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Study objective: We aimed to evaluate and characterize the scale and relationships of emergency department (ED) visits and
excess mortality associated with the early phase of the COVID-19 pandemic in the territory of Hong Kong.

Methods: We conducted a territory-wide, retrospective cohort study to compare ED visits and the related impact of the COVID-19
pandemic on mortality. All ED visits at 18 public acute hospitals in Hong Kong between January 1 and August 31 of 2019
(n¼1,426,259) and 2020 (n¼1,035,562) were included. The primary outcome was all-cause mortality in the 28 days following
an ED visit. The secondary outcomes were weekly number of ED visits and diagnosis-specific mortality.

Results: ED visits decreased by 27.4%, from 1,426,259 in 2019 to 1,035,562 in 2020. Overall period mortality increased from
28,686 (2.0%) in 2019 to 29,737 (2.9%) in 2020. The adjusted odds ratio for 28-day, all-cause mortality in the pandemic period
of 2020 relative to 2019 was 1.26 (95% confidence interval 1.24 to 1.28). Both sexes, age more than 45 years, all triage
categories, all social classes, all ED visit periods, epilepsy (odds ratio 1.58, 95% confidence interval 1.20 to 2.07), lower
respiratory tract infection, and airway disease had higher adjusted ORs for all-cause mortality.

Conclusion: A significant reduction in ED visits in the first 8 months of the COVID-19 pandemic was associated with an increase in
deaths certified in the ED. The government must make provisions to encourage patients with alarming symptoms, mental health
conditions, and comorbidities to seek timely emergency care, regardless of the pandemic. [Ann Emerg Med. 2021;-:1-10.]
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INTRODUCTION
Background

Coronavirus disease 2019 (COVID-19) represents the
third coronavirus-associated epidemic to emerge from a
species leap from wild animals to humans.1,2 This
coronavirus causes a spectrum of presentations, from
asymptomatic through mild disease with respiratory
symptoms to life-threatening acute respiratory illness.3,4 By
the end of 2020, worldwide, there were at least 80 million
cases with positive Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) serology and more than 1.5
million reported SARS-CoV-2–associated deaths.5

Importance
Emergency departments (EDs) are on the front line

of the COVID-19 pandemic and need to manage both
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COVID-19 and the full spectrum of non-COVID
cases, such as myocardial infarction, acute-onset
leukemia, and trauma and injuries.6-8 In some
jurisdictions, reduced hospital visits helped alleviate the
rising pressure on health systems due to the pandemic.
For example, there was a reduction in total ED visits in
the United States, the United Kingdom, and Spain.8-10

In the United States, reductions in ED visits ranged
from 41.5% in Colorado to 63.5% in New York.11

The factors contributing to these reductions await
clarification. However, the early message in the United
Kingdom was that the system was under huge pressure
and that there was a need to “Protect the National
Health Service.”12 It is likely that fear of the virus,
concern that hospitals may not be healthy and safe
places, and a strong public health message discouraging
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Changes in Emergency Department Visits Associated With the COVID-19 Pandemic Wai et al
Editor’s Capsule Summary

What is already known on this topic
Emergency department census dramatically declined
during the early waves of the COVID-19 pandemic,
potentially signifying that individuals missed
necessary medical care.

What question this study addressed
This retrospective observational study assessed the
change in ED visit numbers and 28-day all-cause
mortality following ED visits before and during the
pandemic across all hospitals in Hong Kong.

What this study adds to our knowledge
The COVID-19 pandemic was associated with a
decreased number of overall ED visits but an increase
in overall 28-day mortality and ED mortality.

How this is relevant to clinical practice
These data suggest that missed ED care due to
pandemic-related concerns resulted in increased 28-
day mortality. Further work is needed to ensure this
phenomenon is not repeated in future pandemics.
“unnecessary” ED visits contributed to some of the
reductions.

