
Pediatric Appendicitis

Abdominal pain is an exceedingly common presentation in the emergency 
department. Every clinician fears missing the diagnosis of appendicitis. Children 
are particularly challenging since appendicitis is less common, and the history and 
physical may be subtle. The diagnostic use of CT is not without its risks and must be 
balanced against the potential risk of appendicitis in each individual patient. This 
article provides a comprehensive review of appendicitis in children.

—The Editor

Introduction
Abdominal pain is one of the most common chief complaints for a child pre-

senting to the emergency department (ED) or acute care facility. While not the 
cause of abdominal pain for the large majority of patients, appendicitis is the 
most common surgical etiology for children older than 2 years of age and is 
responsible for up to 13% of pediatric surgeries.1,2 Nationwide, there are 77,000 
cases of appendicitis each year, with a total cost to the system of $680 million.3 

Despite its prevalence, appendicitis is still difficult to diagnose in children. 
The rate of initial misdiagnosis ranges from 28-57% in children younger than 
12 years, with the rate of initial misdiagnosis increasing to near 100% in chil-
dren younger than 2 years.4 With high rates of initial misdiagnosis, the rate of 
appendiceal perforation remains significant in children with appendicitis. In a 
study of children younger than 4 years of age, appendiceal perforation occurred 
in the majority of cases, ranging from 80% to 100%. With high rates of initial 
misdiagnosis and subsequent delays in treatment, cases of missed appendicitis 
are a common source of malpractice claims.5-7

Appendicitis is most common in adolescent and teenage patients. For patients 
between the ages of 10-19 years, the rate of appendicitis is 23.3 per 10,000 
population per year. There is a slight male to female predominance (1.4:1), with 
males aged 10-14 having a rate of 27.6 per 10,000 population per year and 
females aged 15-19 having rates of 20.6 per 10,000 population per year.6

Appendicitis is relatively rare in patients younger than 5 years of age, account-
ing for less than 5% of cases. Neonatal appendicitis is extremely rare, with 
only 141 cases reported in the past century.8 The relative rarity of this surgical 
disease in the very young likely contributes to rates of misdiagnosis and the 
increased likelihood of perforation. In neonates, mortality rates for appendicitis 
have been reported as high as 25%.9 Appendicitis in neonates typically occurs in 
conjunction with other pathology, notably in the setting of prematurity and in 
patients with inguinal hernias.10 

Interestingly, appendicitis appears to have genetic, racial, and seasonal varia-
tions. Patients with a family history of appendicitis in a first-degree relative have 
a 3.5 to 10.0 times increase in relative risk compared to those who do not.4 
Caucasian patients have a 1.5 times higher rate of appendicitis than non-cauca-
sians. Additionally, there is an increase in the rates of appendicitis between May 
and September, which is thought to be secondary to increased rates of enteric 
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infections during periods of warm 
weather.9,11-13

The appendix is a blind-ended 
tubular structure running from the 
cecum proximal to the ileocecal 
valve. The appendix can range in 
length from less than 5 cm in neo-
nates to 25 cm in adults.14 While 
the base of the appendix has little 
anatomic variability, the remainder of 
the appendix can lie in various loca-
tions within the abdomen, includ-
ing retrocecal, subcecal, retroileal, 
preileal, or in the pelvis itself.15 The 
range of lengths and the varied ana-
tomic locations combine to create 
a wide variety of clinical symptoms, 
often with atypical features.

Appendicitis has been described 
as having five stages that typically 
occur over a time period of 24-36 
hours. The first stage begins when 
the lumen of the appendix becomes 
obstructed and leads to distention. 
During the second stage, the dis-
tended appendix stimulates the vis-
ceral thoracic nerves in the T8-T10 
distribution and causes peri-umbilical 
pain. In the third stage, as the appen-
dix becomes more distended, there is 
an increase in intra-luminal pressure 
and a decrease in perfusion. This 
decrease in perfusion leads to tissue 
ischemia and compromises the integ-
rity of the mucosal lining, allowing 
bacteria to invade the wall of the 
appendix. Stage four is characterized 
by transmural inflammation. In the 
final stage, the transmural inflam-
mation spreads to the surrounding 
peritoneum, causing pain that is 

typically localized to the right lower 
quadrant.16

Differential Diagnosis
Patients with appendicitis have 

symptoms that are shared by a multi-
tude of disease processes. Complaints 
of abdominal pain, vomiting, and 
diarrhea are very common and occur 
in nearly 20% of general and pedi-
atric emergency department cases.17 
A comprehensive list of differential 
diagnoses across all age groups for 
these complaints is lengthy and 
includes both abdominal and non-
abdominal etiologies. In a study 
of more than 1,100 consecutive 
children ages 1-12 years old who 
presented to an ED or walk-in clinic, 
5% had acute abdominal pain of less 
than three days duration.18 Almost 
80% of the patients complaining 
of abdominal pain were diagnosed 
with upper respiratory tract infec-
tion, otitis media, pharyngitis, 
viral syndrome, abdominal pain of 
uncertain etiology, or gastroenteri-
tis. Most likely due to the frequency 
of these diagnoses and the rarity of 
appendicitis, upper respiratory tract 
infections and gastroenteritis have 
been found to be the most common 
misdiagnoses in children who present 
with appendicitis.19 Pediatric patients 
often present with abdominal com-
plaints. While not the most common 
source of these complaints, appendi-
citis often causes similar symptoms 
and should be considered in any 
patient who presents with abdominal 
pain, nausea, or vomiting. 

