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Abstract

Our hospital is one of the tertiary care hospitals in Oman receiving coronavirus disease
(COVID-19; C19) patients. To meet the expected surge of patients, a number of changes
was made to the emergency department (ED), especially regarding capacity building and
patient flow. At first, few changes were made to the main ED, which mainly includes the addi-
tion of a COVID suspect roomwith the use of a separate resuscitation area. Themajor drawback
of the abovementioned system was the inability to see more than 2 patients simultaneously.
A later separate COVID emergency department (CED) was used. In the CED, pending admis-
sions was the major problem, as the C19 ward and C19 intensive care unit were becoming full;
this problem was solved through central command help. In the normal ED, the main problem
was the presentation of C19-positive patients sometimes hiding their symptoms and reaching
inside themain ED, exposing the staff and patients. In order to combat this problem, all patients
with an acute respiratory problem, even if C19 is not suspected, were taken to the corner cubicle.
In this report, the changes made in the ED to combat C19 spread are discussed.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the 2019
coronavirus disease (COVID-19; C19). It was initially reported in December 2019 in
Wuhan, Hubei Province, China, where a cluster of pneumonia cases was reported without
any known cause.1,2 On January 2020, China declared a novel coronavirus as a cause of these
pneumonia cases that continued to increase exponentially and soon spilled all over the world.1

On January 30, 2020, the World Health Organization (WHO) declared a Public Health
Emergency of International Concern and, on March 11, 2020, the WHO declared C19 a
pandemic. The first case in Oman was reported among 2 females returning from Iran.3

The Government of Oman responded by setting up an incident command chain and hotline
numbers for the general public. The 2 main tertiary care hospitals in Oman, The Royal
Hospital and Sultan Qaboos University Hospital, stopped routine outpatient clinics and
surgeries on March 16, 2020.

Floor Plan Changes and Patient Flow

Initial Phase – Alterations in the Main Emergency Department (March to April)

Our hospital covers the northern districts of Muscat Governorate where the number of cases is
comparatively less compared with the southern districts. A number of steps was taken to cope
with the possible surge of C19 patients. A plan was formulated regarding capacity building,
patient flow, and creation of beds for C19 patients, and establishing necessary training for
the staff. Extra staff was allocated to the emergency department (ED) by the hospital adminis-
tration upon ED request, and extra personal protective equipment (PPE) was indented from the
hospital stores with a revision of PPE supply demand for the next 3 months. A front desk was
added to the main ED door, along with the addition of an extra COVID suspect room (CSR)
dedicated for suspected C19 patients, to the next ED entrance door (Figure 1).

A separate resuscitation area, other than the resuscitation area of the normal ED, is allocated
in the ED for C19 patients. A C19ward and a C19 intensive care unit (ICU), each having 10 beds,
were established in the hospital. In terms of flow, a greeting nurse takes a quick history assessing
whether the patient is a C19 suspect. If suspected of C19, the patient is moved directly to the CSR
in the second entrance door where a dedicated C19 doctor assesses the patient (see Figure 1).
If stable enough to go home, the patient is discharged after taking a C19 swab, with instruction to
quarantine for 2 weeks if the test is reported positive, which will be communicated to the patient
the next day. If the C19 doctor thinks that the patient needs admission, then the doctor can
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admit the patient directly to the C19 ward. If the patient is unstable,
then the patient is taken to the C19 resuscitation area in the ED,
and after stabilization the patient is admitted to the C19
(or COVID-19) ICU (Figure 2).

In the latter 2 cases, the C19 swab will be taken after admission
as both C19 ward and C19 ICU have negative pressure ventilation.
All C19-related ED areas were covered by separate C19 nurses
(4 to 5) in each shift. Emergency beds can be increased up to
52 beds from the present number of 24 beds; as the new ED

building is ready but not operational, we could use 28 extra beds
of the new ED building (see Figure 1). The changes made to the ED
helped relieve the possible surge effect of C19 cases and helped
keep C19 and non-COVID emergency department (NCED)
patients separate to prevent the spread of C19 in the hospital.
However, since the beginning of the C19 crisis, the total number
of patients visiting the ED has dropped. As new patients are not
being admitted due to the suspension of routine surgeries and rou-
tine clinics, the number of admission beds has increased.

Figure 1. ED floor plan changes for the initial phase of the C19 setup.

