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Coronavirus disease-19 (COVID-19) is a pathogen that has shown an ability for sustained community transmission. To ensure utmost
safety, radiology services will need to adapt to this disease in the coming months and possibly years ahead. This will include learning how
to perform radiographs and CT in a safe and sustainable manner. Due to the risk of nosocomial spread of disease, the judicious use and
implementation of strict infection protocols is paramount to limit healthcare worker and patient transmission. Between 28 January 2020
and 8 June 2020, our institution performed 12,034 radiographs and 178 CT scans for suspected or confirmed COVID-19 patients. As of 8
June 2020, there have been no documented instances of healthcare staff acquiring COVID-19 during the course of work. In this article, we
present the indications and operational considerations used by our institution to safely image patients with suspected or confirmed
COVID-19. Alternative practices for imaging radiographs are also discussed.
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INTRODUCTION
C oronavirus disease-2019 (COVID-19) is an acute
infectious disease that can cause severe viral pneu-
monia. Genomic sequencing has characterized the

pathogen as SARS-CoV-2, a novel human coronavirus
related to SARS-CoV, and MERS-CoV (1). Singapore saw
its first case of COVID-19 on 23 January 2020, and as of 6
June 2020 has over 37,000 cases and 24 fatalities (2). Globally,
there are more than 6.4 million COVID-19 cases with over
383,000 deaths (6 June 2020).
The prevention of healthcare staff and patients from con-

tracting COVID-19, while maintaining continuity of serv-
ices, is vital in ensuring continued healthcare provision
during the pandemic. In a COVID-19 situation report pub-
lished by the World Health Organization, it was reported
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that up until 8 April 2020, there were 22,073 healthcare
workers from 52 countries infected with COVID-19 (3).
The purported infected toll may be a vast under-representa-
tion (4). Intra-hospital healthcare worker transmission has
been linked to limited access to and inappropriate use of per-
sonal protective equipment, prolonged contact with infected
patients, and lack of adequate infection control protocols
(5�7). Given that many suspected or confirmed COVID-19
patients require some form of imaging in their course of diag-
nosis and treatment, the radiology department represents a
significant site of potential spread.

While some have described measures taken to enhance
radiology preparedness during this pandemic (8�11), there
remains a lack of specific guidelines and protocols describing
how to safely perform imaging on COVID-19 patients that
can be widely applied across institutions of various capabili-
ties. This is of particular concern in developing countries
where chest radiographs may be more widely utilized com-
pared to reverse transcriptase-polymerase chain reaction
(RT-PCR) and a lack of infection control and radiographic
protocols may prove detrimental (12).

In this article, we describe the operational protocols used
by Singapore General Hospital, a 1785 bed acute tertiary
referral centre, to safely image patients with suspected or
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confirmed COVID-19. Our diagnostic radiology service
consists of 59 diagnostic radiologists, 273 radiographers and
240 other staff members, including nurses and support staff. A
total of 7 CT scanners are available, with 1 located in the
emergency department (ED), 3 in the outpatient imaging
centre and 3 in the inpatient imaging centre, of which 1 is
equipped with negative pressure capability. There are 13 por-
table radiography units available with 4 allocated for use in
the ED and 9 for use in the wards.

The operational imaging protocols as described in this arti-
cle have been developed by the radiology and infectious dis-
ease departments of our hospital, in accordance with the
relevant regulations stipulated by the Singapore Ministry of
Health.
INDICATIONS FOR IMAGING

The RT-PCR assay is the mainstay of diagnosis locally, con-
sistent with the recommendations set forth by several authori-
ties (11,13,14). However, both radiography and CT imaging
can also play a crucial role in triage, management, and follow
up of suspected and confirmed COVID-19 patients (14�19).

Our institution aims to facilitate expeditious detection and
disposition of patients with suspected or confirmed COVID-
19. While the turnaround time for PCR testing has improved
from the start of the pandemic, test results may require up to
4�6 hours to process in our institution. While awaiting PCR
results, we have been utilizing chest radiographs as part of a
triage tool to determine patient disposition. Chest radiographs
have been shown to be independent predictors of risk for
hospital admission and intubation and radiographic findings
can precede RT-PCR positivity in 9% of cases (19,20).

A multidisciplinary diagnostic triage algorithm, utilizing
symptomatology, epidemiological risk factors and chest radi-
ography, was created to risk stratify patients at first presenta-
tion (21) (Fig 1a). This incorporates a continually updated
national criteria containing the local case definition defined
by the Singapore Ministry of Health (Fig 1b), as well as a set
of internal screen criteria developed by our infectious disease
specialists to further incorporate evolving trends in our popu-
lation, such as emerging clusters (Fig 1c). All patients present-
ing with acute respiratory symptoms receive a chest
radiograph in the ED and designated screening areas. Radio-
graphs, both chest and others, are also performed for inpa-
tients that develop new symptoms, for follow-up purposes,
or for other non�COVID-19-related emergent conditions
(11,13).

