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KEY POINTS

� Appendicitis is less likely to present in a classic manner than commonly thought.

� Appendicitis can be managed nonoperatively in selected children.

� For children with perforated appendicitis, a laparoscopic appendectomy should be
performed.

� The long-term risk of recurrence of appendicitis is unknown.
INTRODUCTION

Appendicitis is the most common surgical emergency in children.1 The lifetime risk of
developing appendicitis is 7% to 8%, with a peak incidence in the teenage years.2 It is
estimated that 86 cases of appendicitis per 100,000 people occur annually, with an
estimated 70,000 pediatric appendectomies performed in the United States each
year with a mean cost of $9000.3,4 In the recent decade appendicitis has become
more protocolized with greater efforts to minimize antibiotic durations and radiation
exposure as well as to begin to study the nonoperative management of appendicitis.
Much variation still exists, however, in the diagnosis and management of appendicitis.
This article serves to highlight and update some of the controversies and recent liter-
ature regarding pediatric appendicitis.

Diagnosis

The peak incidence of appendicitis occurs in the second decade of life with the me-
dian age between 10 and 11 years. The male/female ratio is 1.4:1. There is a seasonal
variation with increased presentation of appendicitis in the summermonths with perfo-
rated appendicitis occurring more frequently in the fall and winter.5
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SYMPTOMS

The symptoms of appendicitis have been classically described as the gradual onset of
dull periumbilical pain migrating to the right lower quadrant over the course of a day.
Additional and variable symptoms include nausea, vomiting, anorexia, fever, and, less
frequently, diarrhea.Classically, it is thought that perforation occurswithin 24 to36hours
from the onset of symptoms of pain. The pain, which was localized, improves and then
becomes generalized. This description of symptoms, however, occurs in less than
50%of children.6 Many other classic symptoms also variably present in childrenwithout
appendicitis, includingnausea, right lowerquadrantguarding, ormigratingpain.7Certain
findings have been shown to increase or decrease the likelihood of appendicitis,
including the midabdominal pain migrating to the right lower quadrant (likelihood ration
[LR]1.9–3.1) andthepresenceof fever (LR3.4),which, if notpresent, lowers the likelihood
of appendicitis by two-thirds.6 The overlap in symptoms makes the diagnosis a clinical
challenge, which is amplified in young children who do not understand or articulate the
early symptoms.8 Children less than 3 years of age present with perforated appendicitis
more than 80% of the time compared with 20% of those aged 10 to 17 years.6

SIGNS

Physical examination findings include tenderness palpation and guarding in the right
lower quadrant and rebound tenderness. Rovsing sign (left lower quadrant palpation
resulting in referred pain to the right lower quadrat), obturator sign (internal rotation of
the right lower extremity), and psoas sign (pain while lying on the left side and extend-
ing the right hip) are nonspecific physical examination findings of appendicitis. Only
rebound tenderness has correlated with an increased likelihood of appendicitis (LR
2.3–3.9), whereas lack of tenderness in the right lower quadrant reduces the likelihood
of appendicitis by half.7,9

LABORATORY STUDIES

Although no single laboratory value has a high sensitivity and specificity for appendi-
citis, white blood cell (WBC) count, absolute neutrophil count (ANC), and C-reactive
protein (CRP) are most often used to aid diagnose appendicitis. The use of these lab-
oratory tests alone is not helpful or predictive. WBC, ANC, and CRP all have wide
ranges in specificity and sensitivity for predicting appendicitis.9–14 An elevated WBC
count does not predict appendicitis, as appendicitis may be present in children with
a normal WBC count.12 However, an increased WBC (>10–12,000 cells per cubic milli-
meter) increases the odds of appendicitis. In children less than 4 years of age, a
normal WBC count has a negative predictive value of 95.6%, whereas the negative
predictive value in those 4 to 12 years old is 89.5%. The negative predictive value
of a low or normal WBC count among adolescents is 92%.9 A left shift or increase
in the number of immature forms of neutrophils also has a strong association with
appendicitis, because only 3.7% of pediatric patients without a left shift have appen-
dicitis. Although CRP is nonspecific as an isolated laboratory value, a higher mean
level may predict complicated or perforated appendicitis or those children more likely
to form an abscess.12,15,16

