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ABSTRACT

Abdominal computed tomography (CT) provides great benefits for the differential
diagnosis in patients complaining of acute abdominal pain. However, the use of diagnostic
X-rays is associated with the cumulative risk of cancer development. In order to determine
the relative usefulness of noncontrast and enhanced CT with intravenous contrast material
for diagnosing acute appendicitis, the retrospective analysis was performed using 247
patients (46 children and 201 adults) with clinically suspected appendicitis, who were
admitted to our hospital from 2002 to 2006 and underwent noncontrast or combined
noncontrast and enhanced CT examination. Of 185 patients who were diagnosed to have
acute appendicitis with appendiceal thickening (167 cases) or normal-sized appendix (18
cases), 73 cases underwent noncontrast CT alone and these 73 cases could be
retrospectively diagnosed to have appendicitis on noncontrast CT. On the other hand, 112
cases of these 185 patients underwent noncontrast CT followed by enhanced CT, and
vermiform appendix was detected in 86 cases of them (86/112, 76.8%) on noncontrast CT.
These 86 cases could be retrospectively diagnosed to have acute appendicitis on
noncontrast CT, whereas enhanced CT was required to detect vermiform appendix and to
obtain the final diagnosis of appendicitis in the remaining 26 cases (26/112, 23.2%).
Enhanced CT was superior to noncontrast CT in diagnosing appendicitis in all age and any
gender groups. We suggest that enhanced, but not noncontrast, CT should be primarily
performed for diagnosing acute appendicitis in all patients to minimize the radiation
exposure unless intravenous administration of contrast material is contraindicated.
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the physical examination, and the laboratory findings.

Acute appendicitis is one of the most common causes of acute
abdominal pain, and is the most common condition that
requires abdominal surgery in childhood (1-3). Acute
appendicitis is caused by obstruction of the appendiceal
lumen, leading to luminal distention, fluid accumulation,
inflammation and, finally, perforation. The diagnosis of acute
appendicitis can be frequently made on the basis of the history,

Radiology Case. 2009 Jun; 3(6):26-33

However, approximately one third of patients with acute
appendicitis present atypical clinical findings (4). In addition,
many other abdominal disorders or conditions show the
clinical findings indistinguishable from acute appendicitis,
resulting in unnecessary removal of normal appendices
(negative  appendectomy) in many cases. Negative
appendectomy may occur in 8-30% of the patients receiving
appendectomy on the basis of suspected appendicitis (5-8).
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Negative appendectomy can be avoided in the significant
number by increasing the rate of accurate diagnosis with a help
of modern diagnostic methods such as computed tomography
(CT) (1-3).

Abdominal CT is a well-established technique and provides
a highly sensitive and specific tool for the differential
diagnosis in patients complaining of acute abdominal pain.
The pathological conditions exhibiting acute abdominal pain
may include acute appendicitis, colitis, diverticulitis,
inflammatory bowel disease, bowel obstruction, adnexal cyst,
acute cholecystitis, acute pancreatitis, and ureteral obstruction.
It has been reported that the rate of accurate diagnosis for
acute appendicitis is significantly increased with a help of
abdominal CT, and the reported sensitivity and specificity for
diagnosis of acute appendicitis are 91-100% and 91-99%,
respectively (3, 6, 9-12). However, appropriate use of
abdominal CT for diagnosing acute appendicitis is still
controversial, since CT does have important disadvantages.
These include the use of ionizing radiation, possible adverse
reactions to the intravenous administration of contrast
material, and potentially inadequate right lower quadrant
visualization in thin individuals (4). It is generally accepted
that, although diagnostic X-rays provide a great benefit, the
use of diagnostic X-rays is associated with the cumulative risk
of cancer development. In most developed countries, 0.6-1.8%
of the cumulative risk of cancer to age 75 years may be
ascribed to diagnostic X-rays. In Japan, which has the highest
estimated annual exposure frequency of diagnostic X-rays in
the world, the cumulative risk of cancer may increase to more
than 3% (13, 14). In considering that the frequency of CT
examination is rapidly increasing and the CT examination is
partly responsible for the cumulative risk of cancer
development (13), appropriate use of CT for diagnosing acute
appendicitis should be determined to reduce the lifetime risk
of cancer. Here, in order to determine the relative usefulness of
noncontrast and enhanced CT with intravenous contrast
material, we analyzed retrospectively 247 patients with
clinically suspected appendicitis, who underwent noncontrast
or combined noncontrast and enhanced CT examination for
diagnosing acute appendicitis. The results suggest that
enhanced, but not noncontrast, CT should be primarily
performed for diagnosing acute appendicitis in all patients to
minimize the radiation exposure unless intravenous
administration of contrast material is contraindicated.

