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ABSTRACT

Aim: COVID-19 was declared pandemic in March 2020. Turkish government issued
stay-at-home orders and hospitals cancelled non-emergent surgeries. Our aim was to
assess the impact of the COVID-19 pandemic on the presentation and management
of pediatric appendicitis.

Materials and Methods: All appendicitis admissions between 01/03/2019-01/03/2021
were reviewed. Two groups were created: 12 months before COVID-19 (Non-
pandemic Group) and 12 months after the date elective surgeries were postponed in
TURKEY (01/03/2020) for COVID-19 (Pandemic Group). Patient demographics,
symptoms, laboratory and imaging results, perforation status, intraoperative and
pathological findings, and postoperative outcomes were analyzed.

Results: A total of 471 patients (264 Non-pandemic, 207 Pandemic) were evaluated.
Age and gender of both groups did not differ significantly. There was significant
increase in time between onset of symptoms and presentation to the hospital in
Pandemic-group (1.0+1.8 vs 2.0+1.8 days, p<0.001). Symptoms reported at
presentation included fever, abdominal pain, vomiting and anorexia; fever was more
common in non-pandemic group being the only symptom significantly more prevalent
(63.3% vs 36.7%, p =0.014). The proportion of patients diagnosed with complicated
appendicitis was significantly higher during the COVID-19 pandemic (69.3% vs 79.7%
p=0.03). CRP levels (50.4+63.8 vs77.87+79.3, p<0.001) and diagnostic sensitivity of
abdominal USG (53% vs 66.7% p<0.05) was higher in pandemic group. Although
standard therapy protocol was not changed mean length of hospitalization after
surgery in Non-pandemic group was significantly lower (3.0£2.1 vs 3.0+1.3days p<
0.001).

Conclusion: The pandemic resulted in higher proportion of complicated appendicitis,
most likely as a result of parents’ delay in seeking medical care due to fear of Covid-
19. Although complicated appendicitis numbers were higher and time of
hospitalization was lower in pandemic group there was no significant difference in
number and types of complications following surgery Despite presenting later during
COVID-19, pediatric patients with appendicitis were treated expediently with good
outcomes.
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Introduction

Acute appendicitis is one of the most common
emergency abdominal surgical indication in pediatrics
@, Despite being a highly common surgical condition, its
origin and cause remains unclear®. Luminal obstruction
with fecalith, lymphoid hyperplasia, tumors, genetic
predisposition, changes in bacterial composition and
dietary intake are the most frequent causes of
appendicitis ©,

Severe Acute Respiratory Syndrome Corona Virus-2
(SARS-CovV-2) outbreak, a new viral type of
pneumonia originated in China, was declared as a
global pandemic on march 2020 by World Health
Organization ®. As a mitigation response, in order to
diminish transmission, worldwide decisions to go into a
lock-down by local governments were initiated ©.
Similar to global concept, Turkish Government declared
social distancing mandates at the beginning of march
2019. National and international traveling restrictions,
stay at home orders, closure of non-essential
businesses and schools were mandated. As expected,
this outbreak had large-scale effects on healthcare
system. Structures of hospitals and outpatient clinics
were reorganized, medical staff and equipment were re-
distributed to pandemic hospitals and ICU facilities and
all non-emergent appointments and operations were
postponed. As a result there has been a dramatic shift
in seeking medical care patterns. Fear of being infected
triggered people to minimize contact with medical staff
hence diminished hospital admissions.

An increasing number of patients with complicated
appendicitis has been observed during the COVID-19
outbreak in several countries ©” Therefore, we aimed to
investigate the incidence and severity of appendicitis in
pediatric patients undergoing appendectomy during the
COVID-19 pandemic and compare it with its
counterparts from a year ago in order to assess the
impact of the COVID-19 pandemic on the presentation
and management of pediatric appendicitis.

Material and Method

This study is designed as a retrospective cohort,
reviewing data of all pediatric patients admitted to a
large tertiary teaching hospital for acute or complicated
appendicitis between March 2019 and March 2021.
Patients were divided into two groups those treated
between March 2019- March 2020, before pandemic
outbreak (Non-pandemic group), and those treated
between March 2020- March 2021, during the course of
SARS-Covid-19 pandemic (Pandemic group). Data
collected included patient demographics, admission
information, symptoms, laboratory test results, imaging
findings, management, post-operative complications,
length of hospital stay and post-operative outcomes. In
each case type of appendicitis was established
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appendicitis.

