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ABSTRACT

BACKGROUND

Studies regarding accuracy of Ultrasonography and Computed Tomography for diagnosis of appendicitis is not frequently done after
the advancement in ultrasonography instrumentation. Imaging studies evolves rapidly due to advancement in technology. It is
mandatory to update imaging methods for various pathologies.

Aims and Objectives- To assess and compare accuracy of Ultrasonography and Computed Tomography to diagnose acute appendicitis
in patients with suspected acute appendicitis.

MATERIALS AND METHODS

Study Type- Descriptive study for diagnostic accuracy. Between January 2014 and January 2016, 400 patients who presented to
emergency department with high clinical suspicion of appendicitis were evaluated with Ultrasonography and Computed
Tomography. Computed Tomography examinations were performed with a sixteen-slice helical CT scanner (GE, Brivo, 385 series)
by means of a rapid thin-scanning technique. For the Ultrasonography examinations, we used 5 to 11 MHz linear array, 3 to 6 MHz
curved array (GE-Voluson S6). Curved array transducers were used in obese patients to allow deeper penetration. Ultrasonography
examinations were performed using the graded compression technique described by Puylaert.[1.21 The Computed Tomography and
Ultrasonography examinations were evaluated separately within 1 hour by two radiologists who were unaware of the findings on
the other examination. The surgeon was not informed about the radiologic diagnosis. The surgeon decides further management in
these patients based on clinical and laboratory data. The diagnosis of acute appendicitis at surgery was established based on
macroscopic findings. A macroscopically normal appendix at laparoscopy was left intact. A normal looking appendix at laparotomy
by a split-muscle incision was excised. All excised appendix was microscopically analysed by histology using paraffin sections for
final diagnosis of acute appendicitis. All data underwent statistical analysis using the McNemar test. The study protocol was approved
by the hospital’s ethical committee for human studies.

RESULTS

The sensitivity of Ultrasonography and Computed Tomography was 95% and 93% respectively, and the specificity was 82% and
75% respectively. The positive predictive value was 91% and 87% respectively, and the negative predictive value was 90% and 85%
respectively. The accuracy of Ultrasonography was 91% and CT was 87% respectively. Based on the McNemar test results, the
calculated ‘p’ value for sensitivity, specificity and accuracy was not less than 0.05, which indicates that CT was not superior to
Ultrasonography in the diagnosis of acute appendicitis. On comparing Z= 1.43 it is less than the level of significance value, i.e. 1.96,
therefore not significant which concludes that Computed Tomography is not superior to Ultrasonography for diagnosing acute
appendicitis.

CONCLUSION

USG for the diagnosis of acute appendicitis has accuracy same as that of Computed Tomography. Wall pattern and wall thickness is
better studied with USG. Further studies are needed to compare wall thickness and wall pattern by USG and CT to conclude which
modality is better for diagnosing acute appendicitis.
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BACKGROUND

Studies regarding role of Ultrasonography and Computed
Tomography for diagnosis of appendicitis is not frequently
done after the advancement in ultrasonography
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instrumentation. Imaging studies evolve rapidly due to
advancement in technology. It is mandatory to update imaging
methods for various pathologies. This study was done to
assess and compare accuracy of Ultrasonography and
Computed Tomography to diagnose acute appendicitis in
patients with suspected acute appendicitis. To evaluate
advantages and disadvantages of Ultrasonography and
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Computed Tomography in diagnosing acute appendicitis after
advancement in imaging studies at present.

MATERIALS AND METHODS
Study Type
Descriptive study for diagnostic accuracy.