The use of chest CT in our institution has been limited to
instances where the diagnosis is uncertain, such as a mismatch
between clinical suspicion and RT-PCR results, or to add
value to management (11,13). Examples include identifica-
tion of disease complications or disease progression. Other
forms of targeted CT imaging are also utilized in both sus-
pected and confirmed COVID-19 cases that may have other
emergent pathology such as stroke or acute appendicitis.
These scans are scheduled after a discussion between
1194
radiology and the clinical teams to ensure only CT studies
that can provide information to guide or alter management
are performed. Other non-emergent CT imaging is delayed
until the patient is cleared of COVID-19.
SEGREGATION OF PATIENT AREAS

To minimize the risk of cross-contamination between suspect
and non-suspect patients, the ED was divided into “Fever”
and “Non-Fever” areas to physically separate patients with
fever or acute respiratory symptoms from those without
symptoms. The Ambulatory Surgical Centre and a parking
garage within the hospital compound were converted to
additional “Fever” areas to cater to the growing demand for
triage.

Patients requiring admission are admitted to one of three
wards, namely, a high-risk ward for confirmed cases and
patients with a high suspicion of disease, an intermediate-risk
ward for patients with COVID-19-like symptoms but have
fewer risk factors and a general ward for patients with no rele-
vant symptoms and are deemed to be low risk.

High-risk wards are equipped with single occupant nega-
tive pressure rooms with adjoining anterooms which are neg-
ative pressure to the patient’s room and the hallway. An
intermediate-risk ward comprises single rooms and cohort
cubicles, where patients are spaced at least 2.7 metres apart to
minimize potential patient to patient transmission. General
wards have no additional distancing measures or infection
protocols in place. The designated beds for each risk classifica-
tion vary based on hospital demand.

CT scans for suspected COVID-19 patients are generally
not performed in the single CT scanner available within the
ED and are delayed until the patient is admitted and can pro-
ceed for the scan in the designated inpatient CT scanner with
negative-pressure capability. Exceptions to this principle are
made only for emergent indications.
EQUIPMENT/ENVIRONMENT DISINFECTION AND
PERSONAL PROTECTIVE EQUIPMENT (PPE)

Learning from our experiences with SARS in 2003, it is clear
that radiology can be a significant source of nosocomial trans-
mission if strict infection control protocols are not in place
(22,23). COVID-19 is highly transmissible via respiratory
droplets, and the possibility of fomite-mediated transmission
is of particular concern for radiology where equipment is rou-
tinely used for multiple patients. The virus can remain viable
in aerosols for up to 3 hours, and on plastic and stainless steel
surfaces up to 72 hours (24). The proper use of PPE and
decontaminating protocols are essential when imaging a con-
firmed or suspect case.

Varying levels of PPE are worn by radiology staff depend-
ing on the risk stratification of the patient (Table 1). All
healthcare staff should undergo N95 mask fit tests and com-
prehensive training sessions before working in areas requiring
PPE.
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Figure 1. (a) Triage algorithm for patients present-
ing with acute respiratory symptoms. It relies largely
on symptomology, epidemiological factors, chest
radiography and PCR testing. Chest CT is only per-
formed on select patients with a persistent high clini-
cal suspicion of COVID-19 but have normal initial
chest radiographs and PCR results. (b) Singapore
Ministry of Health National Criteria for COVID-19, as
of 12 May 2020. This is continually updated during
the outbreak, as new information is brought to light.
(c) Singapore General Hospital Internal Screen Crite-
ria for COVID-19, as of 11 May 2020. This has been
developed to enhance detection of suspect cases
not captured by the national criteria.
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Given that radiology equipment contains multiple moving
and electronic components, it cannot be easily sterilized by
conventional means. The short turnaround time required
during surge demand also limits the duration of disinfection.
Each piece of equipment, such as a portable radiography
machine, is divided into sections and each area wiped down
with a fresh anti-microbial wipe according to a fixed cleaning
regime. Our institution uses Wip'Anios Excel wipes (Labora-
toire ANIOS, Lille-Hellemmes, France) containing a disin-
fecting solution of Didecyldimethylammonium chloride.
Examples of cleaning sections include the base of the unit,
including wheels and casing, and the x-ray tube head (Fig 2).
A similar protocol is available for the cleaning of CT scan
rooms and machines (Fig 3). Terminal cleaning by specialized
1195



