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Abstract

AIM: To assess the reliability and practical applicability
of the widely used Alvarado, Eskelinen, Ohhmann and
Raja Isteri Pengiran Anak Saleha Appendicitis (RIPASA)
scoring systems in patients with suspected acute ap-
pendicitis.

METHODS: Patients admitted to our tertiary center
due to suspected acute appendicitis constituted the
study group. Patients were divided into two groups.
appendicitis group (Group A) consisted of patients who
underwent appendectomy and were histopathologically
diagnosed with acute appendicitis, and non-appendicitis
group (Group N-A) consisted of patients who under-
went negative appendectomy and were diagnosed with
pathologies other than appendicitis and patients that
were followed non-operatively. The operative findings
for the patients, the additional analyses from follow up
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of the patients and the results of those analyses were
recorded using the follow-up forms.

RESULTS: One hundred and thirteen patients with sus-
pected acute appendicitis were included in the study.
Of the 113 patients (62 males, 51 females), the mean
age was 30.2 + 10.1 (range 18-67) years. Of the 113
patients, 94 patients underwent surgery, while the rest
were followed non-operatively. Of the 94 patients, 77
patients were histopathologically diagnosed with acute
appendicitis. Our study showed a sensitivity level of
81% for the Alvarado system when a cut-off value of 6.5
was used, a sensitivity level of 83.1% for the Ohmann
system when a cut-off value of 13.75 was used, a sen-
sitivity level of 80.5% for the Eskelinen system when a
cut-off value of 63.72 was used, and a sensitivity level
of 83.1% for the RIPASA system when a cut-off value
of 10.25 was used.

CONCLUSION: The Ohmann and RIPASA scoring sys-
tems had the highest specificity for the diagnosis of
acute appendicitis.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Several scoring systems have been devised
to aid decision making in doubtful acute appendicitis
cases, including the Ohmann, Alvarado, Eskelinen, Raja
Isteri Pengiran Anak Saleha Appendicitis and several
others. These scores utilize routine clinical and labora-
tory assessments and are simple to use in a variety of
clinical settings. However, differences in sensitivities and
specificities were observed if the scores were applied
to various populations and clinical settings, usually with
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worse performance when applied outside the population
in which they were originally created.
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INTRODUCTION

Acute appendicitis is a common surgical condition that
requires prompt diagnosis to minimize morbidity and
avoid serious complications. Accurate identification of
patients who require immediate surgery as opposed to
those who will benefit from active observation is not al-
ways easym.

Several scoring systems have been devised to aid deci-
sion making in doubtful cases, including the Ohmann,
Alvarado, Eskelinen, Raja Isteri Pengiran Anak Saleha
Appendicitis (RIPASA) and several others™™. These
scoring systems utilize routine clinical and laboratory as-
sessments and are simple to use in a variety of clinical
settings. However, differences in sensitivities and specific-
ities were observed if the scores were applied to various
populations and clinical settings, usually with worse per-
formance when applied outside the population in which
they were originally created™, Additionally, geographic
variation of the incidence and clinical pattern of the dif-
ferential diagnosis of acute abdominal pain may impair
their applicability'’. Accurate diagnosis of acute appendi-
citis is especially difficult in women, where the inaccuracy
of available diagnostic methods leads to an unacceptably
high negative appendectomy rate due to gynecological
disorders that frequently mimic appendicitislsj.

This study aimed to assess the reliability and practi-
cal applicability of the widely used Alvarado, Eskelinen,
Ohhmann and RIPASA scoring systems in patients with
suspected acute appendicitis.

MATERIALS AND METHODS

Study design

This prospective study was approved by the local Insti-
tutional Review Board (ANEAH 2011/2). Written in-
formed consent was obtained from all subjects. Patients
admitted to our tertiary center due to suspected acute
appendicitis between October 2011 and March 2012 con-
stituted the study group.