The reduced hospital and ED visits during the pandemic
outside Hong Kong included patients with heart attacks
(23%), strokes (20%), and hyperglycemic crises (10%).13

Increased non-COVID mortality affected patients with
heart disease, Alzheimer disease, and dementia.14,15 In
general, these reports reflect communities that were directly
overwhelmed by COVID-19.15-20 Hong Kong has
experienced 3 small waves of COVID-19, which were well
contained by public health measures.21

Goals of This Investigation
We aimed to evaluate and characterize the scale and

relationships of ED visits and excess mortality associated
with the COVID-19 pandemic in Hong Kong that were
not directly caused by SARS-CoV-2. We compared the
2019 and 2020 (January through August) Hong Kong
territory-wide ED visits, ED deaths, 28-day mortality rates,
demographics, and diagnostic groups in all 18 public EDs.
On the basis of previous studies, we hypothesized that the
COVID-19 pandemic would be associated with a decrease
in ED visits and a higher 28-day non–COVID-19
mortality rate in 2020 compared with 2019.15-19
2 Annals of Emergency Medicine
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MATERIALS AND METHODS
Study Design and Setting

We performed a territory-wide, retrospective cohort
study using data from an electronic administrative health
care repository—the Clinical Data Analysis and Reporting
System (CDARS), which is managed by the Hospital
Authority in Hong Kong.22 The Hospital Authority is the
only public body overseeing all public hospitals and clinics
in Hong Kong. CDARS retrieves territory-wide data from a
centralized medical record system that is generated during
the delivery of public health care services. This includes
patients’ demographics, ward movements, deaths,
diagnoses, procedures, drug prescriptions, dispensing
histories, and laboratory results taken from all attendees at
public clinics and hospitals in Hong Kong. The data in this
system is stored in different data centers in Hong Kong.
The diagnostic coding is performed by physicians. The
information technology team in each hospital monitors the
coding performance of each physician and issues serial
reminders for coding each admitted patient if any missing
code is found. It includes the inpatient and outpatient data
of 80% of the 7.47 million people in Hong Kong, the
remainder being in the private system.23,24

Full-scale emergency medicine services providing 24-
hour emergency physician-led care are only available in the
EDs of 18 public hospitals. In 2019, the total number of
attendees at these EDs was 2.2 million, equivalent to a total
attendance rate of 290 per 1,000 population.25 We
followed the Strengthening the Reporting of Observational
Studies in Epidemiology statement for reporting
observational studies.26 The institutional review board of
the University of Hong Kong/Hospital Authority West
Cluster (UW 20-112) approved the study and waived
participant consent.
Selection of Participants
China announced the outbreak of a novel viral

pneumonia on December 31, 2020. The Hong Kong
government launched its contingency plan within days after
that, although the first confirmed case was not identified
until January 23, 2020. All patients attending the EDs of
the 18 public hospitals in Hong Kong during the
prepandemic period of January 1, 2019 to August 31, 2019
(denoted as “2019”) and during the pandemic period of
January 1, 2020 to August 31, 2020 (denoted as “2020”)
were included. For year-to-year comparison, ED data
recorded on February 29, 2020 was excluded from the
analysis. Data extraction was undertaken on October 10,
2020, so all patients were followed up for at least 28 days.
We excluded hospital episodes with missing data for triage
Volume -, no. - : - 2021
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category and residential district, which represented a
limited proportion of ED visits (1.04% in 2019 and 1.17%
in 2020). As the epidemic and later pandemic evolved, the
implementation of active and enhanced surveillance was
escalated. Hong Kong has rigorous testing systems and is
likely to have recognized most of the confirmed cases on
hospitalization.

Data included sex, age, race, residential districts, arrival
time, triage category (1, critical; 2, emergency; 3, urgent; 4,
semi-urgent; and 5, nonurgent), institutional residents,
ambulance utilization, comprehensive social security
assistance recipients, discharge destination (hospital
admission, discharge, left without being seen, certified dead
in the ED), pandemic attendance period, and the
diagnoses.27 The diagnoses included lower respiratory tract
infection, airway disease, coronary heart disease,
cerebrovascular disease, sepsis, trauma, cancer, diabetes
mellitus, chronic kidney diseases, epilepsy, deliberate self-
harm, mental disorders, and poisoning. Diagnoses defined
by International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) diagnosis codes
recorded in each episode are listed in Table E1 (available at
http://www.annemergmed.com). Another set of diagnostic
codes that are available in CDARS and used in public
hospitals in Hong Kong is the Hospital Authority Master
Disease Code Table (HAMDCT). The HAMDCT extends
the ICD-9-CM system with additional, locally relevant
terms and associated codes. A code number “519.8:8” was
added to the HAMDCT, indicating that COVID-19 was
present.

