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Abstract
Background: Acute appendicitis is one of the most common abdominal surgical emergencies requiring accurate diagnosis. It 
is characterized by obstruction of its lumen, leading to inflammation and finally perforation. To define its prognosis, choose an 
appropriate surgical procedure and to decide non-surgical treatment, the pre-operative diagnosis of perforated or non-perforated 
appendicitis is very important.

Aim of the Study: This study aims to analyze the diagnostic accuracy of computed tomography (CT) scan abdomen in 
differentiating perforated from non-perforated appendicitis using histopathology as the final diagnosis.

Materials and Methods: A prospective, cross-sectional analytical study, wherein 85 patients diagnosed with acute appendicitis 
referred to the radiological department for CT scan abdomen were included in the study. Patients aged between 15 and 70 years 
were included in the study. CT scan abdomen with and without contrast was performed on a Toshiba 64 Multislice CT scanner 
(Toshiba Medical Systems Corp., Tokyo, Japan) which was used for all the patients. All the CT scans were interpreted by the same 
consultant radiologists with a minimum of 5 years of experience. The radiological features for the diagnosis of non-perforated 
acute appendicitis by CT were based on swollen appendix, thickened enhancing wall, and smudging of surrounding fat planes, 
whereas the radiological features for perforated appendicitis used were, with abscess formation, phlegmon, extraluminal air, 
extraluminal appendicolith, and focal defect in the appendicular wall. Histopathology of the specimen collected following surgery 
was undertaken by the hospital consultant pathologist of more than 5-year experience.

Observations and Results: Among the 85 patients included in this study for the analysis of CT scan abdomen features, there 
were 57 (67.05%) males and 28 (32.94%) females with a male-to-female ratio of 2.03:1. The mean age of the patients was 
38.90 ± 6.70 years. The incidence of non-perforated appendicitis was 66/85 (77.64%) including males 44/85 (51.76%) and 
females 22/85 (25.88%). The incidence of perforated appendicitis was 19/85 (22.35%) and males were 12/85 (14.11%) and 7/85 
(8.23%) were female. Patients aged 15–45 years of both genders constituted to 63/85 (74.11%) of the total patients. Among 
these patients, presenting with non-perforated appendicitis was 51/85 (60%) and perforated appendicitis was 12/85 (14.11%).

Conclusions: Multislice CT scan abdomen was considered as the modality of choice for acute appendicitis not only to confirm 
the diagnosis but also it plays an important role in assessment of appendicular complication, particularly in the detection of 
perforated appendix. Using one or more of the five radiological signs of CT scan abdomen to identify appendicular perforation 
raised the sensitivity significantly reaching 94.12%.
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INTRODUCTION

