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ABSTRACT

Background: Appendicitis is the most common abdominal emergency in the pediatric population. The clini-
cal features of appendicitis in children are usually atypical, leading to misdiagnosis in 19-57% of preschool age
children, which can result in complications. Thus, scoring systems are used to estimate the risk of appendicitis
based on symptomatology and laboratory results.

Aim of the study: The aims of this study were to analyze the conformance of the Pediatric Appendicitis Score
(PAS), the Pediatric Appendicitis Risk Calculator (pARC), and the Alvarado score as screening tools for appen-
dicitis in children attending a public hospital emergency department.

Material and methods: The inclusion criteria were all children aged < 14 years who presented with symp-
toms of appendicitis and were confirmed to have appendicitis either by imaging or surgery. The exclusion cri-
teria were incomplete medical records. Data was collected retrospectively from medical records. Data analysis
included examination of the proportion and distribution of data, and statistical analysis in the form of the
Kappa conformance test.

Results: The result of the conformance test between the PAS and the Alvarado score was 75%, but the Kappa
conformance value between them was only 46.8x although statistically significant (p value = 0.013). The con-
formance test between the PAS and the pARC was 50%, but the Kappa conformance value was only 19.4k and
not statistically significant (p value = 0.143). The conformance test between the Alvarado score and the pARC
was 55%, but the Kappa conformance value was 13.5k and not statistically significant (p value = 0.492).

Conclusions: The PAS has advantages over other appendicitis screening questionnaires with greatest conform-
ance between PAS and Alvarado.
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BACKGROUND

Acute abdominal pain in children is common and
merits further research due to its unique diagnostic
challenges (1). Causes of acute abdominal pain in the
pediatric population is extensive, including infectious,
inflammatory, musculoskeletal, traumatic, gynecolog-
ical, and other etiologies, with acute appendicitis being
an essential differential diagnosis due to the advan-
tages of early surgical intervention (2).

Appendicitis is the most common abdominal emer-
gency in the pediatric population (2-5) and accounts
for 10-30% of pediatric abdominal pain presenting to
emergency departments (6, 7). Early diagnosis of acute
appendicitis is essential to avoid complications such as
perforation and abscess formation (8, 9) which can lead
to significant morbidity and occasional mortality (10).
Yet, overdiagnosis of appendicitis can lead to unnec-
essary surgery (10).
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The incidence of appendicitis in the general pop-
ulation United States is 1 per 1,000, and is higher in
South Korea but lower in Africa (11). It is estimated that
about 70,000 appendectomies are performed annually
in the pediatric population in the United States (2, 4).
The incidence of appendicitis is found to be higher in
Hispanics, Asians, and Native Americans, and lower in
Caucasians and African Americans (11). Appendicitis
typically presents between 10-19 years of age, being less
common in very young children (11). The incidence of
acute appendicitis nowadays is reported as 1.1/10,000
in preschoolers, 6.8/10,000 in children aged 5-9 years,
and 19.3/10,000 in children aged 10-14 (12).

The clinical features of appendicitis in children are
usually atypical, leading to misdiagnosis in 19-57% of
preschool age children, which can result in the develop-
ment of complications. Appendicitis in the adult pop-
ulation typically presents as periumbilical pain that
migrates to the right lower quadrant (RLQ), followed
by nausea, vomiting, anorexia, fever, and diarrhea
(5, 11). Due to the varied clinical presentations that
appear in pediatric appendicitis, scoring systems are
often used to estimate the risk of appendicitis based
on history, clinical presentation and preliminary lab-
oratory results (3, 6, 11).

The Alvarado score is the oldest scoring tool for
acute appendicitis, and is frequently used in the gen-
eral population (13). The most well-established clini-
cal prediction scores for appendicitis are the pediatric
appendicitis score (PAS) and the novel pediatric appen-
dicitis risk calculator (pARC)(3). The Alvarado score
and PAS are the most widely used in the pediatric pop-
ulation (14).

The Alvarado score includes nausea/vomiting, ano-
rexia, RLQ tenderness, migration of pain to the RLQ,
rebound tenderness, fever, leukocytosis, and polymor-
phonuclear leukocyte shift (15). PAS variables include
migration of pain, anorexia, nausea/vomiting, tender-
ness in the RLQ, cough/percussion tenderness, fever,
leukocytosis, and polymorphonuclear neutrophilia
(11). Variables used in the pARC are sex, age, duration
of pain, guarding, pain migration, maximal tenderness
in the RLQ, and absolute neutrophil count (16). The
PAS is the most widely used prediction tool, stratifying
patients by risk group (6), whereas the pARC is a novel
risk calculator which has not yet been validated thor-
oughly but appears to have a higher diagnostic accu-
racy. In a study by Kharbanda et al. (2018), the pARC
score could accurately classify more than half of their
population studied as at <15% or 2 85% risk of appen-
dicitis, whereas only 23% would be identified as hav-
ing a PAS score of < 3 or > 8 (17).

