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Introduction

The COVID-19 pandemic has generated an international health crisis
and has forced the implementation of restrictions within and between
countries globally. Despite relatively low case numbers, the COVID-
19 pandemic has presented unique challenges for the delivery of
healthcare within Australia. Restrictions on individual movement,
known as ‘lockdowns’, have been enforced around Australia intermit-
tently throughout the pandemic to limit the spread of the COVID-19
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Abstract

Backgrounds: The COVID-19 pandemic presents ongoing challenges for healthcare. Stay
at Home orders (‘lockdowns’) and community fears have been suggested to create reluc-
tance to seek healthcare. We aimed to determine whether the rates of perforated appendicitis
and negative appendicectomy have been affected by the pandemic, and to analyse the effect
of lockdowns on the management of acute appendicitis in Victoria.

Methods: We conducted a retrospective audit of emergency appendicectomies performed
under adult General Surgery units at Monash Health in Victoria from January 2019 to
September 2021, including 242 days of lockdown.

Results: 2459 patients were included. Fewer patients had perforated appendicitis during the
second lockdown (6.3% versus 10.7% baseline; p = 0.027). The rate of negative appendi-
cectomy was reduced during the first lockdown (4.1% versus 14.9% baseline; p = 0.002)
and during intervals between lockdown in 2021 (9.8%; p = 0.010). There was no difference
in the rate of perforated appendicitis or negative appendicectomy at other times. Time to
surgery and number of appendicectomies performed were also not significantly different.
Fewer appendicectomies were performed after hours during lockdowns and in 2021 more
generally compared to baseline (p < 0.05).

Conclusion: The lower negative appendicectomy rate during the first lockdown may reflect
increased pre-operative imaging or clinical observation for undifferentiated presentations.
There was a reduction in perforated appendicitis during the second lockdown, and no signif-
icant difference at other times. Contrary to other studies, lockdowns associated with the
COVID-19 pandemic may not create a reluctance to seek healthcare in all regions.

virus. Healthcare delivery and systems have been altered and services
prioritized to prevent overwhelming burden on the system, however,
these prioritisations and the encouragement of self-isolation could pre-
vent timely and effective care of patients with non-COVID disease.

It has been theorized that lockdowns, in combination with fear of
entering the healthcare setting due to COVID-19, have resulted in a
reluctance to seek healthcare by community members in Australia.’
The existing literature supports this, where there have been fewer
presentations to metropolitan Emergency Departments during
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COVID lockdowns and acute appendicitis

COVID-19 lockdowns in Melbourne,” Sydney,® South Australia®
and New Zealand.> Victoria has been the most affected state in
Australia by the COVID-19 pandemic, with multiple extended
periods of lockdown during 2020 and 2021.

We conducted a retrospective audit to examine the effect of the
COVID-19 pandemic on the presentation of appendicitis managed

Table 1 Lockdown dates

Prior to COVID-19 pandemic

Dates

1/1/2019-15/3/2020

Prior to first lockdown 15 16/3/2020-30/3/2020
During first lockdown 43 31/3/2020-12/5/2020
Between first and second lockdowns 57 13/5/2020-8/7/2020
During second lockdown 111 9/7/2020-27/10/2020
Between second and third lockdowns 108  28/10/2020-12/2/2021
During third lockdown 5 13/2/2021-17/2/2021
Between third and fourth lockdowns 99 18/2/2021-27/5/2021
During fourth lockdown 14 28/5/2021-10/6/2021
Between fourth and fifth lockdowns B85 11/6/2021-15/7/2021
During fifth lockdown 12 16/7/2021-27/7/2021
Between fifth and sixth lockdowns 8 28/7/2021-4/8/2021
During sixth lockdown 57 5/8/2021-30/9/2021
Table 2 Rate of perforated appendicitis
% (n) Comparison versus
prior to COVID-19
pandemic
Prior to COVID-19 10.7% (114/1069) Baseline
pandemic
First lockdown 12.2% (12/98) p=0.609
Second lockdown 6.3% (19/301) p=0.027
Third, fourth and fifth 15.8% (12/76) p=0.180
lockdowns
Sixth lockdown 12.0% (16/133) p=0.656
Intervals between 12.1% (45/373) p=0.442
lockdown 2020
Intervals between 12.7% (52/409) p=0.268

lockdown 2021

Fig. 1. Comparison of perforated
appendicitis rates during COVID-19
pandemic.

First lockdown
Second lockdown
Third, fourth and fifth lockdowns

Sixth lockdown

Intervals between lockdown 2020

Intervals between lockdown 2021
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by General Surgical teams at Monash Health. We aimed to deter-
mine whether the rates of perforated appendicitis and negative
appendicectomy have been affected by the COVID-19 pandemic,
as well as to analyse the effect of lockdowns on the management of
acute appendicitis in these centres in Victoria.

We examined whether COVID-19 related protocols, as well as
reductions in elective surgery bookings, affected time from initial
presentation to surgery, the volume of appendicectomies performed
or the proportion of operations performed after hours. The analysis
hopes to provide information that may assist in the management of
hospital and government responses during the ongoing COVID-19
pandemic as well as future epidemics.