The social deprivation index for each residential district
was calculated by taking the average of 6 selected variables
from the census in 2016 in Hong Kong—namely,
unemployment, monthly household income less than US
$250, no schooling at all, one-person household, never-
married status, and subtenancy. It was developed to
measure the social disadvantage of each local urban area in
Hong Kong. The area with the highest index values was
correlated with high standardized mortality rates and
reduced hospital access. The index has been adopted as a
measure of the socioeconomic status of patients.28
Outcome Measures
The primary outcome was all-cause mortality in the 28

days following an ED visit. The “28-day mortality” covers
all deaths (ie, ED mortality, hospital mortality, and out-of-
hospital mortality) up to 28 days. ED mortality was defined
as any death certified in the ED (dead before arrival or dead
after arrival). Hospital mortality was defined as any death
occurring after admission to the hospital ward from the ED
Volume -, no. - : - 2021
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up to 28 days. Secondary outcomes were weekly number of
ED visits and diagnosis-specific mortality.
Analysis
Descriptive statistics were used to show the number of

deaths, the distributions of baseline covariates, and
outcomes of ED visits in 2019 and 2020. A complete-case
analysis was performed. We adopted the standard
population in Hong Kong (as estimated by the Census and
Statistics Department) as the denominator in order to
determine the 28-day, annualized, age-adjusted estimate of
excess mortality rate.29 Age was divided into 5-year age
groups from 0 to 85 years old or more.

To minimize potential confounding biases due to
discrepancy in baseline covariates of ED visits between
years, we applied propensity score covariate adjustment to
account for covariate imbalances for ED visits in 2019 and
2020. The propensity scores of all enrolled patients were
calculated using multivariable logistic regression, adjusting
for baseline variables with open causal pathway to death,
including sex, race, age group, residential region, ED arrival
time, wave period, ambulance utilization, institutional
residents, comprehensive social security assistance
recipients, social deprivation index, and triage category. In
addition to linear terms of continuous variables, restricted
cubic splines on continuous variables were used for
propensity score estimation. The estimated propensity
score represented the predicted probability of attending
EDs before or after pandemic (ED visit in 2019 versus
2020) for each person given their covariates.

We compared study outcomes between the pandemic
COVID-19 outbreak period in 2020 and the same
prepandemic period in 2019, overall and by covariates, as
mentioned above. We calculated the percentage drops in
ED visits from 2019 to 2020, overall and by other
covariates. Weekly ED visits during the different phases of
the pandemic period in 2020 vis-á-vis corresponding
period in 2019 were visualized overall and by attendance
characteristics and disease subgroups. Natural cubic
splines with 95% confidence intervals (CIs) and equally
spaced knots were fitted through the weekly ED visits by
disease subgroup. We estimated adjusted odds ratios
(ORs) of COVID-19 effects in 2020 on 28-day mortality
by multivariable logistic regression models adjusted
propensity score as covariate. To assess heterogeneity of
COVID-19 effects, we conducted repeated analyses
considering subgroups based on weeks and different levels
of covariates above. All the statistical analyses and figure
generations were performed using Stata version 16.0
(StataCorp LLC).
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RESULTS
Characteristics of Study Subjects

A total of 1,035,562 ED visits occurred in the pandemic
period (January 1 to August 31, 2020), compared with
1,426,259 ED visits during the equivalent prepandemic
period in 2019 (a 27.4% reduction) (Table E2, available at
http://www.annemergmed.com).
Main Results
Comparison of mortality between 2019 and 2020.

