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Study objective: Advanced imaging with computed tomography (CT) or ultrasonography is frequently used to
evaluate for appendicitis. The duration of the abdominal pain may be related to the stage of disease and
therefore the interpretability of radiologic studies. Here, we investigate the influence of the duration of pain on
the diagnostic accuracy of advanced imaging in children being evaluated for acute appendicitis.

Methods: A secondary analysis of a prospective multicenter observational cohort of children aged 3 to 18 years
with suspected appendicitis who underwent CT or ultrasonography was studied. Outcome was based on
histopathology or telephone follow-up. Treating physicians recorded the duration of pain. Imaging was coded as
positive, negative, or equivocal according to an attending radiologist’s interpretation.

Results: A total of 1,810 children were analyzed (49% boys, mean age 10.9 years [SD 3.8 years]); 1,216 (68%)
were assessed by CT and 832 (46%) by ultrasonography (238 [13%] had both). The sensitivity of
ultrasonography increased linearly with increasing pain duration (test for trend: odds ratio!1.39; 95%
confidence interval 1.14 to 1.71). There was no association between the sensitivity of CT or specificity of either
modality with pain duration. The proportion of equivocal CT readings significantly decreased with increasing pain
duration (test for trend: odds ratio!0.76; 95% confidence interval 0.65 to 0.90).

Conclusion: The sensitivity of ultrasonography for appendicitis improves with a longer duration of abdominal pain,
whereas CT demonstrated high sensitivity regardless of pain duration. Additionally, CT results (but not ultrasonographic
results) were less likely to be equivocal with longer duration of abdominal pain. [Ann Emerg Med. 2012;60:582-590.]
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INTRODUCTION
Background

Computed tomography (CT) and ultrasonography are
commonly used in the diagnostic evaluation for appendicitis.
Both imaging modalities were originally purported to improve
outcomes related to pediatric appendicitis.1-8 CT and
ultrasonography have decreased the incidence of negative
appendectomy results; however, there has not been a
measureable reduction in appendiceal perforation rate.9-12

CT has greater diagnostic accuracy over ultrasonography for
diagnosing acute appendicitis.13 However, because of increasing
concern over long-term cancer risk, routine use of CT is being
reappraised.14-17 Recently, a trend of increased reliance on
ultrasonography and decreased use of CT for children with
appendicitis was observed among large US pediatric hospitals.18

To our knowledge, no previous investigations have assessed
the performance of CT and ultrasonography according to the
duration of abdominal pain. Although not completely
predictable, the duration of abdominal pain is associated with
the severity of disease, with the risk of appendiceal perforation
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generally occurring after 24 to 48 hours’ duration of
symptoms.19,20

Importance
Theoretically, advanced imaging performed at the earliest

stages of disease, when the disease might be less “macroscopic,”
could lead to false-negative results. The relatively easy access to
emergency care for most US children may lead to children
presenting early in the course of disease. Under these
conditions, we postulate that the performance of diagnostic
imaging may be diminished. If the accuracy of diagnostic
imaging varies by the duration of symptoms, clinicians should
determine the optimal timing of advanced imaging for children
with equivocal clinical findings for appendicitis and no signs of
peritonitis or ill appearance.

Goals of This Investigation
We investigated the test performance characteristics of CT

and ultrasonography according to the duration of abdominal
pain in children being assessed for appendicitis.

MATERIALS AND METHODS
Study Design and Setting

We conducted a secondary analysis of a prospective
multicenter observational study whose aim was to validate and
refine a clinical prediction rule for appendicitis.21 The parent
study enrolled children with suspected appendicitis at 9
pediatric emergency departments (EDs) that were members of

the Pediatric Emergency Medicine Clinical Research
Committee of the American Academy of Pediatrics. Subjects
were enrolled from March 2009 through April 2010. The study
was approved by each site’s institutional review board. Six
boards granted a waiver of written consent or assent, and we
obtained verbal consent. At the 3 remaining sites, we obtained
written consent from the guardians and assent from children
aged 7 years and older.