SCORING

The Alvarado score and the Pediatric Appendicitis Score (PAS) are the 2 systems that
have been extensively evaluated for their ability to predict appendicitis based on symp-
toms, physical examination findings, and laboratory values (Tables 1 and 2).17,18 The
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Table 1
Alvarado score

Migration of pain 1

Anorexia 1

Nausea/vomiting 1

Right lower quadrant tenderness 2

Rebound pain 1

Increase in temperature (>37.3�C) 1

Leukocytosis (>10,000/mL) 2

Polymorphonuclear neutrophilia (>75%) 1

Total 10

From Alvarado A. A practical score for the early diagnosis of acute appendicitis. Ann Emerg Med
1986;15(5):558.
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Alvarado score is composed of 8 components with a total score of 10 (migration of
pain, anorexia, nausea/vomiting, right lower quadrant tenderness, rebound pain,
increased temperature >37�C, leukocytosis >10,000/mL, polymorphonuclear neutro-
philia >75%).17 The PAS score is composed of 8 components with a total score of
10 (migration of pain, anorexia, nausea/vomiting, right lower quadrant tenderness,
coughing/hopping/percussion tenderness in right lower quadrant, increase in temper-
ature, leukocytes >10,000/mL, polymophoyclear neutrophila >75%).18 Both systems
have been divided into low, medium, and high range scores to aid in management
and give a likelihood of appendicitis. Intermediate scores, or those with Alvarado
scores of 5 to 8 or PAS scores of 4 to 7, typically precipitate further imaging. Both
scoring systems initially demonstrated sensitivity, specificity, and negative and positive
predictive values in the high 90s.17,18 However, large validation studies have only found
sensitivity and specificity in the 70s and 80s.19–23 In specific groups of children, such as
adolescent girls, the scoring ranges and cutoff values further decrease, underscoring
the need for further investigation of the scoring systems performance in specific sub-
populations.24 When the PAS score was compared with the Alvarado score in 311 pa-
tients, the investigators concluded that both scoring systems can be of assistance in
the diagnosis of acute appendicitis but that neither has adequate predictive values
to be definitive.22
Table 2
Pediatric Appendicitis Score

Migration of pain 1

Anorexia 1

Nausea/vomiting 1

Right lower quadrant tenderness 2

Cough/hopping/percussion tenderness in right lower quadrant 2

Increase in temperature 1

Leukocytes >10,000/mL 1

Polymorphonuclear neutrophilia >75% 1

Total 10

From Samuel M. Pediatric appendicitis score. J Pediatr Surg 2002;37(6):878.
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CLINICAL PATHWAYS

Clinical pathways consist of multidisciplinary management tools based on evidence-
based practice for a specific group of patients in order to decrease unnecessary vari-
ation and improve outcomes while reducing fragmentation and cost.25 Additional
qualities of a pathway are standardization, efficiency, and reproducibility. Pathways
have been able to reduce hospital costs and time spent in the hospital for patients
with acute and perforated appendicitis.26 Many investigators noted that utilization of
clinical pathways decreased the use of radiation exposure demonstrated by
decreased utilization of computed tomography (CT) scans and the ability to discharge
patients with low probability of having appendicitis.27–30
DIFFERENTIAL DIAGNOSIS

The differential diagnosis for right lower quadrant abdominal pain is exhaustive. The
authors of a previous review on appendicitis, the authors characterize 5 general cat-
egories: inflammatory, infectious, vascular, congenital, and genitourinary conditions.
Inflammatory mimickers of appendicitis include mesenteric adenitis (primary or sec-
ondary), inflammatory bowel disease, intussusception, omental infarction, epiploic
appendagitis, and cecal diverticulitis. Infectious causes include viral infections, bacte-
rial infections, and parasitic infections. Among vascular causes, Henoch-Schönlein
purpura can initially present as severe abdominal pain. Congenital causes include
Meckel diverticulum, Meckel diverticulitis, and duplication cysts. Genitourinary causes
include pyelonephritis, nephrolithiasis, ovarian torsion, ovarian tumors, hemorrhagic
ovarian cysts, pelvic inflammatory disease, and infected urachal remnants. Constipa-
tion cannot be forgotten when evaluating pediatric patients because it is often a culprit
in abdominal pain.31

