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Background: Acute appendicitis is a common surgical problem in childhood, and its prompt
diagnosis is an important issue to avoid complications and decrease the negative appendectomy
rate. Pediatric appendicitis score (PAS) is one tool developed to help in making decisions during
the evaluation of patients with suspected acute appendicitis.

Objectives: to evaluate the accuracy of PAS in diagnosing acute appendicitis in children.
Subjects and Methods: A retrospective study included patients who underwent appendectomy
for acute appendicitis over a period of two years. Patients were divided into two groups, positive
and negative appendectomy groups. PAS was calculated for every patient, and score accuracy
for every cutoff point was measured. A receiver operating characteristic curve was constructed
to define the best score performance.

Results: A total of 436 patients were included in the study, 374 (85.8%) patients with proved
positive appendectomy. The mean PAS in the positive and negative appendectomy groups was
(7.3) and (4.2) respectively, (P-value=0.001). All PAS variables were significantly more in the
positive appendectomy group, except for anorexia (P-value=0.71), nausea/vomiting (P-
value=0.075), and fever (P-value=0.518). The best score performance was at cutoff point 6 with
a sensitivity, specificity, and accuracy of 91.71%, 87.10%, and 91.06%, respectively.
Conclusions: PAS is a simple tool that can be used during the evaluation of abdominal pain in
children with good diagnostic accuracy. At a score < 4, acute appendicitis could be excluded
with a low missed appendicitis rate, and a score > 6 could support the diagnosis of acute
appendicitis with a low negative appendectomy rate.

Introduction

Acute appendicitis is a common surgical cause of acute abdominal
pain in children, and appendectomy is relatively a routine surgical
procedure done by pediatric surgeons worldwide (1,2). The estimated
lifetime risk of acute appendicitis is about 7-8%, and the highest
incidence is reported in teenagers (10-19) years (3). The clinical
presentation of acute appendicitis is highly variable, ranging from
mild abdominal pain to generalized peritonitis, and depending on

many factors as time of presentation, severity of inflammation, patient
age, and the anatomical site of the appendix (4,5).

The diagnosis of acute appendicitis in children is sometimes a
challenging process as the clinical manifestations of acute
appendicitis are overlapped with many other clinical problems, both
medical and surgical. Similarly, acute appendicitis is included in the
differential diagnoses of many clinical conditions (6). An additional
factor for difficult diagnosis is the inability of children, especially
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young ones, to express their feelings and symptoms clearly (7).
Prompt and early diagnosis of acute appendicitis is thus essential, to
avoid potential complications of delayed diagnosis such as
perforation, abscess formation, peritonitis, and sepsis, and to decrease
the negative appendectomy rate (removal of a normal appendix) (8).
Delayed diagnosis and misdiagnosis of acute appendicitis have
negative impacts and burdens on patients and the health care systems,
as there is prolonged hospital stay, increased utilization of hospital
resources, social isolation of patients, and cost (9,10). As a result,
many scoring systems have been developed to help clinicians to
predicate the diagnosis of acute appendicitis, by providing clear
evidence that support or exclude the diagnosis of acute appendicitis
(11,12). Most scoring systems use clinical symptoms, physical signs,
and simple laboratory investigations to define patients who need
surgical referral and intervention. Pediatric appendicitis score (PAS)
is one common scoring system that was designed especially for
children between the ages of 4 and 15 years (11). The score consists
of 8 variables and has total points of 10 (Table 1). Many studies
discussed the validity of PAS worldwide with different results. Some
studies found PAS was a suitable tool in the workup for patients who
were suspected of having acute appendicitis, while others did not.

Table 1: Pediatric Appendicitis Score (11).

