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Abstract

Introduction: Acute appendicitis is one of the most common surgical emergencies. Various scoring

systems have been developed for supporting the diagnosis of acute appendicitis. The most common and

widely applied scoring system is Modified Alvarado Scoring system. The RIPASA Score, a new diagnostic

scoring system developed for the diagnosis of Acute Appendicitis has shown significantly higher

sensitivity, specificity and diagnostic accuracy compared to Alvarado Score, particularly in Asian

population.

Aims and Objectives

1) To compare RIPASA Score and Modified Alvarado Score in the diagnosis of acute appendicitis.

2) To assess the accuracy of RIPASA Score and Modified Alvarado Score as reliable indicator for
Appendicectomy surgeries and attenuating the “Negative Appendicectomy” rates.

Materials and Methods: 68 clinically suspected cases of acute appendicitis, admitted in the surgical wards

of Mamata General Hospital, were included in the study after obtaining their consent. Every patient was

scored with both scores after taking detailed history, clinical examination and relevant investigations. A

score of >7 for Modified Alvarado scoring system and >7.5 for RIPASA scoring system was taken as high

probability of acute appendicitis. Following the data compilation sensitivity, specificity and accuracy of

Modified Alvarado and RIPASA scoring systems for diagnosing acute appendicitis were calculated and

compared.

Results: With the cut-off value greater than 7.5 for RIPASA score; sensitivity, specificity, positive

predictive value, negative predictive values were 100%, 23.08%, 84.62% and 100% respectively. With the

cut-off value greater than 7 for Modified Alvarado score sensitivity, specificity, positive predictive value,

negative predictive values 80.00%, 76.92%, 93.62%, 47.62% respectively. Diagnostic accuracy of RIPASA

and Modified Alvarado score were 86.24% and 79.41% respectively.

Conclusion: RIPASA score was better than Modified Alvarado score in diagnosing acute appendicitis.

Keywords: Modified Alvarado score, RIPASA, acute appendicitis

Introduction

Acute appendicitis is one of the commonest surgical emergencies in any hospital. The lifetime
prevalence rate of appendicitis is approximately one in seven M. The incidence is 1.5 to 1.9 per
1000 in the population, with a male preponderance of 1.4 [,

There have been numerous advances in the diagnosis and treatment of appendicitis. Nonetheless,
acute appendicitis continues to challenge surgeons to this day [l. Symptoms of appendicitis
overlap with a number of other conditions making diagnosis a challenge, particularly at an early
stage of presentation 1.

The decision of performing an appendicectomy is largely based on history, clinical examination
and investigations. A negative appendicectomy rate of 20-40% has been reported in literature
and many surgeons advocate early surgical intervention for the treatment of acute appendicitis to
avoid perforation, accepting a negative appendicectomy rate of about 15-20% [, Removing
normal appendix is an economic burden on both patients and health resources. Misdiagnosis and
delay in surgery can lead to complications like perforation and finally peritonitis (1.

A number of scoring systems have been employed for aiding in diagnosis of acute appendicitis
and its prompt management. These scores make use of clinical history, physical examination and
laboratory findings.
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Classic Alvarado score included a shift to the left of neutrophil
maturation (scorel) yielding a total score of 10.

However, Kalan et al. omitted this parameter which was not
routinely available in many laboratories and produced a
Modified Alvarado score with an aggregate score of 9. [l Chong
et al. from the Department of Surgery at Raja Isteri Pengiran
Anak Saleha Hospital, Brunei Darussalam have recently
developed a new appendicitis scoring system RIPASA Score
consisting of 15 clinical and laboratory variables with a
maximum score of 16. [€],

The RIPASA Score is a new diagnostic scoring system
developed for the diagnosis of Acute Appendicitis and has been
shown to have significantly higher sensitivity, specificity and
diagnostic accuracy compared to Alvarado Score, particularly
when it was applied to Asian population 1.

The present study was carried out to compare the efficacy of
RIPASA score with that of Modified Alvarado Score for the
diagnosis of acute appendicitis.

The purpose of this study was to compare modified Alvarado
score vs RIPASA score in diagnosis of acute appendicitis in
order to arrive at a diagnosis preoperatively in order to reduce
the rate of negative appendectomies.

Aims and Objectives

Aims

= To compare RIPASA Score and Modified Alvarado Score
in the diagnosis of acute appendicitis.