Imaging

Imaging provides an adjunct to the diagnosis of appendicitis. Ideal imaging is rapid,
inexpensive, and reproducible and has high sensitivity and specificity. In settings
where operative care for children with appendicitis is not available, resources for
appropriate pediatric imaging and interpretation of radiographic findings may also
be lacking.32 These children should avoid diagnostic imaging and be transferred to
an appropriate pediatric facility. In an era of increased reliance on imaging, clinical
judgment remains paramount, as it has been documented that a pediatric surgeon
can differentiate appendicitis from other abdominal disorders with 92% accuracy.33
ULTRASOUND

In centers with experience and high utilization of ultrasound (US), US has been adop-
ted as an adjunct in the diagnosis of appendicitis. Advantages are its lack of sedation,
contrast agents, and radiation and low cost.34–36 Sensitivity and specificity for US is
88% and 94%.37 Disadvantages of US include the following: operator experience is
required; there may be a lack of regular availability during off hours; and visualizing
the appendix can be difficult in obese individuals or those with low clinical suspi-
cion.37–41 Increased sensitivity and specificity using US can be obtained by changing
parameters of thickness of the appendix (>7 vs 6 mm), having dedicated sonogra-
phers, using US with greater frequency, and increased duration of abdominal pain
(>48 vs <12 hours).42–45 Studies have also demonstrated that surgeon-performed
US with clinical evaluation may yield similar accuracy as radiologist-performed US.46
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COMPUTED TOMOGRAPHY

CT scans combine the advantages of many other imaging modalities, including rapid
acquisition time and a lack of operator dependency.42 The sensitivity of CT scan for
appendicitis is 97%, specificity of 99%, positive predictive value of 98%, negative pre-
dictive value of 98%, and accuracy 96%. Intravenous (IV) contrast enhances the CT
scan sensitivity and specificity,35,47,48 whereas contrast administered enterally (oral
or rectal) in observational studies does not further improve test performance over IV
contrast CT alone.49,50 The accuracy of CT scan for perforation is around 72%, with
a sensitivity of 62% and specificity of 82%.51 Nonvisualization of the appendix on
CT scan has been shown to have a high negative predictive value (98.7%).52 The ad-
vantages of CT scan come at the cost of ionizing radiation. One CT scan of the
abdomen in a 5-year-old child increases the lifetime risk of radiation-induced cancer
to 26.1 per 100,000 in women and 20.1 per 100,000 in men.53 In order to lower overall
radiation dose, one study evaluated decreasing the radiation dose by 50% and
another examined targeted CT imaging; both demonstrated high sensitivity and spec-
ificity.37,54 It has been shown that a dedicated pediatric facility has much lower doses
of radiation when using CT to diagnoses appendicitis compared with adult centers
without pediatric-specific protocols.55

MRI

MRI has a high diagnostic accuracy for appendicitis and does not expose the child to
ionizing radiation. The obvious disadvantages, though, have limited its utility, including
lack of availability at many hospitals, lengthy acquisition time, high cost compared
with CT and US, and often requires sedation or anesthesia.56–59 Overall sensitivity
and specificity are 96.8% and 97.4%, with a negative appendectomy rate of
3.1%.58 Future research is required to define its role and position in the workup of
appendicitis.