MATERIALS AND METHODS

The retrospective analysis was performed using 247 patients
with clinically suspected appendicitis, who were admitted to
our hospital from January 2002 to October 2006 and
underwent noncontrast or combined noncontrast and enhanced
CT examination. The patients were classified into four groups;
child male (32 cases), child female (14 cases), adult male (111
cases), and adult female (90 cases). Children were defined as O
to 15 years old. The diagnosis of acute appendicitis was made
on the basis of the clinical symptoms, the physical findings, the
laboratory data, and/or the X-ray and CT images. The
accuracy of the diagnosis was assessed using the operation
reports and the pathological reports of removed appendices.
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The study was approved by the Ethical Committee at Saiseikai
Kyoto Hospital.

Abdominal CT examination was performed by using the 4-
MDCT scanner (multi-slice CT Aquillion 4, Toshiba Co.,
Tokyo, Japan) with the image thickness of 5-7 mm and the
table speed of 4 mm/rotation. The enhanced CT images were
obtained during the portal venous phase after intravenous
administration of nonionic contrast material (Iopamiron, Bayer
Schering Co., Tokyo, Japan; 90 ml for an adult; 2 ml/kg of
body weight for a child with the maximum volume of 90 ml) at
a rate of 1.5 ml/sec. Enhanced CT with oral or rectal contrast
was not performed, since this method was not commonly used
in Japan. The CT findings indicating the presence of acute
appendicitis included appendiceal thickening (greater than 6
mm in the outer-wall-to-outer-wall transverse diameter),
appendiceal wall thickening (greater than 3 mm), and/or
appendiceal wall hyper-enhancement (4, 15, 16). Fecalith,
periappendiceal fat stranding, thickening of the lateral conal
fascia, abscess, ileocecal lymph node enlargement, focal
thickening of terminal ileum or cecum, and/or the presence of
extra- or intra-luminal air also suggested the presence of acute
appendicitis, and these findings were especially helpful in the
case of undetectable appendix (4, 17). Asymmetric thickening
of the cecal wall, pericolonic inflammation, the presence of
diverticula, and/or inflamed diverticula indicated the presence
of diverticulitis (4, 18). The presence of appendicitis was
excluded when normal appendix with no inflammatory signs
was detected. The findings indicating normal appendix
included visualization of the appendix to its blind ending tip,
the diameter of less than 6 mm, and the absence of any
inflammatory signs. The CT scans and the original radiology
reports were re-reviewed by M.K. (surgeon), T.K. (surgeon),
and Y.M. (experienced abdominal radiologist, the experience
of 31 years).

Pearson's chi-square test was used to determine statistical
significance.

RESULTS

The patient characteristics and the findings of CT images are
summarized in Table 1, and the representative CT images are
shown in Fig. 1. Of 247 patients examined, 143 cases were
male and 104 cases were female; 46 cases were children (0 to
15 years old) and 201 cases were adults (more than 15 years
old). Vermiform appendix was not detected in 40 of 247
patients (40/247, 16.2%); child male 8/32 (25.0%), child
female 5/14 (35.7%), adult male 7/111 (6.3%), and adult
female 20/90 (22.2%), respectively. When all (noncontrast and
enhanced) CT images were analyzed, the detection rate of
vermiform appendix was significantly (p<0.05) higher in adult
male patients (104/111, 93.7%) than that in the other patient
groups; child male 24/32 (75.0%), child female 9/14 (64.3%),
and adult female 70/90 (77.8%), respectively.