Selection of Participants
ED patients who were aged 3 to 18 years and presented with

acute abdominal pain ("96 hours’ duration of symptoms) and
possible appendicitis were enrolled. We defined “possible
appendicitis” for patients whose treating physician obtained
blood tests, radiologic studies (CT or ultrasonography), or a
surgical consultation for the purpose of diagnosing appendicitis.
Radiologic studies or surgical consultations were obtained at the
discretion of the treating physician. Each site followed internal
protocols for its imaging standards. We excluded patients with
any of the following conditions: pregnancy, previous abdominal
surgery, chronic gastrointestinal condition, or severe
developmental delay (that might interfere with an accurate
clinical assessment). We also excluded patients who had
radiologic studies (CT or ultrasonography) performed before
ED arrival. For this secondary analysis, we included only those
patients who had abdominal pain for less than 72 hours and had
an abdominal CT or ultrasonography.

Data Collection and Processing
Site primary investigators received a manual of operations

and were instructed on proper completion of case report forms.
They subsequently conducted instructional sessions with
clinicians. A pediatric emergency physician (attending or fellow)
completed a standardized case report form that included the
duration of abdominal pain coded categorically in hours as less
than 12, 13 to 24, 25 to 36, 37 to 48, or 49 to 72. A resident
physician, nurse practitioner, or physician assistant was allowed
to complete the ED assessment form, with attending physician
oversight. Each clinician completed case report forms before
knowledge of CT or ultrasonographic results (and needed to
attest to that on the form). For 31% of children enrolled in the
parent study, a second physician completed a form; the !
statistic for duration of abdominal pain was 0.73 (95%
confidence interval [CI] 0.67 to 0.78).22 The time of the
examination and completion of survey was recorded, and a
decision was made to exclude all cases in which the time
between the questionnaire completion and imaging was greater
than 8 hours to avoid misclassification of cases by the duration
of symptoms.

Research assistants entered data for electronic transfer to a
central data management warehouse. Quality assurance practices
at the data warehouse included checks for missing and duplicate
data. The timing and results of the imaging studies were
collected from the medical record by research assistants using

Editor’s Capsule Summary

What is already known on this topic
The role of computed tomography (CT) and
ultrasonography in children with suspected
appendicitis is controversial.

What question this study addressed
In children with suspected appendicitis, does the
duration of previous abdominal pain affect the
diagnostic accuracy of ultrasonography or CT?

What this study adds to our knowledge
In this multicenter analysis of 1,810 children, there
was an enhancement of ultrasonographic sensitivity
(but not specificity) with a longer duration of
symptoms but no such time-related variance with
CT.

How this is relevant to clinical practice
In children with suspected appendicitis, CT is
highly sensitive regardless of symptom duration,
whereas ultrasonography is less sensitive with less
than 48 hours of pain.

Bachur et al Duration of Pain Influences Performance of Diagnostic Abdominal Imaging

Volume !", #$. % : November &"'& Annals of Emergency Medicine 583



abstraction rules. The research assistants were not blind to the
outcomes.

For coding of the radiology reports, the following abstraction
rules were used:
! CT:

X Normal: appendix visualized and no evidence of
appendicitis; or no visualization of appendix plus no
secondary signs of appendicitis (periappendiceal fat
stranding, presence of an appendicolith, free fluid
collection or abscess in the right lower quadrant/pelvis,
focal thickening of the cecal wall [#2 mm]).

X Positive: findings “consistent with” or “positive for”
appendicitis; notations such as “likely” or “probable”
appendicitis were also considered positive. Indications of
perforated appendicitis were coded as appendicitis.

X Equivocal: findings “unclear,” “unsure,” “not conclusive,”
or “equivocal” for appendicitis.

! Ultrasonography:
X Normal: appendix was visualized and no evidence of

appendicitis, or appendix was not visualized but no
secondary signs of appendicitis (increased echogenicity of
the mesenteric fat, fluid collection in the right lower
quadrant, local dilatation of small bowel loop).

X Positive: report explicitly stated “appendicitis” or
“consistent with appendicitis” or the radiologist used the
words “likely” or “possible” appendicitis. If no formal
impression, the report was coded positive for appendicitis
when the appendix was visualized and text indicated a
dilated, noncompressible tubular structure or appendix
dilated with a wall diameter greater than 6 mm.