TABLE 1. Staff Personal Protective Equipment (PPE) Required for Various Patient Risk Categories

Staff don varying extent of PPE depending on patients risk level in the wards and ED.
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Figure 2. Cleaning protocol for portable radiography unit. Each color-coded area indicates a single cleaning section that should be disin-
fected with a fresh antimicrobial wipe.
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cleaners from the environmental services department is per-
formed with Sodium hypochlorite 1000 ppm solution and
ultraviolet (UV-C) irradiation.
WORKFLOW FOR CHEST RADIOGRAPHY

Radiography services for patients from general wards are pro-
vided in accordance with routine pre-COVID-19 imaging
workflows with standard PPE. This includes wipe-down of
patient contact surfaces and adhering to strict hand hygiene
practices. Terminal cleaning is not required.
Only portable radiography services are provided for

patients in high- or intermediate-risk wards to limit patient
transfers and the risk of cross infection. In designated “Fever”
areas in the ED or converted hospital areas, a portable radiog-
raphy machine is stationed at a fixed location where all
patients are imaged. Terminal cleaning of the room is per-
formed twice a day.
Radiographers work in pairs, with a designated “clean”

radiographer with no direct contact with the patient, and a
“contact” radiographer who interacts directly with the
patient. Isolation ward anterooms are equipped with hand
sanitizers, PPE, mirrors, and hospital approved antimicrobial
wipes. Wipe-down decontamination is performed for any
equipment transferred between the patient’s isolation room
and external areas.
We describe the protocol used for portable radiography

used in our isolation wards. For institutions without ante-
rooms, anteroom procedures can be performed in the area
immediately outside of the isolation room. Alternative steps
for imaging performed at a fixed designated location such as
screening areas in the ED are also included.
Preparation
1. “Clean” radiographer wears a lead apron. Both radiogra-
phers don PPE. Radiographers perform visual inspection
with the aid of a mirror and a buddy system. In certain
wards, an infectious control nurse visually checks PPE
from outside the anteroom (Fig 4a).
a. Portable � don PPE outside the anteroom.
b. Fixed location � don PPE in the examination room

prior to patient arrival.
2. Both radiographers enter the anteroom with the portable

unit.
3. Preparing the detector

a. Portable � the detector is wrapped completely in fluid-
impermeable plastic (Fig 4a).

b. Fixed location� wrapping of the detector is not required.
4. Confirmation of two patient identifiers and the radio-

graphic examination with a read back.
a. Portable� “Contact” radiographer proceeds into the isola-

tion room and confirms relevant information. “Clean”
radiographer performs a read back to “contact” radiogra-
pher (Fig 4b). “Clean radiographer” then enters the isola-
tion room with the portable machine and hands the
wrapped detector to “contact” radiographer (Fig 4c).

b. Fixed location � Patient enters examination room.
Confirmation is performed within the room.
Performing the Exposure
1. “Contact” radiographer positions the patient and detector.
“Clean” radiographer adjusts the collimation and centring
(Fig 4d).
1197



Figure 3. Cleaning protocol for CT scan room. The disinfection protocol was developed in collaboration with the hospital infection control
and radiography teams.

CHIA ET AL Academic Radiology, Vol 27, No 9, September 2020
2. Once ready, “contact” radiographer stands behind “clean”
radiographer and the exposure is performed (Fig 4e).

3. “Contact” radiographer retrieves the detector.
After Completion of the Exposure
1. Leaving the room

a. Portable � Radiographers exit the isolation room into

the ante-room together. “Contact” radiographer holds
1198
the wrapped detector while “clean” radiographer han-
dles the portable machine (Fig 4f).

b. Fixed location � the patient leaves the examination
room.

2. “Clean” radiographer doffs surgical gloves, protective
gown and face shield with appropriate hand hygiene
measures, and puts on a fresh pair of surgical gloves.

3. “Clean” radiographer wipes down the detector slot (Fig 4g).
4. Retrieval of detector



Figure 4. General radiography workflow for an isolation room with anteroom facilities. Caption: Diagramatic representation of radiographer
movement and PPE donning and doffing regime in the workflow for chest radiography of a patient with suspected or confirmed COVID-19. In
the absence of anterooms, anteroom procedures can be performed immediately outside the isolation room. A similar workflow can be adapted
for imaging performed at a fixed location such as in the emergency department.
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a. Portable � “Contact” radiographer opens the top
of the protective plastic wrapper, taking care not
to touch the surface of the detector (Fig 4g).
“Clean” radiographer retrieves the detector, taking
care not to touch the outer surface of the wrapper
(Fig 4h).

b. Fixed location � “Contact” radiographer retrieves
non-wrapped detector from fixed position.
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5. The detector is wiped down and placed into the detector
slot. Images are uploaded wirelessly.