Patients were divided into two groups: appendicitis
group (Group A) consisted of patients who underwent
appendectomy and were histopathologically diagnosed
with acute appendicitis, and non-appendicitis group
(Group N-A) consisted of patients who underwent nega-
tive appendectomy, patients diagnosed to have patholo-
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gles other than appendicitis, and patients that were fol-
lowed non-operatively.

Outcome parameters

Patient data including age, gender, height, weight, the du-
ration of hospital stay, accompanying disease history, op-
eration or follow-up findings, and laboratory and imaging
findings were recorded. Parameters from the Alvarado,
Eskelinen, Ohmann and RIPASA scoring systems were
combined in this form™”. Decisions regarding operation
and follow up were given according to the preferences of
the surgeon, not the scoring results.

The scotes were calculated using an automated Micro-
soft Excel sheet after the patients were discharged. Cal-
culated values were recorded as having a low, medium or
high probability for acute appendicitis (Table 1). Operative
findings, additional analyses of follow-up patients and the
results of those analyses were recorded using the follow-
up forms. A diagnosis of appendicitis was given macro-
scopically during the operation (purulent formations, and
edematous- necrotic changes on the appendix wall). The
results were confirmed with histopathological findings.

Statistical analysis

The data were analyzed using the Statistical Package for
Social Sciences 19.0 for Windows (SPSS Inc., Chicago,
IL, United States) and Medcalc (Mariakerke, Belgium) for
Windows. The results for all of the items were expressed
as the mean * SD), assessed within a 95% reliance and at
a level of P < 0.05 significance. The sample size calcula-
tion was based on a significance level of 0.05. We needed
a sample of 103 patients to achieve 80% power. A nor-
mal distribution of the quantitative data was checked
using the Kolmogorov-Smirnov test. Parametric tests
were applied to the normally distributed data and non-
parametric tests were applied to data with a questionably
normal distribution. An independent sample # test and
Mann-Whitney U test were used to compare the indepen-
dent groups. Receiver operating characteristic curves were
used to identify the optimal cut-off points. Cross tables
were prepared for sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV), and
the diagnostic accuracy values of the scoring systems. We
used a /1/2 test to compate categorical measures regarding
the diagnosis of acute appendicitis.

RESULTS

One hundred and thirteen patients with suspected acute
appendicitis were included in the study. Of the 113 pa-
tients (62 males, 51 females), the mean age was 30.2 *
10.1 (range 18 to 67) years. Of the 113 patients, 94 patients
(83.19%) underwent surgery, while the rest (16.81%) were
followed non-operatively. Of the 94 patients, 77 patients
(81.91%) were histopathologically diagnosed with acute
appendicitis, 6 (6.38%) were diagnosed with pathologies
other than appendicitis (ovarian cyst rupture in three pa-
tients, inflammatory bowel disease in two patients, and a
carcinoid tumor in one patient), and 11 patients (11.71%)
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Table 1 Clinical approaches advised by the authors regarding
the scoring systems

Table 2 Frequency of symptoms, examination findings and
laboratory results 7 (%)

High probability Probable/should  Appendicitis with

be followed high probability
Alvarado <4 5-6 >7
Eskelinen <48 48-57 >57
Ohhmann <6 6-11.5 >12
RIPASA <5 5-7 >75

underwent a negative appendectomy. Among the 19 pa-
tients who were followed non-operatively, urinary system
disease was diagnosed in eight patients, gastroenteritis
was diagnosed in four patients, mesenteric lymphadenitis
was diagnosed in one patient, inflammatory bowel disease
was diagnosed in one patient and gynecologic problems
were diagnosed in one patient. A diagnosis was not es-
tablished, and clinical improvement was observed in four
patients.

Group A included 77 patients (46 males, 31 females)
with a mean age of 29.5 * 9 years, and Group N-A in-
cluded 36 patients (16 males, 20 females) with a mean
age of 31.8 £ 12.1 years. Both groups did not differ
significantly in age and gender (P = 0.560 and P = 0.157,
respectively). With respect to the mean height (168.9 *
8.1 cm »5 168.1 £ 8.8 cm), mean weight (71.3 = 12.8 kg
»s 71.6 £ 16.4 kg), and duration of hospital stay (45.3 *
20.1 d »s 57.9 £ 37.6 d), the two groups were not signifi-
cantly different (P = 0.634, P = 0.894, and P = 0.065,
respectively).