X Equivocal: report indicated that the appendix was not
visualized but secondary signs of appendicitis were present
or final impression stated “unclear,” “unsure,”
“uncertain,” or “not conclusive,” or the findings were
“equivocal” for appendicitis.

Outcome Measures
The primary outcome was the presence or absence of

appendicitis. For those patients who underwent an operation,
we determined the presence of appendicitis from the attending
pathologist’s written report. Presence or absence of perforation
was determined from the attending surgeon’s operative report.

For patients discharged without an operation, we conducted
telephone follow-up between 1 and 2 weeks postvisit to
determine the resolution of signs and symptoms, visits to other
sites of care, and need for any surgery. If we were unable to
contact the guardian, research coordinators reviewed the
medical record for the 90 days after the ED visit to determine
whether the patient underwent an operation at the index
facility.

Primary Data Analysis
Descriptive analyses were performed to characterize the study

population. We calculated standard test performance
characteristics of CT and ultrasonography within subgroups

according to the duration of pain. We conducted a subanalysis
for cases with appendiceal perforation (as determined by the
surgeon’s operative note). CIs were calculated for proportions
with Stata (version 12.0; StataCorp, College Station, TX). Tests
of trend were performed across the ordinal scale for duration of
abdominal pain, using logistic regression models. We analyzed
patients with equivocal imaging results in 2 ways: (1) equivocal
imaging cases excluded; or (2) equivocal imaging treated as a
positive result to provide the maximal estimates of sensitivity,
assuming that children with equivocal imaging results would be
managed operatively, have further imaging (especially if
ultrasonography was the initial study), or be hospitalized for
observation. To account for the potential correlation in imaging
practices and results among patients within a given hospital, we
used robust standard error estimates clustered on hospital,
which allow intrahospital correlation, relaxing the assumption
that observations from the same hospital are independent.

RESULTS
Characteristics of Study Subjects

We enrolled 2,349 children in the parent study. Of these,
80% (n!1,884) underwent an imaging study (CT only
n!1,016; ultrasonography only n!586; both CT and
ultrasonography n!282). Among this subsample, the duration
of time from the physical examination to the imaging studies
varied (CT median 2.8 hours, interquartile range 1.7, 4.5;
ultrasonography median 1.7 hours, interquartile range 0.9, 2.8;
see Figure E1 in Appendix E1, available online at http://www.
annemergmed.com). A small proportion (5%; n!89) of
patients waited an extended period for an imaging study (#8
hours) and were excluded. Thus, the final subsample for the
current analysis consisted of the patients who reported an
abdominal pain duration of less than 72 hours, underwent CT
or ultrasonography, and waited less than 8 hours from the time
of their clinical examination to their imaging study (n!1,810;
n!1,216 and 832 for CT and ultrasonography, respectively;
Figure 1).

The demographic and clinical characteristics of our study
population by imaging modality are displayed in Table 1.
Thirty-eight percent (n!680) had appendicitis, including 26%
(174/680) with perforated appendicitis. The most frequent
abdominal pain duration reported across all 3 subgroups was the
12- to 23-hour category, followed by less than 12 hours and 24
to 35 hours.

Final outcomes for the study patients included operative care
in 40.2% of patients (n!728; 670 with appendicitis and 58
with negative appendectomy). Of those who did not undergo
surgery (n!1,082), follow-up telephone calls were conducted
for 957 patients (88.6%); the remainder who could not be
reached by telephone were subjected to chart review (n!123;
11.4%; data on the method of follow-up was missing for 2
patients). The choice of imaging modality, as well as final
patient outcomes, is displayed in Figure 2.

First, we assessed imaging performance as a function of
abdominal pain duration, with equivocal-imaging cases
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excluded (Table 2). The duration of abdominal pain was not
associated with the sensitivity or specificity of CT to diagnose
appendicitis. However, we detected an increasing sensitivity and
negative predictive value for ultrasonography with longer
duration of abdominal pain (Table 2, Figure 3). No association
was found for the specificity of ultrasonography and pain
duration. A subanalysis by sex yielded similar results. Next, we
repeated the analysis but included cases that had equivocal
imaging results (treated as a positive result); the findings were
similar to those of the first analysis (Table 2). For the subsample
of patients who had both a CT and ultrasonography, the results
were also similar (Table 3). When we repeated these analyses
while including patients who waited greater than 8 hours for an
imaging study, the results did not change.

