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Abstract \

Acute appendicitis is one of the most common causes of abdominal pain in children. During the coronavirus disease 2019 (COVID-
19) pandemic, a delay in presentation to the emergency department and a higher rate of complicated appendicitis were observed.
Traditionally, operative management (laparoscopic or open appendectomy) was thought to be the best treatment strategy for acute
appendicitis. However, nonoperative management with antibiotics has gained popularity in managing pediatric appendicitis during
the COVID-19 era. The pandemic has posed significant challenges in the management of acute appendicitis. Cancellation of elective
appendectomies, delay in seeking care due to fear of contracting COVID-19 infection, and impact of COVID-19 infection in the

COVID-19 times.
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pediatric population have resulted in higher rates of complications. Furthermore, multiple studies have reported multisystem
inflammatory syndrome in children mimicking acute appendicitis, subjecting patients to unnecessary surgery. Therefore, it is
imperative to update the treatment guidelines for the management of acute appendicitis in the pediatric population during and after

Introduction

Acute appendicitis is a gastrointestinal condition characterized by
the inflammation of the vermiform appendix and presents as the
most common cause of abdominal pain in all demographics™.
Though morbidity is low in children, around half of the pediatric
appendicitis cases lack classic symptoms that make it difficult to
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HIGHLIGHTS

e Acute appendicitis is one of the most common causes of
abdominal pain in children.

e The diagnosis of pediatric appendicitis is difficult due to
variations in clinical symptoms.

e Treatment of appendicitis has evolved over time with
unique implications for children.

o It is important to consider recent updates in the treatment
and management of pediatric appendicitis in the corona-
virus disease 2019 era.

diagnose and can increase the risk of perforation'?). The cause of
acute appendicitis is commonly due to an obstruction of the
lumen as a result of stone blockages or appendiceal tumors such
as carcinoid tumors or parasites'’. The degree and severity of
acute appendicitis depend on the extent of inflammation within
the muscularis proprial®. The characteristic symptoms of
appendicitis are widespread and frequently appear as periumbi-
lical abdominal pain that is localized to the right lower quadrant
(RLQ)™!. Pediatric appendicitis is extremely rare within the first
24 h after life, with symptoms appearing within 48 h™l
Appendicitis is more common in children between the age 10 and
19 years old®!. Due to the danger of higher perforations in these
populations, it is critical to treat juvenile appendicitis as soon as
possible. However, the coronavirus disease 2019 (COVID-19)
pandemic may have made rapid treatment of such a disorder
problematic.

The impact of COVID-19 on healthcare facilities was dis-
astrous since elective surgery had to be canceled, and the number
of patients hospitalized in the critical care unit with severe
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for pediatric appendicitis.

COVID-19 symptoms increased dramatically®®!. This could cause
a delay in the treatment of all cases, including pediatric appen-
dicitis. The risk of perforation in pediatric appendicitis during the
pandemic has become a topic of interest as management strategies
to reduce viral transmission and delay in reaching timely care
have been reassessed. While existing treatment regimens (Fig. 1)
for the pediatric population are well established, there is still a
need to discover the appropriate forms of therapy during the
pandemic to enhance the rapid treatment of appendicitis while
also adhering to public health limitations®!. This review high-
lights the effects of COVID-19 on pediatric appendicitis with
recommendations.

Surgical anatomy and physiology of the appendix

The appendix, also known as the vermiform appendix, is a
5-10 c¢m small pouch on the right side of the abdomen with a
narrow lumen. The appendix connects to the cecum at its pos-
teromedial aspect after leaving the large intestine and has a free
end in the abdominal space!”!. The appendix is supported by the
mesoappendix, a fold of mesentery that connects the ileum to the
appendix and contains the appendicular artery, which is derived
from the superior mesenteric artery, and the appendicular vein,
which is responsible for the appendix’s venous drainage!”’. The
lymphatic drainage of the vermiform appendix follows the artery
route from the lymph nodes in the mesoappendix to the ileocolic
and superior mesenteric lymph nodes. The appendix receives its
sympathetic and parasympathetic nerve supply from the ileocolic

branch of the superior mesenteric plexus!”.