Table E3 (available at http://www.annemergmed.com)
shows the numbers of deaths of ED attendees during the 2
periods. In 2019, there were 28,686 deaths (3,453 ED
certifications; 15,903 hospital certifications; 9,330 out-of-
hospital certifications), compared with 29,737 deaths in
2020 (4,508 ED certifications; 15,884 hospital
certifications; 9,345 out-of-hospital certifications)—a 3.7%
increase in overall mortality and a 30.6% increase in ED
mortality. Big differences between 2019 and 2020 occurred
in all assessed categories except for the 18-to-less-than-35
year group and several diagnostic categories (trauma,
dementia, poisoning, bronchiectasis, and Parkinson
disease). The change of mortality per 100,000 population
varied in different districts (Figure E1, available at http://
www.annemergmed.com).

The estimated total population in Hong Kong at the end
of 2019 was 7,520,800; at the end of 2020, it was
7,474,200. The 28-day annualized, age-adjusted all-cause
mortality in 2019 (the prepandemic year) was 1,155.448
per 100,000 population, and in 2020 (the pandemic year),
it was 1,565.232 per 100,000 population (in Hong Kong).
Thus, the overall excess mortality per 100,000 population
was 409.784. The 28-day annualized, age-adjusted
mortality for respiratory conditions (lower respiratory tract
infection, airway disease, bronchiectasis) in 2019 was
314.123 per 100,000 population, compared with 419.747
per 100,000 population in 2020. The excess mortality for
respiratory conditions was 105.624. By comparison, the
28-day annualized, age-adjusted mortality for
nonrespiratory conditions was 841.325 in 2019 and
1145.485 in 2020, giving an excess mortality of 304.160.
Table E3 provides the raw 28-day mortality counts for
respiratory conditions in both years.

Comparison of ED visits between 2019 and 2020. The
reduction in ED visits (Table E2) occurred in all
subgroups, especially for patients aged less than 18 years
and patients with airway disease and bronchiectasis. While
most marked during the waves of COVID-19 infection, it
persisted during the interwave periods (wave, �31.6%
versus nonwave, �22.8%). However, associated with this
4 Annals of Emergency Medicine
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reduction in ED visits was a 30.6% increase in death
certifications in the ED.

Figure 1 shows the variation in weekly ED visits
associated with 16 diagnostic categories. There were
significant reductions in ED visits during the first 2 waves
across all diagnostic groups. The first interwave period was
brief, with no return to 2019 levels. The third wave period
saw persistent reductions in ED visits except for
cerebrovascular disease, cancer and Parkinson’s diseases that
trended to 2019 levels. The major change was in deliberate
self-harm, which significantly increased.

Excess deaths certified in the EDs between 2019 and
2020. Figure 2 shows the dynamic changes in actual weekly
count of certified deaths in the EDs. Apart from early January
and a short period in late June, there was a significant increase
in overall EDdeath certifications between the cubic spline and
weekly counts throughout the period. The dynamic changes,
ebbs, and flows in weekly count were similar in both the
prepandemic and pandemic periods.

Odds ratios for 28-day (ED and hospital deaths)
mortality between 2019 and 2020. Figure 3 shows the
dynamic relationships between the number of new
COVID-19 cases reported to the Centre for Disease
Control in Hong Kong and the adjusted weekly mortality
ORs of COVID-19 and non–COVID-19 cases attending
EDs. The adjusted OR of 28-day all-cause mortality was
highest during the first wave, despite extremely few
COVID-19 cases, and reflects a change in the balance of
absolute number of deaths (increased) and a reduction in
ED visits (decreased) compared with 2019. Apart from a
few isolated weeks during the second interwave and early
third wave period, the ORs remained significantly elevated
throughout the pandemic.

