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ABSTRACT

Objectives The threat of a pandemic, over and above
the disease itself, may have significant and broad effects
on a healthcare system. We aimed to describe the
impact of the SARS-CoV-2 pandemic (during a relatively
low transmission period) and associated societal
restrictions on presentations, admissions and outpatient
visits.

Design We compared hospital activity in 2020 with the
preceding 5 years, 2015-2019, using a retrospective
cohort study design.

Setting Quaternary hospital in Melbourne, Australia.
Participants Emergency department presentations,
hospital admissions and outpatient visits from 1 January
2015 to 30 June 2020, n=896 934 episodes of care.
Intervention In Australia, the initial peak COVID-19 phase
was March—April.

Primary and secondary outcome measures Separate
linear regression models were fitted to estimate the
impact of the pandemic on the number, type and severity
of emergency presentations, hospital admissions and
outpatient visits.

Results During the peak COVID-19 phase (March and
April 2020), there were marked reductions in emergency
presentations (10 389 observed vs 14 678 expected;
29% reduction; p<0.05) and hospital admissions (5972
observed vs 8368 expected; 28% reduction; p<0.05).
Stroke (114 observed vs 177 expected; 35% reduction;
p<0.05) and trauma (1336 observed vs 1764 expected;
24% reduction; p<0.05) presentations decreased; acute
myocardial infarctions were unchanged. There was

an increase in the proportion of hospital admissions
requiring intensive care (7.0% observed vs 6.0%
expected; p<0.05) or resulting in death (2.2% observed
vs 1.5% expected; p<0.05). Outpatient attendances
remained similar (30 267 observed vs 31 980 expected;
5% reduction; not significant) but telephone/telehealth
consultations increased from 2.5% to 45% (p<0.05) of
total consultations.

Conclusions Although case numbers of COVID-19 were
relatively low in Australia during the first 6 months of
2020, the impact on hospital activity was profound.

3,12

Strengths and limitations of this study

» The impact of the threat of COVID-19 in 2020 was
observed at a quaternary referral hospital in Victoria
across three settings: the emergency department,
hospital admissions and hospital outpatient visits
and compared with the preceding 5 years, totalling
896 934 episodes of care.

» Modelling patient data over the last 5 years, rather
than last year alone, provides a stronger prediction
of what the numbers in 2020 should have been.

» Not only were the changes in number and type of
presentations explored, but also the impact on vul-
nerable populations.

» We explored whether admitted patients were more
unwell during the peak of COVID-19.

» Itis not known if patients who avoided presenting to
the Royal Melbourne Hospital during the COVID-19
outbreak sought care elsewhere, such as communi-
ty general practitioners or local hospitals.

INTRODUCTION

The COVID-19 pandemic has affected hospi-
tals in varied ways. The usual business of
providing care to patients without COVID-19
has altered, and the pattern of presentations
and admissions has changed. For instance,
as the number of COVID-19 cases rose, a
decrease in overall number of emergency
presentations has been reported, ranging
from 49% in the UK to 88% in Italy.'™* Unan-
ticipated and indirect impacts on hospital
services occurred even in regions with rela-
tively few reported COVID-19 cases.

Before July 2020, Australia had been rela-
tively spared. As of 30 June 2020, there had
been 8023 COVID-19 cases and 104 deaths
among a population of 25 million. In the
second-largest jurisdiction, Victoria, there
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had been 2159 cases. The Victorian government declared
a state of emergency on March 16 and shut down all non-
essential activities. Health services were instructed to
suspend non-urgent surgery to maintain surge capacity.
The federal government introduced widened criteria for
telehealth consultation rebates to encourage the use of
telehealth.

The Australian context provides a unique opportu-
nity to examine the effects of the threat of COVID-19
on healthcare utilisation. Using hospital administrative
data from the Royal Melbourne Hospital, one of Victo-
ria’s largest hospitals and designated hospital for treating
patients with COVID-19, we determined changes in the
number, type and severity of emergency presentations,
hospital admissions and hospital outpatient visits, during
the first half of 2020 compared with the preceding 5 years,
2015-2019. An understanding of changes can improve
planning, public health messaging and resource manage-
ment for future surges.