TREATMENT
Antibiotics

Antibiotics are initiated once the diagnosis of appendicitis is made. Initially a triple-
antibiotic regimen consisting of ampicillin, gentamicin, and clindamycin was used.
With the changes in the adult antibiotic regimens, pediatric surgery has evolved as
well. Both piperacillin/tazobactam and cefoxitin have been shown to be at least as effi-
cacious as the triple-drug regimen and may also decrease length of stay (LOS) and
pharmaceutical costs.60 Other studies suggest that metronidazole must be added
to a third-generation cephalosporin to cover anaerobic isolates.61,62 The authors’ cen-
ter begins with a single dose of ceftriaxone sodium (Rocephin) and metronidazole
(Flagyl). If children are perforated, they receive additional IV doses until they are ready
for discharge, at which time aWBC count, if elevated, results in discharge with a 5-day
oral antibiotic course.63 A recent prospective observational study of 1975 adult and
pediatric patients with acute and perforated appendicitis demonstrated there was
no difference in either 3 or 5 days of antibiotic treatment on the development of infec-
tious complications after laparoscopic appendectomy for complicated appendicitis.64

Nonoperative Management of Acute Appendicitis

Although appendectomy is generally a simple procedure, it requires general anes-
thesia and is an abdominal operation with inherent risks and potential complications.
Complications related to surgery or anesthesia occur in more than 10% of children
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within 30 days of appendectomy.65 Even with current imaging methods, 6.3% of chil-
dren in Canada and 4.3% in the United States undergoing appendectomy are subse-
quently found to have a normal appendix.66 Consequently, this could be considered
an unnecessary operation.
The interest in nonoperative management of appendicitis has largely been revived

by the research and management of several intra-abdominal infectious processes,
including diverticulitis, abscess resulting from Crohn disease, and tubo-ovarian ab-
scess, that are all now treated with antibiotics alone with surgery reserved for failures
of medical management.67,68 Nonoperative management of uncomplicated appendi-
citis has been studied in several international adult trials (Table 3).69–75 Overall, these
trials demonstrated successful nonoperative management of acute appendicitis in
70% to 85% of cases at the 1-year follow-up. A 2012 meta-analysis concluded
that, although there were benefits to nonoperative treatment, including fewer compli-
cations, better pain control, and shorter sick leave, the combined failure and recur-
rence rates in nonoperative patients made this approach less effective overall.76

Predictors of failure of nonoperative management in the literature were abdominal
pain greater than 48 hours; presence of an appendicolith, phlegmon, or abscess on
imaging; and elevated laboratory measures, specifically WBC greater than 18,000
and CRP greater than 4 mg/dL.69–75

There is a moderate amount of existing literature on the nonoperative management
of pediatric appendicitis. This literature consists of a mix of retrospective and prospec-
tive cohort studies77–85 and one pilot randomized controlled trial.84 Previous studies in
children revealed a success rate ranging from 75% to 80% with no increased rates of
perforated appendicitis in patients initially managed nonoperatively. In a patient
choice study from 2007 to 2013 with an average 4.3-year follow-up, 78 chose nonop-
erative management with a 99% success rate initially but a 29% recurrence at
1 year.85 In a feasibility study, 24 patients aged 5 to 18 years with less than 48 hours
of symptoms of acute appendicitis were compared with 50 controls.80 At a mean
follow-up of 14 months, 3 of the 24 failed on therapy and 2 of those 21 returned
with recurrent appendicitis. Two patients elected to undergo an interval appendec-
tomy despite absence of symptoms. The appendectomy-free rate at 1 year was,
therefore, 71%with no patient developing perforation or other complications and hav-
ing an overall cost savings of $1359 (from $4130 to $2771 per nonoperatively treated
patient).80 Minneci and colleagues83 performed a prospective single-institution patient
choice trial in which a total of 102 patients were enrolled (65 chose appendectomy, 37
families chose nonoperative management). The inclusion criteria were 7 to 18 years of
age, less than 48 hours of abdominal pain, WBC less than 18,000 cells per microliter,
and US or CT demonstrating an appendix less than 1.2 cm in diameter without appen-
dicolith, abscess, or phlegmon. Patients in the operative arm received urgent laparo-
scopic appendectomy. Those patients in the nonoperative arm received a diet after
12 hours; if at 24 hours they had no clinical improvement, they underwent laparo-
scopic appendectomy. The success rate of nonoperative management was 89.2%
with an incidence of complicated appendicitis of 2.7% in the nonoperative group
and 12.3% in the surgery group (8 of 65 children). These investigators demonstrated
that nonoperative patients reported higher quality-of-life scores at 30 days and fewer
days off and overall lower costs associated with the hospitalization.83

