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Purpose: This study was designed to evaluate the question
of whether a computed tomography (CT) protocol without
an unenhanced phase could be used for diagnosis of
appendicitis in pediatric patients who visited the emergency
department (ED) with acute non-traumatic right lower
abdominal pain.
Methods: We retrospectively selected 100 samples from
pediatric abdominal CT scans performed in the ED and
read by pediatric radiologists. Thirty emergency physicians
were separately asked to evaluate the samples twice. The
first evaluation was performed without the unenhanced
phase (protocol A). The second evaluation was performed
with both the unenhanced phase and the contrastenhanced phase (protocol B). The sensitivity and specificity
of each protocol for diagnosis of suspected acute appendicitis were determined. Intraobserver and interobserver
agreements were measured using kappa statistics.
Results: The mean sensitivity and specificity of the two protocols were similar. The sensitivities of protocol A and protocol B were 97.13% (95% Confidence interval=96.1398.14) and 97.60% (96.67-98.53), respectively. The specificities of protocol A and protocol B were 95.47% (94.3496.59) and 94.67% (93.33-96.00), respectively. The mean
kappa value for intraobserver agreement between results
from the two protocols was 0.91 (0.88-0.93). The kappa
value for interobserver agreement was 0.90 (0.89-0.91) for
protocol A and 0.87 (0.86-0.88) for protocol B.
Conclusion: It is feasible to perform a CT scan without an
unenhanced phase for evaluation of suspected appendicitis
in children with abdominal pain visiting the ED.

Key Words: Radiation, Child, Appendicitis, Computed
tomography

Article Summary
What is already known in the previous study
To reduce the risk of radiation exposure, many researchers
have suggested use of reduced radiation dose or single
phase CT scan for evaluation of abdominal pain in children. According to our telephone survey, 22 (52.4%) of 42
teaching hospitals performed CT scan with both phases
(unenhanced and contrast-enhanced).
What is new in the current study
Unenhanced images of CT scan had no advantage over
contrast-enhanced CT scan for the evaluation of suspected
acute appendicitis on children with abdominal pain in the
ED.

Introduction
In the emergency department (ED), abdominal pain is
a common complaint among children. Although most
children visiting the ED with abdominal pain have nonsurgical illnesses, appendicitis is one of the most common causes of acute abdominal pain that requires
surgery in pediatric patients1,2). History and physical
examination in children with suspected appendicitis are
highly variable that requires physicians to use imaging3,4).
While ultrasonography (US) has the benefit of being
fast without ionizing radiation, it is highly operatordependent and may not be achieved anytime depending
on the circumstances5,6). On the other hand, CT is less
operator-dependent. With its easy visualization of various anatomies, CT has been considered as the gold standard for the diagnosis of appendicitis with high sensitivi-
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ty and specificity7-9). For this reason there has been a dramatic increase (from 0.9% in 1998 to 15.4% in 2008) of
pediatric CT use for abdominal pain10). Although CT is
helpful for physicians to diagnose or exclude acute
appendicitis, radiation exposure has attracted increased
attention in the medical community and the general public. Cancer-related mortality risk due to radiation exposure among children is estimated to be approximately
one in 1,500 for a head CT scan and one in 550 for an
abdominal CT scan11).
To reduce the risk of radiation exposure, many
researchers have suggested to use reduced radiation dose
or single phase CT scan without unenhanced phase for
evaluating abdominal pain in children12-14). However, the
practice of using single phase CT scan without unenhanced phase has not been accepted universally. In clinical practice, it is common to take a CT scan with both
unenhanced and contrast-enhanced phases in children.
We performed a preliminary telephone survey to identify
whether the unenhanced phase was used to diagnose suspected appendicitis in pediatric patients in teaching hospitals. Surprisingly, 22 (52.4%) of 42 teaching hospitals
performed CT scan with both phases (unenhanced and
contrast-enhanced). According to the result of our telephone survey, it was unclear whether a CT scan without
an unenhanced phase could be used for the diagnosis of
appendicitis in pediatric patients visiting ED with acute
non-traumatic right lower abdominal pain.
Therefore, the purpose of this study was to evaluate
the usefulness of abdominal CT scan without the unenhanced phase for the diagnosing acute appendicitis in
pediatric patients visiting ED.

