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Introduction

Abstract

Introduction: Emerging viral diseases (EVDs) pose a significant threat to public health.
There have been a few viral epidemics in the last two decades. Coronavirus disease 2019
(COVID-19) is now a global pandemic.

Objective: To provide emergency physicians an update on severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and its dynamic impact on the emergency
department (ED) in terms of preparedness and management of patients presenting to ED
with suspected COVID-19 disease.

Discussion: COVID-19 has a human-to-human transmission through close contact and
even from asymptomatic carriers. Symptoms are similar to a viral respiratory illness.
The disease is mild and self-limiting in most patients, but some develop severe illness
like pneumonia, acute respiratory distress syndrome (ARDS) and multiorgan failure.
Emergency physicians should prioritize early identification of these patients at risk, isolate
them and after collaborating with relevant hospital and national authorities, develop
clinical pathways to safely evaluate, manage and dispose patients with COVID-19. Various
strategies for managing these patients in the ED are discussed. Disposition of these
patients depends on symptoms and hemodynamic status and potential to self quarantine
versus admission to an isolation facility.

Conclusion: This review provides an overview of patients presenting to the ED with
suspected COVID-19 and its impact on the ED. It reiterates the fact that emergency
physicians, in close collaboration with relevant hospital authorities, play a pivotal role
during EVDs. It emphasizes the need for pandemic preparedness, enabling us to better
manage such events in the future.
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Coronavirus Disease 2019 (COVID-19). On March 11,

Emerging viral diseases (EVDs) pose a significant threat
to public health. The last two decades have witnessed
several viral epidemics, including SARS-CoV-1 in 2003,
HINI influenza in 2009, MERS-CoV in 2012 and Ebola
in 2014.

In December 2019, an unknown outbreak of several cases of
pneumonia was identified in Wuhan City, Hubei province
of China. It was thought to be associated with exposure in
a seafood wholesale market there. The Chinese authorities
isolated the virus on 7™ January 2020 and called it the
novel coronavirus (2019-nCoV). It was then renamed as
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), due to its clinical similarity to SARS. On 30"
January 2020, the World Health Organization (WHO)
announced this outbreak as a “Public Health Emergency
of International Concern” (PHEIC). On February 11,
2020, WHO announced that this disease would be termed

2020, WHO declared COVID-19 to be a global pandemic
(1,2). As of April 30, 2020, WHO has reported 3090445
cases of COVID-19 globally, with 217769 deaths (3).

The 2003 SARS outbreak and the 2014 Ebola outbreak
have already highlighted the importance of emergency
preparedness, redesigning the emergency departments
(EDs) and hospital infrastructure and processes. They
have highlighted the important role of the emergency
physicians in the initial identification and management
of these EVDs (4). This review describes the evolving
literature on COVID-19 and its impact on the ED as well
as explaining an approach to the initial management of
patients with suspected COVID-19.

Discussion
SARS-CoV-2 is a single-stranded RNA virus, having
crown-like spikes on its round surface when seen on an
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electron microscope (5). Like the previous coronaviruses,
it is naturally hosted by bats, with some studies suggesting
pangolin as an intermediate animal reservoir to infect
humans. SARS-CoV-2 binds to the angiotensin converting
enzyme II (ACE2) receptors in the human host, similar to
SARS-CoV (6).

The majority of initial COVID-19 cases were identified in
the residents of Hubei province, China or in people who
had travelled to and from that region. Over the last few
months, more and more cases reported across the world
are secondary to human-to-human transmission.

The incubation period of COVID-19 ranges from 3-14
days, with a mean incubation period of 5.2 days (95% CI
4.1-7.0) (7). The longest documented time to symptom
evolvement is 12.5 days (95% CI, 9.2-18 days).

Experts believe that once a human is infected with SARS-
CoV-2, there is human-to-human viral transmission
through respiratory droplets generated by coughing and
sneezing up to a distance of approximately 6 feet (8). Virus
is also transmitted through fomites, with subsequent
touching of the person’s eyes, nose, or mouth. Patients who
are more symptomatic have the highest risk of spreading
the virus.

Feco-oral transmission of SARS-CoV-2 leads to
gastrointestinal involvement infection, but more studies
are needed to confirm this mode of transmission.
Recent literature has also highlighted the importance of
asymptomatic and pre-symptomatic virus shedding in
the transmission of COVID-19, as it poses a big challenge
in the identification of suspected cases as well as the
prevention of local transmission (9- 11).