This survey was approved by Institutional Ethics
Committee of our institution (NO: 2021/03-09). All
methods were performed in accordance with the
relevant guidelines and regulations.

Statistical Analysis

Patient age and hospitalization characteristics
(including time  between first symptoms to
hospitalization and hospital stay, laboratory results) are
reported as means and standard deviations. Patient
characteristics (excluding age), and disease variables
are reported as numbers and percentages. The chi-
square test was used to compare the categorical
variables between the study group (during the COVID-
19 pandemic) and the control group (1 year prior to the
COVID-19 pandemic). The numerical variables were
compared using Mann-Whitney U test. The data are
expressed as medians with interquartile ranges (IQRs).
No adjustment was made for multiple comparisons
when the sample size relative to the number of
parameters was small. Categorical data are expressed
as numbers (n) with percentages (%). To compare the
categorical data from the two independent groups,
either the chi-square or Fischer’s exact test was used.
SPSS for MAC (version 20.0; SPSS Inc., Chicago, IL,
USA) was used for all data management and inferential
statistical analyses. All P-values were two-sided, and
the significance level was set at p< 0.05.

Results

Medical records of 471 children diagnosed and
operated due to appendicitis in the Pediatric Surgery
Department between March 2019 to March 2020 were
evaluated. Two groups were designed (Non-pandemic
group and Pandemic group). Demographic data of both
groups of patients are outlined in Table-1. Demographic
data and baseline characteristics of both groups of
patients did not significantly differ. Diagnosis of
appendicitis was set by a combination of symptoms,
medical examination, laboratory and radiologic findings.
All symptoms and findings are evaluated in Table-2.
Appendicitis patients presented predominantly with
nausea, vomiting and abdominal pain. Symptoms
reported at presentation included fever, abdominal pain,
vomiting and anorexia. Abdominal pain was reported in
all patients while  vomiting and anorexia were more
commonly reported in patients presenting during
pandemic; fever was more common in non-pandemic
group being the only symptom significantly more
prevalent (63.3% vs 36.7%, p =0.014). The most
commonly used imaging modality in both groups was
plain abdominal X-ray followed by abdominal
ultrasonography. While there was no significant
difference in X-rays (fecalith and/or scoliosis),
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patients with appendicitis treated before pandemic and
during pandemic were nonsignificant, whereas CRP
levels were significantly higher in pandemic group
(50.4+63.8 vs77.87+£79.3, p<0.001)

We noted significant difference in the time between the
onset of symptoms, and presentation to the hospital
during pandemic period (Non-pandemic 1.0+1.8 days
vs Pandemic 2.0+1.8 days, p<0.001), with several
patients waiting up to 15 days before seeking medical
care due to fear of Covid-19.

In both groups most common type was complicated
appendicitis. We identified a significant increase in the
number of complicated appendicitis admissions to our
department in pandemic period (69.3% in Non-
pandemic group vs 79.7% in Pandemic group p<0.05),
whereas negative exploration and acute cases did not

Table-1. Clinical Characteristics of appendicitis patients.

Research Article

differ statistically.

Our standard therapy protocol designed by infection
control committee for patients with appendicitis is
perioperative prophylaxis with ampicillin/sulbactam
continued post-operatively in non-complicated cases of
appendicitis and treatment with ampicillin/sulbactam;
metronidazole and aminoglycoside in complicated
cases. This protocol was not changed during the SARS-
CoV-2 pandemic. We noted a significant difference in
mean length of hospitalization after surgery in Non-
pandemic vs Pandemic group (3.0+2.1 vs 3.0+1.3
p<0.001). Although complicated appendicitis numbers
were higher and time of hospitalization was lower in
pandemic group there was no significant difference in
number and types of complications following surgery
(10.9% vs 11.5%, p=0.618).