Materials and Methods
This study protocol was approved by our institutional
review board.
We retrospectively reviewed abdominal CT scans of
children with right lower abdominal pain who visited the
ED of Ajou University Hospital from January to
December 2013. The ages of children ranged from 5 to
10 years old. Patients whose abdominal pain was due to
physical injury were excluded from this study. Total 233
CT scans were found. They consisted of 105 ‘normal’,
65 ‘appendicitis’ and 63 ‘the others’ CT scans that were

confirmed by pediatric radiologists. One researcher
among us randomly collected one hundred abdominal
CT scans. For minimizing the selective bias, that
researcher reviewed the reports read by radiologists
without checking CT images. These samples consisted of
final diagnosis with ‘normal’ or ‘appendicitis’. Half of
the study samples (50) were randomly chosen from 105
‘normal’ CT scans. The other half of the study samples
(50) were randomly chosen from 65 ‘appendicitis’ CT
scans. Each CT scan was reviewed twice. On the first
occasion, contrast images alone were presented without
unenhanced ones (protocol A). After two weeks, the
same CT scans were again presented with unenhanced
phase (protocol B). The contrast-enhanced coronal
images were included in both protocols, which can be
reconstructed without additional radiation exposure and
are performed routinely in most hospitals. The order of
the 100 study samples was randomly assigned into each
protocol.
All of abdominal CT scans was performed transversely
in the supine position. SOMATOM sensation16 TM
(Siemens, Erlangen, Germany) was used to take a CT
scan in accordance with a pediatric protocol of radiology
department in our institution. The conditions of 60mAs
and 120 kVp were used for 3~6 year old, whereas 80
mAs and 120 kVp were used for 6~10 year old. The slice
width of 4 mm with 1~2 ml/kg IV contrast was used for
CT scans.
The participants in this study were comprised of thirty
emergency physicians (25 residents and 5 specialists)
from two university hospitals. To assess the differences
of CT interpretation depending on experiences, we categorized participants into two groups: Junior and Senior.
Junior group consisted of first and second year residents.
Senior group consisted of specialists and residents with
three or more years of experience. They separately
reviewed all CT images twice (protocol A and protocol
B). We provided the information that the patients were
between ages of 5 and 10 who had non-traumatic right
lower abdominal pain. All participants were required to
choose a single diagnosis of either ‘normal’ or ‘appendicitis’. We also provided the following criteria of acute
appendicitis based on literature report15): dilated appendix
> 6 mm with thickened wall, stranding of periappendiceal inflammation, and potential visualization of an
appendicolith or abscess. At the end of this study, we
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conducted a survey to evaluate how helpful the following phase of the CT scan was in making a diagnosis of
appendicitis: 1) unenhanced-transverse; 2) contrastenhanced-transverse; and 3) contrast-enhanced-coronal.
The 3-item questionnaire was composed of Likert-type
scale. All participants were asked to pick up a number
between 1 and 9, with number 1 indicating not helpful at
all whereas number 9 indicating the most helpful.
The sensitivity and specificity of protocol A and B for
diagnosing suspected appendicitis was calculated using
interpretation provided by pediatric radiologist as the
standard reference. We also compared the sensitivity and
specificity between the Junior group and the Senior
group.
Intraobserver agreement between results from the two
protocols (protocol A and B) for each participant was
measured. Interobserver agreement for the two protocols
was also measured as compared with the result from
each participant.
All data in this study were analyzed using Microsoft
Excel 2010 (Microsoft, Redmond, WA) and SPSS ver.
21 (SPSS Inc., Chicago, IL). A t-test was used to determine whether the means of populations were statistically
different from each other and to compare the average
scores of questionnaire from participants. To evaluate
the Intraobserver and interoobserver agreements, kappa

values were calculated. As suggested by Landis and
Koch16), the strength of the agreement was classified in
the following categories: κ<0, poor; 0-0.20 slight; 0.210.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial;
and 0.81-1.00, almost perfect. Statistical significance
was defied as p-value<0.05.

Results
The sensitivity and specificity of protocol A and B for
diagnosing suspected acute appendicitis were shown in
Table 1. The mean sensitivities for protocol A and B
were 97.13% (95% Confidence interval=96.13-98.14)
and 97.60% (96.67-98.53), respectively. The mean
specificities for protocol A and B were 95.47% (94.3496.59) and 94.67% (93.33-96.00), respectively. No statistically significant difference on the sensitivity and
specificity was found between the two protocols (pvalue=0.51 for sensitivity, p-value=0.37 for specificity).
The mean sensitivity and specificity of the Junior and
Senior group were shown in Table 2. No statistical difference on the sensitivity and specificity was observed
between the two groups.
The interobserver agreement for protocol A was
almost perfect (κ=0.90 [0.89-0.91]), and the interobserv-

Table 1. Sensitivity and specificity of protocol A and B for suspected appendicitis, using interpretation of CT scan read by
radiologist as standard reference.

