
Introduction
Acute appendicitis remains the most common

cause of acute abdominal pain that requires urgent
abdominal surgery.1 Although acute appendicitis can
be preoperatively diagnosed on the basis of
well-established clinical criteria; its clinical
presentation may be atypical or mimic other
conditions,  yielding a clinical diagnostic accuracy of
60-80%. The erroneous diagnosis of this acute
condition has led to a high rate of inappropriate
removal of the normal appendix of 8%-30%.2
Surgical authorities have maintained that a negative
appendectomy rate of 20% is necessary to minimize
the incidence of perforated appendicitis and its
associated increased morbidity and mortality.3
However, unnecessary appendectomy carries
potentially major risks and substantial costs,
prompting many to advocate increased efforts to
avoid unnecessary appendectomy.4 Thin-section
helical computed tomography in patients suspected to
have acute appendicitis has proved to be an accurate,
quick, and cost-effective tool.5-7 Accuracy rates from
92% to 98% have been reported with CT techniques
using different combinations of oral, rectal, and
intravenous contrast agents. 5-12

The objective of this study was to determine

the role of thin section non-enhanced helical
computed tomography in clinically equivocal cases of
acute appendicitis.

Patients and Methods
Over a one year period, sixty-three patients

with clinically equivocal acute appendicitis were
examined prospectively by using non-enhanced thin
section FACT. Ages ranged from 9 to 67 years, with
mean age of 24.5 years. All patients were included
regardless of age. Inclusion criteria for clinically
equivocal acute appendicitis were based on the
clinical judgement of the referring surgeons and
emergency care physicians. All CT scans were
obtained with a helical CT scanner (HiSpeed
Advantage; GE Medical Systems, Milwaukee,
Wisconsin, U.S.A.). A single breath-hold helical scan
from L2 vertebral body to the pubic symphysis was
obtained by using 5-mm beam collimation and pitch
of 1.5 (120-140 kVp; 220-250 mAs). No oral, rectal,
or intravenous contrast material was administered.
Images were reconstructed at 5-mm intervals by
using standard soft-tissue windows (window width
400 Hounsfield Units; window level 40 Hounsfield
Units). Total patient time in the CT room was
approximately 10 minutes.

The primary criterion used to establish the
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diagnosis of acute appendicitis on non-
enhanced   helical CT scans was an enlarged appen-
dix. An appendix larger than 6mm in transverse diam-
eter was considered abnormal. Additional secondary
criteria were periappendiceal inflammatory changes.

The presence of an appendicolith was also
noted (Figure 1). Presence of an appendicolith in the
absence of other primary and secondary criteria was
not interpreted as acute appendicitis.

Following completion of the examination, the
CT images were immediately reviewed (by the same
attending faculty radiologist) at the CT console,
where facility for coronal and sagittal reformation
was also available. Subsequently, hard copy
interpretation was also done before communicating
the diagnosis to the surgeon.

The CT findings were compared with the
official surgical reports, histopathological reports and
medical records of all the 63 patients. All patients
who did not undergo surgery were followed up for
two months.

Results
Out of the 63 non-enhanced helical CT scans

performed, 21 were interpreted as positive and 38
negative for acute appendicitis. There was no
false-positive interpretation. There were, however
two false-negative interpretations. This resulted in a

sensitivity of 91% and specificity of 100%.
Retrospective review of the two false-negative

CT scan interpretations showed an 8mm pelvic
appendix in one patient and the appendix was not
visualized in another thin, young woman. Both these
patients were of slender built. The inflamed appendix
was not diagnosed due to location in the first patient
and in the second due to presence of multiple dilated
small bowel loops in the right iliac fossa. 

An appendicolith was identified in 6 (29%) of
the 21 true-positive diagnoses (Figure 2). In two other
patients, an appendicolith was noted in an otherwise
normal appearing appendix with no periappendiceal
inflammation. These scans were correctly interpreted
as negative. 

Discussion
CT is a highly accurate and effective

cross-sectional imaging technique for diagnosing
acute appendicitis.5-12 CT is readily available,
operator-independent, easy to perform and images are
easy to interpret. Diagnostic sensitivity and   speci-
ficity are excellent for the entire spectrum of  disease
manifestations and do not decrease after appendiceal
perforation. Unlike ultrasound, obesity rarely limits
study acquisition or interpretation, when optimized
scanning methods are used.

A cost effective, quick protocol is desirable to
expedite patient management. The two issues
regarding selection of CT protocol for acute
appendicitis relate to section thickness and
administration of contrast. All current helical CT
protocols for imaging patients suspected to have

Figure 1. Computed tomographic sections showing appendicolith (arrows) in the top

two sections,and demonstrating enlarged appendix in the bottom two images (arrow-

heads).