The only randomized controlled trial performed to date was a recently performed pi-
lot study in Sweden evaluating 24 nonoperative and 26 operative pediatric patients
with a follow-up to 1 year. The investigators reported a 92% (24 of 26 patients) suc-
cessful treatment with antibiotics.84 Based off the results of a pilot randomized
controlled trial,84 there is currently an international, multicenter, randomized trial to
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Table 3
Existing literature relating to nonoperative treatment of acute uncomplicated appendicitis in children

Study
Country of
Origin Study Design

No. of
Children
Receiving
NOM

Comparative
Studya Criteria

No. Days IV
Antibiotics
in NOM

No. Days
Hospital
Stay

No. Children
Requiring
Appendectomy
in NOM

Follow-up
Interval
(mo)

Kaneko
et al,81

2004

Japan Prospective cohort 22 No 3–15 y
US

classification

4.2 NR 6 (27.3%) 13

Abes et al,77

2007
Turkey Retrospective

cohort
16 No 5–13 y

US
5.0 5.0 2 (13.3%) 12

Armstrong
et al,78

2014

Canada Nonrandomized
retrospective
cohort

12 Yes <18 y
US

1.5 1.5 3 (25%) 12

Koike
et al,82

2014

Japan Retrospective
cohort

130 No 1–15 y
Clinical

diagnosis

6.7 6.7 24 (19.2%) 2–36

Gorter et al,79 2015 Holland Nonrandomized
prospective
cohort

25 Yes 7–17 y
Imaging

2–4 4.0 2 (8%) 1.5

(continued on next page)

P
e
d
ia
tric

A
p
p
e
n
d
icitis

9
9

D
ow

nloaded for A
nonym

ous U
ser (n/a) at G

eorge W
ashington U

niversity from
 C

linicalK
ey.com

 by E
lsevier on June 06, 2017.

For personal use only. N
o other uses w

ithout perm
ission. C

opyright ©
2017. E

lsevier Inc. A
ll rights reserved.



Table 3
(continued )

Study
Country of
Origin Study Design

No. of
Children
Receiving
NOM

Comparative
Studya Criteria

No. Days IV
Antibiotics
in NOM

No. Days
Hospital
Stay

No. Children
Requiring
Appendectomy
in NOM

Follow-up
Interval
(mo)

Hartwich
et al,80

2016

United
States

Prospective parent
preference-based
feasibility trial

24 Yes 5–18 y
Clinical

diagnosis

1.0 2.0 7 (29%) 14

Minneci
et al,83

2016

United
States

Prospective parent
preference-based
trial

30 Yes 7–17 y
US/CT

1.0 2.0 3 (10%) 1

Svensson
et al,136

2015

Sweden Pilot RCT 24 Yes 5–15 y
Clinical

diagnosis

2.0 2.0 9 (37%) 12

Steiner
et al,137

2015

Israel Nonrandomized
prospective
cohort

45 No 4–15 y
US

3.3 3.8 7 (16.6%) 6–14

Tanaka
et al,85

2015

Japan Nonrandomized
retrospective
cohort

78 Yes 5–15 y
US

6.0 6.6 22 (28.6%) 12

Abbreviations: NOM, nonoperative management; NR, not recorded; RCT, randomized controlled trial.
a Included a comparison group who underwent appendectomy.
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evaluate the nonoperative management of acute pediatric appendicitis. Inclusion
criteria are children aged 5 to 16 years, clinical and/or radiological diagnosis (US
and/or CT scan) of acute nonperforated appendicitis, and written informed parental
consent. Exclusion criteria include suspicion of perforated appendicitis, presentation
with an appendix mass or phlegmon (on physical examination and/or imaging), nonop-
erative management (2 or more doses of IV antibiotic) initiated at an outside institution,
previous episode of appendicitis or appendix mass/phlegmon treated nonoperatively,
and current treatment of malignancy.
One of the greatest predictors of failure of nonoperative management seems to be

