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Abstract: Appendicitis is a common condition in childhood and adolescence that frequently requires urgent
surgical intervention. For almost two centuries appendicitis has been recognized as a medical problem with a
surgical solution. Currently the appendix can be removed with a minimally invasive approach, low anesthetic
and surgical risk, and swift hospital discharge. Despite these advances, surgery and anesthesia have associated
risks including postoperative infection, bleeding, hernia and organ injury among others. In addition,
surgery requires time off of school and work to recover and associated healthcare costs can be significant.
In both adult and pediatric populations, quality data suggesting a nonoperative approach is suggesting a
change to the traditional surgical paradigm. Adults studies have demonstrated both safety and efficacy in the
nonoperative management of acute appendicitis. In selected children with uncomplicated appendicitis, initial
nonoperative management has been shown to be safe with fewer complications, fewer disability days and less
healthcare costs while avoiding the risks inherent to surgery. Ongoing randomized controlled clinical trials
in both the United States and Europe seek to further demonstrate the safety of nonoperative management
and assist physicians with educating patients about the risk profile of their treatment decision. In complicated
appendicitis presenting with abscess or acute appendiceal phlegmon, an initial nonoperative strategy with or

without abscess drainage followed by interval appendectomy is the current state of the art though the utility

of interval appendectomy is questioned.
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Background

Appendicitis is the most common abdominal surgical
emergency in children with a lifetime risk of 8% and
median age of incidence between 10 and 11 years (1,2).
Acute appendicitis is a tremendous burden on the
healthcare system as it accounts for over 11% of pediatric
emergency room visits and over 70,000 hospital admissions
annually (3,4). The classical presentation of the disease
includes the gradual onset of abdominal pain, initially
periumbilical and then migrating to the right lower
quadrant frequently accompanied by fever, loss of appetite
and emesis. Appendicitis is known for its progressive nature
as the disease evolves from uncomplicated inflammation
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at the onset of symptoms to perforation usually within
48 hours. The clinical spectrum of appendicitis in children
extends from the child who is minimally symptomatic
with focal right lower quadrant pain to one in septic shock
complicated by perforation, intra-abdominal abscess, and
disseminated infection. In young children (less than 5 years)
the signs and symptoms of appendicitis may deviate from
the classical presentation. Perforation is most common
in young children who are less able to communicate
symptoms, with rates reported of up to 100% in infants
1 year of age and 82% for children under 5 years (5).

The evolution of diagnosis has progressed quite rapidly
in the last several decades with the development of scoring
systems (Alvarado, Pediatric Appendicitis Score) and
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increased expertise in ultrasound to augment the clinical
exam (6,7). Resuscitation, antibiotics and surgery have
been the mainstay of therapy for over the last century and
the current state of the art is a simple, minimally invasive
operation with few complications and a short hospital stay.
In the last decade this approach has been challenged with
the findings of safe and satisfactory outcomes with the
nonoperative management of selected patients with acute
uncomplicated appendicitis. In children with complicated
appendicitis, presenting with intraabdominal abscess or
phlegmon, initial nonoperative treatment with intravenous
antibiotics and abscess drainage (if indicated) followed by
interval appendectomy is a safe and acceptable strategy (8).

Evolution of surgical management of
appendicitis

Prior to the well referenced description of “perforating
inflammation of the vermiform appendix” by Dr. Reginald
Fitz in 1886, surgeons had been extirpating the appendix
and discovering the evolution of appendicitis as a clinical
disease process (9). The first surgeon on record, Claudius
Amyand, eponymous for Amyand’s hernia (an appendix
identified within a hernia sac) identified an inflamed
appendix in an inguinal hernia of a young boy in 1736 (10).
Amyand tied off and removed the appendix and the
boy made a good recovery. Following Amyand, several
descriptions of appendicitis as a cause of morbidity and
death are found including John William Keys Parkinson in
1812 who presented an inflamed perforated appendix to the
Medico-Chirurgical Society after removing it post mortem
of a 5 year old boy who died from peritonitis resulting from
the perforation (10).

