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The Battle Against Novel Cor onavirus Pneumonia (COVID-19): Emergency

Management and I nfection Control in a Radiology Department

Abstract

Objective: To describe the strategy and the emergency marademnd infection control
procedure of our radiology department during the/@19 outbreak.

Methods: We set up emergency management and sensing cte#nos. The team formulated
various measures: reconfiguration of the radioldgyartment, personal protection and training
of staff, examination procedures for patients sotgeeof or confirmed with COVID-19 as well
as patients without an exposure history or symptdrmese with suspected or confirmed
COVID-19 infection were scanned in the designa&gef-CT unit.

Results: From January 21, 2020 to March 9, 2020, 3,083 lpesyspected of or confirmed with
COVID-19 underwent fever-CT examinations. Includingial examinations and
reexaminations, the total number of fever-CT exatiims numbered 3,340. As a result of our
precautions, none of the staff of the radiologyatepent were infected with COVID-19.
Conclusion: Strategic planning and adequate protections cgngretect patients and staff

against a highly infectious disease while maintagrfunction at a high volume capacity.
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I ntroduction

The whole world has been closely focusing on abrealk of respiratory disease caused by a
novel coronavirus that was first reported in Wuhahina, on December 31, 2019, and that
continues to spread. On February 11, 2020, the d\eklth Organization (WHO) named the
disease “coronavirus disease 2019” (COVID-19).

As of 24:00 on March 11, 2020, the National He@ldtmmission (NHC) had received reports
of 80,793 confirmed cases and 3,169 deaths onliee€e mainland. There remain 14,831
confirmed cases (including 4,257 in serious cood)tand 253 suspected cases still
hospitalized. To date, 677,243 people have beerifidel as having had close contact with
infected patients of whom13,701 are under medibstoration [1]. Outside China, 44,067
laboratory-confirmed cases and 1,440 deaths hax@mel in 117 countrieerritories/areas
according to the WHO [2]. COVID-19 poses signifittreats to international health. Like the
flu, COVID-19 is thought to spread mainly from pango-person between people who are in
close contact with one another through respiradooplets produced when an infected person
coughs or sneezes. In light of the infectious reatifirthis disease, healthcare workers are at
high risk of infection of COVID-19. In China, helattare workers account for 1,716 confirmed
cases of COVID-19, including six deaths [3].

Computed tomography (CT) can play a role in badigidosing and categorizing
COVID-19 on the basis of case definitions issuedthaWWHO and the treatment guidelines
from the NHC [4]. Suspected patients having thassmay undergo chest CT. Isolation and
barrier procedures are necessary to protect betdgpartment staff and other patients in the

hospital.Note should be made that due to overlap of imafimdings with other respiratory



diseases, CT is not helpful as a screening todlitBan help identify the degree of pulmonary
involvement and disease course.

Our hospital is a national regional medical centi¢h 4,300 beds and a tertiary referral
center in Sichuan province. The initial responsaetetl on January 21, 2020, after transmission
of COVID-19 was confirmed to be human-to-human amuary 20, 2020. The first suspected
case of COVID-19 in Sichuan province was reportedanuary 21, 2020. The Sichuan
provincial government immediately launched thet{fiesel response to major public health
emergencies. On the same day, our hospital wagrdasd to care for Sichuan province
patients with COVID-19.

This article describes the emergency managemeaoéguoe of our radiology department
for situations involving severe infectious diseasegh as COVID-19, and the

infection-protection experience of the departméaiftf.s

M ethods

The hospital provided personal protective equipnferdical protective clothing,
surgical cap, N95 mask, gloves, face shields, agdlgs) to all its healthcare staff, erected
three medical tents (fever tents) for screeninigeér cases in the parking lot of the emergency
department, planned an examination route and exaimimarea for patients suspected of
harboring the virus, and placed confirmed patienemn isolation ward. “Fever” was the
colloquial term used to designate suspected COMDdsed on symptoms such as a fever or
with an epidemiological history of a potential ezpce as well as those with confirmed

COVID-19 referred for treatment. Further, duringlweak, emergency and outpatient patients



without fever were asked for information such asemiological history and sent to fever tents
as long as they met suspected criteria.