the presence of an appendicolith on imaging studies.84,85 A prospective nonrandom-
ized trial comparing the nonoperative management of uncomplicated acute appendi-
citis with an appendicolith performed in children aged 7 to 17 years was halted early
because the failure of nonoperative management was 60% (3 of 5 patients) at a me-
dian follow-up of 5 months.86 Another interesting point in many of the patient/family
choice–based nonoperative trials is that despite patient characteristics being similar
up until treatment selection, parents may ultimately be able to recognize if their child
would be successful at nonoperative management.
One of the more complex aspects of understanding this pediatric appendicitis is

changing the previous misconceptions and perceptions of the diagnosis of appendi-
citis. A feasibility study performed highlighted the striking knowledge gap in the partic-
ipant perception of appendicitis. One hundred subjects (caregivers and patients
�15 years of age) were questioned before and after an education session about their
understanding of appendicitis. Eighty-two percent of respondents thought it was likely
or very likely that the appendix would rupture if the operation was at all delayed and
that rupture of the appendix would rapidly lead to severe complications and death.
These feelings increased when subjects knew at least one friend or relative who
had a negative experience with appendicitis. The investigators concluded that appro-
priate education can correct anecdotally supported misconceptions. Adequate edu-
cation may empower patients to make better-informed decisions about their
medical care and may be important for future studies in alternative treatments for
appendicitis in children.87

Surgical Options for Appendicitis

Appendicitis presents in a spectrum from acute to perforated with and without orga-
nized abscess. The goals of surgical care for appendicitis are to minimize complica-
tions and cost, alleviate patient anxiety, and improve quality of life.

Acute appendicitis
Traditional thinking was that emergent appendectomy should be performed at the
time of diagnosis. When comparing emergent appendectomy (within 5 hours of admis-
sion) with urgent appendectomy (within 17 hours), no difference in gangrenous/perfo-
rated appendixes, operative length, readmission, postoperative complications,
hospital stay, or charges have been noted.88 Many centers now perform appendec-
tomies in the morning for patients presenting at night, although it is recommended
that patients begin antibiotics at the time of diagnosis.31 A recent multicenter study
including 1300 patients demonstrated that delay in appendectomy did not impact
the incidence of surgical site infections.89 A recent study in 230 children with appen-
dicitis presenting with greater than 48 hours of symptoms had 4.9 times increased
odds of perforation and 56% greater hospital LOS than those presenting within 0 to
23 hours. From diagnosis to appendectomy, those taken at 0 to 3 hours, 4 to 6 hours,
or longer than 6 hours after diagnosis to the operating room (OR) had no statistically
Downloaded for Anonymous User (n/a) at George Washington University from ClinicalKey.com by Elsevier on June 06, 2017.
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significant difference in hospital LOS or perforation rates and no clinically significant
difference in OR times. The investigators were unable to demonstrate a difference
in perforation rates based on emergency department LOS before surgery.90 Thus,
putting together the data that exist suggesting overnight appendectomies place stress
on the family, surgeon, and hospital, midnight appendectomies are no longer
justified.91–93

Perforated appendicitis
Perforation is defined as a hole in the appendix or a fecalith in the abdomen.1 Approx-
imately 30% of children with appendicitis present with perforated appendicitis.94 The
postoperative risk of an intra-abdominal abscess is approximately 20% for children
with perforated appendicitis, and the risk for children with nonperforated appendicitis
to develop an abscess is less than 0.8%.1 There are still several controversies that
exist in the management of children who present with perforated appendicitis. Three
options exist: antibiotics only, antibiotics followed by an interval appendectomy, and
an appendectomy at the time of presentation.
Children treated with antibiotics initially avoid a difficult operation while the perito-

nitis resolves. A wide range of recurrent appendicitis has been demonstrated in pro-
spective studies, between 8% and 15%, with an unknown lifetime risk. It is
estimated that the risk of appendicitis is 1% to 3% per year, which if true would argue
for an appendectomy in children. Although infrequent, a small rate of pathologic find-
ings in interval appendectomy specimens, including appendiceal neoplasms, has not
resulted in a clear answer regarding the management of children with a history of
perforated appendicitis and an appendicular mass.95,96 Additionally, the lumen in
most appendix specimens from interval appendectomy are found to be patent, with
less than 16% being completely obliterated.97,98

