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Objectives: This study aims to examine the diagnostic values of physical examination, laboratory and imaging
methods of pediatric patients, who were hospitalized, followed up and operated in the pediatric surgery clinic
of our hospital with the diagnosis of acute appendicitis, to investigate a simple and useful scoring system that
can be formed from those with the highest diagnostic value, and to compare scoring systems concerning their
effectiveness in diagnosing appendicitis and reducing negative appendectomy rates.

Methods: The study group consisted of patients hospitalized and treated at the pediatric surgery clinic with a
preliminary diagnosis of acute appendicitis between January 2016 and January 2019. The cases were divided
into two different groups as appendicitis group (AG) and non-appendicitis group (NAG). Alvarado Appendici-
tis Score (AAS), Pediatric Appendicitis Score (PAS) and Tzanakis Appendicitis Score (TAS) of the patients were
calculated retrospectively in both groups.

Results: The difference between the PAS, AAS and TAS of AG and NAG was statistically significant (p=0.042,
p=0.021 and p=0.021, respectively). The rate of neutrophil-to-lymphocyte ratio of >3.5 in 53 (77.9%) of the AG
group and 33 (63.4%) of NAG was higher than 3.5 (p=0.030).

Conclusion: This study has shown that appendicitis scoring methods are as effective as imaging techniques in
the diagnosis of appendicitis, which is the most common cause of surgical abdominal pain in children admit-
ting to emergency care units due to abdominal pain, as well as in reducing the negative appendectomy rates.
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INTRODUCTION

Acute appendicitis is known as one of the most typical reasons for severe abdominal pain,
with a 1.1% chance of occurring and a 7% total lifetime risk."? While acute appendicitis is the
most prevalent cause of pediatric abdominal pain, it is difficult to identify in young popu-
lations, especially children. Although ultrasonography (USG) is the best alternative in the
differential acute appendicitis diagnosis, there is still variability in specificity, sensitivity, and
accuracy of diagnostic in adult and pediatric age groups.® Scoring systems were designed to
evaluate appendicitis and to assist in its clinical evaluation.” Furthermore, appendicitis scor-
ing systems may prevent acute appendicitis in the pediatric population and reduce negative
appendectomy rates.™!

This study aims to examine the diagnostic values of physical examination, laboratory and
imaging methods of pediatric patients, who were hospitalized, followed up and operated
in our hospital’s pediatric surgery clinic with the diagnosis of acute appendicitis, to inves-
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tigate an effortless and useful scoring system, which can
be formed from those with the highest diagnostic value,
and to compare scoring methods concerning their effec-
tiveness in diagnosing appendicitis and reducing negative
appendectomy rates.

METHOD

In this cross-sectional study, we evaluated the patients,
who were hospitalized, followed up and treated in our hos-
pital’s pediatric surgery clinic with a preliminary diagnosis
of acute appendicitis, with appendicitis scoring method.

The study group consisted of patients hospitalized and
treated at the pediatric surgery clinic with a preliminary
acute appendicitis diagnosis between January 2016 and
January 2019. Cases with abdominal pain due to other
causes other than the preliminary diagnosis of appendici-
tis and patients, whose data required for the appendicitis
scoring system could not be obtained in full, were exclud-
ed from this study. Finally, we included 120 patients in this
study. The medical files of all included patients were exam-
ined and scored based on appendicitis scoring systems.
The used criteria for the evaluation of scoring systems were
as follows: Diagnostic accuracy (DA), negative predictive
value (NPV), positive predictive value (PPV), specificity, and
sensitivity.

We divided cases into two different groups: the appendi-
citis group (AG) and the non-appendicitis group (NAG).
Patients who went through surgery and whose histopatho-
logical diagnosis was reported as appendicitis were includ-
ed in the AG, whereas other patients who were discharged
without undergoing surgery and whose histopathological
diagnosis was not appendicitis were included in NAG.
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Alvarado Appendicitis Score (AAS), Pediatric Appendicitis
Score (PAS) and Tzanakis Appendicitis Score (TAS) of the
patients were calculated retrospectively in both groups
(Table 1).12

Leukocyte count (WBC), neutrophil count (NC), neutrophil-
to-lymphocyte ratio (NLR), and acute phase reactant C
Reactive Protein (CRP) were analyzed. Automatic hematol-
ogy analyzer (Sysmex® pocH-100i Automated Hematology
Analyzer, SN: F6797, Sysmex Corporation, Kobe-Japan) was
used for hemogram measurement. In the laboratory ex-
aminations, the diagnostic value of NLR was also evaluated
concerning acute appendicitis.

All the data were collected in a Microsoft Excel worksheet.
We used SPSS software version 25 for our statistical analysis
(SPSS Inc., Chicago, IL, USA). Descriptive data was present-
ed in frequency, percentage, mean, standard deviation,
median, minimum and maximum. Data distribution was
analyzed using Kolmogorov-Smirnov. If the distribution
was normal, the Student t-test was used, and if not, the
Mann-Whitney U test was used. Categorical values were
compared using Chi-Square Tests. Sensitivity, specificity,
PPV, NPV and DA criteria were used for the evaluation of
scoring systems. A p-value of <0.05 was considered statisti-
cally significant.

