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(" ABSTRACT )

Background: In response to the coronavirus disease 19 (COVID-19) pandemic, a new set of rapid measures for
containment was necessary to deal with the medical emergency, and emergency services are a vital part of this
response. However, if poorly handled, it can facilitate transmission to patients and healthcare workers. Yet, the
practice-based exercises required to evaluate the preparedness of healthcare facilities in face of the current
pandemic are lacking. We aim to assess the applicability of emergency procedures for respiratory pathogens
for tertiary medical center in Saudi Arabia.

Methods: Suitability and rapidity of the response were measured by conducting the “Homeland Security
Exercise and Evaluation Program” simulation in which six medical evaluators observe the admission procedures
of four mock victims of COVID-19 to the Emergency Department in King Abdulaziz University Hospital, Jeddah.

Results: A total of 27 healthcare workers participated in the exercise during March 2020. The simulation drills
gave the hospital the tool to test the preparedness to the COVID-19 pandemic. It uncovered the strengths and
mostly the area of development in the clinical protocols and proficiency in personal protective equipment use.

Conclusion: Simulation exercises can be beneficial in examining the readiness of the hospitals, including infra-
structures, protocols, surge capacity, and staff competencies to deal with real-time health emergencies and to
find solutions to fill the gaps. This study provided valuable feedback and opportunities for healthcare staff to
practice before the peak of the COVID-19 pandemic was reached in Saudi Arabia. Establishing an out emergency
department respiratory illness facility for initial screening of potential COVID-19 patients is recommended for
proper containment while still providing the standard assessment, triage, and management practices.

Keywords: SARS-CoV-2, hospital disaster preparedness, disaster planning, surge capacity, isolation, simulation
exercise, infection control.
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Introduction

In December 2019, the coronavirus severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) was
identified as the cause of an outbreak of an emerging
respiratory illness (pneumonia) of unknown origin, in
Wuhan, China [1,2]. As named coronavirus disease
19 (COVID-19), it comprises the seventh member of
the coronaviruses family that can infect humans [3].
Although most human coronavirus infections are mild,
two B-coronaviruses [SARS-CoV in 2002 and Middle
East respiratory syndrome coronavirus (MERS-CoV) in
2012] were responsible for large-scale epidemics with
well over 10,000 fatalities [4,5].

On the 3l1st of January 2020, the World Health
Organization (WHO) announced COVID-19 as the
sixth public health emergency of international concern
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since the HINT1 in 2009 [6]. Later, on 11th March, the
WHO raised the COVID-19 status to a global pandemic
[7]. At the present moment, COVID-19 is confirmed in
216 countries and/or territories, with over 105 million
confirmed cases and 2.3 million deaths [8].

In Saudi Arabia, the first reported case of COVID-19 was
on 2nd March 2020 [9]; to date, there have been 370,634
confirmed cases and 6,406 deaths [8].

The COVID-19 pandemic represented - and still is - a
critical challenge for health services in all countries for
a variety of reasons, not least of which is the sometimes
indistinguishable symptoms to a number of other
respiratory conditions, making it a challenge to detect,
diagnose, and isolate. As a result, in the first few months
of the pandemic, clinicians have had to aid diagnosis by
indirect means, such as history of travel abroad, patient
working conditions, or physical contact with confirmed
COVID-19 case, that could account for exposure [10,11].
With the rapid spread of the infection and the absence
of definitive treatment or vaccines, COVID-19 infection
was a major healthcare crisis.

During public health emergencies, adequate procedures
and emergency department (ED) facilities are vital in
the initial response and containment, especially for
respiratory infectious diseases. Crowded waiting areas,
management rooms, and limited ability for ensuring
isolation have been shown to facilitate the transmission
of infections to patients, visitors, and healthcare workers,
leading to the infectious spread within hospitals and
surrounding communities [12-14]. With this in mind,
it is readily apparent that ED teams should not only be
skilled in screening and treatment procedures, but also in
prevention and control.