= Assessing the accuracy of RIPASA Score and Modified
Alvarado Score as a reliable indicator for Appendicectomy
surgeries and attenuating the “Negative Appendicectomy”
rates.

Objectives

= Applying the RIPASA score in the diagnosis and prognosis
of patients with right iliac fossa pain.

= Comparing the Sensitivity, Specificity, Positive Predictive
Value and Negative Predictive Value with the widely used
Modified Alvarado Score and RIPASA Score.

= Assessing the RIPASA Score and Modified Alvarado Score
with clinical and histopathological examination findings.

Materials and Methods

Method of collection of data

This study comprises of 68 cases of Acute Appendicitis from the
surgical in-patient wards of Mamata General Hospital over a
period of one year from august 2022 to July 2023. The study
was carried out after obtaining clearance from Ethical and
Research Committee, Mamata Medical College, Khammam.
Patients above the age of 16 years irrespective of sex, willing to
undergo appendicectomy, willing to participate in the study and
gave consent were included.

Patients less than 16 years of age, pregnant women, patients
with right iliac fossa mass, previous history of urolithiasis and
pelvic inflammatory disease and those not willing to participate
in the study were excluded.

Methodology

Clinically suspected cases of acute appendicitis, admitted in the
surgical wards of Mamata General Hospital, were included into
the study after obtaining their consent for the same. Detailed
history, clinical findings along with relevant investigations like
hematological examination, urinalysis, biochemical parameters
as required, ultrasound of abdomen etc., were recorded in the
proforma for individual patients. Every patient was scored with
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both modified Alvarado and RIPASA scoring systems and a
score of > 7 for Modified Alvarado scoring system and > 7.5 for
RIPASA scoring system was taken as high probability of acute
appendicitis. Operative findings and diagnosis were recorded in
the concerned proforma for the respective patients.
Histopathology findings of the excised appendix were recorded
in the respective proforma for correlation with the pre and per
operative diagnosis as well as with both the scores. Scores were
tabulated and compared by applying Chi-square test.

Following parameters and variables were recorded in both the
scoring systems for each case.

Table 1: RIPASA Scoring System for Appendicitis

Characteristics | RIPASA Score

Patients
Female 0.5
Male 1.0
Age<39.9 years 1.0
Age>40 years 0.5
Symptoms
Right iliac fossa pain 0.5
Pain migration to Right iliac fossa 0.5
Anorexia 1.0
Nausea and vomiting 1.0
Duration of symptoms<48 hrs 1.0
Duration of symptoms >48 hrs 0.5
Signs
Right iliac fossa tenderness 1.0
Guarding 2.0
Rebound Tenderness 1.0
Rovsing sign 2.0
Fever >37 °C<39 °C 1.0
Investigations
Raised WBC 1.0
Negative urine analysis 1.0
Additional Score
Foreign NRIC 1.0
Total Score 16

Table 2: RIPASA Scoring System Interpretation

Total RIPASA Score Decision making guidelines
<5.0 Probability of acute appendicitis is unlikely

5.0-7.0 Low probability of acute appendicitis
7.5-11.5 Probability of acute appendicitis is high
>12 Definite acute appendicitis

Table 3: Modified Alvarado Scoring System for Appendicitis

Symptoms Score
Migratory right iliac fossa pain 1
Anorexia 1
Nausea/Vomiting 1
Rebound tenderness in right iliac fossa 1

Signs
Tenderness in right iliac fossa 2
Elevated temperature 1
Laboratory Findings

Leucocytosis 2
Total 09

Table 4: Interpretation of Modified Alvarado Score

Mass score Interpretation
1-4 Unlikely diagnosis of appendicitis
5-6 Possible diagnosis
7-9 Acute appendicitis present
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Observations and Results

The study was conducted on 68 patients with clinical features of
acute appendicitis over a period one year from august 2022 to
July 2023. Each patient was scored with Modified Alvarado and
RIPASA scoring system and the results were compared. The
results were analyzed and are discussed here.

Age distribution and association of age with acute
appendicitis
Among 68 patients, the youngest patient was of age 16 years,
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whereas the oldest was 60 years old.

Mean age of patients in the present study with acute appendicitis
was 29.38 years whereas mean age in normal cases was 28.85
years. No significant association was seen with age and
incidence of acute appendicitis with a P value of 0.880.