RESULTS

A total of 120 patients were included in this study. The me-
dian age of patients was 12.0 (5.0-17.0) years. Of the pa-
tients, 66 (55.0%) were female and 54 (45.0%) were male.
The number of patients undergoing appendectomy was 77
(64.1%). The histopathological diagnosis of 68 (88.3%) out
of 77 patients undergoing appendectomy was reported to
be compatible with appendicitis. Histopathological diag-

Table 1. Scoring system for evaluation of acute appendicitis in children

Alvarado Appendicitis Score

Pediatric Appendicitis Scoring

Tzanakis Appendicitis Score

Pain migrating to the right lower quadrant 1
Anorexia Nausea/Vomiting
Nausea and Vomiting Percussion
Sensitivity in the lower right quadrant
Rebound

Fire

Reflection of pain

Leukocytosis

Neutrophil left shift

Total

Score: excludes the diagnosis of acute

Total

. a N = m N = .

appendicitis 1-3, imaging between 4-6
is recommended.

Fever 38.0 °C and above

Sensitivity in the lower right quadrant

Leukocytosis >10.000/mm3
Neutrophils >7.500/mm?3

Pain migrating to the right lower quadrant 4
Rebound 3
Leukocytosis 2
Acute appendicitis findings in Ultrasound 6
Total 15
8 and above is considered significant for

the diagnosis of appendicitis.

_ am a a NN = .

0 8and above are considered significant
for the diagnosis of appendicitis
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nosis of the 9 (11.6%) patients undergoing appendectomy
was not compatible with appendicitis. Of the patients in-
cluded in this study, 68 (56.6%) patients whose histopatho-
logical diagnosis was compatible with appendicitis were
included in the AG, and 52 (43.3%) patients who were
discharged without undergoing surgery and whose histo-
pathologic diagnosis was non-appendicitis were included
in NAG. Of the 68 patients in the AG, 29 (42.6%) were male,
and 39 (57.3%) were female (Table 2).

Histopathological examination of appendix specimens of
the patients in the AG revealed that 26 (38.2%) patients
had acute appendicitis accompanied by simple inflamma-
tion, 11 (16.1%) patients had phlegmonous appendicitis, 6
(8.8%) patients had gangrenous appendicitis, and 5 (7.3%)
patients had perforated appendicitis.

Laboratory results of AG and NAG showed no statistically
significant difference between the two groups concerning
WBC, NC, and CRP acute phase reactant values that were
routinely examined for the appendicitis diagnosis. As the
NLR was accepted as higher than 3.5, the difference between
AG and NAG was statistically significant (p=0.030) (Table 2).

The differences among the PAS, AAS and TAS of AG and NAG
groups were statistically significant (p=0.042, p=0.021, and
p=0.021, respectively) (Table 2).

The value of cut-off was accepted as 7 points for the ap-
pendicitis diagnosis cases with an AAS of >7. Sensitivity,
specificity, PPV, NPV, and DA were calculated as 96.0%,
80.1%, 88.8%, 92.3%, and 90.0%, respectively, for the ap-
pendicitis diagnosis cases with a cut-off value of >7. The
cut-off value for the PAS was accepted as =8. Sensitivity,

specificity, PPV, NPV, and DA were calculated as 95.0%,
82.1%, 89.0%, 91.4%, and 89.9%, respectively, for the ap-
pendicitis diagnosis cases with a cut-off value of =8. The
value of cut-off for the TAS was accepted as =8. Sensitiv-
ity, specificity, PPV, NPV, and DA were calculated as 91.1%,
51.0%, 72.9%, 80.6%, and 74.3%, respectively, for the ap-
pendicitis diagnosis cases with a cut-off value of =8. The
NLR was accepted as higher than 3.5. Sensitivity, speci-
ficity, PPV, NPV, and DA were found to be 73.6%, 68.7%,
77.9%, 66.4%, and 71.6%, respectively, for the NLR of >3.5
(Table 3).

DISCUSSION

Appendicitis scoring systems reduce the rate of complica-
tions due to delay in diagnosis and increase the accuracy
of diagnosis. In particular, they further prevent the expo-
sure of pediatric patients to harmful imaging methods. In
the previous studies, the AAS specificity has been reported
to be low in pediatric patients, whereas PAS has been re-
ported to have a high specificity in pediatric cases in similar
studies. New methods that can be used in the diagnosis of
appendicitis are being investigated.™

Negative appendectomy rates have been reported around
30% in cases where an early operation is preferred.’! In this
study conducted in our clinic, the negative appendectomy
rate was 11.6%. A delayed diagnosis may lead to the pro-
gression of simple appendicitis to complicated appendici-
tis and even life-threatening peritonitis.’#!

As a result, scoring systems created by using the exist-
ing diagnostic methods together have begun to be used.
Physical examination, history, and the results of imaging

Table 2. Appendicitis scores and laboratory measurements between AG and NAG groups

AG (n=68) NAG (n=52) p

Gender

Female 39(57.3) 27 (51.9) .