The milestone in the surgical management of the disease
came with McBurney’s description of the surgical approach
that bears his name in 1894. McBurney’s open operation
included an oblique incision, approximately 4 inches in
length that “crosses a line drawn from the anterior iliac
spine to the umbilicus, nearly at right angles about one
inch from the iliac spine, and is so situated that its upper
third lies above that line.” (11). McBurney evolved his
surgical approach from his original vertical paramedian
incision to get better exposure of the base of the appendix.
Following McBurney, the appendectomy literature lay quiet
for nearly a century until Semm, a German gynecologist
and pioneer of minimally invasive surgery, published his
paradigm-shifting paper on endoscopic appendectomy
in 1983 (12). Following this publication the literature
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explodes with refinements in technique and comparisons of
open to minimally invasive appendectomy. A decade after
the first description of minimally invasive appendectomy
came prospective, randomized clinical data demonstrating
its superiority to open appendectomy (OA) in terms of
surgical site infection, hospital length of stay and pain (13).
While the minimally invasive approach is the gold standard
surgical approach for appendicitis when resources are
abundant, OA remains the gold standard in resource poor
areas though this continues to evolve (14).

Now we stand at the age of another paradigm shift in
the clinical management of appendicitis. As our expertise
in diagnostic imaging and antibiotic therapy has become
more refined the utility of surgery in selected patients is
questioned. Currently in most centers across the United
States, children with acute appendicitis are treated initially
with antibiotics and fluids once the diagnosis is made
followed shortly by laparoscopic appendectomy. In some
centers across the United States the management decisions
have changed to nonoperative management in selected
children and this has been demonstrated to be safe and
effective with an acceptable risk profile.

Introducing nonoperative treatment for acute
appendicitis

Appendectomy is a simple operative solution to the
problem of appendicitis with low risk, a short hospital stay
and quick recovery. The “low” risk profile of appendicitis
still includes surgical site infection, incisional hernias,
bleeding, organ injury, pain and risks associated with
general anesthesia. Over 3% of pediatric appendectomies
performed at urban centers and 5% of appendectomies in
rural hospitals are referred to as negative appendectomies
when the pathological evaluation demonstrates a normal
appendix (15). In these cases, the surgery was performed
and the patient was exposed to risk unnecessarily. The
cost of appendectomy is variable across the United States
reaching $7,000 to $8,000 in both rural and urban hospitals
and more if there are postoperative complications (15). For
many diseases traditionally managed operatively, the safety,
efficacy and cost savings found in nonoperative management
spurred interest in applying this approach to appendicitis, a
disease that affects up to 8% of Americans in their lifetime
(16,17).

Clinical evidence supports the nonoperative management
of appendicitis across multiple trials and analyses in both
adults and children. A 2012 meta-analysis of five randomized
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control trials demonstrated nonoperative management
of acute uncomplicated appendicitis, without abscess
or phlegmon, was associated with fewer complications,
improved pain control, and less sick leave among adults (18).
These benefits came at the expense of higher rates of
recurrence with antibiotic management compared to
appendectomy. In 2015, the Finnish Appendicitis Acuta
(APPAC) noninferiority randomized clinical trial enrolled
530 adults aged 18-60 years and demonstrated that most
patients who received nonoperative treatment did not
require appendectomy during the 1 year follow-up and those
who did require surgery did not have an increased risk of
complications (19). At 5-year follow-up, recurrence was 39%
in the nonoperative group (20). Complications occurred in
24% of patients receiving appendectomy compared to 7%
in the nonoperative group and patients in the appendectomy
group required 11 more days of sick leave than those patients
treated with antibiotics alone. After 5-year follow-up the
APPAC trial demonstrated that 61% of patients could safely
avoid surgery and its associated complications and recovery
time. In the Italian NOTA (Nonoperative Treatment for
Acute Appendicitis) study, 159 patients with suspected
appendicitis were enrolled and treated with amoxicillin
and clavulanate with a two-year follow-up (21). In their
population they found that nonoperative treatment had only
a 14% recurrence rate at two years and the majority of these
patients were successfully treated with a subsequent course of
antibiotics and avoidance of surgery. While there is evidence
supporting the utilization of a nonoperative management
strategy in adults there is also evidence to proceed with
caution. In a systematic review with meta-analysis of five
randomized controlled trials including 1,351 patients, Podda
and colleagues identified a significantly higher treatment
efficacy (98% wvs. 76%) at 1 year follow-up in patients treated
with appendectomy compared with antibiotic therapy
alone (22). In addition, in the patients treated nonoperatively,
23% developed recurrent appendicitis within 1 year and
the rate of complicated appendicitis identified at the time of
operation was higher in those patients failing nonoperative
treatment (20% vs. 9%).

