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Helical CT With Oral Contrast Material for Imaging of Suspected
Appendicitis and the Role of Mechanical Bowel Preparation for

Appendectomy
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We evaluated the accuracy and the efficiency of a
focused computed tomography technique with con-
trast material administered by mouth for the diagnosis
of appendicitis. Sixty three patients prospectively un-
derwent appendiceal CT scans after meglumine
diatrizoate solution as contrast material and polyethyl-
ene glycol as mechanical bowel preparation were ad-
ministered by mouth for suspected appendicitis. This
focused appendiceal CT technique proved to have a
sensitivity of 92.9%, specificity of 100%, and accu-
racy of 98.1%, respectively.

The risk and difficulty of this method have been
minimized, while diagnostic accuracy for appendicitis
has been maintained. In addition, the advantage of
this technique enables to perform the mechanical
bowel preparation which reduce the infectious mor-

bidity after appendectomy at the same time.
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INTRODUCTION

The diagnosis or exclusion of appendicitis is a
common clinical problem. Reported rates of negative
findings at diagnostic laparotomy in patients with di-
agnosed clinically range between 3% and 27% (1).
Several diagnostic aids have been developed to im-
prove diagnosis in suspected appendicitis including
ultrasonography and computer tomography (CT). CT
is 93 to 98% accurate in confirming or ruling out ap-
pendicitis (2-5). Recently, one pioneer studies by
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Rao et al. have evaluated helical CT combined with
contrast material administered through the colon and
by month (6). In this study, CT had a sensitivity of
100%, a specificity of 95%, a positive predictive
value of 97%, a negative predictive value of 100%,
and an accuracy of 98%. Rao et al. further examined
the accuracy of appendiceal CT combined with con-
trast material administered only through the colon, re-
sulting in a sensitivity of 98%, a specificity of 98%,
an accuracy of 98%, and a normal appendix identifi-
cation of 94% (7). In his study, he argues that limi-
tation of contrast material administered only by
mouth include a relatively long delay before scanning
and potential patient discomfort. However, reexamina-
tion of CT scanning performed with oral contrast ma-
terial alone is required, since this method is very
simple and non-invasive procedure compared with
rectal contrast material administered into the colon
through a rectal catheter.

Wound infection and intra-abdominal abscess re-
main significant cause of morbidity following appen-
dectomy. A range of wound infection and intra-
abdominal abscess rates after appendectomy has
reported from 5.1 to 33.3% (8) and 1.4 to 2.2% (9,
10). Preoperative mechanical bowel preparation which
was established as a standard for elective colorectal
surgery was mainly introduced to diminish the infec-
tious risks inherent to colorectal surgery and to im-
prove operative handling of the bowel. The role of
bowel preparation, however, has not been investigated
in patients with appendicitis.

The first purpose of this study was to evaluate the
accuracy and efficiency of CT combined with con-
trast material administered only by mouth. Second,
we would like to examine the infectious risks after
mechanical bowel preparation using polyethylene gly-
col solution given concomitantly with contrast mate-
rial by mouth in patients with appendicitis.
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MATERIALS AND METHODS

Sixty three patients with clinically suspected appen-
dicitis prospectively underwent CT examination of the
appendix at the Department of Surgery, Matsue
Seikyo Hospital during the 4-years period from
March 1999 to January 2003. There were 34 female
(54.0%) and 29 male (46.0%) patients. There were
19 pediatric patients (ages 6-18 years) (30.2%) and
44 adult patients (69.8%) (mean age, 27.9 years;
range 6-91 years). Each patient had several typical
clinical signs and symptoms associated with appendi-
citis (Table 1). Patients with abdominal pain that was
considered to be due to obstruction and pregnant
women were excluded.

The patient preparation involved oral administration
of a solution made up of 68g of polyethylene glycol
(Niflec, Ajinomoto Pharma, Ltd., Tokyo, Japan) and
50ml of 76% meglumine diatrizoate solution (Gastro-
grafin, Schering, Germany) mixed in 1000ml of
water. Once a patient had a bowel movement, helical
CT scanning of lower part of abdomen was per-
formed with 5-mm collimation, whether the patient
received all of oral medium or not. The total amount
of oral intake and bowel preparation time were re-
corded. No patient initially received contrast material
administered intravenously or through the colon.
Written Informed consent was obtained from all the
patients.

A radiologist, with no previous knowledge of the
clinical symptoms, interpreted CT study in all pa-
tients. The CT diagnosis of appendicitis was based on
the visualization of an enlarged appendix that filled with
neither air nor contrast material (Fig. 1). Appendiceal
CT scans were interpreted as negative for appendicitis
if the appendiceal lumen filled completely with con-
trast material, air, or both without appendiceal wall
thickness (Fig. 2). The radiology reports and the medi-
cal records of all sixty three patients were reviewed.
The surgeon’s decisions to perform surgery were

Table 1. Clinical signs and symptoms in 63 patients with
suspected appendicitis

Signs and symptoms No. Occurrence ( % )
Right lower quadrant pain 54 85.7
WBC > 10000/mm’ 33 52.4
CRP > 1.0mg/dl 35 55.6
Fever >37.0T 36 57.1

Fig. 1. CT scan in patient (36years old, male, WBC:
12500, CRP:4.7) with acute appendicitis. CT scan at the
cecal level shows an enlarged appendix that filled with
neither air nor contrast material.

