Nadarajan et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine . .
(2020) 28:118 Scandinavian Journal of Trauma,

https://doi.org/10.1186/513049-020-00809-7 Resuscitation and Emergency Medicine

®

Check for
updates

A conceptual framework for Emergency
department design in a pandemic

Gayathri Devi Nadarajan' @, Eunizar Omar?, Benjamin S. Abella®, Pei Shan Hoe", Sang Do Shin®,
Matthew Huei-Ming Ma®’ and Ong Marcus Eng Hock'®

Abstract

Background: The current COVID-19 pandemic is highlighting gaps around the world in the design and workflow
of Emergency Departments (ED). These gaps have an impact on both patient care and staff safety and represent a
risk to public health. There is a need for a conceptual framework to guide ED design and workflow to address
these challenges. Such a framework is important as the ED environment will always remain vulnerable to infectious
diseases outbreaks in the future.

Aims: This paper aims to address issues and principles around ED design and workflow amidst the COVID-19
pandemic. We propose a conceptual framework and checklist for EDs to be prepared for future outbreaks as well.

Methods: A scoping literature review was conducted, of the experiences of EDs in managing outbreaks such as
SARS, HINT and COVID-19. The combined experiences of the authors and the experiences from the literature were
grouped under common themes to develop the conceptual framework.

Results: Four key principles were derived- (1) situational awareness, surveillance and perimeter defence, (2) ED staff
protection, (3) surge capacity management and (4) ED recovery. The findings were integrated in a proposed
conceptual framework to guide ED design in response to an infectious disease outbreak. There are various
elements which need to be considered at ED input, throughput and output. These elements can be categorised
into (1) system (workflow, protocols and communication), (2) staff (human resources), (3) space (infrastructure), and
(4) supply (logistics) and are placed in a checklist for pragmatic use.

Conclusion: The ED needs to be in a constant state of preparedness. A framework can be useful to guide ED
design and workflow to achieve this. As all ED systems are different with varying capabilities, our framework may
help EDs across the world prepare for infectious disease outbreaks.
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Background

We are currently in the midst of a global pandemic that
has brought much of the world to a standstill. With con-
tainment efforts which left nearly one-third [1, 2] of the
world’s population in lockdown, this public health emer-
gency also poses a significant threat to global industries and
economies [3]. After rapid spread following reports of the
first cases in Wuhan, China in December 2019, the World
Health Organisation (WHO) [4] declared this outbreak a
public health emergency on 30th January 2020 and a pan-
demic on 11th March 2020. The death toll is increasing,
and a tragic number of healthcare workers have lost their
lives in the line of their duty, including those in the front-
line from the Emergency Care Services (ECS).

ECS personnel are usually the first to recognise and
respond to a disease outbreak, often prior to public
health attention. The Emergency Department (ED) may
thus receive the index cases of a new highly infectious
disease. Failure to recognise the index cases and delays
in management of an outbreak can pose global health
risks [5] and risks to the health of medical staff [6].

The Severe Acute Respiratory Syndrome (SARS) out-
break in 2003 represented a dramatic learning experi-
ence for the Emergency Medicine community [7-10]. It
highlighted the vulnerability of the ED environment and
stressed the importance of ED design, healthcare staff
protection and risk mitigation measures in infectious
disease outbreak preparedness [11]. In Asia, it led to
major changes in the design of EDs, birthing concepts
such as pre-triage screening and designated “fever” units.
SARS was a preview to its successor, the SARS-CoV-2
virus or COVID-19 which is now serving as a global re-
minder of the importance of ED design and workflow
structure.

An infectious diseases outbreak is a global health secur-
ity threat, similar to a natural disaster or bioterrorism at-
tack. A robust risk mitigation system is paramount for
EDs [12], which need to be in a state of constant readiness
to respond to potential large-scale outbreaks. However,
despite previous epidemics, there appear to be many gaps
in ECS [13-15], which have an impact on health systems
as seen with the current COVID-19 pandemic [4]. Per-
sonal Protective Equipment (PPE) shortages, nosocomial
spread, and variable internal communication strategies
represent examples of these gaps. Emergency frontline
staff, patients and the general public will either be the
beneficiaries of a well-prepared system or victims of poor
planning.

