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In this study, we aimed to evaluate the diagnostic performance of
ultrasonography, the Alvarado score, mean platelet volume and C-reactive
protein in the diagnosis of acute appendicitis.

Patients admitted to the pediatric emergency department with abdominal pain
who were operated on with a preliminary diagnosis of acute appendicitis
were evaluated. The patients who had acute appendicitis diagnosis in the
histopathological assessment were considered as the Appendicitis (App)
Group, while patients who did not have acute appendicitis according to
histopathology were considered as the Non-app Group.

Of 200 patients assessed in the study, 137 (68.5%) were male and 63 (31.5%)
were female. Of the patients operated on; 170 (85%) had acute appendicitis,
while the pathological results of 30 (15%) were not consistent with acute
appendicitis. The Alvarado score of the patients in App Group was significantly
higher than those in Non-app Group (p=0.001). The sensitivity and specificity
of the Alvarado score and ultrasonography were 60%, 81.18% and respectively,
for the diagnosis of appendicitis. There were no significant differences (p>
0.05) in terms of average white blood cell, absolute neutrophil count, platelet
count, mean platelet volume and C-reactive protein between the two groups.

According to our study the use of Alvarado Scoring System with ultrasonography
is more effective and accurative than ultrasonography performing alone. We
recommend performing ultrasonography on patients with right lower quadrant
pain and suspected appendicitis admitted to the emergency department and to
operate on patients with a ultrasonography-supported appendicitis diagnosis
and an Alvarado score of 7 and above. Patients with an appendicitis diagnosis
not supported by ultrasonography and an Alvarado score lower than 7 should
be closely monitored.
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Acute appendicitis is one of the most common
situations that require emergency surgery.! Not
delaying diagnosis is important but negative
appendectomy operation rate is also high in most
series. The fact that acute appendicitis presents
with different complaints can lead to a delay in
diagnosis, which also increases the likelihood
of perforation.2 Negative appendectomy rates
are reported to be between 13% and 34% in
most series.3 Diagnostic parameters to reduce

the negative appendectomy rate (leukocytes,
C-reactive protein, mean platelet volume,
interleukin-6, urine 5-hydroxyl indole acetic
acid), clinical scoring and imaging techniques
in the diagnosis of appendicitis are under
investigation.# Ultrasonography (USG) is still
the most valuable and non-invasive technique
in the diagnosis of acute appendicitis.

Recent studies reported that the pediatric
appendicitis score (PAS) is a useful tool
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in the evaluation of children with possible
appendicitis.> Scores up to 4 help rule out
appendicitis, while scores 8 or higher help
predict appendicitis. Patients with a PAS of
5-7 may need further radiologic evaluation.®
Although using the appendicitis score improves
the overall clinical accuracy for diagnosis of
appendicitis (from 80% to 92%), the rate of
unnecessary appendicectomies is still high
(from 8.8% to 17 %).7:8

In this study, we aimed to investigate the
efficacy of ultrasonography, which is non-
invasive, easily accessible and has a low
cost, the Alvarado score as a clinical scoring
system, white blood cell count (WBC), absolute
neutrophil count (ANC), mean platelet volume
(MPV), and C-reactive protein (CRP) in the
diagnosis of real acute appendicitis.

Material and Methods

This study was performed as a cross-sectional,
non-invasive and observational study at the
University of Health Sciences, Umraniye
Training and Research Hospital between
September 2015 and December 2016 at the
Pediatric Emergency Department on patients
with preliminary acute appendicitis diagnosis
that were operated on. The demographic
characteristics of the patients (age, gender),
clinical signs, white blood cell count (WBC),
absolute neutrophil count (ANS), platelet
count (PLT), mean platelet volume (MPV),
C-reactive protein (CRP) levels, ultrasonography
findings, , Alvarado score evaluation, surgical
and histopathological results were recorded.
The patients who had a diagnosis of acute
appendicitis by histopathology were considered
as the appendicitis (App) group, while patients
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without acute appendicitis according to
histopathology were considered as Non-app
group. Cases with perforation or complicated
appendicitis were excluded from the study to
rule out the effects on the leucocyte count
and fever.