Variable Score value
Migration of pain 1
Anorexia

Nausea and vomiting 1
Right lower quadrant tenderness on palpation 2
Right lower quadrant tenderness on cough, 2
percussion, or hopping

Fever (> 37.5 °C) 1
Leukocytosis (> 10000/ uL) 1
Neutrophilia (> 75%) 1
Total 10

The aim of this study was to evaluate the accuracy of PAS in
diagnosing acute appendicitis in children and to define the best cutoff
points that support or exclude the diagnosis of acute appendicitis at
our institution.

Subjects and Methods

A retrospective cross-sectional study was done at a specialized
pediatric surgery center in Baghdad, Irag. The medical files of patients
diagnosed with acute appendicitis and underwent appendectomy were
reviewed. The inclusion criteria included patients with ages ranging
from 4 to 15 years, who underwent appendectomy for acute
appendicitis over a period of two years (from the first of September
2021 to the end of August 2023), with complete medical records. The
exclusion criteria included patients who underwent interval or
incidental appendectomy, patients whose age was beyond the target

age of the study or had incomplete data. Informed consent was not
taken due to the retrospective nature of the study. The institutional
review board (IRB) of Al Mustansiriyah Medical College,
Department of Surgery, Baghdad, Irag, had approved the study
(Reference No. 216, on November 2023).

Patients were divided into two groups according to the status of
the appendix, positive and negative appendectomy groups. At our
institution, it is a usual practice to send the appendix for
histopathological examination when its macroscopical appearance
looks normal, or there is a suspicious lesion in it. Otherwise, the
appendix specimen is not sent for histopathological examination as
long as the inflammatory process or its complications are clear and
obvious, such as a swollen congested appendix, fecalith obstructing
appendiceal lumen or present freely in the peritoneal cavity, visible
perforation in the appendix, or pus collection in the peritoneal cavity.
Therefore, Positive appendectomy was defined as a clear operative
note indicating acute appendicitis +/- its complications, or
appendiceal inflammation on histopathological report. While negative
appendectomy was defined as normal appendiceal histology in the
pathology report.

Pediatric appendicitis score (PAS) was calculated for all patients
in both groups. Two variables in the score were not defined clearly by
the score’s author, which were fever and neutrophilia, and were
defined in this study as a temperature > 37.5° C, and neutrophile count
> 75% of the total white blood cell count, respectively. For every
cutoff point of PAS, a 2x2 table was constructed, and sensitivity,
specificity, positive predictive value (PPV), negative predictive value
(NPV), and accuracy were calculated, in addition to the missed
appendicitis, and negative appendectomy rates. The missed
appendicitis rate was calculated by dividing the false negative value
by all diseased populations. The false negative value here represented
the number of patients who had score values less than the cutoff point
of PAS, but proved to have acute appendicitis by operative findings
or histopathological examination. The negative appendectomy rate
was calculated by dividing the false positive value by all positives.
The false positive value represented the number of patients who had
score values equal to or more than the cutoff point of PAS, but proved
by histopathological reports to have a normal appendix. A receiver
operating characteristic (ROC) curve was constructed, and the AUC
was measured, to determine the performance of PAS and the best
cutoff point.

Data was first entered in a Microsoft Excel sheet, and Statistical
Package for Social Science version 28 (SPSS-28) was used for data
analysis. Continuous variables were expressed as mean and standard
deviation (SD), and tested by student t-test. While categorical
variables were expressed as frequencies and percentages, and tested
by Pearson chi-square test (x>-test). Statistical significance was set at
a P-value <0.05.

Results

A total of 1086 patients underwent appendectomy during the
study period; 436 patients met the eligibility criteria and were
included in the study. Sixty-two patients [14.2%] had a normal
appendix, proved by histopathological examination, and represented
the negative appendectomy group. The remaining 374 [85.8%]
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patients had acute appendicitis proved by either operative findings or
histopathological examination, and constituted the positive
appendectomy group.

