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Introduction: The coronavirus disease 2019 (COVID-19) pandemic has dramatically

changed the routine activities of pediatric surgical centers, and it determined the

reduction of admissions in the pediatric emergency departments (PED). We reviewed the

records of patients affected by acute appendicitis (AA) during the COVID-19 pandemic

period in a large Italian COVID-19 pandemic area.

Methods: Data regarding demographics, age, macroscopic and microscopic findings,

and time between symptom onset and PED admission of patients affected by confirmed

AA in the period between March and April 2020 were considered. The data were

compared with those obtained during the same period of 2019, 2018, and 2017

in the included centers. Data were quoted as median (range) or absolute number.

Non-parametric statistical tests were used to compare groups. A p ≤ 0.05 was regarded

as significant. Since only anonymous data have been used and the data storage meets

current data protection regulations, ethical committee approval was not required for

this study.

Results: Eighty-six patients underwent surgical appendectomy for AA between

February 20th, 2020 and April 20th, 2020; 32.5% were complicated appendicitis and

67.5% were uncomplicated. Fifty-three patients were males and 33 were females.

Patients’ age ranged from 3 to 17 years and the median age was 10 years. The median

time between the onset of symptoms and the admission in PED was 1.85 days. The

average time between the symptom onset and PED admission was 1.8 days.

Conclusions: Although fear from the COVID-19 pandemic determined a delayed

diagnosis of serious pediatric diseases, the increasing prevalence and severity of AA

were not demonstrated in the most COVID-19-affected areas of Italy.
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INTRODUCTION

The epidemic of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), causing coronavirus disease 2019 (COVID-
19), has rapidly spread worldwide. Italy was the first European
country to be affected, with the outbreak estimated to have
started in February 2020. At the time of the data collection,
Italy was reporting roughly 246,000 COVID-19-positive cases (1)
estimating that more than 10% of the Italian population—i.e.,∼2
million people—was exposed to the virus (2).

Although the diffusion in all countries of COVID-19 infection
was predictable since its beginning in China in November 2019,
almost all national health systems were not ready to this dramatic
situation. Although this viral infection involves the pediatric
population less than adults (3), the pandemic also changed
dramatically the management of pediatric patients, and the
reduction of pediatric surgical activities in the pandemic period
has been already reported (4).

It was our first impression that the admission for abdominal
pain in the pediatric population was changing during the
pandemic period. In particular, in the initial pandemic period, the
authors were empirically observing a decreasing of admissions
for acute appendicitis (AA). By contrast, it was a common
perception that complicated cases of appendicitis were increasing
rather than uncomplicated ones.

The aim of the study was to demonstrate how the pandemic
influenced the PED admission and the diagnosis and the
evolution of AA in the pediatric population during the
pandemic period.

The primary aim of the study was to assess the prevalence of
AA in the considered pandemic areas in order to demonstrate
if the reduction of cases was real during the pandemic period.
The secondary aim was to analyze the number of complicated
appendicitis in order to assess if these more serious cases
increased during the pandemic period in comparison with the
same period of the previous years.

For this reason, the AA data of six referral centers of northern
Italy affected by a high incidence of COVID-19 during the
pandemic period (20th February 2020–20th April 2020) have
been reviewed, and data were compared with those of the same

period of the previous 3 years.

MATERIALS AND METHODS

Hospital records of patients affected by AA during the COVID-
19 pandemic period (since 20th February 2020 until 20th April
2020) and during the same period of 2019, 2018, and 2017 in six
north Italian pediatric surgery referral centers of COVID-19 have
been reviewed.

The pediatric surgical units involved in the study were
Bergamo, Lombardia (Ospedale Papa Giovanni XXIII—center
A); Brescia, Lombardia (Spedali Civili—center B); Milan,

Abbreviations: PED, pediatric emergency departments; AA, acute appendicitis.

Lombardia (Buzzi ChildrenHospital—center C and Policlinico—
center D); Padua, Veneto (Azienda Ospedaliero-Universitaria—
center E); and Trieste, Friuli-Venezia Giulia (Ospedale Burlo—
center F).

Patient demographics, age, macroscopic and microscopic
findings, and time between the symptom onset and PED
admission were considered. All patients with macroscopic and
microscopic non-confirmed appendicitis were excluded. Patients
approached with conservative management were not included.

Appendicitis cases were classified as “complicated”
(peritonitis, abscesses, perforated appendicitis) and
“not complicated.”

We analyzed the days from the symptom onset to PED
admission comparing the pandemic period with the same period
of the three previous years. Moreover, we compared the days
from symptom onset to PED admission in the first month (20th
February 2020–20th March 2020) with the second month (21st
March 2020–20th April 2020) of the pandemic period.

Data were analyzed including all the series but also
considering each center separately. Then, data were divided
considering the incidence of COVID-19 in the following areas:
Bergamo and Brescia (red zones—>20 per 100,000), Milano and
Padua (yellow zones−10–20 per 100,000), and Trieste (white
zone—<10 per 100,000) (1).

