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Abstract

Background: Appendicitis is one of the most common causes of
emergency department (ED) admission among pediatric patients,
and the most common cause of abdominal pain requiring surgical
intervention. The present study aimed to measure the success of
three different appendicitis scoring systems in patients who were
operated due to appendicitis upon presenting at the pediatric ED
with acute abdominal pain.

Material and Method: The study included a total of 226 patients
who were admitted to Pediatric Emergency Department and who
underwent an appendectomy between December 2018 and May
2019. Through a retrospective review of patient files; age, gender,
clinical findings, laboratory results, Pediatric Appendicitis Score
(PAS), Lintula score, Acute Inflammatory Response (AIR) score,
ultrasonography (USG) findings and pathology results of the
patients operated due to appendicitis were recorded.

Results: A total of 226 patients were included in the study, with
a mean age of 11.6£3.66 (1-17) years, and 57.1% (n=129) of the
patients were female and 42.9% (n=97) were male. The pathology
results were evaluated under three categories: suppurative
(phlegmonous) appendicitis, 74.3%; perforated appendix, 9.7%;
and reactive lymphoid hyperplasia, 15.9%. The cut-off values >3
for AIR, >7 for PAS and >15 for Lintula were found statistically
significant. Among the three scoring systems, Lintula had the
highest sensitivity (91.5%) and PAS had the highest specificity
(69.4%).

Conclusion: Although scoring systems are used to diagnose
appendicitis , the selected cut-off values for the scoring systems
have an effect on the results. Patients with a PAS score of =7 were
found to have more significant appendicitis results. We believe that
PAS is likely to be a preferred scoring system in pediatric patients,
especially under busy ED conditions; however, further studies with
larger populations are needed to develop scoring systems that will
guide physicians to establish a final diagnosis.
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Oz

Amac: Cocuklarda acile en sik basvuru nedenlerinden olan ve en
sik acil cerrahi girisim gerektiren karin agrisi nedeni akut apandisittir.
Gocuk acil servisine akut karin agrisi ile basvuran hastalarda apandisit
siddetini degerlendirmek ve ¢ farkli skorlama sisteminin basarisini
olgmek amaclanmistir.

Gere¢ ve Yontem: Bu calismada Aralik 2018- Mayis 2019 tarihleri
arasinda Adana Sehir Egitim ve Arastirma Hastanesi Cocuk Acil
servisine basvuran ve apendektomi yapilan hastalar degerlendirildi.
Galismaicin Adana Sehir Egitim ve Arastirma Hastanesi etik kurul onayi
alindi. Calismaya 226 hasta dahil edildi. Apandisit icin ameliyat edilen
hastalarin PAS, Lintula, AIRS skorlari, ultrasonografi bulgular (usg) ve
Patoloji sonuclari kaydedildi. Apandisit cerrahi ve patoloji sonuglar
dayanarak dogrulandi. Apandisit disindaki nedenler igin tesadufi
apendektomi yapilan, diger hastaliklar nedeni ile hastanede vyatis
sirasinda apandisit teshisi konan veya tibbi kayitlari eksik olan hastalar
calisma disi birakildi.

Bulgular: Bu calismaya toplam 226 hasta dahil edildi. Hastalarin yas
ortalamasi 11,6+3,66 (1-17 yil) yildi. Hastalarin %57,1 (129) ‘si kadin,
%42,9 (97)'u erkekti. Hastalarin %17,3 (39)'inde usg yapilamamistir.
USG yapilan 187 hastanin %67,3" inde apendiks Iimen ¢apl 7 mm
ve Uzerinde, %15,5'inde ise 6mm ve altinda idi. Patoloji sonuglari
U¢ grupta degerlendirildi. Hastalarin %74,3'G stpuratif, flegmenoz
apandisit, %9,7" si ise perfore apandisit, %159'u reaktif lenfoid
hiperplazi idi. AR, Lintula, PAS skor gruplari diistik ihtimal, orta ihtimal
ve yUksek ihtimal akut apandisit olarak gruplara ayrildi.