In a study conducted in China, 86.6% of patients were
30-79 years of age, with pediatric patients accounting only
2.1% of all cases. 80.9% of these cases were mild and 14.6%
were severe or critical. The overall mortality rate was 2.3%,
with the highest mortality in patients older than 80 years
(14.8%) (12). Compared with the mortality rate of other
recent epidemics, SARS (10%), Ebola (50%) and MERS-
CoV (34%), the average mortality rate for COVID-19
(3.4%) is definitely lower.

Advanced age, chronic medical conditions such as chronic
kidney disease, chronic pulmonary and cardiovascular
disease, immunocompromised state and cancer are
potential risk factors for severe COVID-19 (13) There are
increasing reports of health care workers being exposed to
the virus while caring for patients. This emphasizes the fact
that emergency physicians as well as other ED staff must
be cognizant of the risk of exposure at work and hence
observe appropriate infection control guidelines stipulated
by the Centers for Disease Control and Prevention (CDC)
as well as their respective institutions (14).

Majority of COVID-19 cases present with an acute
respiratory infection, the commonest symptoms being
fever, dry cough and dyspnea. Patients may also present
with vague generalized complaints like sore throat,
sneezing, fatigue, lethargy and myalgia. Occasionally,

some patients have gastrointestinal (GI) symptoms like
diarrhea, vomiting, abdominal pain and anorexia. There
have been anecdotal case reports of anosmia and dysgeusia
as the only presenting complaints (13).
The lesser incidence of fever in SARS-CoV-2 infection,
relative to SARS-CoV1 and MERS-CoV, raises concern
regarding the use of fever detection as the only surveillance
tool. The elderly or immunocompromised patients may
present with atypical manifestations of COVID-19, and
they may not spike a fever or demonstrate other typical
symptoms that help clinch the diagnosis.

The list of differential diagnosis for COVID-19 can be

huge, and should be individualized based on the patient’s

presenting symptoms as well as underlying co-morbidities.

Influenza, viral illnesses like dengue, bacterial/aspiration

pneumonia or other pulmonary diseases like pulmonary

embolism should be considered in the appropriate setting.

A detailed history including patient’s travel history, history

of contact with any positive COVID-19 patient and a

detailed physical examination remain the key towards

establishing an appropriate diagnosis.

Based on the clinical presentation, patients with

COVID-19 are classified into mild, moderate, severe and

critical category (15).

o Mild: fever, cough, sore throat, fatigue, malaise,
vomiting, diarrhea, anosmia, but no radiological
signs suggestive of pneumonia

o Moderate: fever, cough and shortness of breath along
with radiological signs suggestive of pneumonia

o Severe: dyspnea, respiratory rate >30/minute, oxygen
saturation <93% on room air, PaO2/FiO2 ratio <300,
and/or lung infiltrates >50% of the lung field

o  Critical: septic shock, acute respiratory distress
syndrome (ARDS), multi organ dysfunction
syndrome and coagulation dysfunction.

Patients with severe COVID-19 infection can develop

complications like secondary bacterial infection, acute

kidney injury, ventilator-associated pneumonia, acute
coronary syndrome, ischemic stroke and encephalitis to

name a few (16).

General approach towards COVID-19 in the ED

ED should adopt a standardized, multi-faceted approach
for managing patients presenting with suspected EVD,
including COVID-19. The primary focus should be on
early identification of these at-risk patients, both in the
pre-hospital as well as the hospital setting. The aim should
be to isolate these patients and manage them accordingly,
to avoid risk to other patients who are in the ED or the
hospital.

While dealing with such outbreaks, there must be
appropriate coordination and collaboration between
ED, relevant departments like Infectious Diseases and
Intensive care Units, hospital management, Ministry of
Health or other government agencies. Relevant messages,
instructions and workflows and their updates must be
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disseminated regularly through a pre-determined channel.
All positive or suspect EVD cases must be notified in a
timely manner, so that an appropriate record can be kept
at institutional as well as national level.

At the departmental and hospital level, there should be
mechanisms in place to ensure adherence to appropriate
infection control measures like hand washing, donning
and doffing of personal protective equipment (PPE).
Every staff must be adequately trained in this regard
and must follow the appropriate steps. Contact tracing
and syndromic surveillance can be better achieved by
utilization of electronic health records. New technologies
can be adopted for contact tracing of patients as well as
healthcare staff who may have been involved in care of
a positive COVID-19 patient, throughout the patient’s
journey at a healthcare institution. Clinicians must
exercise caution and clinical judgment while reviewing
results of the published literature, because their conclusion
and suggestions are often based on studies carried out in
a particular setting, and hence they may not be directly
applicable to other settings.