Qualitative variables were expressed as absolute number
(%) and analyzed by Fisher’s exact test or Pearson’s χ

2

test. Normality tests with Shapiro–Wilk were conducted
for numerical variables, which were expressed as mean
(standard deviation, SD) if normally distributed or as
median (interquartile range, IQR) and analyzed by one-
way ANOVA or Kruskal–Wallis test, respectively. A
p ≤ 0.05 was considered statistically significant. Data
analysis was performed by SPSS Statistics Version 26
(IBMMassachusetts).

RESULTS

Eighty-six patients underwent surgical appendectomy for AA
in the pandemic period considered (20th February 2020–
20th April 2020); 121, 96, and 92 patients underwent surgical
appendectomy for AA in the same period of the three previous
years, respectively (2017, 2018, and 2019). All data regarding the
periods investigated are reported in Table 1.

In the analyzed pandemic period, the surgical technique was
a transumbilical laparoscopic-assisted appendectomy (TULAA)
in 28 patients, a laparoscopic appendectomy in 51, and an
open procedure in other 7 patients. The choice of the surgical
procedure depended on the center experience.

Only two patients were affected by COVID-19 in center B,
and no cases of infection in other centers were reported. One
of the two patients affected by COVID-19 had an uneventful
postoperative course. By contrast, the second patient had a
complicated appendicitis and required a second procedure
for the positioning of abdominal drain (US guided) due to
intraperitoneal fluid collection.
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TABLE 1 | Demographic and clinical data of patients affected by acute appendicitis between February 20th and April 20th of 2017, 2018, 2019, and 2020.

Year Area Center Number of

appendicitis cases

Age Gender (males %) Evaluation after

symptom onset

(median days)

Complicated

appendicitis (%)

2017 Red zone Center A 33 12.2 (3.0) 23 (69.7) 1.6 8 (24.2)

Center B 29 9.4 (2.9) 16 (55.2) 1.4 10 (34.5)

Yellow zone Center C 24 9.3 (3.5) 14 (58.3) 0.8 5 (20.8)

Center D 22 9.8 (3.1) 13 (59) 2 7 (31.8)

Center E 7 10.0 (4.0) 5 (71.4) 2.3 3 (42.8)

White zone Center F 6 10.5 (4.4) 5 (83.3) 1.9 2 (33.3)

2018 Red zone Center A 30 11.1 (3.1) 15 (50) 1.6 10 (33.3)

Center B 28 9.1 (2.8) 12 (42.8) 1.9 8 (28.6)

Yellow zone Center C 17 8.7 (3.3) 7 (41.2) 1 5 (29.4)

Center D 6 8.2 (4.2) 3 (50) 2.1 3 (50)

Center E 9 8.2 (3.4) 3 (33.3) 1.9 7 (77.8)

White zone Center F 6 9.3 (3.3) 3 (50) 1.8 6 (100)

2019 Red zone Center A 24 10.6 (3.6) 17 (70.8) 1.5 6 (25)

Center B 16 10.4 (3.0) 11 (68.7) 1.3 5 (31.2)

Yellow zone Center C 22 9 (2.9) 13 (59) 1.7 3 (13.6)

Center D 15 9 (3.8) 11 (73.3) 1.9 4 (26.7)

Center E 8 8.6 (3.9) 4 (50) 2.1 4 (50)

White zone Center F 7 13.7 (3.6) 3 (42.8) 1.7 1 (14.3)

2020 Red zone Center A 12 11.9 (2.1) 8 (66.6) 1.7 10 (83.3)

Center B 18 9.7 (2.8) 9 (50) 1.5 9 (50)

Yellow zone Center C 23 9.5 (3.5) 16 (69.5) 1.1 18 (78.3)

Center D 14 9.6 (4.7) 10 (71.4) 1.8 7 (50)

Center E 11 8.7 (2.5) 9 (81.8) 1.9 8 (72.7)

White zone Center F 8 11.6 (3.8) 3 (37.5) 2 4 (50)

Data expressed as mean (SD) or median (interquartile range, IQR) or absolute values (%). Different colors for different incidence of Covid infection in the investigated period.

Only three patients had no macroscopic or microscopic
confirmation of AA and these patients were not considered for
the study.

No significant differences between 2020 and the three previous
years in terms of prevalence of appendicitis in the large area
considered (p= 0.21) were found.

Three different areas depending on the incidence of COVID-
19 infection have been considered: Bergamo and Brescia (center
A and center B) were considered as “red area,” Milan and Padua
(center C, center D, and center E) were considered as “yellow
area,” and Trieste (center F) was considered alone as “white
area.” Considering these different areas, there were no significant
differences in terms of prevalence of appendicitis (p = 0.2) even
if there was a trend of lower prevalence of appendicitis in the red
area comparing the same period of the three previous years.

