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Paediatric Acute Appendicitis: A Comparison of Diagnostic Accuracy of
Three Pre-operative Diagnostic Modalities

Abstract

Introduction: The diagnosis of acute appendicitis (AA) is usually clear cut but sometimes there is
atypical presentation of this condition in children. There is a need to determine and compare the
diagnostic accuracy of these three pre-operative diagnostic modalities: Paediatric Appendicitis Score
(PAS), abdominal ultrasonographic scan (USS) findings, and serum C-reactive proteins (CRPs). The
objective of this study was to determine the diagnostic accuracy of the three diagnostic modalities and
to compare each diagnostic test result with the histopathological results of the appendix specimens.
Materials and Methods: This was a prospective cross-sectional study that involved children aged
4-15 years with suspected AA who presented at the emergency paediatric unit of a tertiary health
care hospital in North Central, Nigeria. The PAS, quantitative serum CRP, and abdominal USS were
performed for all eligible patients. Results: A total of 43 patients were included in this study. Forty
appendicectomy specimens (93%) were histologically confirmed to be AA and three appendicectomy
specimens (7%) were normal appendix. The diagnostic accuracy values of PAS, abdominal USS,
and CRP were 95.3%, 93.0%, and 90.7%, respectively. Conclusion: This study demonstrated that
PAS, abdominal USS, and serum CRP provided useful diagnostic accuracy for AA in children.
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Introduction

Acute appendicitis (AA) is a common
cause of acute abdomen requiring surgical
intervention and it is the most commonly
misdiagnosed abdominal surgical condition
in children.” AA accounted for 21.9% of
surgeries for acute abdomen in children
in Ilorin, North Central, Nigeria.” The
prevalence of AA is 2.6% in Northern
Nigeria.B! Accurate diagnosis of AA is
based on careful history taking, physical
examination, and laboratory and
radiological imaging findings.”

The delay in diagnosing paediatric AA
leads to an increased risk of perforation of
the appendix in children with consequent
high risk of morbidity and mortality.™ The
correct diagnosis of AA may be difficult
to make clinically in children because
only about 60-70% of the cases present
with the classical symptoms and signs of
AA.B Therefore, improving the accuracy
of diagnosing AA is expedient for timely
surgical intervention as this will reduce
the high rate of complications. It will also
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remarkably reduce the high rates of negative
appendicectomies.

Several pre-operative methods to diagnose
AA have been formulated, including
clinical scoring systems, laboratory assay
of inflammatory serum biomarkers, and
diagnostic imaging investigations."”

The commonest clinical scoring system to
diagnose AA in children is the Paediatric
Appendicitis Score (PAS), which was
developed to improve the accuracy of
diagnosis of AA in children aged 415 years
by Samuel® based on three clinical
symptoms (migratory right iliac fossa pain,
anorexia, and nausea), three physical signs
(fever, right iliac fossa pain), and results
of two specific laboratory investigations
(leucocytosis and neutrophilia). PAS
stratifies the risk of AA into low, medium,
and high risk in patients with right lower
quadrant (RLQ) abdominal pain.®! Samuel®
reported a sensitivity of 100%, specificity of
92%, a positive predictive value (PPV) of
96%, a negative predictive value (NPV) of
99% in a study to diagnose AA in children
using the PAS.
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C-reactive protein (CRP) is a common acute phase protein
for inflammatory or infectious conditions such as acute
gastroenteritis and acute mesenteric lymphadenitis.”’ The
normal reference range of serum CRP is 1-9 mg/L in
our Biochemistry Laboratory. Studies have shown that
quantitative values of CRP are usually elevated in acute
inflammatory process such as AA.P! CRP has been found
to be highly sensitive in diagnosing AA.* CRP analysis is
objective, readily available, and inexpensive.”

Diagnostic imaging modalities such as abdominal
ultrasonographic scan (USS) serves as adjuncts in diagnosing
AA, especially in atypical clinical presentations.!!”
Abdominal USS has been routinely used for children with
suspected AA because it is safe, fast, readily available,
non-invasive, cost-effective, and reliable; however, USS is
limited by its operator dependence and the resolution of the
ultrasound machine and sometimes, the appendix may not
be visible.'”l In an atypical presentation of AA, abdominal
USS may improve the diagnosis of AA, thereby reducing
the rate of negative appendicectomy and it is also beneficial
in detecting peri-appendicular abscesses or gynaecological
conditions in female patients.!'”

This study aimed to compare the diagnostic accuracy of
PAS, quantitative serum CRP, and abdominal USS and to
determine the negative appendectomy rate using the results
of histological reports of the appendix specimens in the
diagnosis of paediatric AA.

