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Abstract

Background: Ultrasonography (US) has largely become the primary
diagnostic imaging modality for the diagnosis of acute appendicitis
(AA) in pediatric patients. The purpose of this study was to determine
and compare the diagnostic accuracy of helical computed tomogra-
phy (CT) scans and graded compression US for the diagnosis of AA
in the pediatric population.

Methods: Between January 2011 and December 2013, 431 pediat-
ric patients (aged 5 - 18 years) who presented with acute abdominal
pain and received either a CT scan, US, or both for the diagnosis of
AA were retrospectively reviewed from an IRB-approved institution-
wide database. Sensitivities and specificities of both imaging modali-
ties were calculated and compared.

Results: Patients were allocated into two cohorts depending on
whether they received an US (239/431) or CT (192/431). Clinical
symptoms and laboratory values were noted and analyzed for the
significance of mesenteric lymphadenitis in conjunction with appen-
dicitis and for differential diagnosis. A total of 182 CT cases and 227
US cases were verified as appendicitis via histopathology report. The
overall sensitivity and specificity of CT imaging were determined to
be 91.2% and 70%, respectively, while the sensitivity and specificity
for US imaging were 52.8% and 83.3%.

Conclusion: Helical CT imaging in the pediatric population has pro-
vided a higher sensitivity and diagnostic accuracy for AA. However,
the diagnostic benefit of US cannot be excluded in this patient popu-
lation. Further research is needed on whether CT imaging should be
used primarily for the diagnostic approach to AA in pediatric patients
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Introduction

Acute abdominal pain is one of the most common complaints
in the pediatric population presenting to the emergency depart-
ment. It is usually a symptom of a self-limiting condition such
as constipation, mesenteric lymphadenitis, gastroenteritis, or a
viral illness [1]. There is an ongoing challenge for physicians
to distinguish severe, potentially life-threatening conditions
such as appendicitis, and whether further evaluation and emer-
gent treatment is necessary [1, 2]. Accurate diagnosis of acute
appendicitis (AA) in pediatric patients further complicates the
challenge for physicians due to the presentation of atypical
symptoms [3]. At our institution, ultrasonography (US), used
in conjunction with a thorough history and physical exam, is
often the primary diagnostic tool. While US is a relatively safe
option for diagnosing AA in children due to the lack of radia-
tion exposure, literature has shown equivocal findings and the
need for a better and more definitive diagnostic approach [4].

Ongoing research to utilize more accurate and reliable
methods to correctly diagnose appendicitis has been challeng-
ing. The use of computed tomography (CT) for appendicitis
has shown promise with slightly higher sensitivity and speci-
ficity as a diagnostic approach. In a meta-analysis conducted
in 2007 comparing the diagnostic accuracies of CT vs. US in
adult patients with appendicitis, CT scans provided a higher
sensitivity (88.4% vs. 76%) and specificity (90.4% vs. 89.4%)
when compared to US [4, 5]. However, there is concern wheth-
er this approach is suitable for children and adolescent patients
due to the relatively high amount of radiation a child is ex-
posed to when undergoing CT imaging [6].

A confounding illness associated with AA is mesenteric
lymphadenitis (ML). ML can pose difficulty for emergency
room (ER) physicians and surgeons when trying to diagnose
AA. ML is an inflammatory response of the abdominal lymph
nodes, commonly the para-aortic and ileo-cecal nodes causing
pain localized to the right lower quadrant [7]. ML may be a
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sequela of a viral (rotavirus or norovirus) or bacterial (Yersinia
enterocolitica) gastroenteritis, and a common occurrence in
patients suffering from AA [7, 8].

The purpose of this study was to determine and compare
the diagnostic accuracy of helical CT versus graded com-
pression US for the diagnosis of appendicitis in a pediatric
population (aged 5 - 18 years). The associated symptomatic
complaints were considered and studied for the purpose of de-
termining whether ML when present with AA versus AA alone
will allow for a better, safer and more accurate diagnostic ap-
proach in the emergency department.

