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A B S T R A C T
Introduction: Acute appendicitis has an unpredictable course which varies from complete resolution to perforation within a
small time period. It is the most common cause of surgical acute abdomen presenting to emergency department where it is
challenging for the surgeon to take a call for conservative or surgical management. Unnecessary surgery, failed conservative
management leading to further complications, post surgical complications necessitate accurate diagnosis and prognosis
which require combination of imaging and clinical measures. This study aims to compare specificity, sensitivity, positive and
negative predictive value of RIPASA and HRUSG in diagnosis of appendicitis that requires surgical intervention
Materials and methods: This is a prospective cross-sectional study with purposive sampling technique conducted among 150
patients suspected of acute appendicitis, referred for USG abdomen and underwent surgery for the same, in Father Muller
Hospital. Clinical RIPASA (Raja Isteri Pengiran Anak Saleha Appendicitis) score and HRUSG (high resolution ultrasonography)
findings were noted and correlated with the histopathological findings.
Results: Out of 150 patients, 62% were justified with surgery while 38% underwent unnecessary surgery that could have
been prevented using criteria of RIPASA>11, Luminal diameter of >7.9 and degree of periappendiceal inflammation as per
this study. Combination of HRUSG and RIPASA score has reduced the NAR (negative appendicectomy rate) from 39% on
clinical alone and 7.4% on USG alone to 3.1%.
Conclusion: The addition of HRUSG to clinical assessment of acute appendicitis increases the sensitivity and specificity,
reduces the false positive rate (NAR), assists surgical decision making in doubtful cases to prevent complications and
morbidity. HRUSG is also needed to rule out complications like mass formation/abscess/perforation where outcome of
surgery is poor.
Key words: Acute appendicitis, negative appendicectomy, RIPASA score, Ultrasonological criteria.

INTRODUCTION

Acute appendicitis is defined as the transmural inflammation
of appendix. It has an incidence of about 1 in 400 or 0.25% in
South India.1 Acute appendicitis along with its unpredictable
course, can mimic or be mimicked by many acute abdominal
illnesses. It is thus necessary to make an accurate diagnosis
to prevent unnecessary surgery. Likewise timely surgery is
very important as delay in decision can lead to highly morbid
complications. NAR is defined as the rate of surgically
removed appendix that are pathologically normal.2 Overall,
NAR of approximately 20%-30% is commonly reported
which warrants a better clinical method and imaging
correlation.2 RIPASA score is a new clinical diagnostic
scoring system developed for diagnosis of acute appendicitis
with significantly higher sensitivity, specificity and diagnostic
accuracy particularly in an Asian population compared to
Alvarado and modified Alvarado method.3,4,5 Of the various
commonly used diagnostic aids for appendicitis, no single
test can reduce the rate of negative appendicectomy to zero.

This study aims to compare specificity, sensitivity, positive
and negative predictive value of RIPASA and HRUSG in
diagnosis of appendicitis that requires surgical intervention.
It also evaluates the combined role of HRUSG and RIPASA
score in management of acute appendicitis to reduce the
NAR.

MATERIAL AND METHODS

This is a prospective cross-sectional study done at Father Muller
Hospital with purposive sampling technique conducted
among 150 patients suspected of acute appendicitis, referred
for USG abdomen and underwent surgery for the same from
June 2017 December 2017. Written and informed consent
was obtained from all patients prior to inclusion in the study.
Inclusion criteria being all patients who had presented to
emergency and surgery OPD with complains of right iliac
fossa pain. Exclusion criteria included those patients who
were managed conservatively and did not undergo surgery,
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those who presented with history of trauma and those with
non visualisation of appendix on HRUSG.
The algorithm of RIPASA, HRUSG and HPE was
made to decrease the NAR. It was focused on RIPASA
score6 and its interpretation, imaging findings and
diagnosis, histopathological final diagnosis being the gold
standard (TABLE 1). RIPASA score was calculated from
demographic details, clinical symptoms, examination signs
and investigations and divided into four categories of score
<5, 5-7, 7.5-11 and >12.
Transabdominal ultrasound was performed using high
frequency linear probe of 9MHz (Philips IU22 USG
machine). Appendix was visualised using controlled bowel
compression method and findings recorded under criteria7 of
luminal diameter (serosa – serosa in axial), periappendiceal
inflammation (echogenic fat or bowel wall edema), presence
of free fluid, appendicolith and lymphadenopathy (short axis
>5mm).
All the post surgical appendicectomy specimens were sent
for histopathological examination. Histopathological reports