AIM OF THE STUDY

Our study aims to analyze the conformance of the
PAS, pARC and Alvarado scoring systems as screening
tools for acute appendicitis in children in a public hos-
pital emergency department.

MATERIAL AND METHODS

Study design

This is a retrospective cross sectional study of
cases of appendicitis in children obtained from medi-
cal records, and includes use of recorded variables for
various scoring systems applicable to assessing risk of
appendicitis.

Study setting

Data collection took place at Depati Hamzah
Regional Public Hospital from 1st August 2020 to 14th
August 2020. This study’s accessible population were
children with confirmed appendicitis attending Depati
Hamzah Regional Public Hospital in the period Janu-
ary 2019 to July 2020.

Study participants

The cases studied were part of an accessible pop-
ulation meeting the inclusion criteria. Twenty cases
were used according to the preliminary test sample
size, and according to the number of samples required
to find the proportion in an infinite population (p =
13/10,000, 5% type 1 error, and clinical judgment (the
limit of the study considered significant for the sam-
ple size) of 0.015). The inclusion criteria in this study
were children aged less than 14 years who presented
with symptoms of appendicitis and were confirmed
to have appendicitis either by imaging or surgery. The
exclusion criteria in this study were incomplete med-
ical records.

Sampling technique

The sampling technique used in this study was
total sampling.

Data collection

The data used in this study was extracted from med-
ical records. The research procedure involved making a
proposal, submitting to the hospital for ethical review
and research permits, and coordinating obtaining med-
ical records, data collection, and data processing. This
study consisted of 2 variables, namely the dependent
variable; the incidence of acute appendicitis evidenced
by surgery and imaging and the independent variable;
appendicitis screening. The three scoring systems exam-
ined in this study each consist of 8 questions, namely
the PAS, the pARC, and the Alvarado score each with
their interpretation according to the requirements or
preferences of each questionnaire.

Data analysis

Data analysis includes descriptive terms compris-
ing the proportion (%) and distribution of data (mean,
standard deviation, median, minimum, and maxi-
mum), as well as statistical tests in the form of the
Kappa conformance test (Kappa conformance/Kap-
pa’s value). Cohen’s kappa coefficient (k) is a statis-
tic that is used to measure inter-rater reliability (and
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also Intra-rater reliability) for qualitative (categorical)
items. The p-value < 0.050 is considered significant for
confidence interval of 95%.

RESULTS

Twenty respondents met the inclusion criteria in
this study (Figure 1). The participants were predomi-
nantly male (n =13, 65%) and the average age was 11.7
(+/- 3.2) years. Clinical symptoms and laboratory results
of participants are presented in Table 1. Using the PAS,
16 patients (80%) scored > 5, indicating ‘appendicitis
likely’, and 3 patients (15%) scored 5 and 1 patient (5%)
scored < 5. Using the pARC, 6 patients (30%) scored
76-90% (moderate-high risk), 8 patients (40%) scored
51-75% (moderate risk), 1 patient (5%) scored 26-50%
(moderate risk), 4 patients (20%) scored 16-25% (mod-
erate risk) and 1 patient (5%) scored 6-15% (low risk).
Using the Alvarado score, 11 patients (55%) scored 7-8,
(appendicitis probable), 6 patients (30%) scored 5-6
(appendicitis possible) and 3 patients (15%) scored 1-4
(appendicitis unlikely) (Table 1).

Patients with appendicitis
(from January 2019 to July 2020)
n=20

o Patients excluded

n=0

A4

Patients included
n=20

A4

Records analysed
n=20

Figure 1. Flow diagram

The data extracted from each medical record was
used to provide an estimation of risk of acute appendi-
citis in the three diagnostic scoring systems. The PAS
was found to have the highest true positive rate, with
a positive predictive value of 80% when compared to
the gold standard of diagnostic imaging and/or surgery.
The Alvarado score had a positive predictive value of
55%, and the pARC had a positive predictive value of
only 30% (Table 2).