Figure 2. C19 patients flow in the initial phase.
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Later Phase – COVID ED Setup (May to August)

This system worked well, initially, when the number of patients
was less, about 5 to 10 patients per day; by the end of May, the
number of patients started increasing. The major drawback was
the inability to see more than 2 patients simultaneously due to
the limited space in the CSR and extra patients had to wait in their
cars. In order to cope with this situation, the new ED, as mentioned
earlier, is used from the last week of May to August and labeled as
the COVID emergency department (CED). The old ED was work-
ing as the “normal” or NCED, catering to all non-COVID emer-
gencies. A C19 signboard is installed outside the main entrance
of the new CED, directing all C19 patients there. However, a greet-
ing nurse is still present on the entrance of the NCED, directing any
C19-suspected patient to the CED, which has 2 triage rooms,
2 short-stay rooms, 1 treatment room, and 1 resuscitation room,
each having 1 bed. Stable patients are discharged after taking a
C19 swab, with instruction to quarantine for 2 weeks if the test
is positive, which is communicated to the patient the next day.
Sick patients requiring admission are kept in a short-stay cubicle
or treatment room if any procedure is required and the patient is
admitted to the C19 ward. The very sick patients are kept in the
resuscitation area and later admitted to the C19 ICU. A C19
GeneXpert test is done for all patients requiring possible admis-
sion, which is reported by the on-call virologist within 2 hours.
C19-positive patients are admitted to the C19 ward or C19 ICU
accordingly; however, if the C19 test is negative for a patient
requiring admission, then the patient is shifted to the NCED
and admitted from there as per protocol (Figure 3).

It is worth noting here that more than 70% of the patients pre-
senting to the CED require admission as only sick patients come to
the hospital and patients with trivial symptoms report to the local
health centers. Every room of the CED is fumigated by housekeep-
ing staff wearing full PPE, and closed for 1 hour, once C19-positive
patient leaves the room. Overall, the total number of patients, when
compared with the same period of time in 2019, fell by about 25%

(Figure 4). The total number of patients from March to June 2020
were compared with same months of 2019, and graphs were gen-
erated in Microsoft® PowerPoint® 2016 version (16.0.4266.1001)
MSO (16.0.5032.1000) 32 bit (Figures 5, 6, and 7).

Equipment

Personal Protective Equipment

PPE is the specialized equipment or clothing worn to minimize
exposure to hazards.4 The donning and doffing of PPE are vital
for maintaining the health of health care workers and in preventing
the spread of infection.5 The staff using PPE in exposed areas
includes doctors, nurses, paramedics, emergency medical services
staff, medical orderlies, housekeeping, and food serving staff.

The following PPE is used by the staff when exposed to
suspected or confirmed C19 patients (Figure 8).

• Disposable gown
• Face mask N95 (fit tested)
• Face shield
• Disposable cap
• Shoe cover
• Surgical masks

Every staff is issued 1 N95 mask and 1 face shield per shift
as part of PPE conservation policy of the hospital. Gown gloves
and shoe covers can be changed according to the needs. The face
shield should be cleaned with a wipe every time after exposure to a
C19-suspected or C19-positive patient.

The donning and doffing procedures were defined and staffs
were trained for that; usually, donning and doffing were performed
in areas outside every CED room, in the corridor. PPE was dis-
posed in biohazard bins; however, N95 masks were disposed in
a recycle bin from where they were collected for reuse by using
the hydrogen peroxide method.6

Figure 3. CED floor plan (diagrammatic presentation): dischargeable patient flow (green arrows), C19 ward admission patient flow (blue arrows), C19 ICU admission patient flow
(red arrows).
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Other Equipment

CED has the same equipment as NCED with the difference that
C-MAC machine was used for intubation of the patient, which
allows the doctor to keep distance from the patient, and the plastic
sheet is used over the patient during intubation, while doctor is
putting hands below the sheet for intubation. Ultrasound machine
and other important equipment were also covered with a protec-
tive sheet. Food trolleys were also provided with thick plastic sheet
barriers with staff handling food trolleys wearing PPE in the CED.
A C19 single modular booth is also available for taking a nasopha-
ryngeal swab of stable, suspected patients (Figure 9).

Staffing

Studies from Italy and China have shown that health care workers
are extremely vulnerable to C19 infections.7 Prevention of C19
infection in health care staff is vital for the normal functioning
of the health care system.8 A staff rota is an important tool to min-
imize the exposure of staff to the infected patients by minimizing
the number of staff exposed to the infected patients at any given
point.8 The staff rota was developed to meet these criteria, and
hence 2 groups of 5 staff each were rotated alternately in a 12-hour
shift for 2 weeks, then 2 weeks off and vice versa for the second
group, before shifting back to the NCED (Figure 10). In every

Figure 5. Total number of patients from March to June 2019.

Figure 4. Decrease in the number of patients during March to June 2020. Bar 1 shows 2019 and bar 2 shows 2020 total number of patients from March to June.
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shift, 1 or 2 doctors were posted in the CED while rotating in 8-
hour shifts. A swab is taken for any staff developing symptoms
and treated accordingly.

Support Services

The medical orderlies, food serving staff, and housekeeping staff
posted in CED have to wear PPE while performing duties.