Current gap in literature

Although individual ED experiences during infectious
disease outbreaks have been described in the literature
[16-22], few works have outlined a pragmatic frame-
work incorporating sound principles to guide ED design
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and workflow adaptations. This paper aims to address is-
sues around ED design and workflow amidst the
COVID-19 pandemic. We propose a conceptual frame-
work and checklist for EDs to be ready for future out-
breaks without compromising care of the broader
patient population needing the ED.

Methods

A scoping literature review was conducted looking at
the experiences of various EDs [23-25] and adaptations
made in managing outbreaks such as SARS, HIN1 and
COVID-19 [26]. Pubmed, Proquest and Google Scholar
were used to search up till the period of April 2020, dur-
ing the peak of COVID and when the article was writ-
ten. These search platforms cover a comprehensive
range of COVID articles. The search string “Pandemic
AND Emergency Department AND (“model” OR “man-
agement” OR “template” OR “framework”)” was used to
look for existing frameworks, which yielded 1012 results.
To look for the experiences of various ED with COVID-
19, two search strings were used- “Pandemic AND Hos-
pital AND (“model” OR “management” OR “template”
OR “framework”) AND (“sars” OR “HIN1” OR
“COVID”)” which yielded 3856 results. Proquest yielded
a wider net of results for both, which included results
from Pubmed.

Following which, 2 independent reviewers, reviewed
the abstracts and selected the articles. Once the articles
were selected, 2 Emergency Physicians (EP) (GD and
EO) independently read through the articles to consoli-
date the content into common themes. The authors also
shared their experiences from the different countries
where they practice. The literature content and experi-
ences were grouped into themes. These themes were
verified by a third EP (MO) and two physicians (GD and
MO) developed the conceptual framework. This concep-
tual framework was then discussed, revised and finalised
by all the authors of the paper.

Results

Four key principles guiding ED responses to an outbreak
were identified. The principles described in more detail
below make up the basis of our proposed conceptual
framework.

Situational awareness, surveillance and perimeter defence
Situational awareness and a surveillance system are para-
mount in identifying and isolating the first suspected
cases and being alerted to new clusters. In a busy ED en-
vironment, early identification of an outbreak or cluster
pattern is a major challenge. A good surveillance system
needs to be in place even during non-outbreak periods.
Perimeter defence refers to the formation of a concep-
tual “perimeter” through ED design and workflow to
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segregate potentially infected patients from other non-
suspect cases. This is a key containment measure as
this protects the ED, hospital, staff and patients. Two
spatial control strategies can be employed (defensive
isolation versus offensive containment [27]) depending
on the stage of the outbreak and the load of infec-
tious suspects.

Frontline staff protection

One of our top priorities is to advocate for zero infection
amongst healthcare workers [23]. This can be done in
several ways. First, there should be adequate PPE supply
and appropriate training on their use. Risk-adapted use
of PPE should be part of routine ED practice when man-
aging any infectious diseases like chicken pox or tuber-
culosis. In an outbreak situation, supplies need to be
scaled up rapidly to meet the expected increase in PPE
requirement. Second, roster modifications such as adap-
tation of modular shift schedules [28] can allow for
effective contact tracing and mitigate the risk of wide-
spread nosocomial infections. Lastly, institutions should
also have the capability to screen and test staff for illness
and if available, provide them with antiviral prophylaxis
and vaccines in view of the inherent risks they face in
the line of duty.
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Surge capacity management

During a pandemic, ED caseload surges are inevitable.
Surge capacity is the ability to manage patients above
the usual volume [29] without compromising normal
care. Surge capacity can potentially be increased by man-
aging demand, establishing alternate care facilities,
expanding bed capacity and minimizing resource con-
sumption by patients [30]. The system needs resilience
and flexibility to remain functional within the capacity
of its available resources during such outbreaks [26].

Ability to recover to its previous steady state

The ED needs to have a system in place to allow recov-
ery to its usual steady state. This includes infrastructure
as well as staff. Frontline staff need to be able to func-
tion at full capacity even after the outbreak period. At its
recovery stage, ED volumes may even be higher due to
the rebound of patients with complications from neglect
of chronic conditions.