The mean [+SD] age of patients in the positive and negative
appendectomy groups was 9.5 [+1.8] and 9.1 [+1.4] vyears,
respectively, and the difference in the mean age of patients between
the two groups was insignificant [P-value = 0.096]. More than half of
the patients [58.56%] in the positive appendectomy group were male,
in contrast to the negative appendectomy group which was formed
mainly by female patients [54.84%]. The difference in the male:
female ratio between the two groups [1.4:1 vs 0.8:1, respectively] was
significant [P-value = 0.048]. The mean [+SD] PAS in the positive
appendectomy group was 7.3 [£1.3], in comparison to 4.2 [£1.2] in
the negative appendectomy group, which was extremely significant
[P-value = 0.0001]. All variables of PAS were more pronounced in
the positive appendectomy group, and the differences with the
negative appendectomy group were significant for most variables,
except for anorexia, nausea/vomiting, and fever as shown in (Table
2).

Table 2: Patients demographics and PAS variables in positive and
negative appendectomy groups

Variable Positive Negative P-value
appendectomy  appendectomy
group (n=374)  group (n=62)
Mean age (+SD), 9.5 (x1.8) 9.1 (x1.4) 0.096
year
Sex:
Male, n (%) 219 (58.6%) 28 (45.2%) 0.048*

Female, n (%)
Mean PAS (£SD)
Migration of pain,
n (%)

Anorexia, n (%)

155 (41.4%)
7.3 (x1.3)
231 (61.8%)

34 (54.8%)

4.2 (£1.2) 0.0001*
27 (43.6%) 0.006*
266 (71.1%) 43 (69.4%) 0.710
Nausea and
vomiting, n (%)
Fever, n (%)

292 (78.1%) 42 (67.7%) 0.075

325(86.9%) 52 (83.9%) 0518

RLQ tenderness 338 (90.4%) 49 (79 %) 0.008*
on palpation,

n (%)
RLQ tenderness 268 (71.7%) 33 (53.2%) 0.003*
on cough/

percussion/
hopping, n (%)
Leukocytosis
(>10000/ml), n
(%)
Neutrophilia (>
75%), n (%)
PAS: pediatric appendicitis score, SD: standard deviation, RLQ: right
lower quadrant, * Significant at P-value < 0.05.

288 (77%) 36 (58.1%) 0.001*

213 (56.9%) 26 (41.9%) 0.027*

From scores 1 to 10, the sensitivity of PAS decreased from 100% to
2.67%, and specificity increased from 0% to 100%. The accuracy of
PAS was in the range of 16.51% - 91.28% as illustrated in (Table 3).

Table 3: Accuracy of PAS at different cutoff points

PAS  Sensitivity Specificity PPV NPV Accuracy
>1 100.00% 0.00% 85.78% NA 85.78%
>2 100.00% 0.00% 85.78% NA 85.78%
>3 99.73% 8.06% 86.74% 83.33%  86.70%
>4 98.66% 25.81% 88.92% 76.19% 88.30%
>5 96.26% 61.29% 93.75% 73.08%  91.28%
>6 91.71% 87.10% 97.72% 63.53%  91.06%
>7 76.20% 95.16% 98.96% 39.86%  78.90%
>8 41.44% 98.39% 99.36% 21.79%  49.54%
>9 18.98% 100.00% 100.00% 16.99%  30.50%
=10 2.67% 100.00% 100.00% 14.55% 16.51%

PAS: pediatric appendicitis score, PPV: positive predictive value, NPV:
negative predictive value, NA: not applicable.