Figure 7. Patient flow comparison of March to June 2019 and 2020.

Figure 6. Total number of patients from March to June 2020.
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Discussion

General Discussion

C19 is a very contagious, rapidly spreading, and mostly unpredict-
able coronavirus-related disease.9 It started in Wuhan city
in China in December 2019, reaching up to pandemic levels in
March 2020. It is caused by the SARS-CoV-2 virus with an
incubation period of 2 to 14 days, typically 5 to 6 days.10 C19 causes
flu-like symptoms with fever, fatigue, cough, and shortness of
breath, which usually recover by itself or with supportive treatment
in most of the cases, but, in a few cases, it may progress to severe
respiratory symptoms and multiorgan failure leading to death.
Thus far, there is no specific treatment or vaccination available
for C19. It spreads mainly through small droplets suspended in
the air, even with normal talking by the affected person, creating
a dilemma for the governments around the world as how to control
its spread.11 PPE is a must for the medical staff due to the close
proximity of medical staff to the patient, making them vulnerable
to the disease. The real-time reverse transcription polymerase
chain reaction (rRt- PCR) test of a nasopharyngeal swab is the
main test for the diagnosis of C19.12 The present knowledge of

epidemiology reveals that the “flattening of the epidemic curve”
through mitigation and “raising the line” through greater health
care capacity are the 2main prongs of the strategy required to over-
come this pandemic.13 Social distancing, handwashing, and wear-
ing a mask are components of prevention for the general public,
compelling governments to exercise, lockdown of cities, and
closure of international borders to avoid a mass gathering as much
as possible.

Comparison With Other Studies

Our study showed a significant drop in the total number of
patients, as evidenced in many other studies, like Hartnett et al.,
Thornton et al., and Santana et al. studies (see Figure 7).14–16

The main difference in our setup from other studies like Li Juan
Joy Quah et al.'s, and Whiteside et al.’s is that, their CED and nor-
mal ED resuscitation beds are in the same physical area, whereas
we separate CEDwith its dedicated resuscitation area; however, use
of PPE is almost similar in our setup as in Quah et al.’s and
Hockaday et al.’s studies.5,17,18 The nursing staff rota is similar
in our and Quah et al.’s studies.17

Figure 8. Hospital-approved PPE used in the ED.
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What Makes Our Setup Unique in the World?

Most of the hospitals have made alterations in their present floor
plan setup or acquired other departments of the hospital to expand
the ED, like a surgery department as in Lin Juan Joy Quah et al.’s
study, whereas others have made temporary field hospital expan-
sions to expand their ED, like Hockaday et al.’s study.5,17 Our setup

includes a whole new ED for C19 patients in a new building, which
also includes a dedicated resuscitation room (see Figure 3).

Mistakes

The main mistake in our setup is the presence of the donning and
doffing area in the corridors, as there is no separate entrance and

Figure 9. Modular booth for C-19 sampling of stable and dischargeable patients.

Figure 10. Each group (1 and 2) comprises 10 nurses with further subgroups (A and B), each having 5 nurses in each shift. Group 1 is working the first 2 weeks when group 2 is off,
whereas group 2 is working the next 2 weeks when group 1 is off. Each shift (morning or night) is 12 hours.
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exit for C19 staff. Ideally, donning and doffing should be at the
entrance and exit of staff, respectively.5 We are not following
any specific doffing guidelines, but other studies have shown
the adherence to specific doffing guidelines as shown in the
Hockaday et al.’s study.5,19,20 Reuse of N95 masks with hydrogen
peroxide is questioned in some studies.21 Many studies have used
separate pathways for contaminated and non-contaminated areas,
which we did not.5,22 We have not developed a specific protocol for
visitors that are mentioned in some studies.23

Conclusion

In order to meet the expected surge of C19 patients, changes were
made to the ED. In the first phase (March to April), the CSR with
the use of a separate resuscitation area was added, but the major
drawback of that system was the inability to see more than 2
patients simultaneously due to the limited space in the CSR.
Later (May to July), a separate CED was set up. In the CED, pend-
ing admissions were the major problem; as the C19 ward and C19
ICU were becoming more occupied, the problem was solved
through central command help. In the NCED, the main problem
was the presentation of C19-positive patients, sometimes hiding
their symptoms and history to the triage doctor, thus reaching
inside the main ED and exposing the whole staff and patients
inside the NCED. In order to combat this problem, all patients with
a respiratory problem, even if not suspected, were taken to the cor-
ner cubicle. PPE conservation is attempted by reuse of N95 masks.
The C19 situation is still not over, and hence a follow-up study is
required once the present situation is over.

Conflict(s) of Interest. The authors declared no potential conflicts of interest
with respect to the research, authorship, and/or publication of this paper.
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