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Evaluation of Diagnostic Scores for Acute Appendicitis

Wu Xingye, Li Yugiang, Wang Rong and Zhang Hongyu

ABSTRACT

Objective: To assess the sensitivity of the Alvarado score (AS), modified Alvarado score (MAS), Fenyo-Lindberg score
(FS), Lintula score (LS), Eskelinen score (ES), Teicher score (TS), and Christian score (CS) [seven scorings] in patients
with acute appendicitis (AA).

Study Design: Analytical study.

Place and Duration of Study: The First Affiliated Hospital of Chongqging Medical University, China, from January 2012 to
June 2015.

Methodology: Patients with diagnosis of AA were evaluated retrospectively to compare the scoring systems. The
diagnostic sensitivity (the correct number of diagnoses divided by the total number) was compared. Data were analyzed
using SPSS software.

Results: One hundred and seventy-nine patients were studied. The sensitivity of AS was 92.7%; It outperformed each of
the other scores. The sensitivity of FS, LS, and TS in women was lower than that in men (p=0.016, p<0.001, and p<0.001,
respectively). The sensitivity of the FS, ES, TS, and CS in patients with a duration of iliness greater than 48 hours was
lower than that in patients with a duration of illness less than 48 hours (p<0.001 for all).

Conclusion: AS is the most useful and sensitive diagnostic tool for AA. FS, LS, and TS had a lower diagnostic sensitivity

in women; and FS, ES, TS, and CS had a low sensitivity in patients with a duration of illness greater than 48 hours.
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INTRODUCTION

Acute appendicitis (AA) is the commonest cause of
abdominal pain, which require surgery. Symptoms of AA
overlap with various conditions, making it difficult to
diagnose.! The diagnosis in the young, elderly, and
female is more difficult to make than in others, because
numerous other diseases may behave like AA in these
patients.2 The inability to make an early diagnosis is a
critical reason for morbidity and mortality. Based on
various reports, the negative appendectomy rate is
about 13-40%.3-5 Therefore, it is necessary to improve
the methods for early diagnosis and intervention.

In recent years, ultrasonography and computerized
tomography have been used to make a rapid and
accurate diagnosis of AA. Subsequently, the negative
laparotomy rate decreased to about 10%.67 However,
time laging, high expenses, and variable accessibility of
imaging methods are the reasons owing to which the
current diagnostic techniques do not adequately
address the condition, particularly in developing
countries where imaging is not widely used.8 In such
situations, the diagnosis of AA relies upon symptoms,
physical signs, and laboratory tests.

The purpose of the clinical decision rules is to assist
doctors in the evaluation of patients.? In 1986, based on
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symptoms, signs, and the results of diagnostic tests of
patients with suspected AA, Alvarado constructed a
10-point clinical scoring system, called the Alvarado
score, to assist in the diagnosis of AA.10 Other scorings
have also been developed, such as the modified
Alvarado score (MAS), Fenyo-Lindberg score (FS),
Lintula score (LS), Eskelinen score (ES), Teicher score
(TS), and Christian score (CS).

Some scorings for the diagnosis of AA have been
compared, but most of the analyses only focus on
comparing between/among two or three scoring
systems. However, to the authors' knowledge, the
application and usefulness of seven scorings in the
diagnosis of AA has not been evaluated in China. The
objective of this study was to assess the sensitivity of the
seven scorings in the diagnosis of AA.

METHODOLOGY

The present study involved the selection of consecutive
patients with AA, who were undergoing appendectomy.
Pathologists confirmed appendicitis by histopathological
examination in the Department of General Surgery at the
First Affiliated Hospital of Chongqging Medical University
from January 2012 to June 2015. Information on the
disease history, clinical findings, and results of
laboratory tests were recorded. Patients in whom
histopathological findings were negative, were excluded
from the study. The Principal Committee of the First
Affiliated Hospital of Chongging Medical University
authorized this research. The seven scoring systems are
based on different variables, with different points
assigned to each variable according to previous

110 Journal of the College of Physicians and Surgeons Pakistan 2018, Vol. 28 (2): 110-114



Diagnostic scores for acute appendicitis

reports.19-16 For example, the following five criteria were
used in the diagnosis of AA for the CS: i. Abdominal pain:
defined for the study as abdominal pain (not right iliac
fossa alone) occurring within 48 hours of presentation, ii.
Vomiting: one or more episodes, iii. Right lower quadrant

tenderness, iv. Low grade fever: defined as fever
<38.8°C, and v. Polymorphonuclear leukocytosis:
defined as a total count >10,000, with polymorphs
>75%. Table | and Table Il show the criteria that were
used in the diagnosis of AA for the other scores.