A primary responsibility of the 
emergency physician when evaluating 
a child with abdominal complaints is 
to identify potentially life-threatening 
issues such as volvulus, infectious 
processes that require treatment such 
as urinary tract infection (UTI) or 
pneumonia, and other diseases like 
appendicitis that require acute surgi-
cal intervention. While the majority 
of cases of abdominal pain will not 
require surgery or emergent therapy, 
it is important to consider these emer-
gent sources of pain when evaluating 
any patient with abdominal pain. A 
good starting point in evaluating a 
child with abdominal pain is to gener-
ate a differential that is both age- and 
gender-specific. For example, volvulus 
is most common in neonates, while 
intussusception is seen most fre-
quently in toddlers. As female patients 
enter their teen years, diagnoses 
such as ectopic pregnancy and pelvic 
inflammatory disease should become 
part of the differential diagnosis. 
Once a differential diagnosis is gener-
ated, a detailed history and physical 
exam should be performed. Rather 
than being overly broad and all-inclu-
sive, the history and physical should 
focus on signs and symptoms with 
enough predictive power to signifi-
cantly affect the pretest probability of 
these diagnoses. Unfortunately, due 
to the inherently limiting and some-
times misleading factors in a pediatric 
patient, physicians are still left with 
doubt about the probability of a seri-
ous etiology. In these cases, further 
testing, repeat exams and consultation 

 z The range of lengths and the varied anatomic locations 
of the appendix combine to create a wide variety of 
clinical symptoms for children with appendicitis, often 
with atypical features.

 z Given the prevalence of nonabdominal sources of pain, 
nausea, and vomiting, all pediatric exams should include 
an evaluation of the patient’s lungs and genital area.

 z CT scans continue to be the most consistent and accu-
rate imaging modality for pediatric appendicitis. The 
reported sensitivities of CT scans range from 66–100%, 
with the specificities ranging from 87-100%.

 z During the past several years, there has been a signifi-
cant increase in the number of CT scans performed 
which has led to an increased awareness of the associ-
ated radiation exposure, one of the most significant risks 
associated with CT scans.

 z Due in part to the risks of CT scans, many EDs have 
developed staged protocols that use ultrasound as the 
initial diagnostic test and proceed to CT scan in patients 
who have equivocal findings on ultrasound (defined 
as the nonvisualization of the appendix and the lack of 
alternate radiographic diagnosis).

Executive Summary
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should be pursued to further narrow 
the differential diagnosis.

Exam and laboratory findings can 
be helpful in evaluating a patient but 
should be interpreted with caution, 
as patients with appendicitis have 
many findings in common with less 
emergent diagnoses. For example, in 
a patient who complains of abdomi-
nal pain with diarrhea, it is tempting 
to assume that the patient has gas-
troenteritis, a common cause of ED 
visits. Unfortunately, diarrhea is also 
seen in up to 40% of children 2 years 
or younger with appendicitis.20,21 
Similarly, a patient’s complaint of 
dysuria and urinary frequency may 
not be from a urinary tract infec-
tion, but instead from an inflamed 
appendix adjacent to the bladder 
or ureter. The presence of white or 
red blood cells in the urine in 16.5-
30% of cases of appendicitis can 
also be misleading.22 Constipation 
is another common pediatric com-
plaint and source of abdominal pain. 
Obtaining and finding the presence 
of stool on an X-ray cannot reliably 
be used to exclude the diagnosis of 
appendicitis.23,24

Clinical Presentation
When evaluating a pediatric 

patient, the history and physi-
cal exam are frequently limited by 
developmental issues, vague nonspe-
cific symptoms, and physical exam 
findings that are difficult to obtain. 
Obtaining a history and examining a 

younger child can be vastly different 
from an adult or even an older child. 
Some children may be developmen-
tally unable to describe or localize 
their symptoms and tend to be more 
apprehensive, making an adequate 
examination of the abdomen more 
difficult. Symptoms, such as nausea 
and vomiting, tend to be more non-
specific and found with a variety of 
disease processes. In addition, non-
abdominal etiologies such as pneu-
monia and strep are well known to 
cause a “belly ache.” Children may 
have difficulty accurately describ-
ing their symptoms, and emergency 
practitioners should not rely too 
heavily on the patient’s history of 
present illness.25

These inherent difficulties in 
examining the young child require 
a different approach than that used 
for the adult or even the older child. 
Children with appendicitis frequently 
present with atypical symptoms. In 
addition, fear and apprehension can 
limit the yield of a physical exam. To 
overcome some of these obstacles, 
it is important to attempt to gain 
the child’s trust before starting your 
exam. Offering a child a toy and 
discussing favorite cartoons can ease 
a child’s fears and help gain his or 
her trust. Examine the fearful child 
in the caretaker’s arms if necessary. 
Techniques such as palpating the 
abdomen while pretending to listen 
for bowel sounds can help overcome 
anticipatory guarding and can allow 

for a more accurate exam. Children 
often don’t respond to direct ques-
tioning. Instead of asking a child 
“Does this hurt,” watch for facial 
expressions and other nonverbal 
clues to obtain helpful informa-
tion. A favorite trick is to turn the 
abdominal exam into a game by 
telling the child that you will try to 
guess what he or she had to eat with 
your “magic hands.” Pizza and ham-
burger are reliable guesses, and the 
process of “figuring out their favorite 
food” can distract the patient and 
allow for a more thorough abdomi-
nal exam.26 Instead of assessing for 
rebound tenderness, challenge the 
patient to jump high enough to 
touch your hand, or ask him or her 
to run around the room. Given the 
prevalence of nonabdominal sources 
of pain, nausea, and vomiting, all 
exams should include an evaluation 
of the patient’s lungs and genital 
area. 