METHODS

Study design and population

The Royal Melbourne Hospital is a major metropolitan,
quaternary referral and teaching hospital, operating
approximately 800 beds. It is one of two major trauma
referral centres in Victoria and one of Australia’s leading
public hospitals. Patients are transferred to the Royal
Melbourne Hospital from tertiary organisations across
Victoria and Tasmania. Commencing 1 March 2020, the
hospital opened a fever clinic for the screening of patients
for SARS-CoV-2 and became a designated hospital for
treating patients with COVID-19 .

Administrative data are collected on all patients and
can be accessed through an integrated data warehouse,
which links data from source systems including the patient
administration system, electronic health records and offi-
cial diagnostic coding data. We obtained episode level
data on all emergency department (ED) presentations
and hospital outpatient visits from 1 January 2015 to 30
June 2020. Admissions data were collected from 1 January
2015 to 31 May 2020 (June was excluded as discharge
coding for admissions was incomplete at the time of
data acquisition on 15 July 2020). Data fields included
demographics, ED discharge coding of diagnoses, prin-
cipal International Classification of Diseases-10 diagnosis
at hospital discharge, length of stay, intensive care unit
(ICU) stay, triage category according to the Australasian
Triage Scale (ATS, range 1-5, where 1 is most critical),
COVID-19 diagnosis, in-hospital mortality; and for outpa-
tient visits the modality of visit (in person, telephone, tele-
health). We accessed publicly available data on Victorian
COVID-19 notifications.

Patient and public involvement

No patient was involved. The study includes deidenti-
fied patient data from the Royal Melbourne Hospital,
Australia. It was not appropriate or possible to involve

patients or the public in the design, or conduct, or
reporting, or dissemination plans of our research.

Statistical analysis

To determine whether there were changes in the number
of different hospital cases in 2020 compared with the
preceding 5 years, we used linear regression models to
test the null hypothesis that there was no difference in
the number between the prepandemic (2015-2019) and
postpandemic (2020) periods. Separate linear regres-
sion models were fitted to the number of (1) ‘emergency
presentations’, excluding the dedicated COVID-19 fever
clinic; (2) ‘admissions’ including healthcare provided in
the home, that is, intravenous treatment for patients with
pneumonia, but excluding single day admissions, statis-
tical separations (cessation of an episode of patient care),
organ procurement, maternity and birth episodes; (3)
‘outpatient visits’, excluding missed appointments; (4)
patientswith one of eight primary diagnoses: ‘pneumonia’,
‘trauma’, ‘mental health or substance abuse’, ‘acute coro-
nary syndrome’, ‘stroke’, ‘appendicitis’ or ‘cellulitis’
(expressed as a total number for the 1 or 2-month period)
(see online supplemental eTables 1-7 for categorisation
codes). These eight diagnoses were prespecified for
detailed analyses as they were hypothesised to change
in numbers of presentations during the pandemic and
each comprised a significant proportion of all presen-
tations; (5) patients within each ‘triage category’ (ATS
1-3=high acuity, 4-b=low to moderate); (6) ‘ICU admis-
sions’ (number of patients admitted to ICU expressed as
a percentage of admitted patients); (7) ‘deaths’ (number
of admitted patients who died, expressed as a percentage
of admitted patients); (8) patients from different suburbs
across Melbourne (expressed as a proportion of admitted
patients) as well as (9) ‘length of stay’ (excluding short-
term stay <24 hours and presented as the average dura-
tion in hours for all patients), against ‘year of admission’
(prepandemic/postpandemic) and ‘date of admission’
(dd/mm/year) to adjust for seasonality. The number of
‘ICU admissions’, ‘number of deaths’ and ‘length of stay’
were adjusted for ‘age’ and ‘gender’ in addition to ‘year
of admission’ and ‘date of admission’ since we expected
these outcomes to vary depending on the patient demo-
graphic presenting to the hospital, thatis, an older cohort
of patients in 2020 may explain a rise in deaths and there-
fore, may not be associated with the pandemic. All other
dependent variables were used to represent healthcare
utilisation, regardless of the patient demographic; they
were not adjusted for age and gender.