The equivocal CT rate decreased with increasing pain
duration (test for trend: odds ratio!0.76, 95% CI 0.65 to 0.90;
Figure 4). There was no association between pain duration and
the proportion of equivocal ultrasonography.

We investigated the association between imaging, abdominal
pain duration, and the presence of perforated appendicitis.
Overall, 174 (9.7%) of the study sample received a diagnosis of
perforated appendicitis. The risk for perforated appendicitis
increased significantly with increasing abdominal pain duration,
with rates of 3.0%, 7.6%, 13.0%, 15.2%, and 23.3% from the
shortest to the longest pain duration categories (test for trend:
odds ratio!1.65; 95% CI 1.50 to 1.82). Among cases with
perforation, there was no association between the duration of
abdominal pain and the sensitivity of CT (n!133; P#.05; odds
ratio!1.03; 95% CI 0.61 to 1.75). However, there was a
statistically significant association between the duration of
abdominal pain and the sensitivity of ultrasonography (n!61;
P".001; test for trend: odds ratio!2.08; 95% CI 1.44 to 3.01).

For patients with perforated appendicitis, the sensitivities of
ultrasonography (by category of duration; "12, 13 to 24, 25 to
36, 37 to 48, and 49 to 71 hours) for appendicitis were 83%,
80%, 85%, 100%, and 100%, respectively.

LIMITATIONS
The major challenge in studying diagnostic imaging for

appendicitis is the varying thresholds of emergency physicians or
surgeons to rely on imaging for the evaluation of abdominal
pain; this study did not try to define clinical thresholds for
imaging or account for other diagnoses being considered.
Because of this, the test characteristics reported reflect a
population for whom imaging was believed to be indicated.
Additionally, for the final outcome of appendicitis, we were able
to reach only 88.6% of patients without operative care; this
raises the possibility of misclassifying patients with false-negative
imaging results if they ultimately received a diagnosis of
appendicitis at another institution. The analysis is also limited
by the use of large time intervals rather than time as a
continuous variable; time intervals are practical for most patients
who cannot recall the exact onset of their pain but tend to lessen
the power of analysis for a study focused on elapsed time. This
analysis is limited further by a time increment between the
completion of the case report form and the radiologic study. We
tried to minimize the effect of long delays by removing patients
who had intervals greater than 8 hours between completion of the
case report form and CT or ultrasonography; the analysis was
repeated without excluding these patients and appears in Appendix
E1 as supplementary Tables E1 and E2 (available online at http://
www.annemergmed.com). Additionally, not all the centers had
similar experience with ultrasonography; operator skill and
experience are known to affect test performance for
ultrasonography. Each site followed its own standard protocols for
image acquisition, which were not studied but likely varied between
sites.

DISCUSSION
Appendicitis is the most common pediatric surgical

emergency, accounts for 5% of urgent pediatric outpatient visits
for abdominal pain,23 and carries a lifetime risk of 8.6% for
boys and 6.7% for girls.24 Because appendicitis is so common,
clinicians are familiar with its typical presentation, but many
patients present with atypical findings.25 Given these
circumstances of a common disease but often a difficult
diagnosis, previous research has focused on the development of
clinical decision rules and scoring systems to guide the
management of patients with suspected appendicitis. Despite
considerable efforts to develop and validate clinical scoring systems
and decision rules, their performance is inadequate for clinical
management.26-29 Thus, cross-sectional imaging with CT and
ultrasonography has been studied and commonly used to improve
the diagnostic evaluation of children with possible
appendicitis.2,3,5,30-35 Although not the intent of the developers of
the clinical scoring systems, recent adaptations recommend

Total Sample,
n=2349 

n=1884

Analysis Subsample:
n=1810

CT: n=1216; US: n=832

Equivocals Excluded: 
N=1622

CT: n=1146; US: n=713

Not imaged, 
n=465

>8 hours wait 
for imaging, 

n=89

Figure 1. Pediatric patients included in the analysis
subsample. US, ultrasound.
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Figure 2. Flow diagram to indicate the number of patients who had each imaging modality, the results of the imaging, and
the final outcomes (rectangles). Fifteen patients who had both imaging modalities are not shown in Figure 2 because there
is conflicting data regarding the order of the 2 studies.