The CRP turbidimetric method (Architect
Plus ca 4100, Abbott) was used. Complete
blood counts were obtained with an electronic
cell counter device (Blood Cell-Dyn 3700
Hematology Analyzer, Abbott).

USG imaging performed routinely to all patients
for diagnosis of acute appendicitis.

A Toshiba Aplio-MX (California) ultrasound
machine was used for the ultrasonographic
evaluation. Cases which had non-compress,
a peristaltic, painful sensation, with a wall
thickness exceeding 6 mm containing an
appendicolith, with a target mark in the
cross-sectional image and dead-end in the
longitudinal image, forming inflamed adipose
tissue echogenicity where a tubular structure
is seen were reported as positive for acute
appendicitis. The cases in which appendicitis
was not seen or seen as a normal situation
were interpreted as negative.

In our study, a clinical scoring system, i.e.
the Alvarado score (Table I), was used. The
Alvarado score was chosen because it includes
the patient’s symptoms, findings and laboratory
evaluation and has reported accuracy rates
between 78% and 82% for acute appendicitis.?
According to this scoring system, surgery is
recommended in patients that have 7 or more
points; patients with fewer than 7 points should
be monitored.10

As well as descriptive statistical methods

Table 1. Alvarado Score Table.

Clinical findings

The onset of common pain is localized to right
Loss of appetite

Nausea and vomiting

Sensitivity in the right lower quadrant

Signs of rebound

High fever

Leukocyte increase

Leftward shift in the smear

Total
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Fig. 1. ROC curve of Alvarado score cut-off 5.

(mean, standard deviation, frequency), for
comparisons of parameters showing normal
distribution between two groups, Student’s
t-test was used for comparing quantitative
data, while the Mann-Whitney U test was used
for the comparison of parameters showing a
non-normal distribution. The suitability of
normal distribution parameters was evaluated
by the Shapiro-Wilk test when assessing the
study data.

The optimal cut-off point was selected based
on ROC curve analysis. Screening tests were
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utilized in the sensitivity and specificity
calculations. Significance was set at p<0.05.
IBM SPSS Statistics 22 (SPSS IBM) was used
for the statistical analysis.

The study protocol was approved by the
Instituional Ethics Committee of the Umraniye
Training and Research Hospital on 08/20/2015
with the report number of 82. All participation
involved informed consent.

Results

Of 200 patients considered in the study, 137
(68.5%) were male and 63 (31.5%) were
female. The average age of the patients was
136+45 months (41 to 291 months). WBC,
ANS, PLT, and MPV values and the Alvarado
scores of the patients are shown in Table II.

Of all patients that were operated on; 170
(85%) had acute appendicitis, while 30 patients
(15%) did not reveal any pathology for acute
appendicitis. Five of 30 Non-app had mesenteric
lymphadenopathy, and a lymph tumor invading
the appendix was detected in one patient.
Ultrasonography was positive in 151 patients
(75.5%) and 49 (24.5%) were negative. The
Alvarado score in 106 patients (53%) was
over 8 points, between 5 and 7 in 80 patients
(40%) and less than 4 in 14 patients (7%).

When patients in App and Non-app were

Table II. Comparison of Demographic and Clinical Characteristics of the Patients Included in.

Patients with

Patients without

histopathologically histopathologically p

proven appendicitis proven appendicitis

(n=170) (n=30)

Mean=SD Mean=SD
Female 50 (29.4%) 13 (43.3%)
Male 120 (70.6%) 17(56.7%) 0.194"
Age (months) 13445 142+43 0.399
WBC (/mm?3) 15.080+5.570 13.730+5.020 0.214
ANC (/mm?) 12.020+5.540 10.100+5.500 0.080
PLT (/mm?3) 290.420+78.230 284.0000+95.38 0.689
MPV (fL) 7.68x1 7.64+1.19 0.830
CRP img/dl) 3.83+5.77 2.77+3.9 0.396™
Alvarado score 7.8x1.4 52+1.6 0.001

*Ki-square test; **Mann-Whitney U test; WBC: White blood count; ANC: Absolute neutrophil count; PLT:
Platelet; MPV: Mean Platelet volume; CRP: C-Reactive protein; SD: Standard deviation
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Table III. The Sensitivity, Specificity, Positive and Negative Predictive Value, Accuracy Rate of WBC,
ANS, USG, and Alvarado Score In Acute Appendicitis Diagnosis.