A descriptive study for diagnostic accuracy was conducted
between January 2015 and January 2017 to assess role of
Ultrasonography and Computed Tomography for diagnosing
appendicitis with suspected acute appendicitis. 578 patients
who presented to Emergency Department with high clinical
suspicion of acute appendicitis were evaluated with
Ultrasonography and Computed Tomography. The patients
were admitted to the hospital either for observation or for
surgery. Unstable patients who needed to undergo emergency
surgery were excluded from the study. In these cases, no
imaging or either one of CT or USG was performed. Exclusion
criteria were pregnancy and patients not willing to participate
in the study. The radiologic procedures and purpose of the
study were explained to the patients, and informed consent
was obtained from each patient or from a patient’s guardian in
case of paediatric patients. The hospitalised patients
underwent Computed Tomography and Ultrasonography
examinations before undergoing surgery or during the first 24
hours of observation. The decision whether to operate or not
was taken by the Surgeon based on the clinical symptoms and
laboratory parameters.

Computed Tomography examinations were performed
with a sixteen-slice multidetector helical CT scanner (GE,
Brivo, 385 series) by means of a rapid thin-scanning technique.
A single breath hold helical scan from the top of the D6
vertebral body to the pubic symphysis was obtained using 5-
mm beam collimation and 10-mm/sec table speed (pitch of 1,
120 kV, 100 to 160 mA). Images were reconstructed and
photographed at 1.25-mm intervals using different soft-tissue
window settings (Width, 400 H; level, 40 H). In patients
younger than 10 years old, the tube current was 80 mA. In
patients between 10 and 15 years old, the tube current was
100 mA. In patients 15 years or older, the tube current was 160
mA. No oral, rectal or IV contrast material was administered.
CT scans were analysed both at a workstation and on hard
copy. In this study, CT findings were interpreted as positive for
acute appendicitis when an enlarged appendix (= 6 mm in
outer diameter) was identified (Fig. 1). Wall thickness of
appendix and characterisation of wall was also done. CT
findings were interpreted as negative, if the appendix was
visualised with intraluminal air. An appendix less than 6 mm
in outer diameter was also diagnosed as normal. If an appendix
was not visualised and ancillary signs were or were not
present, the findings were interpreted as negative.

For the Ultrasonography examinations, we used 5 to 11-
MHz linear array, 3 to 6-MHz curved array, (GE-Voluson S6).
Curved array transducers were used in obese patients to allow
deeper penetration. Ultrasonography examinations were
performed using the graded compression technique described
by Puylaert.[12] On Ultrasonography, the primary criterion to
establish the diagnosis of acute appendicitis was direct
visualisation of the inflamed appendix: a concentrically
layered, small, sausage-like structure found at the point of
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tenderness. The classic appearance is a non-compressible
blind ended tubular structure without peristalsis in RIF with
maximum diameter of 6 mm or larger and echogenic
incompressible peri-appendicular inflamed fat with or
without an appendicolith (Fig. 2). The diagnostic criteria for
negative findings on Ultrasonography were a compressible
appendix, right lower quadrant without an enlarged appendix.

The Computed Tomography and Ultrasonography
examinations were evaluated separately within 1 hour by two
radiologists who were unaware of the findings on the other
examination. The surgeon was not informed about the
radiologic  diagnosis. The surgeon decides further
management in these patients. The diagnosis of acute
appendicitis at surgery was established on the basis of
macroscopic findings. A macroscopically normal appendix at
laparoscopy was left intact. A normal-looking appendix at
laparotomy by a split-muscle incision was excised. All excised
appendix were microscopically analysed by histology using
paraffin sections.

Study Design
Descriptive study for diagnostic accuracy.

Statistical Method

The sensitivity, specificity, positive predictive value and
accuracy for CT and Ultrasonography in diagnosing acute
appendicitis was calculated. McNemar test was applied for
both tests to calculate ‘p’ value for sensitivity, specificity and
accuracy.