Table 1. Demographic and clinical characteristics of pediatric patients with suspected appendicitis evaluated with advanced
imaging in the ED.*

Demographic and Clinical
Characteristics

CT or Ultrasonography,
n!1,810 CT, n!1,216

Ultrasonography,
n!832

Age, median (IQR), y 10.8 (8.0,13.9) 10.9 (8.1,14.0) 11.1 (8.1,13.9)
Sex, male 879 (49) 597 (49) 379 (46)
Focal pain, right lower quadrant 1417 (78) 950 (78) 654 (79)
Final diagnosis of appendicitis 680 (38) 454 (37) 297 (36)
Perforated appendicitis

†
174 (10) 133 (11) 61 (7)

Equivocal imaging findings 185 (10) 70 (6) 119 (14)
Duration of abdominal pain, h

"12 528 (29) 344 (28) 252 (30)
12–23 592 (33) 401 (33) 272 (33)
24–35 330 (18) 220 (18) 153 (18)
36–47 171 (9) 122 (10) 72 (9)
48–71 189 (10) 129 (11) 83 (10)

IQR, Interquartile range.
*Data are presented as No. (%) unless indicated otherwise.
†Perforation defined by the surgeon’s operative note.
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adjunctive imaging for indeterminate scores,26-28,36 and one
decision rule was specifically created to limit CT use in low-risk
patients.37

Cross-sectional imaging has improved the negative
appendectomy result rate, yet advanced imaging has not been

reliably shown to reduce the rate of perforation.10,12,32,38-46 CT
has much higher accuracy than ultrasonography, as reported in a
2006 meta-analysis by Doria et al,13 with pooled estimates of
sensitivity (CT 94%, 95% CI 92% to 97%; ultrasonography
88%, 95% CI 86% to 90%) and specificity (CT 95%, 95% CI

Table 2. Sensitivity and specificity of CT and ultrasonography for the diagnosis of appendicitis among pediatric patients in the ED,
with and without the inclusion of equivocal cases.

Test Characteristics Duration of Abdominal Pain, Hours Test for Trend: Odds Ratio (95% CI)

Equivocal cases removed
CT (n!1,146) "12 12–23 24–35 36–47 48–71

Sensitivity 0.98 0.94 0.98 0.96 0.96 0.98 (0.74–1.31)
Specificity 0.97 0.97 0.96 0.97 0.96 0.91 (0.67–1.25)
PPV 0.94 0.95 0.94 0.96 0.94 1.02 (0.76–1.38)
NPV 0.99 0.96 0.98 0.97 0.97 0.88 (0.64–1.22)

Ultrasonography (n!713)
Sensitivity 0.79 0.79 0.85 0.89 0.96 1.40 (1.14–1.73)
Specificity 0.96 0.97 0.99 0.95 0.98 1.15 (0.80–1.66)
PPV 0.90 0.93 0.98 0.89 0.96 1.26 (0.92–1.72)
NPV 0.90 0.89 0.89 0.95 0.98 1.26 (1.02–1.54)

Equivocal cases included as positive
CT (n!1,216)

Sensitivity 0.98 0.94 0.98 0.96 0.96 0.96 (0.72–1.28)
Specificity 0.92 0.91 0.90 0.90 0.96 1.07 (0.89–1.27)
PPV 0.85 0.86 0.87 0.87 0.94 1.19 (0.96–1.46)
NPV 0.99 0.96 0.98 0.97 0.97 0.88 (0.64–1.22)

Ultrasonography (n!832)
Sensitivity 0.81 0.81 0.87 0.92 0.96 1.39 (1.14–1.71)
Specificity 0.81 0.80 0.86 0.85 0.84 1.10 (0.96–1.25)
PPV 0.67 0.68 0.83 0.77 0.74 1.19 (0.94–1.50)
NPV 0.90 0.89 0.89 0.95 0.98 1.26 (1.02–1.54)

PPV, Positive predictive value; NPV, negative predictive value.
Equivocal results treated as a positive test result (see text). Statistical analyses adjusted for clustering on hospital.
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Sensitivity, 95% Confidence Interval