To calculate the mean difference (and 95% CI) between
expected and observed numbers for 2020, we fitted a
linear regression model of case numbers against 2015—
2019 and predicted numbers for 2020 and compared
these with actual numbers for 2020. We used Gaussian
regression models for continuous variables and Poisson
regression models for all count variables. A conservative
approach was used to check for statistical differences
(p<0.05) based on whether the 95% CIs of the difference
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overlapped with zero. We used the same models to observe
the pandemic’s effects from January to February, March
to April and June to July. These 2-month windows repre-
sented the pandemic’s pre, peak and transition phases,
respectively, and were compared with the same periods in
2015-2019. Only the January—June period was considered
because this is the available data for 2020 and it captured
the first wave of the COVID-19 outbreak when it posed
more of a threat to overwhelming the health service than
a reality.

The regression models showed little autocorrela-
tion as indicated by the Durbin-Watson test and the
residuals showed only minor deviations from normality
when using the univariate kernel density estimation.
Overdispersion was not detected in any analysis as indi-
cated by the Pearson % dispersion statistic. Because this
is an exploratory study and not a study that would lead
to a change in clinical practice, we did not correct for
multiple-hypothesis testing. All analyses were conducted
using Stata V.16 (StataCorp, Texas, USA) and RV.4.0.2 (R
Project for Statistical Computing).

RESULTS

Observations during January—Jun 2020

From 1 January to 30 June 2020 there were 2159 posi-
tive SARS-CoV-2 notifications in Victoria, Australia, of
which 138 were diagnosed and 28 admitted at the Royal
Melbourne Hospital. From 1 January to 30 June 2020 there
were 47 609 emergency presentations (36 188 excluding
fever clinic), 16 867 admissions (excluding June) and 96
722 outpatient visits. Notifications for SARS-CoV-2 peaked
in Victoria in early April, and a coincident reduction in ED
presentations to the Royal Melbourne Hospital occurred
in March and April (figure 1A). A concomitant increase
in patients screened in the fever clinic was observed in
March and April and peaked in the third week of March,
2 weeks before the peak in COVID-19 cases. Emergency
presentations remained below pre-COVID-19 activity in
May and June.

Similarly, both emergency and elective hospital
admissions were considerably reduced during the peak
COVID-19 period compared with the pre-COVID period
and began to recover in May (figure 1B). Outpatient
appointments dropped for 1 week during the peak
COVID-19 period but quickly recovered (figure 1C). Tele-
health and telephone appointments increased during the
peak COVID-19 period to compensate for the decrease in
face-to-face appointments. They continued to represent a
large proportion of appointments in May and June.

ED episodes

From 2015 to 2019, there was a year-on-year increase
in caseload for all ED presentations (figure 2). During
March-April 2020 when COVID-19 cases peaked, there
was a marked reduction in ED presentations (10 389
observed vs 14 678 expected; 29% reduction, p<0.05)
(table 1). There were fewer trauma (major and minor)
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Figure 1 Weekly number of positive COVID-19 cases in VIC
and treated at the RMH and the corresponding changes in
number of ED presentations (A), hospital admissions (B) and
outpatient appointments (C) from 1 January to 30 June 2020.
Complete hospital admission data are available till 30 May
2020. ED, emergency department; RMH, Royal Melbourne
Hospital; VIC, Victoria.

cases (1336 observed vs 1764 expected; 24% reduction,
p<0.05), stroke cases (114 observed vs 177 expected;
36% reduction, p<0.05), mental health and substance
abuse cases (221 observed vs 267 expected; 20% reduc-
tion, p<0.05) and appendicitis cases (54 observed vs 76
expected; 29% reduction, p<0.05) but an increase in
cellulitis cases (89 observed vs 69 expected; 29% increase,
p<0.05). There was no difference in the actual versus
expected number of acute myocardial infarction or pneu-
monia cases.