Managing suspected COVID-19 patients in the Pre-
hospital setting

Emergency medical service (EMS) department, in
consultation with the Health Ministry should step up
emergency preparedness measures to identify suspected
COVID-19 patients and ensure safety of EMS personnel
responding to them. EMS personnel arriving on-scene
and providing direct patient care to these at risk patients
should be geared in appropriate PPE based on the local
health advisory. Ideally, they should be dressed in gown,
gloves, N95 respirator, face shield or eye goggles. Aerosol-
generating procedure like nebulization should be avoided
in the ambulance. Upon arrival at the ED, the patient
should be transferred directly to the designated treatment
area. The ambulance doors should be left open for proper
air-circulation and the ambulance must be cleaned using
approved disinfectant wipes. The paramedics should wear
appropriate PPE (disposable gown, gloves, surgical mask,
and face shield) while cleaning the ambulance (17).

Managing COVID-19 patients in the ED

Gaining insights from SARS epidemic in 2003, potentially
infected patients in Singapore are managed with high
vigilance, especially in these rapidly evolving conditions.
Before entering the ED, all patients and accompanying
person/visitors have to fill a rapid screening questionnaire
on their travel history, symptoms of fever plus acute
respiratory illness and history of contact with a suspicious
case. Their body temperature is checked and documented.
This pre-triage screening is done outside the ED entrance.
The rationale is to identify a potentially suspected
case as early as possible. Any patient with fever and a
positive response to any question in the questionnaire
is then managed at the designated isolation area of the
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ED. Other entrances of the ED also need to be guarded,
especially during this high risk period, to prevent at-risk
patients from inadvertently entering the ED (18). Limit
visitors entering the ED to only those who are essential
(e.g. immediate family members or parent, guardian, or
primary caregiver) and even they should be screened
at the entry point with the screening questionnaire. As
the disease becomes widespread to other countries in
the world, including local transmission, modifying the
screening questionnaire appropriately aids in identifying
these potential cases. The ED as well as the hospital should
monitor the daily attendance, and be prepared to redesign
workflows of patient flow to best manage the pandemic.
Every suspected COVID-19 patient should be separated
from another patient by at least 2 meters (6 feet).
Both the patient as well as the accompanying person
should wear a facemask for the entire duration of their
consult till disposition. This will help reduce the risk of
transmission to other surrounding patients in the ED. The
isolation areas in ED have rooms with negative pressure
ventilation. There should be ante-rooms to reduce the risk
of transmission during opening and closing of doors, and
they also serve as an area for health care workers to don/
doff the PPE before entering the isolation facility. The
movement of staff in the isolation areas of the ED should
be limited to those involved in patient care.

Healthcare workers should undergo appropriate PPE and
hand hygiene training as per hospital guidelines, and these
should be strictly followed before and after contact with
every patient. A powered air purifying respirator (PAPR)
must be used for patients requiring an aerosol-generating
procedure like endotracheal intubation. As far as possible,
basic radiological investigations should be catered for
within the isolation area, limiting moving the patient to
another location. If an investigation cannot be completed
within the isolation facility and the patient needs to be
transported to other areas of the ED or hospital, personnel
involved in transport as well as those at the receiving
location should wear appropriate PPE (19).

The Bed Management Unit of the hospital should also be
aware of the various admission workflows, so they can
appropriately allocate beds to cohort the group of patients,
and thus avoid cross-contamination to other patients and
staff. After appropriate disposition of the patient from
the ED, disinfection and cleaning of the areas is crucial.
Personnel involved in the cleaning process must follow
the standard precautions and wear PPE, as the infectious
particles may be present, although exact duration remains
unclear (20).

(i) Laboratory and radiographic investigations in the ED

The ED physician should perform certain basic laboratory
and radiological investigations, including nasopharyngeal
swabs that can aid in the diagnosis of the patient. These
investigations should not be interpreted in isolation,
but they should always be correlated with the clinical
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presentation of the patient.

Hematological

Leukopenia, especially lymphocytopenia, was seen in
about 80% of the cases. Mild thrombocytopenia is also
noted, similar to other viral illnesses. Neutrophil-to-
lymphocyte ratio (NLR) 23.13 may serve as a marker for
progression to severe illness in COVID-19 patients.

Inflammatory markers

COVID-19 is known to cause an inflammatory cascade,
including coagulation disorders in the affected patient.
Serum procalcitonin may be normal initially. There will
be elevated levels of other inflammatory markers like
C-reactive protein (CRP), lactate dehydrogenase (LDH),
D-dimer, creatine kinase and erythrocyte sedimentation
rate (ESR). As disease progresses, serum creatinine will
be elevated in patients with acute kidney injury. Critically
ill patients may demonstrate elevated levels of interleukin
(IL)-6, IL-4, IL-10, and tumor necrosis factor (TNF)-q,
secondary to the underlying cytokine storm.