Methods

We performed a retrospective audit of adult patients who under-
went emergency appendicectomy at Monash Health, a metropolitan
health network in Victoria, from January 2019 to September 2021
for suspected appendicitis. Monash Health includes three acute
General Surgery units (Monash Medical Centre, Dandenong Hospi-
tal and Casey Hospital). We defined the COVID-19 pandemic as
beginning with the initial declaration of a State of Emergency in
Victoria on 16th March 2020, and lockdowns as being those times
during which ‘Stay at Home’ orders were imposed. These ‘Stay at
Home’ orders required individuals to remain at home apart from
specified purposes, such as seeking medical care, obtaining essen-
tial supplies, or work in an authorized industry.

There was no change to institutional protocols regarding the man-
agement of patients with suspected appendicitis during the pandemic,
and surgical appendicectomy continued to be performed as clinically,
biochemically or radiologically indicated, unless patients tested posi-
tive for COVID-19. During lockdown periods, patients were rou-
tinely swabbed for COVID-19 pre-operatively and surgery delayed
until a negative result was returned, unless time critical. Time critical
operations or operations for patients with COVID-19 were able to
proceed with use of full personal protective equipment.

M Rate of perforated appendicitis (%)
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Table 3 Rate of negative appendicectomy

Rajagopalan et al.

Table 4 Mean number of appendicectomies performed per day

% (n) Comparison versus
prior to COVID-19
pandemic
Prior to COVID-19 14.9% (159/1069) Baseline
pandemic
First lockdown 4.1% (4/98) p=0.002
Second lockdown 13.6% (41/301) p=0.644
Third, fourth and fifth 15.8% (12/76) p=0.868
lockdowns
Sixth lockdown 14.3% (19/133) p=1.000
Intervals between 12.1% (45/373) p=0.196
lockdown 2020
Intervals between 9.8% (40/409) p=0.010

lockdown 2021

We analysed rates of perforated appendicitis, negative appendi-
cectomies, number of appendicectomies performed, proportion of
operations performed after hours, and time to surgery during lock-
downs and intervening periods outside of lockdown since the
beginning of the COVID-19 pandemic. Lockdowns 1, 2 and 6 were
analysed individually (duration 43, 111 and 57 days, respectively),
whilst shorter lockdowns 3, 4 and 5 in 2021 (maximum 14 days
duration) were combined and analysed as a single lockdown period.
Intervals between lockdowns were combined and analysed
according to year.

Given that this is a retrospective audit, exemption from formal
ethics approval was obtained and this study was registered institu-
tionally as a Quality Assurance activity. Patients eligible for inclu-
sion in the study were all patients aged 16 years or over who had an
emergency appendicectomy between January 2019 and September
2021. There were no exclusion criteria for the study. Data were col-
lected using Monash Health electronic medical records (Cerner) and
online pathology results (Monash Pathology). Cases were identified
using operative records and theatre booking data. Operations com-
menced before 7 am or after 7 pm were considered ‘after hours’, and
time to surgery was defined as time from initial presentation to the
Emergency Department to the surgical start time. Histopathology

Prior to COVID-19 pandemic

First lockdown

Second lockdown

Sixth lockdown

Intervals between lockdown 2020

Intervals between lockdown 2021

M Rate of negative appendicectomy (%)
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n Comparison versus

prior to COVID-19
pandemic
Prior to COVID-19 pandemic 2.4 Baseline
First lockdown 2.3 p=0.998
Second lockdown 2.7 p=0.626
Third, fourth and fifth lockdowns 25 p=1.000
Sixth lockdown 2.3 p=1.000
Intervals between lockdown 2020 2.7 p=0.482
Intervals between lockdown 2021 2.2 p=0.775

results were reviewed to identify perforated appendicitis and negative
appendicectomy, which was defined as the absence of any finding on
histopathology for which appendicectomy would be indicated. Data
were deidentified after extraction from electronic medical records,
stored in a password protected Microsoft Excel database and
accessed only by research investigators.

Statistical analysis was performed using IBM SPSS (version 27).
Pairwise comparisons of lockdown periods and intervals between
lockdown to the baseline of prior to the COVID-19 pandemic were
made using Fisher’s exact test for dichotomous outcomes. One-way
analysis of variance with Tukey post hoc testing was conducted to
compare time from initial presentation to surgery and number of
appendicectomies performed per day. A two-tailed p < 0.05 was
considered statistically significant.

Results

We identified 2459 patients who underwent emergency appendicec-
tomy from January 2019 to September 2021. 1390 patients pres-
ented during the pandemic (including 608 presenting during
lockdowns) and 1069 patients in the preceding period. Lockdown
orders were in place for 242 days during the study period (Table 1).

The rate of perforated appendicitis was reduced during the sec-
ond lockdown (6.3% versus 10.7% prior to the pandemic;
p = 0.027), but there was no significant difference in rates of

Fig. 2. Comparison of negative appen-
dicectomy rates during COVID-19
pandemic.