The receiver operating characteristic (ROC) curve for the
performance of PAS is shown in Figure (1). The numbers on the curve
represent the sensitivity of PAS, and the total AUC was about 0.93.
Accordingly, score 6 had the best performance and accuracy (nearest
point to the left upper corner).
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80%
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& 40%
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100-Specificity
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Figure 1: Receiver operating characteristic curve

Table (4) shows the total number of patients at each cutoff point of
PAS, in addition to the negative appendectomy and missed
appendicitis rates. The negative appendectomy rate was inversely
related to the PAS value, and the reverse was observed in the missed
appendicitis rate.
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Table 4: Number of patients, negative appendectomy and missed
appendicitis rates at different PAS cutoff points

No. of patients (%)
PAS Negative Missed
appendec  append
tomy rate icitis

(%) rate
(%)
Positive Negative Total
appendect appendecto n (%)
omy my
n (%) n (%)
1 0 (0%) 0 (0%) 0 (0%) 14.2% 0%
2 1(0.3%) 5 (8.1%) 6 (1.4%) 14.2% 0%
3 4 (1.1%) 11(17.7%) 15(3.4%) 13.3% 0.3%
4 9 (2.4%) 22(35.5%) 31(7.1%) 11.1% 1.3%
5 17(4.6%) 16(25.8%) 33(7.6%) 6.3% 3.7%
6 58(15.4%) 5(8.1%) 63(14.4%) 2.3% 8.3%
7 130(34.7%  2(3.2%) 132(30.3%) 1.1% 23.8%
)
8 84(22.5%) 1 (1.6%) 85(19.5%) 0.6% 58.6%
9 61(16.3%) 0 (0%) 61(14%) 0% 81.1%
10 10(2.7%) 0 (0%) 10(2.3%) 0% 97.3%

Total  374(100%)  62(100%) 436(100%)

PAS: pediatric appendicitis score

Discussion

The diagnosis of acute appendicitis is usually made by a
combination of information involving the patient’s history, findings
on physical examination, and results of investigations, both laboratory
and radiological (13). However, the diagnosis of acute appendicitis is
still sometimes difficult to predict, despite its high incidence in
children. This diagnostic difficulty may lead to delayed diagnosis with
a subsequent increased morbidity and mortality, or overdiagnosis with
a subsequent removal of a normal appendix and loss of its function or
uses if needed in the future (1,2).

In this study, we retrospectively evaluated the accuracy of PAS in
patients who underwent appendectomy for suspected acute
appendicitis. The pediatric appendicitis score had been developed by
Madan Samuel from England, to help in decision-making for patients
presented with abdominal pain with a suspicion of acute appendicitis.
The score consists of eight variables, including symptoms (migration
of pain from periumbilical area to RLQ, anorexia, and
nausea/vomiting), signs (RLQ tenderness on palpation, RLQ
tenderness on coughing, hopping, or percussion, and fever), and
laboratory results (leukocytosis and polymorphonuclear neutrophilia).
Each variable was given a score of 1, except for RLQ tenderness on
palpation, and on coughing, hopping, or percussion, which were
scored 2. Hence, the total score consists of 10 points (Table 1). In the
original article, Samuel evaluated the validity of PAS prospectively in
1170 patients [734 patients with appendicitis, and 436 patients
without appendicitis]. All these variables were significantly more in

appendicitis patients [P-value = 0.001], and the mean [+SD] PAS was
9.1 [+0.1] and 3.1[+1.1] in appendicitis and non-appendicitis cases,
respectively. The sensitivity, specificity, PPV, NPV of the score were
100%, 92%, 96%, and 99%, respectively (11).

In our study, there were some differences in comparison to
Samuel’s findings. Three variables of PAS have insignificantly
differed between positive and negative appendectomy groups, which
were anorexia, nausea/vomiting, and fever. All these variables are
common presenting features of many clinical conditions, both
abdominal and extra-abdominal, surgical and medical, and are not
unique or specific to acute appendicitis. The mean PAS in the negative
appendectomy group in our study was higher than those found by
Samuel [4.2 vs 3.1], as more than one-third of patients in this group
had a score of five or more. This finding may be related to the
retrospective nature of our study, as we included patients who
underwent appendectomy, and not patients presenting with a
complaint of abdominal pain. Therefore, the clinical manifestations of
the patients were expected to be severe enough that mandated a
surgical intervention. In the positive appendectomy group, more than
three-quarters of patients had a score of seven or more. The last result
was attributed to our definition of positive appendectomy in this
study, which included not only cases with positive histopathological
reports, but also cases with obvious pathology found intraoperatively,
such as frank appendiceal inflammation, visible perforation, or pus
collection. In all these cases, PAS is expected to be high (14). As
mentioned in the methodology, the appendix in these scenarios was
not sent for histopathological examination according to our
institution's protocol, as the pathology was clear and obvious. If these
cases were excluded due to a lack of pathology reports, the mean PAS
in the positive appendectomy group would be expected to be lower.
However, despite the inclusion of these cases; the mean PAS in this
group didn’t match that found by Samuel [7.3 vs 9.1].