There has been an ever-increasing pressure on healthcare
workers to provide a reliable method to deal with public
health emergencies. Practice-based exercises have been
used as a significant method to aid in EDs’ rapid-response
ability, namely real-time disaster simulation exercises.
These drills are designed to examine the response to mass
casualty emergencies by recreating a disaster situation
using mock victims, theoretical scenarios, or computer
simulations [15-17]. By evaluating healthcare facilities’
ability for recognizing and isolating communicable
diseases and the effectiveness of observed emergency
protocols, it has become possible to assess a medical
center’s preparedness to potential outbreaks, and to
establish a national baseline regarding infectious disease
control and prevention. Practice-based exercises are
necessary to identify potential gaps and weaknesses and
implement corrective actionable measures of healthcare
facilities designated to provide care during the pandemic.
However, there is still no consensus in the literature as
to the best methods by which to assess these parameters.

Several tools are available, and more are being designed
to assist hospital disaster planners and managers [18-
22]; previous reports have emphasized the use of drills
for assessing a center’s preparedness to properly react
to viral outbreaks (Ebola, Avian Influenza, MERS-CoV,
Smallpox, etc.) and other sudden emergencies such as
mass shootings and terrorism [13,16,23-27].
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Nevertheless, the success of functional exercises to
evaluate the response of the healthcare settings to an
initial influx of the number of COVID-19 cases has not
been investigated in the face of the COVID-19 potential
disaster. Accordingly, our aim is to assess the preparedness
of local EDs and to suggest methods for improvement for
medical centers and staff in response to COVID-19.

Methodology

A functional exercise was developed and executed in
conjunction with the simulation center at King Abdulaziz
University Hospital (KAUH).

Setting

This exercise was conducted at the ED of KAUH, Jeddah,
Saudi Arabia, during March 2020. KAUH is a tertiary
academic hospital with 845 hospital beds, including 71
ED beds, and receives around 70,000 visits annually [28].

Drill planning and goals

The initial drill working team was a multidisciplinary
team that included members from the disaster medicine
and management section, ED, and infection control.
They formulated a list of objectives (Table 1).

After the development of these objectives, in conjunction
with the KAUH simulation center, the scenarios of four
different patients were outlined. The exercise used the
“Homeland Security Exercise and Evaluation Program”
as a basis for its design [29].

The exercises were conducted in real-time with the
clinical team in the ED. The ED team involved in the
exercise was informed hours earlier about the exercise
and instructed on how to remain safe during the entire
process. The exercise utilized the influx of multiple
suspected COVID-19 scenarios without disrupting
ongoing patient care and allowed a unique opportunity
to evaluate ED triaging, screening, isolation, assessment,
sampling, transportation measures, and identifying
common challenges encountered. Approval from hospital
administration was obtained for the exercise.

Scenarios

During the exercise, four high-fidelity simulated patient
mannequins (modeled on real-life patient standardized
models) were brought to the ED; two critically ill patients
simulated the clinical profile of COVID-19 that would
usually result in admission to hospital (two adult patients
with respiratory symptoms, CURB-65 (pneumonia
severity index) 65 score = 3, one with a recent travel
to a country with ongoing community transmission of
COVID-19, and the other went recently to a facility with
confirmed cases of COVID-19), while the remaining two
patients had a profile that would normally result in being
discharged home with proper follow-up and home isolation
instructions (two stable patients with no co-morbidities,
one was an adult who had a close family member with
a recent history of COVID-19, and the other one was a
pediatric patient who travelled recently to a country with
ongoing community transmission of COVID-19).



Table 1. The overall objectives of the drill.

the form of the COVID-19 pandemic.

1. Evaluate the hospital ED plan and procedure in handling the sudden influx of patients with febrile respiratory illness in

travel history and symptomatology.

2. Evaluate the method of screening, according to the approved cases definition, of every visitor to the ED based on their

3. Evaluate the proper use of personal protective equipment (PPE) among hospital staff, especially the first responders.

from the ED.

4. Evaluate the practice of respiratory sampling, managing, disposition, and transporting suspected COVID-19 patients

Table 2. Example of a master sequence of events list.