RESULTS
Between January 2015 and January 2017, 578 patients with
suspected acute appendicitis were hospitalised. Ninety
patients were excluded. Twenty eight patients who were
admitted for emergency appendectomy underwent immediate
surgery. Twenty eight patients refused to take part in the
study. The remaining 432 patients underwent both CT and
Ultrasonography. In thirty two patients the radiologist
considered it necessary to inform an independent surgeon
about the radiologic findings before the operation, because of
possible significant influence on the surgical and conservative
management of the patient. Of the 432 patients considered for
inclusion in the study, 400 patients fully followed the designed
protocol. These 400 patients consisted of 221 females and 179
males, ranging in age from 3 to 92 years with fourteen patients
younger than 12 years. Most patients 360 [88%] underwent
surgery immediately or within 24 hrs. of observation after
imaging. Forty patients (12%) were hospitalised for clinical
observation after imaging. For this observation group the
mean hospital stay was 3 days, ranging from 1 to 7 days. The
latter group recovered without surgery during their stay in the
hospital. The results of CT and Ultrasonography in these 27
patients are followed up. The median follow-up period was 13
months. All excised appendix was microscopically analysed by
histology using paraffin sections for final diagnosis of acute
appendicitis. All data underwent statistical analysis using the
McNemar test.

At surgery 248 (69%) of the 360 patients proved to have
appendicitis and 112 patients (31%) did not have appendicitis.
In 58 (16%) of these 360 patients, another diagnosis was
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made. In the other 54 patients without appendicitis (15%), no
diagnosis was made and the appendix was left intact.

The Ultrasonography results for the patients who
underwent surgery are listed in Table 1. In 226 (91%) of the
248 patients with appendicitis at surgery, the sonogram
showed signs of acute appendicitis. The other 22 patients (9%)
appeared to have acute appendicitis at surgery, although the
sonogram showed negative findings for appendicitis. In 101
(90%) of the 112 patients without signs of appendicitis at
surgery, Ultrasonography also did not reveal appendicitis. In
11 (10%) of the 112 patients, the sonogram showed positive
findings which was not found at surgery.

The CT results for the patients who underwent surgery are
listed in Table 2. In 216 (87%) of the 248 patients, CT showed
acute appendicitis that was confirmed at surgery. The
remaining 32 patients (16%) appeared to have acute
appendicitis at surgery, although the CT findings were
negative.

In 96 (86%) of the 112 patients with a macroscopically
normal appendix at surgery, CT findings were negative for
appendicitis. In the remaining 16 patients (14%), CT findings
were positive.

The sensitivity of CT and Ultrasonography was 95% and
93%, and the specificity was 82% and 75% respectively. The
positive predictive value was 91% and 87% and the negative
predictive value was 90% and 85%. The accuracy of CT is 88%
and Ultrasonography was 91%. On the basis of the McNemar
test results, the calculated ‘p’ value for sensitivity, specificity
and accuracy was not less than 0.05, which indicates that CT
was not superior to Ultrasonography in the diagnosis of acute
appendicitis.

On comparing Z= 1.43 it is less than the level of significance
value, i.e. 1.96. Therefore, not significant, which concludes that
Computed tomography is not superior to Ultrasonography for
diagnosing acute appendicitis.

APPENDICITIS

5«
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Figure 1. USG showing Appendicitis with Appendix
Diameter of 9 mm (Between Calibers). Wall Pattern of
Appendix is Well Visualised
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Figure 2. CT showing Appendicitis with Appendix Diameter
of 14 mm (Medial to Cursor). Wall Pattern of
Appendix is Not Visualised

Surgery Ultrasonography Findings No. of
Findings Positive Negative Patients
Positive 226 22 248
Negative 11 101 112
Total 237 123 360

Table 1. Correlation of Ultrasonography and Surgery
Findings for Diagnosis of Acute Appendicitis in 360

Patients
Computed Tomograph
S_u reery P Findingsg o N(?' of
Findings Positive Negative Patients
Positive 216 32 248
Negative 16 96 112
Total 232 128 360

Table 2. Correlation of Computed Tomography and
Surgery Findings for Diagnosis of Acute Appendicitis in
360 Patients

DISCUSSION

Graded compression Ultrasonography of the right lower
quadrant has gained increasing acknowledgement in
establishing the diagnosis of acute appendicitis with
sensitivities ranging from 77% to 89% and specificities
ranging from 94% to 96%.[1.3-16] The sensitivity and specificity
of Ultrasonography found in our study is close to these results.