Sensitivity (%) Specificity (%) PPV (%) NPV( %) Accuracy (%)
WBC (=10.000 / mm3) 7824 23.33 85.26 15.91 70.0
ANC (=7.500/mm3) 77.65 33.33 86.84 20.83 71.0
UsG 81.18 56.67 91.39 34.69 77.5
Alvarado score (=5) 98.80 40.00 90.30 85.70 58.0
Alvarado score (=8) 60.00 86.67 96.23 27.66 64.0
USG(+) and Alvarado g5 3¢ 90.00 96.67 24.55 87.0

score (=8)

PPV: Positive predictive value; NPV: Negative predictive
count; USG: Ultrasonography

compared in terms of gender and average age,
there was no statistically significant difference
(p>0.05). Similarly, there were no significant
mean differences (p> 0.05) in terms of average
WBC, ANS, PLT, MPV and CRP between the
two groups. However, the Alvarado score of
the patients in App Group was significantly
higher than those in Non-app Grup (p=0.001).

USG sensitivity in the diagnosis of acute
appendicitis was calculated as 81% and specifity
as 56.6%, with a positive predictive value of
91.3%, a negative predictive value of 34.6%,
and an accuracy rate of 77.5%. The sensitivity
of an Alvarado score of 8 and over was 60%
and the specifity was 86.6%, with a positive
predictive value 96.2% and a negative predictive
value of 27.6%. In patients with positive
ultrasonography results, if the Alvarado score
was 8 and over, the sensitivity was 51.1%,
the specifity was 90%, the positive predictive
value was 96.6% and the negative predictive
value was 24.5% (Table III).

The area under the ROC curve was 87.5% (Fig
1). When the Alvarado score was between 8,
the sensitivity was 60%, the specificity was
86.6%, the positive predictive value was 96.2%
and the negative predictive value was 27.6%.

When the cut-off value for the Alvarado score
was 5 the sensitivity of this predictive value
was 98.8%, with a specificity of 40%, a positive
predictive values of 90.3% and a negative
predictive value of 85.7%.

The average Alvarado score was statistically
significantly higher in cases with positive
histopathology or USG compared to patients
with a negative histopathology or USG result
(p<0.01). The Alvarado score was significantly

value; WBC: White blood count; ANC: Absolute neutrophil

higher in cases with positive USG and
histopathology results than in negative cases
(p=0.001). The Alvarado scores of patients
with =10,000/mm?3 WBC was significantly
higher than in patients with <10,000/mm?3
WBC (p= 0.001). Similarly, the Alvarado
score of patients with ANS =7500/mm?3 was
significantly higher when compared to patients
with ANS <7500/mm?3 (p=0.001). There was
no statistically significant difference in terms
of the Alvarado score between patients with
=>7.4 MPV and those with <7.4 MPV (p=
0.416), as shown in Table IV.

Discussion

Although appendicitis is a common disease
that requires emergency surgery, a timely and
correct diagnosis can be difficult at times.!!
Non-specific symptoms such as abdominal
pain, nausea, vomiting, right lower quadrant
tenderness and leukocytosis are usually seen
in patients with acute appendicitis, and mixed
with other causes of abdominal pain.!> When
the relationship between a late diagnosis and
an increased complication rate is considered,
it is clear that some auxiliary techniques that
that lead to an early diagnosis are needed.13

In terms of negative laparotomy, 30 of 200
patients (15%) operated on in our series had
no pathological findings consistent with acute
appendicitis. This is also consistent with the
negative laparotomy rate described in the
literature.14.15

The Alvarado score is a scoring system that
was developed to facilitate the diagnosis of
acute appendicitis. In 2011, a compilation by
Ohleda et al'® showed that when the predictive
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Table IV. Evaluations About the Alvarado Score.