As Victorian COVID-19 cases began to decline during
the May—June transition phase, the ED continued to
observe fewer overall presentations (11 298 observed vs
13 729 expected; 18% reduction, p<0.05), and there were
fewer high acuity cases (63.9% observed vs 65% expected;
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p<0.05) (table 1, online supplemental table). Fewer cases
of pneumonia (32 observed vs 52 expected; 39% reduc-
tion, p<0.05), trauma (1419 observed vs 1564 expected;
9% reduction, p<0.05), appendicitis (36 observed vs 59
expected; 39% reduction, p<0.05) were detected, but
an increase in cellulitis (131 observed vs 99 expected;
32% increase, p<0.05) and mental health and substance
abuse cases (260 observed vs 220 expected; 18% increase,
p<0.05) was found but no difference in stroke or acute
myocardial infarction cases.

The residential postcode of ED arrivals changed
significantly from March to June compared with the
pre-COVID-19 period (travel for medical attention was
an exemption during lockdown). Proportionally fewer
people arrived from outer suburbs compared with
patients from suburbs situated closer to the hospital
(p<0.05) (online supplemental etables 8-10). A smaller
proportion was born outside of Australia (p<0.05).

Inpatient episodes

From 2015-2019, the yearly number of admissions
increased (figure 2). During the peak of COVID-19 cases
in March—April 2020, there were fewer admissions (5972
observed vs 8368 expected; 28% reduction, p<0.05), both
emergency and planned, to the Royal Melbourne Hospital
compared with the equivalent period in 2015-2019
(table 2). This included fewer stroke (134 observed vs 177
expected; 24% reduction, p<0.05), trauma (624 observed
vs 900 expected; 31% reduction, p<0.05), mental health
and substance abuse cases (93 observed vs 166 expected;
19% reduction, p<0.05), cellulitis cases (43 observed vs 88

expected; 51% reduction, p<0.05), and appendicitis cases
(56 observed vs 75 expected; 25% reduction, p<0.05)
but an increase in the number of pneumonia cases (138
observed vs 95 expected; 45% increase, p<0.05), 12 of
whom tested positive for COVID-19. The number of
admissions with acute myocardial infarction were not
different from predicted. A higher proportion of admis-
sions required time in ICU (7% observed vs 6% expected;
17% increase, p<0.05) or died in hospital (2.2% observed
vs 1.5% expected; 47% increase, p<0.05). There was no
difference in the average length of stay.

The transition phase in May continued to show fewer
admissions (3343 observed vs 4616 expected; 28%
reduction, p<0.05) and more patients arriving from ED
required time in ICU (9% observed vs 7.7% expected;
17% increase, p<0.05) (table 2 and online supplemental
eTables 11-13). As with the peak COVID-19 period,
the number of deaths was higher from expected (2.1%
observed vs 1.5% expected; 40% increase, p<0.05).

Outpatient episodes

Monthly outpatient appointments gradually increased
from 2015 to 2019 (figure 2) and showed no significant
change in the total number of appointments during the
COVID-19 peak (30 267 observed vs 31 980 expected; 5%
reduction, not significant) and transition phase (36 656
observed vs 36 878 expected; 6% reduction, not signifi-
cant). During the peak COVID-19 period, telehealth and
telephone appointments made up 45% of all appoint-
ments (45% observed vs 9% expected; p<0.05), and in the
transition phase 56% (56% observed vs 3.4% expected;
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p<0.05) (table 3 and online supplemental eTables 14-16).
Those attending outpatients in the peak COVID-19
period were younger than expected, and the proportion
of patients born outside of Australia decreased (online
supplemental etables 14-16). The transition from face-to-
face to telehealth was also observed in potentially vulner-
able groups, such as the elderly and those born outside of
Australia (making up 44%-61% of all appointments from
March to June, p<0.05).