Many researchers are baffled by the function of the vermiform
appendix, which was previously defined as a vestigial organ.
However, immunologists at Duke University recently discovered
biofilms of beneficial bacteria concentrated in the appendix®!.
The biofilms would colonize the mammal’s large intestine and
help maintain digestive function and pathogenic protection in a
symbiotic relationship. In humans, biofilms were found to be
most densely concentrated in the vermiform appendix, implying
that it serves as a potential reservoir for gut bacteria®!,

Prevalence and epidemiology of acute appendicitis in
vulnerable populations

Acute appendicitis is a common surgical emergency, particularly
among the elderly, pregnant women, and children. The elderly
have a much lower incidence of acute appendicitis than the
younger population. However, the mortality rate among patients
over the age of 65 is higher, reaching up to 8 %!, One of the most
common nonobstetric emergencies is acute appendicitis. One in
every 25 women of reproductive age who presented with
appendicitis was pregnant, and pregnant women were more
likely to have complicated appendicitis!*®!. Also, acute appendi-
citis accounts for nearly 8% of abdominal pain in children"-!?],
with a high rate of misdiagnosis. Misdiagnosis is nearly 100% in
children aged 2 years or younger, 28-57% in children aged 2-12,
and less than 15% in adolescents'' .

A systematic review by Kohler et al.l'3! revealed a 13.4%
increase in the incidence of appendicitis in children during
the COVID-19 era. Pogoreli¢ et al.l'¥ also reported a signifi-
cantly higher incidence of complicated appendicitis during the
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COVID-19 pandemic, which was 63% higher than in the pre-
pandemic era. This was consistent with the meta-analysis by
Motazedian ef al.'*>! which also reported a significantly higher
rate of perforated appendicitis during the COVID-19 era.
Another study among children under the age of 18 found a higher
perforation rate during the COVID-19 outbreak!!®!, possibly due
to a delay in presentation to the hospital. According to Gerall
et al"”V and Snapiri et al."®!, complications of acute appendicitis
were twice more prevalent in both New York City and Israel,
even though they did not reach statistical significance. This may
be due to the delay in presentation to the hospital, leading to a
worse initial presentation. Tasci et al.l'! found that the interval
between the onset of symptoms and hospital admission in
pediatric patients with appendicitis increased by 2 days during
the COVID-19 pandemic, which is consistent with another ret-
rospective study that revealed a significantly longer time between
symptom onset and presentation to the emergency department
during the peak of the pandemic, with a few patients waited up to
14 days before seeking medical attention!'”,

Whilst higher complication rates and delays in the presentation
of pediatric appendicitis were noted, a single-center retrospective
analysis of pediatric appendicitis by Nassiri et al.”®! found no
delay in presentation and no significant difference in the rates of
complicated appendicitis. Another retrospective study conducted
in Australia and New Zealand also concluded no difference in the
presentation of symptoms and complication rates, with no delay
in presentation to the emergency department!*!],

Etiology, pathophysiology, and clinical presentation
of pediatric appendicitis

Appendicitis is a leading cause of abdominal pain in children,
with an estimated 30% of children referred to surgical services for
treatment'”l, It is more common in males than females and
usually affects children aged 10-18. A lifetime risk of 7% with a
peak incidence in adolescence in developed western societies
suggests a role for earlier microbial infections that can predispose
to more severe appendiceal inflammation on later pathogen
exposure, also known as the ‘hygiene hypothesis’™3!. The main
aggravating factor in the pathophysiology of appendicitis is
luminal obstruction with fecalith!**!. Distension and ischemia can
result from luminal obstruction, which can progress to necrosis
and perforation.

Perforation is a common complication of pediatric appendi-
citis, affecting 20-30% of cases. The release of appendiceal
content can cause inflammation in the immediate environment,
resulting in a peri-appendiceal abscess that can spread to the
peritoneum and cause generalized peritonitis**!. Pathogen
infections such as Bacteroides fragilis, Escherichia coli, and
Pseudomonas aeruginosa can also coexist. As a result, positive
family history and genetic predisposition to developing appen-
dicitis have been identified as potentially playing a role in
pathogenesis'??!. Another intriguing aspect is the isolation of
Enterobius vermicularis (pinworms) from a small percentage of
suspected cases, despite the fact that its exact pathogenic role is
unknown.