Conformance testing was performed to compare
the Alvarado Score and the pARC to the PAS scoring
system which had the highest positive predictive value.
The result of the conformance test between the PAS
and the Alvarado score was 75%, but according to the
Kappa conformance statistical test, the Kappa conform-
ance value between the two scores was only 46.8x and
statistically significant (p value = 0.013). The result of

Table 1. Basic Characteristics of 20 Children with Acute Appendici-
tis in Depati Hamzah Public Hospital, January 2019 to July 2020.

Mean Median
Parameter N (%) (sD) (Min-
Max)
Gender — Male 13 (65%)
— Female 7 (35%)
Ace 11.7 11.5
g 62 | (6-18)
. . - Appendicitis 15 (75%)
Diagnosis _ Peritonitis 5 (25%)
. . . - Yes 6 (30%)
Migration of pain | No 14 (70%)
Anorexi - Yes 17 (85%)
orexia -No 3 (15%)
Nausea/vomitin, - Yes 13 (65%)
u e |-No 7 (35%)
- Yes 19 (95%)
RLQ Tenderness —No 1(5%)
Cough/Hopping/ 1 _y . 12 (60%)
Percussion Tender- N 8 (40%)
ness in the RLQ ° b
Elevated Tempera- |- Yes 12 (60%)
ture (>38°C) - No 8 (40%)
Leukocytes > - Yes 11 (55%)
10,000 cells/pL - No 9 (45%)
Polymorphonuclear | - Yes 16 (80%)
neutrophilia > 75% |- No 4 (20%)
Rebound Tender- - Yes 11 (55%)
ness - No 9 (45%)
— < 24 hours 5(25%)

— 24-48 hours 5 (25%)

Duration of Pain — 48-96 hours 5 (25%)

- > 96 hours 5(25%)
. . - Yes 1 (5%)
Pain When Walking | No 19 (95%)
Abdominal — Yes 13 (65%)
Guarding - No 7 (35%)
Rovsing’s Sign - Yes 8 (40%)
g5 18 - No 12 (60%)
->5
appendicitis
likely 16 (80%)
. - 5 appendicitis
PAS Interpretation possible 3 (15%)
-<5
appendicitis
unlikely 1(5%)
- 76-90%
(Moder-
ate-High) 6 (30%)
- 51-75%
PARC Interpreta- (Moderate) 8 (40%)
tion - 26-50%
(Moderate) 1(5%)
-16-25%
(Moderate) 4 (20%)
- 6-15% (Low) 1 (5%)
- 7-8 appendici-
tis probable 11 (55%)
Alvarado - 5-6 appendici-
Interpretation tis possible 6 (30%)

- 1-4 appendici-
tis unlikely 3 (15%)
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Table 2. Value of Conformity/True Positive of 3 Diagnostic Scoring
Systems for Acute Appendicitis in Children.

Score compared
. with gold standard
Scoring .
Interpretation
System
Number Value of
conformity (%)
> 5 appendicitis likely 16 80%
PAS 5 appendicitis possible 3 15%
< 5 appendicitis unlikely 1 5%
76-90% (moderate-high) 6 30%
51-75% (moderate) 8 40%
pARC 26-50% (moderate) 1 5%
16-25% (low-moderate) 4 20%
6-15% (low) 1 5%
7-8 appendicitis probable 11 55%
Alvarado | 5-6 appendicitis possible 6 30%
1-4 appendicitis unlikely 3 15%

the conformance test between the PAS and the pARC
was 50%. However, according to the Kappa conform-
ance statistical test, the Kappa conformance value
between the two scores was only 19.4k and again not
statistically significant (p value = 0.143). The result of
the conformance test between the Alvarado score and
the pARC was 55% and again according to the Kappa
conformance statistical test, the Kappa conformance
value between the two scores was only 13.5x and not
statistically significant (p value = 0.492). We catego-
rized appendicitis likely in PAS, moderate-high risk in
PARC and appendicitis probable in Alvarado score as
positive (Table 3).

Table 3. The Kappa Conformity Test between 3 Types of Diagnostic
Scoring Systems for Acute Appendicitis in Children.

PAS Kappa
Parameter fP p value
Positive | Negative vatue
Positive 11 (55%) 0
Alvarado 46.8% 0.013
Negative 5(25%) 4 (20%)
Positive 6 (30%) 0
PARC 19.4% 0.143
Negative | 10 (50%) 4 (20%)
Alvarado Kappa
Parameter fP p value
Positive | Negative vatue
Positive 4 (20%) 2 (10%)
pARC 13.5% 0.492
Negative 7 (35%) 7 (35%)

DISCUSSION

Key results

The result of the conformance test between the
PAS and the Alvarado score was 75%, but the Kappa
conformance value between them was only 46.8x and
statistically significant (p value = 0.013). The conform-
ance test between the PAS and the pARC was 50%, but

the conformance value was 19.4x and not statistically
significant (p value = 0.143). The conformance test
between the Alvarado Score and the pARC was 55%,
but the Kappa value was 13.5x and also not statisti-
cally significant (p value = 0.492).