Before specifically reviewing the 
clinical features of appendicitis, it is 
worthwhile to emphasize that the 
purpose of the history and physi-
cal exam is to help determine the 
pretest probability of appendicitis. 
It is this probability that will drive 
the need for surgical consultation, 
discharge home with close follow-
up, or further testing. For example, 
the 16-year-old male with a classic 
story of migratory abdominal pain to 
the right lower quadrant, with focal 
abdominal pain, vomiting, fever, and 

Table 1. “Can’t Miss” Causes of Abdominal Pain

Neonate 2 months - 2 years 2-5 years > 5 years
• Malrotation with midgut 

volvulus
• Pyloric stenosis
• Necrotizing enterocolitis
• Testicular torsion

• Nonaccidental trauma
• Incarcerated hernia
• Intussusception
• Hirschprung disease
• Hemolytic uremic 

syndrome
• Meckel’s diverticulum
• Hepatitis

• Nonaccidental trauma
• Appendicitis
• Intussusception
• Ovarian torsion
• Hemolytic uremic 

syndrome
• Meckel’s diverticulum

• Nonaccidental trauma
• Appendicitis
• Diabetic ketoacidosis
• Sickle cell syndrome 

vaso-occlusive crisis
• Ovarian torsion
• Testicular torsion
• Cholecystitis
• Pancreatitis
• Hemolytic uremic 

syndrome
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rebound tenderness has a high pretest 
probability of appendicitis and needs 
immediate surgical consultation. The 
afebrile 2-year-old who presents with 
emesis, diarrhea, and reassuring serial 
abdominal exams has a likely low 
pretest probability, and can be safely 
discharged with close follow-up. 
Further laboratory testing is unlikely 
to significantly affect the probabil-
ity of appendicitis in either of these 
patients and may even lead to falsely 
positive or negative results. Patients 
determined to have an intermediate 
probability, however, require further 
diagnostic testing.

The best way to determine pre-
test probability is to focus on those 
signs and symptoms that are most 
likely to affect the probability of 
the diagnosis — ideally those with 
helpful likelihood ratios. Likelihood 
ratios combine both sensitivity and 
specificity, making it applicable to 
each patient before the physician 
knows whether disease is present 
or absent. Bundy et al performed a 
review of the English language lit-
erature from 1996 to 2007 to assess 
the precision and accuracy of symp-
toms, signs, and basic laboratory 
testing for children aged 18 years 
or younger with abdominal pain. 
(See Table 2.) Findings found most 
helpful included the presence of a 
fever (LR 3.4 [95% CI 2.4-4.8]) and 
rebound tenderness (LR 3.0 [95% 
CI 2.3-3.9]). Independently they 
both tripled the odds of appendicitis. 
A history of mid-abdominal pain 

migrating to the right lower quad-
rant at least doubled the risk (LR 
range 1.9-3.1). The major limitation 
of this review was that it found most 
studies lacked child-specific, age-
stratified data.27

In children younger than 2 years, 
appendicitis is rare, has variable 
presentations, and is difficult to 
diagnose. This, unfortunately, leads 
to routine delayed diagnosis and 
high rates of perforation. The most 
common symptoms include vomit-
ing (85-90%), pain (35-77%), diar-
rhea (18-46%), and fever (40-60%). 
Localized right lower quadrant ten-
derness is noted in less than 50% of 
cases.4

Appendicitis in preschool-aged 
children from 2 to 5 years is also 
rare, but these children tend to 
be developmentally more able to 
describe and localize their symp-
toms. As children age, they tend to 
have more “typical” symptoms of 
appendicitis. Rothrock found that 
abdominal pain (89-100%), vomit-
ing (66-100%), and fever (80-87%) 
are the most common symptoms 
associated with appendicitis in this 
age group.4 Unlike in infants, the 
presence of right lower quadrant 
tenderness (58-85%) and invol-
untary guarding (85%) in this age 
group was more common.28,29 It 
is unclear whether abdominal pain 
precedes vomiting in the major-
ity of patients. Vomiting is the first 
symptom; however, given the age 
range, the progression of symptoms 

is somewhat difficult to verify. In any 
event, patients in this age group with 
appendicitis can present with vomit-
ing as their sole symptom.19  

School-aged children and adoles-
cents have increased incidence of 
appendicitis, thus a higher starting 
pretest probability and more reliable 
clinical features. One study prospec-
tively evaluated the signs and symp-
toms of 377 children aged 2 to 16 
years old presenting with abdomi-
nal pain. The authors found 97% 
(28/29) of children with appendici-
tis had at least two of the following 
four clinical features: vomiting, right 
lower quadrant pain, abdominal 
tenderness, or guarding.30 Despite 
these more typical features, this age 
can still frequently present atypically. 
Becker et al performed a prospective 
study of children and adolescents 
with suspected appendicitis. Among 
patients with appendicitis, the most 
notable atypical features included 
apyrexia (83%), absence of rebound 
pain (52%), lack of anorexia (40%), 
and lack of migration to the right 
lower quadrant (50%).31 Overall, a 
significant portion of children with 
appendicitis will have atypical symp-
toms. As children age and approach 
adulthood, the presence of classic 
signs of appendicitis becomes more 
prevalent; however, the presence or 
absence of various symptoms can-
not be used to reliably diagnose or 
exclude appendicitis.

