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ABSTRACT
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Objectives: Even after 130 years have passed since the first appendectomy, diagnosing acute appendicitis can still be challenging. The
objective of this study was to investigate clinical, imaging and laboratory findings of patients diagnosed with acute appendicitis in
order to determine whether white blood cell count is helpful in the diagnosis.

Materials and Methods: Parameters of Alvarado score, patients’ complaints, physical examination and laboratory findings were
recorded. Appendiceal diameters of patients detected with ultrasound (US) were also recorded.

Results: Of the 98 patients, 89 patients (91%) had an appendiceal diameter wider than 8 mm and 9 patients (9%) had an appendiceal
diameter of 8 mm and smaller in the preoperative US. Pathology was normal in 8 out of 9 patients (89%) with a diameter of 8 mm and
below; and 9 out of 89 patients (9%) with a diameter above 8 mm (p<0.05). Sensitivity and specificity of the 8-mm cut-off was 99%
and 47% respectively. Positive and negative predictive values were 90% and 89% respectively.

Conclusion: Distribution of pathology results with respect to appendiceal-diameters revealed that there was an obvious threshold
between normal and pathology-proven appendicitis. This outcome highlights the importance of imaging in the diagnosis.
Keywords: Appendicitis, Diagnostic ultrasound, White blood cell count

INTRODUCTION

In 1880, Robert Lawson Tait performed the first appendectomy
for appendicitis in the United Kingdom [1]. Even after 130
years, diagnosing acute appendicitis can still be challenging for
surgeons. This is demonstrated by high negative laparotomy rates
documented in different literature. In a Swedish study, female
and male patients had negative appendectomy rates of 24% and
12%, respectively [2]. In another large North American study,
the rate of negative appendectomy was 13% [3]. It is assumed
that negative laparotomy rate decreases to approximately 10 by
routine use of ultrasonography (US) [4]. The higher sensitivity
of computed tomography (CT) seems to have a greater impact
on the rate of negative laparotomies, which has reduced the
estimated rate by 5-10% [4,5]. In most European countries, most
surgeons consider acute appendicitis as a clinical diagnosis and
do not routinely perform imaging techniques [6].

Scoring systems are designed to assist the clinical evaluation
of patients with acute appendicitis (AA). The Alvarado score,
even though there are some disadvantages, is the most common
scoring system and its use is validated in several studies [7-
9]. The structure was based on a review of patients who were

operated after suspicion of appendicitis, whereas the score
should be used in all patients with suspected appendicitis.
Furthermore, the score does not contain C-reactive protein as a
variable, but many studies have demonstrated the importance of
C-reactive protein in the evaluation of patients with appendicitis
[10].

The recent appendicitis inflammatory response (AIR) score is
designed to overcome these disadvantages [11].

The white blood cell count (WBCC) in the diagnosis of AA is
neither sensitive nor specific. WBCC is high in almost 70% of
the spectrum of etiologies causing right lower abdominal pain
[10]. The use of imaging techniques reduced the rate of negative
appendectomy. However, it is accepted that WBCC alone is not
sufficient [10,12].

In this study, we aimed to investigate the clinical, imaging and
laboratory findings of patients diagnosed with AA in order to
determine whether WBCC is helpful in the diagnosis of future
cases.
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MATERIAL and METHODS

This study included 436 patients (patients with complete records
of related medical information) who were operated on in our
surgical clinic between January 2015 and September 2018 with
the diagnosis of AA. Approval for this study was obtained from
Akdeniz University, School of Medicine Clinical Research Ethics
Committee (approval number 917) .

We excluded patients with incomplete clinical information.

Appendectomy (436 patients)

= Normal WBCC (98 patients) = Mormal WBCC male (51 patients)

= High WBCC (338 patient) Mormal WBCC famale (47 patients)

Figure 1. The white blood cell count distribution of patients who
underwent appendectomy during the study period.

Complaints and physical examination findings of the
patients were obtained from their medical files. Patients with
hematological disease, immunosuppression and malignancy
were excluded from the study. In addition, the parameters of
Alvarado score were evaluated and patients’ complaints, physical
examination findings and laboratory findings were recorded
retrospectively. Appendiceal diameters of patients with normal
WBCC were also recorded. These diameters were calculated
based on the abdominal images taken before the operation.
Whole blood samples were collected in 4 mL K2EDTA tubes
and leukocyte count was performed by optical method using an
automatic hematology analyzer. Pathology samples were divided
into two groups as normal appendix and appendicitis.

Statistics Analysis

In the statistical analysis of data, Statistical Package for Social
Sciences for Windows (SPSS Inc., Chicago, Illinois, USA) version
16.0 was used. In addition to the descriptive statistical methods
(mean, standard deviation), for the intergroup comparison
of normally distributed parameters of quantitative data and
for non-normally distributed parameters the Student’s t-test
and the Mann-Whitney U-test were used. The relationships
between numerical data were analyzed by a correlation analysis.
Qualitative data were compared using the Chi-square test.

RESULTS

Throughout the study period, out of 436 patients who underwent
appendectomy, only 98 patients had a normal WBCC. Of these,
51 (52%) were male and 47 (48%) female (Figure 1). The mean
age of the patients was 36 £ 11 (min 18, max 72).