In adults, one major concern with the adoption of
nonoperative management of appendicitis is the risk of
malignancy. Cancer is not insignificant in the pathological
examination of adult appendix specimens. In an analysis
of 3,554 adult appendectomy specimens there was a 0.8%
overall rate of cancer including adenocarcinoma, low grade
mucinous neoplasm and neuroendocrine tumors (23). In a
separate study in Germany, 1,033 adult appendix specimens
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were reviewed with an overall appendiceal neoplasm rate
of 2.8% (24). While these studies demonstrate a relatively
low rate of neoplasm, it should still be included in the
differential diagnosis, especially in adults with advanced age
and a large appendiceal diameter. In children the rate of
neoplasm is very low, approximately 0.3% and the majority
of these tumors are appendiceal carcinoids (25).

There is substantial evidence to support nonoperative
management of acute appendicitis in children. Nonoperative
management of appendicitis is of particular interest to
pediatric surgeons in order to avoid the known risks of
general anesthesia and abdominal surgery, especially as
negative appendectomy rates in children still approach
greater than 6% in some centers (26). In order for the
current operative paradigm to shift toward nonoperative
management across all centers, urban and rural, specialized
pediatric and general hospitals, treatment will need to be
safe and efficacious, with low recurrence, minimal absence
from school and suitable cost effectiveness.

Outcomes of nonoperative treatment of
appendicitis in children

There is a growing body of literature supporting the
nonoperative treatment of acute nonperforated appendicitis
in pediatric patients. A mix of retrospective, prospective
studies as well as recent and ongoing randomized control
trials have demonstrated that nonoperative management
is feasible, safe, and cost-effective in early, uncomplicated
appendicitis. Data from a retrospective study between
2003-2006 examined 16 of 136 children managed
nonoperatively with acute appendicitis suggested by
clinical exam and ultrasound (27). They identified that
15 of 16 children (94%) had resolution of symptoms
and reduction in size of the appendix on US within
48 hours. A feasibility study between January and October
2011 compared operative to nonoperative management
of early acute appendicitis in 24 patients, finding that in
appropriately selected children nonoperative management
is safe and effective (28). Between 2007-2013 a prospective
study of nonoperative management of acute appendicitis
asked parents to select operative or nonoperative treatment
at admission (29). In the nonoperative arm they found
99% 1initial success for nonoperative treatment; however,
29% of children suffered recurrence at 4.3 years follow-
up. Most of these recurrences occurred in the first year
with higher rates among patients with appendicolith.
With respect to patient satisfaction between operative
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and nonoperative management Tanaka found that
satisfaction levels were higher among patients who received
laparoscopic appendectomy. In a recent prospective
study between 2015 and 2018, 146 children (<16 years)
were initially treated nonoperatively for uncomplicated
appendicitis with cutoffs of persistent pain, prolonged
fever or increased white blood count at 12 hours (30).
Ultimately nonoperative management failed in 51% of
children and perforation was identified in 19% of these
cases. They concluded that children younger than 7 years
or with fever persisting longer than 1 day may benefit from
initial surgery rather than nonoperative management.
Across the non-randomized studies in children on
nonoperative management, while antibiotics alone achieve
a high rate of success in selected patients, recurrence of
disease and need for surgery at some point within the first
year following diagnosis is significant.

Data from retrospective and prospective studies set the
stage for a randomized control trial to evaluate the safety
and efficacy of nonoperative management in children
with appendicitis. A randomized control trial performed
in Sweden enrolled fifty patients with imaging-confirmed
acute uncomplicated appendicitis (31). The success rate,
defined as resolution of symptoms without significant
complications, for nonoperative treatment was 92% with
one child requiring appendectomy during the primary
antibiotic period. By one year of follow-up, one child had
recurrent appendicitis requiring appendectomy and 6
patients required appendectomy for recurrent pain (5) or
parental wish (1) with overall 62% of children not requiring
appendectomy. The team followed up the children at
5 years and an additional 2 patients developed recurrent
acute appendicitis requiring appendectomy and ultimately
54% of children were able to avoid surgery by the end of
follow-up (32). Importantly, contrary to adult data, there
was no increase in the rate of complicated appendicitis if
initial management was nonoperative.