Gender Distribution

Among 68 patients, majority of them were females which
accounted for 36 cases (52.9%). 32 patients were males
accounting for 47.1% of patients. Male to female ratio was 0.89.

AGE DISTRIBUTION

3,4%
10, 15% I‘ 15, 22%
10, 15%
30, 44%
®16-20 = 21-30 31-40 w41-50 m51-60

36, 53%

GENDER DISTRIBUTION
32,47%

= MALES

= FEMALES

Fig 1: Age and Gender distribution among patients

Ultrasonography Findings
Among 68 patients undergoing USG, 59 (86.8%) patients were
reported as having acute appendicitis on USG.

Table 5: Ultrasonography findings among patients.

No. of patients (n=68) | Percentage (%)
Acute Appendicitis 59 86.8
Normal 09 13.2
Total 68 100.0

Histopathological Findings

Histopathological examination was done in all cases and the
reporting was done under the groups as acute appendicitis, acute
on chronic appendicitis and normal (follicular hyperplasia). 48
(70.6%) patients had HPE report as acute appendicitis, 07
(10.3%) patients had HPE report of acute on chronic
appendicitis and the rest 13 (19.1%) patients had normal
findings on HPE.

Table 6: HPE Findings among patients

HPE Finding No. of patients(n=68) |Percentage (%0)
Acute appendicitis 48 70.6
Acute on chronic appendicitis 07 10.3
Follicular hyperplasia 13 19.1
Total 68 100.0

Comparison of USG with HPE Report

Out of 59 cases which were suggestive of acute appendicitis on
USG 49 (72.05%) patients were found to have acute appendicitis
after HPE report and 10 (14.7%) patients had normal findings on
HPE report. Sensitivity and specificity of USG in diagnosing
acute appendicitis was found to be 89.09% and 23.08%
respectively with a PPV of 83.05% and an NPV value of
33.33%. No significant difference was seen in diagnosis of

appendicitis by USG and HPE with a P value of 0.244.

Table 7: Comparison of USG findings with HPE report

No of
Ultrasonography finding HPE p()ﬁ'ggg)ts
Acute appendicitis | Normal
Acute appendicitis 49 10 59
USC Normal 06 3 9
Total 55 13 68 (100%)

[P Value = 0.244]

Modified Alvarado scoring
Distribution of patients according to Modified Alvarado Score
was depicted in Figure No 2.

MODIFIED ALVARADO SCORE

5: 7%

20;29%
16;24%
m 1-4 (Unlikely)
= 5-6 (Possible)
7-8 (Present)
9-10 (Definitive)

27:40%

Fig 2: Modified Alvarado Score among patients
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Comparison of Modified Alvarado Score with HPE Report
Table No 8 shows the comparison of Modified Alvarado Score
with HPE report.

On comparison of Modified Alvarado score with HPE P value
(0.001) was found to be significant.

Table 8: Comparison of Modified Alvarado Score with HPE

Modified HPE No. ?;_Pg’g)'e”ts
Alvarado Score IAppendicitis(n=55)Normal(n=13)
1-4 02 (40%) 03 (60%) 05 (7.4%)
5-6 09 (56.25%) 07 (43.75%) | 16 (23.5%)
7-8 24 (88.88%) 03 (11.11%) | 27 (39.7%)
9-10 20 (100%) 0 (0.0%) 20 (29.4%)

[P Value = 0.001]

RIPASA Scoring
RIPASA scoring among study subjects was depicted UN Figure
No 3.

RIPASA SCORE
0; O%\ 2;3%
’A = <5 (Unlikely)
24:35%

= 5-7 (Low)

® 7.5-11.5 (High)
=12 (Definitive)

42:62%

Fig 3: RIPASA scoring among patients

Comparison of RIPASA score with HPE report

Among the study subjects, comparison of RIPASA score with
HPE report shown in Table No 9. P value was significant
(0.001).

https://www.surgeryscience.com

Table 9: Association of RIPASA Score with HPE

HPE .
RIPASA Score Acute appendicitis] _Normal No. of patients(n=68)
5-7 0 2 (100%) 2 (13.2%)
75-115 31(73.81%) [11(26.19%) 42(61.8%)
>12 24(100%) 0(0.0%) 24(19.1%)
Total 55(100%) 13(100.0%) 68(100.0%)

[P Value = 0.001]

Comparison of modified Alvarado score according to cut off
value with HPE

Table 10 shows the comparison of Modified Alvarado Scoring
according to cutoff value with HPE report among the subjects.