Variables Non-pandemic Pandemic
(N=264) (N=207) p
Age (year) 11.0£3.5 11+3.4 0.240
Gender
167(63.2%)
Male 152 (73.4%) 0.019
97 (36.7%)
Female 55 (26.6%)
Time to hospitalization (days) 1.0+1.8 2.0£1.8 <0.001*
Transport status
. 212(80.3%) 156 (75.4%)
Self-admitted 0.198
52(19.7%) 51 (24.6%)
Transferred
Appendix status
. 21(8.0%) 7(3.4%)
Negative exp.
. 60(22.7%) 35(16.9%) 0.021*
Non- complicated
. 183(69.3%) * 165(79.7%)*
Complicated
Length of hospital stay (days) 3.0x2.1 3.0+1.3 <0.001*
Post-operative Complication 20 (10.9%) 19 (11.5%) 618
2Denotes a statistically significant difference
Table-2. Symptoms and findings
Variables Non-pandemic Pandemic p
N=264 N=207
Symptoms & Signs Vomiting 138(52.3%) 120 (58%) >0.05
Fever* 167 (%63.3) 76 (36.7%) <0.05
Anorexia 129 (48.9%) 186 (89.9%) >0.05
RLQ-tenderness 239 (%89.8) 205 (%99) >0.05
Findings on presentation X-ray (+) 168 (63.6%) 175 (84.5%) >0.05
USG (+)* 140 (53%) 138 (66.7%) <0.05
CRP* 50.4+63.8 77.87+79.3 <0.001
WBC 15770+5368 15868+4873 >0.05

*Denotes a statistically significant difference

We noted significant difference in the time between
the onset of symptoms, and presentation to the
hospital during pandemic period (Non-pandemic
1.001.8 days vs Pandemic 2.0001.8 days, p<0.001),
with several patients waiting up to 15 days before
seeking medical care due to fear of Covid-19.

In both groups most common type was complicated
appendicitis. We identified a significant increase in
the number of complicated appendicitis admissions
to our department in pandemic period (69.3% in
Non-pandemic group vs 79.7% in Pandemic group
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p<0.05), whereas negative exploration and acute
cases did not differ statistically.

Our standard therapy protocol designed by infection
control committee for patients with appendicitis is
perioperative prophylaxis with ampicillin/sulbactam
continued post-operatively in non-complicated cases
of appendicitis and treatment with
ampicillin/sulbactam; metronidazole and
Aminoglycoside in complicated cases. This protocol
was not changed during the SARS-CoV-2 pandemic.
We noted a significant difference in mean length of
hospitalization after surgery in Non-pandemic vs
Pandemic group (3.002.1 vs 3.001.3 p<0.001).
Although complicated appendicitis numbers were
higher and time of hospitalization was lower in
pandemic group there was no significant difference
in number and types of complications following
surgery (10.9% vs 11.5%, p=0.618)

Discussion

The beginning of SARS-CoV-2 pandemic resulted in
national quarantine, strict stay-at- home orders and
travel restrictions in Turkey. The unusual conditions
forced hospitals to focus medical resources and staff
on individuals with Covid-19, postpone medical
appointments, re-organize outpatient clinics and
cancel elective surgical procedures while only
focusing on emergency surgeries. Since people
were advised not to attend medical care facilities
unless absolutely necessary, a general lessening of
patients admitted to the ER was observed ©.

Acute appendicitis is the most common abdominal
surgical emergency in pediatric population with an
estimated life time risk of 7-9% ©. Despite being a
common condition, diagnosis of appendicitis in
children is challenging in many cases. The classical
presentation includes anorexia, fever and mitigation
of abdominal pain from umbilicus to right lower
guadrant @@, Typically, a combination of signs,
symptoms, laboratory results and imaging modalities
help diagnosis and dictate treatment. Appendicitis is
a time-sensitive condition, Delays in presentation

may affect all presenting signs, symptoms,
investigative results and most likely result in
complications such as perforation, abscess

formation, sepsis, higher morbidity and increased
post-surgical complications ®.

