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Abstract

Background As the novel coronavirus disease 19 (COVID-19) spreads, a decrease in the number of patients with
acute appendicitis (AA) has been noted in our institutions. The aim of this study was to compare the incidence and
severity of AA before and during the COVID-19 pandemic.

Methods A retrospective cohort analysis was performed between December 2019 and April 2020 in the four high-
volume centres that provide health care to the municipality of Jerusalem, Israel. Two groups were created. Group A
consisted of patients who presented in the 7 weeks prior to COVID-19 first being diagnosed, whilst those in the
7 weeks after were allocated to Group B. A comparison was performed between the clinicopathological features of
the patients in each group as was the changing incidence of AA.

Results A total of 378 patients were identified, 237 in Group A and 141 in Group B (62.7% vs. 37.3%). Following the
onset of COVID-19, the weekly incidence of AA decreased by 40.7% (p = 0.02). There was no significant difference
between the groups in terms of the length of preoperative symptoms or surgery, need for postoperative peritoneal
drainage or the distribution of complicated versus uncomplicated appendicitis.

Conclusions The significant decrease in the number of patients admitted with AA during the onset of COVID-19
possibly represents successful resolution of mild appendicitis treated symptomatically by patients at home. Further
research is needed to corroborate this assumption and identify those patients who may benefit from this treatment
pathway.

Introduction

Since first being detected in December 2019, the novel
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has spread worldwide and has been classified as a
global pandemic of international concern. Up to 15% of
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pathogenesis, treatment options and patient outcomes, the
impact on other areas of medicine, including general sur-
gery, is yet to be investigated.

Acute appendicitis (AA) is the most common emer-
gency faced by the general surgeon representing 4.5% of
all cases of abdominal pain [2]. Over 250,000 appendec-
tomies are performed each year in the USA alone [3].
Whilst surgery is still considered the gold standard for the
treatment of AA, a conservative approach has been advo-
cated in selected cases using antibiotics as a first-line
treatment. Nevertheless, cases of suspected appendicitis are
often referred to the Department of Emergency Medicine
(ED) for surgical evaluation and are not treated by primary
care physicians. In comparison, other causes of an acute
abdomen, such as mild biliary complaints and recurrent
diverticulitis, may be managed successfully in the primary
care setting without surgical review in the ED [4, 5]. Thus,
the incidence of AA diagnosed in the ED likely reflects the
overall incidence AA in the general population.

It has been noted that during outbreaks of influenza and
Middle East Respiratory Syndrome (MERS) [6, 7], ED
referrals for non-respiratory cause decreased significantly
as the epidemics progressed. An outbreak of respiratory
disease should not by itself affect the incidence of AA.
Nevertheless, we have noticed a significant decline in the
number of cases of AA presenting to our institutions, whilst
the number of COVID-19 cases increases. Thus, the aim of
this study was to explore the impact of COVID-19 on the
number and characteristics of patients presenting to the ED
with AA at all of the hospitals in the municipality of Jer-
usalem, Israel.

Materials and methods

This multi-centre retrospective cohort analysis was under-
taken at four high-volume university-affiliated teaching
hospitals that provide health care to the entire Jerusalem
metropolitan and surrounding area. Collectively, they have
a catchment area of approximately 1.3 million people.
Approval was sought from the ethics committee at each
hospital. The requirement for informed consent was waived
by each centre in the light of the retrospective and
anonymous nature of the study. Using Israeli Ministry of
Health diagnostic codes 47-47.19 based on the ICD-9
codes for appendicitis, all consecutive patients between 31
December 2019 and 07 April 2020 were identified via a
search of each hospital’s electronic databases which are
kept in real time. The incidence of confirmed COVID-19
infections was extrapolated from the Israeli Ministry of
Health figures which are published daily on their website.
Cases identified were verified according to the following
inclusion criteria: Patients had to have presented

emergently via the ED; have either a radiologically or
intra-operatively diagnosed AA; and have electronic med-
ical records available. With regard to treatment, patients
were included if they were treated surgically with laparo-
scopic or open appendectomy or conservatively with
intravenous antibiotics. Delayed presentation, defined as
attendance to the ED more than 3 days after the onset of
symptoms, did not prevent inclusion in the study. Patients
presenting with complications of a delayed presentation,
such as phlegmonous or perforated appendicitis, or with a
peri-appendicular abscess were identified using the same
diagnostic codes and included in the analysis as well.
Those patients who underwent surgery for a presumed AA
and who were subsequently found to have a grossly normal
appendix were also included in the study. Finally, both
children and adults were also included.