01
02
03
04
05
06
07
08
09
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11
12
13
14
15

Sensitivity (%)

Specificity (%)

Sensitivity (%)

Specificity (%)

A

B

A

B

A

B

A

B
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092
098
094
096
100
092
100
100
094
098
100
100
094
100

094
098
098
098
100
098
100
100
098
094
096
098
100
096
100
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094
096
094
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092
100
098
098
096
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096
098
098
088

100
088
090
096
098
094
094
094
098
096
086
098
096
096
088

094
100
098
094
098
096
096
100
100
100
098
100
098
096
096

094
100
098
098
092
100
098
100
100
100
096
098
098
090
098

92
98
96
92
98
98
98
94
94
98
94
98
96
98
98

094
088
098
092
096
098
096
096
094
100
096
096
098
090
096

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

A: protocol A including only contrast-enhanced phase
B: protocol B including both unenhanced and contrast-enhanced phases
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er agreement for protocol B was also almost perfect (κ
=0.87 [0.86-0.88]). There was no statistically significant
difference in the interobserver agreement for either protocol.
The inraobserver agreement between the results from
protocol A and B were shown in Table 3. The mean
kappa value for intraobserver agreements was also
almost perfect (κ
=0.91 [0.88-0.93]).
Based on the survey results using the questionnaire to
rate the usefulness of each phase of CT, the average
scores of unenhanced-transverse, contrast-enhancedtransverse, and contrast-enhanced-coronal scans were
3.13, 8.57, and 7.13, respectively. The scores of the three
categories were significantly different (p<0.001).

Discussion
To our knowledge, our study was the first attempt to
compare pediatric abdominal CT protocols in the diagnosis of suspected appendicitis in the ED. Our study
revealed that the unenhanced images were not helpful in
revealing the presence of appendicitis in children.
It is well accepted that US is a useful modality for the
diagnosis of suspected appendicitis in children without

the exposure to ionizing radiation. However, CT scan
has been favored over US because it is less operatordependent. In addition, CT scan provides more readily
recognizable anatomy and appreciated abnormality than
US8). Because of its short scanning time, less need for
sedation and high quality image, CT scan has become an
essential tool for rapidly diagnostic evaluation of children in the ED18-20). There has been a steep rise in the
usage of CT scan in pediatric patients visiting the ED
with abdominal pain, with the greatest increase of usage
for children between 4 and 18 years old1,8,10,20,21). Although
CT studies typically represent less than 11% of all imaging studies performed at most university-based hospitals,
it can generate as much as 70% of the overall radiation
dose generated in radiology department22,23). There has
been increasing awareness of radiation exposure because
of the potential cancer risk caused by CT use22). This is
particularly true in pediatric patients, because they have
higher susceptibility to radiation than adults and a longer
remaining life expectancy in which cancer may form24).
Since the multidisciplinary conference organized by
radiologists organized in August 2001 to discuss radiation doses used in pediatric CT (as low as reasonable
achievable, or ALARA, Concept in pediatric CTIntelligent dose reduction), a lot of efforts have been

Table 2. Sensitivity and specificity of protocol A and B for suspected appendicitis determined by Junior and Senior groups.

Sensitivity (%)
Specificity (%)
Sensitivity (%)
Specificity (%)

Protocol A
Protocol B

Junior

Senior

p-value

96.33
94.83
97.67
94.33

97.67
98.89
97.56
94.89

0.21
0.38
0.91
0.70

Junior: first and second year residents, Senior: over third year residents and specialists
Table 3. Intraobserver agreement of 30 participants between results obtained from the two protocols.
κ(95% CI)
01
02
03
04
05
06
07
08
09
10

0.860 [0.663-1.055]
0.720 [0.523-0.915]
0.799 [0.603-0.995]
0.820 [0.623-1.015]
0.798 [0.601-0.993]
0.880 [0.683-1.075]
0.860 [0.663-1.055]
0.960 [0.763-1.155]
0.980 [0.783-1.175]
1.000 [0.804-1.196]

κ: kappa value, CI: confidence interval

κ(95% CI)
11
12
13
14
15
16
17
18
19
20

0.778 [0.582-0.974]
0.960 [0.763-1.155]
0.980 [0.783-1.175]
0.840 [0.643-1.035]
1.000 [0.804-1.196]
0.820 [0.623-1.015]
0.900 [0.703-1.095]
0.980 [0.783-1.175]
0.840 [0.643-1.035]
0.880 [0.683-1.075]