Figure 2. Computed tomographic images showing enlarged appendix in all four axial
sections. Evidence of periappendiceal stranding (arrows) in the top two images, and

luminal  appendicolith in the bottom two   sections (arrowheads).
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appendicitis incorporate the prospective
acquisition of thin-section (< 5mm section collima-
tion) images in the right lower quadrant. This scan-
ning philosophy is based on the fact that CT sensitiv-
ity and specificity is maximized only when a con-
scious effort is made to visualize the appendix. The
value of improved        resolution in this clinical set-
ting has been          demonstrated with both conven-
tional and helical CT.13,14 Weltman et al14 showed that
5mm thick     helical CT sections enabled improved
visualization of abnormal appendices (94% vs. 69%),
calcified  appendicoliths (38% vs. 19%), and periap-
pendiceal inflammation (98% vs. 75%) compared
with 10mm thick sections in the same patient. 

Appendiceal CT protocols differ considerably
with regard to the anatomic area to be included in the
scan and the use of intravenously, orally and rectally
administered contrast material. The conservative
approach is to perform scanning of the entire
abdomen and pelvis with intravenous and oral
contrast material. Advocates of this technique believe
that contrast enhanced CT is essential in the
diagnosis and staging of numerous inflammatory,
ischemic, and neoplastic processes that may cause
acute abdominal pain and mimic appendicitis.15 

Opacification of the terminal ileum and
caecum with oral/rectal contrast material has been
proposed by some authors.13,16 (in the absence of
intravenous contrast material) to avoid false-positive
results, in which fluid-filled terminal ileal loops are
misinterpreted as inflamed appendices. At our
institution, previously our protocol was to perform
unenhanced scanning through the right iliac fossa
followed by oral and intravenous contrast enhanced
scanning of entire abdomen and pelvis. The results
were excellent, however retrospective review of the
cases confirmed that the findings on the plain scans
were not different than those after contrast
administration.

An important concern was the time for
adequate bowel opacification, which on an average
was 45-60 minutes. Few patients were unable to drink
the 1-2 liters of oral contrast and in those rectal
contrast (150-250ml) had to be administered, which
was invasive and unacceptable for some patients.
Increased radiation dosage was another issue, as the
patient population was mostly young.

Focused on all these issues, we in consultation
with referring surgeons initiated a thin section
non-enhanced helical focused appendiceal CT
protocol, which would be noninvasive, quick and

limited to the right iliac fossa (see methods above). 
We also made use of coronal and sagittal

reformatting ability in oblique planes. This technique
has proved to be as accurate as those techniques in
which intravenous and enteric contrast material are
administered, while allowing scanning completion
within 10 minutes in the majority of patients
examined. A similar protocol has been promoted by
Lane et al5, who advocated use of non-enhanced
helical CT of the entire abdomen and pelvis, whereas
the protocol we used was limited to the right iliac
fossa. 

The potential to scan the right lower fossa
rapidly without any bowel preparation or contrast
medium has made non-enhanced helical CT the study
of choice at our institution for the evaluation of
patients with clinically nonspecific findings. 

Expertise in cross-sectional anatomy of the
ascending colon, caecum, and appendix is, however
essential for visualization of both the normal and
abnormal appendix on a non-enhanced CT scan.
Appendiceal identification is at times rendered
difficult due to high caecal mobility and variation in
its size. Two anatomic landmarks are of great help in
localizing the appendix. Foremost is identification of
the ileocaecal valve, which then acts as a guide in
confirming the attachment of base of the appendix to
posteromedial aspect of the caecum. Secondly, if the
anatomic course of common and external iliac vessels
is traced inferiorly the pelvic appendix can often be
seen lying anterior and close to these vessels.

After unequivocal identification, several CT
criteria are applied to decide about the status of the
appendix. Periappendiceal inflammation has been
established to be the most sensitive and an enlarged
appendix (>6 mm) the most specific sign for acute
appendicitis.12 Additional findings on CT scans in
acute appendicitis include caecal or appendiceal wall
thickening, appendicolith, and periappendiceal fluid
collections.5-12

Peritoneal fat acts as inherent contrast on
a non-enhanced CT and less amount of body fat
makes scan interpretation difficult. In one of our
cases, the diagnosis was missed due to this reason.
Malone et al6 also addressed this point. In eight of
their ten false negative CT interpretations, patients
had little periappendiceal or pericaecal fat. Through
our initial work with this technique, we have
identified several factors helpful in FACT
interpretation, which include better understanding of
right iliac fossa anatomy, increased experience with
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the technique and increased awareness of
the importance  of  signs suggestive  of  acute
appendicitis on non-enhanced CT scans. 

We, therefore, conclude that FACT is the
imaging study of choice for evaluation of clinically
equivocal acute appendicitis as it is a noninvasive,
rapidly performed technique that employs minimal
radiation exposure. A certain level of experience is
required for skillful interpretation of the scans. In
experienced hands, it has got a definite clinical role as
proven by excellent results of this study.
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