Table 10: Comparison of Modified Alvarado Score according to cut off
value with HPE

Modified Alvarado Scoring HPE Report n (%) Total

according to cutoff value | Acute Appendicitis |Others| (%)
>17 44 3 47
<7 11 10 21

Total 55 13 68(100%)

Comparison of RIPASA score according to cut off value with
HPE

Table 11 shows the comparison of Modified Alvarado Scoring
according to cutoff value with HPE report among the subjects.

Table 11: Comparison of RIPASA Score according to cut off value
with HPE

RIF_’ASA Scoring HPE Repqrjc N (%) Total (%)
according to cutoff value| Acute Appendicitis| Others
>175 55 10 65
<7 0 03 03
total 55 13 | 68(100%)

Comparison of RIPASA score and Modified Alvarado
scoring

Figure 4 shows the sensitivity, specificity, Positive Predictive
Value, Negative Predictive Value and diagnostic accuracy of
RIPASA and Modified Alvarado Scores.

SENSITIVITY SPECIFICITY POSITIVE PREDICTIVE NEGATIVE DIAGNOSTIC
VALUE PREDICTIVE VALUE ACCURACY
» Modified Alvarado Score = RIPASA Score

Fig 4: Analysis of RIPASA scoring and Modified Alvarado Scoring (n=68)

Discussion

Despite being a common problem, acute appendicitis remains a
difficult diagnosis to establish, particularly among the young,
the elderly and females of reproductive age, where other

genitourinary and gynecological inflammatory conditions can
present with signs and symptoms that are similar to those of
acute appendicitis [%. It becomes increasingly common
throughout childhood and reaches its maximum incidence
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between the age of 10 and 30 years. Among teenagers and
young adults, the male/female ratio is about 3:2. After the age of
25 years, the ratio gradually declines until the sex ratio is equal
by the mid-30s 11,

In the present study, among 68 cases majority of them belonged
to the age group of 21-30yrs (44.1%) and the least no. of
patients were from the age group of 51- 60yrs (4.4%) which was
similar to a study done by Sanjay Jain et al. [*2,

Mean age of the patients in the present study was 29.28 + 11.344
years. Mean age of patients in the present study with acute
appendicitis was 29.38 years whereas mean age in normal cases
was 28.85years. No significant association was seen with age
and incidence of acute appendicitis with a P value of 0.880. This
was similar to study done by Tzanakis et al. [*3l. In which the
mean age was 28.3 £ 13.3 years whereas the mean age was 20.2
years in study carried out by Khan et al. (4],

In the present study, the majority were females, accounting for
52.9% (36 patients), while males accounted for 47.1% (32
patients) with male to female ratio was 0.89. In a similar study
conducted by Sanjay Jain et al. [*2, males comprised 39% and
females comprised 64% of the patients. Another study by Anand
Singla et al. % found that 64% were males and 32% were
females.

In Western countries nearly 7% of people have appendicitis.
This incidence was quite low previously has been rising in
developing countries in proportion to economic gain and change
of lifestyle (161,

The diagnosis of acute appendicitis is based on a thorough
clinical judgment including a detailed history and clinical
examination. The etiology of acute appendicitis is thought to be
multifactorial in which luminal obstruction, dietary and familial
factors have all been documented. Many trials have been
conducted to assess the role of conservative treatment for acute
appendicitis. However, classically the treatment of choice is an
emergency appendectomy 17,

The removal of a healthy appendix is associated with a greater
risk of abdominal adhesions as compared to acute appendicitis
1181 This contrasts with an increasing rate of appendiceal
perforations associated with delayed surgical interventions for
the purpose of increasing diagnostic accuracy at the opposite end
of spectrum 2],

A delay in performing an appendicectomy in order to improve
its diagnostic accuracy increases the risk of appendicular
perforation and sepsis, which in turn increases morbidity and
mortality °! The opposite is also true, where with reduced
diagnostic  accuracy, the negative or  unnecessary
appendicectomy rate is increased, and this is generally reported
to be approximately 20%-40% [,