Fig. 2. CT scan in patient (42years old, female, WBC:
11100, CRP:2.2) with normal appendix. CT scan at the
cecal level displays a contrast material-filled normal ap-
pendix without appendiceal wall thickness.

based on a combination of their clinical assessment of
the patient’s condition and CT examination results.
The final diagnosis of appendicitis was confirmed
histologically in resected specimens. The CT findings
were compared with the pathologic findings.
Postoperative complication including wound infection
and intra-abdominal abscess were recorded. If surgery
was not performed, clinical follow-up was obtained.
To our knowledge, appendectomy was not performed

on any of the patients with a negative CT scan.

RESULTS

Of the 63 patients, the oral contrast material
reached the terminal ileum and cecum in fifty nine
patients (93.7%) (adult patients ; 97.7%, 43cases, pe-
diatric patient ; 84.2%, 16cases). Cecal opacification
was not present in four patients. Three of them were
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pediatric patients. The median volume of received
oral contrast material was 500ml. (adult patients ;
650ml, pediatric patients ; 350 ml). The median time
of bowel preparation including the time required to
administer contrast material by mouth and scan the
patient was 86 minutes (adult patients ; 77 minutes,
pediatric patients ; 134.5 minutes) (Table 2). The
symptoms including abdominal pain, nausea, and
vomiting were not occurred in all patients during this
procedure. Needless to say, no patients had aspiration
of the contrast medium or gastric contents attributable
to performance of the CT scan.

Nineteen patients had CT scans that were prospec-
tively interpreted as positive for appendicitis (32.2%).
Thirteen of these patients underwent surgery, and
phlegmonous or gangrenous appendicitis were con-
firmed pathologically in all patients with 1 (7.7%)
having a ruptured appendix. Forty patients had CT
scans that were prospectively interpreted as negative
for appendicitis. These 40 cases can be divided into
those in which the appendiceal lumen filled with con-
trast media only in 31cases (77.5%), with air only in
2 cases (5.0%), or collapsed in 7 cases (17.5%).
Two patients whose CT scans were reported as nor-
mal went to surgery on clinical suspicion. One had a
pathologically catarrhal appendix and the other who
was taken to the operation room by a gynecologist
with the presumptive diagnosis of a right ovarian cyst
had a pathologically normal appendix. Summary of
operation cases in patients with appendicitis is shown
in Table 3.

Alternative diagnosis were identified on CT scans
in 19 (47.5%) of 40 patients who did not have ap-
pendicitis, including mesenteric adenitis (9 patients),
diverticulitis (six patients), ovarian cystic disease
(two patients), right-sided colitis (two patients)

Table 2. The median time of bowel preparation including
the time required to administer contrast material by mouth
and CT scan and the median volume of received oral me-
dium

Bowel preparation time
all patients
Adult patients
pediatric patients

85 min. (111.9+ 80.2 min. )*
77 min. ( 99.7+ 64.6 min.)
134.5 min. (159.0 + 117.2 min. )

Total volume of received oral medium
All patients 500 ml (594.1 +339.1 ml)
Adult patients 650 ml (642.6+341.4ml)
pediatric patients 350 ml (392.9 +290.7 ml)
*(mean + SD )

(Table 4). Complications such as sepsis, intra-
abdominal abscess, fistula, and reoperation occurred
in no patients. However, wound infection was oc-
curred only in one diabetic patient (6.7%) who had
a pathologically gangrenous appendicitis This focused
appendix CT technique proved to have a sensitivity
of 92.9%, specificity of 100%, and accuracy of
98.1%, respectively.

Table 3. Summary of operation cases in patients with
appendicitis

Pt. age sex CT finding pathology complication
1, 27 M appendicitis phlegmonous none
2, 17 F appendicitis phlegmonous none
3, 36 M appendicitis phlegmonous none
4, 59 M appendicitis gangrenous yes*
5, 25 M appendicitis phlegmonous none
6, 91 F appendicitis phlegmonous none
7, 20 F appendicitis phlegmonous none
8 19 F  appendicitis phlegmonous none
9, 13 F appendicitis gangrenous none
10, 70 M appendicitis phlegmonous none
11, 13 F  appendicitis phlegmonous none
12, 28 M appendicitis phlegmonous none
13, 17 M appendicitis phlegmonous none
14, 35 F ovariancyst normalis none
15, 40 F  adenitis catarrhalis none

*wound infection

Table 4. CT diagnosis in 59 patients with suspected ap-
pendicitis

CT diagnosis Number
Appendicitis 19(32.2%)
Normal appendix 40 (67.8%)
mesenteric adenitis 9
diverticulitis 6
ovarian cystic disease 2
right-sided colitis 2

DISCUSSION

The study demonstrates that abdominal CT can be
used to increase diagnostic accuracy in patients with
suspected appendicitis in whom the diagnosis could
not be ruled out based on history, physical examina-
tion, and laboratory data. Malone et al in 1993 used
an unenhanced CT technique limited to the right
lower quadrant region; they reported a sensitivity of
87%, a specificity of 97%, a positive predictive value
of 94%, a negative predictive value of 93%, and an
accuracy of 93% for the diagnosis of appendicitis
(3). Routine appendiceal CT performed in patients
who presented with suspected appendicitis improved
patient care and reduced the use of hospital resources,
because the savings

achieve by eliminating
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unnecessary operations and hospitalization for obser-
vation outweights the cost of routine appendiceal CT
(11).