Wall pattern and wall thickness are better assessed with
Ultrasonography, which adds to the diagnostic efficiency of
ultrasonography in acute appendicitis. But further studies are
needed to confirm this.

Wall pattern is better seen in USG. CT is not efficient in
evaluating wall pattern, because of uniform water density for
soft tissue. Loss of wall pattern by Ultrasonography in acute
appendicitis may denote perforation, gangrene or severe
inflammation with possible adhesion. In our study, perforation
of appendix is better assessed with USG than CT.
Ultrasonography is relatively inexpensive, rapid, non-invasive,
and requires no patient preparation or contrast material
administration.
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Unfortunately, graded compression Ultrasonography is
operator-dependent and requires a high level of skill and
expertise. Ultrasonography is also a dynamic investigation,
and photographs of sonographic images cannot be reliably re-
evaluated. Obese patients and patients with a retrocaecal
appendix or with severe abdominal pain are difficult to
examine using Ultrasonography.[1171 A radiologist in this study
also indicated that these patient-related factors limited the
diagnostic capability of Ultrasonography.

Some studies reported that CT is an accurate way of
imaging acute appendicitis.[1.218-25] CT is readily available, is
supposed to be operator independent and is relatively easy to
perform and has results that are easy to interpret. Helical CT
has reported sensitivities of 90% - 100%, specificities of 91 -
99%, accuracies of 94% - 98%, positive predictive values of
92% - 98%, and negative predictive values of 95% - 100%.[1.26-
31,10-17] These studies are done in the period of 1990 to 2002,
where USG instrumentation is not well evolved. With modern
instrumentation, USG resolution is much improved and
overcame much of the problems stated in those studies.

In our study 16 (14%) of the 112 patients were found to
have a normal appendix at surgery, but the CT findings were
positive for appendicitis. Possible explanations for false-
positive CT results are mild appendicitis, resolved appendicitis
or a reactive enlarged appendix caused by mesenteric
lymphadenitis. 32 (13%) of the 248 patients had acute
appendicitis at surgery, although the CT findings were
negative. These false-negative CT results may be also
explained by the fact that less soft tissue temporal resolution
and unable to determine wall pattern of appendix. In few
patients, an alternative diagnosis was found at surgery. The
cases of diverticulitis, Crohn’s disease, cholecystitis and caecal
tumours were detected at both CT and Ultrasonography. Of the
gynaecologic diagnoses, the adnexal teratoma, the epidermoid
cyst and most of the ovarian cysts were seen both on CT and
on Ultrasonography. A limitation of this study may be that the
radiologists were forced to state whether appendicitis was
acute. There was no room for indeterminate answers. We
believe that further prospective studies are needed to offer a
diagnostic pathway in which Ultrasonography, CT and
observation can be valuable tools in managing acute
appendicitis.

Advantage of USG over CT are high soft tissue contrast,
evaluation of wall pattern and wall thickness is better with
USG than CT, easy to perform, readily available and cost
effective.

Disadvantage of USG over CT-

1. Operator dependent, needs considerable expertise.

2. Resolution may be poor or appendix may not be
visualised in case of overlapping bowel gas, tense
abdomen and retroperitoneal appendix.

Advantage of CT over USG-

1. Reproducibility, images can be reviewed later.

2. Can be done in patient with severe abdominal pain and
excessive gaseous prominence in abdomen.

Disadvantage of CT over USG-

1. Notreadily available in all level of hospitals.

2. Wall pattern and wall thickness not reliable, evaluated
with CT.
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CONCLUSION

USG for the diagnosis of acute appendicitis has accuracy same
as that of Computed Tomography. As the accuracy of CT is
almost same as Ultrasound, in our view Ultrasound is the
preferred modality to CT because Ultrasound is easily
available and is an inexpensive modality and does not need
any ionising radiation or intravenous contrast as in CT.

Strength and Limitation

Limitation- Wall pattern and wall thickness are better studied
with USG. Further studies are needed to compare wall
thickness and wall pattern by USG and CT to conclude which
modality is better for diagnosing acute appendicitis.
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