were categorised as normal (reactive lymphoid hyperplasia),
resolving, acute and suppurative appendicitis.

STATISTICAL ANALYSIS

Data was analyzed by descriptive statistics using Statistical
Package for Social Sciences (SPSS) 16.0 version. Chi-square
test (χ2), Fischer exact test were applied to determine the
most accurate imaging factor for diagnosis with estimation
of sensitivity, specificity and positive and negative predictive
values. The assumed significance level was P<0.05. Percentage
frequency distribution was also used. ROC curve was applied
to assess the cut off value of appendix luminal diameter and
RIPASA score to acquire least NAR. McNemar test was
used for paired data to establish differences in accuracies
among various modalities.

RESULTS

Out of 150 patients referred for HRUSG in view of acute
appendicitis with their RIPASA score (maximum of 15),
38% (15% were normal and 23% were resolving appendicitis

Table-1: (a) – RIPASA score (b) – Its interpretation and (c) – Histopathological categories and interpretation
Comparing parameter
P Value
Significance
Ripasa score
0.000
High
Luminal diameter
0.000
High
Periappendiceal inflammation
0.000
High
Free fluid
0.024
Yes
Appendiculolith
0.055
No
Complications on imaging
0.010
Yes
Table-2: Illustrating p values on comparing each parameter with histopathology (gold standard)
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Sn – sensitivity; Sp - specificity; PPV – positive predictive value; NPV – negative predictive value
TABLE-3: (a)- Assessment of accuracy of each modality for final diagnosis with supporting raw data (b) as mentioned

Sn – sensitivity; Sp - specificity
Table-4: ROC curve analysis (a), (b) demonstrating 7.9mm as ideal cut off for luminal diameter.

on histopathology) underwent unnecessary surgery and the
rest had a timely surgery.
Clinical RIPASA cut off in our study was found to be 4.0
with 100% specificity and >9.0 to detect maximum number
of positive cases. However HRUSG in such cases helps to
rule out complications where surgery adds to deterioration
or exclude other associated conditions like Crohn’s disease.8
Histopathologically, reactive and resolving appendix need
not be removed surgically9 and could have been managed
conservatively. The most accurate imaging factor for diagnosis

is luminal diameter, which in this study was >7.9mm.
Highest specificity (100%) was seen with periappendiceal
inflammation. In clinical ambiguity, luminal diameter of
<6mm with NPV of 96% to exclude acute appendicitis was
also proved (TABLE 2). Increase in mean RIPASA scores
showed correlation to histopathological severity.
The NAR of RIPASA in our study was 39.3% which was
lowered to only 3.1% with addition of HRUSG in algorithm
and it also increased the specificity, sensitivity and diagnostic
accuracy (TABLE 3). HRUSG not only diagnoses acute
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appendicitis by itself (when luminal diameter of appendix is
> 7.9mm) but also helps in exclusion in clinically doubtful
cases by demonstrating normal appendix.
On imaging, an appendix with anteroposterior diameter of
7mm and above (7.9mm being ideal) under compression is
the most indicative finding for acute appendicitis with high
sensitivity and specificity (TABLE 4).