Understanding the role of specific etiological factors such as
genetics (which increases the risk by 30%) and positive family
history (which increases the risk by three times) remains a
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popular research topic due to the unique clinical manifestations
of the pediatric population™!.

General diagnosis and symptoms of pediatric
appendicitis

Pediatric appendicitis is characterized by dull periumbilical pain
that migrates to the RLQ with tenderness and guarding.
Abdominal pain is usually accompanied by nausea, vomiting, and
fever. Other nonspecific findings include a positive Rovsing sign,
which is palpation of the left lower quadrant resulting in referred
pain to the RLQ, a positive obturator sign, which is internal
rotation of the right lower extremity, and a positive psoas sign,
which is a pain when lying on the left side and extending the right
hipt*.

Despite the clearly defined symptoms, there are many varia-
tions in a clinical presentation that can make diagnosis difficult,
particularly in preschool children who cannot communicate or
understand their symptoms as well as adults and are more likely
to present late with the complicated disease!*'®]. This is possibly
due to difficulties distinguishing appendicitis from other common
causes of abdominal pain, such as gastroenteritis and viral
infections!®’!. Furthermore, while nonspecific inflammatory
markers such as leukocyte count and C-reactive protein can aid in
the diagnosis, they cannot be used to predict appendicitis.
Although an elevated white blood cells count is common, some
children with appendicitis have a normal white blood cells
count!*!,

Clinicians use popular scoring methods based on symptoms
and lab markers, such as the Alvarado Score and the Pediatric
Appendicitis Score, as screening tools to better categorize and
improve diagnostic ability!*!. Imaging modalities such as a simple
abdominal ultrasound and computed tomography scan can be
used to confirm suspected appendicitis accurately*®*7!, Nassiri
et al®” found a significant increase in the use of computed
tomography scans during the pandemic in children with acute
appendicitis, which raises concerns about unnecessary radiation
exposure.

Evidence-based evaluation of operative and
nonoperative treatment regimens in pediatric
appendicitis

Traditionally, a timely appendectomy was regarded as the best
treatment strategy for reducing morbidity and preventing com-
plications such as perforation and abscess formation?®!. Delayed
diagnosis may also predispose to malpractice lawsuits. As a
result, appendectomies became the widely accepted treatment for
appendicitis’*®!. However, treatment guidelines have evolved
over time. Intravenous antibiotics have become common practice
in noncomplex cases to stabilize for a later appendectomy as well
as to supplement abscess drainage!*®!. With the advent of the
COVID-19 pandemic and a relative shortage of surgical services,
the clinical utility and availability of appendectomies and anti-
biotics while recognizing challenges unique to pediatric appen-
dicitis is concerning to pediatric care.

Operative management

Surgical
appendectomy

techniques
[29]

include the open and
Perioperative management

laparoscopic
for acute
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appendicitis begins with intravenous fluid resuscitation, broad-
spectrum antibiotics, and a NPO (nil per os — nothing by mouth)
prescription for patients. Antibiotics should be given post-
operatively as well, 24 h for simple appendicitis and a 10-day
regimen for complicated cases. This regimen should include
ampicillin, gentamicin, and metronidazole or clindamycin, as
these are the gold standard®”!,

In pediatric populations, transumbilical laparoscopic-assisted
appendectomy and laparoscopic-assisted single-port appendect-
omy have been performed and found to be safe!®!. As time passes,
laparoscopic surgery has overtaken the use of open surgical
techniques for children. This is mainly because it has lower
infection rates and quicker recovery times, which is part of the
main goals in the surgical treatment of appendicitis!.
Minimization of complications and costs, while improving
the quality of life is the mainstay of the management of
acute appendicitis in children. Currently, many hospitals will
perform appendectomies during the first 8 h of clinical presen-
tation and diagnosis. Complication and perforation rates are
worsened when the case is an emergency, presenting possible
perforation!®?),