Following this randomized control trial, a number of
multicenter trials are currently in progress. A feasibility
randomized control trial, the CONTRACT (CONServative
Treatment of Appendicitis in Children) has been proposed
in the United Kingdom (33). It aims to enroll patients aged
4-15 years and main outcomes will include recruitment rate
(primary outcome), identification of strategies to optimize
recruitment, performance, clinical outcomes, and safety.
Two non-inferiority trials are underway. The APPY trial
is a multicenter non-inferiority randomized control trial
examining the primary treatment outcome of treatment
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failure, defined as recurrent appendicitis within 1 year or
negative appendectomy, as well as secondary outcomes
including complications, time to discharge, and the number
and duration of hospital admissions during the first year (34).
The APRES Trial out of Australia is a prospective non-
inferiority randomized control study that will measure the
primary outcome of unplanned or unnecessary operation
and complications at 30 days (35). Secondary outcomes
will include length of stay, complications at 1 year, time
of work and school, analgesic requirements, and cost.
Another Amsterdam-based multicenter non-inferiority
randomized control trial by the APAC group (Antibiotics
versus Primary Appendectomy in Children) will randomize
children across 15 hospitals (36). The primary outcome
is rate of complications at 1 year, with a noninferiority
margin of 5%. Secondary outcomes will include delayed
appendectomy, quality of life, pain, and cost. A multi-
institutional prospective patient choice trial for nonoperative
management and surgery for uncomplicated pediatric
appendicitis in the United States is underway and primary
outcomes include success rate and differences in disability
days, and secondary outcomes include complication rates,
quality of life, and healthcare satisfaction (37). One question
that becomes increasingly salient given a growing supply of
quality data is patient and parent choice given two safe and
efficacious options.

In a one-year prospective patient choice cohort study,
Minneci and colleagues determined the effectiveness of
nonoperative management of acute appendicitis with
parents choosing between nonoperative management and
appendectomy following surgical consultation (38). They
included children aged 7-17 years with 48 hours or less of
abdominal pain, a white blood cell count less than 18,000/pL,
radiographic evidence of nonruptured acute appendicitis
with an appendiceal diameter of 1.1 cm or less without
fecalith, abscess or phlegmon and a surgical consultation
confirming a clinical diagnosis of acute appendicitis.
Children were excluded from the study if they had diffuse
peritonitis, imaging suspecting perforation, C-reactive
protein levels higher than 40 mg/L, a positive pregnancy
test or a history of chronic abdominal pain. If parents chose
the nonoperative arm of the study the child was admitted
and started on intravenous piperacillin/tazobactam with
oral food and liquids withheld for at least 12 hours. If they
improved with decreasing pain or tenderness their diet
was advanced and the child was given oral amoxicillin/
clavulanate and discharged with a 10-day total course. If the
child had clinical worsening it was considered a failure and
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a prompt laparoscopic appendectomy was performed. Any
child discharged who returned with abdominal pain and a
clinical workup consistent with acute appendicitis underwent
laparoscopic appendectomy. Children in the surgery arm of
the study were admitted to the hospital, promptly started
on intravenous antibiotics and received a laparoscopic
appendectomy within 12 hours. Follow-up was completed
up to 1 year for children in both arms of the study. Of the
629 patients who presented with acute appendicitis, 136
met inclusion criteria and 102 patients were enrolled with
37 choosing nonoperative management and 65 choosing
surgery. The success rate of nonoperative management
was 95% initially at hospital discharge declining to 76% at
21 months with 9 children requiring appendectomy. Minneci
and colleagues identified that the incidence of complicated
appendicitis was similar in the two groups, children in
the nonoperative group who required appendectomy did
not experience post-operative complications, and health
related quality of life assessments were similar in children
receiving appendectomy and antibiotics alone. Nonoperative
management was associated with significantly fewer disability
days at 1 year (8 vs. 21 days) and lower total appendicitis-
related health care costs at 1 year ($4,219 vs. $5,029)
compared to children receiving urgent appendectomy.
This study helps clarify the safety and efficacy of managing
selected children nonoperatively for acute uncomplicated
appendicitis without fecalith and demonstrates the
opportunity for significant cost savings and limited time
away from school and work. In a follow-up study focusing
on patient education and patient choice a patient activation
tool (PAT) was developed to assist in the decision making
between surgery or nonoperative management (39). While
the authors found that the PAT did not improve measures
of decision making, they identified that families are well
informed and well prepared to participate in their child’s
treatment decision.