Materials and Methods

This was a cross-sectional prospective study design.
Purposive sampling technique was used to select patients
with suspected AA who eventually had appendicectomy
in our paediatric surgery service from September 2020 to
March 2021. Patients aged 415 years diagnosed with AA
were recruited into this study, whereas patients with appendix
mass, appendix abscess, or peritonitis from perforated
appendicitis were excluded from the study. Ethical clearance
was obtained from the Ethics and Research Committee
of our hospital, and parental consents and assents from
children aged > 10 years for both the operation and study
were also obtained.

The sample size for this study was calculated using the
statistical formula for qualitative variable for cross-sectional
study.'Y The incidence of AA obtained from a study by
Ahmed et al®' in Northern Nigeria was 2.6%.

Using the formula,!!

Z ,P(1-P)

T
n= >
d
where nis the sample size, Z, , the standard normal variate

[at 5% type 1 error (P < 0.05) =1.96], P the incidence of
appendicitis =2.6%.% 1-P= (1-0.026) = 0.974, and d the

tolerance margin of error, set as 5%. Inserting the required
information into the formulal'yl [7=>0.026/(0.05=39]
Setting an attrition rate at 10% = 3.9 ~ 4. Therefore, the
sample size for this study was calculated to be 39+4 = 43
patients.

There were 10 variables used to determine the PAS. The
variables comprise three symptoms with a score of 1
each for migratory right iliac fossa pain, anorexia, and
nausea. Three physical signs with fever scored 1 and
right iliac fossa tenderness and hop tenderness scored 2,
respectively, whereas two laboratory results—leucocytosis
(210 x 10°/L) and neutrophilia (7.5 x 10°/L)—were scored
1, respectively.

All enrolled patients had abdominal USS done using
a four-dimensional mode with Doppler USS machine
(Acuson X500 Siemens Ultrasound Imaging System,
Inc., USA, Model 10035736). Patients were placed in a
supine position and the abdomen exposed. Acoustic gel
was applied and initial general abdomino-pelvic USS
was done with a curvilinear probe, then specifically,
a linear probe (with high frequency transducer using
5-7 MHz) was used at the right lower abdominal region
for the graded and sustained pressure, which a patient
with RLQ abdominal pain can tolerate. This produced
displacement and compression of bowel gas from the
right side of the abdomen. The abdominal USS was
done by a single Consultant Radiologist (to remove
inter-observer bias in the results) with experience in the
graded compression technique. Visualization of a non-
compressible, aperistaltic, tubular, blind-ending structure
of >6 mm in the antero-posterior (AP) diameter arising
from the base of the caecum was considered positive,
visible compressible appendix with an AP diameter of
less than 6 mm was considered to be negative, and non-
visualization of the appendix was considered as equivocal.
The vermiform appendices were all visible via abdominal
USS in this study.

Two blood samples were collected at the same time from
each patient for full blood count (3 mL) in EDTA bottle
and CRP (3 mL) in lithium heparin bottle. The full blood
count investigation was done in the haematology laboratory.
The blood samples for CRP were centrifuged at 1500 g for
3 min and the separated plasma stored at —20°C for CRP
analysis in the biochemistry laboratory using the enzyme-
linked immunoassay-colorimetric method with hsCRP
Accubind™ (ELISA Microplate Test System of Monobind
Inc., Lake Forest, CA, USA).

The gross appearance of the appendix during surgery
was documented, and the appendix specimens were sent
for histopathological analysis. The final diagnosis of AA
was based on the histopathological result reports. Cut-off
scores of 26 for PAS, 26 mm of the appendix AP diameter
for ultrasonography, and >10 mg/L for serum CRP were
compared with the histopathological results.
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Data were analysed using IBM SPSS® version 21 [Statistical
Product and Service Solutions (SPSS) Inc., Chicago, IL,
USA] to derive frequencies, means, and standard deviation.
Sensitivity for each diagnostic test was calculated by patients
with disease that test positive divided by the total number
of patients with the disease. Specificity for each diagnostic
test was calculated by patients without the disease that test
negative divided by the total number of patients without the
disease. The PPVs for each test were obtained by patients
with the disease that test positive divided by the total
number of positive patients from histology specimen, and
NPVs for each test were obtained by patients without the
disease that test negative divided by the total number of
negative patients from the histology report. The diagnostic

Table 1: Age groups and gender distribution of the total

patients
Variables Frequency (percentage)
Age interval (years) 0-5 5(11.6%)
6—0 24 (55.8%)
11-15 14 (32.6%)
Gender Males 29 (67.4%)
Females 14 (32.6%)

Frequency distribution table

accuracy of each test was calculated by patients with true
results (true positive and true negative) divided by the total
number of patients in the study. Also the area under the
curve (AUC) was calculated for each of the diagnostic tools.
The negative appendicectomy rate was also determined.
Results were presented using tables and figures.

