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ABSTRACT

Background: Acute appendicitis, when the appendiceal lumen is obstructed, leads to development of
inflammation and eventually perforation. Pre-operative identification of ruptured appendix could help
determine therapy, including consideration for a non-surgical approach towards management. Although,
no doubt exists in the reliability of Computed tomography (CT) in detecting acute appendicitis (AA),
however, its efficiency in discriminating the non perforated appendicitis from ruptured one still needs
clarification. This study aimed to establish the diagnostic accuracy, sensitivity and specificity of CT scan in
acute appendicitis in terms of the presence or absence of perforation.

Methods: A cross sectional study was conducted in the Department of Radiology, Dr. Ziauddin University
Hospital, Karachi, for 6 months. Patients (171) clinically suspected of appendicitis were included in this study.
CT was performed with oral and infravenous contrast administration and findings were documented. The
final diagnosis was based on post-appendectomy histopathological analysis.

Results: In the current study, computed fomography used for the detection of perforated appendicitis had
79.07% sensitivity, 89.06% specificity, 70.8% positive predictive value and 92.7% negative predictive value
along with 86.5% accuracy, respectively. The precision of CT in the detection of ruptured appendicitis was
90.9% for female cases and 83.8% for male cases. Similarly, with respect to age, furthermore, CT precision
was 85.59% for < 30 years of age and 88.68% for > 30 years of age (p=0.0005).

Conclusion: The computed tomography (CT) scan is a non-invasive investigation with high precision and
can be used confidently to select cases with non-perforated appendicitis for initial non-operative
management.
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INTRODUCTION

An acutely inflamed appendix is a quite frequent
cause of acute abdomen, the incidence being 33.8
cases /100,000/ yearwith a lifetime probability of 9%
. More recently the incidence of AA has risen,
being at an average rate of 0.5 cases /100,000/
year . Incidence of perforation is more marked in
developing nations like Pakistan figuring to about

20% of all cases of acute appendicitis (AA) 2. 1t is
commonly the second or third decade of one’s life
when appendiceal inflammation is experienced?. Its
incidence being nearly 233/100,000 population, the
peak age group affected is between10 to 19 years.
Data shows higher probability for men with an
incidence of 8.6% in comparison fo women having
6.7% incidence rate (male to female ratio 1.4:1) 4.
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Identifying ruptured AA from a non-ruptured one is
important  when  selecting an  adequate
therapeutic approach that defines prognosis.
Post-operative sequelae are far more frequent in
patients with ruptured appendicitis in contrast to
non-perforated appendectomy, recorded to be
28.4% and 4.7% respectively’. A prior study
documented an average 6.3 days mean hospital
stay in the ruptured group and only 2.9 days in
non-perforated one®. Being non-invasive,
Computed tomography (CT) scan has gained
significant popularity in investigating AA, contrary to
invasive approaches like diagnostic laparoscopy’2.
An earlier study recorded sensitivity and specificity
of 69% and 97% respectively for CT scan in
identifying ruptured appendicitis’.

A refrospective review included 2283 patients who
underwent CT evaluation for possible appendicitis:
516 (23 percent) had evidence of probable or
definite appendicitis. Thirteen (3 percent) of these
patients had improved or resolved pain and were
discharged without surgery?®. Five of the 13
patients subsequently underwent an
appendectomy for a diagnosis of appendicitis after
a mean of 118 days (range, 5 to 443 days). The
histologic evaluation identified acute inflammation
in two specimens, chronic inflammation in one, and
acute and chronic inflammation in two therefore;
perforation was detected in three patients.

Elbanna et al. in their study reported 20% perforation
rate developing in less than 24 hours after symptom
onset'®, Appendicectomy rate in perforated cases of
AA has declined since 1995 ''. If perforation is
diagnosed pre-operatively, patient management is
altered, initially; percutaneous drainage is performed
pursued by interval appendectomy'?'3, While routine
laparoscopic  appendicectomy is obtained in
non-perforated AA. Thus, it is crucial to identify
ruptured AA pre-surgically'“. Since not sufficient
Pakistani data is available on this subject, we,
therefore, aimed to establish CT scan precision in
discriminating perforated from non-perforated
appendicitis with defining its sensifivity and specificity
taking histopathology as a gold standard.

METHODS

A cross sectional study was carried out at Ziauddin
University Hospital, Karachi, for a é-month duration
dated 01 January 2016 unfil 30 June 2016. After
approval from the ethical review committee,
informed written consent was obtained from patients
referred to the department requesting CT scan
abdomen with a clinical suspicion of acute
appendicitis. Sampling size calculated by the statistics
department considering disease prevalence from
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literature using the WHO software’. The total number
of patients was n=171, sampling done by
non-probability consecutive method.