Table I: Characteristics of the Alvarado score and the Modified Alvarado score, and the distribution of data for individual variables in each scoring

system.

Feature

Alvarado score

The distribution of data for
individual variables (n=179)

Modified Alvarado score

The distribution of data for
individual variables (n=179)

Nausea-vomiting

Anorexia-acetone (in the urine)
Tenderness in right lower quadrant
Migration

Rebound pain

Elevation of temperature >37.3°C
Leukocytosis >10.0x109/L

Shift to the left (>75% neutrophils)

The cut-off to predict acute appendicitis

AN =2 A AN A A

\%
Al

37.99% (n=68)
92.74% (n=166)
100% (n=179)
94.97% (n=170)
95.53% (n=171)
45.25% (n=81)
88.27% (n=158)
94.97% (n=170)

N = 2 a N =2

>7

37.99% (n=68)
92.74% (n=166)
100% (n=179)
94.97% (n=170)
95.53% (n=171)
45.25% (n=81)
88.27% (n=158)

Table Il: Characteristics of the Fenyo-Lindberg score and the Lintula score, and the distribution of data for individual variables in each scoring

system.
Feature Fenyo-Lindberg score The distribution of data for Lintula score The distribution of data for
individual variables (n=179) individual variables (n=179)
Sex
Male 8 51.40% (n=92) 2 51.40% (n=92)
Female -8 48.60% (n=87) 0 48.60% (n=87)
Pain duration
<24h 3 39.66% (n=71)
24h-48h 0 38.55% (n=69)
>48h -12 21.79% (n=39)
Progression of pain
Yes 3 98.32% (n=176)
No -4 1.68% (n=3)
Severe pain 2 84.36% (n=151)
Relocation of pain
Yes 7 94.97% (n=170) 4 94.97% (n=170)
No -9 5.03% (n=9)
Vomiting
Yes 7 37.99% (n=68) 2 37.99% (n=68)
No -5 62.01% (n=111)
Aggravation with cough
Yes 4 100% (n=179)
No -11 0% (n=0)
Body temperature >37.5°C 3 43.58% (n=78)
Pain in RLQ
Yes 4 100% (n=179) 4 100% (n=179)
No -6 0% (n=0)
Rebound tenderness
Yes 5 95.53% (n=171) 7 95.53% (n=171)
No -10 4.47% (n=8)
Rigidity
Yes 15 17.32% (n=31) 4 17.32% (n=31)
No -4 82.68% (n=148)
Bowel sounds change 4 44.70% (n=80)
WBC
<8.9x10%/L -15 10.61% (n=19)
9-13.9x109/L 2 46.93% (n=84)
>14x109/L 10 42.46% (n=76)

The cut-off to predict acute appendicitis

Total score -10 >-2

>21

RLQ = Right lower quadrant; WBC = White blood cell.
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Statistical analysis was performed using SPSS version
21 for Windows. Ages were presented as mean *
standard deviation (SD). The ratio of male, female, and
duration of illness was obtained by dividing the number
of male, female, or duration of illness by the total
number. The diagnostic sensitivity was defined as the
correct number of diagnoses divided by the total
number. The diagnostic sensitivity of each score was
compared using the Chi-square test. All analyses were
two-sided, with statistical significance set at p<0.05.

RESULTS

One hundred and seventy-nine patients were enrolled in
this study. Their ages ranged from 13 to 87 years (mean
44 .13 £19.52 years). There were 92 (51.4%) males and
87 (48.6%) females (male:female=1.1:1). The variables
of scoring systems and the distribution of data for
individual variables in each scoring system was given in
Tables I, Il and Ill. Table IV summarizes the results of this
study. Overall, AS had a sensitivity of 92.7%, while the
sensitivity value of the MAS was 88.3%; FS, 87.7%; LS,

Table IlI: Characteristics of the Eskelinen score and the Teicher score, and the distribution of data for individual variables in each scoring system.