Specificity, 95% Confidence Interval

Duration of Abdominal Pain in Hours
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A

B

Figure 3. A, Sensitivity and specificity of CT and ultrasonography to detect appendicitis, excluding equivocal cases. B,
Sensitivity and specificity of CT and ultrasonography to detect appendicitis, including equivocal cases.
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94% to 97%; ultrasonography 94%, 95% CI 92% to 95%).
Recently, there have been increasing concerns about exposure to
ionizing radiation from medical diagnostics, especially for
children. Consequently, recent efforts have tried to minimize
the use of CT in favor of increased reliance on
ultrasonography.13,17,47-54

For patients with a “textbook” presentation of acute
appendicitis, the decision to proceed with operative care
without advanced imaging can be straightforward. Additionally,
for patients with prolonged symptoms and findings concerning
for appendiceal perforation with abscess, imaging is often used
to guide management. However, when the child presents
acutely with equivocal clinical findings but a concern for
appendicitis, diagnostic imaging is often used. Among US
children with appendicitis and presenting to a major US
pediatric hospital in 2009, the CT and ultrasonographic use was
29% and 24%, respectively.18 The major outcomes for ED care
of children with suspected appendicitis relate to timely and
accurate diagnosis: minimize missed appendicitis, avoid
misdiagnosis leading to negative appendectomy results, and
proper identification of appendicitis before perforation. For
each of these outcomes, diagnostic imaging serves a key role

when there is clinical uncertainty. Logically, more advanced
disease should be more visible by CT or ultrasonography, yet
the test characteristics of CT and ultrasonography have not been
previously studied according to the duration of pain.

In this study, we evaluated the diagnostic performance of
ultrasonography and CT according to the duration of
abdominal pain. Most important, we showed that
ultrasonographic sensitivity increases from 81% in the first 12
hours of pain to 96% after 48 hours of pain. Similarly, the
negative predictive value increased with the duration of pain,
with a marked improvement after 36 hours. Overall, the
sensitivity of ultrasonography in the subgroup of patients with
perforated appendicitis was even higher than for nonperforated
appendicitis and increased with the duration of pain. The
sensitivity of CT is not similarly affected by the duration of
pain, but the frequency of equivocal readings is highest in
the first 12 hours of pain and decreases over time. The
specificity of ultrasonography and CT was not affected by
duration of pain.

With these findings, clinicians should not rely on
ultrasonography early in the course of illness. When an
ultrasonographic result is obtained and negative, clinicians

Table 3. Sensitivity and specificity of CT and ultrasonography for the diagnosis of appendicitis among pediatric patients in the ED
who were imaged with both modalities (n!238).*

Test Characteristics Duration of Abdominal Pain, Hours Test for Trend: Odds Ratio (95% CI)

Equivocal cases included as positive
CT "12 12–23 24–35 36–47 48–71

Sensitivity 0.95 0.96 1.00 1.00 1.00 2.62 (0.82–8.34)
Specificity 0.92 0.91 0.87 0.93 1.00 1.17 (0.78–1.76)
PPV 0.82 0.82 0.76 0.89 1.00 1.26 (0.70–2.27)
NPV 0.98 0.98 1.00 1.00 1.00 2.37 (0.68–8.26)

Ultrasonography
Sensitivity 0.47 0.46 0.54 0.75 0.86 1.52 (1.22–1.89)
Specificity 0.82 0.79 0.83 0.93 0.69 0.96 (0.66–1.40)
PPV 0.50 0.48 0.58 0.86 0.54 1.18 (0.68–2.04)
NPV 0.80 0.78 0.81 0.88 0.92 1.20 (0.94–1.53)

*Statistical analyses adjusted for clustering on hospital.