Results

A total of 43 patients between the ages of 4 and 15 years
met the inclusion criteria and were recruited for the study.
Children aged between 8 and 11 years accounted for the
greater percentage (41.9%) of patients for this study. More
than 67% of the study populations were male children with
a male-to-female ratio of 2:1. The age groups and gender
distribution of the recruited patients are shown in Table 1.

The mean age (in years), mean weight (in kg), and duration
of symptoms (in h) were 8.53+£3.27, 29.91+9.51, and
36.86 £ 3.80, respectively.

Gross appearance of the appendix during surgery

Figure 1 highlights the intra-operative gross appearances of
the vermiform appendices. The grossly inflamed appendix
accounted for a majority of the appendices [36 (84.0%)]
during the study period.

Numbers

INLAMMED APPENDIX

PERFORATED APPENDIX

Appendix appearance

GANGRENOUS APPENDIX NORMAL APPENDIX

Figure 1: Gross appearance of the appendix during surgery
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The Pearson product correlation of the three diagnostic
modalities with appearance of the appendix intra-operatively
showed PAS to be highly positive and statistically significant
(r=0.724, P <0.001), whereas serum CRP and abdominal
USS values were moderately positive and statistically
significant with (r =0.531, P < 0.001) and (r = 0.562,
P <0.001), respectively, as highlighted in Table 2.

The mean PAS, appendix diameter, and serum CRP were
7.531+1.45, 6.89+0.98 mm, and 73.671+49.76 mg/L,
respectively. The ranges of PAS, abdominal ultrasonographic
appendix diameter, and serum CRPs are as shown in
Table 3.

The diagnostic accuracy of PAS, abdominal ultrasonography,
and CRPs were 95.3%, 93.0%, and 90.7%, respectively. The
other parameters such as sensitivity, specificity, PPV, and
NPV are shown in Table 4.

Comparison of the three diagnostic tests

The PAS has a higher value of AUC (0.821) which is
considered an excellent diagnostic tool compared with
abdominal ultrasonography with an AUC of 0.726 and

serum CRP with an AUC of 0.642, which are considered
as acceptable and moderate diagnostic tools, respectively,
as shown in Table 5.

Figure 2 demonstrates ROC curve for PAS with AUC of
0.821 (95% CI: 0.783-0.915) (P <0.001) with Youden index
of 0.643 and cut-off value of PAS >6.

Figure 3 highlights the abdominal ultrasonography AUC of
0.726 (95% CI: 0.69-0.82) (P = 0.002) with Youden index
of 0.451 and cut-off value of USS thickness of inflamed
appendix = 6 mm.

The AUC of serum CRP is 0.642 (95% CI: 0.59-0.76)
(P =0.002), with Youden index of 0.449 and cut-off value
of serum CRP >10 mg/L. Receiver operator curve is shown
in Figure 4.

Negative appendicectomy rate

Three patients’ histology reports showed normal appendix
from the appendix specimens. Out of the three normal
appendix histology reports seen, one patient had normal
appendix histology report when PAS and abdominal

Table 2: Correlation matrix of the three diagnostic modalities with appearance of appendix at surgery

Appearance of appendix

Total PAS  Serum CRP (in Abdominal USS

intra-operatively mg/L) report (mm)
Appearance of appendix intra-operatively 1
Total PAS 0.724™ 1
Serum CRP (in mg/L) 0.531™ 0.721™ 1
Abdominal USS report 0.562™ 0.611™ 0.735™ 1

“Correlation is significant at the 0.01 level (two-tailed)

Table 3: Range and mean values of PAS, appendix diameter, and C-reactive protein

Variables Minimum Maximum Mean £ SD
PAS 5.00 10.00 7.53+1.45
Appendix diameter (mm) 4.00 9.00 6.89+0.98
C-reactive protein (mg/L) 3.00 202.00 73.67+49.76

Frequency distribution table. SD = standard deviation

Table 4: Results of the three diagnostic tests

Variables Sensitivity Specificity  Positive predictive value = Negative predictive value Diagnostic accuracy
PAS 97.5% 66.7% 97.5% 66.7% 95.3%
Abdominal 95.1% 50.0% 97.5% 33.3% 93.0%
ultrasonography
C-reactive protein 94.9% 50.0% 95.0% 50.0% 90.7%
Frequency distribution table

Table 5: Comparison of AUC and Youden index of the three diagnostic tests
Variables AUC Youden index P-value
PAS 0.821 0.643 <0.001
Abdominal ultrasonography 0.726 0.451 0.002
C-reactive proteins 0.642 0.449 0.002

AUC = area under the curve, PAS = paediatric appendicitis score
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Figure 2: ROC curve of PAS in diagnosing acute appendicitis
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Figure 3: ROC curve of abdominal USS in diagnosing acute appendicitis

ultrasonography were showing positive findings suggestive
of AA, whereas two patients had normal appendix histology
reports when the three diagnostic parameters studied were
showing findings suggestive of AA. This gave a negative
appendicectomy rate of 7.0% in this study.