Diagnostic Evaluation
White Blood Cell. When evaluat-

ing pediatric patients for possible 
appendicitis, the history and physi-
cal are frequently not sufficient, and 
more information is needed to reli-
ably make a diagnosis. The use of 
laboratory testing in the work-up of 
possible appendicitis has been widely 
studied, and the utility of various 
laboratory findings is a source of 
continued debate. The white blood 
cell count (WBC) is readily available 
and is commonly used in the work-
up of abdominal pain. In a system-
atic review, Bundy et al examined 
several studies that used a threshold 
WBC of 10,000/µL and found sum-
mary likelihood ratio (LR) of 2.0 in 

Table 2. The Precision and Accuracy of Symptoms 
and Signs for Children Age 18 Years or Younger with 
Abdominal Pain

Sign/Symptom Positive Likelihood 
Ratio

Negative Likelihood Ratio

Fever 3.4 [95% CI 2.4-4.8] 0.32 [95% CI 0.16-0.64]
Rebound 
tenderness

3.0 [95% CI 2.3-3.9] 0.28 [95% CI 0.14-0.55]

Migratory pain 
to right lower 
quadrant

1.9-3.1 0.41-0.72

Adapted from: Bundy DG, Byerley JS, Liles EA, et al. Does this child 
have appendicitis? JAMA 2007;298:438-451.
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patients with an elevated WBC. The 
sensitivities ranged from 0.8-0.92, 
with specificities ranging from 0.29-
0.76. Increasing the threshold WBC 
did not improve likelihood ratios 
and caused a significant decline in 
sensitivity.32 

The presence of a left shift or more 
than 80% polymorphonuclear cells 
and bands on a cell differential in the 
setting of an elevated WBC has been 
shown to have significant predictive 
power. In a retrospective analysis of 
pediatric patients with nontraumatic 
abdominal pain, Wang et al reported 
a likelihood ratio of 3.4 in patients 
with an elevated WBC count and 5.9 
in patients with a left shift. When 
patients had both an elevated WBC 
count and a left shift, the likelihood 
ratio increased to 9.8.33 

The lack of WBC elevation can 
help improve diagnostic accuracy in 
patients with abdominal pain. In a 
prospective study of children with 
suspected appendicitis, Kharbanda et 
al found that patients with a WBC < 
8850/µL and an absolute neutrophil 
count < 6750 had a likelihood ratio 
of 0.06.34 While a normal WBC can-
not completely exclude the diagnosis 
of appendicitis, it can be suggestive 
of an alternative diagnosis.

Other Biomarkers. Multiple other 
biomarkers have been used in con-
junction with the WBC to evaluate 
patients with abdominal pain. As a 
marker of inflammation, C-reactive 
protein (CRP) has shown wide 
ranges in sensitivity and specificity. 
In a recent prospective study, Kwan 
et al used a threshold value of 3 mg/
dL and found that patients with an 
elevated CRP and a WBC greater 
than 12,000/µL were 7.75 times 
more likely to have appendicitis 
(OR 7.75).35 Patients with a normal 
CRP have an LR of 0.44-0.47 and 
are half as likely to have appendici-
tis.12 Procalcitonin has been used as 
a marker of infection and has been 
found to be specific for perforated 
appendicitis, yet it lacks the sensitiv-
ity needed to be widely used. In gen-
eral, the presence or absence of an 
elevated white blood cell count lacks 
the diagnostic accuracy to be used as 
a single marker for appendicitis. In 

summary, the utility of a white blood 
cell count increases significantly 
when seen with the presence of a left 
shift or an elevated CRP. 

Urinalysis. A urinalysis can be 
a misleading test in the work-up 
of appendicitis. Other sources of 
abdominal pain, such as a urinary 
tract infection, can be diagnosed 
using a urinalysis. There are no 
findings in urinalysis, however, that 
are reliable enough to confirm or 
exclude the diagnosis of appendicitis. 
Tundidor et al found that one-third 
of patients with appendicitis reported 
dysuria or flank pain, and 15% of 
patients had pyuria.36

Laboratory results must always be 
interpreted with the patient’s clinical 
picture in mind. In the early stages 
of appendicitis, patients may have 
normal laboratory values, as the 
inflammation and infection detected 
by the biomarkers have not yet 
become detectable. It has been sug-
gested that laboratory values increase 
in diagnostic value as the patient’s 
duration of symptoms increases. In 
a patient with a reassuring clinical 
exam after several days of symptoms, 
normal laboratory values may be 
somewhat reassuring. Conversely, 
in a patient with a worrisome exam, 

abnormal laboratory values may 
increase the likelihood that the 
patient has appendicitis. Ultimately, 
lab results should be interpreted 
with caution with the knowledge 
that it is possible to have appendicitis 
with completely normal laboratory 
results.4

Diagnostic Imaging
Pediatric appendicitis is notable 

for its often atypical presentation, 
a fact that is underscored by the 
significant number of cases that are 
seen by multiple providers before the 
correct diagnosis is made. Imaging, 
whether with ultrasound or com-
puted tomography (CT) scan, is 
frequently used to evaluate patients 
when the clinical picture is less than 
clear. Plain films are not useful in the 
work-up of appendicitis. Heller et al 
performed a retrospective analysis of 
821 patients who were admitted with 
suspected appendicitis. Seventy-eight 
percent of the patients had positive 
radiographic findings on plain films. 
Only 10% of those findings were sug-
gestive of specific conditions, and in 
those patients with suggestive find-
ings, the final diagnosis correlated 
with the suggestion only 43% of the 
time. Traditional teaching maintains 