Materials and Methods

Patient selection

Between January 2011 and December 2013, 431 pediatric pa-
tients (5 - 18 years old) who presented to St. Joseph’s Regional
Medical Center’s emergency department with acute abdominal
pain who received either a CT scan or US for the diagnosis of
appendicitis and ML were reviewed. This study was conducted
as retrospective observational review approved by the St. Jo-
seph’s University Medical Center Institutional Review Board.
Exclusion criteria included patients who were diagnosed with
appendicitis, but did not present with acute abdominal pain, in-
dividuals not in the specified age range and patients who were
determined to have developmental delay. Of the subjects in-
cluded, the data collection per each patient comprised of their
age, sex, additional symptoms (nausea, vomiting, diarrhea,
constipation, upper respiratory infection: cough or conges-
tion), laboratory findings (white blood cell (WBC) with dif-
ferential and SMA-7), ER management (medication received
and fluids received), radiological findings (US and CT) and
histopathological reports.

US and CT

CT cases utilized a multi-view, 2.5 - 5.0 mm slice thickness
(dependent on the size and weight in kilograms of the patient),
with a 16-slice or 64-slice scanner. Contrast was given prior to
imaging when the need for CT diagnosis was not determined to
be emergent. Oral, IV, or rectal route of contrast administration
was administered on a case dependent basis on whether the
child could tolerate consuming oral contrast. General guide-
lines for diagnosing appendicitis via CT included a diameter
greater than 6.5 mm, with associated peri-appendiceal inflam-
mation, fluid, or appendicoliths [9].

US cases involved a linear transducer to identify and ac-
cess the quality and extent of disease to the appendix for the
majority of patients. A curvilinear transducer was used in pa-
tients with a large body habitus in order to gain adequate depth.
AA was diagnosed following the general guidelines of an outer
appendicular diameter greater than 6 - 7 mm, non-compressi-
ble (in non-perforated cases) and lack of peristalsis [10].

US and CTs were interpreted as positive, negative, or non-
diagnostic for AA. Radiographic findings were correlated with

22 Articles © The authors | Journal compilation © ] Curr Surg and Elmer Press Inc™

Table 1. Demographics and Radiologic Distributions

Patients (n) 431
Age at operation, years (mean + SD) 12.29 +£3.87
Gender (male/female) 259/172
CT/US cohorts 192/239

CT (+) 169

CT (-/equivocal) 23

UsS (+) 122

US (-/equivocal) 117

CT/US (+) is indicative of positive appendicitis per radiology report. CT/
US (-/equivocal) is indicative of negative appendicitis, appendix not vis-
ible, or unclear on radiology report. SD: standard deviation; CT: com-
puted tomography; US: ultrasound.

the histopathological reports after operative intervention. The
sensitivity and specificity of each imaging modality was calcu-
lated and compared. Radiological diagnosis of ML was defined
as three or more lymph nodes visible with a short axis diameter
of 5 mm or greater located in the right lower quadrant [11].

Statistical analysis

SPSS version 18 and Graphpad version 6.0 were utilized for
analyzing data. Numerical values of analyzed data were com-
pared and displayed graphically. Sensitivities and specificities
for CT and US were calculated using two-by-two tables. A P
value of < 0.05 was considered statistically significant.

Results

A total of 431 patients who underwent CT or US for the diag-
nosis of appendicitis were reviewed. Patients were designated
into a CT cohort (n = 192, 44.5%) or a US cohort (n = 239,
55.5%) (Table 1). All patients from both cohorts had a sur-
gical specimen sent for an official histopathological report. A
total of 182 (94.8%) and 227 (94.9%) of the cases within the
CT and US cohorts respectively were verified as appendicitis
through histopathological confirmation (Table 2). The sensi-
tivity and specificity for CT was calculated, providing 91.2%
and 63.3% respectively in regards to correctly diagnosed ap-
pendicitis when compared to pathology reports. The US cohort
had an overall sensitivity and specificity calculated at 52.8%
and 83.3%, respectively (Table 2). The positive predictive val-
ues (PPVs) for both cohorts were relatively similar. The US
cohort’s PPV was calculated at 98.4%, while the CT cohort’s
PPV was slightly lower at 97.6% (Table 2).

