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Prospective Comparison of the Efficacy of Two
Common Appendicitis Scoring Systems: Is
Combination a Solution?

iki Apandisit Skorlama Sisteminin Etkinliginin Prospektif Olarak
Karsilastiriimasi: Kombinasyon Bir C6zim ma?
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[ET ABSTRACT I —

Aim: The diagnosis of acute appendicitis mostly relies on history taking and physical examination findings supported by laboratory and imaging
studies. A number of different diagnostic scoring systems have been developed to facilitate diagnosis, and their accuracies vary among patient
populations. This prospective study aims to evaluate the accuracy of the two most frequently used scoring systems in the Turkish patient population
and to analyse the possible diagnostic advantage of using these two systems in combination.

Method: Patients admitted to the emergency department of a tertiary healthcare centre with acute abdominal pain who eventually underwent
appendectomy between July 2018 and January 2019 were enrolled in the study. Alvarado and Raja Isteri Pengiran Anak Saleha Appendicitis (RIPASA)
scores, as well as other laboratory parameters, were recorded for each patient. Using histopathologic examination as the gold standard, the sensitivity,
specificity and positive and negative predictive values of each scoring system were calculated and combined using McNemar’s x2 test.

Results: Data from a total of 203 patients were analysed. The sensitivity of the RIPASA system (95%) was far superior to that of the Alvarado system
(35.6%). However, the Alvarado scoring system had much higher diagnostic specificity than the RIPASA system (80% vs 33.3%). The combined
sensitivity and specificity of the tests rose to 88% and 62.5%, respectively.

Conclusion: The RIPASA system has high sensitivity; however, the Alvarado system has high specificity for the Turkish population. Both the Alvarado
and RIPASA scoring systems are useful clinical tools with different strengths. Using these two systems in combination increases diagnostic power by
combining the strongest aspects of both tests.
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nmoser®

Amac: Akut apandisit tanis1 cogunlukla laboratuar ve gortuntileme calismalariyla desteklenen anamnez ve fizik muayene bulgularina dayanir. Teshisi
kolaylastirmak icin bir dizi farkli teshis skorlama sistemi gelistirilmistir ve bunlarin dogruluklar: hasta popilasyonlar: arasinda degismektedir. Bu
prospektif calisma, Tirk hasta populasyonunda en sik kullanilan iki skorlama sisteminin dogrulugunu degerlendirmeyi ve bu iki sistemi birlikte
kullanmanin olas1 tanisal avantajini incelemeyi amaclamaktadir.

Yontem: Temmuz 2018 ile Ocak 2019 tarihleri arasinda, 3. basamak saglik hizmeti veren kurulusun acil servisine akut karin agrisi ile basvuran
ve ardindan apandisit ameliyat1 geciren hastalar calismaya alindi. Her hasta icin Alvarado ve Raja Isteri Pengiran Anak Saleha Apandisit (RIPASA)
skorlar1 ve diger laboratuar parametreleri kaydedildi. Histopatolojik inceleme altin standart tan1 yontemi olarak kullanilarak, her puanlama sisteminin
duyarhiligi, 6zgullugu ve pozitif-negatif prediktif degerleri McNemar'in x2 testi kullanilarak hesaplandi.

Bulgular: Toplam 203 hastanin verileri analiz edildi. RIPASA sisteminin duyarlilign (%95) Alvarado sistemininkinden (%35,6) cok daha ustundii.
Ancak Alvarado skorlama sistemi, RIPASA sisteminden cok daha ytiksek tanisal ozgillige sahipti (%80’ karsi %33,3). Testlerin birlesik duyarlihig:
ve ozgillugu sirasiyla %88 ve %62,5’e yuikseldi.

Sonuc: RIPASA sistemi ytiksek hassasiyete sahiptir; ancak Alvarado sistemi Turk nufusu icin yitksek ozgulliige sahiptir. Alvarado ve RIPASA skorlama
sistemleri, farkl guclu yonlere sahip faydal klinik araclardir. Bu iki sistemi birlikte kullanmak, her iki testin en giiclit yonlerini birlestirerek teshis
giicinu artiracakur.
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Introduction

Acute appendicitis (AA) remains one of the most common
cause of abdominal emergencies, with a lifetime risk of
approximately 7%.' The diagnosis of AA mostly relies on
history taking and physical examination findings supported
by laboratory and imaging studies. Not surprisingly,
a number of different scoring systems facilitating the
diagnosis of AA are suggested in the literature. Among
them, the scoring system created by Alvarado in 1986* and
later modified is one of the most accepted and commonly
used around the world. However, an article by Chong et
al.’ in 2010 emphasised the low sensitivity and specificity
of the Alvarado scoring system in Asian and Middle Eastern
populations and suggested a substitute. The Raja Isteri
Pengiran Anak Saleha Appendicitis (RIPASA) scoring system
was then quickly adopted, and a number of validation
studies, especially from Asia and the Middle East, followed
its publication.* However, to the best of our knowledge,
there are only three studies evaluating the efficacy of the
RIPASA scoring system from Turkey, the largest covering
113 patients.>®’

With this prospective study, we aimed to compare the efficacy
of these commonly used scoring systems on a larger patient

population, widening the projection of validation, and to
propose different applications of both scoring systems.