In this study, vermiform appendix was detected in 207 cases
of 247 patients; appendiceal thickening in 174 cases, and
normal-sized appendix in 33 cases, respectively. Based on the
CT images, the laboratory data, and the clinical findings, 210
cases (210/247, 85.0%) were finally diagnosed to have acute
appendicitis; appendiceal thickening in 167 cases, normal-
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sized appendix in 18 cases, and undetectable appendix in 25
cases, respectively. The remaining 37 cases were diagnosed to
have ascending colon diverticulitis (15 cases), colitis (8 cases),
perforation of parts of the gastrointestinal tract other than
appendix (2 cases), cecal cancer (1 case), appendiceal tumor
(1 case), and unknown etiology (10 cases), respectively.
Fecaliths were detected in 79 patients (79/247, 32.0%), and 76
cases of them (76/79, 96.2%) were accompanied with acute
appendicitis, indicating the close relationship between fecalith
and acute appendicitis (4). The frequency of fecalith was
identical in all patient groups (Table 1). There was no case that
exhibited significant adverse reactions to intravenous
administration of contrast material.

Of 210 patients who were diagnosed to have acute
appendicitis, appendectomy was performed in 182 cases
(182/210, 86.7%); appendiceal thickening in 151 cases,
normal-sized appendix in 11 cases, and undetectable appendix
in 20 cases, respectively (Table 1). Of 182 patients who
received appendectomy, 4 cases had been initially treated with
intravenous administration of antibiotics according to the
patient's decision, and exhibited the recurrence of appendicitis
within 3 months thereafter. Repeated examination with
noncontrast and enhanced CT was performed in these 4
patients, implying that these patients were finally exposed to
high doses of radiation. Fecaliths had been detected in one
case of these 4 patients on the initial CT examination. In
considering the close relationship between fecalith and
appendicitis, this patient should have received appendectomy
at the initial attack to minimize the radiation exposure. The
remaining 28 patients (28/210, 13.3%) were successfully
treated with intravenous administration of antibiotics, and the
decision of this treatment was made by the patients themselves
on the informed consent.

As shown in Table 1, 210 cases of 247 patients were finally
diagnosed to have acute appendicitis on the basis of the
clinical, laboratory, and CT findings. Of these 210 cases with
the final clinical diagnosis of acute appendicitis, vermiform
appendix was detected in 185 cases on noncontrast or
enhanced CT; appendiceal thickening in 167 cases, and
normal-sized appendix in 18 cases, respectively (Table 2). Of
these 185 cases with the diagnosis of appendicitis, 73 cases
underwent noncontrast CT alone and these 73 cases could be
retrospectively diagnosed to have acute appendicitis on
noncontrast CT (column B in Table 2). On the other hand, 112
cases of these 185 patients underwent noncontrast CT
followed by enhanced CT with intravenous contrast material
(column C in Table 2). Vermiform appendix was detected in
86 cases (86/112, 76.8%) of these 112 patients on noncontrast
CT; 7/11 (63.6%) in child male, 4/7 (57.1%) in child female,
49/58 (84.5%) in adult male, and 26/36 (72.2%) in adult
female, respectively. These 86 cases could be retrospectively
diagnosed to have acute appendicitis on noncontrast CT,
whereas enhanced CT was required to detect vermiform
appendix and to obtain the final diagnosis of appendicitis in
the remaining 26 cases (26/112, 23.2%) (columns D and E in
Table 2). The statistical analysis showed that enhanced CT
was superior to noncontrast CT in diagnosing appendicitis, and
enhanced CT was required to obtain the final diagnosis in at
least 5-10 cases among 100 patients with acute appendicitis.
The superiority of enhanced CT was particularly apparent in
children and adult female patients (column F in Table 2). The
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analysis of these 86 cases with the diagnosis of appendicitis
shows that the detection rate of vermiform appendix on
noncontrast CT appears to be higher in adult male patients
than that in the other patient groups (column D in Table 2).
However, no significant difference was detected statistically
among these groups, presumably because of small numbers in
some groups.

