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Background: Appendicitis accounts for the most frequent surgical emergencies in childhood. The guidance from
the Royal College of Surgeons and poor post operative outcomes in surgical patients during the pandemic, it
would be expected that only children who had clinical signs of appendicitis and were unwell, would have un-
dergone surgery. Hence, the negative appendicectomy rate during the pandemic should have decreased.

The aim of this retrospective study was to assess the rate of negative appendicectomy amongst children <16
years of age during the first wave of the pandemic, from the announcement of the lockdown and determine if
there was a true difference by comparing the rate with the same time period in 2019.

Material and methods: Data of all children aged<16 years who were operated for appendicitis between 23/3/2020
and 30/06,/2020 was collected retrospectively and compared with that of children operated during the same time
period in 2019 for the rate of negative appendicectomy.

Data were analysed using the two-tailed t-test for continuous data and x2 or Fishers exact tests for categorical
data with p value of <0.05 considered significant.

Results: Twenty three paediatric patients presenting with acute appendicitis underwent appendicectomy during
the COVID-19 pandemic and 35 patients during 2019.

Overall 17.39% patients underwent laparoscopic appendicectomy in 2020 while 54.29% in 2019. The negative
appendicectomy rate was zero during the pandemic while it was 17.14% in 2019. There was no difference in the
median length of hospital stay during the two time periods. There was no significant difference in complication
or re-admission rate.

Conclusion: This study has the lowest reported incidence of negative appendicectomy rate during the pandemic
following wider use of pre operative imaging and early senior involvement in decision making. The increased
number of complicated appendicitis during the pandemic did not translate to worse clinical outcomes.

1. Background

Appendicectomy is one of the most common emergency surgeries
performed [1]. Appendicitis accounts for the most frequent surgical
emergencies in childhood, with peak incidence between ages of 11 and
12 years, and carries a lifetime risk of 7-9% [2]. International guidelines
do support the use of non-operative treatment for selected children with
uncomplicated acute appendicitis [3]; however, non-operative treat-
ment is not widespread in the UK. It is used by only a small minority of
surgeons or as part of a research study [4]. Laparoscopic appendicec-
tomy has been considered a safe approach in children [5].

Open and laparoscopic appendicectomy have both been recognized
to be safe and effective surgical approaches for appendicitis in children,
however laparoscopic approach has gained widespread use in the UK
[6]. Laparoscopic approach 1is routinely used for paediatric

appendicectomy at our hospital.

Laparoscopy is considered an aerosol generating procedure, and
early guidance from the Royal College of Surgeons England at the start
of the COVID-19 pandemic, suggested that laparoscopy should only be
used in procedures where the risk of an open procedure to the patient
outweighed the potential risk to staff in theatre [7].

It was also recommended that non-operative treatment should be
used to avoid surgery for all conditions, including appendicitis [8].
Additionally, there were early reports of adverse post operative out-
comes in patients with COVID-19 [9,10]. This led to most surgeons
adopting non-operative management of acute appendicitis, including
that for children; though data emerged through the first months of the
pandemic that children are much less likely to become infected with
COVID-19 than adults and the impact of COVID-19 on outcomes
following surgery in children is less clear [11].
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The effect of the pandemic on management of acute appendicitis in
adults has been assessed in numerous studies; however that in children is
less extensively assessed. The RIFT study group identified that negative
appendicectomy rate in children in UK and Ireland was 15.9% [12].
Considering the guidance from the Royal College of Surgeons and poor
post operative outcomes in surgical patients during the pandemic, it
would be expected that only children who had clinical signs of appen-
dicitis and were unwell, would have undergone surgery. Hence, the
negative appendicectomy rate during the pandemic should have
decreased.

The aim of this retrospective study was to assess the rate of negative
appendicectomy amongst children <16 years of age during the first
wave of the pandemic, from the announcement of the lockdown and
determine if there was a true difference by comparing the rate with the
same time period in 2019.

2. Materials and methods
2.1. Study design

This was a retrospective cohort study of all paediatric patients aged
<16 years undergoing surgery for acute appendicitis.

2.2. Setting

Our Hospital is a large acute NHS Hospital in England, serving a
population of around 750,000 from a wide range of social and ethnic
groups across North East London.

2.3. Time period

Data of all children aged<16 years who were operated for appen-
dicitis between 23/3/2020 and 30/06/2020 was collected retrospec-
tively and compared with that of children operated during the same time
period in 2019.

2.4. Outcomes

The primary outcome was the rate of negative appendicectomy.

