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ABSTRACT

Introduction: Acute appendicitis is the most common atraumatic
surgical emergency in childhood. The accurate diagnosis of acute
appendicitis is not always easy. Alvarado score (AS) and
paediatric appendicitis score (PAS) are commonly used tools to
assist diagnosis. This study compares the diagnostic accuracy
between AS and PAS.

Methods: A prospective study was conducted from September
2016 to September 2017 in Paediatric Surgery Unit of Tribhuvan
University Teaching Hospital. All eligible patients (children up to
16 years) who were operated for acute appendicitis were included.
AS and PAS were calculated for all patients preoperatively. Final
diagnosis of acute appendicitis was based on histopathological
examination and labeled as ‘appendicitis’ or ‘no appendicitis’. A
cut off score of 7 for AS and 6 for PAS was compared with
‘appendicitis’ or ‘no appendicitis’ group.

Results: A total of 70 patients were included in the study. Sixty
five (93%) were histologically proven acute appendicitis and five
(7%) were no appendicitis. The sensitivity, specificity, PPV, NPV
and accuracy of AS were 89%, 40%, 95%, 22% and 85%
respectively. For PAS, sensitivity, specificity, PPV, NPV and
accuracy was 97%, 40%, 95.5%, 50% and 92% respectively. On
Receiver Operating Characteristic curve, ‘area under curve’ of AS
was 0.64 and that of PAS was 0.84. It was not statistically
significant (p = 0.152).

Conclusions: There was no statistical significant difference
between AS and PAS for diagnosing acute appendicitis.
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INTRODUCTION

Appendicitis is the most common atraumatic
surgical abdominal disorder in children.! Atypical
clinical findings are seen in 30% - 50% of children,
especially the younger ones which often leads to
delayed diagnosis.? Almost every abdominal
pathology can be confused with acute appendicitis,
especially in children.®* Delayed or missed
diagnosis have the potential to result in significant
morbidity from appendiceal perforation, abscess
formation, wound infection, wound dehiscence and
even mortality.*> However, negative diagnosis of
acute appendicitis exposes children to unnecessary
operation.

One of the most commonly used diagnostic score
for diagnosis of acute appendicitis is the Alvarado
Score (AS). This scoring system, created in 1986,
was originally designed for adult population.®
Multiple studies have been conducted to validate
the score for diagnosis in children. AS has high
sensitivity and specificity so that it is applied for
clinical practice throughout the world.”-!!

In 2002, Samuel developed the first appendicitis
score that was specific to children.!? This paediatric
appendicitis score (PAS) was developed by
analyzing a cohort of 1170 children between four
and 15 years of age. Sensitivity and specificity of
PAS was higher than AS in children. This study
was conducted to compare the diagnostic accuracy
of AS and PAS in children in a tertiary hospital of
Nepal.

METHODS

This was a prospective observational study
conducted in Paediatric Surgery Unit of Tribhuvan
University Teaching Hospital, Kathmandu, Nepal.
The study was done over a period of one year from
September 2016 to September 2017. Ethical
approval was taken from Institutional Review
Board of our institute. Informed consent was taken
for every case from the legal guardian. All children
up to 16 years, who were diagnosed as acute
appendicitis and underwent appendectomy, were
included in the study. Preoperative diagnosis of
appendicular perforation peritonitis, appendicular
lump and conservatively managed acute
appendicitis were excluded. However, patients with
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local periappendiceal collection were included in
the study.

The diagnosis of acute appendicitis was established
clinically by surgeon on call in ER. Complete blood
count (CBC), renal function tests and routine urine
examination were done in all patients.
Ultrasonography (US) was done in patients as a
routine diagnostic modality whenever feasible. US
scan of abdomen was done to aid the diagnosis of
acute appendicitis only. But analysis of US findings
was not done.

The signs and symptoms components (migration of
pain, anorexia, nausea, vomiting, fever, tenderness
in right lower abdomen, rebound tenderness in right
lower abdomen, pain on percussion, coughing,
hopping) of AS (Table 1) and PAS (Table 2) were
documented as present or absent. Other
demographic variables of patients were noted. The
decision to operate was based on clinical findings,
lab investigations and US report and not affected
by the study. The calculation of the AS and PAS
score was done for study purpose only. For the
study purpose the cut off point of 7 was used for
AS and 6 for PAS as per Alvarado and Samuel.®!?
Specimen of appendix from all patients were sent
for histopathology examination (HPE). Final
diagnosis of acute appendicitis was made by
histological confirmation. Based on HPE report,
patients were grouped as ‘Appendicitis group’ and
‘No appendicitis group’. Comparison of AS of > 7
and < 7 with ‘Appendicitis group’ and ‘No
appendicitis group’ was done respectively.
Similarly, comparison of PAS > 6 and < 6 with the
groups were done accordingly.