Data extracted from patients notes included demo-
graphic and clinicopathological variables and the postop-
erative length of stay. Intra-operative findings were
recorded and classified as AA if gross acute inflammation
of the appendix was seen. Complicated AA referred to the
presence of gangrene, perforation or a peri-appendicular
abscess. Finally, a normal appendix was defined as the
absence of gross inflammatory changes. Serious postoper-
ative complications were also recorded if they occurred
within 30 days following surgery defined as being of
Clavien-Dindo grade > 3.

The primary outcome of the study was to compare the
incidence of AA before and during the onset of COVID-19.
The secondary outcome was to understand, whether as a
result of this potential change in the incidence of AA, there
was a change in the characteristics or severity of patients
diagnosed with AA during the COVID-19 period compared
to beforehand.

In order to assess these outcomes, the cohort was split
into two groups. Those patients presenting in the 7 weeks
before the first case of COVID-19 was diagnosed in Israel
were allocated to Group A, whilst those presenting in the
7 weeks after were allocated to Group B. This corre-
sponded to the 31 December 2019-18 February 2020 for
the former and 19 February 2020-07 April 2020 for the
latter.

In order to evaluate whether the change in the weekly
incidence of AA was either temporal or seasonal in nature
rather than due to COVID-19, the weekly incidence of AA
during the equivalent period 12 months prior to the dates
allocated for Group B was also calculated.

All statistical analysis was performed using SPSS, ver-
sion 21 (IBM SPSS Statistics for Windows, version 21.0.
Released 2012. Armonk, NY: IBM Corp). Descriptive
statistics are displayed as mean or N with standard devia-
tion or percentage in parenthesis unless stated otherwise.
Univariate comparisons between the two groups were
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performed using Chi-squared or Fisher’s exact test for
ordinal or categorical variables. For continuous variables,
either the Mann—Whitney U test or the Student’s T test was
used as appropriate. A p value of < 0.05 was considered
significant.

The incidence of AA was calculated weekly with the
change in the number of weekly cases compared between
each 7-week period. This was plotted against the national
increase in new diagnoses of COVID-19.

Results

Between the study dates, 378 patients with AA were col-
lectively admitted via the ED of all of the hospitals
included with 237 in Group A and 141 in Group B (62.7%
vs 37.3%). The basic demographic and clinical data for
these patients are described in Table 1 as is a comparison
between Groups A and B.

When comparing between the groups, there was no
significant difference in the distribution of age or sex of the
patients, the length of symptoms prior to ED attendance
nor the number of patients who presented with a neu-
trophilia. The difference in the distribution of the severity
of appendicitis also failed to reach a level of statistical
significance. Similarly, the number of patients with a
delayed presentation or for whom postoperative peritoneal
drainage was required did not significantly vary between
the two groups.

A subset analysis of the severity of AA was also per-
formed between Groups A and B. For the purpose of this
analysis, rather than comparing the group as a whole the
first week from Group A was compared with the first week
from Group B and so on. There was no significant differ-
ence found in the distribution of the severity of AA
between the two groups irrespective of the individual week
explored.

In order to analyse the change in the incidence of AA
between Groups A and B the rate of change, expressed as
the average weekly change in the number of cases of AA
over the entire 7-week period, was calculated. The results
of this analysis are described in Table 2. There was a
significant difference in the distribution of cases between
the two groups (p = 0.020) with the rate of change smaller
for Group A (- 1.9) than for Group B (- 4.5) representative
of a 40.7% decrease in the number of cases over the
7-week period for the latter. This relationship is also dis-
played in Fig. 1 demonstrating the weekly number of cases
of AA for each group plotted against the weekly incidence
of new national COVID-19 diagnoses.

Figure 2 displays the weekly incidence of AA for Group
B compared with the incidence from the equivalent period
12 months prior. Whilst for the former the incidence of AA
decreased, for the later an opposite trend was noted. The
distribution of the weekly incidence of AA differed sig-
nificantly (p = < 0.001).