Currently most surgeons surveyed would perform an interval appendectomy in a
patient with previously perforated appendicitis.99 The risk in the interval between treat-
ment and presentation for elective operation is recurrent appendicitis, with an
increased rate of recurrence among patients with appendicoliths or contamination
beyond the right lower quadrant on imaging.96,100–102 Additional problems with this
management pathway are the difficulty in being able to predict perforation on a CT
scan accurately (<80% accuracy to predict perforation by CT scan).51 Treating a child
with nonperforated appendicitis with a protracted course of antibiotics and interval ap-
pendectomy results in complications from antibiotic overuse and overtreatment.
Another point of controversy iswhen to perform interval appendectomy in a childwith

perforated appendicitis. Many studies have been performed; a meta-analysis evalu-
ating early versus delayed appendectomy for perforated appendicitis concluded that
patients who underwent a delayed operation were associated with significantly less
overall complications, wound infections, intra-abdominal abscesses, bowel obstruc-
tions, and reoperations. No differences were found in the duration of first hospitaliza-
tion, the overall duration of hospital stay, and the duration of IV antibiotics.103 A
randomized controlled trial compared appendectomy on presentation with initial anti-
biotic therapy and appendectomy 6 to 8 weeks later for children with presumptive
perforated appendicitis with and without abscess. Early appendectomy, compared
with interval appendectomy, significantly reduced the time away from normal activities
(mean, 13.8 vs 19.4 days;P<.001). The overall adverse event ratewas 30% for early ap-
pendectomy versus 55% for interval appendectomy (relative risk with interval appen-
dectomy, 1.86; 95% confidence interval, 1.21–2.87; P 5 .003). Of the patients
randomized to interval appendectomy, 23 (34%) had an appendectomy earlier than
planned owing to failure to improve (n 5 17), recurrent appendicitis (n 5 5), or other
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For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.



Pediatric Appendicitis 103
reasons (n51). Importantly, childrenwhohaddelayedappendectomyhadhigher costs
and weremore likely to receive a central line.104 Children with a preoperative diagnosis
of perforated appendicitis, thus, benefit from early laparoscopic appendectomy.
Patients who present with a well-defined abscess on imaging studies present

another controversial group. Given the perceived technical demands of laparoscopic
appendectomy and the expected postoperative morbidity in patients with a well-
defined abscess, initial percutaneous drainage has become an attractive
option.105–108 Fifty-two patients with well-formed abscesses following perforated
appendicitis were studied to evaluate outcomes following drainage of the abscess
or drain placement. During the interval between initial presentation and interval appen-
dectomy, 9 recurrent abscesses developed (17.3%) and 6 patients (11.5%) required
another drainage procedure. The mean total charge to the patients was $40,414.02.
There were 4 significant drain complications (ileal perforation, colon perforation,
bladder perforation, and buttock/thigh necrotizing abscess).105 A randomized trial
comparing 40 patients with well-formed abscess to drainage with interval appendec-
tomy versus early laparoscopic appendectomy at presentation demonstrated that,
although operative time was slightly longer in those patients receiving initial appen-
dectomy, overall quality-of-life assessments were improved.105,109 Although the rare
child may be doing clinically well at presentation, the authors recommend most chil-
dren with abscesses receive early primary laparoscopic appendectomy.