Figure 1. Ultrasound of Acute Appendicitis

Acute appendicitis. Longitudinal sonogram of a child with right lower quadrant pain 
shows an enlarged appendix (cursors) measuring 8.6 mm. The appendix was non-
compressible. No appendicolith or abscess was present. 
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that the presence of calcified appen-
dicolith on plain films is suggestive 
of appendicitis, yet in this study, that 
finding was present in only 10% of 
patients. Overall, the authors found 
plain films to be misleading and 
were unable to identify any specific 
radiographic finding that was sensi-
tive or specific for appendicitis.37 

Ultrasound has become a popular 
imaging modality in the work-up of 
appendicitis. Benefits of ultrasound 
include reduced cost, speed of test-
ing, the ability to evaluate appen-
diceal compressiblity, and a lack of 
ionizing radiation. The presence of 
operator variability is a limitation of 
ultrasound. In addition, scans can 
be equivocal when the appendix is 
unable to be fully visualized second-
ary to factors such as body habitus, 
gender, and anatomic location 
of the appendix. In patients with 
certain clinical or anatomic charac-
teristics, the rate of equivocal scans 
and misdiagnosis is significantly 
increased. Schuh et al found a sig-
nificant increase in both equivocal 
scans and misdiagnosis in children 
with a body mass index greater than 
the 85th percentile. In addition, 
patients with a low clinical suspicion 
of appendicitis had a rate of misdi-
agnosis of around 40%.38 An equivo-
cal scan does not provide enough 

information to exclude appendicitis 
and often results in additional test-
ing for the patient.  

Ultrasound has a reported speci-
ficity that ranges from 88% to 99%, 
with a range of sensitivities from 50% 
to 100%.39 Overall, ultrasound tends 
to be more effective at identifying 
patients with appendicitis rather than 
excluding the disease with a negative 
result or equivocal result. Howell et 
al examined several studies involv-
ing the diagnostic accuracy of ultra-
sound. While 43% of the included 
studies reported negative likelihood 
ratios less than 0.1, 71% of studies 
had positive likelihood ratios greater 
than 10.40 In patients with a clini-
cal presentation that is suggestive of 
appendicitis, an equivocal finding 
on ultrasound should not be used to 
exclude the disease.

Historically, the primary and 
most specific ultrasound criteria for 
diagnosing appendicitis has been an 
appendiceal maximal outer diam-
eter (MOD) greater than 6 mm. 
Secondary criteria such as a lack of 
compressibility, fat stranding, and 
fluid collections are strongly sug-
gestive of appendicitis. (See Figure 
1.) In a recent retrospective analysis, 
Goldin et al found that using tra-
ditional criteria of MOD > 6 mm 
would have only identified 84% 

of appendicitis and resulted in 26 
unnecessary surgeries and seven 
cases of missed appendicitis. In the 
same set of patients, using revised 
criteria of MOD > 7 mm or a wall 
thickness of > 1.7 mm led to the 
correct diagnosis in 97% of cases. 
This revised criteria, with a sensitiv-
ity and specificity of 99% and 95%, 
would have resulted in one case of 
missed appendicitis and led to only 
six unnecessary operations. In this 
study, adjusting for age, weight, 
or the presence of secondary signs 
did not improve the diagnostic 
accuracy.41

CT scans continue to be the most 
consistent and accurate imaging 
modality. The reported sensitivities 
of CT scans range from 66–100%, 
with the specificities ranging from 
87-100%.42-45 The criteria for diag-
nosing appendicitis on CT scan 
include the presence of an abnor-
mally thickened appendix with a 
diameter greater than 6 mm, the 
presence of surrounding inflamma-
tory changes or abscess formation, 
or the presence of a calcified appen-
dicolith.46 (See Figure 2.) The use 
of contrast and the potential risk 
from exposure to ionizing radiation 
are two potential drawbacks to CT 
scans, and are also areas of ongoing 
research and debate.

The utility of contrast enhance-
ment in CT scans for appendicitis 
remains unclear. Noncontrast scans 
can be performed more quickly, 
are cheaper, and avoid any poten-
tial complications from the use of 
contrast material. Various authors 
have promoted the use of contrast 
in children in an attempt to enhance 
visualization of the appendix and 
increase the diagnostic accuracy 
of CT scans.47 When compared to 
adults, children have less periap-
pendiceal fat, which can limit the 
ability to see the appendix and can 
also mask the presence of secondary 
signs. IV contrast tends to be used 
most commonly, with various proto-
cols adding oral or, less commonly, 
rectal contrast.48 In a recent meta-
analysis, Hlibzcuk et al reported 
a sensitivity of 93%, a specificity 
of 96%, and a false-negative rate 

Figure 2. CT of Acute Appendicitis

Contrast-enhanced CT image shows a enlarged appendix (arrow) with a thick 
enhancing wall and associated inflammatory changes in the periappendiceal fat 
(arrowhead).
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of 7.3% in adults who underwent 
noncontrast scans while being evalu-
ated for appendicitis. These num-
bers compare favorably to results 
found in various studies that used 
contrast.49 In a retrospective study 
of pediatric patients with suspected 
appendicitis, Kaiser et al found that 
noncontrast-enhanced CT scans had 
a sensitivity of 66%. With the addi-
tion of IV contrast, the sensitivity of 
the scan increased to 90%, leading 
the authors to recommend the use 
of IV contrast in the evaluation of 
pediatric patients.50 In a recent study, 
Kharbanda et al found that the use 
of rectal contrast in addition to IV 
contrast did not result in any signifi-
cant increase in sensitivity, specific-
ity, or decrease in equivocal scans.51 
The use of oral contrast has several 
limitations, including increased 
wait time prior to scanning and dif-
ficulty administering oral contrast 
due to nausea and vomiting. In a 
recent study, Laituri et al found that 
in patients given oral contrast, 30% 
did not have any visible contrast in 
the point of interest at the time of 
scanning. There was no significant 
increase in diagnostic accuracy in the 
group with visible contrast, leading 
the authors to conclude that oral 
contrast was not a necessary adjunct 
to IV contrast.52 While IV contrast 
seems to improve diagnostic accuracy 
in CT scans, the use of rectal and 
oral contrast material does not seem 
to offer a significant benefit.