Male 29 (42.7) 25 (48.1) 0.371
Number of Leukocytes (x103%/ulL) 11.9 (4.5-30.6) 9.0 (4.5-25.5) 0.343f
Number of neutrophils (x103/uL) 10.5(2.1-2.7) 7.0 (1.8-20.8) 0.290"
CRP (mg/dl) 8.1 (0.1-235.0) 6.3 (0.1-118.0) 0.4221
Neutrophil/Lymphocyte ratio >3.5 53 (77.9) 33 (63.4) 0.030"
AAS Score 8.4+£1.7 5.0£1.9 0.021%
PAS Score 8.4+1.9 4.8+1.9 0.042*
TAS Score 11.6+£3.4 7.7+4.3 0.021*

AG: Appendicitis Group; AAS: Alvarado Appendicitis Score; NAG: Non Appendicitis Group; PAS: Pediatric Appendicitis Scoring; TAS: Tzanakis Appendicitis Score.

The data were presented as n (%), median (min-max) and meanzstandard deviation.

*Chi-Square Tests, 'Mann-Whitney U test, *Student test-test.
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Table 3. Evaluation of the effectiveness of numerical data of appendicitis scoring studies, ultrasound and neutrophil/

lymphocyte percentage ratios

Ultrasound (%) NLR 23.5 (%) ALVARADO (%) PAS (%) TZANAKIS (%)
Sensitivity 95.7 73.6 96.0 95.0 91.1
Specificity 68.4 68.7 80.1 82.1 51.0
PPV 66.1 77.9 88.8 89.0 72.9
NPV 96.1 63.4 92.3 91.4 80.6
Diagnostic Accuracy 79.1 71.6 90.0 89.9 743

NLR: Neutrophil/Lymphocyte Ratio; NPV: Negative Predictive Value; PAS: Pediatric Appendicitis Scoring; PPV: Positive Predictive Value.

and laboratory tests are evaluated together in the acute
appendicitis diagnosis. It is not possible to diagnose acute
appendicitis using only one method.®?

PAS is developed to facilitate the diagnosis of acute appen-
dicitis in children. In two studies, in which PAS values of =7
were considered significant for surgery, the sensitivity and
selectivity of PAS were found to be 97.6—-100% and 96-92%,
respectively.® PAS and AAS, which is a practical and appli-
cable score, has been used in many studies by modifying
its parameters. In this study, we found that AAS and PAS
scores are similar in the same patient groups.

TAS consisted of only four parameters with the inclusion of
imaging methods in 2005. In the scoring system, which was
evaluated over 1 point in total; the risk of appendicitis was
found to be above 86% if the score obtained was >8.

Although the use of USG, computed tomography and lapa-
roscopy has become more common, the expected accu-
racy rates in diagnosis have not been achieved yet.' The
appendiceal wall thickness of 6 mm and above is consid-
ered the most valuable USG finding in acute appendicitis.
In studies evaluating the USG employment in the acute
appendicitis diagnosis in children in Turkey, sensitivity and
selectivity were reported in the range of 76.4-93.1% and
80.0-92.2%, respectively.14

In our study, the sensitivity and selectivity of USG were
calculated to be 68.4% and 95.7%, respectively, when the
cut-off value was accepted as 6 mm, whereas PPV and
NPV were found to be 66.1% and 96.1%, respectively. We
believe that the reason for this low USG sensitivity was
that the examination was performed in emergency condi-
tions.

We also found no statistically significant difference be-
tween AAS, TAS, and PAS scores in the AG, whereas we
found a statistically significant difference between AG and
NAG in terms of the appendicitis scores. Appendicitis scor-

ing systems were found to be as effective as conventional
laboratory tests and imaging methods for the appendicitis
diagnosis in pediatric cases in terms of sensitivity, specific-
ity, PPV, NPV, and DA.

In the diagnosis, CRP, WBC, and NLR are particularly valu-
able and are used as a parameter in scoring systems. These
tests can be used in acute appendicitis diagnosis, as well as
can provide information about complication development.
1314 Although imaging methods have been reported to be
not effective in reducing negative appendectomy and per-
foration rates in large population studies, these methods
are recommended to avoid delay in diagnosis. Computed
tomography is one of the imaging methods used in the dif-
ferential appendicitis diagnosis in young women and chil-
dren. However, radiation-related risks in these age groups
should not be forgotten. Variables that may occur in the
diagnosis while evaluating the computed tomography im-
ages by teleradiology in the emergency care unit should be
evaluated together with the radiation exposure and high
costs due to repeated imaging because of contrast or non-
contrast techniques.'™

The limitations of our study are as follows: the relatively
small sample size despite the prospective nature of the
study, and different physicians deciding for appendectomy
for different cases.

CONCLUSION

In conclusion, this study has shown that appendicitis scor-
ing methods are as effective as imaging techniques in the
diagnosis of appendicitis, which is the most prevalent
cause of pediatric abdominal pain in the emergency care
unit due to abdominal pain, as well as in reducing the neg-
ative appendectomy rates.
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