Appendicitis being the most common abdominal 
surgical emergency with an incidence 7–12% of  the 
general population demands accurate diagnosis which is 
essential for taking a surgical decision in its management. 
The management may be either medical or surgical in 
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nature.[1] Usually, appendicitis starts with block in the 
lumen or its opening followed by accumulation of  fluid 
within its lumen.[2,3] As the disease process continues, the 
appendix becomes swollen and the inflammatory process 
involves its wall and progresses into the periappendicular 
fat planes.[4] The most common complications are 
appendicular perforation, abscess formation, peritonitis, 
and bowel obstruction.[5] The characteristic clinical features 
of  appendicitis are pain in the right lower quadrant of  
abdomen fever, vomiting, and rebound tenderness.[6,7] 
Laboratory finding of  increased white blood cell count has 
a low predictive value for the diagnosis of  appendicitis.[8] 
Even though clinical and laboratory findings are helpful in 
the diagnosis of  acute appendicitis, about 30% of  patients 
have atypical presentation that can be misleading.[9] In 
such critical times, computed tomography (CT) scan is the 
modality of  choice to diagnose the acute appendicitis and 
differentiate it from the other causes of  acute abdomen. The 
progressive use of  CT scan in such situations has resulted 
in significant reduction in the negative appendectomy rates 
from 30% to 2%.[10] The differentiation between the non-
perforated and perforated appendicitis is important because 
the perforation of  appendix is associated with higher 
mortality rate.[11] The incidence rate of  post-operative 
complications in patients with perforated appendectomy 
is high compared to non-perforated appendectomy (28.4% 
vs. 4.7%).[12] In one study, the mean length of  hospital stay 
in the perforated group was 6.3 days while it was 2.9 days in 
the non-perforated group.[13] The advantages of  CT scan of  
abdomen are that it is non-operator dependent, widespread 
non-invasive technique, and easy detection of  the diseased 
or non-diseased appendix even in its different positions.[11] 
Ultrasound sound abdomen appears less sensitive and less 
accurate in diagnosing in acute appendicitis when compared 
to the CT scan,[12,13] especially in those patients with severe 
pain, marked gaseous distension, and in obese patients. 
The progress in CT scanners is allowing shortening of  
the scan time and multiplanar reformatted images with 
high spatial resolution.[14] The radiological features for 
diagnosis of  non-perforated acute appendicitis by CT are 
based on swollen appendix, thickened enhancing wall, 
and smudging of  surrounding fat planes,[12,14] whereas the 
diagnosis of  perforated appendicitis was suggested with 
abscess formation, phlegmon, extraluminal air, extraluminal 
appendicolith, and focal defect in the appendicular 
wall.[15] In one study, the sensitivity and specificity of  CT 
to diagnose perforated appendicitis was 69% and 97%, 
respectively.[16] In the present context, this study was 
conducted to analyze the diagnostic accuracy of  CT scan 
abdomen in differentiating perforated from non-perforated 
appendicitis using histopathology as the final diagnosis.

Type of Study
This was a prospective, cross-sectional, and analytical study.

Duration of Study
This study was from October 2015 to October 2018.

Institute of Study
This study was conducted at Al Azhar Medical College and 
Super Specialty Hospital, Thodupuzha, Kerala.

MATERIALS AND METHODS

A prospective, cross-sectional analytical study was 
conducted at a tertiary teaching hospital of  Kerala, wherein 
85 patients diagnosed with acute appendicitis referred to 
the radiological department for CT scan abdomen were 
included in the study. An ethical committee clearance was 
obtained before the commencement of  the study. An 
ethical committee accepted pro forma was used for this 
study.

Inclusion Criteria
1. Patients aged between 15 and 70 years were included 

in the study
2. Patients with symptoms of  pain in the abdomen, fever, 

and vomiting were included in the study
3. Patients with rebound tenderness in the right lower 

quadrant of  the abdomen were included in the study
4. Patients of  both the genders were included in the study.

Exclusion Criteria
1. Patients aged below 15 and above 70 years were 

excluded from the study.
2. Those patients who were refused surgery in this 

same hospital and referred to other hospitals or with 
deranged renal function were excluded from the study.

CT scan abdomen was performed on a Toshiba 64 
Multislice CT scanner (Toshiba Medical Systems Corp., 
Tokyo, Japan) which was used for all the patients. The 
scanning protocol included the acquisition of  axial 
helical CT sections before and after the administration of  
intravenous contrast, extending from the xiphoid process 
of  the sternum to the pubic symphysis pubis at 120 
kVp and 210 mA. At the time of  scanning, intravenous 
contrast was administered using a power injector at a rate 
of  5 mL/s followed by the acquisition of  axial cuts at 
4-mm slice thickness in the portal venous phase (60–70 
s after injection of  bolus contrast). Sagittal and coronal 
multiplanar reconstruction was also performed. All 
the CT scans were interpreted by the same consultant 
radiologists with a minimum of  5 years of  experience. The 
radiological features for the diagnosis of  non-perforated 
acute appendicitis by CT were based on swollen appendix, 
thickened enhancing wall, and smudging of  surrounding 
fat planes, whereas the radiological features for perforated 
appendicitis used were, with abscess formation, phlegmon, 
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extraluminal air, extraluminal appendicolith, and focal 
defect in the appendicular wall. Histopathology of  the 
specimen collected following surgery was undertaken by 
the hospital consultant pathologist of  more than 5-year 
experience. All the data were analyzed using descriptive 
statistics, frequency, and percentage which were computed 
for gender, CT scan findings, and histopathology findings. 
Mean ± standard deviation for age was calculated. 
Sensitivity, specificity, positive and negative predictive 
values, and diagnostic accuracy of  perforated appendicitis 
on CT scan were calculated using histopathology as the final 
diagnosis. The accuracy through Chi-square test, P < 0.05 
was considered statistically significant.