Despite the use of contrast agents, 
nonvisualization of the appendix on 
CT scan is a continued problem in 
children. In a retrospective analysis, 
Garcia et al evaluated the diagnos-
tic value of an equivocal CT scan in 
children where the appendix is not 
visualized. Out of 156 patients with a 
nonvisualized appendix on CT scan, 
two patients went on to be diagnosed 
with appendicitis, resulting in a false-
negative rate of 1.3%. The negative 
predictive value of a normal CT with 
a nonvisualized appendix was 98.7%.53 
In contrast to ultrasound, failure to 
visualize the appendix or other indi-
rect signs of appendicitis on CT scan 
appears to offer a reasonable negative 
predictive value.

During the past several years, there 
has been a significant increase in the 
number of CT scans performed.54 
This has led to an increased awareness 
of the associated radiation exposure, 
one of the most significant risks asso-
ciated with CT scans. Radiation expo-
sure can alter DNA and RNA, which 
alters cellular replication and can lead 
to a malignant transformation.55 The 
ability of radiation to induce malig-
nancy has been theorized for more 
than a century, yet the majority of the 
data regarding radiation risk comes 
from data collected from the survivors 
of the atomic bombings of Hiroshima 
and Nagasaki during World War II. A 
long-term cohort study of more than 
100,000 survivors revealed three dis-
concerting features about radiation-
induced malignancy (RIM) that are 
especially pertinent when examining 
the potential exposure from CT scans:

• Patients exposed to radia-
tion experience a higher rate of 
malignancy.

• A large single exposure is more 
dangerous than cumulative exposure 
to lower doses over time.

• Younger patients, especially 
females, have an increased risk of 
developing RIM.56

Children are theoretically at higher 
risk of acquiring RIM for three rea-
sons. First, they have a larger number 
of replicating cells, which are more 
susceptible to damage. Children also 
have significantly less soft tissue than 
adults to shield their organs, which 
leads to an increased effective organ 
dose of radiation. Finally, RIM tends 
to be a time-dependent disease pro-
cess, and since children undergoing 
CT scans are exposed at a young 
age, they theoretically have a much 
longer timeframe during which they 
could develop a malignancy.

Brenner at al compared data from 
the atomic bomb survivors to radia-
tion exposure from CT scans and 
attempted to calculate the increased 
lifetime risk of fatal radiation-
induced malignancy. In a 1-year-old 
child, the lifetime risk of a fatal RIM 
increased by 0.18%. For every 555 
1-year olds who were scanned, one 
would develop a fatal malignancy 
directly as a result of the diagnostic 

work-up. When the same data were 
applied to 15-year-olds, the increased 
risk of a fatal RIM was 0.11%. While 
the rate of malignancy decreases with 
age, in 15-year-olds undergoing one 
CT scan of the abdomen, 1 in 1000 
will develop a fatal malignancy.57 
Given the prevalence of appendicitis 
and the increased use of CT scans, 
the risk of radiation-induced malig-
nancy is significant, and the risk of 
exposure from a CT scan should 
always be balanced with the potential 
diagnostic benefit to the patient. 

Due in part to the risks of CT 
scans, many EDs have developed 
staged protocols that use ultrasound 
as the initial diagnostic test and pro-
ceed to CT scan in patients who have 
equivocal findings on ultrasound 
(defined as the nonvisualization of 
the appendix and the lack of alternate 
radiographic diagnosis). A recent 
retrospective study in a pediatric 
ED found that using a staged pro-
tocol increased accuracy and signifi-
cantly reduced the use of CT scans. 
Krishanmoorthi et al employed the 
graded compression technique and 
used traditional ultrasound criteria. A 
positive scan was defined by visualiza-
tion of a noncompressible appendix 
with an MOD > 6 mm. A negative 
scan involved a fully visualized, com-
pressible appendix < 6 mm or the 
identification of an alternate diag-
nosis. Patients with equivocal find-
ings then went on to CT scan. The 
staged protocol produced a sensitivity 
of 98.6% and a specificity of 90.6%. 
Notably, there was a 52.7% reduction 
in the number of CT scans.58  

While ultrasound has limitations, 
its ease of use and lack of risk to the 
patient make it a reasonable first test 
in children with probable appendi-
citis who require imaging. CT scans 
remain a good imaging choice in 
patients with equivocal ultrasounds 
or when significant diagnostic uncer-
tainty remains.  

Traditionally, MRI has not been 
widely used in the diagnosis of 
appendicitis. Benefits of MRI include 
the ability to obtain high resolution 
images without significant exposure 
to radiation. Drawbacks to MRI 
include an increase in cost and the 
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length of time needed to obtain an 
adequate scan. In addition, the avail-
ability of an MRI for emergent stud-
ies varies from hospital to hospital. 
Initial studies of MRI use to rule 
out appendicitis in pregnancy were 
promising, and recent studies of 
nonpregnant adults have yielded sen-
sitivities and specificities that compare 
favorably to CT scans.59,60 While initial 
studies involving MRI are promising, 
more research into the use of MRI 
needs to take place before it becomes 
the test of choice for children with 
possible appendicitis. 