Inject Participant
Suspected patient came | Visual triage
to ED personnel

-Recognize patients with symptoms.
-Establish a point of contact.

Expected actions

Triage and registra-

Establish Triage tion teams

-Patient arrival and sorting.

-Establish points of contact (masks -tissue - hand hygiene)
- Patient registration process

- Proper waiting area to limit the transmission of infection

Patient care and Doctors, nurses, and

-Patient’s care area.
-Infection control measures.
-Patients monitoring and equipment.

treatment porters. -Procedures performing.
-Limit patient movement.
-Visitor’s policy.
- Built-in isolation rooms
Patient’s placement ED team -Regular single room with HEPA (high-efficiency particulate

absorbing) filter and infection control measures.

ED = emergency department; ICP = infection control personnel.

COVID-19 case definitions

The WHO guidelines and the Saudi Centre for Disease
Prevention and Control COVID-19 surveillance case
definitions and disposition were followed [10,30]:

Outcome measurements

The expectation of the exercise was to identify, isolate,
triage, and register patients; to handle the influx of
suspected cases to ED; taking respiratory samples,
treating suspected cases of COVID-19, following the
hospital infection control and environmental health unit
policy, and liaising with other departments with regard
to the patient’s disposition and transportation (Table 2).
Evaluators were given a handbook that included the
scenario, discussion questions, and additional resources.

Evaluation

The performance was assessed by evaluators at each
tested site using checklists that measure how well an
activity was carried out and can be measured in terms of
accuracy and quality. A group of six evaluators who were
physicians and experts in disaster medicine was assigned
for the evaluation process. Feedback was provided from
evaluators, observers, and video records during the
debriefing session. The planning and exercise materials,
including evaluation guides, participant handouts, and
after-action reports, and improvement plans, were
reviewed.

Results

A total of 27 healthcare workers participated in the
exercise, including two triage team members, five
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doctors, ten nurses, two registration employees, two
security personnel, two porters, two cleaners, and two
ICP.

Strengths were observed in the triaging and isolation of
suspected cases of COVID-19 commonly, and lesser in
PPE use. However, gaps between the expected and the
observed actions were seen in all observed parameters
(Table 3).

As shown in the table, the best adherence practice
seen was in the procedures of triaging and isolation of
the COVID-19 patients: from implementing screening
stations, to addressing critically ill patients, and seen
finally in placing them in the proper isolation area in a
timely manner. Most of the first-line healthcare providers
attended well-constructed PPE preparation courses,
despite the deficiency identified in some of the PPEs
when there is increased demand. The rated strengths and
weakness of disposition and transporting of the suspected
patients from the ED were approximately close. The least
adherence practice seen was in handling the sudden and
continuous influx of suspected patients. The ED capacity
was not well-coordinated for managing the continuously
increasing number of cases.

Discussion

COVID-19 has had a significant effect on healthcare
systems worldwide [31]. With more than 34 million
residents, Saudi Arabia provides free health services to
the general public [32]. With all precautionary measures
taken to prevent and slow down the spread of COVID-19,
adequately preparing and appropriately responding
to emerging respiratory pathogens is a fundamental
requirement to enhance healthcare settings in Saudi Arabia.



Table 3. Major strengths and weakness observed in relation to the study's goal.

Triaging, isolation, and management

* Awell-organized pathway for acute respiratory illness (ARI) and non-ARI patient.

» Structured epidemiological and symptom screening tool and bilingual speakers.

« On-site patient registration without direct patient contact.

* Nurses asked the patients/relatives all of the required questions according to the latest guideline and scoring system.
Efficient communication between nurses and physicians with multiple channels

to ED

Challenges

Strengths *  Well-ventilated designated rooms for the respiratory symptoms’ patients separated from other kinds of patients.
* Awell-prepared infection isolation rooms with a proper instrument and HEPA filter.
» Addressing critically ill patients immediately to their specific areas and use treatment plans according to the latest guideline.
+ Obtain sufficient specimen collection in a suitable packaging system and adequate processing and transportation.
* Adequate communication with the infection control team in proper time.
» Lack of staff familiarity with the disease
* No standardized protocol was established for pediatric patients with suspected COVID-19 infection.
Challenges Need for more restriction of the movement of patients and their relatives in ED (security and E-access door(

* Not all designated resuscitation area was equipped with HEPA filter and infection control measures to handle respiratory isolation.
* Prolonged waiting time for the stable respiratory illness suspected cases to be seen and other non-respiratory illness patients coming

Handling the sudden influx of patients with COVID-19 suspected patients

» Lapses on the security in controlling the crowd and restricting the movement of the incoming patients and their relatives.