κ(95% CI)
21
22
23
24
25
26
27
28
29
30

0.960 [0.764-1.156]
0.960 [0.764-1.156]
0.940 [0.743-1.135]
1.000 [0.804-1.196]
0.980 [0.783-1.175]
0.960 [0.763-1.155]
0.960 [0.763-1.155]
0.980 [0.783-1.175]
0.800 [0.604-0.996]
0.960 [0.764-1.156]
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made to reduce the radiation dose and the overall number of CT scans performed in children14). Strauss et al.13)
have suggested ten steps, concrete ways to lower CT
radiation dose while maintaining image quality in children, which is known as the “Image Gently campaign”.
The utilization of CT scan for abdominal pain has
increased much more than in other illness. Abdominal
CT is typically associated with effective doses of radiation of up to seven times of that used in head CT25). Each
phase of the CT scan contributes to the total dose of radiation. When both unenhanced and contrast-enhanced
abdominal CT are used in pediatric patients, its radiation
dose will be twice of the radiation dose used for a single
phase CT26). Many efforts such as the ALARA concept
and the Image gently campaign have been attempted to
reduce radiation exposure from CT scan in children13,14).
It has been recommended to take a single contrastenhanced phase scan in children with acute abdominal
pain12-14). However, over half of the teaching hospitals
have a pediatric abdominal CT protocol that includes the
unenhanced phase CT scan based on our preliminary
telephone survey. Therefore, efforts should be made to
reduce the unnecessary radiation dose in pediatric
abdominal CT. The teaching hospitals participated our
telephone survey included 10 pediatric emergency centers. Eight (80%) of them performed only single phase of
abdominal CT to diagnose appendicitis. It shows that
pediatric emergency centers have more concerns and
make efforts to reduce the radiation dose in children
compared to general emergency centers.
In this study, we found that it was unnecessary to perform the unenhanced phase of CT scan for the diagnosis
or exclusion of appendicitis in children visiting the ED.
Based on our results, it is recommended to take only
contrast enhanced CT for diagnosis of pediatric appendicitis. In addition, we should follow the ALARA principle and ‘ten steps’ from Image Gently campaign to optimize the image quality and lower the radiation dose in
CT scans for pediatric patients, especially in the pediatric emergency centers13,14).
US and CT share the same specificity (94%) in diagnosing suspected appendicitis in children. However, the
sensitivity of US (up to 88%) alone is lower than that of
CT (95%)8,9). According to our study, the sensitivity
and specificity for protocol B as a standard for abdominal CT were 97.60% and 94.67%, suggesting that all par-

ticipants are excellent in evaluating appendicitis. The
sensitivity and specificity of protocol A were as good as
those of protocol B or previous studies reported in the
literature. No statistical difference in sensitivity or specificity was observed between Junior and Senior groups,
suggesting that more experienced physicians do not necessarily have higher accuracy of diagnosis than the less
experienced ones. For each emergency physician, no significant difference was found between the results
obtained from the two protocols. The almost perfect
kappa values of the intraobserver and interobserver
agreements strongly suggest that it is unnecessary to take
an unenhanced CT scan for evaluating suspected appendicitis in children with abdominal pain visiting the ED.
Based on our survey on the usefulness of different
phase CT for the diagnosis of appendicitis, the unenhanced-transverse phase had the lowest score of 3.13,
whereas the contrast-enhanced phase had the highest
score of 8.57. There was statistically significant difference between the two results. It was not surprising that
all participants chose contrast-enhanced phase as the
most helpful CT scan, because most conditions met for
criteria of acute appendicitis were revealed by contrastenhanced phase CT15). It was believed that unenhanced
phase is useful for detecting calcification. However, da
Costa e Sivan and Silva found that contrast-enhanced
phase CT has good sensitivity for detection of calcification compared to unenhanced one26). Therefore, it is easy
to find appendicolith in contrast images, although appendicolith is valuable but unnecessary for the diagnosis of
appendicitis.
This study has several limitations. The limitations
include the small size of participants and the narrow age
range of patients. In addition, our investigation was only
focused on one cause of abdominal pain-appendicitis.
Therefore, additional studies using CT without unenhanced phase in other applications should be performed.
Lastly, theses samples of CT scans were selected retrospectively. Therefore, there is a possibility of biased
study such as easy cases were chosen, despite our efforts
to select samples randomly. Further research on the CT
utilization in pediatric-focused EDs versus non-pediatric-focused EDs will be helpful to identify the best way
to use CT scan to reduce the dose of radiation.
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Conclusion
We observed that unenhanced images of CT scan have
no advantage over contrast-enhanced CT scan for the
evaluation of suspected acute appendicitis in children
visiting the ED with abdominal pain. Consequently we
concluded that a CT protocol without unenhanced phase
is a feasible alternative for the diagnosis of acute appendicitis in pediatric patients visiting the ED.
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