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Diagnostic value of imaging methods in diagnosing acute appendicitis in
comparison with leukocyte counts
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Abstract
Aim: Acute appendicitis (AA) is the most common cause of acute abdomen. Early diagnosis and treatment are life-saving, as delay leads to high mortality and
morbidity. In this study, we aimed to investigate the diagnostic values of leukocyte count and imaging methods such as CT (Computed tomography) and USG
(Ultrasonography) for patients pre-diagnosed with AA.
Material and Methods: A retrospective study included 425 patients who admitted to the emergency room with abdominal pain and operated for pre-diagnosis
of AA.
Results: The patients were divided into groups by appendix histopathology: Group I included 53 patients (12.5%) with a normal appendix, Group II included 289
patients (68%) with noncomplicated appendicitis, and Group III included 83 patients (19.5%) with complicated appendicitis. Two hundred sixty-three patients
were male (61.8%), 162 (32.8%) were female, and their mean age was 34.7 (18-82) years. In AA diagnosis, the sensitivity and specificity of leukocyte count
were 81.45% and 45.2%, respectively, while USG had a sensitivity of 95% and specificity of 84%, and CT had a sensitivity of 86% and specificity of 59%. There
was a significant difference between groups I-II and II-III in terms of leukocyte count (p<0.001) in determining the severity of AA.
Discussion: When diagnosing AA, radiological methods such as USG and CT are also used along with physical and laboratory examinations. Since CT is an
expensive and difficult-to-access method using contrast materials, USG should be the first radiological method as it has acceptable sensitivity and specificity.
To render USG accessible, emergency medical or general surgical specialization training should incorporate emergency USG training.
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Introduction
Acute appendicitis (AA) is an acute inflammatory condition that
develops in the appendix tissue as a result of obstruction of the
appendix lumen for various reasons [1]. It is the most common
cause of acute abdomen in surgery clinics, and its lifelong
prevalence is 7% [2]. Appendectomy, applied in the treatment of
acute appendicitis, is the most common emergency abdominal
surgery operation performed in all surgical clinics worldwide
[3]. The timing of the surgery is very important. Early surgical
decisions result in 15-30% negative laparotomy; however,
when the surgical decision is delayed, the appendix becomes
perforated, and the delay period increases mortality and
morbidity [2].
In addition to physical examination and scoring systems,
radiological methods such as ultrasonography (USG), computed
tomography (CT), magnetic resonance (MR) and diagnostic
laparoscopy can be used in the diagnosis of acute appendicitis
[4,5]. Despite the use of methods such as CT, USG, laparoscopy,
and scoring systems, the rate of missing acute appendicitis
and/or appendix perforation has not changed (15%), and there
is still no single and reliable laboratory test or clinical test to be
used for these diagnoses [6].
In this study, it was aimed to compare the leukocyte count,
which can be easily studied in serum in the diagnosis of AA,
with imaging methods such as CT and USG, and to discuss the
value of these methods in the diagnosis of acute appendicitis in
the light of literature.
Material and Methods
After obtaining approval from the Ethics Committee of Erzurum
Atatürk University Faculty of Medicine, patients who were
admitted to the Muş State Hospital Emergency Department
with a pre-diagnosis of AA between January 2018 and April
2019 were analyzed retrospectively. In addition to taking blood
samples from patients in the emergency department, imaging
methods such as standing direct abdominal radiography
(SDAR), USG, CT, and MRI were used. The gender, age, leukocyte
value at the time of application, the surgery performed with the
radiological examinations performed, the type of anesthesia
applied, and the postoperative pathology information of the
patients were recorded. All patients were adults over the age
of 18, and patients who were found to have other pathological
findings in addition to acute appendicitis during surgery were
excluded from the study.
Serum leukocyte levels, the values such as sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV),
Likelihood Ratio positive (LR +), and Likelihood Ratio negative
(LR) values of patients applying with the diagnosis of acute
appendicitis used for the USG and CT among imaging methods
were analyzed statistically.