» Scarcity of the medical staff surge to respond properly to the sudden increase in symptomatic patients.

* The need for the more designated waiting area for patients to be seated in with more physical separation (1.5 m space in between (
» ED capacity to accommodate the increase in the number of stable patients coming with respiratory symptoms.

Personal Protective Equipment (PPE)

« Appropriate use of PPE among ED healthcare providers.

Strengths »  Proper donning and doffing among ED personnel
* Coordinated PPE supply chain
» Improper use of PPE by some of the healthcare providers and other ED staff, which was not based on risk exposure or transmission
dynamic.
Challenges | « All staff did not test theN95 mask fitness, which could lead to the risk of getting COVID-19 infection using an unfitted size or type.

+ Some ED non-healthcare providers exhibited no proficient competency when donning and doffing their PPE.
* No designated doffing and donning sites in the newly designated respiratory illness naturally ventilated areas.

Disposition and transporting suspected patients from the ED

* The proper and timely fashion of patient’s disposition among the critically ill patients.

Strengths »  Proper transportation of suspected patients’ inter- and intra-departmental using appropriate infection and arousal control measures.
* Maintain good communication with other departments for referral and patient disposition.
Challenges Patients’ contacts were not taken properly in some cases, some language barriers.

+ Delay in decision-making the pediatric case came with suspected respiratory illness.

Recent outbreaks of infectious diseases have exposed
the vulnerability of the healthcare system to increase the
transmission of diseases among healthcare workers and
patients [12-14]. Those previous outbreaks highlighted
the importance of rapid screening and isolation of
patients, access to PPE, education of donning and doffing
appropriately, and adhering to infection control measures.

Earlier research into infectious and non-infectious disaster
drills has shown effectiveness in improving healthcare
settings [13,16,23-27]. Practiced-based drills which are
conducted within the patient care environment, aid in
improving clinical team performance, detecting latent
safety threats to patients and healthcare workers, and
updating clinical protocols and infrastructure [15-17].

Accordingly, this functional exercise was designed to test
the response measures of the ED to COVID-19 pandemic
infection in order to discover and remove any possible
gaps and weaknesses of the disaster management in our
hospital. In the present study, participants were expected
to identify COVID-19 cases besides handling suspected
patients, symptomatic, and close contact. Moreover, the
exercise is formulated to practice and maintain the current
skills of PPE among the hospital staff, especially the
first responders, in addition to examining placement and
transferring of the suspected patients to isolation areas.

From the data collected by the drill evaluators, the best
adherence practice of this exercise identified was in the
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procedures of triaging and isolation of the COVID-19
pandemic. However, latent safety threats were seen in all
four concerned areas in the current study.

As revealed in our study, there was a significant success in
developing and implementing screening stations (visual
triage) that was established at the entrance to ED to
identify suspected and close contact cases of COVID-19,
addressing critically ill patients and placing patients
in the proper isolation area in an appropriate time. The
registration process carried out insight without interacting
with the patient directly by the administrative staff or
other patients. Nevertheless, due to the evolving new
information and the vague presentation of the disease, there
was a lack of disease familiarity among the medical staff.
Standardized protocols of screening and triaging were not
clear for patients’ relatives and for pediatric patients. A
protocolized treatment criteria and management plan were
established to increase the efficacy of dealing with such a
group of patients. Sometimes there was a language barrier
between healthcare providers and some patients who
speak with languages other than Arabic and English. The
drill emphasized the need to minimize the unnecessary
movement of patients or their relatives in the ED and
control the crowed by security staff in order to decrease
the mode of transmission of such virulent disease.