The radiology department has 65 diagnostic radisteg@nd 161 other staff members
(trained technologists, nurses, engineers, andosugtaff). The equipment of the radiology
department includes 12 magnetic resonance (MRnseanl4 CT scanners, 15 digital
subtraction angiography (DSA) systems, 32 setsgitadl radiography (DR) systems
(including nine mobile bedside DR sets), and 138gimg diagnostic workstations for picture
archiving and communication systems (PACS). Moshefequipment is distributed among
four buildings at the hospital main campus. 4 Cansers, 4 MR scanners, 1 DR are located on
the first floor of the first inpatient building, d® DR and 8 DSA are located on the second
floor. 1 CT and 1 MR scanner are located in theeltimpatient building. 1 CT and 1 MR scanner
are located in the sixth inpatient building. 2 €€anners, 2 MR scanners and 7 DSA are located
in the technical building. The rest of the equipirieocated in the seventh inpatient building
in the branch campus.

The first inpatient building, located next to theexgency department, was reconfigured to
handle cases of COVID-19. Fever tents were selyupdemergency department in the
emergency department parking lot to separate na@maltgency patients from patients with
symptoms or exposure history suspicious of COVIDW® established separate means of
access between fever tents and between the feaerieation area of the radiology department
to avoid cross-contamination.

The emergency management and infection control unegsas described below and

implemented in the radiology department duringdbtbreak, have been approved by the



infection control committee of hospital. These meas are in accordance with relevant laws

and regulations, in order to protect patieadsvell as the staff.

Radiology Emergency Management and | nfection Control Team (EMICT)

The radiology department director chaired the EMIES members include the deputy
director, chief technologist, head nurse, equipreagineer supervisor, and infection control
nurse of the radiology department. Team respoitg#siincluded (1) coordination between the
hospital’s management and planning of infectioni@m@nd radiology departments; (2)
collection of the most up-to-date protection-redatgormation to educate and train staff in the
department; (3) reallocation of staff accordinghe actual situation; (4) establishment of the
CT procedures for patients with COVID-19; and (8jaélishment of an emergency
management plan for the radiology department tarenthat the department would run

normally.

Suspected patients
The suspected patients were identified accordirigediagnosis and Treatment Program of

the Novel Coronavirus Pneumonia of the NHC [5],mhabased on epidemiological history.

Reconfiguration of the radiology department
The radiology department was divided into four argdg contaminated, semicontaminated,
buffer, and clean aredBigure 1). The contaminated area is connecteldedever clinic and

includes the fever accessway, the CT examinatiomy@nd the DR examination room for



confirmed and suspected cases. One CT scannenarf system closest to the emergency
department are designated the fever-CT and feveteD#amine patients with suspected and
confirmed COVID-19. There is a separate dedicatedss between the contaminated area and
the fever screening tents. The semicontaminatediactudes the fever-CT control room,
fever-DR control room, and other patient examimatocess areas. The buffer zone includes
access areas for medical personnel and a dressiadaa technologists. The clean area
includes the administrative office and the diagicastom.

The contaminated area was isolated from other argiag physical barricades.

Directional signs were newly installed to guideigats and staff.

Personal protection and training of staff

For providing care for patients with confirmed au$pected COVID-19, all hospital staff
are required to wear complete personal protectivgpenent [7]: medical protective clothing,
surgical cap, N95 mask, gloves, face shields, aggles. Wearing and removing of the
equipment must be performed in accordance witlptbeedures and under the supervision of
the infection control nurse.

Because staff members working in the contaminatea are under much situational
pressure, periodically taking time off could loviikeir physical and mental stress levélse
technologists on fever-CT duty shifts are providdateak once a week for four hours. In
addition, the health of staff in the contaminatezhanust be monitored closely for the

symptoms of COVID-19. Pregnant staff must be agsigo the clean area.