It has been demonstrated in several studies that the
technique of helical CT combined with contrast mate-
rial administered through the colon and by month was
evaluated and proved to be more accurate than the
technique of helical CT without any contrast materia
(16,12). In this study, CT combined with contrast ma-
terial had a sensitivity of 100%, a specificity of 95%,
and an accuracy of 98% (6). The advantage of this
method is visualization of the normal appendix filled
with contrast material. Rao et al. argues that advan-
tages of not administering contrast material by mouth
include immediate patient scanning and eliminating
any potential patient discomfort (nausea and vomit-
ing) that can be associated with full-dose contrast
material administered by mouth (7). In addition,
other study shows that the normal appendix is more
likely to fill when colon contrast medium is adminis-
tered, as opposed to administration of oral contrast
medium alone (13). However, reexamination of CT
scanning performed with oral contrast material alone
is required, since this method is very simple and non-
invasive compared with rectal contrast material ad-
ministered into the colon through a rectal catheter.

In our study, 63 patients with clinically suspected
appendicitis underwent focused appendiceal CT after
receiving oral contrast material alone. During this
procedure, the symptoms including abdominal pain,
nausea, and vomiting did not occur in all patients.
The safety of oral contrast media in patients who may
need emergency surgery is also well documented
(14). In our study, oral administration of 500ml of
before CT
opacification of cecum (adult patients ; 650ml, pedi-

contrast material scanning enables
atric patients ; 350 ml). This figure is low compared
with rectal administration of up to 900ml (7). The
median time of bowel preparation including the time
required to administer contrast material by mouth and
scan the patient was 86 minutes. A minor disadvan-
tage of our technique is that patients wait over one
hour before CT scanning. Rao et al. reported that the
CT examinations with rectal contrast material were
completed in less than 15 minutes (7). If an immedi-
ate study was required, only rectal contrast material

seems to be effective. However, a range of appendiceal

perforation rates has reported from 10% to 34% (15-
17). The perforation rate of 7.7% in our series does
not support the hypothesis that preoperative oral in-
take of contrast material and relatively delay before
scanning might contribute to an increase in perfora-
tion rate.

The oral contrast material reached the terminal
ileum and cecum in fifty nine patients (93.7%) and
the rate of appendiceal lumen filled with contrast
media or air is 77.5% in the normal appendix in our
study. These date are similar or high compared with
the date after receiving contrast material through the
colon in previous studies (cecal opacification ; 93.0%,
appendiceal lumen patency ; 73%) (7). This focused
appendix CT technique in our study proved to have
a sensitivity of 92.9%, specificity of 100%, and accu-
racy of 98.1%, respectively. Despite improved simple
and non-invasive technique, diagnostic accuracy was
maintained.

The main infectious complications encountered after
appendectomy include wound infection and intra-
abdominal abscess. A range of wound infection and
intra-abdominal abscess rates after appendectomy has
reported from 5.1 to 33.3% (8) and 1.4 to 2.2%
(9,10). In our present study, all patients received a
mechanical bowel preparation using polyethylene gly-
col solution with oral contrast material before appen-
dectomy. Preoperative mechanical bowel preparation
for colorectal surgery is commonly practiced by most
surgeons. With the current common practice, the rate
of infectious complication such as wound infection
and intra-abdominal abscess after colorectal surgery
has been reduced to 6 to 25 percent with mechanical
bowel preparation (18-20). However, to our knowl-
edge there have been no reports published to date re-
garding the effect of bowel preparation in appendiceal
patients. In our study, intra-abdominal abscess occurred
in no patients and wound infection occurred only in
one diabetic patient (6.7%) who had a pathologically
gangrenous appendicitis. This data shows that preop-
erative bowel preparation reduced infectious morbid-
ity after appendectomy. In addition, the other role of
bowel preparation for colorectal surgery are to pre-
vent mechanical disruption of the anastomosis by the
passage of hard faces and to improve handling of the
bowel during the procedure by removing the bulky
intraluminal contents. If the appendiceal or cecal
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carcinoma is seen through to have acute appendicitis
intraoperatively, it seems to be safe to perform the re-
section of colon after mechanical bowel cleansing.

In conclusion, we have found that helical CT with
oral contrast material has high sensitivity and speci-
ficity for the examination of patients with suspected
appendicitis. The risk and difficulty of this method
have been minimized, while diagnostic accuracy for
appendicitis has been maintained. In addition, the ad-
vantage of this technique enables to perform the
colon preparation which reduces the infectious mor-
bidity after appendectomy at the same time.
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