Interpretation

This study found that acute appendicitis occurred
in more male (65%) than female (35%) children. This
findings is in agreement with a study by Badebarin et al.
(2020) in Iran which found that the incidence of appen-
dicitis in male vs. female children is 1.32:1 (18). There
is no anatomical difference in the appendix between
males and females, and reasoning behind this differ-
ence is yet unknown (19).

The most significant clinical variable used in pre-
diction scoring for acute appendicitis in our study was
RLQ tenderness (95%), followed by anorexia (85%).
These findings are similar to a study by Badebarin et
al. (2020) that showed that 90% of cases with appendi-
citis presented with RLQ tenderness, and 81.5% experi-
enced anorexia (18). The percentage of nausea/vomiting
(65%) and migration of pain (30%) in our sample was
also similar to Al-Rudaini et al. (2018), which found
that 63.3% and 25.5% respectively experienced these
symptoms (20). The finding of cough/hopping/per-
cussion RLQ tenderness in our study was 60%, which
is similar to a study by Arias et al. (2018)(6). The pres-
ence of fever in 60% and rebound tenderness in 56%
in our study is similar to findings by El-Shamy et al.
(2017), who reported these findings in 60.5% and 56%
of study participants (15). Temperature elevation in
early appendicitis is rarely > 1°C, and temperatures of
38.2°C or higher usually appear after localized tender-
ness is apparent (21).

Samples displaying a polymorphonuclear neutro-
philia were found in 80% of cases in our study, with
leukocytosis in 55%, which contradicts other stud-
ies such as a study by Dhruv et al. (2016) which found
neutrophilia in 44% of cases and leukocytosis in 76%
(22). Elevated white blood cell count > 11,000 cells/pL
with polymorphonuclear cell predominance is common
in children and young adults (21) therefore leukocyte
count alone cannot be used as a marker of appendici-
tis (23). In late presentations, a leukocytosis of over
20,000 cells/pL , with predominantly neutrophils sug-
gests perforation of the appendix or another diagnosis
such as an abscess (21, 24). Most cases of acute appen-
dicitis do show a raised leukocyte count (26); however
acute appendicitis with a normal leukocyte count has
been documented (25, 27). The duration of acute appen-
dicitis correlates with the diagnostic accuracy of sev-
eral diagnostic markers (28). Kharbanda et al. (2011)
showed that leukocyte count was more powerful in
predicting appendicitis in children with pain for < 24
hours, while c-reactive protein (CRP) was more useful
in those with pain for 24-48 hours (28, 29).

Scoring systems allow clinicians to approach a
patient rationally by using common signs, symptoms,
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and laboratory results to stratify risk of appendiceal
pathology, thereby reducing the rate of imaging studies,
unnecessary hospital admissions, and negative appen-
dectomies (14, 22). However, the accuracy of the dif-
ferent scoring systems in identifying children at low
or high risk for appendicitis also depends on the pri-
mary clinicians and their use remains unclear as most
of the scoring systems do not consider variation in dura-
tion from symptom onset. The signs and symptoms of
patients with acute appendicitis may vary and all symp-
toms might not be present at the time of admission.
Thus, it is important to note the duration of signs and
symptoms, and this should be considered when utiliz-
ing clinical scoring systems in the diagnostic workup
for appendicitis (30).

Our study found that PAS has a positive predictive
value of 80% when compared with the gold standard
diagnostics, which is in agreement with research by El-
Shamy et al. (2017), who found a conformity value of
84% (15). The Alvarado score had a positive predictive
value of 55%, similar to the study by Chung et al. (2019)
who reported a positive predictive value of 65.7% (9).
The pARC showed a positive predictive value of only
30%. This contradicts findings in a study by Gudjon-
sdottir et al. (2020) that found that 88% of cases with
appendicitis and complicated appendicitis scored as
high risk on pARC scoring (3).

The conformance between the Alvarado score and
the pARC was 55%, but according to the Kappa con-
formance statistical test, the Kappa conformance value
between the two scoring systems was only 13.5x and
not statistically significant (p value = 0.492). These
results are similar to those by Gudjonsdottir et al.
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