Sonug: Apandisit tanisini  koymada skorlama  sistemlerinden
faydalanilmakla birlikte skorlamalarin secilen cut off degerleri
sonuglar  etkilemektedir.  Calismamizda  skorlamalar  arasinda
PAS 7 ve Uzerinde olan hastalarda daha anlamli sonuglar ortaya
ctkmistir ve 6zellikle yogun acil sartlarda PAS in ¢ocuklarda oncelikli
kullanilabilir skorlama olabilecegini distinmekle birlikte kesin taniya
hekimi yonlendirebilecek genis populasyonlarda skorlama sistem
calismalarinin yapilmasi gerektigini disinmekteyiz.

Anahtar kelimeler: Apandisit, teshis skoru, cocuk
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INTRODUCTION

Appendicitis is one of the most common causes of emergency
department (ED) admission among pediatric patients, and is
the most common cause of abdominal pain requiring surgical
intervention. The clinical manifestation of appendicitis is variable,
from a simple inflamation to a wide range of pathologies, including
perforation, within 24-36 hours after the onset of complaints. It is
difficult, however, to determine the course of symptoms in an
agitated and irritable child, due especially to the fact that the
symptoms of appendicitis — such as abdominal pain, vomiting
and uneasiness — may also indicate a number of other diseases.
Furthermore, children may be unable to effectively express their
complaints, appendicitis is associated with high morbidity and
mortality when not diagnosed and treated in the early stage.
@ This has made various scoring systems, which have been
developed to support or exclude the diagnosis of eppendicitis,
become more important in recent years.

The objective of the present studies to evaluate the pediatric
appendicitis score (PAS), Lintula score and acute inflammatory
response (AIR) score of for appendicitis — one of the most common
causes of surgery in pediatric patients, and is also associated with
high mortality when not early diagnosed-and to determine
whether there is a preferred scoring system for establishing the
diagnosis.>”

MATERIALS AND METHOD

We retrospectively assessed 226 patientswho presented and had
appendectomy at the Adana City Training and Research Hospital
Pediatric Emergency Department between December 2018 and
May 2019. The patient files were used to obtain data regarding
the age, gender, disease symptoms, physical examination and
laboratory findings (WBC and neutrophil counts, CRP levels), USG
findings and pathology results of the patients operated due to
appendicitis along with the PAS, Lintula and AIR scores .The same
clinician made the scoring assessment of all cases.

Appendicitis diagnoses were confirmed through surgical findings
and pathology results. Group 1 was appendicitis (suppurative,
phlegmonous, acute appendicitis), group 2 was perforated
appendicitis, group 3 was reactive lymphoid hyperplasia. The
exclusion criteria were as follows: (a) appendectomy for reasons
other than appendicitis, (b) elective coincidental appendectomy,
(c) appendicitis diagnosis while hospitalized for other reasons,
and (d) incomplete medical records.

Statistical Analysis

The study data were analyzed using the IBM SPSS version 23.0
software package. Besides descriptive statistical methods
expressed a (mean, standard deviation, frequency, minimum
and maximum), a Student’s t-test was used for the comparison
of quantitative data; Fisher's Exact and Chi-square tests were for
the comparison of qualitative data; and a Receiver Operating
Characteristic (ROC) analysis was conducted for the PAS, Lintula
and AIR scores. The results were used to determine the cut-off
values, specificity, sensitivity, and positive and negative predictive
values of each scoring system. A p-value of <0.05 was considered
statistically significant.

RESULTS

A total of 226 patients were included in the study, with a mean
ageof 11.6£3.66 (1-17) years,and 57.1% (n=129) of the patients
were female and 42.9% (n=97) were male. Of the total, 17.3%
(n=39) of the patients did not undergo a USG examination.
Among the remaining 187 patients, the diameter of the
lumen was =7 mm in 67.3% and <6 mm in 15.5%. Pathology
results were evaluated under three categories: suppurative
(phlegmonous) appendicitis, 74.3%; perforated appendix,
9.7%; and reactive lymphoid hyperplasia, 15.9%. The patients
were divided into three groups based on the results of each
scoring system, as low, moderate and high risk (Table 1).