We included suspicious cases between the ages of 15
to 50 years who had right iliac fossa pain of 12 or more
hours with or without associated nausea and fever
and those who were planned for surgery within 2 days
of CT scan. All those patients who refused surgery,
those unfit for surgery or patients with iafrogenic
perforation of the appendix during surgery were
excluded from this study. Computed tomography
was performed on Toshiba Alexion 16 slice CT
scanner. Scanning protocol included acquisition of
axial helical sections before and after administration
of infravenous contrast with Sagittal and coronal
reconstructions at 120kVp and 220mA. At the time of
scanning intravenous contrast was administered using
power injector at a rate of 3 ml per sec followed by
the acquisition of axial cuts at 5 mm slice thickness in
porto-venous phase.

Findings obtained on CT scan including age, gender
and duration of symptoms were documented in a
pre-drafted Proforma and the final diagnosis was based
on post-appendicectomy histopathology. Data analysis
was u done by using a statistical package for social
sciences (SPSS-17). Relevant descriptive  statistics,
frequency and percentage were computed for
gender, CT scan findings and histopathology findings.
Mean +/- SD for age, duratfion of symptoms were
calculated. Sensifivity, specificity, positive predictive
value, negative predictive value and diagnostic
accuracy of perforated appendicitis on CT scan were
calculated taking histopathology as a gold standard.
Strafification was done to control effect modifiers like
age, gender and duration of symptoms to observe the
effect of these modifiers on the accuracy through
chissquared test and p<0.05 was considered statistically
significant.

RESULTS

Patients n=171with suspected inflamed appendix
were included in this study. The average patient
age was 29.9 years with the age range of 15 to 50
years as presented in Table 1. Out of 171 cases,
105(61.40%) were male and 66(38.59%) females
(Table 2). As per CT findings, 28.1% (48/171) cases
had perforated and 71.9% (123/171) had
non-perforated appendicitis while histopathology
documented 25.1% (43/171) perforated and 74.9%
(128/171) non-perforated appendicitis as presented
in Table 1. The sensitivity, specificity, positive and
negative predictive value as well as accuracy of
computed fomography in the detection of
perforated appendicitis (see Figure 1) was 79.07%,
89.06%, 70.8%, 92.7% and 86.5% respectively.

https://doi.org/10.36283/PJMD10-4/009



Khalid Mustafa, Uzma Azmatullah, Sara Zafar

Table 1: Diagnostic accuracy of computed accuracy for appendicitis keeping histopathology as a gold standard.

Clinical Perforated Non -Perforated CT Scan/Histopatho logy
Findings Appendicitis Appendicitis n (%)

CT Scan 34 (TP) 14(FP) 48 (28.1%)
Histopathology 9 (FN) 114 (TN) 123 (71.9%)

Totaln (%) 43 (25.1%) 128 (74.9%) 171(100%)

n=Total number =171, TP=True positive, FP= False positive, FN= False negative, TN= True negative.

Precision of CT in detection of ruptured appendicitis precision was 85.59% for below and equal to 30
was 90.9% for female cases and 83.8% in male cases years of age and 88.68% for above 30 years of age,
(Table 2). Similarly, with respect to age category, CT also presented in Table 2.

Table 2: Stratification of diagnostic accuracy of computed tomography (CT) in acute appendicitis taking
histopathology as the gold standard by age, gender and perforation.

. Number e Diagnostic

Variables Detected Sensitivity | Specificity PPV NPV Accuracy p-Value
Age >30 years 53 83.33% 90.24% 71.43% | 94.87% 88.68% 0.0005
Age <30 118 77.42% 88.5% 70.59% | 91.67% |  85.59% 0.0005
Years
Total Acute

171 79.07% 89.06% 70.83% | 92.68% 86.55% 0.0005
Appendicitis
Perforated
f/\‘;ﬁ’ei“d'c”'s 35 80.00% 85.33% | 68.57% | 91.43% | 83.81% 0.0005
(n=105)
Perforated
Appendicitis 13 76.92% 94.34% 76.9% 94.3% 90.91% 0.0005
Females (n=66)

PPV=positive predictive value, NPP=negative predictive value

Figure 1: CT demonstrates dilated appendix with wall defect medially (arrowhead) and extraluminal air was
appreciated suggesting appendiceal perforation as well.
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DISCUSSION

In the present study, we found sensitivity, specificity,
positive and negative predictive and accuracy of
computed tomography in the detection of
perforated appendicitis (79.07%, 89.06%, 70.8%,
92.7%, 86.5%). Perforated appendicitis is an
emergency condition that can be promptly
managed non-operatively, based on timely and
accurate interpretation of radiological imaging
findings'®. The most popular tool of investigation
nowadays is a contrast enhanced CT scan, which
has proved its reliability to identify acute
appendicitis correctly. Data recorded shows
sensitivities and  specificities of up to 90% '°.
Meanwhile a simultaneous decline has also been
observed in the negative surgical appendectomies
from the earlier reported 15-20% to 2-12% by utilizing
contrast CT scan in patients with an inflamed
appendix'’. A large multicenter study has
demonstrated negative appendectomy rates of
4.5% in patients who had CT scan compared to a
rate of 10% in those who had not performed any
prior imaging'®. This has led to the prevention of
unnecessary surgeries with better patient outcomes
in terms of both prognosis and cost effectiveness.
Though it seems quite obvious that a contrast
enhanced CT scan abdomen is an efficient
imaging tool to detect and diagnose non-ruptured
appendicitis, the demarcation of a perforated from
a non-ruptured one however still appears to be less

precise, leaving an opportunity for an under
evaluated subject fto be further explored
scientifically.