Incorporating the principles above, we propose the fol-
lowing conceptual framework to depict this (Fig. 1). The
principles form the border of our conceptual framework
as they should govern international guidelines, national
and local health system operations, research, public and
staff education, and eventually the operations within the
hospital and ED. International guidelines, health systems,
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Fig. 1 Conceptual framework describing relationship between state, hospital and ED in pandemic preparedness planning and response
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research and education form the background that sup-
port hospital and ED operations, making way for cost ef-
fective policy implementation.

For the principles to be effectively implemented in the
hospitals and ED, there needs to be good leadership,
supporting policies and an effective flow of communica-
tion down the command line; hence forming the apices
of the triangle [31].

The operations of the hospital and the ED are inter-
twined and limited by their resources as defined by
space, staff and supplies. During a crisis, the perimeters
of this triangle may be expanded (hence depicted by dot-
ted lines); but is dependent on institutional leadership,
policies and communication capabilities (as depicted by
the apices of the triangle).

Space, staff and supplies from the hospital can be
diverted to the ED to deal with the surge initially. Surge
patients also need to be able to flow to infectious dis-
eases units and intensive care units (ICUs) of the hos-
pital. The following section describes a pragmatic
approach within the ED workflow using the model
above.

ED input

Perimeter defence, situational awareness & surveillance

As the gateway to the hospital, perimeter defence is cru-
cial within the ED. There can be two approaches to
manage the entry of patients into the ED. Firstly, ED ar-
rivals can be minimised through community-based
screening/testing [18]. This reduces the need for rela-
tively well patients to come to the ED as fever screen-
ing/testing could be better done in the community. The
second approach is to appropriately isolate the suspect
cases when they arrive in the ED, which will be dis-
cussed here.

Patients present to the ED triage via ambulance, referral
from a primary healthcare facility or as walk-in. A pre-
triage screening area is an important defensive isolation
measure. Screening should be almost 100% sensitive [32]
such that all suspect cases are separated from non-suspect
cases. Screening criteria at the ED should be broader [32]
than national or international guidelines [33, 34] to enable
the identification of patients with atypical features, as seen
with COVID-19. Early identification of COVID-19 cases
in the ED itself is paramount as a single case managed in a
non-isolated area by staff without appropriate PPE can re-
sult in nosocomial spread, quarantine of staff and disrup-
tion of hospital services [17].

This screening area can be located outdoors or within
well-ventilated indoor areas, with an expandable space
to allow for surges such that the risk of airborne trans-
mission can be mitigated. Screening may even be done
via telemedicine [21] or through a website [35] or call
centre [18], which then channels patients to appropriate
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healthcare facilities (for systems where there is a desig-
nated infectious disease hospital).

Pre-hospital medical teams will need to work with the
ED on an agreed workflow for the infectious risk status
of patients with an unknown travel history or risk
profile.

After screening, patients can be categorised into high,
intermediate and non-suspect cases [8, 11, 25]. Rapid
diagnostic test kits will facilitate the process and allow
patients to be screened to “Confirmed” and “Non-sus-
pect” categories. Without rapid diagnostic kits, the high
and intermediate suspects would remain as Patients
Under Investigation (PUI). Following this, the usual clin-
ical triage process can take place to identify critically un-
well patients who may need immediate attention.

We propose this screening process should be routine
for all patients even during non-outbreak periods. For
example, following the 2004 SARS outbreak, “fever
zones” were set up in Singapore EDs, where patients
with febrile illnesses and travel history to countries with
suspected outbreaks are routinely isolated [11]. These
zones are routinely staffed with healthcare workers don-
ning appropriate personal protective equipment (PPE)
and have negative pressure rooms to limit exposure to
other patients and healthcare staff. Hence for COVID-
19, when the index case presented to a tertiary hospital
in Singapore, the patient was appropriately isolated [36].

Situational awareness is key to ensure accurate defin-
ition of suspect cases. When dealing with an outbreak of
a novel pathogen such as SARS-CoV-2, screening cri-
teria can change daily based on the latest developments
both locally and globally. A robust link between epi-
demiological surveillance and ED workflow is required.
Screening questions should remain dynamic and be up-
dated regularly in tandem with surveillance data. For ex-
ample, an ED surveillance team comprising ED staff
with public health training serving as the liaison with the
region’s public health officials may be useful [7]. Epi-
demiological surveillance [17] is important for identifica-
tion of new clusters and symptomology of a novel
disease.