Secondary outcome included the proportion of open and laparo-
scopic surgeries, use of diagnostic imaging, inflammatory markers at
time of presentation, length of hospital stay, complication and 30-day
re-admission. Negative appendicectomy rate was the proportion of
resected appendixes found to be normal on histopathological examina-
tion. Complicated appendicitis was defined as presence of gangrenous or
perforated appendix on histology.

2.5. Data collection

Data was collected using Electronic patient records and all data was
anonymized.

Patient demographics included age and gender.

The duration of symptoms, laboratory test results, radiological in-
vestigations, post operative complications, length of hospital stay and
30-day re-admission rate was recorded.

2.6. Statistical analysis

All data was collected using Microsoft Excel. Continuous data was
expressed as median.

Data were analysed using the two-tailed t-test for continuous data
and y2 or Fishers exact tests for categorical data. A level of statistical
significance was set at P value of <0.05.
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2.7. Ethical consideration

This study was approved by the divisional governance committee
and complied with all local and Institutional guidelines on information
and research governance.

Hospital research ethics committee exempted this study from ethics
approval.

This study has been reported in line with the ‘Strengthening the
reporting of cohort studies in surgery’ (STROCSS) criteria [13]. This
study is registered with Research Registry with the unique identifying
number (UIN) researchregistry7128 [14].

3. Results

Twenty three paediatric patients presenting with acute appendicitis
underwent appendicectomy during the COVID-19 pandemic and 35
patients during 2019.

Comparative clinical, laboratory, radiological findings of patients
operated during the two time periods are summarised in Table 1.

Overall 17.39% patients underwent laparoscopic appendicectomy in
2020 while 54.29% in 2019. There was no relation between the choice
of approach and suspected severity of appendicitis. There was a signif-
icant difference in rates of negative appendicectomy during the two time
periods (Table 1). The negative appendicectomy rate was zero during
the pandemic while it was 17.14% in 2019.

All cases underwent open surgery in March and April 2020, which
increased to 20% in May, and 25% in June 2020 (Fig. 1). All patients
were operated within one day of admission. Only one patient required
conversion to open during 2019.

There was no difference in the median length of hospital stay during
the two time periods.

However, three patients developed post operative complications in
2019. One had post operative ileus, one intra abdominal collection and
one developed pre renal AKI. All were managed conservatively.

The readmission rate was higher during the pandemic as compared
to the previous year (Table 2). Both re admissions were due to intra
abdominal collection which was managed conservatively with
antibiotics.

4. Discussion and conclusion

This study confirms the suspicion that rate of paediatric negative
appendicectomy rate has decreased during the corona virus pandemic
alongwith a shift towards open appendicectomy.

At our hospital, all paediatric patients are reviewed by consultant
surgeon or registrar pre-operatively after admission. During the

Table 1
Comparative clinical, laboratory and radiological findings.
2019 2020 P value
N 35 23
Male (%) 21(60%) 12(52.17%) 0.59"

Female (%) 14(40%) 11(47.82%)

Age, years (Range) 12(5-16) 12(8-16) 0.54#
Duration of symptoms, days (Range) 2(1-9) 2(1-5) 0.99#
WCC on admission 12.2 15.1 0.09#
CRP on admission 32 67 0.52#
uss 24 15

MRI 1 1

X-Ray 2 0

No pre operative imaging 10(28.57%) 8(34.78%)
Laparoscopic (Lap) 19(54.29%) 4(17.39%)

Open 16(45.71%) 19(82.6%)

Lap converted to open 1(2.85%) 0

Negative appendicectomy 6(17.14%) 0 0.008"
Complicated appendicitis 9(25.71%) 6(26.1%) 1.0°

2 Fischer’s exact test #Two tailed t-test.
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Fig. 1. Operative management method, laparoscopic versus open from March
to June 2020.

Table 2
Comparative post operative outcomes of patients.
2019 2020 P value
Complications 3(8.57%) 2(8.70%) 1.0°
Clavien-Dindo classification
Grade I 2 0
Grade 1T 1 2
Grade III 0 0
Grade IV 0 0
Length of stay, days(Range) 3(2-9) 3 (1-6) 0.634#
Readmission 2(5.71%) 2(8.70%) 1.0°

At 30 days there was no reported mortality.
@ Fischer’s exact test #Two tailed t-test.

pandemic, they were involved to review the children at the time of
presentation to the hospital in order to decrease the admissions in light
of the pandemic, with adequate safety net advice given to parents of the
children not admitted.