For the secondary aim, the number of complicated
appendicitis and those of the same period of the previous 3
years was compared. The statistical analysis did not show any
significant differences (p = 0.3) even considering “red,” “yellow,”
and “white” areas separately (p= 0.8).

Finally, the days from the symptom onset to PED admission
were analyzed, but no significant differences were found (p
= 0.4) even between the first and the second months of the
pandemic period.

All data and statistical results are reported in Table 2.

DISCUSSION

AA is the most common abdominal surgical emergency
in the pediatric population (5). In the United States, it
occurs in approximately 70,000 children per year representing

approximately one-third of childhood admissions for abdominal
pain (6).

The incidence is age-related from extremely low in the
neonatal period to a peak prevalence between ages 12 and 18
years (7). Similarly, the signs and the symptoms in the pediatric
population may be different depending on the age of the patient
and the intraoperative findings vary widely.

In this paper, we report a large series of AA surgically treated
in a wide Italian area with a high incidence of COVID-19
infection in the population. Since its first description, the novel
coronavirus disease (COVID-19) rapidly spread all over the
world changing dramatically our lives. In the adult population,
COVID-19 causes a wide range of disease severity with a fatality
rate depending on the countries involved. The spectrum of the
disease in children is still debated, but probably, it causes a mild
disease with only few cases of patients presenting respiratory
distress syndrome or multi-organ failure.
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TABLE 2 | Main results of data analysis per year.

Year 2017 2018 2019 2020 p-value

Number of appendicitis 121 96 92 86 0.21

Age at onset 10.3 (3.4) 9.5 (3.3) 10.0 (3.5) 10.0 (3.4) 0.44

Evaluation after

symptom onset

1.0 (1.0–2.0) 1.5 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.95

Complicated

appendicitis

35 (28.9%) 35 (36.4%) 23 (25%) 27 (31.3%) 0.38

Data expressed as mean (SD) or median (IQR) or absolute values (%).

The high incidence of COVID-19 infection in northern
Italy caused the cancelation and the delay of routine hospital
activities. In particular, many departments, both surgical and
medical, were converted to “COVID-19 wards” suspending all
planned programs. This happened also for the pediatric surgical
departments that had twomain problems: first, the increase of the
waiting lists (4), and second, the delay in the diagnosis of some
acute pathologies.

In this regard, a recent paper from a north Italian pediatric
referral center reported that, during Italy’s national lockdown
for COVID-19, PED admissions showed a substantial decreasing
trend in comparison with the same period of the two previous
years. Moreover, the same authors reported that delayed PED
visits for serious diseases underline the need to prevent delays in
PED (8). The considerable reduction in clinic visits may explain
this phenomenon.

A case series from Israel reported late diagnosis of seven
appendicitis cases resulting from different aspects of the fear
from the current global COVID-19 pandemic (9). Similarly,
a larger series of adult patients recently reported a significant
decrease of AA during the pandemic (10). On the basis
of our larger numbers, we can only partially confirm this
data. In fact, in our large series, although a trend of
reduction of cases of AA has been observed (especially in
the very high pandemic diffusion area), the results were
not significant.

Snapiri et al. (9) reported a higher incidence of
AA complication rates during the same period of
the previous year. In our study, we evaluated the
differences of incidence of complicated AA between
the pandemic period and the three previous years.
Although our first impression was of a higher complicated
number of cases, the statistical analysis did not confirm
our hypothesis.

Of course, several reasons (i.e., the fear of parents to stay
in public places, the fear to go to the primary care physician)
may justify the delayed diagnosis of AA during the COVID-
19 pandemic.

To demonstrate the increasing of delayed diagnosis of AA,
we analyzed the time between the symptom onset and the PED
admission in the pandemic period, but in this analysis, there
were no significant differences in comparison with the three
previous years.

Many peripheral centers that also usually treat children with
AA sent all patients in our centers during the pandemic period
and perhaps this influenced our results. However, this is the
first study that analyzed homogeneous data of pediatric patients
affected by AA from a wide Italian COVID-19 pandemic area.

In conclusion, COVID-19 is a global pandemic challenging
healthcare systems worldwide. The significant decrease in the
number of adult patients admitted with AA during the onset of
COVID-19 described by Tankel et al. (10) may be justified by the
successful medical home treatment of mild appendicitis.

It was also our first impression that PED admission for
abdominal pain in the pediatric population was changing during
the pandemic period. In particular, in the initial pandemic period,
we had the impression that the admissions for acute appendicitis
were decreasing.

These thoughts were not confirmed based on our analysis
of our large multicentric series of pediatric AA from an
area of Italy that has been among the most affected from
COVID-19. In particular, there were no significant differences
regarding the prevalence and the onset of symptoms of
AA in the pediatric population during the peak period of
the pandemic.
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