The pathological reports of removed appendices (182 cases)
revealed catarrhal appendicitis in 22 cases, phlegmonous
appendicitis in 106 cases, gangrenous appendicitis in 45 cases,
chronic appendicitis in 1 case, and normal appendix in 8 cases,
respectively (Table 3). The appendix was not detected on CT
in one case with gangrenous appendicitis (noncontrast CT
performed), and normal-sized appendix was detected in one
case with gangrenous appendicitis (enhanced CT performed).
As a result, negative appendectomy, which was defined as
unnecessary removal of normal appendices on the clinical
diagnosis of appendicitis, was performed in 8 patients (8/182,
4.4%); 4 cases in adult male (noncontrast CT performed in 4
cases), and 4 cases in adult female (noncontrast CT performed
in 1 case, and enhanced CT performed in 3 cases); appendiceal
thickening in 3 cases (1 case in male, and 2 cases in female
[enhanced CT performed]), normal-sized appendix in 2 cases
(2 cases in male), and undetectable appendix in 3 cases (1 case
in male, and 2 cases in female [noncontrast CT performed in 1
case, and enhanced CT performed in 1 case]), respectively
(Table 3).

DISCUSSION

The present study shows that enhanced CT is superior to
noncontrast CT in diagnosing appendicitis in all age and any
gender groups, and suggests that enhanced CT should be
primarily performed for diagnosing acute appendicitis in all
patients to minimize the radiation exposure unless intravenous
administration of contrast material is contraindicated.

In this study, the patients were classified into four
groups (child male, child female, adult male, and adult
female), since CT images could be affected by the patient’s
body habitus, especially visceral fat content (1-3). The
detection rate of vermiform appendix was significantly higher
in adult male patients than in the other patient groups. The
high detection rate of vermiform appendix in adult male
patients may be ascribed to high content of visceral fat in these
patients (19). Better visualization of vermiform appendix in
adult male patients appears to lead to higher diagnostic rate of
acute appendicitis on noncontrast CT alone as compared with
the other patient groups (Table 2). However, no significant
difference was detected statistically among these groups,
presumably because of small numbers in some groups.
Approximately 77% of all patients (112 cases) with the final
diagnosis of appendicitis, that underwent combined
noncontrast and enhanced CT examination, could be
diagnosed on noncontrast CT alone (column D in Table 2).
However, enhanced CT was required to detect vermiform
appendix and to obtain the final diagnosis of appendicitis in
the remaining 23% of these patients (column E in Table 2).
These findings were true in any age and any gender groups,
and enhanced CT was superior to noncontrast CT in

28

Kitagawa et al.

WO SASBYAIO[0IpRY MMM



Journal of Radiology Case Reports

Gastrointestinal Radiology:

diagnosing acute appendicitis in any groups. In addition, there
was no case that exhibited significant adverse reactions to
intravenous administration of contrast material in our
retrospective study. These findings suggest that enhanced, but
not noncontrast, CT should be primarily performed for
diagnosing acute appendicitis in all patients to minimize the
radiation exposure unless intravenous administration of
contrast material is contraindicated. It should be emphasized
that the routine examination of noncontrast and enhanced CT
as a set, which is often done in many institutions, should be
avoided, although the examination of both CT as a set is really
useful for obtaining sufficient information. It has been shown
that enhanced CT with intravenous contrast material is
especially useful for examining patients with minimal intra-
abdominal fat, and provides a great benefit for detection of
inflammatory appendiceal wall and complications such as
abscess formation (Fig. 1), and for diagnosing other causes of
abdominal pain such as pancreatitis and pyelonephritis (8).

Accurate clinical diagnosis is also very important to
avoid unnecessary CT examination and to reduce the radiation
exposure. In our study, 210 of 247 patients (210/247, 85.0%)
with clinically suspected appendicitis were finally diagnosed to
have appendicitis. Among them (210 cases), 182 cases
received appendectomy, and 174 of them (174/182, 95.6%)
were found to have actual appendicitis on the pathological
reports. The remaining 28 patients were successfully treated
with intravenous administration of antibiotics, suggesting that
these patients also had acute appendicitis. The rate of accurate
diagnosis in our study appears to be higher as compared with
that of the previous reports, in which accurate diagnosis was
finally made in less than a half of patients with clinically
suspected appendicitis undergoing CT examination (6, 15, 19-
22).