Regarding patient symptoms, there was no similar
pain history among the 64 patients that were diagnosed
with acute appendicitis, while 13 patients had a similar
pain history. It was found that not having a similar pain
history was statistically significant for acute appendicitis
(P < 0.001). The studied groups differed significantly
from each other with regard to the starting point of pain
(P = 0.021) and relocalization of the pain to the lower
right quadrant (P = 0.020). As for the examination find-
ings, the defense-rigidity, rebound, and Rowsing findings
differed significantly between the groups (P < 0.001, P
< 0.001, and P = 0.034, respectively). Fever was also sig-
nificantly different between the groups (P = 0.015). As
for the laboratory results, the neutrophil rate, leukocyte
count, and urine analysis results differed significantly
between the groups (P = 0.001, P = 0.009, and P <
0.001, respectively) (Table 2). The operative and follow-
up results for the patients were as follows: phlegmonous
in 45 patients, catarrhal in 15 patients, gangrenous in 11
patients, vermiformis (negative appendectomy) in 11 pa-
tients, and perforated in six patients.

When the sensitivity and specificity levels of the scoz-
ing systems were assessed, they were 82% and 75% for
the Alvarado, 100% and 28% for the RIPASA, 96% and
42% for the Ohmann, and 100% and 44% for the Eske-
linen scores. When the negative appendectomy rates of
the Alvarado, RIPASA Ohmann and Eskelinen scoring
systems were assessed, they were found to be 12%, 25%,
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Group A Group N-A P value

Symptoms
Loss of appetite ~ Yes 25 (69) 66 (86) 0.072
No 11 (31) 11 (14)
Nausea-Vomiting Yes 20 (56) 52(68) 0.294
No 16 (44) 25 (32)
Time pain started <48 21 (58) 59 (77) 0.074
>48 15 (42) 18 (23)
Starting point of ~ Around stomach 8 (22) 37 (48) 0.021
pain Lower right 25 (69) 38 (49)
quadrant
Anywhere 3(8) 2(3)
Relocalization Yes 7 (19) 33 (43) 0.020
of the pain to No 29 (81) 44 (57)
the lower right
quadrant
Urinary system  Yes 9 (25) 8 (10) 0.052
complaint No 27 (75) 69 (90)
Similar pain Yes 19 (53) 13 (17) <0.001
history No 17 (47) 64 (83)
Findings
Sensitivity Yes 36 (100) 76 (99) 0.999
on lower right No 0(0) 1(1)
quadrant
Defense-rigidity ~ Yes 23 (64) 77 (100) < 0.001
No 13 (36) 0(0)
Rebound Yes 16 (44) 75(97)  <0.001
No 20 (56) 2(3)
Rowsing finding  Yes 7 (19) 31 (40) 0.034
No 29 (81) 46 (60)
Fever >373 5 (14) 28 (36) 0.015
<373 31 (86) 49 (64)
Laboratory results
Neutrophil > %75 10 (28) 49 (64) 0.001
< %75 26 (72) 28 (36)
Leukocyte <10000 15 (42) 13 (17) 0.009
= 10000 21 (58) 64 (83)
Urine analysis Normal 24 (67) 75(97)  <0.001
Abnormal 12 (33) 2(3)

Group A: Appendicitis group; Group N-A: Non-appendicitis group.

22% and 21%, respectively (Table 3). When a cut-off
value for the Alvarado system was set at 0.5, its sensitiv-
ity was calculated as 81%. When a cut-off value for the
Ohmann system was set at 13.75, its sensitivity was cal-
culated as 83.1%. When a cut-off value for the Eskelinen
system was set at 63.72, its sensitivity was calculated as
80.5%. When a cut-off value for the RIPASA system was
set at 10.25, its sensitivity was calculated as 83.1% (Figure
1 and Table 4).