Multiple approaches can be used in the laparoscopic man-
agement of acute appendicitis. These include three-port or single-
port/incision interventions and transumbilical techniques'!.
Disadvantages to this treatment include increased cost of equip-
ment, extended surgical time, the time needed to learn laparo-
scopic techniques, and higher rates of intra-abdominal infections.
Stump management is something that is completely up to the
surgeon’s discretion®!. Different techniques may be used,
including simple ligation, inversion with a purse string, or, finally,
pure inversion without ligature. Complication rates are typically
lower in this approach; however, until recently, it was believed
that intra-abdominal abscess rates are higher with laparoscopy. A
meta-analysis found there were no differences in abscess rates
after laparoscopic surgery in comparison to an open technique in
the case of acute appendicitisi®®!. After surgery, drain usage is
always in question. It has been recommended that irrigation of
the abdomen not be done in cases of simple appendicitis; how-
ever, it may be used in complicated cases. Studies have shown,
more recently, that irrigation in the case of perforated appendi-
citis in patients with peritoneal contamination was not
necessary>!l,

In conclusion, the laparoscopic approach is the safest and most
effective technique in the treatment of simple pediatric appendi-
citis. Complicated cases may require other approaches or mixed
techniques!®!l,

Nonoperative management

Aside from surgical intervention, nonoperative care, such as
antibiotic administration, is another treatment option for juvenile
appendicitis. Numerous studies have found success with the use
of antibiotics in the short term. Minneci et al.**! conducted a
prospective cohort study to compare the efficacy of nonoperative
management to appendectomy. The children in their trial ranged
in age from 7 to 17, and those in the nonoperative group were
given piperacillin and tazobactam, a combination whose effects
target penicillin and beta-lactamase inhibitors>!,

This combination is commonly used to treat appendicitis
because it kills germs while also preventing their growth. This
therapy had a 95% initial success rate in the Minneci experiment,

871

but after 21 months, 9 of the children had appendectomy, low-
ering the success rate to 76%!*?!. In a meta-analysis, Huang
et al.*3! discovered similar results. This meta-analysis compared
antibiotic treatment to appendectomy in five separate controlled
studies. The antibiotic-only group had an initial success rate of
90.5%, but this percentage dropped after 1 year due to a 26.8
recurrence rate that required appendectomy'®3!, These findings
show that antibiotics alone can be effective in treating uncom-
plicated appendicitis, allowing for a shorter hospital stay and full
rehabilitation. These outcomes, however, vary depending on the
disease’s complexity and severity.

Appendicolith, a rocky feces congestion that can cause
blockage, is a type of complication that can develop in conjunc-
tion with appendicitis. Multiple studies have found that people
with appendicitis with an appendicolith experience severe pain,
antibiotic perforation, and reduced efficacy of antibiotic-only
therapy, necessitating appendectomy in up to 50% of cases for
full treatment33-34],

Changes to the management of pediatric
appendicitis during the COVID-19 era

The management of acute appendicitis in the pediatric population
during the COVID-19 pandemic differs across institutions. A
systematic review involving studies from seven different countries
found that children with acute appendicitis were more likely to
receive antibiotic treatment instead of appendectomy*®!. 17.5%
of children with acute appendicitis were treated with antibiotics
during the COVID-19 era as compared to the pre-pandemic era,
where only 4.7% received antibiotic treatment''3!. Another meta-
analysis by Pogoreli¢ et al."*! found that a significantly higher
proportion of children received nonoperative management dur-
ing the pandemic as compared to the pre-pandemic era. Another
retrospective study in New York City during the peak of the
pandemic also revealed significantly more children with acute
appendicitis were treated conservatively with antibiotics!!”),
However, the study also revealed that 50% of the patients
returned to the emergency department for failed treatment!!”),
The study also revealed significantly longer lengths of stay and
symptom resolution following initial treatment during the
pandemic'”!. However, the length of stay and duration until
symptom resolution were not related to the type of treatment
received!'”). The worse outcome may be attributed to a delay in
presentation to the emergency department with a more severe
diseasel'”).