According to pathology reports, 81 patients (83%) had AA and
17 patients (17%) had normal results. Of the 98 patients, 89
patients (91%) had an appendiceal diameter wider than 8 mm
US and 9 patients (9%) had an appendiceal diameter of 8 mm
and smaller in the preoperative US. Pathology was normal in
8 out of 9 patients (89%) with a diameter of 8 mm and below;
and 9 out of 89 patients (9%) with a diameter above 8 mm. This
difference was statistically significant (p<0.05). Sensitivity and
specificity of the 8-mm cut-off was found to be 99% and 47%
respectively. Positive and negative predictive values were 90%
and 89% respectively. Accuracy diagram of ultrasound guided
diagnosis of acute appendicitis revealed a threshold of 8-mm for
appendiceal diameter (Figure 2).
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Figure 2. Accuracy diagram of ultrasound guided diagnosis of
acute appendicitis revealing the importance of 8-mm threshold for
appendiceal diameter (p<0.05).

The rate of negative exploration was 17% and all were reported as
pathological end-stage lymphoid hyperplasia. In the univariate
analysis, neutrophil count, appendix diameter and Alvarado
score were statistically significant (p <0.05).

DISCUSSION

In this study, distribution of pathology results with respect to
appendiceal diameters revealed that there was an obvious cut-
off limit between normal pathology and pathology-proven
appendicitis. This outcome highlighted the importance of
imaging in the diagnosis of acute appendicitis. Radiology’s
role was central to the management. Conceivably, imaging
techniques are strong tools for physicians supporting their
diagnosis of AA and they reduce negative appendectomies.
Several studies had reported that radiological examination
reduced the rate of negative appendectomy from 20% to 2-14%
[13]. Our results also indicated that the sensitivity of radiological
imaging was over 90%. On the other hand, diameter itself does
not prove any pathology. The normal diameter of the appendix
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can be as high as 12.8 mm in adults and majority of normal
appendices are larger than 6 mm [14]. When CT findings are
equivocal in patients with suspected appendicitis, appendicitis
is encountered in about 30% but in the case of the appendix
measured less than 9 mm alone, similar to our study findings,
the likelihood of appendicitis is much smaller [15]. Yet, strong
reinforcements with physical examination and laboratory
tests are always should be kept in mind. Ortega-Deballon et
al., suggested that patients with a normal WBCC should not
undergo appendectomy [16]. Similarly, Atema et al., showed
that WBCC and C-reactive protein were important parameters
to exclude AA [17].

There are many studies focusing on the optimal criteria for the
diagnosis of AA utilizing CT with different types of contrast
and routes (e.g. oral, rectal, intravenous) of application. The
data from literature highlights the high accuracy of CT in the
diagnosis of AA. However, there are convincing results on the
high accuracy of CT for the diagnosis of AA. A recent meta-
analysis included 9330 patients published in 28 studies reported
a significant difference in the negative appendectomy rate
(NAR), from 16.7 % when using clinical evaluation without
imaging compared to 8.7 % with use of CT [18]. In addition,
NAR decreased from the pre-CT era to the post-CT era (21.5 %
to 10 %) [18].1In 2011, multi-detector row computed tomography
(MDCT) showed a sensitivity of 98.5 % and a specificity of 98 %
for the diagnosis of AA in 2871 patients [19]. Another meta-
analysis included 4341 patients (children and adults) from 31
studies reported a pooled sensitivity and specificity for diagnosis
of AA in children of 88 % and 94 %, respectively, for US studies
and 94 % and 95 %, respectively, for CT studies. Pooled sensitivity
and specificity for diagnosis of AA in adults were 83 % and 93 %,
respectively, for US studies, and 94 % and 94 %, respectively, for
CT studies [20].

The studies and reports detailed above give an overview of the

persistent difficulties in the clinical diagnosis of AA in pediatric
and adult patients, the usefulness of various clinical scores
(which are not commonly used in routine practice) and recent
developments of modern imaging techniques focusing on US
imaging. To date, US imaging for suspected AA is performed
world-wide by radiologists and many physicians of other medical
subspecialties, with or without the support of sonographers.

The 2011 American College of Radiology Appropriateness
Criteria® for right lower quadrant pain-suspected appendicitis
state that for adult patients with clinical signs of AA the
sensitivity and specificity of CT are greater than those of US,
but that in pediatric patients, the sensitivity and specificity of
graded-compression US can approach those of CT, without the
use of ionizing radiation [21].

Patients with a normal WBCC may be acceptable for
observation, but several studies had shown that high WBCC
could be very important for the diagnosis of AA [22]. Alder et
al. [23] demonstrated that the appendix mucosa might develop
secondary to viral infections and that uncomplicated cases of
viral appendicitis could pass without antibiotics [24].

As aresult, an appendix diameter greater than 8 mm in imaging
had a positive predictive value of 90% for AA patients with
normal WBCC. Appendectomy is recommended in patients
with normal WBCC with an appendix diameter greater than 8
mm.
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