The EMICT formulates and continually updates gurgd and educates all staff for West
China Hospital of Sichuan University. The EMICTimiag for staff is mainly involves
documents regarding infection control and CT figdiof COVID-19and maintains an EMICT
WeChat group for West China Hospital of Sichuarversity. WeChat is the most widely used
social media app in China. The EMICT releasesalest national and hospital-based
information regarding COVID-19, guidance documeatx] other notices from the hospital
and radiology department in the WeChat group oaily Basis. Staff can also report to the
EMICT in the WeChat group any time. Protocols facte modality and infection control
instructions are posted on the walls in all exatmmarooms. The EMICT periodically reminds
staff to undertake personal measures to reducetiofie such as wearing masks at all instances
in the radiology department and N95 masks if wagkinthe contaminated area; not touching
the mask and the eyes; practicing hand hygieneidaavay from colleagues when eating,
drinking, and talking; and not using personal palbnes while on duty.

In addition, the chief thoracic radiologist progdllectures on all radiologists and
technologists on typical CT findings of COVID-19ention using materials developed in

Wuhan, the epicenter of the outbreak in China.

CT examination procedures
There are two sets of procedures for CT examinatienfever-CT procedure and routine CT
procedure for those not suspected of COVID-19.

The fever-CT procedure for suspected or confirmed COVID-19 (Figure 2)



Before the fever-CT technologist operates the egem, he or she should wear personal
protective equipment according to three-level mide standard [8]. Before the CT
examination of patients with suspected and confir@®VID-19 begins, the fever tent or
isolation ward notifies the radiologist in advanthe fever-CT technologist checks the
equipment and prepares to disinfect the imagingpagent immediately after the examination.

The patient enters the fever-CT waiting area thindiig fever access area. If the patient
can get onto and off the examination table by tledwes, the patient is allowed to do so. If the
patient cannot get onto or off the examinationdabtependently, the person accompanying
the patient assists the patieratther than the technologist. The technologist kfidite patient
information and, using an intercom system in thengixation room, asks the patient to remove
any metal ornaments on the neck and chest. Alsmtescom, the technologist trains the
patient to hold his or her breath during the exatnom.

The technologist uses a low-dose chest CT protocsitan the patient. After scanning, the
original images are reconstructed as 1 mm-thic&rgayT he technologist browses the images to
ensure that their quality meets the diagnosticireqents and then guides the patient to leave
through the fever access area. The disposablessioegtatient examination are changed after
each patient. The equipment is disinfected accgrtiirthe procedure below.

To protect themselves, the technologists assignétetfever-CT wear N95 mask and

other personal protection as established by theCHMI

The CT procedure for regular patients (figure.3)



Some patients with COVID-19 have no symptoms, aeg tmay call at the general clinic for
other reasons. The following CT procedure is applie under these circumstances:

When the patient makes an appointment for exanoingtine staff asks the patient about
their epidemiological history, symptoms, and sighsuspected criteria are met, the patient
will be sent to the fever tent for further scregnivWhen a patient presents to the radiology
department entrance, his/her temperature is mehdithe temperature is higher than 37.2
the patient is sent to the fever tent for furtmesstigation.

Those with no exposure history, suspicious symptonisver are screened in one of the
non-contaminated CT scanners. The technologisigressto these scanners wear surgical
masks. All patients and the person accompanying e required to wear surgical masks.
After the CT examination, the technologist browtbesimages quickly. If the CT appearance is
typical of lung infection, the technologist immetgily reports it to the chest radiologist on duty
and asks the patient to wait in the CT examinatiamm. If the chest radiologist does not
suspect COVID-19 infection, the patient can ledee@T examination room. If the chest
radiologist does suspect COVID-19 infection, thehtelogist immediately reports it to the
EMICT and sends the patient to the fever tent. flder and equipment in the CT examination
room are disinfected according to regulations, @indisinfection is conducted for 30 min
before examining other patients. These CT scararersonsidered noncontaminated (not

fever-CTs) after these sterilization procedures.