OBSERVATION AND RESULTS

Among the 85 patients included in this study for the analysis 
of  CT scan abdomen features, there were 57 (67.05%) 
males and 28 (32.94%) females with a male-to-female ratio 
of  2.03:1. The youngest patient was aged 16 years and the 
eldest patient was aged 70 years with a mean age of  38.90 ± 
6.70 years. The incidence of  non-perforated appendicitis was 
66/85 (77.64%) observed in this study. Among the 66/85 
non-perforated appendicitis, males were 44/85 (51.76%) and 
22/85 (25.88%) were female. The incidence of  perforated 
appendicitis was 19/85 (22.35%) and among them, males 
were 12/85 (14.11%) and 7/85 (8.23%) were female. 
Patients aged 15–45 years of  both genders constituted to 
63/85 (74.11%) of  the total patients. Among these patients, 
presenting with non-perforated appendicitis was 51/85 (60%) 
and perforated appendicitis was 12/85 (14.11%), [Table 1].

CT scan abdomen features suggestive of  non-perforated 
appendicitis includes enlarged appendicular diameter 
(>6 mm) with an occluded lumen was observed in 
27/85 (40.90%), appendicular wall thickening (>2 mm) 
in 14/85 (21.21%), periappendicular fat stranding in 
12/85 (18.18%), appendicular wall enhancement in 
9/85 (13.63%), and appendicolith in 4/85 (6.06%) was 
observed [Table 2].

Specific signs for perforated appendicitis on CT scan 
abdomen included a defect in enhancing the appendicular 
wall was observed in 7/85 (36.84%), focal area of  non-
enhancement with enhancing of  the remaining appendicular 
wall was observed in 5/85 (26.31%), extraluminal 
air in 3/85 (15.78%), extraluminal appendicolith in 
2/85 (10.52%), and abscess formation in 2/85 (10.52%) 
patients [Table 3].

CT scan abdomen reports in this study showed that 
there were 19/85 (22.35%) patients that had perforated 
and 66/85 (77.64%) had non-perforated appendicitis 
while histopathology reported 14/85 (16.47%) with 
perforated appendicitis and 53/85 (83.52%) with non-
perforated appendicitis. That leaves us with 5/85 (5.88%) 
false-positive cases among the perforated appendicitis 
cases and 13/85 (15.29%) false-positive cases among the 
non-perforated appendicitis. Hence, in the present study, 
the sensitivity of  CT scan abdomen in the diagnosis of  
perforated appendicitis was 94.12% and sensitivity ion 
the diagnosis of  non-perforated appendicitis was 84.71%. 
Positive predictive value of  non-perforated appendicitis 
was 62.35% and positive predictive value of  perforated 
appendicitis was 73.68%. The accuracy of  CT in the 
detection of  perforated appendicitis was 85.4% in male 
cases and 92.2% in female cases.

DISCUSSION

In addition to rapid and accurate diagnosis of  acute 
appendicitis, the surgeon needs to know accurately whether 
any associated complication is associated with it, especially 
whether it is perforated or non-perforated. This information 
would be of  great value to the operating surgeon so that 
he could be sure of  the prognosis. Localization of  the 
inflamed appendix can be determined by the radiologist 
in most of  the cases before surgical interference. High 
sensitivity and specificity in detection of  acute appendicitis 
ranging between 94 and 98% were reported by many 
authors with the help of  CT scan abdomen increasing 
its diagnostic value.[17] Even though surgical treatment 

Table 1: Incidence of types of appendicitis in different age groups (n=85)
Age group Non-perforated appendicitis – 66 (77.64%) Perforated appendicitis – 19 (22.35%) Percentage
15–30 (38) Total – 31 (24.70) Total – 7 (8.23) 44.70