Alvarado score

Mean=SD MEDIAN P

UusG Positive: 7.76+1.56 8
Negative 6.45+1.71 7 0001

Histopathology Positive: 7.83+1.38 8
Negative 523+1.59 5 0001

WBC (/mm?3) =10.000 7.89+1.50 8
<10000 5.84+1.35 6 0.001

ANC (/mm3) =7.500 7.94+1.38 8
0.001

<7.500 5.85+1.62 6

MPV (fL) =7.4 7.38+1.61 8
0.416

<7.4 7.53+1.80 8

USG: Ultrasonography; WBC: White blood count; ANC: Absolute neutrophil count; MPV: Mean platelet volume; SD:

Standard deviation

value of the Alvarado score was taken as 5,
the sensitivity was 99% and the specificity
was 43%; when predictive value was taken as
7, the sensitivity was 82% and the specificity
was 81%. In a study conducted in 2007,
among patients that were 7 years old and
over admitted to the emergency service with
abdominal pain, appendicitis was detected in
3% of those that had a score of 3 or under,
and in 36% of those that had a score between
4 and 6 7. In our study, the average Alvarado
score of the patients with a diagnosis of acute
appendicitis confirmed by histopathology was
7.83, while the patients that had negative
pathology results with acute appendicitis had
an average score of 5.23 (p=0.001).

Ultrasonography is the preferred imaging
method in the diagnosis of acute appendicitis in
children because it is non-invasive, inexpensive,
easy to apply and accessible, and does not
deliver a dose of radiation.!® In a systematic
review conducted in 2007, USG sensitivity
was reported as 83.7% and the specificity was
95.9% in the diagnosis of acute appendicitis.1?
Similar results were obtained in a meta-
analysis performed in children and adults in
2006.20 The sensitivity of USG in our study
was calculated as 81.1%, with a specificity of
56.6%, a positive predictive value of 91.3%,
a negative predictive value of 34.6% and
accuracy of 77.5%. Thirty of 49 patients were
negative according to USG, thought to be due
to radiological difficulties or having appendicitis
histologically. In appendicitis cases, particularly

in the early term, histopathological findings are
monitored in the focal area and it is difficult
to detect these cases by imaging methods. The
experience of the radiologist plays an important
role in these cases.2!

In the studies on the diagnosis of acute
appendicitis, the sensitivity of WBC being
=10,000/mm?3 was 61-73%, and the specificity
has been reported as 59-72% 2223. We found
that WBC sensitivity was 78.2% and the
specificity was 23.3%. In the literature, when
ANSI = 7500/mm?3, the sensitivity was 71-89%
and the specificity was 48-80%.2425 Similar
to our study, the sensitivity was found to be
77.6%, and the specificity was 33.3%.

In a study by Albayrak et al.?6, they found
that the MPV level of patients diagnosed with
acute appendicitis was lower than that in the
healthy control group. Similarly, Tanrikulu et
al.27 found lower MPV levels in patients with
acute appendicitis. The best predictive value
of MPV was 5, and the sensitivity, specificity,
positive predictive value and negative predictive
value were 45%, 89.2%, 87.3% and 49.6%,
respectively. In 2015, Erdem et al.28 reported
that the MPV values of patients with a diagnosis
of acute appendicitis were 7.4=0.9 fL while
the control group had 9.1+1.6 fL; however,
WBC and neutrophil percentage supported
the diagnosis better than MPV. Narc1 et al.??,
on the contrary, said they had found MPV
values of 7.92+1.68 fl in patients with acute
appendicitis and 7.44+1.34 fl in the healthy
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control group. They also found that the CRP
WBC and MPV values were significantly
higher in the patient group (p<0.001). We
also did not observe a difference between
groups in terms of the MPV value in our
study. There was no significant difference in
WBC, ANSI or CRP levels (p<0.05). But,
our control group did not include healthy
patients, as this group contained patients
that presented with abdominal pain, received
a preliminary diagnosis of acute appendicitis,
were operated on and had a negative result
for acute appendicitis by histopathology. We
think that the difference in the results is due
to that fact.

According to our study the use of Alvarado
Scoring System with USG is more effective and
accurative than USG performing alone. May be
the diagnostic cut off value of Alvarado Score
reduce to 5 from 7.

We recommend performing USG on each
patient with right lower quadrant pain
and suspected appendicitis admitted to the
emergency department, and to operate on
patients with a USG-supported appendicitis
diagnosis and an Alvarado score of 7 and above.
Patients with a diagnosis of appendicitis not
supported by USG and with an Alvarado score
lower than 7 should be closely monitored.
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