Figure 4 shows the adjusted OR of 28-day, all-cause
ED and hospital mortality among patients attending
EDs in 2020 compared with 2019. The adjusted OR
for 28-day mortality for all parameters was significantly
higher in 2020 compared with 2019, except for age 45
years or less, dementia, poisoning, bronchiectasis,
Parkinson disease, and deliberate self-harm. For patients
admitted to the hospitals, counts and ORs for 28-day
mortality were increased for lower respiratory tract
infection, followed by diabetes, chronic kidney disease,
and cerebrovascular disease. However, among patients
who died in the ED, only one third of the deaths were
assigned diagnostic codes. Of these, more than 97%
were classified as “cardiac arrest,” “instantaneous
death,” “unattended death,” or “other unknown and
unspecified cause of morbidity and mortality”
(Table E4, available at http://www.annemergmed.com),
and fewer diagnostic groups were included with wide
Volume -, no. - : - 2021
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Figure 1. Natural cubic splines with 95% confidence intervals (CIs) and equally spaced knots were fitted through the weekly ED
visits by disease subgroup. 2020 (red line) and the same period in 2019 (blue line). Three waves were shown in gray shading.
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CIs (Figures E2 and E3, available at http://www.
annemergmed.com). Trauma was the only group with
an increased count and OR for 28-day mortality in
2020. In Hong Kong, patients who die in the ED are
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reported to the coroners for investigation, including
autopsy, subject to the application of waiver by the
relatives. The autopsy reports are not available in the
hospital database.
Wave 3

May June July August

bic spline) 2020 (actual)

 last week is from 27 Aug to 31 Aug and is not fitted by cubic spline

eath in A&E

nd equally spaced knots were fitted through the weekly count of
ing area for 2019). Three waves were shown in gray shading.
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Figure 3. The first confirmed COVID-19 case in Hong Kong has announced on 23 January 2020: the first wave from 23 January to
29 February; the second wave from 17 March to 21 April; the third wave from 5 July to 31 August 2020. We estimated adjusted
odds ratios (ORs) of COVID-19 effects in 2020 on 28-day mortality by multivariable logistic regression models adjusted propensity
score as covariate by week.
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LIMITATIONS
There are limitations in this study. Firstly, this was a

retrospective cohort study and may include inaccurate and
incomplete documentation as well as variance in the
quality of the information recorded by physicians.
However, in this territory-wide study, all patients who
registered for ED service in the Hospital Authority were
captured; the study findings are highly valid and reliable.
Secondly, the findings may not be generalizable beyond
Hong Kong. Thirdly, the attendance data in 2019 should
be interpreted with caution because of the large-scale
social unrest that year. Fourthly, our data set only
captured attendance records from the EDs of the 18
public hospitals in Hong Kong. Any information on
health care services provided in the private sector is not
accessible. However, the private sector focuses on
nonemergency care, so the contribution to territory-wide
mortality is likely to be low. Finally, it is difficult to
objectively determine the degree of certainty of COVID-
associated illness. However, during the pandemic, all
patients attending EDs who satisfied the clinical and
epidemiological criteria for COVID-19, including all
deaths, were tested for SARS-CoV-2 by RT-PCR.
Further, Hong Kong has robust testing processes that are
equal to anywhere in the world. Thus, the degree of
certainty is at least equal to any other clinically related
COVID-19 publication in the literature.
6 Annals of Emergency Medicine
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DISCUSSION
The Fall in ED Visits as a Response in a Public Health
Emergency

This study aimed to describe the change in ED visits and
associated change of non–COVID-19 mortality during the
early phase of the pandemic in Hong Kong. The reduction
of ED visits in Hong Kong is compatible with observations
in other countries and regions.11,30,31 However, this is the
first report on this phenomenon in a region with low
COVID-19 incidence, where traveling within the territory
was not restricted. The cumulative number of COVID-19
cases over time for Hong Kong, the United States, the
United Kingdom, and New Zealand are compared in
Figure E4 (available at http://www.annemergmed.com).
Meanwhile, our study confirms the notion that there was
hospital avoidance during the pandemic, and it also shows
that there was a larger reduction of ED visits among
women (�30.1%) compared with that among men
(�24.5%) in our setting.32