Materials and Methods

Patients admitted to the emergency department of a tertiary
healthcare centre with acute abdominal pain who eventually
underwent appendectomy between July 2018 and January
2019 were enrolled in the study. The exclusion criteria
were pregnancy and refusal to consent. Regardless of the
initial differential diagnosis, demographics, as well as Body
Mass index (BMI), findings from physical examination
and imaging studies and laboratory results were recorded,
and Alvarado and RIPASA scores were calculated for each
patient, using the scale charts given in Table 1.

Attending surgeons who carried out surgeries were blinded
to the patients’ scores; hence, all operation indications were
established on the basis of findings of physical examinations
and laboratory results. Data from patients with pathologies
other than appendicitis on histopathologic examination
were omitted. In concordance with the current literature,
patients with Alvarado scores equal to and higher than 7 and
RIPASA scores equal to or higher than 7.5 were classified as
having “clinical appendicitis”.

Table 1. Components and points used in the diagnostic scoring systems

Component Points
Migrating pain 1
Anorexia 1
Nausea or vomiting 1
Tenderness in RLQ 2
Rebound tenderness 1
Elevated body temperature (>38 °C) 1
Leucocytosis (>10,000/mm?) 2
Neutrophilia (>70%) 1

RLQ: Right lower quadrant

Component Points
Male sex 1
Female sex 0.5
Age <40 years 1
Age >40 years 0.5
Foreigner 1
Pain in RLQ 0.5
Nausea or vomiting 1
Migrating pain 0.5
Anorexia 1
Symptom duration <48 hours 1
Symptom duration >48 hours 0.5
Hypersensitivity in RLQ 1
Guarding 2
Rebound tenderness 1
Positive Rovsing’s sign 2
Fever 1
Leucocytosis 1
Negative urine findings 1
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Using these patients’ histopathologic examination results
as the gold standard, the sensitivity, specificity, positive
and negative likelihood ratios and predictive values of
each diagnostic test were calculated using McNemar’s x?
test. Confidence intervals for sensitivity and specificity
were calculated as exact Clopper-Pearson confidence
intervals. Confidence intervals for likelihood ratios were
calculated using the “Log method”, and predictive values
were taken as the standard logit confidence intervals.®®
Approval from the institutional research ethics board was
obtained (decision number 2018/8-1).

Results

A total of 203 patients were enrolled in the study. There
were slightly more female patients (n=104) than male
patients (n=99). The mean patient age was 36.4 (range:
18-78, standard deviation: 14.15). The calculated average
score was 0.75 (range: 3-9) for the Alvarado and 9.84
(range: 5-16.5) for the RIPASA scale. The average BMI
of the patient group was 26, ranging from 17.7 to 49.3.
Open surgery was the procedure of choice, with 83.3%
(n=169) of the patients undergoing laparotomy and 16.7%
(n=34) undergoing laparoscopy. The negative appendectomy
rate was 7.4% (n=15) of the 203 appendectomies performed.
Computer tomography (CT) was utilised as a diagnostic
test in the majority of patients (82.8% n=168), and imaging
findings were coherent with AA in 154 (91%). Of these
168 CT studies, there were 10 false-positive and 10 false-
negative evaluations, making the sensitivity of CT 93.5%
and the specificity 28.5% in the diagnosis of appendicitis.
The Alvarado score was 7 or higher in 34.5% (n=70)
patients, suggesting a strong probability of appendicitis in
these patients. There were three false-positive and 121 false-

negative predictions of AA when 7 points was used as the cut-
off value for the Alvarado scoring system. The sensitivity of
the Alvarado scoring system was 35.6%, and the specificity
was 80%. The positive and negative likelihood ratios were
1.78 and 0.80, respectively. Table 2 shows contingency
tables and details of these values in terms of the 95%
confidence interval (CI) for the Alvarado scoring system.
Among the 203 analysed patients, there were 189 patients
(93%) with RIPASA scores of 7.5 or higher. There were 10
false-positive and 9 false-negative predictions of AA when
7.5 points was used as a cut-off value for the RIPASA scoring
system. The sensitivity of the RIPASA scoring system was
95.2%, and the specificity was 33.3%. The positive and
negative likelihood ratios were 1.43 and 0.14, respectively.
Table 3 shows contingency tables and details of these values
in terms of the 95% CI for the RIPASA scoring system.
The effect of BMI on the sensitivity and specificity of the
diagnostic scoring systems was analysed. Patients were
classified as either overweight (BMI =25) or normal weight.
The sensitivity and specificity of the Alvarado scoring
system was changed to 31.5% and 100%, respectively, in
normal weight patients. These values were calculated as
37.8% and 62.5% in overweight individuals. Similarly,
the sensitivity and specificity of the RIPASA scoring
system was affected by BMI. These values were 98.6%
and 57.1% in normal weight patients; however, they
decreased to 94% and 12.5% in overweight individuals.
The combined accuracy of the two tests was also investigated.
A subgroup of 84 patients in whom the predictions of the
two scoring systems coincided (both of the tests agreed on
the prediction) was created from the patient population,
and the accuracy for this subgroup was also analysed. The
combined sensitivity and specificity of the tests were 88.1%