Several studies have questioned 
the usefulness of imaging in general 
and have suggested that a greater 
emphasis be placed on physical exam 
and clinical impression. Kosloske et 
al evaluated the clinical impression of 
a pediatric surgeon without the use 
of imaging and reported a sensitiv-
ity of 99%, a specificity of 93%, and 
a diagnostic accuracy of 97%. While 
these results compare favorably to 
the use of imaging, their study used 
patients who had been pre-screened 
by other providers who then asked 
for a surgical evaluation for possible 
appendicitis.61 Wong et al report that 
over a 10-year period, ultrasound use 
to diagnose appendicitis increased by 
50% and CT scan use increased by 
35%. Despite the increased utiliza-
tion of this technology, there was no 
decline in the time to diagnosis, the 
severity of appendicitis at the time of 
surgery, or the rate of perforation.62 

In younger children in whom the 
physical signs and symptoms are often 
atypical, the increased use of imaging 
has not led to improved outcomes. In 
1980, Graham et al reported a perfo-
ration rate of 63% for preschool-aged 
children.63 In 2007, despite an 80% 
increase in the use of imaging, Colvin 
et al found that the perforation rate 
remained at 53%.64 While imaging can 
be a useful component of an evalua-
tion, the patient’s clinical history and 
physical exam continue to have a sig-
nificant value.

Clinical Scoring Systems
During the past several years, vari-

ous clinical scoring systems have been 
developed to help aid in diagnosing 

appendicitis while limiting the use of 
imaging. The Alvarado score and the 
Pediatric Appendicitis Score (PAS) 
are the most commonly used scoring 
systems.65,66 The aim of both scores 
is to establish a threshold that deter-
mines whether a patient should go to 
surgery or undergo observation. The 
scores are made up of various clini-
cal features and laboratory findings 
and do not incorporate any imaging 
modalities. Prospective attempts to 
validate these scores have shown sen-
sitivities ranging from 76-94%, with 
specificities ranging from 62-98% 
and positive predictive values from 
54-76%. The sensitivities of both 
scores are increased for males. One 
significant issue with both systems is 
the limited scope of the scores.67

Both systems are designed to iden-
tify patients with a high likelihood 
of appendicitis who can be taken 
directly to the operating room with-
out undergoing further testing. To 
date, no system has been developed 
to identify patients who are low risk 
enough to be discharged without 
further imaging or observation. In 
patients with a high likelihood of 
appendicitis, the scoring systems 
may facilitate a prompt surgical dis-
position; however, they should not 
be used to rule out appendicitis or 
otherwise risk stratify patients with 
abdominal pain. 

Patients with a high suspicion 
of appendicitis need an emergent 
surgical evaluation. The traditional 
treatment for acute appendicitis is an 
appendectomy.

Management  
of Appendicitis

In patients with uncomplicated 
appendicitis, the use of antibiotics 
does not seem to offer any significant 
benefit and can result in an increase 
in side effects.68 In children with 
perforated appendicitis with abscess 
formation, the traditional treatment 
has involved intravenous antibiotics, 
abscess drainage, and delayed appen-
dectomy. St. Peter et al compared 
this interval approach to an approach 
that featured an early appendectomy. 
Both groups of patients had similar 
rates of complication and recurrent 

abscesses, leading the authors to 
question the benefit of the tradi-
tional delayed appendectomy.69

Nonperforated appendicitis is typi-
cally managed laparoscopically. A rela-
tively new surgical technique employs 
a single incision at the umbilicus, 
which reduces the amount of abdomi-
nal scarring. A recent case series 
found that this technique involved 
a slightly longer operative time but 
could otherwise be used safely in chil-
dren as young as 19 months.70

Recent studies have evaluated a 
conservative nonsurgical treatment 
of appendicitis involving intravenous 
antibiotics and monitoring. A signifi-
cant limitation to this conservative 
approach is the rate of recurrence, 
which can be as high as 35%.71 While 
there is some evidence that a portion 
of patients can be effectively man-
aged with antibiotics alone, to date 
the available studies have yet to be 
prospectively validated.72

Appendicoliths are a recognized 
cause of appendicitis; however, the 
presence of an appendicolith without 
other signs of appendicitis presents 
a clinical dilemma. In children with 
abdominal pain, the presence of an 
appendicolith on CT has a reported 
sensitivity of 65% and specificity of 
86% for appendicitis, yet appendico-
liths are an incidental finding in up 
to 13% of children undergoing a CT 
scan. Lowe et al found that 14% of 
children undergoing CT scans for 
appendicitis had an appendicolith 
without other evidence of appen-
dicitis. Of this group, 83% failed to 
develop appendicitis after further 
monitoring.73 The presence of an 
appendicolith without further signs 
of appendicitis should not necessarily 
mandate an appendectomy; however, 
in a patient with abdominal pain, 
these findings should not be inter-
preted as “normal.” These patients 
need close follow-up or inpatient 
observation.

Summary
Abdominal pain is a frequent ED 

complaint. In children, the history 
and physical exam may be chal-
lenging. Excluding the diagnosis 
of appendicitis is critical. A careful 
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history, physical examination, and 
judicious use of diagnostic imaging 
will help identify cases of appendicitis 
in an expeditious manner.
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Physician CME Questions

1. Which of the following is true regarding 
the epidemiology of appendicitis?
A. It is most common in adolescent and 

teenage patients.
B. There is a slight male to female pre-

dominance. 
C. Appendicitis is relatively rare in 

patients younger than 5 years of age.
D. All of the above.  