Fever-DR examination procedure



The COVID-19 guideline of the NHC does not recomthehest DR because its ability in
diagnosing COVID-19 is limited. At our hospital, waly use mobile DR units to provide
bedside examination for critically ill patients. &technologist operating the mobile DR

wears personal protective equipment accordingddtttee-level protection standard and

sterilizes the mobile DR according to the ward ngemaent requirements as described below.

Equipment and environment disinfection procedures

Routine disinfection procedure [9]

1) Object surface disinfection: Object surface is wlipeth 1000mg/L chlorine-containing
disinfectant, wipe twice with 75% ethanol for namosion resistance, once /4 hours.

2) Equipment disinfection: The equipment in the conteated area are wiped with
2000mg/L chlorine-containing disinfectant. The DRI&ZT gantry in the contaminated
area are wiped with 75% ethanol. The equipmertierbuffer area is wiped with
500-1000mg/L chlorine-containing disinfectant araddol-containing disposable
disinfectant wipes twice a day.

3) Air disinfection: Turning off all central air cortéiners to prevent air contamination with
each other. Polluted area: open the door for \aittil, each time more than 30 minutes,
once /4 hours; The air sterilizer is continuousérized or the ultraviolet ray is
continuously used in the unmanned state for 60 tegdour times a day, remembered to
close the inner shielding door when air disinfattidther ambient air is sprayed with
1000mg/L chlorine-containing disinfectant and viadid twice a day

4) Ground disinfection: The ground is wiped with 10@@inchlorine-containing
disinfectant, once /4 hours.

5) When contaminated, disinfect at any time. In cdsgsible contamination, disposable
absorbent materials should be used first to comiyleemove the pollutants, and then a
cloth soaked with 2000mg/L chlorine-containing disctant should be used for 30

minutes before wiping.
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Fever-CT disinfection procedures after examination

In addition to the above, disinfect the examinabed and ground with chlorinated disinfectant

containing 2000mg/L [10].

Noncontaminated CT disinfection procedures after suspected COVID-19 case examination

In addition to the above routine disinfection prwe, air disinfection is conducted for 30 min

before examining other patients.

Results

From January 21, 2020 when screening for epidegicdd history or symptoms

suspicious for COVID-19, to March 9, 2020, our Htdscreened a total of 7,203 individuals

and confirmed 24 cases of COVID-19. Of these, 3@&%le underwent fever-CT

examinations. Including the initial examination aedxamination, the total number of fever

CT examination numbered 3,340. The fever-CT scaangatient approximately every 21.5

minutes. As a result of our precautions, none efthff of the radiology department developed

symptoms suspicious for COVID-19. The fever-CT taadbgist, with the highest probability

of exposure, remains PCR negative.

Discussion

It has been 17 years since the severe acute respisgndrome (SARS) epidemite last

national spread of severe infectious disease, lwakeCurrently, the Chinese people are

panicking again. The speed and extent by which @BIA has spread in 2 months are
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unprecedented, beyond those of SARS, and thisdexsdided by its contagious nature and
rapid spread via droplets and contact. The droptete of transmission means that a person can
be infected easily by means of casual contact @n é@mites on contaminated environmental
surfaces. Another theory has yet to be proved:saépmropagation.

How radiology departments respond to any infectiisease outbreak is determined
primarily by the estimated risk of cross-infectiorthe staff and other patients. Appropriate
precautions taken only by staff in direct contatthyatients may be adequate when the risk is
low. The strongest measures need to be implemémtedit the spread of the disease when the
risk is high. With severe infectious diseases sagCOVID-19, the highest level of infection
control measures must be implemented; these ingrmeding adequate standard protective
equipment, training staff, and instituting propareegency plans.

Once a contagious infectious disease has beerifidénthe EMICT must consider four
main areas of response: data gathering, collalborateeds assessment, and expert advice [10].
Data gathering includes dissemination of up-to-@datee definitions and information about
confirmatory tests to all staff with direct patieointact to allow appropriate barrier precautions
to be taken. All typical and atypical imaging feaiof the disease should be made known to
all radiologists to assist in recognition of theadise on images and to allow accurate reporting
of these findings. We have stored images of albbabte cases of COVID-19 in the PACS so
that these images were readily available for adiotagist to review, and images from
previous imaging studies are also available formanson.