6. “Contact” radiographer doffs surgical gloves and protec-
tive gown with appropriate hand hygiene measures, and
puts on a fresh pair of surgical gloves (Fig 4i).

7. Both radiographers perform thorough surface cleaning of
the machine according to a fixed regime (Fig 2). Surgical
gloves are disposed and hand hygiene is performed.

8. The “clean” radiographer dons a new pair of gloves after
hand hygiene. The lead apron is removed, wiped with an
antimicrobial wipe and returned to a designated hanger
on the portable machine.

9. The “contact” radiographer processes the images for
wireless upload.

10. Where applicable, radiographers exit the anteroom with the
portable machine (Fig 4j). N95 masks and goggles or face
shields are retained between patients and can be used for up
to 4 hours unless soiled. If no further imaging procedures are
required, the N95 masks are removed and stored in a new
Ziplock bag or container for reuse, or disposed in covered
bins. Hand hygiene is performed after removal.

The implementation of the described enhanced infection con-
trol protocols results in a longer turnaround time for each imaging
procedure. The total turnaround time for portable imaging of a
patient in an isolation ward with anteroom and an isolation ward
without an anteroom is 25 and 15 minutes, respectively. The
turnaround time at a fixed location such as our ED is 15 minutes.
WORKFLOW FOR CT

Standard PPE and routine pre-COVID-19 imaging work-
flows are utilized when imaging patients from general wards.
This includes wipe-down of patient contact surfaces and per-
forming strict hand hygiene. During contact with patients
from intermediate-risk wards, staff don full PPE and proceed
with routine pre-COVID-19 workflows. Terminal cleaning
is not performed for our general or intermediate-risk wards.

The radiology team involved consists of a radiologist, two
radiographers, a radiology nurse and a patient porter. The
“contact” radiographer dons full PPE and enters the scan
room. The nurse and remaining “clean” radiographer don
N95 masks only, and are deployed within the control room
which is designated as a “clean” room with no contact with
the patient or clinical team from the ward. Scans from inter-
mediate- and high-risk wards are performed in a negative-
pressure CT scan room when possible.
Preparation
Figure 5. CT workflow for patients from high-risk isolation wards.
Caption: Position and movement of patient, radiographers and other
staff involved in the imaging of a patient with suspected or confirmed
COVID-19. This is performed in a CT scan room with negative pres-
sure capability
1. Non-essential furniture such as non-mounted storage cab-
inets or additional cushions are moved out of the CT scan
room (Fig 5a). Protective plastic sheets are placed over
“high touch” areas in the CT scan room such as the scan-
ner table.
1200
2. Security and cleaning staff don full PPE and standby along
a designated transport route from high-risk ward to Radi-
ology.
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3. Access to the scan room is restricted with placement of
signs to direct traffic flow away from the room.

4. The primary clinician and/or the duty radiologist don
N95 masks and standby within the control room with the
“clean” radiographer and a nurse.

5. A patient porter is dispatched to the COVID-19 ward to
fetch the patient.
Transporting the Patient to Radiology
1. The porter dons full PPE at the ward (Fig 5b).
2. The security team blocks off designated lifts and clears traf-

fic along the assigned transport route.
3. The porter and ward team transport the patient to Radiol-

ogy. Throughout transport, the patient wears a surgical
mask.

4. Following closely, cleaning staff commence surface decon-
tamination along the travelled route.

5. The patient is transferred to the scan table for CT.
6. “Contact” radiographer and ward team wait outside the

scan room while the scan is performed by the “clean” radi-
ographer in the control room.
After Completion of the Scan
1. The duty radiologist will review the scan images to ensure
that the scan performed is adequate to answer the clinical
question at hand.

2. The patient is transported back to the ward by the porter
and ward team via the designated route. Cleaning staff will
again follow closely to perform surface decontamination
(Fig 5c).

3. Once the patient has left the department, “contact” radi-
ographer begins a wipe-down of equipment according to
a fixed regime (Fig 3). After completion, the “contact”
radiographer doffs PPE with appropriate hand hygiene.