Reverse transcription polymerase chain reaction

Detecting the virus by genomic sequencing using reverse
transcription polymerase chain reaction (RT-PCR) is the
current confirmatory test for COVID-19. For RT-PCR in
the ED, specimen collection via nasopharyngeal swab or
sputum sample should be carried out wearing adequate
PPE. Results of the RT-PCR may take a few hours up to 2
days, depending on the turnaround time of the laboratory.
The specificity of RT-PCR is high, but its sensitivity can
be low as about 70%. The sensitivity may reduce further
and the test may fail to detect the infection if the sample
was not collected appropriately, or the patient was in the
early stages of the disease with low viral load, or the test
was carried out at a late stage of infection (21). The swab
should be taken early at symptom onset, to obtain high
virus concentrations (22). Symptomatic patients with
a negative RT-PCR test usually do not have the disease
(23). But a single negative RT-PCR should not be used to
exclude the diagnosis, and the patient can be discharged
with advice to self isolate. The RT-PCR should be repeated
a few days later to confirm the presence or absence of the
disease. Testing for alternative diagnoses like influenza
may be considered for these patients (24).

Radiology

Plain chest x-ray (CXR), point-of-care lung ultrasound and
computed tomography (CT) of thorax can be performed
on a case by case basis.

Although less sensitive than CT, CXR is the first line
imaging modality. Findings are non-specific and CXR
may be normal in early or mild disease. The most frequent
findings are airspace opacities, described as consolidation
or ground glass opacities (GGOs), often bilateral, and
predominantly distributed in the peripheral and lower

zones of the lung.

Lung ultrasound may be useful in the evaluation of
critically ill COVID-19 patients. The findings are typically
noted in multiple lung zones, as focal to diffuse multiple
B-lines, irregular, thickened pleural line and pneumonic
consolidation. Lung ultrasonography plays a role for rapid
assessment of severity of COVID-19 pneumonia and it is
safe, done at the bedside, repeatable, low cost and there is
absence of radiation (25).

The primary CT changes that have been reported include
bilateral, peripheral and basal ground-glass opacities
(GGO), crazy paving appearance of GGOs, inter and
intra-lobular septal thickening, air space consolidation
and bronchovascular thickening in the lesion (26).

(ii) Treatment
Till date, no definite treatment exists for patients with
COVID-19. Emergency physicians, infectious disease
specialists, and health department/ministry should
collaborate and development a clinical management
pathway to safely evaluate, manage and dispose patients
with COVID-19.
Close observation and early supportive care remains the
mainstay of treatment. Most patients with COVID-19 do
not require specific antiviral treatment except supportive
care and can be managed symptomatically with close
monitoring. About 15-20% of the patients progress to
severe pneumonia and about 5% require critical care.
This subset of patients who progress to severe disease may
benefit from early treatment with antiviral medications
(27). This is from the small studies published till date, but
definitive data from randomized controlled trials are still
awaited. Intravenous antibiotics are recommended for
patients who are critically ill or those with pneumonia on
radiological investigations. Immunomodulator therapies
(eg. IL-6 inhibitors) have also been proposed to limit the
cytokine-mediated inflammation in critically ill patients
with ARDS.
Breathless and hypoxic patients with a potential COVID-19
infection should be commenced on supplementary
oxygen to maintain an oxygenation saturation of 90-96%.
Intubation and nebulization are considered high-risk
aerosol-generating procedures. For patients in respiratory
failure or ARDS requiring emergent intubation in the
ED, the following recommendations (28) need to be
considered:
e Avoid administration of nebulized medication and
prefer using MDI with spacer instead
o If oxygenation and ventilation support is needed,
intubation is preferred instead of initial management
with Non-Invasive Positive Pressure Ventilation
(NIPPV) or High Flow Nasal Oxygenation (HFNO)
o Intubate only in a negative pressure room
o Restrict the members of an intubation team to a
maximum of 3 people
o Personnel performing intubation should wear
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adequate PPE - at least N95 mask, goggles, face shield,
gown, and gloves pulled over end of gown sleeves

o Use of PAPR is recommended during intubation,
considering the risk of infection transmission of
SARS-CoV-1 to healthcare workers while using only
N95 respirators

o Most experienced available clinicians should intubate
to maximize first attempt success

o Rapid sequence intubation (RSI) is the preferred
method

o Avoid awake intubation, unless when absolutely
indicated, because of the potential for coughing
during application of topical anesthesia, leading to
virus transmission

o Use high-dose neuromuscular blocking agents for
faster and more complete apnea and no residual
cough