12 14 16 18
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COVID lockdowns and acute appendicitis

Table 5 Time from initial presentation to surgery

Median, IQR (hours)

Comparison versus
prior to COVID-19

pandemic
Prior to COVID-19 22.3 (IQR 14.7-28.7) Baseline
pandemic
First lockdown 20.0 (IQR 9.8-24.5) p=0.397
Second lockdown 24.2 (IQR 19.6-31.8) p=0.187
Third, fourth and fifth 20.6 (IQR 13.9-25.1) p = 0.998
lockdowns
Sixth lockdown 21.8 (IQR 17.5-26.2) p = 0.952
Intervals between 23.0 (IQR 16.8-30.0) p=0.567
lockdown 2020
Intervals between 21.2 (IQR 14.7-26.5) p=1.000
lockdown 2021
Table 6 Operations undertaken after hours
% (n) Comparison versus
prior to COVID-19
pandemic
Prior to COVID-19 18.1% (194/1069) Baseline
pandemic
First lockdown 9.2% (9/98) p=0.025
Second lockdown 9.0% (27/301) p < 0.001
Third, fourth and fifth 6.6% (5/76) p = 0.007
lockdowns
Sixth lockdown 9.0% (12/133) p = 0.007
Intervals between 22.5% (84/373) p=0.079
lockdown 2020
Intervals between 9.3% (38/409) p < 0.001

lockdown 2021

perforated appendicitis during other lockdowns or periods outside
of lockdown (Table 2; Fig. 1). The rate of negative appendicectomy
was reduced during the first lockdown (4.1%; p = 0.002) and dur-
ing intervals between lockdowns in 2021 (9.8%; p = 0.010) com-
pared to prior to the pandemic (14.9%) (Table 3; Fig. 2). There was
no statistically significant difference in mean number of appendi-
cectomies per day (Table 4) or median time from initial presenta-
tion to surgery (Table 5) during lockdowns or intervals between
lockdowns compared to baseline. A lower proportion of operations
were conducted after hours during each of the lockdowns, as well
as during periods outside of lockdown during 2021 (p < 0.05) com-
pared to baseline (Table 6).

Discussion

Interestingly, we found that the incidence of perforated appendicitis
was lower during the second COVID-19 related lockdown. Given
that there was no clinically significant difference in time from initial
presentation to surgery, we suggest that patients may have presented
earlier in their disease course during this period and hypothesise that
individuals may have been more likely to seek timely medical care
in the absence of work or other commitments. This effect was not
seen during other lockdowns, or at other times during the pandemic.
This result is discordant with other Australian studies, with increased
rates of complicated appendicitis reported at a major paediatric

© 2022 The Authors.
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tertiary centre in Queensland during the pandemic, despite improved
availability of emergency operating theatres.® Internationally, similar
findings of increased rates of complicated appendicitis have been
reported in paediatric patients in Italy,” and in both paediatric® and
adult cohorts” in Germany where appendicitis was used in these stud-
ies as a proxy for the investigation of delayed presentation to hospital
more generally. Our findings suggest there may not be a similar
reluctance to seek healthcare in Victoria despite extended periods of
lockdown and stay at home orders. Clear public health advice that
seeking medical care is an acceptable reason for individual move-
ment during lockdowns may have abated any tendencies to delay
seeking medical treatment.

The decreased rate of negative appendicectomy during the
first lockdown is an additional unexpected finding. This may
reflect a predisposition to obtain imaging or observe patients with
undifferentiated pain rather than proceeding to laparoscopy during
the early phase of the pandemic, in an effort to avoid unnecessary
operations and reduce potential exposure of healthcare staff to
COVID-19. The lower negative appendicectomy rate during inter-
vals between lockdown in 2021, although clinically significant, is
less marked, and the cause for this is unclear. The reduction in the
volume of appendicectomies performed after hours is consistent
with reductions in planned elective surgery in the Victorian
healthcare system and hence, increased operating theatre availabil-
ity for emergency cases during business hours.

While our study was limited by its retrospective nature and its
focus on appendicitis particularly, future research could consider
multi-centre analysis of emergency surgical presentations in other
states in Australia for a more thorough investigation. Further
research could also include comparison of appendicitis managed
non-operatively, as well as whether there was any increase in pre-
operative imaging during the pandemic.

Conclusion

Our findings did not illustrate a significant increase in the rate of per-
forated appendicitis associated with lockdown periods in Victoria
during the COVID-19 pandemic. This suggests that the pandemic
may not create a reluctance to seek healthcare in all regions, as has
previously been hypothesised. This study draws attention to the
importance of providing timely healthcare for non-COVID diseases
despite challenges of the pandemic. With appropriate public health
advice of the importance of seeking medical care even during periods
of lockdown, timely provision of healthcare for non-COVID related
diseases can continue to be delivered despite the disruption associ-
ated with the COVID-19 pandemic.
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