medical staff from respiratory and critical care
medicine departments joined the third batch of medical teams in
the Sichuan Province. Subsequently, on January 29, 11 experts
from the West China Hospital’s respiratory and infectious disease,
and intensive care medicine departments were dispatched to help
the treatment of patients with COVID-19 at the Chengdu
Infectious Disease Hospital. Finally, on February 7, 131 members
of medical staff from the West China Hospital joined the fourth
batch of medical teams deployed to Wuhan City.

Technological research

On January 23, an interdisciplinary research platform was created
by the leadership group in conjunction with several research insti-
tutes for COVID-19 data storage, health administration decision
support, and trend tracking, including case reporting. Based on
research hot spots,?>?* the West China Hospital conducted a series
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of COVID-19-related studies. A total of 4 research reports were
submitted to the superior units on January 25, providing data
for further infection control and prevention decisions across the
Sichuan Province. Novel guidance was prepared by in-hospital
experts under the leadership group, providing scientific insights
into disease control and prevention applicable to the Sichuan
Province and elsewhere. In addition, the key challenges in the pre-
vention, diagnosis, and treatment of COVID-19 were discussed by
the leadership and expert consultation groups, helping establish
directions for further research. Meanwhile, a designated science
and technology research project for COVID-19 was launched in
the West China Hospital.

Limitations

First, despite a large supply of isolated medical spaces and beds,
the number of infected patients was small and thus the demand
for these spaces was low. This finding suggests that the antici-
pated number of cases was overestimated. Future studies should
aim to establish models that help accurately predict the likely
number of infected patients. Second, we did not keep a detailed
record of the 8066 patients; consequently, we could not accurately
assess the workload. Future studies should propose effective sys-
tems of record keeping in public health emergencies. Third, the
efficacy of the social media campaign aimed at the general public
was not assessed, as we did not anticipate the need for such assess-
ment and thus lacked designated resources during the COVID-19
outbreak. In future studies, we aim to examine methods that
assess the efficacy of social media campaigns, accounting for
any staff restrictions during an outbreak. Fourth, we lack data
on infection spread outside of the context of an epidemic.
Future studies should compare, and contrast infection spread
patterns between outbreak and non-outbreak periods. Finally,
the number of COVID-19 patients in our area did not exceed
the city’s medical capacity; similarly, material resources remained
sufficient during the outbreak, precluding any meaningful analy-
ses of preparedness for resource shortage.

Conclusions

The outbreak of COVID-19 disrupted the functioning of many
medical institutions. The West China Hospital, which belongs to
Sichuan University, is among the country’s most influential hospi-
tals, delivering insights into effective outbreak management, which
include establishing reasonable organizational structures and oper-
ating mechanisms, integrating out-of-hospital resources and treat-
ment, and establishing a scientific research platform and crossover
collaboration. Timely information and best practice dissemination
are key to successful management of public health emergencies.
The presented measures may be implemented by other institutions
to manage COVID-19 and similar outbreaks.®
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