The use of artificial Intelligence algorithms at the
screening and triage area to pick up patterns of illness
may also be helpful. (e.g.: patients’ location, symptom
set). This surveillance system may be programmed to
alert the ED when cluster patterns are noted [37]. Dur-
ing the outbreak itself, where there is augmented staff
with a heterogeneous skill set, this system can help re-
duce cognitive load.

Frontline staff protection

In order to protect ED staff, a “no patient contact”
method should be adopted at the screening area. In
Singapore, self-service screening was piloted, where
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patients use a QR code on their phones to key their de-
tails into online forms which will automatically feed into
patients’ electronic records.

Appropriate PPE for staff, such as the use of N95
masks, is also crucial during screening and triage. Pa-
tients should be given face masks and safe-distancing
measures (e.g.: 1 m apart during COVID-19) should be
enforced within patient waiting areas to prevent nosoco-
mial spread.

There thus needs to be an emergency stockpile for
PPE and disinfectant liquids for equipment and surfaces.
Training and compliance to infection control measures
need to be reinforced (such as handwashing and don-
ning of PPE).

Surge capacity management

Surge plans for systems, space, supply and staff need to
be activated once an outbreak is declared. The input into
the ED may be reduced through early management of
suspect cases within the community. For example, work-
flows can include designating primary healthcare facil-
ities to perform screening. There can also be a central
internet portal where the public can locate clinics that
perform screening and their waiting times as well as
clinics offering telemedicine services. Other options in-
clude “drive-through swabbing” [18, 38] or “walkthrough
swabbing” [38] clinical sites.

The input within the ED can also be reduced by an
“influenza clinic” [39] or assessment centre [40] outside
the ED which rapidly sees suspect cases who can poten-
tially be swabbed and discharged. In some countries
such as the US, this often takes the form of tents in
physical proximity to ED entrances.

There is a need to prepare for staff, space and supplies
such that surge plans can be activated on short notice.
Staff may be redeployed from other departments to aug-
ment manpower. The more experienced nursing staff
should be placed at the triage area while augment staff
can be designated to screening areas which have more
standardised operating procedures.

ED throughput

Perimeter defence and situational awareness

Within the ED, patients should be seen and managed
within their allocated areas (high, intermediate and non-
suspect areas). There should be physical barriers be-
tween these allocated areas. Ideally the high suspect
cases should be managed in isolated, negative pressure
cubicles. The intermediate suspect can be managed as a
cohort in a space which allows adequate (e.g.: 1 m) spa-
cing between them. The use of radio-frequency identifi-
cation (RFID) tags may be useful to allow tracking of the
patients’ movements.
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Visitor movements should be restricted, and policies
made restricting visitation within the high or intermedi-
ate suspect areas. For this to occur, security should be
activated and the ED entrances and exit areas should be
cordoned off.

Frontline staff protection

Staff working in a specific designated area for infected
patients should ideally remain in that space throughout
a work shift. If there is a need to travel to a different sec-
tion, the full PPE should be changed. There should be
clear instructions on the type of PPE to be worn in the
respective areas. Disposable scrub sets and showering fa-
cilities within the ED are also important for staff
protection.

In some systems, a modular staffing approach is
adopted, such that one physician and nurse team re-
mains in the high-risk suspect area for a specified
period. Another type of modular staffing is a team-
based, fixed shift system where the physicians and nurses
work within the same team during the outbreak period
to limit contact within the department [28]. If a team
member is infected, the rest of the team members can
be quarantined. This will also facilitate contact tracing
when positive patients are seen by the team.

Aerosol generating procedures will need to be modi-
fied in a situation such as COVID-19, including reducing
the use of nebulisers, non-invasive ventilation and even
high flow oxygen. Appropriate equipment, PPE such as
Powered Air-Purifying Respirator (PAPR) and a defined
protocol needs to be in place for intubation procedures
such that the staff involved are protected.