In contrast, a few studies have reported operative treatment as
the preferred option. Eighty-one percent of patients in the study
by Yock-Corrales et al.1*>! underwent surgery. Malhotra et al.1>®!
also reported that 8 out of 10 patients underwent appendectomy.
A retrospective study in Australia and New Zealand showed that
the management of pediatric acute appendicitis remained the
same during the pandemic, when almost all patients underwent
laparoscopic appendicectomy!?!l,

In the midst of the COVID-19 pandemic, the best surgical
approach (open vs. laparoscopic appendectomy) is still being
debated, as there was no significant evidence to support that the
inhalation of surgical smoke associated with laparoscopic sur-
geries increases the risk of COVID-19 infection®”). Studies have
suggested the preference for antibiotic treatment is to reduce the
risk of COVID-19 infection associated with intubation or the
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surgery*®l. However, antibiotic treatment has been found to

result in longer hospital stays which, in turn, increases the risk for
nosocomial COVID-19 infections'®”\. Therefore, there is a need
to establish guidelines for the management of pediatric appen-
dicitis during and after the COVID-19 pandemic.

Challenges to the treatment of pediatric appendicitis
during the COVID-19 pandemic

The COVID-19 pandemic has resulted in historically high rates of
acute complicated pediatric appendicitis. The incidence of acute
pediatric complicated appendicitis increased during the COVID-
19 pandemic, according to multicenter studies, with some studies
showing that the time of symptom onset was longer in COVID-
19-infected patients and the rate of postoperative complications
was higher. On the contrary, some studies have found that
pediatric appendicitis did not rise during the pandemic. Given the
controversy surrounding the prevalence of this condition during
the COVID-19 outbreak, it is critical to look into the factors that
make effective treatment difficult.

One of the challenges posed by the COVID-19 pandemic is a
general decrease in preformed appendectomies, which could lead
to symptom exacerbation. Overall, the pandemic has reduced
healthcare visits and elective surgeries. An analysis of surgical
data from 193 countries over a 12-week period revealed an
overall cancellation rate of 72.3% for all elective procedures,
which could include elective appendectomies for acute uncom-
plicated appendicitis'*®!. National emergency department
volumes, for example, were down nearly 50% overall and 60%
in pediatric emergency departments*'. This could be attributed
to people’s reluctance to seek health care due to the fear of con-
tracting a disease — COVID-19. When focusing on appendicitis
patients in the emergency department, one study examined EMR
(electronic medical record) data from 146 different hospitals and
discovered a 25.4% drop in overall acute appendicitis patient
admissions and a 33.8% drop in the pediatric patient population
in April 2020'*%!, The combination of low visitation rates and an
increase in surgical cancellations may cause an increase in the
severity of previous acute cases due to a lack of treatment.

Children were the last to be immunized against COVID-19,
which may have influenced their willingness to seek treatment
during the pandemic. The authors discovered in an international
cross-sectional study that most caregivers intend to vaccinate
their child against COVID-19, with the main reason being to
protect their child*3!, As a result, parents may be hesitant to bring
their children to the hospital before they have been vaccinated,
increasing the severity of their initial presentation. According to a
cohort study conducted at a pediatric hospital, the number of
perforated appendicitis cases increased by 20% during the
COVID-19 pandemic in 2020 compared to the same period in
2019!**1, The study also revealed that the parents showed signs of
anxiety in the emergency department and openly expressed their
reluctance to visit the hospital due to concerns about contracting
COVID-19"!, This was most noticeable in the pediatric popu-
lation, where parental concern and fear of COVID-19 infection
was a major factor in significant delays in seeking treatment for
nonemergent illnesses!’”). As a result, a low rate of COVID-19
vaccination in children, combined with parental fear, indirectly
increases the severity of acute appendicitis presentation in the
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pediatric population, resulting in a more complicated course of
management.