Table 1 A comparison between Groups A and B of the demographic and clinical data of patients presenting with AA

Variable Total Group A Group B p value
N =378 N =237 N =141
Age (years) 232 (£ 16.7) 23.1 (£ 16.7) 23.3 (£ 16.8) 0.841
Sex
Male 217 (57.4%) 140 (59.1%) 77 (54.6%) 0.396
Female 161 (42.6%) 97 (40.9%) 64 (45.4%)
Neutrophilia on presentation (> 11 x 109/]“) 257 (68.0%) 154 (65.0%) 103 (73.0%) 0.103
Length of symptoms (days) 1.7 (£ 1.9) 1.8 (£ 2.3) 1.5 (£ 0.84) 0.726
Delayed presentation (> 3 days) 18 (4.8%) 14 (5.9%) 4 (2.8%) 0.150
Treatment modality
Conservative 46 (12.2%) 35 (14.8%) 11 (7.8%) 0.052
Open appendectomy 10 (2.6%) 4 (1.7%) 6 (4.3%)
Laparoscopic appendectomy 322 (85.2%) 198 (83.5%) 124 (87.9%)
Length of surgery (minutes) 43.3 (£ 26.6) 40.9 (+ 24.8) 47.2 (+ 28.9) 0.726
Grade of appendicitis
Normal appendix 3 (0.8%) 2 (0.8%) 1 (0.7%) 0.167
Uncomplicated appendicitis 315 (83.3%) 204 (86.1%) 111 (78.7%)
Complicated appendicitis 60 (15.9%) 31 (13.1%) 29 (20.6%)
Postoperative peritoneal drain 29 (7.7%) 17 (7.2%) 12 (8.5%) 0.431
Length of admission (days) 24+23 25+£24 23+£22 0.139
Serious complication 2 (0.5%) 1 (0.4%) 1 (0.7%) > 0.999
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Table 2 The difference in the rate of change of cases of AA between Groups A and B

Number of cases of AA Average number of cases per week Rate of change (cases of AA/week) p value
Group A 237 339 - 19 0.020
Group B 141 20.1 —45
Fig. 1 Weekly incidence of AA
cases between Groups A and B = 4000 al
against the increase in weekly z 3500 45
COVID-19 cases. Descriptive & 40 é
o ; o 3000 e
caption: whilst a slight decrease 7 35 ©
in the weekly number of AA is 8 4 2500 D
. S ) 30 72
noted in Group A, a marked R E s o
decrease from 31 to 4 cases per O 4 2000 25 o o
week is noted in Group B. This %% 2 1500 20 . &
change occurs with a concurrent & 15 2
increase in the number of —g 1000 10 g
COVID-19 cases = 500 p4
Z
0 =
1 2 3 4 5 6 7i8 9 10 11 12 13 14
Week number
31/12/2019-18/02-2020 : 19/02/2020-07/04/2020
== COVID-19 Group A Group B
» incidence of complicated appendicitis, do not have an
§ increased length of stay following surgery and are no more
40 . . . . .
:s-; o likely to require postoperative peritoneal drainage. The
e 30 implication is that at a time when global healthcare
E 25 resource allocation is being scrutinised, with the decrease
© 20 in the incidence of AA, resources allocation could be
§ 15 diverted away from acute surgical services at times of such
% 10 desperate need.
_§ (5) There are several possibilities that could explain, at least
g 8 9 10 11 12 13 14 in part, this t?end. It is pf)ssible that tl}e decrease in 'Fhe
Z Week number number of patients presenting to the ED is due to a genuine
Weekly incidence of AA 19/02/2020-07/04/2020 (Group B) decrease in the incidence of AA. Indeed, seasonal varia-
—— Weekly incidence of AA 19/02/2019-07/04/2019 tions in the incidence of AA have been noted with an
increase in the number of cases found during summer
Fig. 2 A comparison of the weekly incidence of AA between months and fewer during the winter [8]. Additionally, the
Group B and the equivalent period one year prior. Descriptive global number of patients suffering from AA seems to be
caption: the weekly incidence of AA was similar between Group B d . t 9]. Neverthel th
and the historical data collected from the equivalent period one year e.creasmg l? recen }fears [9]. ﬁ?ve cless, these realsons
prior. However, after 4 weeks, the incidence of AA for the former fail to explain the rapid decrease in the number of patients
increases, whilst for the latter it decreases presenting with AA in the short period of time noted above.

Discussion

In this study, we have shown that the rate of patients pre-
senting to the ED with AA has decreased dramati-
cally during the time that the number of COVID-19 cases
diagnosed increased. We have also shown that patients are
not presenting to hospital later, do not have an increased

Moreover, in comparison with the decrease in the weekly
incidence of AA found during the dates allocated for
Group B, during the equivalent dates one year prior the
weekly incidence of AA increased. This trend was noted to
be statistically significant. This excludes seasonal or tem-
poral changes as an explanation of the decrease in the
incidence of AA identified during the COVID-19 period.
However, as noted in Fig. 2, it still took approximately
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4 weeks after the first diagnosis of COVID-19 in Israel
until a difference was noted in the incidence of AA pre-
senting the ED.