Of the 431 patients, 423 were evaluated for the incidence
of ML in association with AA. In this patient population, 109
(25.8%) were identified as positive for ML, while 314 (74.2%)
were diagnosed with AA without the incidence of ML (Table
2). Male gender was found to have a significantly higher inci-
dence of AA (n =259, 60.1%) when compared with females (n
=172, 39.9%). Nearly half (45.6%) of the patient population
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Table 2. Radiologic Accuracy in Conjunction With Pathology
Report and Incidence of ML

CT/US cohorts
CT sensitivity/specificity (%)* 91.16%/63.63%
CT PPV (%) 97.63%
US sensitivity/specificity (%)* 52.86%/83.33%
US PPV (%) 98.36%
Positive pathology (n, %)
CT 182 (94.8%)
UsS 227 (94.9%)
ML (n, %) 109 (25.8%)

*Low number of subjects calculated for specificity which may not be
congruent with available literature [5, 9]. PPV: positive predictive value;
ML: mesenteric lymphadenitis; CT: computed tomography; US: ultra-
sonography.

who presented with acute abdominal pain between 13 and 18
years of age was diagnosed with AA. ML decreased signifi-
cantly after the first decade of life. ML was confirmed in 35%
of the cases between ages 5 and 8 years, with the incidence re-
ducing to 19% in patients between the ages of 13 and 18 years
who presented with acute abdominal pain (Fig. 1).

Several clinical symptoms were analyzed in associa-
tion for the occurrence of AA. The prevalence of vomiting
without associated diarrhea or constipation was a statistically
significant finding in this study population (P < 0.05) (Fig.
2). There were equivocal laboratory values in patients with

AA; however, it was determined an elevation in segmented
neutrophils was much more likely than leukocytosis (Fig. 3).
Associated fever, whether measured at home or in the emer-
gency department, was not statistically significant when di-
agnosing AA in pediatric patients presenting with acute ab-
dominal pain (Fig. 4).

Discussion

The diagnostic approach to acute abdominal pain in pediatric
patients has grown increasingly depending on imaging stud-
ies over the last two decades [12]. Technological advancement
also places a financial impact on the health care services that
are attainable and available for improving the quality of treat-
ment [12, 13]. While US remains a first-line method for diag-
nosing AA, in this study, 91 patients who had an appendix that
was not visible, negative, or an unclear imaging report had a
follow-up CT scan, where 85 of these patients were diagnosed
with AA which was further validated with the pathologic find-
ings. Figure 5 displays a normal appearing appendix (< 6 mm
in diameter) on US in a 9-year-old child. Figures 6 and 7 show
CT images of the same child showing a ruptured appendix with
significant right lower quadrant fluid accumulation. The Alva-
rado scoring system consists of clinical and laboratory values
used in an attempt to stratify patients into low, intermediate
and high risk for appendicitis [14]. This scoring system was
not utilized in our study due to several of the subjective criteria
being unavailable upon retrospective analysis. However, the
Alvarado scoring system may be useful in future studies for

Incidence of AA with ML vs. AA without ML
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Figure 1. Incidence of ML decreases significantly after the first decade of life (P = 0.012). ML: mesenteric lymphadenitis.
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Associated symptoms in patients with acute
appendicitis
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Figure 2. Vomiting is a likely symptom of acute appendicitis without the presentation of constipation or diarrhea (P = 0.0001).
Subjective assessment for nausea as a symptom of acute appendicitis was insignificant (P = 0.056).

patients under the age of 13 where appendicitis is less likely where a high Alvarado score is reported, physicians may be
and misdiagnosis is typically higher [15]. In emergent cases able to use this score as a method to triage patients [14]. In

Laboratory values in patients with AA
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Figure 3. Patients diagnosed with acute appendicitis were more likely to have elevated segmented neutrophils than leukocytosis
on complete blood cell (P = 0.006). WNL: within normal limit.
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Prevalence of fever measured at home and
hospital
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Figure 4. Insignificant findings in study population (P = 0.615 and 0.165 at home and in the hospital, respectively).

these cases, the use of a CT scan may supersede the initial im-
aging with US for improved diagnostic accuracy and prevent-
ing delays in surgical intervention.