Regarding the proper use of PPE, the ED staff showed a
good adherent and awareness with the procedure, in terms



of how to put on, remove, and dispose of it. Most of the
first-line healthcare providers attended well-constructed
PPE preparation courses. The PPE appropriately used
included medical masks, gowns, gloves, eye protection
(goggles or face shields). Although there was a deficiency
in some of the PPEs with increasing demand, a proper
and expanded supply chain plan was placed. Other
measures that were suggested to minimize the need for
PPE while protecting healthcare providers and other
people from exposure to the infection is restricting the
number of attending healthcare workers to respiratory
treatment zone if they are not involved in patient’s direct
care, restricting the number of visitors and acquaintances,
and adopting the extended use protocol when caring for
multiple respiratory illness patients.

Finally, our results showed a huge concern in handling
the sudden influx of suspected patients. ED capacity
was not well-matched for accommodating, isolating,
and managing the continuously increasing number of
patients. The abrupt increase of ambulatory patient’s
coming to ED with respiratory symptoms will alleviate
crowding the limit waiting areas, which might lead to
an increase in the rate of transmission of nosocomial
infection. Adding more space to the waiting areas by
utilizing classrooms and meeting rooms is one of the
earliest strategies developed to overcome this issue. The
limitations of space and shortage of medical staffing were
critical issues as the influx of patients with the progress
of the pandemic expected to rise and might exceed
capacity. Establishing treatment areas for stable patients
in unconventional locations, making more room for the
higher risk patients that need intensive care, expanding
the staff by recruiting support from allied healthcare
and trainees, and establishing alternative care site are all
strategies and methods to expand the surge capacity.

Overall, the current functional exercise designed was
able to estimate the potential readiness of our ED to the
COVID-19 pandemic. At the same time of our study, in
situ simulation was conducted as a part of a study to test
the preparedness of operating room response measures
taken in a tertiary hospital, Singapore. Their result is
in accordance with our study. They showed that the
simulation was valuable in evaluating the feasibility of
set-ups or workflow of the operating room to identify the
unexpected problems in unfamiliar situation. However,
they did not individually assess each procedure taken [33].

In June 2020, a Canadian team in two EDs, Toronto,
tested the preparedness for COVID-19 using rapid cycle
in situ simulation [34]. Their study was designed to assess
PPE, personal, supply and environment, and finally the
communication. The in sifu simulation was helpful to
implement new based on feedback they received, which
allowed for incremental improvements in their practice,
especially in personal safety.

As a result of our study, an out ED respiratory illness
alternative care site was recommended to be established
in our hospital in order to control the abrupt increase
in hospital and ED registers during a pandemic period,
decrease the susceptibility of infection transmission
among patients and healthcare workers, decrease the
crowdedness in waiting areas, and decrease waiting
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time. The development of an organized team within a
well-designed infrastructure clinic will assess suspect
pandemic COVID cases that are not in need of high-level
ED care and will be beneficial for the healthcare facility
during the pandemic season.

Limitations

There were only four mock victims in our exercise.
Including more mock cases can give more comprehensive
and reliable results showing additional strengths and
weaknesses. One other limitation is that this exercise
type does not allow adequate evaluation regarding
communication, coordination, process, and structure
of the hospital incident command system. A table-top
exercise or large-scale exercise may provide a better
chance to evaluate and assess these aspects.

Conclusion

COVID-19 infection is a critical challenge for healthcare
services. EDs are vulnerable points in pandemic disasters.
Simulation exercises can be beneficial in examining the
readiness of the hospitals, including infrastructures,
protocols, surge capacity, and staff competencies to
deal with real-time healthcare emergencies and to find
solutions to fill the gaps. This study provided valuable
feedback and opportunities for healthcare staff to practice
before the peak of the pandemic COVID-19 was reached
in Saudi Arabia. The development of an alternative
care respiratory illness facility as dedicated space is
recommended for the proper standardized management
of patients and to decrease the opportunity of infection
transmission.
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