Feature Eskelinen score The distribution of data for Teicher score The distribution of data for
individual variables (n=179) individual variables (n=179)
Sex
Male 2 51.40% (n=92)
Female -1 48.60% (n=87)
Age
20 years -1 37.43% (n=67)
-39 years
>50 years 3 32.96% (n=59)
Pain at presentation
RLQ 7.02 97.21% (n=174)
No in RLQ 3.51 2.79% (n=5)
Pain duration
<48h 4.26 78.21% (n=140)
>48h 2.13 21.79% (n=39)
Duration 1" days 2 74.30% (n=133)
Duration 2 days 1 3.91% (n=7)
Duration 3 days -3 21.79% (n=39)
GU symptoms -3 6.15% (n=11)
Pain in RLQ
Yes 22.81 100% (n=179)
No 11.41 0% (n=0)
Rebound tenderness
Yes 8.5 95.53% (n=171)
No 4.25 4.47% (n=8)
Rigidity
Yes 13.24 16.76% (n=30) 3 16.76% (n=30)
No 6.62 83.24% (n=149) -3 83.24% (n=149)
Right-sided rectal mass -3 1.12% (n=2)
WBC
<10x109/L 5.88 13.41% (n=24) -3 13.41% (n=24)
>10%109/L 11.76 86.59% (n=155)
>13x109/L 2 47.49% (n=85)
The cut-off to predict acute appendicitis >55 >-3
GU = Gastric ulcer; RLQ = Right lower quadrant; WBC = White blood cell.
Table IV: Discriminating capacity of the scores.
Number AS MAS FS LS ES TS Cs
Overall (sensitivity) 179 166 (92.7%) 158 (88.3%) 157 (87.7%) 142 (79.3%) 164 (91.6%) 157 (87.7%) 139 (77.7%)
Gender
Men (sensitivity) 92 86 (93.5%) 78 (84.8%) 86 (93.5%) 83 (90.2%) 88 (95.7%) 89 (96.7%) 66 (71.7%)
Women (sensitivity) 87 80 (92.0%) 80 (92.0%) 71 (81.6%) 59 (67.8%) 76 (87.4%) 68 (78.2%) 73 (83.9%)
P P=0.695 P=0.136 P=0.016 P<0.001 P=0.059 P<0.001 P=0.051
Times
<48h (sensitivity) 132 125 (94.7%) 119 (90.2%) 124 (93.9%) 104 (78.8%) 127 (96.2%) 128 (97.0%) 118 (89.4%)
>48h (sensitivity) 47 41 (87.2%) 39 (83.0%) 33 (70.2%) 38 (80.9%) 37 (78.7%) 29 (61.7%) 21 (44.7%)
P P=0.090 P=0.189 P<0.001 P=0.764 P<0.001 P<0.001 P<0.001

AS = Alvarado score; MAS = Modified Alvarado score; FS = Fenyo-Lindberg score;

LS = Lintula score; ES = Eskelinen score;

TS = Teicher score; CS = Christian score.
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79.3%; ES, 91.6%; TS, 87.7%; and CS, 77.7%. There was
a statistically significant difference observed when AS, MAS,
FS, ES, and TS were compared with LS (p<0.001, p=0.022,
p=0.033, p=0.001, and p=0.033, respectively) and CS (p<0.001,
p=0.008, p=0.012, p<0.001, and p=0.012, respectively).

For men, the sensitivities of the scores evaluated in this
study were 93.5% (AS), 84.8% (MAS), 93.5% (FS),
90.2% (LS), 95.7% (ES), 96.7% (TS), and 71.7% (CS).
There was a statistically significant difference between
MAS and ES (p=0.013), TS (p=0.005). And there was a
statistically significant difference between CS and the
other scores. For women, sensitivities of the scores
evaluated in this study were 92.0% (AS), 92.0% (MAS),
81.6% (FS), 67.8% (LS), 87.4% (ES), 78.2% (TS), and
83.9% (CS). There was a statistically significant
difference between the LS and the following scores: the
AS (p<0.001), MAS (p<0.001), ES (p=0.002), CS
(p=0.013), and FS (p=0.036). Additionally, there was a
statistically significant difference between the FS and the
AS (p=0.044), MAS (p=0.044), between the TS and AS
(p=0.011), MAS (p=0.011). The accuracy of the FS, LS,
and TS in women was lower than it was in men
(p=0.016, p<0.001, and p<0.001, respectively).

For patients with a duration of illness less than 48 hours,
the highest sensitivity was 97.0% (TS). There was a
statistically significant difference between the MAS and
TS (p=0.024), between CS and ES (p=0.032), TS
(p=0.015). Additionally, there was a statistically
significant difference between LS and the other scores.
For patients with a duration of illness greater than 48
hours, the highest sensitivity was 87.2% (AS). As the
results differed significantly between FS and AS
(P=0.044), there was significant difference between the
TS and the following other scores: the AS (p=0.005),
MAS (p=0.021), LS (p=0.040). Additionally, there was a
statistically significant difference between the CS and
the other scores, except the TS. The sensitivity of FS,
ES, TS, and CS in patients with a duration of illness
greater than 48 hours was lower than that in patients
with a duration of illness less than 48 hours (p<0.001
for all).