Over the course of the study period in 2020 the proportion of cases
undergoing open surgery decreased, with gradual increase in laparo-
scopic appendicectomy towards end of May 2020. We believe this
pattern is a reflection of initial guidance from professional bodies pro-
posing non-surgical treatments be sought wherever possible and
cautioning against the use of laparoscopy [8]. Subsequent evolution of
that guidance over time may have encouraged surgeons to resume their
normal practice.

Reports of decreased paediatric emergency department pre-
sentations due to reluctance of people to leave home and fear of con-
tracting the virus [15], would imply possible delayed presentation of
children to hospitals. This can result in an increased likelihood of
complicated appendicitis [16]. Contrary to reports regarding delayed
presentation [17], in our study there was no difference in the duration of
symptoms before presentation to the hospital during the pandemic
compared to 2019. This could be attributed to the fact that most children
presented with high grade fever and vomiting, with abdominal pain,
which might have prompted the parents to seek early medical advice.

In this study, rate of complicated appendicitis was higher as
compared to the previous year (26.08% v/s 25.71%), however this could
be due to the small sample size resulting in a beta error. This error could
be mitigated by larger sample size by including multiple centers.

Both open and laparoscopic appendicectomy are recognized to be
safe and effective surgical approaches for appendicitis in children,
however laparoscopic approach has gained widespread use in the UK
[6].

The low rate of laparoscopic appendicectomy during the pandemic
such that only 17% children were operated using laparoscopic approach
was likely following the guidance from the various professional bodies
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that laparoscopy may increase the risk of SARS-CoV- 2 transmission in
positive cases [7].

The trend towards a higher proportion of cases being performed by
laparoscopic approach over time (Fig. 1) is consistent with updated
guidance from professional bodies and a greater understanding about
the epidemiology of COVID-19 in children [11].

Recently the high negative appendicectomy rate observed in the UK
(15.9% in children) has been highlighted and achieved significant public
interest [12].

The zero negative appendicectomy rate during the pandemic in our
study is of particular note as it is the lowest reported in UK [12,18,19].
Similar to our study, C Sheath et al. [17], had no negative appendicec-
tomy during COVID in their study. However, in our study the negative
appendicectomy rate in 2019 was 17.14% which is higher than the
national average. This is concerning as half of the patients underwent
surgery without any imaging, while the rest had an inconclusive ultra-
sound. There was a higher use of pre operative imaging during the
pandemic as compared to the previous year (34.78% v/s 28.57%). The
increased use of imaging could be one of the contributory factors for the
zero negative appendicectomy rates during the pandemic as it helped in
pre operative diagnosis. Of note is that, all patients who underwent
imaging during the pandemic had positive findings. Additionally, with
the global shift in practice towards conservative management during the
pandemic [20], it was possible to avoid negative appendicectomy in
some children who would have otherwise undergone surgery for a
normal appendix.

Of note is that the patients who underwent surgery even without
imaging had appendicitis on histology, could reflect the high clinical
suspicion in view of symptoms and signs highly suggestive of
appendicitis.

Although more patients had complicated appendicitis, this did not
translate into increase in the length of hospital stay or post operative
complication, thus reflecting the maintenance of good standard of care
of children.

This study reflects that pre operative imaging and early senior
involvement in decision making regarding surgery can help decrease
rate of negative appendicectomy. Although final decision making would
depend on clinical judgment, following these can be feasible even after
the pandemic restrictions are lifted, and may thereby have a role in
avoiding unnecessary operations, reducing the negative appendicec-
tomy rate and improving patient safety.

Further multicentre studies may help show if these findings are
reproducible.

However, this is certainly an area of interest as reduced paediatric
negative appendicectomy during the pandemic is an unforeseen benefit
for improvement in patient care.

The strength of this study is that the appendicectomy rates were
based on histological diagnosis and not on intra operative findings.
Thereby, reflecting a true negative appendicectomy rate.

The retrospective data collection with a small sample size which
increases the probability of bias is a limitation to the study. Since the
cohort was from a single institute, the generalizability to other settings
may be limited.

In this study we present the evidence of change practice during the
pandemic. There was shift of practice towards open appendicectomy.
This study has the lowest reported incidence of negative appendicec-
tomy rate during the pandemic following wider use of pre operative
imaging and early senior involvement in decision making. The increased
number of complicated appendicitis during the pandemic did not
translate to worse clinical outcomes. Parents did not delay presenting to
medical attention and early senior assessment prevented delay in sur-
gical management of the patients and helped avoid unnecessary oper-
ations. With the progression of pandemic, following same lines of
management will help to avoid negative appendicectomy. Further
multicentre studies will help assess if these findings are reproducible.
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