According to the ROC curve, the best cutoff point of PAS in our
study was score 6, as it was the nearest point to the left upper corner.
At this cutoff point, PAS had a sensitivity of 91.71%, a specificity of
87.10%, and an accuracy of 91.06%, which were relatively good. In
addition, the PPV revealed that nearly most patients who tested
positive had acute appendicitis, but NPV indicated only [63.53%] of
cases that tested negative didn’t have acute appendicitis. These high
PPV and a relatively low NPV were attributed to the high prevalence
of acute appendicitis in our cohort [85.8%]. The total AUC was
excellent [0.93] and indicated an extreme discrimination between
positive and negative appendectomy groups.

For further assessment of PAS performance in patients suspected
to have acute appendicitis, we evaluated the effects of score
application on the negative appendectomy and missed appendicitis
rates. The negative appendectomy rate in our study population was
14.2%, but the missed appendicitis rate was unknown as the study was
retrospective and appendectomy was done to all patients. Therefore,
the missed appendicitis rate at every cutoff point of PAS was assessed
speculatively from the 2x2 table, through the number of patients who
had score values less than the cutoff point but proved to have acute
appendicitis by operative findings or histopathological reports.
Similarly, the negative appendectomy rate at every cutoff point of
PAS was assessed by the number of patients who had score values
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equal to or more than the cutoff point, but proved by histopathology
reports to have a normal appendix. Samuel concluded in his study that
a score of five or less was incompatible with acute appendicitis,
whereas a score of six was compatible, and a score of seven or more
was highly indicative of acute appendicitis. This conclusion was
based on the missed appendicitis rate which was zero at score 5 and
below. On application of the same recommendations in our study;
taking patients with scores six or more to operative theaters, and
discharging patients with scores five or below to home would
decrease the negative appendectomy rate dramatically from 14.2 to
2.3%, but in turn, there would be 8.3% missed appendicitis rate. On
analysis of the negative appendectomy and missed appendicitis rates
in all cutoff points of PAS, it was clear that the negative
appendectomy rate was inversely related with the PAS value, and the
reverse was true for the missed appendicitis rate. In other words, both
rates were inversely related, as a reduction of one rate was associated
with an increment in the other. This result was expected as higher PAS
values mean a more advanced stage of the disease, and negative
appendectomy would be less likely, but mild cases of acute
appendicitis might be missed and discharged to home. This result was
found by many other studies and made the authors recommend using
two cutoff points in the PAS, instead of one as Samuel did, one for
the diagnosis with no or low negative appendectomy rate, and the
other for exclusion with no or low missed appendicitis rate. Patients
with scores between these cutoff points represented quarry cases that
need observation, frequent examination, and/or radiological
evaluations (15,16). As a result, score 6 was the best score to support
the diagnosis of acute appendicitis in our study as it had the best
performance according to the ROC curve analysis, and was associated
with a low negative appendectomy rate [2.3%]. And score < 4 could
be used to exclude the diagnosis of acute appendicitis as it was
associated with a very low missed appendicitis rate [1.3%]. Although
the findings of this study may not reflect the actual picture of acute
appendicitis at our institution, especially for the missed appendicitis
rate, due to the retrospective nature of the study, it enabled us to
identify the changes in the missed appendicitis and negative
appendectomy rates with each cutoff point of PAS. However, further
prospective studies involving patients with abdominal pain are
warranted to confirm or disprove our findings, and to define the
validity of PAS more accurately at our institution.