DISCUSSION

Even today, this common condition continues to be
difficult to diagnose. Scoring systems have been
developed to help evaluate patients with AA in the
clinical setting. In this study, we sought to assess the
sensitivity of the seven scoring systems applied to
patients with AA at the First Affiliated Hospital of
Chongging Medical University.

In all the 179 patients with AA, the sensitivity of AS,
MAS, FS, ES, and TS was higher than that of the LS and
CS. This result partially shows similarity with those of
other studies. Ohmann et al. measured the performance
of 10 scores using one database in a large multicenter

trial, using standardized criteria and contrasted the
outcomes with published data. Re-examination of the
published data showed that AS exceeded each of the
other scores, whereas the FS and CS followed.7 In this
study, AS demonstrated the highest sensitivity (92.7%),
while LS and CS had low sensitivity. LS was initially
created for the pediatric patients; therefore, this may be
the reason for the lower accuracy observed in the adults.
The aim of CS was to decrease the negative
appendectomy rate. This origin may lead to some
missed diagnoses of AA.16 By contrast, if three out of
five criteria were present in CS, the process of active
observation was initiated for the patient. In this process,
no antibiotics were given. If the fourth criterion was met,
surgery was performed immediately. However, in this
retrospective review, it was difficult to ensure that active
observation was performed carefully in such a way that
no antibiotics were given. These factors may have
affected the accuracy of CS.

Some studies have found that the sensitivity of a scoring
system for appendicitis is influenced by gender, so the
data was analysed according to gender. FS, LS, and TS
exhibited better performance in terms of sensitivity in the
subgroup analysis of men than in women. Female
patients with tenderness in the right lower quadrant can
potentially have a variety of conditions, including pelvic
infectious disease and other gynecological pathologies.
Therefore, AA may be misdiagnosed in female patients.
Depending on the gender of patients, FS and LS have
different numerical values for the same symptoms.
Gender is also one of the factors considered in TS.
However, in this study, these considerations did not
improve the sensitivity of these scoring systems in
women, which is consistent with other reports.17

In this study, it was observed that the longer the duration
of iliness, the poorer the sensitivity of FS, ES, TS, and
CS. There are a number of other reasons for this. FS,
ES, and TS include the duration of pain as one of their
components, and have different numerical values for
symptoms depending on the length of time. The longer
course was associated with lower scores. In addition, in
cases involving a longer course of the disease, patients
are more likely to be treated with analgesics and
antibiotics that may mask the symptoms. These factors
may have affected the accuracy of the scores.

Many scoring systems for AA have been created. AS is
the most widely used system, and demonstrates best
performance in validation studies. AS is the only scoring
system presented in the document published by the
American College of Emergency Physicians to guide
decision-making for AA. Professionals within this
organisation believe that combining different symptoms
and signs into a scoring system may be more valuable
in the prediction of appendicitis.’® Some scholars think
that the scoring weights of AS may be biased for patients
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who are suspected of having appendicitis, because the
system was created retrospectively, involving patients
who had all been operated upon, with the suspicion of
appendicitis.19 In this study, the sensitivity of AS was up
to 92.7% and it outperformed the other scores. A
systematic review found that the AS is a useful
diagnostic method for all patient groups when a cut-off
score of 5 is used. Using this cut-off score, only two
people missed being diagnosed in this study. However,
Gwynn found that about 8.4% of patients with
appendicitis had an AS below 5 in a Class Il study.
Therefore, the cut-off score of AS requires further
optimisation in the future.20

Today, AA continues to be a troublesome disease.
Scoring systems are intended to help the clinical
diagnosis of patients with AA. To the authors' knowledge,
this is the first time that seven scoring systems for
appendicitis have been evaluated and compared in
China. However, the sample population needs to be
expanded, and the specificity of each score should be
analysed. A prospective randomised controlled trial is to
be conducted to evaluate the effect of those scores in
China in the near future.

CONCLUSION

FS, LS, and TS have a low diagnostic sensitivity in
women, while FS, ES, TS, and CS have a low sensitivity
in patients with a duration of illness greater than 48
hours. Alvarado score remained the most sensitive test
in all comparisons.
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