«  Preoxygenate the patient for at least 5 min with 100%
oxygen before RSI. Use of NIPPV for preoxygenation
is not recommended due to the increased risk of
aerosolization

o Use video laryngoscope compared to direct
laryngoscope to increase the distance between the
operator and the patient

o  Clinicians can use a screen instead of having to look
in the patient’s mouth and thus increase operator to
patient distancing

o A high-efficiency particulate air filter should be
attached to the expiratory limb of the mechanical
ventilator

Post-intubation, the initial ventilator settings should be

set using tidal volumes of 4-8 mL/kg of predicted body

weight, respiratory rate of 16-20 breaths/min, PEEP of 5

cm H,O and plateau pressures <30 cm H,O.

Emergency physicians should aim to identify the early

signs of septic shock to avoid deterioration. Judicious

use of intravenous fluids, especially crystalloids, is

recommended for controlled fluid resuscitation. The

first choice of vasopressors for persistent shock despite

fluid resuscitation should be norepinephrine, with a

target to achieve mean arterial pressure of 60-65 mm

Hg. For patients with persistent hypotension despite

norepinephrine, epinephrine or vasopressin infusion

should be commenced, instead of dopamine. Dobutamine

is recommended for patients having cardiac dysfunction

on bedside echocardiography (28). The routine use of

corticosteroids is not recommended, except in refractory

shock states or documented hypocortisolism (27).

Regarding antiviral therapy, if lopinavir-ritonavir use is

considered for patients with severe COVID-19, its use

within 12 days of symptom onset is associated with earlier

improvement of symptoms (hazard ratio 1.25; 95% CI

1.77-2.05) (29). The use of remdesivir has shown potent

antiviral activity against SARS-CoV-2 in in-vitro studies

and some case reports. Till RCT results that are expected

soon, it is recommended to use remdesivir under a trial/
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study setting (30, 31).

There is no published study regarding the use of interferon
beta-1B in SARS-CoV-2. A small French study to treat
patients with hydroxychloroquine and azithromycin
showed reduction of viral load at day 6, compared to the
study group, but more robust data in needed (32). Other
medications under study include immunomodulators
tocilizumab (IL-6 inhibitor) for patients in cytokine storm
and favipiravir.

Trials regarding the use of specific antiviral drugs for
treating COVID-19 patients and vaccine to control
the spread of the pandemic are underway. Till then,
observation of universal health precautions, isolation of
suspect and/or positive patients and close monitoring
with supportive care form the cornerstone of treatment.

(iii) Disposition

Patients with mild symptoms and no significant co-
morbidities may be discharged from the ED after a
nasopharyngeal swab and given symptomatic medications
and advice to self-quarantine at home for 2 weeks.
Emergency physicians should counsel these patients and
give them a discharge advisory to return back to the ED
for new or worsening respiratory symptoms and fever.
Mechanism should be in place to inform them of the swab
result, and if positive, they may be advised to continue
monitoring their symptoms at home or they should be
admitted to a designated quarantine facility, depending
on national protocols. The relevant health department/
ministry should collaborate in the care of these patients
and they can follow-up with surveillance, contact tracing
and repeat testing of this group of patients and their family
members.

Patients with moderate to severe symptoms, with or
without underlying co-morbidities, especially those
having pneumonia on CXR or hypoxic patients requiring
supplemental oxygen, will require admission for further
management and monitoring (33).

Conclusion

SARS-CoV-2 is an evolving pandemic, transiting from
initially affecting those who travelled to an affected area
to local community transmission. It is more infectious
than SARS-CoV-1 and MERS-CoV. A vast majority of
patients will recover after a mild, self-limiting disease,
but some will progress to severe illness or develop life
threatening complications, eventually leading to death.
Emergency physicians, in close collaboration with
relevant hospital authorities, play a pivotal role during
these EVDs, and should promptly adopt the principles
of emergency preparedness whilst maintaining a high
index of suspicion. This will aid in early identification of
suspected COVID-19 patients in the ED, and adopting
isolation measures. This will help reduce the exposure to
other patients and healthcare workers as well as improve
patient outcomes.
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The key to effective management of these outbreaks
is collaboration and a consolidated strategy across
the healthcare sector. At the hospital level, there must
be continuity of care between ED and inpatient care.
However, the pandemic preparedness must extend
beyond the healthcare sector, involving the public as well
as relevant partners at the national level. Regular conduct
of disaster and pandemic drills to test our preparedness
will play an important role and provide us an opportunity
to identify our gaps and address them.

Let us learn from this pandemic, emerge from it, commit
to evolving new strategies to optimally face such threats
in the future.
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