DISCUSSION

The diagnosis of acute appendicitis still represents one
of the most difficult problems in surgery”. It is generally
accepted that the removal of a normal appendix is safer
in questionable cases and that delaying surgery leads to an
increased rate of perforation[s]. There have been many at-
tempts to increase the accuracy of the diagnosis of acute
appendicitis. In addition to clinical evaluation, with the
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Table 3 Sensitivity, specificity, positive predictive value, negative predictive value, diagnostic accuracy and negative appendectomy

values of the scoring systems

Alvarado (cut-off = 7)

Ohhmann (cut-off = 12)

Eskelinen (cut-off = 57) RIPASA (cut-off = 7.5)

82%
75%
88%
66%
80%
12%

96 %
42%
78%
83%
79%
22%

Sensitivity
Specificity

PPV

NPV

Diagnostic accuracy
Neg. app. rate

100%
44%
79%

100%
82%
21%

100%
28%
75%

100%
77%
25%

PPV: Positive predictive value; NPV: Negative predictive value; Neg. app. rate: Negative appendectomy rate.

10 o ROC Curve
— Alvarado
08 - —— Ohmann
Eskelinen
— RIPASA
>06 -
=
:‘é
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D04
0.2 -
0.0 I L L L

Il Il
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 1 If we use high cut-off values for diagnostic methods and ac-
cept where the majority (at least three methods) are positive as positive
and the others as negative, the sensitivity, specificity, positive predictive
value, negative predictive value and diagnostic accuracy values of this
new diagnostic method would be 98.7%, 55.6%, 82.6%, 95.2% and 84.9%,
respectively.

variety of clinical signs and symptoms, many of the mod-
ern diagnostic tools have proved to be effective for the
diagnosis of acute appendicitis""". Although sonography
and CT increase the accuracy of the diagnosis of acute
appendicitis, they are unfortunately still often unavailable
in some emergency departments[g’m]. Several scoring sys-
tems that have been devised for the purpose of increas-
ing both the sensitivity and specificity of the diagnosis of
acute appendicitis have been repeatedly tested””. Scoring
systems represent an inexpensive, non-invasive and easy
to use diagnostic aid.

According to previous publications, the criteria for
diagnostic quality have been postulated as a 15% rate of
negative appendectomies, a 10% rate of negative laparot-
omies, a 35% rate of potential perforations, a 15% rate
of overlooked perforations and a 5% rate of overlooked
acute appendicitis”™'”. Although the negative appendec-
tomy rate reported by surgeons advocating eatly surgical
intervention in suspected cases to prevent perforation
varies between 20% and 40%, the generally accepted neg-
ative appendectomy rate is approximately 15%-20%""".
Furthermore, misdiagnosis and late surgical intervention
leads to complications with high morbidity and mortal-
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Table 4 Cut-off values for the maximum sensitivity and

specificity values of the scoring systems

Measurements AUC Cut-off Sensitivity Specificity
Alvarado 0.818 6.50 81.8 75.0
Ohmann 0.899 13.75 83.1 80.6
Eskelinen 0.867 63.72 80.5 83.3
RIPASA 0.857 10.25 83.1 75.0

AUC: Area under the curve.

ity, such as perforation and peritonitis. In the present
study, 83.2% of the patients underwent surgery, while
16.8% were followed non-operatively. Of the patients
who underwent surgery, 81.9% were histopathologically
diagnosed with acute appendicitis, 6.38% were diagnosed
to have pathologies other than appendicitis, and 11.71%
underwent a negative appendectomy.

Acute appendicitis typically presents itself with pain
that starts in the epigastrium or around the stomach and
localizes to the lower right quadrant. A study by Ortega-
Deballon e# a/'" reported that the acute appendicitis
diagnosis rate found in patients presenting with pain in
the lower right quadrant was 65%. Similarly, Lane ez al™
reported this rate as 55%. In the present study, 68% of
the patients who presented with pain in the lower right
quadrant were histopathologically proven to have acute
appendicitis.