Various factors underlie missed diagnosis of acute
appendicitis (3). These factors may include a misleading
clinical history, paucity of intra-abdominal fat, presence of a
small-bowel ileus, and lack of the typical CT signs of
appendicitis. In our study, negative appendectomy was
performed in 8 patients (8/182, 4.4%). Among them, normal-
sized appendix was detected in 2 cases, and vermiform
appendix was undetected in 3 cases, indicating lack of the
typical CT signs of appendicitis. On the other hand, 3 cases
show appendiceal thickening, a useful finding for diagnosing
appendicitis, suggesting that careful evaluation with clinical
signs and CT findings is required to improve further the
accuracy of diagnosis of appendicitis (2). Recent studies with
contrast-enhanced helical CT show that enlarged appendix,
appendiceal wall thickening, periappendiceal fat stranding, and
appendiceal wall enhancement are the most useful findings for
diagnosing acute appendicitis (1, 17). It has been well
documented that appendiceal CT with colon contrast is highly
accurate (93-98%) for the diagnosis of appendicitis in adults
(23). On the other hand, it has been reported that preoperative
focused appendiceal CT with colon contrast does not increase
the accuracy in diagnosing appendicitis in children (2). In the
present study, we analyzed the usefulness of enhanced CT with
intravenous contrast material, and showed that this method was
really useful for detection of vermiform appendix in children
and apparently increased the accuracy in diagnosing
appendicitis in children (Fig. 1C, Table 2). However, the
number of children studied here was small, and the analysis
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with much more cases may be required to obtain the definite
conclusion.

This is a retrospective, nonrandomized study and,
therefore, has its limitations. We analyzed only the patients
who were admitted to our hospital and underwent noncontrast
or combined noncontrast and enhanced CT examination, and
this study does not include an analysis of the patients who had
CT examination that was interpreted as negative for
appendicitis. In addition, not all patients with the final
diagnosis of appendicitis received appendectomy, and we used
the 4-MDCT scanner with the image thickness of 5-7 mm.
These limitations prevent the determinations of the specificity,
the sensitivity, and the negative predictive value.

The low detection rate of vermiform appendix in
children may be ascribed to a paucity of visceral fat, and
enhanced CT with intravenous contrast material could
apparently increase the rate of accurate diagnosis of acute
appendicitis in these patients (Table 2) (22). It has been shown
that pediatric CT examination plays an important role in
increased lifetime risk of cancer development. In fact, the
lifetime cancer mortality risk attributable to radiation from
pediatric CT examination is estimated to be considerably
higher than that for adults (24). In addition, pediatric and
young adult patients are up to 10 times more sensitive to the
effects of radiation than are middle-aged and elderly adults
(25). These findings indicate that repeated CT examination
should be avoided in children, and suggest that enhanced CT
should be primarily performed for children to minimize the
radiation exposure. Recent advances in CT technology,
including automated tube-current modulation, could reduce CT
radiation exposure. Digital radiography with post-processing
could also reduce the repeated radiation exposure (4).

The alternative tools include ultrasonography and
magnetic resonance imaging (MRI), both of which have the
great advantage of being radiation free. Although it has been
shown that ultrasonography can increase the accuracy of
diagnosis, there are still reservations regarding the sensitivity
and/or specificity of ultrasonography (1, 2, 26, 27). It has been
recently reported that abdominal MRI is a safe and reliable
technique in patients suspected of having appendicitis,
especially when used in a selected group of patients in whom
ultrasonography is equivocal and CT is contraindicated (28).
We suggest that abdominal CT examination for diagnosing
acute appendicitis should be appropriately performed on the
balance of benefits and risks, with an effort for minimizing the
radiation exposure. Our retrospective study presented here
suggest that enhanced, but not noncontrast, CT should be
primarily performed for diagnosing acute appendicitis in all
patients to minimize the radiation exposure unless intravenous
administration of contrast material is contraindicated.