2. The rate of perforation in children 
younger than 4 years old with appendicitis 
is:
A. 20-30%
B. 30-50%
C. 50-80%
D. 80-100%

3. Which of the following is true of appendi-
citis in children? 
A. The urine may demonstrate pyuria.
B. The toddler usually presents with 

classic symptoms including anorexia, 

CME Instructions
HERE ARE THE STEPS YOU NEED TO TAKE TO EARN CREDIT 

FOR THIS ACTIVITY:
1. Read and study the activity, using the provided references for further research.
2. Log on to www.cmecity.com to take a post-test; tests can be taken after each 

issue or collectively at the end of the semester. First-time users will have to register on 
the site using the 8-digit subscriber number printed on their mailing label, invoice, or 
renewal notice. 

3. Pass the online tests with a score of 100%; you will be allowed to answer the 
questions as many times as needed to achieve a score of 100%. 

4. After successfully completing the last test of the semester, your browser will be 
automatically directed to the activity evaluation form, which you will submit online. 

5. Once the completed evaluation is received, a credit letter will be e-mailed 
to you instantly. You will no longer have to wait to receive your credit letter.

Pediatric Emergency Medicine Reports 

CME Objectives

Upon completion of this educational activity, participants should be able to:
 • recognize specific conditions in pediatric patients presenting to the  
emergency department;
 • describe the epidemiology, etiology, pathophysiology, historical and 
examination findings associated with conditions in pediatric patients pre-
senting to the emergency department;
 • formulate a differential diagnosis and perform necessary diagnostic tests;
 • apply up-to-date therapeutic techniques to address conditions  
discussed in the publication;
 • discuss any discharge or follow-up instructions with patients.



www.ahcmedia.com																																																																																																																														Pediatric	Emergency	Medicine	Reports	/	November	2011							139

migratory pain, and localized right 
lower quadrant pain.

C. Diarrhea is an infrequent symptom of 
appendicitis in the young child.

D. School-aged children are rarely  
afebrile.

4. In a 15-year-old male with 18 hours 
of abdominal pain, which of the fol-
lowing results is helpful in ruling out 
appendicitis?
A. WBC > 10,000 leukocytes on urinaly-

sis
B. WBC < 10,000, absolute neutrophil 

count of 8000
C. WBC < 8000, absolute neutrophil 

count < 6000
D. WBC < 15,000

5. Which patient age range has the highest 
incidence of appendicitis?
A. female 0-2 years
B. male 6-10 years
C. female 15-19 years
D. male 10-14 years

6. Which clinical feature is more common in 
infants with appendicitis?
A. presence of a fever
B. migratory pain from the periumbilical 

region to the right lower quadrant
C. perforation at the time of diagnosis
D. lack of leukocytosis

7. Which of the following findings has the 
highest likelihood of excluding the diag-
nosis of appendicitis?
A. nonvisualized appendix on ultrasound
B. presence of an appendicolith on CT 

scan
C. nonvisualized appendix on CT scan
D. X-ray showing constipation

8. An 11-year-old male presents with 12 
hours of mild umbilical pain and has a 
noncompressible, mildly dilated appendix 
on ultrasound. What is the most appropri-
ate next step?
A. spiral CT scan
B. surgical consultation
C. blood cultures followed by broad-

spectrum antibiotics
D. serial abdominal exams

9. A 15-year-old female undergoes a CT 
scan of the abdomen and pelvis. What is 
her estimated lifetime risk of a radiation 
induced malignancy?
A. 1: 10,000
B 1:500
C. 1:150
D. 1:1000

10. A 10-year-old male presents with peri-
umbilical pain for 12 hours and has a low 
Alvarado score. Which of the following is 
not an appropriate next step?
A. ultrasound
B. surgical consult
C. discharge home
D. CT scan
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Exclusive to our subscribers Rapid Access Management Guidelines

Pediatric  
Appendicitis

“Can’t Miss” Causes of Abdominal Pain

Neonate 2 months - 2 years 2-5 years > 5 years
• Malrotation with midgut 

volvulus
• Pyloric stenosis
• Necrotizing enterocolitis
• Testicular torsion

• Nonaccidental trauma
• Incarcerated hernia
• Intussusception
• Hirschprung disease
• Hemolytic uremic 

syndrome
• Meckel’s diverticulum
• Hepatitis

• Nonaccidental trauma
• Appendicitis
• Intussusception
• Ovarian torsion
• Hemolytic uremic 

syndrome
• Meckel’s diverticulum

• Nonaccidental trauma
• Appendicitis
• Diabetic ketoacidosis
• Sickle cell syndrome 

vaso-occlusive crisis
• Ovarian torsion
• Testicular torsion
• Cholecystitis
• Pancreatitis
• Hemolytic uremic 

syndrome

The Precision and Accuracy of 
Symptoms and Signs for Children  
Age 18 Years or Younger with 
Abdominal Pain

Sign/Symptom Positive Likelihood 
Ratio

Negative Likelihood Ratio

Fever 3.4 [95% CI 2.4-4.8] 0.32 [95% CI 0.16-0.64]
Rebound 
tenderness

3.0 [95% CI 2.3-3.9] 0.28 [95% CI 0.14-0.55]

Migratory pain 
to right lower 
quadrant

1.9-3.1 0.41-0.72

Adapted from: Bundy DG, Byerley JS, Liles EA, et al. Does this child 
have appendicitis? JAMA 2007;298:438-451.

Ultrasound of Acute 
Appendicitis

CT of Acute Appendicitis
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