Many studies discussed the validity of PAS worldwide with
different results. Some studies found PAS was useful during
evaluation of patients with suspected acute appendicitis (17-19).
Salahuddin SM et al. from Pakistan studied the validity of PAS
retrospectively and found the score had good diagnostic accuracy, as
score 4-6 had a sensitivity, specificity, and PPV of 96.8%, 80%, and
98.9% respectively, with AUC of 0.84 (17). In an Egyptian study,
PAS was retrospectively assessed in 140 patients, and score > 5 was
found to be the best cutoff point as it had an accuracy of 89%. The
authors also found using PAS at cutoff points <2 and > 7 for exclusion
of acute appendicitis and surgical referral respectively, would
decrease the usage of computed tomography (CT) scans by about 34%
(18). In contrast, many other studies failed to find a diagnostic
usefulness of PAS (20,21) . In a Croatian study, for example, both
PAS and Alvarado scores were assessed for validity in 311 patients.

PAS was found to be sensitive [86%] but not specific [50%], and
cannot be used exclusively for the diagnosis of acute appendicitis in
children (20).

Given these findings, most studies about appendicitis scoring
systems including PAS, recommended using them as a supportive tool
in the evaluation of abdominal pain with a suspicion of acute
appendicitis (22-24). This is because the score value may vary
depending on patient and doctor factors. Some score variables are
subjective as migration of pain and anorexia, and their explanation by
children is sometimes difficult (7). On the other hand, the finding of
variables that included physical signs depends on the experience of
the examining doctor, and the cooperation of the patient and his/her
family (9). As a result, these scoring systems cannot be used alone,
but are useful to classify patients according to the severity of illness
into groups, low, intermediate, and high-risk groups (23). The low-
risk group can be discharged to home with the possibility to come
back for persistent symptoms, intermediate risk group needs
observation +/- further investigations, while the high-risk group needs
immediate surgical referral and intervention. This in turn has the
advantage of decreasing load in the emergency departments,
especially busy ones, and provision of optimal utilization of hospital
resources. Although we didn’t reach the amazing diagnostic accuracy
obtained by Samuel, PAS appeared to be a useful tool during the
evaluation process of abdominal pain in children.

There were some limitations present in this study. First, the study
was done retrospectively, and as a result, any cases were excluded due
to lack of necessary data. Second, the study included patients who
underwent appendectomy, so the missed appendicitis rate at our
institution was unknown, and the influence of score application on it
cannot be assessed accurately from this cohort. Third, the
generalizability of findings cannot be made as the study was carried
out at a single institution. Finally, all patients enrolled in this study
were evaluated and examined by pediatric surgery residents and/or
specialized pediatric surgeons, who were familiar with the variable
presentations of acute appendicitis in children. Therefore, the
applicability of the score by other medical personnel as pediatricians
and general practitioners needs to be assessed.

Conclusion

Pediatric appendicitis score is a simple and easily applicable tool
that can aid in the evaluation of patients with suspected acute
appendicitis. At score 6 and more, it had a sensitivity, specificity, and
accuracy of 91.71%, 87.10%, and 91.06%, respectively, and
application of the score would decrease the negative appendectomy
rate from 14.2% to 2.3%. At a score < 4, acute appendicitis could be
excluded with a very low missed appendicitis rate. Efforts must be
undertaken to schedule pediatric appendicitis scores as a supportive
tool to be used in the workup for patients with suspected acute
appendicitis. Further aspects of score application need to be
addressed, such as its ability to differentiate simple appendicitis from
non-appendicitis, or complicated appendicitis cases, and its influence
on the usage of radiological investigations such as ultrasound and CT
scans. Hopefully, these aspects will be addressed in further studies in
the near future
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