OPERATIVE APPROACHES

In 1894, McBurney110 first described the traditional appendectomy through a muscle-
splitting incision in the right lower quadrant, 4 years before hewrote his article regarding
the utility of rubber gloves in surgery.110,111 Today, laparoscopic appendectomies have
largely replaced the open approach, as greater than 91% of appendectomies are per-
formed laparoscopically versus 22% in the late 1990s.112 Several different operative ap-
proaches using various minimally invasive techniques have been described and
summarized,31 including a traditional 3-port appendectomy, transumbilical laparo-
scopic appendectomy (2 ports) whereby the appendix is ultimately delivered through
the umbilicus, and single-incision laparoscopic appendectomy whereby instruments
are placed through the same incision used for the camera port with an intracorporeal
or extracorporeal appendix.Many trials have evaluated single-incision versus traditional
3-port appendectomy, and no differences have been found between the groups
regarding outcomes.113,114 Cosmetically, the initial excitement of a single incision fades
at a longer interval follow-up between the two patient groups.115

Higher postoperative abscess rates were initially described following laparoscopic
appendectomy compared with traditional open appendectomy.116,117 Meta-analysis
and multi-institutional reviews have found no differences in intra-abdominal abscess
rates and continued low rates of wound infections at the port sites as well as less ad-
hesive small bowel obstruction.118–126

IRRIGATION

Following operative intervention, the question of abdominal irrigation has been stud-
ied. No clear data existed from previous studies on the role of irrigation for peritoneal
contamination in perforated appendicitis.127 As late as 2004, more than 93% of North
American surgeons reported using irrigation.128 Two retrospective studies comparing
laparoscopic irrigation with no irrigation during appendectomy demonstrated an in-
crease in abscesses resulting from the use of irrigation.129,130 A randomized trial of
220 patients comparing normal saline irrigation of greater than 500mL to suction alone
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during laparoscopic appendectomy for perforated appendicitis in children demon-
strated no differences in abscess rates or other clinical measures or hospital costs.127

INCIDENTAL APPENDECTOMIES

Incidental appendectomies (IAs), defined as the removal of the appendix accompa-
nying another operation without evidence of acute appendicitis, are not routinely
advocated except in specific situations, including any surgery that has a right lower
quadrant incision, such as a Meckel diverticulectomy or intussusception reduction.
A patient with an appendicolith evaluated for other issues is not an indication for ap-
pendectomy, as the risk of appendicitis is less than 5.8%.131 Performing an appen-
dectomy converts a procedure from clean to clean-contaminated. Most importantly,
in a comprehensive review on IAs, the investigators concluded that the decision to
perform a pediatric IA relies on informed consideration of the individual patient’s co-
morbid conditions, the indications for the initial operation, the future utility of the ap-
pendix, and the risk of future appendiceal pathology.132

POSTOPERATIVE CARE

Postoperative care is best protocolized.133 Children with acute appendicitis can be
discharged a few hours following operative intervention.134 Nonoperative manage-
ment has yet to determine the optimal duration of admission, but 12 to 24 hours’ dura-
tion seems to be sufficient. For children with perforated appendicitis, antibiotics are
continued until fevers are no longer present and patients are tolerating a diet. Normal-
ization of WBC is not required, and before discharge patients get a WBC and are sent
home on additional oral antibiotics if the WBC count is elevated. If prolonged ileus and
failure to progress results in a stay greater than 6 days, a CT scan is obtained to eval-
uate for intra-abdominal abscesses, which are then drained. Nasogastric tubes,
abdominal drains, central lines, total parenteral nutrition, prolonged use of Foley cath-
eters, and complex wound packing schema have been largely abandoned.135

SUMMARY

1. Appendicitis occurs most frequently between 10 and 11 years of age.
2. Classic symptoms include migrating pain to the right lower quadrant and fevers but

are present in less than half of the children presenting with appendicitis.
3. Clinical judgment and judicious studies are the best methods when assessing for

appendicitis. Scoring systems have been shown to be useful with the addition of
selective imaging and laboratory tests.

4. US imaging continues to be the study of choice as CT increases radiation
exposure.

5. Laparoscopic approaches now make up more than 90% of the operative ap-
proaches for appendicitis.

6. Nonoperative management for carefully selected children with acute appendicitis is
possible.

7. Complex appendicitis with perforation is best managed with a minimally invasive
operative technique in children without a well-defined abscess.
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