Table 1. Components of the Pediatric Appendicitis Score (PAS)

Signs/symptoms Point value
Nausea/emesis 1
Anorexia 1
Migration of pain to RLQ 1
Low-grade fever (=38.0°C) 1

RLQ tenderness 2

RLQ tenderness to cough, percussion, or hopping 2
Leukocytosis (>10,000/mm?3) 1

Left shift (neutrophilia >75%) 1

Total 10

Abbreviations: RLQ, right lower quadrant.

A ROC analysis was conducted to compare the pathology
results with the scoring system results. The mean AIR score
was 4.99+1.87. The diagnosis of appendicitis was found
statistically significant when the cut-off value of AIR was 3,
with a sensitivity of 83.1% and specificity of 61.1% (p <0.05).
The positive and negative predictive values of the AIR
scoring system were 91.9% and 40.7%, respectively (Figure
1, Table 2).

The mean PAS score was 8.18+1.29. It was found that the
cut-off value from the ROC analysis and ROC curve yielded
accurate results at a rate of 82.1%. Patients with a PAS score
>7, which was the cut-off value of PAS, were diagnosed with
appendicitis, with a sensitivity of 82.1% and specificity of
69.4% (p <0.05). The positive and negative predictive values
of the PAS scoring system were 93.4% and 42.4%, respectively
(Figure 2, Table 2).

The mean Lintula score was 19.53+4.38. It was found that the
cut-off value of Lintula from the ROC analysis and ROC curve
yielded accurate results at a rate of 72.3%. The cut-off value
for Lintula was calculated as 15 with a sensitivity of 91.5% and
a specificity of 38.8%. The positive and negative predictive
values of the Lintula scoring system were 88.8% and 46.7%,
respectively. The results were statistically significant (p <0.05,
Figure 3, Table 2).
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The comparison of appendix length as measured on USG with

Table 2. Components of the appendicitis inflammatory response (AIR) score

the pathology results revealed suppurative (phlegmonous) Diagnosis AIR score
appendicitis to be more common in the patient group where  vomiting 1
lumen diameter of the ppendix was >7mm. However, this  PaininRLQ 1
difference was not statistically significant. Rebound tenderness or muscular defense
The pathology results revealed patients with a perforated Lighf !
appendix to have statistically significantly higher Lintula, PAS Medium 2
and AIR scores (p <0.05, Table 3). SEIE) .
Body temperature >37.8°C
Polymorphonuclear leukocytes 1
air 70-84% 1
>85% 2
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ount
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Figure 1. ROC curve of AIR scores
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Figure 2. ROC curve of PAS scores

Figure 3. ROC curve of Lintula scores



ilknur Banh Cesur, Appendicitis scoring systems

513

Parameters Mean+SD Min-Max
Age 11.60£3.66 1-17
Lintula 19.53+4.38 6-35
PAS 8.18+1.29 3-11
AIR 4.99+1.87 1-9
Frequency Percentage
(n) (%)
Male 129 57.1
Gender
Female 97 429
USG <6 mm 35 15.5
>7 mm 152 67.3
Reactive lymphoid hyperplasia 36 15.9
Pathology 40 oilegmonous 168 743
Perforated appendix 22 9.7
0-4 87 38.5
AIR 5-8 135 39.3
9-12 5 2.2
<15 30 133
Lintula 16-20 131 58.0
>21 65 28.8
0-4 4 1.8
PAS 5 7 3.1
>6 215 95.1
DISCUSSION

Even though 80% of cases of appendicitis can be diagnosed
through anamnesis and physical examination, and despite the
availability of supportive laboratory and radiologic examinations,
definitive appendicitis diagnoses are still an important issue in
pediatric patients.®” The increased complication risk associated
with delayed diagnosis in children makes it vital that more
efficient diagnostic tools be developed.l'o™