Non-surgical pathologies can be found on physical
examination and laboratory analyses in 20%-25% of the
cases presenting with acute pain in the lower right quad-
rant, and these cases can be followed using conservative
methods"*"”. Furthermore, 5%-15% of cases with sus-
pected acute appendicitis cannot be diagnosed despite
an aggressive work-up!”. In the present study, the rate
of patients who could be followed non-operatively was
21%. The rate of patients with symptoms that receded
clinically was 5%.

The idea of improving the diagnostic accuracy simply
by assigning numeric values to defined signs and symp-
toms has been the goal of some of the scores that were
previously described"”. The parameters comprising the
score usually include general signs of abdominal illness
(eg., type, location and migration of pain, body tempera-
ture, signs of peritoneal irritation, nausea, vomiting, efz.)
and routine laboratory findings (leukocytosis)!"”. Ohmann
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et al” performed a multivariate analysis, and of the initial
15 parameters, eight were included in a regression model,
resulting in different values being attributed to each pa-
rameter. Originally, it was proposed that patients with
scores less than six should not be considered to have ap-
pendicitis. However, patients with scores of six or more
should undergo observation, and those with scores of 12
or more should proceed to immediate appendectomy".
The Eskelinen score delivered acceptable clinical results
after calibration to a cut-off value of 57", The Alvarado
score is widely used for the diagnosis of acute appendi-
citis. The score is calculated over 10 points, and a score
higher than six is indicative of acute appendicitis. On the
other hand, a score of less than four indicates that it is
unlikely that the patient has appendicitis. For scores of
4-6, follow-up or imaging with computerized tomography
is recommended. Chaudhuri ez @/, in their series of
175 patients with a mean age of 30 years, reported a neg-
ative cut-off point of five. The RIPASA score is a rela-
tively new diagnostic scoring system and has been shown
to have a significantly higher sensitivity, specificity and
diagnostic accuracy™!. The RIPASA score is easy to ap-
ply and includes several parameters that are absent in the
Alvarado score, such as age, gender and the duration of
symptoms prior to presentation”*”. Our study calculated
the sensitivity and specificity of the Alvarado scoring
system as 82% and 75%, respectively, and calculated the
sensitivity and specificity of the RIPASA scoring system
as 100% and 28%, respectively. Although the diagnostic
accuracy levels of these two scoring systems were com-
parable, the RIPASA scoring system is considered less
accurate because of the higher negative appendectomy
rates. The negative appendectomy rate calculated in our
study was 12%. When the accuracy measures of all of
the scoring systems included in our study were analyzed,
they performed better, especially if the cut-off values
were increased. A higher cut-off value leads to 100%
sensitivity and a negative predictive value for the RIPASA
and Eskelinen methods and leads to 96% sensitivity
with an 83% negative predictive value for the Ohmann
method. When these values atre assessed, it is found that
the Ohmann and Eskelinen methods are one step ahead
in terms of detecting appendicitis, although they fail to
meet expectations in terms of specificity. The disadvan-
tage of the Eskelinen scoring system is the practicality of
calculations because values in this system are decimals,
and in other systems they are integets.

For the scoring systems, sensitivity and specificity val-
ues higher than 80% are acceptable™*”. This is why these
scoting systems may prove more advantageous when the
cut-off values are customized to clinical populations. Our
study showed a sensitivity level of 81% for the Alvarado
system when the cut-off value was set at 0.5, a sensitivity
level of 83.1% for the Ohmann system when the cut-off
value was set at 13.75, a sensitivity level of 80.5% for the
Eskelinen system when the cut-off value was set at 63.72,
and a sensitivity level of 83.1% for the RIPASA system
when the cut-off value was set at 10.25.
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The main limitation of our study is the relatively small
number in our seties. In addition, some details regarding the
history and factors that may influence the outcome may not
have been completely documented. Due to these testtic-
tions, associations should be interpreted with caution.

In conclusion, the Ohmann and RIPASA scoring
systems have the highest specificity for the diagnosis of
acute appendicitis.
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