TEACHING POINT

Contrast enhanced CT is superior to noncontrast CT in
diagnosing acute appendicitis. We suggest that enhanced, but
not noncontrast, CT should be primarily performed for
diagnosing acute appendicitis in all patients to minimize the
radiation exposure unless intravenous administration of
contrast material is contraindicated.
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FIGURES & TABLES

Noncontrast Enhanced

Figure 1: Representative images indicating appendicitis on noncontrast and enhanced CT. (A) A 62-year-old male with
phlegmonous appendicitis. A fecalith and appendiceal wall thickening were detected on noncontrast and enhanced CT as
indicated by an arrow. (B) A 31-year-old female with gangrenous appendicitis. Abscess formation was clearly detected on
enhanced CT as indicated by an arrow. (C) A 8-year-old girl with phlegmonous appendicitis. Detection of vermiform appendix
was difficult on noncontrast CT, whereas enlarged appendix with appendiceal wall thickening was clearly detected on
enhanced CT as indicated by arrows.
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(A) Appendix (B) (C)
Patient Number . Appendicitis Appendectomy
. . Fecalith . #
characteristics of Thickening Normal Undetected diagnosed performed
patients (B/A, %) (C/B, %)
0-15 years old
Male 32 17 (53.1%) 7 (21.9%) 8 (25.0%) 9 (28.1%) 26 (81.3%) 21 (80.8%)
Female 14 8 (57.2%) 1 (7.1%) 5 (35.7%) 6 (42.9%) 13 (92.9%) 10 (76.9%)
>1S5 years old
Male 111 93 (83.8%) 11 (9.9%) 7(6.3%)* 37 (33.3%) 100 (90.1%) 92 (92.0%)
Female 90 56 (62.2%) 14 (15.6%) 20 (22.2%) 27 (30.0%) 71 (78.9%) 59 (83.1%)
Total 247 174 (70.4%) 33 (13.4%) 40(16.2%) 79 (32.0%) 210 (85.0%) 182 (86.7%)

Table 1: CT findings in patients who underwent noncontrast or combined noncontrast and enhanced CT examination on
clinically suspected appendicitis.

*The detection rate of vermiform appendix was significantly higher in adult male patients than that in the other patient groups
(p<0.05). #The final clinical diagnosis.

(A) (B) ©) (D) Among C, (E) Among C,
. Noncontrast diagnosis could be  enhanced CT was
Patient Number  Noncontrast . F)
R and enhanced made on required for the
characteristics of CT alone . . . P value*
atients performe at CT » noncontrast CT final diagnosis
P performed (D/C, %) (E/C, %)
0-15 years old
Male 21 10 11 7 (63.6%) 4 (36.4%) 0.037
Female 9 2 7 4 (57.1%) 3 (42.9%) 0.051
>15 years old
Male 96 38 58 49 (84.5%) 9 (15.5%) 0.2431
Female 59 23 36 26 (72.2%) 10 (27.8%) 0.004
Total 185 73 112 86 (76.8%) 26 (23.2%) <0.001

Table 2: Detection of vermiform appendix on noncontrast and enhanced CT in patients with the final diagnosis of
appendicitis. The patients (185 cases) who were diagnosed to have acute appendicitis with appendiceal thickening (167 cases)
or normal-sized appendix (18 cases) were analyzed.

#The number of patients, who underwent noncontrast CT alone. ##The number of patients, who underwent noncontrast CT
followed by enhanced CT with intravenous contrast material. *The p value in each group was calculated to determine whether
the number shown in column E was significantly different from the value of 10% of the number shown in column C (the
statistical analysis for the rate). In this case, the significant difference (p<0.05) indicates that enhanced CT is required to obtain
the final diagnosis in at least 10 cases among 100 patients with acute appendicitis. The p value in the group of adult male
patients was <0.05 when the number shown in column E was compared with the value of 5% of the number shown in column
C, indicating that enhanced CT is required to obtain the final diagnosis in at least 5 cases among 100 adult male patients with
acute appendicitis. The values of 5-10% may be clinically significant, and the significant difference may support the notion
that enhanced CT is superior to noncontrast CT to obtain the final diagnosis of acute appendicitis.
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Patient Number Appendicitis
isti of Normal

characteristics patients Catarrhal Phlegmonous Gangrenous Chronic
0-15 years old

Male 21 18

Female 10 0 6
>15 years old

Male 92 11 52 24

Female 59 10 30 15 0
Total 182 22 106 45 1 8

Table 3: Pathological reports of removed appendices.
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CT = Computed tomography
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