Appendicitis scoring systems are helpful to establish a
diagnosis and make a surgical decision in cases suspected of
appendicitis based on patient history and physical examination
results. Among these, the Pediatric Appendicitis Score (PAS)
is a system developed to facilitate appendicitis diagnosis in
pediatric patients, based on simple non-invasive clinical and
laboratory assessments. It is easy to teach and apply, without
any need for invasive tests. . Patients with PAS scores between
0 and 4 can be monitored in pediatric emergency departments
and discharged with possible readmission in case of persistent
symptoms. Patients with PAS scores of 5-6 may benefit from
radiological examinations. Samuel evaluated the clinical
findings of 1,170 patients aged 4-15 and reported a PAS score
of =6 to be associated with a high probability of appendicitis.
021 A PAS score >7 indicated a high risk of appendicitis and
such patients were recommended to have surgery without
any other imaging techniques. The negative appendectomy
(NA) rate was 1.8% in these patients, i.e. significantly lower than
in most studies.'® Several authors have proposed different
cut-off values for PAS. For instance, Schneider et al. evaluated
588 suspected appendicitis patients (mean age: 11.9 years)
and found the sensitivity and specificity of PAS >6 to be 82%

and 65%, respectively. In two other studies, the sensitivity
and specificity of PAS =7 were found to be 97.6-100% and
92-96%, respectively.®™ In the present study, the sensitivity
and specificity of PAS >7 were found to be 82.1% and 69.4%,
respectively.

Most of the appendicitis scoring systems have been initially
developed for adult populations. Although these same tools are
also used for pediatric cases, more pediatric-focused appendicitis
scoring systems are needed toprovide more accurate results,
which has led researchers to provide new scoring systems
specifically for pediatric population. One of such systems is the
Lintula scoring system. However, as this 9-item scoring system
includes also non-surgical appendicitis cases, it is not 100%
reliable. Therefore, these scoring systems alone are insufficiently
precise to steer surgery or discharge decisions, and need to
be supported by repeated clinical examinations. Lintula et al.
reported negative appendectomy rates to be significantly lower
in patients with a score of >21." Yoldas et al. evaluated the results
of 156 patients and determined the sensitivity and specificity to
be 88.1% and 91.6%, respectively.™ In the present study, the
Lintula scoring system had the highest sensitivity value (91.5% for
ascore of >15), but the lowest specificity (38.8%) among the three
appendicitis scoring systems tested. Accordingly, we conclude
that the effectiveness of these scoring systems is associated with
the determined cut-off values. The appendicitis scores should be
combined with repeated clinical examinations. Using effective
scoring systems can help support clinical diagnoses and can
reduce negative appendectomy rates.

One disadvantage of the Lintula and PAS scoring systems is
that they contain somewhat subjective assessment criteria.
In contrast, the criteria of the AIR scoring system are more
objective and practical for the pediatric patient population, as
it excludes such subjective criteria as nausea, loss of appetite
and the localization of pain. Macco et al. evaluated 747 patients
and reported AIR to have superior positive predictive value and
specificity when compared to other scoring systems.16 In the
present study, the AIR score yielded more significant results in
the perforated appendix patients, which we attribute to the CRP
values included in the scoring, and suggest that this can be useful
in preventing unnecessary use of imaging techniques.

Appendicitis scoring systems, as combined with following
repeated clinical examinations and imaging techniques are used
as tools to improve decision-making and appendicitis prediction
in selected patients. Such systems also support ED decisions and
minimize malpractices. Using scoring systems in clinical practice
can even prevent unnecessary hospitalization.

An effective scoring system may serve as a tool to confirm
the diagnosis, to determine which pediatric patients require
additional diagnostic imaging, and to guide clinical monitoring
or discharge decisions. Consistent with the literature, the present
study determined that patients with a PAS score of >7 were most
likely to be diagnosed with appendicitis, and we concluded that
PAS would be a more supportive scoring system when compared
to Lintula and AIR scoring systems.
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CONCLUSION

There are still challenges in establishing a definitive
appendicitis diagnosis, which include the unknown nature
of an optimal assessment, the lack of a method with a
100% prediction rate and the presence of deficiencies in
all scoring systems. . The use of scoring systems will be
beneficial in busy ED conditions, although further studies
involving larger populations are needed to improve and
develop scoring systems that will aid in the provision of
definitive diagnoses.
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