Male – 21, female – 10 Male – 4, female – 3
31–45 (25) Total – 20 (23.52) Total – 5 (5.88) 29.41

Male – 13, female – 7 Male – 3, female – 2
46–60 (11) Total – 8 (9.41) Total – 4 (4.70) 12.94

Male – 5, female – 3 Male – 3, female – 1
61–75 (11) Total – 7 (8.23) Total – 3 (3.52) 12.94

Male – 5, female – 2 Male – 2, female – 1
Total Total – 66 (51.76) Total – 22 (25.88) 100

Male – 44, female – 22 Male – 12, female – 7
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is adopted for uncomplicated acute appendicitis, few 
surgeons treat non-complicated appendicitis or appendicitis 
without palpable mass by conservative medical treatment 
instead of  surgical interference. The medical conservative 
treatment and antibiotic therapy if  administrated in the 
first 12 h are considered effective method for treatment 
with 68–84% success rate.[18,19] In situations, where 
a clinical examination reveals complication of  acute 
appendicitis such as perforation choosing a non-surgical 
management depends on accurate and reliable CT scan 
abdomen interpretation. Review of  current literature 
reveals that the sensitivities and specificities for CT scan 
abdomen for the diagnosis of  acute appendicitis are 
around 90%, resulting in significantly reduced negative 
appendectomy rates from 15–20% to 2–12%.[20,21] In spite 
of  high sensitivity, the differentiation between perforated 
and non-perforated appendicitis is not as accurate as it 
should be because differentiating perforated from non-
perforated appendicitis is decided on by a wide range of  
radiological signs of  CT scan abdomen. They include the 
presence of  free fluid, phlegmon, abscess, extraluminal air, 
and bowel wall thickening; each of  these characteristics 
favors perforation.[21,22] In this study, CT scan abdomen 
features suggestive of  non-perforated appendicitis includes 
enlarged appendicular diameter (>6 mm) with an occluded 
lumen was observed in 27/85 (40.90%), appendicular wall 
thickening (>2 mm) in 14/85 (21.21%), periappendicular 
fat stranding in 12/85 (18.18%), appendicular wall 
enhancement in 9/85 (13.63%), and appendicolith in 
4/85 (6.06%) was observed [Table 2]. Specific signs for 
perforated appendicitis on CT scan abdomen included a 
defect in enhancing the appendicular wall was observed 

in 7/85 (36.84%), focal area of  non-enhancement with 
enhancing of  the remaining appendicular wall was observed 
in 5/85 (26.31%), extraluminal air in 3/85 (15.78%), 
extraluminal appendicolith in 2/85 (10.52%), and abscess 
formation in 2/85 (10.52%) patients [Table 3]. In the 
present study, the sensitivity of  CT scan abdomen in the 
diagnosis of  perforated appendicitis was 94.12% and 
sensitivity ion the diagnosis of  non-perforated appendicitis 
was 84.71%. Positive predictive value of  non-perforated 
appendicitis was 62.35% and positive predictive value of  
perforated appendicitis was 73.68%. The accuracy of  CT 
in the detection of  perforated appendicitis was 85.4% in 
male cases and 92.2% in female cases. In another study, 
the sensitivity and specificity of  CT to diagnose perforated 
appendicitis was 69% and 97%, respectively.[13] In the 
Fraser et al. study,[23] CT scan abdomen had a sensitivity of  
62% with a specificity of  81% in predicting appendicular 
perforation.

CONCLUSIONS

Multislice CT scan abdomen was considered as the 
modality of  choice for acute appendicitis not only to 
confirm the diagnosis but also it plays an important role 
in assessment of  appendicular complication, particularly in 
detection of  perforated appendix. Using one or more of  
the five radiological signs of  CT scan abdomen to identify 
appendicular perforation raised the sensitivity significantly 
reaching 94.12%. However, individual CT scan abdomen 
finding showed relatively low-to-moderate sensitivity in 
diagnosis of  perforated appendicitis.
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