Figure 4. The proportion of pediatric patients with equivocal CT and ultrasonographic findings across subgroups of patients
stratified by abdominal pain duration.
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might choose a period of observation, potentially followed by
repeated ultrasonography (or CT) if clinical suspicion
remains. The improved performance of ultrasonography over
time indicates that this strategy of repeated ultrasonography
should be considered as an option rather than performance
of a CT subsequent to an inconclusive ultrasonographic
result. For patients with mild focal right lower quadrant pain
for less than 24 hours but an otherwise well appearance,
another option would be to forgo imaging and monitor the
patient with repeated examinations to avoid multiple
imaging studies or overreliance on CT. In practice, other
diagnoses besides appendicitis (eg, ovarian torsion) might be
under consideration and driving the urgency of diagnostic
imaging. Likewise, when complicated appendicitis
(perforation or abscess) is suspected, there should be no
purposeful delay in imaging even if the duration of pain is
relatively short.

The performance of CT and ultrasonography for accurately
identifying appendicitis is influenced by the duration of
abdominal pain. Specifically, the sensitivity and negative
predictive value of ultrasonography increase with the duration
of pain, and CT is less likely to be indeterminate with a longer
duration of pain. Clinicians should incorporate this time-
dependent accuracy of imaging when deciding to obtain
imaging for suspected appendicitis.
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Appendix E1. Pain and Diagnostic Abdominal Imaging
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Supplementary Figure 1 Time from clinical exam to imaging study among pediatric patients assessed in the ED for
appendicitis.
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Appendix. Detailed methodology and results of logistic regression models
2

Analytical Approach

Test
Characteristic

Assessed Subsample Analyzed Dependent Variable

Trend Estimate for
Duration of

Abdominal Pain
1

Model Goodness of
Fit ("2 (df),

p value)

Equivocal cases removed Sensitivity of CT Appendicitis cases CT result 0.98 (0.74, 1.31) "2 (3)!3.4, p!0.33
Equivocal cases removed Specificity of CT Patients without appendicitis CT result 0.91 (0.67, 1.25) "2 (3)!0.3, p!0.95
Equivocal cases removed PPV of CT Patients with positive CT Appendicitis status 1.02 (0.76, 1.38) "2 (3)!0.3, p!0.96
Equivocal cases removed NPV of CT Patients with negative CT Appendicitis status 0.88 (0.64, 1.22) "2 (3)!4.6, p!0.21
Equivocal cases removed Sensitivity of US Appendicitis cases US result 1.40 (1.14, 1.73) "2 (3)!1.1, p!0.79
Equivocal cases removed Specificity of US Patients without appendicitis US result 1.15 (0.80, 1.66) "2 (3)!1.5, p!0.69
Equivocal cases removed PPV of US Patients with positive US Appendicitis status 1.26 (0.92, 1.72) "2 (3)!3.1, p!0.37
Equivocal cases removed NPV of US Patients with negative US Appendicitis status 1.26 (1.02, 1.54) "2 (3)!3.4, p!0.34
Equivocal Imaging Results Equivocal rate of

CT
Patients who received a CT Equivocal CT result 0.76 (0.65, 0.90) "2 (3)!1.3, p!0.72

Equivocal Imaging Results Equivocal rate of
US

Patients who received a US Equivocal US result 0.96 (.084, 1.09) "2 (3)!0.9, p!0.82

Equivocal cases included
as positive

Sensitivity of CT Appendicitis cases CT result 0.96 (0.72, 1.28) "2 (3)!3.6, p!0.32

Equivocal cases included
as positive

Specificity of CT Patients without appendicitis CT result 1.07 (0.89, 1.27) "2 (3)!2.6, p!0.45

Equivocal cases included
as positive

PPV of CT Patients with positive CT Appendicitis status 1.19 (0.96, 1.46) "2 (3)!1.4, p!0.71

Equivocal cases included
as positive

NPV of CT Patients with negative CT Appendicitis status 0.88 (0.64, 1.22) "2 (3)!4.6, p!0.21

Equivocal cases included
as positive

Sensitivity of US Appendicitis cases US result 1.39 (1.14, 1.71) "2 (3)!1.3, p!0.73

Equivocal cases included
as positive

Specificity of US Patients without appendicitis US result 1.10 (0.96, 1.25) "2 (3)!1.2, p!0.76

Equivocal cases included
as positive

PPV of US Patients with positive US Appendicitis status 1.19 (0.94, 1.50) "2 (3)!4.1, p!0.26

Equivocal cases included
as positive

NPV of US Patients with negative US Appendicitis status 1.26 (1.02, 1.54) "2 (3)!3.4, p!0.34