Collaboration with the radiology departments ofesthospitals is very important because
patients may initially present to different cenfelspending on geographic location and travel

12



distance. These patients may be few in numbesmigée hospital, but if data from patients at
several hospitals are available, a more accurasthwinderstanding of both imaging features
and epidemiology can be achieved. Disseminatighisinformation to all healthcare facilities
will also lead to early recognition of the diseamag appropriate isolation measures may be
instituted.

The Internet and social media apps, especially Vele@ave been used for distribution of
medical information, and because the exchangefafmmation regarding infectious disease
outbreaks is almost instantaneous, it is an indispiele tool for radiologists. In fact, within a
month of the outbreak, the hospital that receitredmost infected patients from the source of
the outbreak made a PowerPoint presentation ad€thmanifestations of COVID-19, which
was shared via WeChat and disseminated acrosstinérg in a very short time. Subsequently,
COVID-19-teaching PowerPoint presentations fromowes hospitals appeared and were
quickly shared via WeChat.

Our diagnostic process is limited as chest CT alempt diagnostic of COVID-19
because of lack of imaging specificity. But whembaned with other epidemiological,
clinical, laboratory and virus nucleic acid infortiaa, typical chest CT imaging findings are
helpful for making the diagnosis. In our opinidme tmajor role of chest CT is to understand the
extent and dynamic evolution of lung lesions indlibg COVID-19. The reasons why we
adopted the low-dose chest CT scan protocol af@las/s: low-dose chest CT has been
widely used in the screening of early lung canités.well known that many early lung cancers
are ground-glass opacities (GGO), so we believeldlaadose screening is also applicable for
COVID-19. In addition, considering the rapid deystent of COVID-19, many CT

13



examinations may be conducted in the same indiViduaonitor disease progress. Low-dose
scanning can reduce the radiation damage to patient

Although the processes we established minimize@tipesure of hospital staff, ancillary
personnel and other patients, it remains limitefbsws. Sichuan province is not the center of
the epidemic. The number of patients with COVIDvill®om we have treated has not been
high, and most cases are from other provinces ofeCowever, we believe that our
experience in management, the reconfiguration ofadiology department, and the workflow
changes implemented in the current COVID-19 situadéire useful for other radiology
departments that must prepare for dealing witrep&tiwith COVID-19. While no radiology
personnel developed symptoms suspicious for or e@mérmed as having COVID-19, there

may be asymptomatic personnel.
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Figure Legends

Figure 1. Diagram of the layout of our radiologydement was divided into four areas: contaminated

(shaded in black), semicontaminated (shaded ingl@y, buffer (shaded in light gray), and cleagear

(shaded in white). The contaminated area was seghftam other areas by barriers.

Figure 2. Diagram shows CT protocol for suspectati@nfirmed patients with COVID-19.

Figure 3. Diagram shows CT protocol for regulaigrds.

Abbreviations:

COVID-19: coronavirus disease 2019

CT: computed tomography

DR: digital radiography

EMICT: emergency management and infection control team

NHC: National Health Commission

PACS: picture archiving and communication system

SARS: severe acute respiratory syndrome
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Sentence Summary

With severe infectious diseases such as COVID-19, the highest level of infection control
measures must be implemented, collaboration with the radiology departments of other
hospitals be needed, and social media be employed.



Take-home points

1. Toresponse to a community infection emergency, a special emergency management team
needs to be setup at the departmental level to implement infection containment and
control procedures that continues to alow the imaging examination and imaging
diagnosis of those with suspected infection, and to prevent intra-departmenta spreading
of infection (EMICT).

2. Infection control measures, such as reconfiguration of department areas, personal
protection and anti-infection training of all staff, standardized procedures including
contact minimization for chest CT and DR examinations, and timely disinfection of CT
and DR examination rooms, should be implemented properly.

3. If there are more than one scanner in a hospital, only one of them should be assigned to

suspected cases.