Reasons for the difficulty to distinguish a perforated
from a non-perforated appendicitis are due to the
complex imaging features of rupture on CT. For

example, when perforated, extraluminal air,
colonic mural edema, enhancing ileal walls,
exfra-bowel appendicolith, abscess, phlegmon,

peri appendiceal fluid and mesenteric stranding of
varying severity can be defected on CT scans'?.
This rich spectrum of imaging presentations at times
renders diagnosing a perforation less reliable. Other
studies have observed the role of CT scan in
perforation; however, the accuracy of diagnosis is
established on histopathology or per-operative
findings only?'. However, these earlier studies have
paved a model for future researches, but they still
lack clarification on diagnostic criteria  of
perforation. The average patient age was
detected to be 26.9 years, ranging between 15 and
50 years?. In another study, the mean age was 31.4
years, which is comparable to that of the current
study. Out of 171 cases, 105(61.4%) were found to
be male and 66(38.6%) females. The present study
showed a higher number of males affected by this
disease entity as compared to females, indicating
an obvious male predilection in the current region

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2021, VOL. 10 (04)

Diagnostic Precision of Computed Tomography (CT) Scan in Discriminating Perforated Appendicitis from Non-Perforated Cases

for the inlammation of the appendix. Petfroianu’s
stfudy also recorded a greater number of males
than females?®.

In the present study, 25.1% of patients were found to
have perforated appendix on histopathology.
However, in another study perforated appendicitis
rate was somewhat higher with 31.3% having
perforation. Omari et al. showed a ruptured
appendix in 41% of elderly patients. As the patients
selected in the study were younger, the number of
perforated cases was lower as compared to
mentfioned study?®. The sensitivity, specificity,
positive and negative predictive value of study
results including the diagnostic accuracy of
contrast  enhanced computed tomography
abdomen in detecting perforated appendicitis was
79.07%, 89.06%, 70.8%, 92.7% and 86.5%
respectively. This was in accordance fo a study
with, sensitivity and specificity of detecting ruptured
appendicitis is 69% and 97% respectively?. Fraser’s
study reports a CT sensitivity of 62% with a specificity
of 81% in predicting appendiceal rupture®.

Tsuboi et al. retrospective study stated that if any
mural defects were found in an enhancing
inflamed appendix as the only CT scan feature fo
establish rupture, this itself will raise the sensitivity,
specificity, and diagnostic accuracy to 95.0%,
96.8%, and 96.1%, respectively?. Comparison of the
validity of study findings with other studies was
reviewed and shown with current study having a
sensitivity of 79.07% and a specificity of 89.06% (see
Figure 2).

100.0%
80.0%
60.0%
40.0%
20.0%

0.0%

Figure 2: Comparison of validity findings with other
studies.

This study reports CT scan accuracy in detfecting
perforated appendicitis of 83.8% in men and 90.9%
for women. Likewise, for the age categorization, CT
scan accuracy was more than 88.7% for above 30
years of age and 85.6% for those below and equal
to 30 years.

Horrow et al. included Helical CT scan in their study
by applying numerous scanning protocols including
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those with oral contrast, others with both oral and
infravenous contrast and by keeping the slice
thickness from 5mm to 10mm?. It was recorded that
mural defects seen in the enhancing appendix with
abscess formation, phlegmon, exira-bowel gas and
extraluminal appendicolith had a sensitivity of 94.9%
for perforated appendicitis and a specificity of
100%. On the other hand, Kim et al.in their data
reported a sensitivity of 62.7% and a specificity of
98.8% 2.

A limitation to the current study was that it was a
single center based study, which was performed in
an urban setting, not covering a significant number
of patient populations. Also of note is fo
acknowledge the burden of ionizing radiation
exposure while performing these CT scan in patients
with acute appendicitis, which usually targets the
youthful population. This could be addressed by
obtaining a contrast enhanced low dose CT scan
instead of a contrast enhanced standard CT scan
which fulfills the criterion of ‘as low as reasonably
achievable (ALARA), thus reducing the exposure of
patients to harmful radiations. Few drawbacks to
standard abdominal CT however exist including
nearly two hours required for oral confrast
administration, ionizing radiation exposure and
infravenous contrast side effects.

CONCLUSION

CT scan was found to be 79.07% sensitive and
89.06% specific in accurately diagnosing perforated
appendicitis. This could be utilized in patient
selection with ruptured Acute Appendixes to initiate
non-surgical tfreatment.
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