Table 2. Contingency table and details for the statistical accuracy of the Alvarado scoring system

Alvarado Score Not appendicitis

<7 12
7 3

Value
Sensitivity 35.64%
Specificity 80.00 %
Positive LR 1.78
Negative LR 0.80
Positive PV 95.71%
Negative PV 9.02%
Accuracy 38.92%

LR: Like hood ratio, PV: Predictive value, CI: Confidence interval

Appendicitis Total
121 133
67 70
95% CI

28.80%-42.93%
51.91%-95.67%
0.64-4.99
0.61-1.06
88.85%-98.43%
7.01%-11.54%
32.17%-45.99%
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and 62.5%, respectively. Details of this subgroup of patients
are summarised in Table 4.

Discussion

As AA is a very common cause of abdominal emergencies,
its diagnosis has been studied frequently, and the literature
contains multiple validation and comparison studies of the
two most commonly utilised diagnostic scoring systems: the
Alvarado and the RIPASA systems. A recent meta-analysis
on the subject clearly shows that, although it varies among
studies, the sensitivity of the Alvarado scoring system is
consistently lower than that of the RIPASA scoring system.*
This phenomenon was also validated in the current study:
the calculated sensitivity of the Alvarado scoring system was
markedly lower (35.6%) than the 95% sensitivity rate of

the RIPASA system. Similar sensitivity rates have also been
reported from different Turkish patient populations.’

In contrast, when the specificities of the two tests were
compared, the Alvarado scoring system seemed to be much
more precise than the RIPASA system for diagnosing AA
(80% vs 33.3% specificity). With a few exceptions, the
literature is also in agreement on the lower specificity
provided by the RIPASA system.*

CT imaging has been used frequently (82.8%) as a diagnostic
tool in this patient population. A retrospective reanalysis
of the data revealed that the majority of CT imaging
studies had been ordered by the attending physician in the
emergency department before the patient had been seen by a
specialist. The frequent utilisation of CT imaging could also
be attributed to the study design, since the patients were

Table 3. Contingency table and details for the statistical accuracy of the RIPASA scoring system

RIPASA score Not appendicitis
<7.5 5
7.5 10
Value
Sensitivity 95.21%
Specificity 33.33%
Positive LR 1.43
Negative LR 0.14
Positive PV 94.71%
Negative PV 35.71%
Accuracy 90.64%

LR: Like hood ratio, PV: Predictive value, CI: Confidence interval

Appendicitis Total
9 14
179 189
95% CI

91.11%-97.79%
11.82%-61.62%
1.00-2.05

0.06-0.37

92.59%-96.25%
17.56%-59.16%
85.77%-94.27%

Table 4. Contingency table and details for the statistical accuracy of the scoring systems combined

Combined Prediction Not appendicitis

Negative 3
Positive 3
Value

Sensitivity 88.16%
Specificity 62.50%
Positive LR 2.35
Negative LR 0.19
Positive PV 95.71%
Negative PV 35.71%
Accuracy 85.71%

LR: Like hood ratio, PV: Preddictive value, CI: Confidence interval

Appendicitis Total
9 14

67 70
95% CI

78.71%-94.44%
24.49%-91.48%
0.96-5.77

0.08-0.43

90.09%-98.21%
19.74%-55.66%
76.38%-92.39%
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immediately included in the study as they were admitted to
the emergency department with findings of acute abdominal
pain before a diagnosis of AA had been established.
Nonetheless, the 93.5% sensitivity of CT imaging clearly has
no apparent diagnostic advantage over the 95% sensitivity
provided by the RIPASA scoring system. This being said,
the influence of BMI on the sensitivity of these diagnostic
tests should always be kept in mind, and imaging studies are
potentially helpful in those situations.

In addition, oversensitivity of a diagnostic tool is not
always a desired outcome, since it can eventually lead to an
increased number of unnecessary appendectomies. In fact,
the literature advocates keeping negative appendectomy
rates lower than 15% but simultaneously reducing the
incidence of late diagnoses.!® The RIPASA system has
high sensitivity (95%); however, the Alvarado system has
high specificity (80%). Therefore, using these two scoring
systems in combination can pose an alternative solution by
harnessing the synergistic diagnostic power of the successful
aspects of both tests together. Indeed, when a subgroup of
84 patients with exact coinciding predictions on both tests
was analysed, the combined sensitivity and specificity of
the tests came to 88% and 62.5%, respectively. This rate of
sensitivity covers the suggested limit rate of 15% negative
appendectomies found in the literature.

Study Limitations

The limitation of this study is that it was performed in a
single centre, and the number of patients was insufficient to
reflect the characteristics of a society.

Conclusion

Both the Alvarado and RIPASA scoring systems are useful
clinical tools with different strengths. Using these two
systems in combination increases diagnostic power by
combining strongest aspects of both tests.
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