Surge capacity

Within the three areas, there must be the capacity to
manage patients of all clinical severity levels. Each area
requires workflows for time sensitive conditions such as
trauma, myocardial infarction or stroke. Relevant activa-
tions should occur for these cases, and the receiving spe-
cialist teams need to aware of the infectious profile of
the patients (eg: high or intermediate suspect) so that
the appropriate, timely disposition can be arranged.

Patients with suspicious complaints but who do not
fall under the case definition criteria may have to be
placed in the intermediate suspect area [41]. This will
ensure that at the initial stages, when the disease trans-
mission profile is unclear and the situation is dynamic,
patients who could be potential suspects are placed away
from non-suspects.

Consideration needs to be given to palliative or dying
patients [21]. Many of them will present with respiratory
symptoms. If they are seen in an intermediate or high-
risk area, there should be a workflow to determine the
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number of family members allowed by their bedside and
if possible, a separate, private room.

Some investigations will need to be expedited to re-
duce throughput times, for example swab results or
chest x-ray reports. This will require a collaborative
workflow with radiology and clinical laboratory depart-
ments. The ED can also limit and stratify relevant inves-
tigations to reduce strain on resources. The areas for
investigations may need to be replicated for the high and
low suspect areas such as availability of plain radiog-
raphy capabilities in the high suspect areas.

Emergency observation units may have to cease opera-
tions or modified to make space and human resources
available for the surge in patients.

ED output

There needs to be a workflow to facilitate the disposition
decision making process, specific to level of infectious
concern. This will be hospital-specific depending on the
hospitals’ resources. Disposition workflows should be dy-
namic as the outbreak situation evolves.

Perimeter defence & situational awareness

If the investigations are not able to yield results during
their stay in the ED, the stratification of high, intermedi-
ate and non-suspect must be maintained throughout,
even at the output stage. In this situation, physical ward
spaces should be in line with the ED suspect stratifica-
tion system. For example, there may be a need for three
different destination wards for the patients (e.g.: high
suspect, intermediate suspect, non-suspect).

There should ideally be rapid movement of patients up
to the ward. Hence, there needs to be close liaison with
the inpatient wards and bed management unit (BMU).
Delays are still to be expected and there should be an
observation or in-patient bed waiting area within each of
the suspect areas.

There should be workflows to help decide those who
are safe to be swabbed and discharged. The ED can be
designed such that those who are well enough to be
swabbed and sent home, may not even need to enter the
actual ED, as seen in Taiwan [42].

For those discharged, it is important to determine if
they need to be on a stay home notice (SHN), and there
should be an approach to perform contact tracing. Ap-
propriate return advice should be given. The ED can
work closely with the public health to enforce SHN by
various methods (e.g.: RFID tagging, telemedicine).

Frontline staff protection

After patient disposition is decided, patients may be
moved to other areas to await transfer to beds or other
isolation facilities. Proper hand-over between staff is es-
sential. Designated, risk-adapted waiting areas also need
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to be available to maintain segregation of high suspect
cases. Transfer of high suspect patients out of the ED it-
self can be challenging, as there is a risk of transmission
en-route. In order to protect staff and passers-by from
inadvertent exposure, the pathway for patient movement
needs to be cleared, a task that may involve activating
hospital security. If transfers to another facility is re-
quired, designated ambulance services should be avail-
able where transferring staff are aware of the risks and
have proper PPE. Frontline staff protection also includes
assigning dedicated decontamination (eg: showers), rest
and recuperating areas. Having rest areas without a
proper contamination area can be counterintuitive to-
wards staff protection. If there are space constraints for
a staff decontamination area, an alternative is to have a
‘clean’ and ‘dirty’ staff rest area. The system should also
have a staff wellness or psychological first aid program
in place to protect them from mental fatigue or burnout
which are potential issues of such a pandemic.

Surge capacity management

There needs to be a set of criteria to determine if pa-
tients require admission and the type of ward required
(individual isolation for high suspect, cohort ward for
intermediate suspect or normal ward for non-suspects).
Close communication with the BMU is essential to
ensure that patients are cleared quickly from the ED to
accommodate for surges. Cancellation of elective admis-
sions and expedited discharge of patients may need to
take place to allow the flow of patients to the wards.

Putting it together

From the key concepts identified above, we created a
workflow model (Fig. 2) and checklist (Table 1) to guide
ED design and workflow during COVID-19 as well as fu-
ture outbreaks.