Acute appendicitis associated with appendicolith
has demonstrated high risks of failure and an increased
incidence of complicated appendicitis. Up to 10% of
patients with appendicitis may present with appendicolith,
which may lead to obstruction of the appendiceal lumen
that cannot regress with antibiotic therapy alone. One
meta-analysis reported an increased risk for nonoperative
treatment failure, with 50% of patients with appendicolith
undergoing antibiotic therapy requiring appendectomy (40).
Nonoperative management of acute appendicitis with an
appendicolith in children has an unacceptably high failure
rate according to the available evidence.
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Approximately 30% of children present with perforated
appendicitis, with higher rates among younger children
who are less communicative (4,5). Several retrospective
series exist of children treated nonoperatively with good
outcomes in cases without abscess, phlegmon, or mass.
A prospective randomized trial compared nonoperative
treatment to early appendectomy in unselected children
with perforated appendicitis without abscess or mass (41).
The primary outcome of time away from normal activities
was significantly reduced with early appendectomy and
the overall adverse event rate was significantly lower for
early appendectomy (30%) versus interval appendectomy
performed at 6-8 weeks (55%). A cost analysis based on
this trial showed significantly lower costs associated with
early compared with interval appendectomy, related to
the significant increase in adverse events in the interval
appendectomy group (42).

In the case of associated periappendiceal abscess or
phlegmon, an initial nonoperative management approach
with antibiotics and/or abscess drainage is an effective
strategy. A randomized controlled trial compared initial
nonoperative management with drainage and interval
appendectomy to initial laparoscopic appendectomy (43).
There were no significant difference in total hospitalization,
recurrent abscess, or overall charges, although initial
appendectomy required a longer operative time. A 2019
meta-analysis examined the comparison of nonoperative
management with delayed appendectomy versus early
appendectomy for the treatment of complicated acute
appendicitis (8). This was inclusive of two randomized
control and 12 observational studies analyzing 1,288
patients both combined and as subsets. Pooled data
demonstrated that nonoperative management alone had a
90% success rate and 15.4% recurrent appendicitis rate with
complication and re-admission rates significantly lower for
initial nonoperative management for abscess or phlegmon.
If free perforation was found without abscess or phlegmon
initial operative management is preferred. Length of
stay was significantly shorter for operative management,
and there was no significant difference in cost between
treatments.

Interval appendectomy has traditionally been offered
after successful nonoperative management of perforated
appendicitis due to the perceived risk of recurrent
appendicitis. In a survey performed in 2003, over 80%
of North American pediatric surgeons routinely offered
interval appendectomy (44). A 2009 retrospective study
found that recurrence rates in children with complicated
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appendicitis who were successfully managed nonoperatively
was 8%, a relatively low incidence that may be used to argue
against routine performance of interval appendectomy (45).

Conclusions

Acute appendicitis is the most common surgical
emergency in childhood and presents with a spectrum
from uncomplicated to perforated with complications
including abscess and phlegmon. Appendicitis has
traditionally been managed with urgent appendectomy and
this is done with a minimally invasive technique and low
surgical and anesthetic risk. Nonoperative management of
uncomplicated acute appendicitis has shown both safety
and efficacy across multiple studies and has demonstrated
significant cost savings and limited disability time without
increasing morbidity. Appropriate patient selection for
nonoperative treatment is important as the current data
support nonoperative treatment only in patients with
specific criteria including limited duration of symptoms
and imaging confirmation of uncomplicated appendicitis
without fecalith. Patient and family education as well
as inclusion of the parent into the treatment decision
is incredibly important when choosing a management
strategy. A shift toward nonoperative management would
represent a paradigm shift for pediatric appendicitis,
which is managed almost exclusively with appendectomy
in the setting of uncomplicated, early acute appendicitis.
Multiple randomized control trials are ongoing to
compare the effectiveness of antibiotics alone versus
urgent appendectomy and data from these trials will assist
the clinician with providing appropriate education to
families and to set expectations. The current data suggest
that an initial trial of nonoperative management is safe
and efficacious, does not increase the risk of complicated
appendicitis, and overall is associated with fewer surgical
complications, fewer disability days, and lower healthcare
costs.

The management of complicated acute appendicitis
remains controversial. Treatment options include immediate
appendectomy, nonoperative management with drainage of
abscess if indicated and interval appendectomy. Current data
support initial nonoperative treatment including intravenous
antibiotics and drainage of intraabdominal abscess as needed.
Currently, most surgeons recommend interval appendectomy
following an episode of complicated appendicitis managed
nonoperatively though this currently is debated.
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Appendicitis is a common condition that consumes
a significant amount of healthcare resources and causes
morbidity among both pediatric and adult communities.
Nonoperative treatment of appendicitis in selected patients
with uncomplicated disease is supported by quality data
demonstrating decreased complications, fewer sick days
and less time off of work and school. There are multiple
randomized clinical trials in progress that will help clinicians
make the decision between surgery and nonoperative
treatment including the education of patients and their
families.
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