Diagnostic accuracy can be further improved through the use of
ultrasonography or computed tomography imaging. However,
such routine practice may inflate the cost of health care
substantially. A recent study has suggested that such
indiscriminate use of CT imaging may lead to early low-grade
appendicitis and unnecessary appendicectomies which would
otherwise be resolved spontaneously by antibiotics therapy [,
Several scoring systems have been developed to aid in the
diagnosis of acute appendicitis. The Alvarado score and the
modified Alvarado score are the two most commonly used
scoring systems 24, Both the Alvarado and modified Alvarado
scores lack parameters that have been shown to be important
determinants in the diagnosis of acute appendicitis, such as age,
gender and the duration of symptoms.

Wani et al. 1, Have shown that the sensitivity and specificity of
the Alvarado scoring system vary with age, gender and the
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duration of symptoms. Moreover, this score was developed in
Western countries, with different diet and environmental factors
and several studies have reported very low sensitivity and
specificity when these scores are applied to a population with a
completely different ethnic origin and diet. There has been a
need of scoring system that can overcome these problems with
acceptable sensitivity, specificity and negative appendectomy
rate. RIPASA score has been developed, which claimed to have
better outcome in Asian settings.

In 2010, a group in Raja Isteri Pengiran Anak Saleha (RIPAS)
Hospital, in Brunei, developed a new scoring system called
RIPASA score Bl The evaluation is mainly based on history and
clinical findings, which is an important parameter in reaching a
diagnosis of acute appendicitis 21,

The RIPASA score is simple and easy to use as a quantitative
scoring system and most of the parameters are easily obtained
from a good clinical history and examination. This also includes
urinalysis, which can be easily performed. Hence, a score can be
obtained quickly, and a rapid diagnosis can be made without
having to wait for the full investigations 2],

The minimum and maximum total scores achievable with this
new appendicitis scoring system were 2 and 16, respectively.
The sensitivity and specificity achieved were 88% and 67%,
respectively, with a diagnostic accuracy of 81%, which is
comparable to the Alvarado score when the latter was applied in
a Western population.

This was a definite improvement from the Alvarado score
(sensitivity 50.6%-59.0%, specificity 23.0%-94.5%) and
modified Alvarado score (sensitivity 53.8%, specificity 80%)
when applied to Middle Eastern, Asian or Oriental populations.
The PPV and NPV for the new appendicitis score, at 93% and
53%, respectively, are also comparable to those achieved with
the Alvarado and modified Alvarado scores. Using the new
appendicitis  scoring  system, the predicted negative
appendicectomy rate was 6.9%, which was a 9.4% reduction
from the raw data, and highly significant statistically (p =
0.0007) B,

In the present study out of 68 patients, 59 (86.8%) patients had
finding suggestive of acute appendicitis on USG and 09 (13.2%)
patients had normal findings. In a prospective study done by
Sudershan Kapoor et al. 4 on 50 patients off suspected acute
appendicitis ultrasonography of abdomen showed positive
results in 41cases (82%) out of 50 cases.

Out of 59 cases which were suggestive of acute appendicitis on
USG 49 (72.05%) patients were found to have acute appendicitis
after HPE report and 10 (14.7%) patients had normal findings on
HPE report. Sensitivity of USG in diagnosing acute appendicitis
was found to be 89.09% with a PPV of 83.05% and an NPV
value of 33.33%. In a study done by Sanjay Jain et al. [*3 study
found ultrasonography sensitivity of 94.68%, with 95.70%
positive and negative predictive values, and 91% accuracy,
while in a study done by Pinto et al. [ study showed 86%
sensitivity and 84% positive predictive value. In the present
study, 48 (70.6%) had acute appendicitis, 10.3% had acute on
chronic appendicitis, and 19.1% had normal findings on
histopathological examination. In a similar study done by
Ramgopal Meena et al. 1 had found 56%(28) of patients with
acute appendicitis, 16%(08) with recurrent appendicitis, 8%(04)
with perforated or gangrenous appendix, and 16%(08) with
normal HPE findings, while Anand Singla et al. ™ found
90%(45) Of patients with appendicitis and 10%(05) had normal
findings on HPE.