DISCUSSION

During an initial mild wave of COVID-19 in Victoria,
there was a marked reduction in the use of hospital
services at a major quaternary, level 1 trauma hospital.
We have provided a broad overview of the changes that
occurred across the hospital services of ED care, hospital
admissions (planned and emergency) and ambulatory
outpatient clinics. Some of these changes were planned
and predictable (eg, deferral of non-urgent elective
surgery cases), some surprising (eg, considerable reduc-
tions in emergency presentations and admissions) and
others forced but timely adaptations (eg, increased use
of telehealth).

We observed a 29% reduction in ED presentations
during March and April 2020 compared with predicted
presentations modelled on data from the previous 5
years. A similar phenomenon has been reported from
countries with high levels of COVID-19 infection rates™’
and emerging data suggest this may also have occurred in
settings with a low burden of COVID-19.® With less social
interaction, community surveillance data demonstrated
historically low levels of influenza-like symptoms in
Victoria,” which may have resulted in fewer presentations
with influenza-like illnesses and also fewer viral exacer-
bations of chronic conditions. Psychological components
may have also been an important factor. Analysis from
previous pandemics has demonstrated that fear of
contracting disease in hospital or concern that hospital
resources are overwhelmed can lead to avoidance of
seeking medical care for patients with non-pandemic-
related illnesses.'” "'

There was an apparent reduction in trauma presen-
tations, probably related to less population mobility
including fewer cars on the roads, cancellation of sporting
activities and reduced industrial activities. There were
also fewer stroke presentations, a trend observed else-
where.” 23 In contrast to other settings, but similar to
another major Melbourne hospital, we noted no change
in presentations of acute myocardial infarction.'*"°

The proportion of people presenting to the ED who
were born outside of Australia, significantly reduced
during March—June 2020. It is concerning that this group
of patients has been accessing less hospital care during
the COVID-19 pandemic, given the health vulnerabilities
of some subsets of the culturally and linguistically diverse
population'” and that approximately 30% of people
living near the hospital have a non-English-speaking
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is an overall reduction of care-seeking behaviour across
all services or if the drop is limited to specific hospital
services. Although changes in the population of the
primary catchment area of the Royal Melbourne Hospital
could influence the caseload, these are unlikely to
entirely explain the observed decreased numbers during
2020. Occupied bed days increased from a mean of 650
in 2015 to a mean of 780 early 2020 and was reflected
in the regression models that demonstrated an increase
in activity from 2015 to early 2020. The population of
the primary catchment area also increased by 2.5% per
annum from 2015 to 2020.*° On the other hand, there
would have been fewer people inhabiting the local
suburbs due to restricted international travel, difficulties
in residents returning home from overseas, fewer inter-
national students and a decline in tourist numbers. This
may also explain, in part, why fewer people born outside
Australia presented to the hospital during 2020. Never-
theless, it is likely that multiple factors associated with the
pandemic contributed to the abrupt changes in health
service utilisation, and it is beyond the scope of this paper
to explore these in detail. Other explanations cited in the
literature for a decrease in patients without COVID -19
in countries overwhelmed by positive infections do not
apply to our study, where we examine a unique time when
COVID-19 was only a threat. For instance, there was no
general hospital policy to shorten hospital stay or to keep
beds free in case of an influx of patients with COVID-19
or to divert ambulances. Nor was the Royal Melbourne
Hospital overwhelmed by furloughed or redeployed staff
at this stage of the pandemic.27

Our findings raise concern that during the initial threat
of COVID-19, and even after it abated, there has been
a marked reduction in hospital presentations and indi-
cators of increased severity in those presenting. It will
be imperative for public health authorities to improve
community messaging regarding the importance of
seeking timely care. Targeting vulnerable groups who
already have barriers to accessing care will be especially
important. This may require increased investment in
interpreting and community-based outreach services.
Hospitals should prepare for a potential increase in work-
load, not only from patients who had elective procedures
deferred but from patients who avoided care during the
initial threat of COVID-19. At the time of writing, Victoria
is experiencing a second surge in COVID-19 cases.
Ongoing monitoring and analysis of health outcomes
will help inform responses to this and future COVID-19
upsurges or other pandemics.
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