Statistical analysis was done by IBM SPSS (V.
24.0). Sensitivity, specificity, positive predictive
value and negative predictive value with 95%
confidence interval (CI) was calculated for each
score. A receiver operating characteristics (ROC)
was created to assess the overall performance of
scores. P value of < 0.05 was considered as
significant.

RESULTS

During the study period, 82 patients presented to
emergency with acute appendicitis, among which
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Table 1. Alvarado score

Table 2. Paediatric Appendicitis Score

Characteristics Points Characteristics Points
Migration of pain 1 Migration of pain 1
Anorexia 1 Anorexia 1
Nausea/vomiting 1 Nausea / vomiting 1
Right lower quadrant tenderness 2 Right lower quadrant pain tenderness 2
Rebound tenderness 1 Cough / hopping / percussion tenderness in 2
Elevation of temperature 1 the right lower quadrant
Leukocytosis (= 10,000/U1) 5 Elevation of temperature 1
Polymorphonuclear neutrophilia > 75% 1 Leukocytosis = 10,000 w/L !
Total 10 Polymorphonuclear neutrophilia > 75% 1
Total 10

12 patients were excluded for appendicular
perforation peritonitis, appendicular lump and
conservatively managed appendicitis. Seventy
patients were included in the study. All had
undergone appendectomy. Out of 70 patients, 65
(93%) were confirmed for acute appendicitis by
HPE and grouped as ‘Appendicitis group’.
Remaining five (7%) patients were grouped as ‘No
appendicitis group’. Mean AS and PAS in
appendicitis group and ‘No appendicitis group’ are
shown in table 3. Each score was significantly
different between appendicitis and no appendicitis

group.

To compare AS with HPE findings of
‘Appendicitis’ and ‘No appendicitis’, a cut off score
seven was taken i.e. AS > 7 as appendicitis and AS
<7 as no appendicitis. Out of 70 patients, 61 (87%)
patients had AS > 7 and 9 (12%) patients had AS <
7 (Table 4).

On analysing Alvarado score against HPE findings,
with 7 as cut off point, it showed sensitivity of

Table 3. Mean score in both groups

Name Total Appendicitis No p

of score Group Appendicitis value

Score (n = 65) Group (n =5)

AS 8.09+ 8.18+1.42 6.8+1.30 0.039
1.45

PAS 831+ 848=+1.21 6.2+1.92 0.001
1.39
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89.2%, specificity of 40.0 %, PPV of 95.1%, NPV
0f22.2% and 85% accuracy.

Similarly to compare PAS with HPE findings of
appendicitis and no appendicitis, a cut off score 6
was taken i.e. PAS > 6 as ‘Appendicitis’ group and
PAS < 6 as ‘No appendicitis’. Out of 70 patients, 66
(94%) patients had PAS > 6 and 4 (6%) patients
had PAS < 6. (Table 5)

On analysing PAS against HPE findings, with six
as cut off point, it showed sensitivity of 96.9%,
specificity of 40.0%, PPV of 95.5%, NPV of 50.0%

and 92% accuracy.

Performance of AS and PAS scores was calculated
using receiver operating characteristics (ROC)
curve of as shown in figures 1 and figure 2. Area
under the curve (AUC) of AS was 0.64 and PAS
was 0.84. AUC of PAS was better than AS, but P
value of AUC for both scores was not significant (P
=0.152).

Table 4. Comparison of Alvarado score with HPE

findings
Alvarado Appendicitis No appendicitis Total
score group group
=7 58 3 61
<7 7 2 9
Total 65 5 70
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Table 5. Comparison of PAS with HPE findings

PAS Appendicitis  No appendicitis  Total
group group
>6 63 3 66
<6 2 2 4
Total 65 5 70
DISCUSSION

Acute appendicitis is the commonest cause of acute
abdominal pain in children. Typical clinical
features of peri-umbilical pain, shifting to right
lower abdomen, nausea, vomiting and fever are
seen in less than 60% cases.!® There are various
causes of pain abdomen and many of them are quite
confusing with acute appendicitis. Only about 1% -
8% of children with pain abdomen had actually
acute appendicitis.'*!> Distinguishing appendicitis
from other disorders is sometimes difficult,
particularly in children.!'¢ Early and accurate
diagnosis of acute appendicitis is essential to
reduce the morbidity associated with delayed
diagnosis and even mortality. On the other hand,
over diagnosis may result in unnecessary
appendectomies.