4. A specialized team of cleaners will then commence termi-
nal cleaning of the CT scan room (Fig 5d).

For CT imaging, the total turnaround time to image a
patient from a high-risk ward is significantly longer at
90�120 minutes compared to 30 minutes for patients from
general or intermediate-risk wards. We have found that in
situ simulation was useful in identifying procedural gaps,
increasing efficiency, patient safety and overall familiarity and
confidence with the new workflow.
ALTERNATIVE PRACTICES AND FUTURE
DIRECTIONS

An alternative radiographic imaging protocol obtaining chest
radiography through a glass door or across a semi-isolation
anteroom has been previously described (13). This protocol
has the advantage of reducing exposure to the radiographer
who remains entirely outside the isolation room with the
portable machine while a trained ward nurse assists with posi-
tioning of the patient and cassette. The use of PPE is also
reduced. However, the feasibility of this protocol requires a
suitable infrastructure configuration where there is adequate
distance between the portable machine in the anteroom and
the patient in the isolation room to produce satisfactory
radiographs. This may not always be possible and structural
amendments are difficult to actualize in a short period of
time. Comparatively, the imaging protocols we have
described can be implemented across a variety of infrastruc-
tural configurations including isolation wards with or without
anterooms, as well as fixed locations with high patient load
such as the EDs.

In our expanded “Fever” area converted from the existing
parking garage, we have implemented a modified container-
based chest radiography unit (Teo et al, unpublished work,
2020). This standard-sized shipping container houses a porta-
ble radiography x-ray unit. However, instead of directly
entering the main container compartment, the patient enters
a separate sealed transparent radiolucent booth which pro-
trudes into the main container compartment. In this way, the
patient can enter the path of the x-ray beam and undergo
chest radiography, while remaining separate from the radiog-
rapher in the main container compartment (Fig 6). The
detector remains in the main container posterior to the booth
and the patient. This reduces the use of PPE, but the set-up is
only feasible in temporary or semi-permanent areas which
can be purpose-built or modified in order to allow imple-
mentation of separate entrances into each of these spaces
(patient booth, and the main container) while optimizing the
layout for satisfactory radiographs.
ADJUNCT MEASURES TO MITIGATE
INADVERTENT EXPOSURE

COVID-19 has been shown to have a pre-symptomatic
phase where patients have the potential to transmit the virus
despite the lack of symptoms and remaining undiagnosed
(25). In addition, PCR testing may produce false-negative
results (26). In order to minimize inadvertent exposure and
transmission to staff and patients, several other measures have
been put in place.

Due to the robust contact tracing done in Singapore, con-
tacts of a positive case are rapidly placed in quarantine and
clusters of cases within the community are published daily.
This provides epidemiological background for the current
risk of COVID-19 cases in our community. Within our insti-
tution, frontline administrative staff and clinicians take a rele-
vant epidemiological history on top of assessing for any
relevant clinical symptoms (27). As such, even if patients are
asymptomatic, those with high epidemiological risk are iden-
tified and placed in an intermediate-risk ward with enhanced
precautions.

Since the start of the outbreak, our institution has required
all healthcare professionals to don surgical masks. Patients and
visitors are required to don either surgical masks or cloth-
1201



Figure 6. Diagram of modified container-based chest radiography
unit. The standard-sized shipping container houses a portable radi-
ography x-ray unit. The patient enters a separate sealed transparent
radiolucent booth which protrudes into the main container compart-
ment.

CHIA ET AL Academic Radiology, Vol 27, No 9, September 2020
based face masks. Restriction of visitors to all inpatients has
been put in place since the start of the outbreak, reducing the
risk of spread in the wards. Safe distancing measures such as
segregation of teams as well as physical distancing in common
staff areas such as the staff pantry have served to further miti-
gate the risk of inadvertent spread amongst healthcare work-
ers (28). Staff education and an emphasis on strict hand
hygiene measures have also helped to raise the level of com-
pliance to implemented changes.
SUMMARY

Between 28 January 2020 and 8 June 2020, our institution
has cared for 1338 confirmed COVID-19 patients and per-
formed 12,034 radiographs and 178 CT scans for suspected
or confirmed COVID-19 patients. To date (6 June 2020),
there have been no documented instances of healthcare staff
becoming infected with COVID-19 during their course of
work.

In the midst of the COVID-19 pandemic, radiology serv-
ices need to prevent disease dissemination in the department
and maintain efficient turnaround times and adequate imag-
ing capacity, while implementing enhanced infection proto-
cols. We have continually modified our practice as the
1202
disease evolves and new information comes to light. Appro-
priate use of imaging, enhanced workflows with emphasis on
infection control, as well as sustained efforts by all staff in
complying with measures, are all critical to minimize infec-
tion transmission in the radiology department (29).

We hope that our experiences and modality-specific pro-
tocols will help others evaluate and shape their own depart-
ment protocols in response to the ongoing pandemic.
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