Throughout SARS-CoV-2 pandemic number of
studies from various centers identified delayed
presentation of appendicitis in children >, In a
study from ltaly Lazzerini et al. found decreased
pediatric emergency hospital visits during COVID-19
outbreak up to 88% when compared to visits within
the same time period in 2018 and 2019 “? Gerall et
al. from Germany, associated this delay to fear of
contracting Covid-19 in the hospital setting ©¥.
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Snapiri et al. also reported delayed diagnosis of
appendicitis in children from Israel with increased
complication rates as much as 22% when compared
to same period in previous year ®¥. Although fear of
exposure to Covid-19 in hospital setting may have
played a major role in delay of presentation, there
were also multiple additional sources of delay such
as shift in majority of medical staff towards, Covid-19
cases, changes in structure of healthcare system
and delays in reaching OR due to arrangement of
protective  equipment  resulting with  more
complicated cases with appendicitis in pediatric
population. Testing Covid-19 was still limited at our
center during these early phases of the pandemic.
Therefore, there was no delays due to awaiting
antigen test results.

In our center, when we compared the first year of
SARS-CoV-2 pandemic to the previous year, our
data showed a significant delay in presentation with
increased number of patients treated for complicated
appendicitis.  Although  reported duration  of
symptoms before presentation is a subjective
measure, Increased fever and CRP levels during
admission in this period can be explained by
delayed presentation with more advanced disease in
patients. Through this period, our diagnostic imaging
strategies did not change, usage of ultrasound
continue to be the dominant method for diagnosis
appendicitis in children. As a matter of fact, our
diagnostic sensitivity of ultrasound increased during
pandemic. This could be explained by advanced
state of appendicitis during sonographic imaging due
to late presentation, decreased unnecessary work
load of sonographers due to cancellation of elective
appointments and dedicated work ethics of radiology
department working in close contact to potentially
Covid-19 positive patients.

During SARS- CoV-2 pandemic some centers in
Spain, UK and USA adopted non-operative
treatment of uncomplicated appendicitis®™ however
our institution did not change its practice of standard
operative  management. Depending on the
preference of the surgeon, we mostly perform
laparoscopy to non-complicated cases and save
classical open technique for more advanced,
complicated cases. This also did not change during
the year of SARS-CoV-2 pandemic. Our post-
operative medical treatment regimen of intravenous
fluids and antibiotics for appendicitis remained the
same in both groups but length of hospital stay
(LOS) significantly decreased in pandemic period.
Possible explanation for shorter LOS is patients’ and
caregivers’ fear of hospitalization due to elevated
risk of acquiring Covid-19 and general approach of
saving hospital beds for possible Covid-19 cases.

While the rate of complicated appendicitis increases
and LOS decrease, one can assume an increase in
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rate of postoperative complications nevertheless
despite the increased severity patient outcome was
unaffected. Traditionally, broad spectrum antibiotics
covering  Gram-positive, Gram-negative  and
anaerobic bacteria is administered to patients with
perforated appendicitis for as long as ten days®®.
However, newer antibiotics may have decreased the
needed duration of antimicrobial therapy also in a
randomized prospective study Fraser et al. from
USA reported that completing antibiotherapy orally
has similar results to LV. therapy ®". this may
explain our unaffected rates of postoperative
complications.

A systemic inflammation entity related to SARS-
CoV-2 infection; multisystem inflammatory syndrome
in children (MIS-C), may present with symptoms
mimicking appendicitis such as; abdominal pain,
fever, vomiting, and diarrhea and this may delay the
diagnosis of either condition if occurring
concomitantly “®.In our series 4 patients were
evaluated for potential MIS-C, one negative
exploration case with unimproved post-operative
symptoms was diagnosed as MIS-C, transferred to
infection clinic and treated accordingly. the other 3
cases were initially treated for MIS-C but further
evaluation pointed appendicitis and surgery revealed
complicated appendicitis.

The main limitations of this study are its single-
center retrospective design and relatively small
number of cases. Also our study groups were
selected based on the date first Covid-19 positive
case was acknowledged in Turkey which we believe
represents delayed access to health care. However,
if a different date was to be selected this might
altered our findings.

As a conclusion, pediatric patients who presented to
our center with appendicitis during SARS-CoV-2
pandemic had higher rates of delayed presentation
and more severe illness when compared to previous
year. Despite late presentation with greater
inflammatory response and increased proportions of
complicate appendicitis, standards of emergency
surgery maintained and pediatric patients were
treated efficiently with good outcomes. Besides
being a medical challenge, this pandemic provided
us an opportunity to update and shorted our course
and duration of treatment in appendicitis. We
recommend centers treating appendicitis to revisit
their duration of post-operative management and if
possible, consider shortening length of stay in
hospital.
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