In the present study of 68 patients, among 05 (7.4%) patients
with a Modified Alvarado score of 1-4, 02 (40%) had acute
appendicitis and 03 (60%) patients had a normal finding on
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HPE. Among 16 (23.5%) patients with score of 5-6, 09
(56.25%) patients had appendicitis and 07 (43.75%) patients had
normal findings on HPE. Among 27 (39.7%) patients with Score
of 7-8, 24 (88.88%) patients had acute appendicitis and 03
(11.11%) patients had normal findings on HPE. Among 20
(29.4%) patients with a score of 9-10 all 20 (100%) patients had
HPE suggesting acute appendicitis. On comparison of Modified
Alvarado score with HPE P value (0.001) was found to be
significant. The study found that the sensitivity of the Modified
Alvarado score in predicting appendicitis increased as the score
approached 9, with almost 100% positive results obtained. In
comparison, a similar study done by Prateek Goyal et al. 21 on
comparison of ALVARADO score with HPE P value (<0.001)
was found to be significant.

In the present study, 02 (13.2%) patients had RIPASA score of
5-7 of which all patients (100%) had normal finding on HPE.
Out of 42 (61.8%) patients with a score of 7.5-11.5, 31 (73.81%)
had appendicitis and 11 (26.19%) patients had a normal finding
on HPE. Out of 24 (19.1%) patients with a score greater than 12
all 100% patients had findings consistent with appendicitis on
HPE. P value was significant (0.001). It was noted that as the
score increases the sensitivity of prediction of appendicitis
increases. In a similar study done by Prateek Goyal et al. "1 on
comparison of RIPASA score with HPE P value (<0.001) was
found to be significant comparable to the present study.
Statistical comparison of Modified Alvarado Score and RIPASA
Score’s cutoff values of present study in terms of sensitivity,
specificity, PPV and NPV with various other studies was
depicted in the Table 12 and Table 13.

Conclusion

Acute appendicitis remains a diagnostic challenge, especially in
specific demographics such as the young, elderly, and females of
reproductive age. It peaks in incidence between ages 10 and 30,
with a male-to-female ratio of 3:2 among teenagers and young
adults. This study analyzed 68 cases, primarily within the 21-30
age group, with a mean patient age of 29.28 years. The gender
distribution was almost equal, with 52.9% females. Diagnosis
often relies on clinical judgment, but imaging techniques like
ultrasonography and computed tomography can improve
accuracy, despite increasing healthcare costs. The RIPASA
score, developed in Brunei, has shown better diagnostic
performance in Asian populations compared to the Alvarado
score. In this study, the sensitivity and specificity of
ultrasonography were 89.09% and 33.33%, respectively.
Histopathological examination confirmed acute appendicitis in
70.6% of cases. The Modified Alvarado score demonstrated
increasing sensitivity with higher scores, and the RIPASA score
showed similar trends, achieving significant predictive accuracy.
Comparing these scoring systems, the RIPASA score was more
effective for the studied population, highlighting its potential
utility in enhancing diagnostic accuracy and reducing
unnecessary appendectomies in diverse ethnic and dietary
contexts.

Table 12: Comparison of statistical analysis of modified Alvarado
score among various studies

Cut off

Study value Sensitivity|Specificity] PPV | NPV
Jain's. et al. 121 7-8 86.1% | 83.3% |98.9%|27.8%
' ' 9 35.1% | 100.0% [100.0%| 8.9%

Nanjundaiah N et al. [281] 7 58.9% | 85.7% [97.3%(19.1%

Present Study 7 80% 76.92% [93.62%47.62%

https://www.surgeryscience.com

Table 13: Comparison of statistical analysis of RIPASA score among
various studies

Study Sensitivity | Specificity | PPV | NPV
Nanjundaiah et al. (28] 96.2% 90.5% 98.9% |73.1%
Chong CF et al. Bl 98% 81.3% 85.3% |97.4%
Banepali et al. [f] 97.17% 57.14% | 94.5% |72.7%
Present study 100% 23.08% |84.62% | 100%

The RIPASA score is currently a better diagnostic scoring
system for acute appendicitis compared to the Alvarado score,
with the former achieving significantly higher sensitivity and
diagnostic accuracy, particularly in Indian population. We can
get information of 14 fixed parameters of the RIPASA score by
taking a complete history, and conducting clinical examination
and investigations. Unwanted admissions and expensive imaging
studies can also be avoided by using RIPASA score.
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