DISCUSSION

The routine protocol for evaluation of acute appendicitis
should begin with RIPASA scoring, assessment of HRUSG
findings, combination of clinic radiologic scoring to decide
for the management by surgery or non surgical methods. This
leads to the best outcome for the patient.
Clinical examination with RIPASA score ≥12, when used
alone, was able to diagnose acute appendicitis with 100%
accuracy, confirmed by HPE but the rate of complications
was high in this group.
In cases with RIPASA score 7-11.5, was the situation where
HRUSG criteria when used as an adjunct for diagnosis of
appendicitis could accurately diagnose 96.5% of cases that
required timely surgery. These two modalities together had
a high specificity (90%) and sensitivity (98.5%) and a high
positive predictive value (92%).
A cross sectional diameter >7 mm, was a reliable indicator for
acute appendicitis according to our algorithm with a NAR of
3.1% and without increasing the rate of complications.
In a study by SacharSudhir et al10, the main USG features
for diagnosing acute appendicitis were an incompressible
appendix with a transverse outer diameter of >7mm.
According to the study by Hasan Erdem et al11, 7mm
luminal diameter of appendix with non compressibility and
periappendiceal inflammation was the most accurate feature
for diagnosis. They also concluded that RIPASA and USG in
combination were able to diagnose 88% of the cases showing
high diagnostic accuracy. In our study, similar results were
obtained with the luminal diameter cut off value for acute
appendicitis being 7mm and the diagnostic accuracy of
clinicoradiological scoring being 91.5%.
Kessler et al12, in their study of evaluation US, Doppler US
and Laboratory Findings in appendicitis concluded that the
most accurate periappendiceal finding of appendicitis was
the presence of inflammatory fat changes, with an NPV of
91% and a PPV of 76%. Our study proved similar results
with high specificity of 100%.
A study by Mardan et al13 assessing the role of USG in
the management of acute appendicitis showed that the
addition of ultrasonography in clinical assessment for
acute appendicitis decreases the sensitivity but significantly
increases the specificity of the protocol thereby reducing the
false positive rate translating into decreased NAR. In the
study by Subedi et al14 who analyzed the NAR by combining
RIPASA and HRUSG scoring system came out to be 1.2%.
In our study, similar scoring system resulted in NAR of 3.1%.
In the study by Chong et al15, the presence of appendicolith
is a surgical indication irrespective of luminal diameter,
however in our study presence of appendicolith was not
as statistically significant as that of luminal diameter as a
prerequisite criteria for surgery (TABLE 2).

In the study by Flum et al16, the HRUSG alone showed a NPV
of 91% and a PPV of 76% in diagnosis of acute appendicitis.
In our study, using HRUSG alone, the NPV was 92.5% and
PPV of 100% in evaluation of acute appendicitis, thereby
emphasizing the role of imaging.
limitations
All suspected cases on HRUSG might not show appendix
due to poor acoustic window or non co-operability of patient.
HRUSG is an adjunct to clinical and laboratory findings in
making decisions regarding surgical or medical management
of the patient. Thus positive HRUSG only must not be a prerequisite for surgery due to false negative results.
strengths of the study
This study has assessed the specificity, sensitivity, predictive
values and accuracy of HRUSG and RIPASA score
individually and in combination for diagnosis of acute
appendicitis.
This study has used RIPASA scoring system rather than
Alvarado or modified Alvarado score as RIPASA has higher
diagnostic accuracy for acute appendicitis especially in Asian
population.

CONCLUSION

Combination of HRUSG and clinical RIPASA score in
the management of acute appendicitis has a major role in
reducing NAR to minimum, reducing complications and
better patient outcome.
HRUSG has a diagnostic role as well as prognostic role in
following up patients on conservative management to assess
progression or resolution of disease. It also excludes other
conditions as well as appendicitis itself by visualising a normal
appearing appendix. It establishes the severity of the disease
as well as existing complications like abscess or perforation or
mass formation that hinder immediate surgical intervention
and call for higher investigation.
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