The dates delineating Groups A and B were chosen as
the first case of COVID-19 was diagnosed in Israel on the
21 February 2019. Although the changes in patterns of
patient referral to the ED took time to mature, it was
postulated by the research team that this was because it
also took time for the public interest that the epidemic
engendered to grow. Nevertheless, when considering the
incidence of AA reported for Group A as a whole, it is
comparable to reports from other developed countries,
whilst that for Group B is far less than would be expected
[9].

Outside of the setting of case reports describing HIN1
influenza presenting as AA, the impact of a global pan-
demic or a local epidemic on the incidence of the acute
abdomen has not been reported in the academic literature
[10]. The data that do exist have shown that although
influenza or MERS outbreaks lead to an increase in res-
piratory-related presentations to the ED, non-respiratory
presentations decline significantly albeit small in absolute
terms [6, 7].

Considering these changes, rather than a genuine
decrease in the incidence of AA, it is possible that patients
choose not to present to the ED. The decision may be
motivated by several factors. Firstly, the aggressive
national policy of social isolation and reduction in public
transport that was promoted early in Israel may have
contributed significantly to patient’s ability to access
healthcare services. There may also be an element of
patient anxiety and concern about patient-to-patient trans-
mission in the ED as hospitals have been found to be high-
risk environments for the transmission of respiratory ill-
nesses during epidemics [11-13].

Patients who present to hospital more than 24 h fol-
lowing the onset of symptoms are at increased risk of
suffering from perforated appendicitis [14, 15]. Therefore,
it would have been expected that if fewer patients were
presenting to the ED, a greater incidence of delayed pre-
sentations or complicated appendicitis would have been
found. However, this was not demonstrated in the cohort
presented here.

Treating AA with intravenous antibiotics rather than
surgery has been well described in the literature [16—18].
We postulate that those patients who did not present to the
ED did not receive antibiotic therapy. This is because right
lower quadrant pain found on examination in primary care
results in prompt referral for surgical evaluation in the ED
in nearly all cases.

In a study by Park et al., the rate of treatment failure in
patients with a radiologically confirmed AA was similar
among those patients receiving supportive care and those
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receiving antibiotics [19]. The selection criteria for treating
AA without antibiotics in this study were dilatation of the
appendix up to a maximum diameter of 11 mm and the
absence of fecaliths. It may well be that the decrease in the
number of patients presenting with AA to the ED reflects
an increase in the number of patients successfully treating
themselves symptomatically at home. This builds previous
evidence that describes spontaneous resolution of an acute
appendicitis in the absence of complications [20, 21].

There are several limitations to this study. With the
evolving nature and growing understanding of the patho-
genesis and healthcare impact of COVID-19, the evidence
base surrounding the conclusions made here may well
change in the future. In the light of the strict restrictions on
travel implemented early in the COVID-19 pandemic,
generalising the results of the changing nature of ED pre-
sentations may not be possible to other cities worldwide.
Also, by utilising hospital codes in an effort to identify all
patients diagnosed with AA, some patients may have been
excluded by this search technique. Whilst it is likely that if
a clinical suspicion of AA exists patients would be referred
from primary care for surgical review, the study is also
limited by an inability to capture those patients who were
treated in primary care. As noted above, it took approxi-
mately 4 weeks after the onset of COVID-19 for the
change in the incidence of AA to become apparent.
Despite the week-by-week subset analysis noted above not
finding any differences in distribution of the severity of
AA, ultimately changing the dates that defined Groups A
and B may affect the results of the analyses described
above. Finally, some of the patients included in the study
had a short follow-up interval and hence late presentations
of complications following supportive therapy may not
have been accurately recorded.

In conclusion, COVID-19 is a global pandemic chal-
lenging healthcare systems worldwide. The significant
decrease in the number of patients admitted with AA
during the onset of COVID-19 possibly represents suc-
cessful resolution of mild appendicitis treated symptomat-
ically by patients at home. Further research is needed to
corroborate this assumption and identify those patients who
may benefit from this treatment pathway, especially in
challenging times when healthcare resources are so des-
perately strained.
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