Discussion

AA is the commonest cause of acute abdominal pain
in children requiring emergency surgery.5” The results
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Figure 4: ROC curve of serum CRP in diagnosing acute appendicitis

showed that there was no statistical significant difference
between the studied samples in terms of the age, weight,
and duration of symptoms as reported by Zouari et al.l”
The mean duration of symptoms at presentation was similar
to the findings by Hao et al!*¥; however, Zouari et al.'”
reported longer mean duration of symptoms (46.8 h).

In our study, the PAS demonstrated the highest diagnostic
accuracy for AA. The diagnostic accuracy of PAS in this
study was similar to the findings obtained by Samuel.® This
study has a high PPV for PAS among the three diagnostic
tests, indicating a higher probability of having AA in those
patients with positive test results.

In this study, PAS showed an excellent estimation of AUC
with a value of 0.821U4 as a diagnostic tool for AA in
children compared with abdominal USS with an AUC value
of 0.726, which is an acceptable diagnostic test for AA,
and serum CRP AUC value was 0.642, which represented
a moderate estimation for the diagnosis of paediatric AA.
This was similar to the study by Parveen et al.,l') who
reported that PAS has a better diagnostic accuracy than
abdominal ultrasound. Rajbhandari er al!' reported
similar AUC value of 0.84 for PAS compared with AUC
value of 0.64 for Alvarado score, as seen in this study in
the diagnosis of AA in children.

Low cost and easy availability have made abdominal USS
an initial imaging diagnostic tool in children with suspected
AA." The quality of the reports from abdominal USS
depends on the skills and experience of the radiologist
who performs the ultrasonography. This has resulted in the
limitations in the use of abdominal USS, leading to false
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positive and negative values seen in this study and other
similar studies.'>'® The inability to identify the vermiform
appendix, spatial resolution, dimensional images of the
ultrasound machine, and experience of the operator are
generally considered as major failures in the use of USS
in the diagnosis of AA.I'" In this study, the sensitivity,
specificity, PPV, and NPV including the AUC for abdominal
ultrasonography were higher than the values reported by
Pedram ez al.17 in their study, with abdominal USS having
sensitivity, specificity, PPV, and NPV of 58%, 68%, 77%,
and 46%, respectively, with abdominal USS AUC value of
0.853 (95% CI: 0.788-0.917).

The usefulness of inflammatory markers such as CRP in
the diagnosis of AA in children is still controversial.'”! This
is because many clinical conditions that mimic AA are
associated with the inflammatory response with attendant
increase in serum CRPH*1Studies have investigated the role
of CRPs in improving the diagnosis of AA in children.!*-211
The diagnostic accuracy of serum CRP in this study was
lower compared with the PAS and abdominal USS. This was
similar to findings by Zouari ef al.l' and Kessler ef al? in
the diagnosis of AA in children. Ramrao ez al.!'studied 100
children with suspected AA and reported that serum CRP
had a sensitivity of 81.28%, a specificity of 92.8%, a PPV
of 93.8%, a NPV of 26.26%, and an accuracy of 82.06%
compared with the higher diagnostic values recorded in
this study.

The acceptable negative appendicectomy rate is debatable
because various countries have reported varying rates
of negative appendicectomies.?®! This is because there
is significant variability in patterns of practice and
resource utilization in the management of AA in various
hospitals.?*! A multi-centred study involving 30 paediatric
hospitals in the USA reported negative appendicectomy
rates ranging from 0% to 17%.12% In Ile-Ife, Nigeria,
Ademola et al.?¥ reviewed 156 appendicectomy for AA
in children and found 10.9% negative appendicectomy
which was higher than the finding in our study (7.0%).
The negative appendicectomy rate seen in this study was
similar to results obtained by Rajbhandari et al. 'l who
reported a 7% negative appendectomy rate, and by Zouari
et al. ,"who reported a 6.1% negative appendectomy rate
in their studies.

Limitation of the study

The limitation of this study was the use of a single centre
for data collection. A multicentre study, with a larger
number of patients, is also recommended to ascertain the
generalizability of the findings from this study.

Conclusion

This study has demonstrated that the diagnostic accuracy
of the PAS, abdominal USS, and quantitative serum CRPs
were 95.3%, 93.0%, and 90.7%, respectively. The diagnostic
accuracies of the three diagnostic modalities studied were

all powerful in the diagnosis of AA in children. However,
using the receiver operating characteristic analysis, PAS
has the best performance in diagnosing AA in children
with AUC value of 0.821 when compared with abdominal
USS and serum CRP with AUC values of 0.726 and 0.642,
respectively.

Clinical implication

The PAS may be used in diagnosing AA in children as its
AUC was higher compared with the AUCs for abdominal
USS findings and serum CRP as demonstrated in this study.
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