Literature has supported higher sensitivity and specificity
for CT imaging over US for diagnosing AA in adult patients [5,
9, 10, 12]. There is minimal literature to support such claims in
pediatric patients. The lower specificity for CT when compared
with US in this study may have been influenced by a small
patient population and further research is needed to support
these findings. Further drawbacks to CT imaging such as cost

SAG RLQ

effectiveness, radiation exposure and overall time constraints
may prevent CT from being regarded as the first-line imaging
modality in children with acute abdominal pain. The specific-
ity and sensitivity of US and CT imaging remained consistent
throughout the age range of 5 - 18 in this study. Subjective de-
cision making on what imaging modality to utilize in the pedi-
atric population for acute abdominal pain varies from case to
case and may also be influenced on whether a general surgeon
or ER physician was the ordering physician [12].

Differential diagnosis for acute abdominal pain is a crucial
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Figure 5. Abdominal US displaying a normal diameter (< 6 mm) in a 9-year-old child with suspected appendicitis. Red arrow

indicates appendix. US: ultrasonography
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Figure 6. Coronal CT imaging of the same child suggesting ruptured
appendicitis (red arrow) with extensive peritonitis in the pelvis and free
fluid in the pelvis (blue arrow). CT: computed tomography.

aspect of determining the correct treatment for a patient and
minimizing hospital length of stay and unwarranted future
ER visits. The aim of this study was to evaluate the potential
confounding ability of ML in patients complaining of abdomi-
nal pain and how likely it is to be present when a patient has
AA. ML primarily occurs in children in their first decade of
life and decreases significantly after the age of 20 [7, 8]. Our
study was largely inconclusive in determining alarm symp-
toms for patients with ML when compared to AA and patients
who had ML as a symptom of AA. This may be a consequence
of subjectivity in patients’ responses while taking a thorough
history and whether or not ML was noted in the US and CT
report.

Pediatric patients with AA have historically been misdiag-
nosed in 7.5-37% of the time [15]. Gastrointestinal symptoms
such as nausea, vomiting, constipation and diarrhea are com-
mon complaints in pediatric ERs, and may be associated with
acute gastroenteritis, the most common inflammatory condi-
tion within the abdomen in children [15, 16]. In this study
vomiting was found to be present in over 60% of patients;
however, the finding of nausea was only reported in slightly
over 40% of the cases. This discrepancy between nausea and
vomiting may be attributed to nauseating symptoms being
masked by abdominal pain. A previous 2007 study by Chang
et al highlighted misdiagnosed cases of AA, in which 70% of
those patients also had elevated WBC counts [15]. The advent
of leukocytosis may be a helpful clue in accessing patients
suspected of AA. Contradictory findings in our study showed
only 45% of patients had elevated WBC counts above the nor-
mal range. The retrospective approach to this study limited the
ability to analyze the length of clinical symptom complaint and
abnormal laboratory values. Diagnostic accuracy for AA has
been found to be > 80% when leukocytosis is noted for longer
than 49 h [15].

Limitations of this study include the retrospective research
protocol, failure to consider cost effectiveness, as well as strat-
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Figure 7. Transverse abdominal section of CT imaging consistent with
ruptured appendicitis (red arrow) and significant pelvic fluid accumula-
tion (blue arrow) previously missed on abdominal US. CT: computed
tomography; US: ultrasonography.

ification of clinical symptoms and lab values, also, failure to
consider the type of physician ordering the imaging tests, and
whether a child received oral, IV, rectal, or non-contrast CT
images. Lastly, potential adverse effects of radiation exposure
may pose a limitation.

In conclusion, helical CT has been shown to have a
significantly higher sensitivity and accuracy in diagnosing
appendicitis in the pediatric population at our institution.
However, this does not diminish the benefits of US in the
diagnostic algorithm. The higher specificity seen in this study
population demonstrates US is a useful tool in ruling out ap-
pendicitis in the appropriate clinical setting. US provides a
short acquisition time and lack of ionizing radiation, which
make it an ideal imaging modality for pediatric patients with
suspected AA. However, further studies are needed to deter-
mine which cases of abdominal pain may warrant a CT scan
instead of an US for the preliminary diagnosis of AA in pedi-
atric patients.
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