The study also revealed that the parents showed signs of
anxiety in the emergency department and openly expressed
reluctance to visit the hospital due to concerns about contracting
COVID-19"". This was most noticeable in the pediatric popu-
lation, where parental concern and fear of COVID-19 infection
was a major factor in significant delays in seeking treatment for
nonemergent illnesses' 7!, Also, patients in the COVID-19 group
had slower symptom development, longer hospital stays, higher
rates of complicated appendicitis, and higher incidence rates,
according to a similar study'**!. All of the issues raised highlight
the significant burdens that pediatric appendicitis patients face as
a result of the pandemic.

Another significant challenge in the management of acute
appendicitis during the pandemic is the possible misdiagnosis of
acute appendicitis as a multisystem inflammatory syndrome in
children (MIS-C) or vice versa**=81, Ninety-two percent of
patients with MIS-C reported gastrointestinal involvement™**!. A
systematic review revealed that 18.7% of patients with MIS-C
presented with an acute abdomen'®®!. Even though the pre-
sentation of both MIS-C and acute appendicitis may be
similar™®!, however, the treatment modality is different MIS-C
patients usually receive nonoperative management, while
patients with acute appendicitis require appendectomy!>>47->%1,
Yock-Corrales et al.'**! found that more than 10% of the children
who underwent appendectomy for suspected appendicitis had
nonsurgical findings, while another systematic review found that
laparotomy was proven unnecessary in more than 50% of the
cases!*%l, Patients with MIS-C misdiagnosed as acute appendicitis
may be subjected to unnecessary surgery>>*$321 and therefore,
clinicians should be aware of both diagnoses. In addition,
patients may have concurrent MIS-C and acute appendicitis,
which lead to a severe course of illness™*”).

Recommendations

The prevalence of appendicitis in children is well documented,
and appendectomy has long been the gold standard of treatment.
However, during the COVID-19 era, nonoperative management
of nonperforated acute appendicitis in the pediatric population
has grown in popularity. Conservative antibiotic management
has been shown to be safe and effective in treating uncomplicated
appendicitis, and it may be beneficial during and after the pan-
demic. Given the significant surgical backlog associated with
COVID-19, choosing conservative management may reduce the
surgical burden. Besides, nonoperative management is cost-
reducing and may be less traumatizing to children. However,
more research is needed to identify the factors influencing the
outcome of nonoperative treatment so that inclusion and exclu-
sion criteria can be established when selecting treatment options
for children. Large randomized controlled trials are also required
to compare the outcomes of nonoperative treatment with
appendectomy. Although nonoperative therapy may be favor-
able, gaps in knowledge must be addressed before reevaluating
the method of managing acute appendicitis in children. There are
currently no established guidelines for managing pediatric acute
appendicitis during and after the COVID-19 era. Due to a delay
in the presentation and an increase in the severity of acute
appendicitis in children during the pandemic, treatment
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guidelines need to be revised. Furthermore, clinicians should also
be aware of the similarity in presentation between pediatric
COVID-19 infection, MIS-C, and acute appendicitis to prevent
misdiagnosis and unnecessary surgery. Further research is needed
to better understand the real impact of the COVID-19 pandemic
on pediatric appendicitis, including studies that compare the
results in these cases encountered during the pandemic to those
found before the pandemic. The existing information pool on this
is insufficient, and expanding it might allow for better updates to
treatment regimens, perhaps leading to improved patient results.

Conclusion

Appendicitis is a major cause of abdominal pain in the pediatric
population, considering the interesting range of clinical symp-
toms as well as the absence of typical symptoms in infants, and
toddlers who may not be able to communicate them well. The
pandemic has posed significant challenges in the management of
acute appendicitis. Cancellation of elective appendectomies,
delay in seeking care due to fear of contracting COVID-19
infection, and impact of COVID-19 infection in the pediatric
population have led to higher rates of complications.
Furthermore, the similarity in the presentation of pediatric
appendicitis, COVID-19 infection, and MIS-C have led to mis-
diagnosis and unnecessary surgeries. Therefore, it is imperative to
update the treatment guidelines for the management of acute
appendicitis in the pediatric population during the COVID-19
pandemic.
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