Discussion
Problems posed to the ED at different phases of an
outbreak
Infectious disease outbreaks pose specific problems to
the ED. These problems can be divided into four time-
frames as depicted in Fig. 3: pre- outbreak, peak, plateau
and post outbreak stages [31]. Before an outbreak, the
main issue is with identifying possible index cases seek-
ing treatment in the ED. What should the workflow en-
compass such that the net for suspects is cast wide
without placing a strain on resources? What PPE should
the staff at the frontline wear? How should patients
enter the ED to mitigate the risk of spreading infection
to staff and other patients?

At the peak of the outbreak, there are multiple chal-
lenges [43] such as suspect case identification, demand
surge, staff safety, patient safety as well as the usual ED
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workload. The screening of patients, if performed vari-
ably, can have hazardous downstream effects such as
hospital outbreaks. There needs to be a balance between
under and over-triage, keeping in mind local and na-
tional guidelines and hospital resources, all of which are
dynamic. Not all patients will have typical symptoms,
adding to the challenges of designing the ‘perfect’
screening protocol. Availability and performance of test
kits may also be an issue, especially early in an epidemic.
There can also be difficulties in reconciling public health
guidance with the practicalities of ED practice [15]. At
the plateau stages, surge capacity will pose a major prob-
lem, both at the ED and the hospital level.

ED workload trend

Figure 3 also depicts the conceptual change in ED work-
load over time. As the infectious disease workload in-
creases, the usual ED workload may decrease for various
reasons. When the outbreak settles and infectious case
load decreases, there will be a spike in the normal ED
workload. Understanding the ED trend in the local con-
text will help guide the system, space, staff and supplies.

Post-outbreak recovery
After an outbreak, there will be a surge of acute exacer-
bations of chronic illnesses, following lockdowns,

physical and social isolation and the cancellation of
clinic appointments and semi-elective surgeries. The ED
should have a system in place to allow recovery to its
usual steady state. This includes infrastructure as well as
staff. Frontline staff need to be able to function at full
capacity even after the outbreak period. At its recovery
stage, ED volumes may even be higher due to rebound
of patients with complications from neglect of chronic
conditions or care-delays that were inevitable during
times of crisis.

The importance of preparedness

Preparation is key to mitigate the disastrous effects of
such a pandemic and this preparation needs to be at a
National, Hospital and Departmental level. COVID-19
has highlighted the lack of this preparedness can impact
lives, strain resources and economic losses. At the front-
line, the ED is the defence fortress of the healthcare sys-
tem. It needs to be in a constant state of preparedness
which can be adapted to various pathogens (eg: supply
chain of appropriate PPE for highly transmissible patho-
gens like Ebola).

ED based vs community-based management
This is an area which warrants further research and
guideline development. Based on previous outbreak
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experiences and the local health system, the public may
rush to the ED to be further investigated during an out-
break. If the virus has a high transmission rate with low
fatality, perhaps a community approach [20] to screening
may reduce the hospital load, allowing them to focus on
the critically ill.

Challenges
In many parts of the world, Emergency Medicine is an
under-recognised and under-resourced specialty. This
may make the implementation of such a framework
challenging. However, the ED or its equivalent is the
gateway to the hospital and hence needs to be well
established. Alternatively, this framework can be imple-
mented within a department which functions as an ECS.
Another challenge is the cost of applying such a
framework. Hence our deliberate attempt to propose a
principle-based framework rather than prescribe an ac-
tual workflow for other countries. Future work can look
at the level of implementation of the checklist with
country specific examples.

Conclusion

Our framework and checklists can be applied to EDs
within any health system, including Low- and Middle-
Income settings. It focuses on fundamental elements
that need to be present for an effective outbreak pre-
paredness system. In preparedness planning, the pro-
posed checklist can be used to guide ED design. The
COVID-19 pandemic is forcing us to rethink existing
ED models of care, accelerating changes that have always
been on our horizon.

Abbreviations

ED: Emergency Departments; SARS: Severe Acute Respiratory Syndrome;

PPE: Personal Protective Equipment; ECS: Emergency Care Systems; BMU: Bed
Management Unit
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