The greatest degree of reduction was seen among
children and adolescents (�60.1%). Otherwise, the
reduction across different age groups was similar. We
observed that patients with emergencies (critical,
emergency, and urgent categories) were less affected
(�2.2% to �25.5%) than those categorized as semi-
urgent and nonurgent (�29.5%). This suggests that
critical and emergency patients in Hong Kong continued
Volume -, no. - : - 2021
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Figure 4. Subgroups analysis was conducted based on disease groups and different levels of covariates. Multivariable logistic
regression models, adjusting propensity score as covariate, were performed to estimate adjusted odds ratios (ORs) of COVID-19
effects in 2020 on 28-day mortality. CSSA, comprehensive social security assistance; SDI, social deprivation index.
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to attend EDs in usual numbers during the pandemic.
What is not clear is whether there were significant delays
in ED visits and whether this was a factor affecting
increased mortality rates.
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The degree of reduction was not uniform among
different clinical conditions or patient groups. The
authors analyzed the reduction from 3 different
perspectives—namely, respiratory diseases, general
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emergencies, and long-term medical conditions. ED visits
for respiratory problems (namely, lower respiratory tract
infection, airway diseases [chronic obstructive pulmonary
diseases and asthma], and bronchitis) fell rapidly from the
beginning of 2020. The reduction continued throughout
the study period and may be explained by the early
adoption of precautionary measures in the
community.21,33

The impact on emergencies was variable. There were
small reductions among patients with cerebrovascular
disease (stroke) and sepsis but more pronounced changes
among patients with coronary heart disease and trauma
throughout the study period. The reductions in trauma and
poisoning were more significant during the initial 3 months
(waves 1 and 2) but returned to prepandemic levels by July
2020, when a local outbreak of COVID-19 started (wave
3). In Hong Kong, the number of patient visits for
deliberate self-harm was low, but this rose from July 2020
despite a third wave.

Patients with chronic diseases (cancer, diabetes, chronic
kidney diseases, epilepsy, dementia, and Parkinson disease)
demonstrated a similar degree of reduction in general.
Changes were largest during waves 1 and 2 and then
returned toward prepandemic, seasonal-variation levels
after wave 2. The differences were less obvious among
patients with cancer and chronic renal diseases, whose
treatment continued as normal, even though outpatient
clinic and community nursing services were suspended
during the period.
The Impact of Reduction of ED Visits on Mortality
Early reports suggested that reductions in ED visits

might lead to delayed disease presentation and
treatment.9 Studies from Hong Kong indicated that
during the pandemic, there were delays in presentation
for both stroke and coronary heart disease that led to
treatment delays and a deterioration in patient
outcomes.34,35 In the current study, there was a
significant increase in ED deaths (classified as out-of-
hospital cardiac arrest) during 2020 that was not
associated with SARS-CoV-2 infection.

In Hong Kong, emergency medical service professionals
are empowered by law to certify the death of a person if
certain characteristics are identified, such as decapitation
and transection, incineration, rigor mortis, decomposition,
and apnea, in conjunction with destruction and/or
functional separation from the body of the heart, brain,
liver, or lungs. The law and the practice did not change
throughout the pandemic.
8 Annals of Emergency Medicine
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The 28-day mortality rate was higher in 2020 than in
2019. It mainly affected patients aged 65 years or older,
those in critical and emergency categories, and those not
living in residential homes for elderly. The increase in out-
of-hospital cardiac arrest in 2020 represents an increase in
non–COVID-19 disease severity and mortality and may be
a result of delays in seeking medical care rather than the
effect of fewer acute ED category attendances.
Implications
This study provides an overview on the early impact of

COVID-19 on emergency care in Hong Kong. The data
suggests increases in mortality in the ED and 28-day
mortality among elderly patients and those with chronic
medical conditions, possibly due to delayed presentations
and hospital avoidance. While it is important to advise
patients on social distancing measures, patients should be
encouraged to seek medical advice if they have a significant
illness. High-quality telephone advisory centers could help
to triage patients and advise on the appropriateness of
attending an ED while maintaining early social distancing.

In conclusion, our data suggests that the impact of the
pandemic in different groups can be highly variable. The
reasons underlying variable attitudes to ED visits during a
pandemic should be investigated further, using both
quantitative and qualitative approaches.

The authors wish to dedicate this report to the patients they
have described. The authors are also indebted to the many
members of the frontline medical and nursing staff, who
demonstrated selfless and heroic devotion to duty in the face of
this outbreak, both inside and outside hospitals, despite the
potential threat to their own lives and those of their families.
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