Appendiceal Perforation
Results

Perforation rate All patients Perforation status 1.65 (1.50, 1.82) "2 (3)!4.7, p!0.20

Appendiceal Perforation
Results

Sensitivity of CT Patients with perforated
appendix

CT result 1.03 (0.61, 1.75) "2 (3)!1.2, p!0.75

Appendiceal Perforation
Results

Sensitivity of US Patients with perforated
appendix

US result 2.08 (1.44, 3.01) "2 (3)!2.0, p!0.58

PPV, positive predictive value; NPV, negative predictive value.
All models estimated with robust standard errors to account for non-independence of observations from the same hospital.
1For all models, the independent variable was the ordinal duration of abdominal pain measure "12, 13-24, 25-36, 37-48, and 49-71 hours). Trend estimate ex-
pressed as odds ratio (95% confidence interval).
2Pearson goodness-of-fit test.

Supplementary Table 1. Demographic and clinical characteristics of pediatric patients with suspected appendicitis evaluated with
advanced imaging in the emergency department. Analysis is the same as Table 1 in article but includes all patients regardless of
time between exam and imaging study. Numbers in parentheses represent percentages.

Demographic and Clinical Characteristics CT and/or US, n!1862 CT, n!1284 US, n!851

Age in years {median, IQR} 11.0 (8.0, 13.9) 11.0 (8.1, 14.0) 11.1 (8.1, 13.9)
Sex, male 905 (49) 622 (48) 388 (46)
Focal pain, right lower quadrant 1455 (78) 1001 (78) 667 (78)
Final diagnosis of appendicitis 696 (37) 479 (37) 300 (35)
Perforated appendicitis* 177 (10) 138 (11) 62 (7)
Equivocal imaging findings 188 (10) 73 (6) 120 (14)
Duration of abdominal pain n/a

"12 hours 374 (29) 260 (31)
12–23 hours 424 (33) 277 (33)
24–35 hours 227 (18) 157 (18)
36–47 hours 127 (10) 73 (9)
48–71 hours 132 (10) 84 (10)

CT, computed tomography; US, ultrasound; IQR, interquartile range.
*Perforation defined by the surgeon’s operative note.
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Supplementary Table 2. Sensitivity and specificity of CT and US for the diagnosis of appendicitis among pediatric patients in the
emergency department, with and without the inclusion of equivocal cases. Analysis is the same as Table 2 in article but includes
all patients regardless of time between exam and imaging study.

Test Characteristics Duration of Abdominal Pain in Hours Test for Trend: Odds Ratio (95% CI)

Equivocal cases removed
CT (n!1211) "12 12-23 24-35 36-47 48-71

Sensitivity .98 .94 .97 .96 .96 0.98 (0.75, 1.29)
Specificity .97 .97 .96 .97 .96 0.94 (0.68, 1.29)
PPV .94 .95 .95 .96 .94 1.04 (0.77, 1.41)
NPV .99 .96 .98 .97 .98 0.89 (0.66, 1.21)

US (n!731)
Sensitivity .79 .78 .87 .85 .96 1.38 (1.14, 1.66)
Specificity .96 .97 .99 .96 .98 1.18 (0.82, 1.69)
PPV .90 .93 .98 .89 .96 1.26 (0.92, 1.72)
NPV .90 .88 .91 .93 .98 1.27 (1.03, 1.57)

Equivocal cases included as positive
CT (n!1284)

Sensitivity .98 .95 .97 .96 .96 0.96 (0.73, 1.25)
Specificity .92 .91 .90 .91 .96 1.08 (0.91, 1.28)
PPV .85 .87 .86 .88 .95 1.19 (0.98, 1.44)
NPV .99 .96 .98 .97 .98 0.89 (0.66, 1.21)

US (n!851)
Sensitivity .81 .80 .88 .88 .96 1.379 (1.14, 1.64)
Specificity .80 .80 .87 .84 .85 1.11 (0.95, 1.30)
PPV .67 .69 .83 .74 .74 1.17 (0.91, 1.51)
NPV .90 .88 .91 .93 .98 1.27 (1.03, 1.57)

CT, computed tomography; US, ultrasound; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.
Statistical analyses adjusted for clustering on hospital.
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