Numerous scoring systems for diagnosing acute
appendicitis have been designed to make accurate
diagnosis. Alvarado in 1986 designed a score with
eight predictive factors and a maximum of 10
scores.® In his study, he recommended that patients
with AS less than five to discharge as no
appendicitis, those with 5 - 6 to keep under
observation as possible appendicitis, and those with
seven or higher to operate as likely appendicitis.
Alvarado originally designed it for adult
population. Later different researchers have
conducted studies to evaluate AS in children. One
of the notable works was done by Schneider et al.
They showed a sensitivity of 81%, specificity of
74%, PPV of 92%, and NPV of 46% when
evaluated patients up to 21 years.!! When analysis
was done taking population of less than 10 years
only, the accuracy was less. Overall accuracy of AS
ranged from 60-86% in different literatures.”-$17.18

In our study, however we had sensitivity of 89.2%,
specificity of 40.0%, PPV of 95.1%, NPV of 22.2%
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Figure 1. ROC curve of Alvarado score in diagnosing
acute appendicitis

and accuracy of 85% of AS. We had low specificity
and NPV because three patients (4.2%) with AS > 7
had normal appendix on HPE and seven patients
(10%) with Alvarado score < 7 had inflamed

appendix on HPE respectively.

In modified Alvarado Score, left shift of
leucocytosis is omitted and total score is nine. This
score seems more accurate than original AS in
children in a study by Peyvasteh et al.!” Ultrasound
can be combined with AS to exclude appendicitis.
A negative predictive value of 99.6% of this

combination tool was demonstrated by Blitman et
al.?0
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Figure 1. ROC curve of Alvarado score in diagnosing
acute appendicitis
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In 2002, Samuel designed a specific score for
children through a prospective sample of 1170
patients from four to 15 years over a period of five
years.'? This PAS is a modification of AS and
carries a maximum of 10 scores. The
recommendations of his article were that patients
with PAS < 5 do not have appendicitis, whereas
those with > 6 should be operated on under
suspicion of appendicitis. In his study, the
sensitivity was 100%, specificity was 92%, PPV
was 96%, and NPV was 99%. His work has been
reproduced by many authors and found variable
results. The overall sensitivity and specificity
ranges 72% - 100% and 50% - 94% and accuracy

of 72% - 979,.12.21-23

In our study, PAS had sensitivity of 96.9%,
specificity of 40.0%, PPV of 95.5%, NPV of 50.0%
and accuracy of 92%. Our study had similar results
in sensitivity and PPV but has a low specificity and
NPV. We didn’t find adequate specificity and NPV
because, three patients (4.2%) with PAS > 6 had
normal appendix on HPE and two patients (2.8%)
with PAS < 6 had inflamed appendix on HPE
respectively.

Wu H et al. in 2011, compared AS and PAS
according to the duration of symptoms. The best
cut off value varied six to seven on days one, two
and three of symptom duration for both AS and
PAS. There was no specific trend regarding
duration of symptoms and cut off values.2* When
PAS is supplemented by US scan of abdomen, the
diagnostic yield increases. PAS > 4 with positive
ultrasound showed a sensitivity of 96.3%,
specificity of 94.1%, PPV of 96.1% and NPV of
94.1%.% Low dose of CT scan has more diagnostic
accuracy but it cannot be used routinely.
Combination of PAS and USG was also suggested
by Sayed et al.?°

Pogorelic et al., in their study of comparison of
these scoring systems for acute appendicitis, found
that both scores do not have adequate predictive
value. They suggested that it can be used only as
assistance for clinical judgment for a clinician.!?
We didn’t find significant difference between the
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performance of the two scoring system (p value of
AUC was 0.152). The same conclusion was
reached in a prospective study carried out by
Schneider et al on 588 patients. AUC in ROC curve
for AS and PAS was 0.83 and 0.81 respectively
with no significant difference.!! Mecco et al.
conducted a study to compare the performance of
scores including appendicitis inflammatory
response score along with AS and PAS. AUC of
appendicitis inflammatory response score was 0.90
better than AS (AUC = 0.87) and PAS (AUC =
0.82).77

The original intent of both the Samuel and
Alvarado was to determine operative care based on
specific score value, therefore PPV has the most
relevance to the clinician. Our study had a PPV of
95.1% and 95.5% for Alvarado and PAS, signifying
a higher probability of having acute appendicitis in
those patient having positive test results with
resulting less negative appendectomies. However,
neither the PAS nor the AS had an adequate
negative predictive value in the diagnosis of acute
appendicitis. The negative predictive value
obtained in our study was not sufficient enough to
label somebody as not having acute appendicitis
when the score was below the cut off label.

CONCLUSIONS

There is no difference between the Alvarado score
and PAS for diagnosing acute appendicitis,
although sensitivity and NPV of PAS is better than
AS. Since the specificity and NPV was low for
both scores, acute appendicitis in children cannot
be excluded based on these scores.
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