Appendectomy materials of the patients were classified into
3 groups by the histopathological results as follows: Group
I: Patients with normal appendix, lymphoid hyperplasia,
obliterative appendix were evaluated as normal (Negative
appendectomy); Group II: Patients with phlegmonous
appendicitis, catarrhal appendicitis, suppurative appendicitis
were evaluated as non-complicated appendicitis; Group III:
Patients with gangrenous appendicitis, perforated appendicitis
were evaluated as complicated appendicitis. Patients with
appendix diameter greater than 6 mm on USG and CT were
evaluated as acute appendicitis.
Statistical Analysis
Results were presented as numbers for categorical variables,
and as mean ± standard deviation for continuous percentage
variables. The normality of continuous variables was evaluated
using the Shapiro-Wilk-W and Kolmogorov- Smirnov test.
Chi-square and Fisher-Freeman-Halton tests were used for
comparing categorical variables. ROC analysis was used
to determine whether the continuous variable can be used
in diagnosis. In addition, the Youden-Index was used to
determine the cut-off value. All analyzes were performed at
a 95% confidence interval. The p-value <0.05 was considered
significant, while p<0.001 was considered extremely significant.
IBM SPSS 20 package software was used for statistical
analyses.
Results
We examined 463 patients who were operated consecutively
with a pre-diagnosis of acute appendicitis in a 1-year period
between 2018-2019 were examined. Thirty-eight patients
were excluded from the study (13 patients had other diseases
in addition to acute appendicitis during surgery, and blood
results or imaging methods were not available in 9 patients,
6 patients were reported as malignancy and 10 patients were
pregnant). Among the patients, 263 were males (61.8%), 162
were females (38.1%), and the mean age of the patients was
34.65 (18-82) years.
The patients were classified into 3 groups by their pathology
results as follows: Group I: those with pathology result as normal
appendectomy material 53 (12.47%), Group II: noncomplicated
289 (68%), Group III: complicated 83 (19.52%) (Table 1).
Table 1. Demographic features of patients
Sex
Male
n

n%

Female
n

ChiSquare

P -value

n%

Type of Appendicitis
Group I

30

11.4%

23

14.2%

0,925

,336

Group II

185

70.3%

104

64.2%

22,702

,000

Group III

48

18.3%

35

21.6%

2,036

,154

Table 2. Statistical analysis of WBC values between groups
Area ± Std. Error

95% CI for Area
Lower -Upper

Cut-off value

Specificity

LR+

LR-

P- value

Group I-II

0.65±0.041

0.575-0.736

11.5

0.734

0.547

1.62

0.49

<0.001

Group II-III

0.767±0.033

0.702-0.831

14.5

0.807

0.675

2.48

0.29

<0.001

WBC: White Blood Cell, LR+: Likelihood Ratio positive, LR-: Likelihood Ratio negative
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Table 3. Diagnostic tests for WBC, USG, CT
Sensitivity
%

Specificity
%

WBC

81.45

45.2

091

USG

95

84

0.98

CT

86

59

0.93

0.38

PPD

NPD

PLR

NLR

0.26

1.49

0.41

0.70

6.00

0.06

2.10

0.24

WBC: White Blood Cell, LR+: Likelihood Ratio positive, LR-: Likelihood Ratio negative, USG:
Ultrasonography, CT: Computed Tomography

Routine hemogram test, especially leukocyte count, is studied
in patients with suspected acute appendicitis disease. When we
took the upper reference range (11x103) of the device in our
hospital as the cut-off value for leukocyte count, the sensitivity
for leukocyte values of our patients was found to be 81.45%,
specificity 45.2%, PPD 0.91, NPD 0.26, PLR 1.49, NLR 0.41.
Leukocyte count was the highest in Group III, a statistically
significant difference was found between Group I-II and
GroupII-III (p <0.001) (Tables 2, 3).
SDAR (356 patients) and chest radiography (327 patients) are
the first imaging methods requested from patients who applied
to the emergency department with complaints of abdominal
pain. As an advanced imaging method, USG was performed in
153 (36%) patients, CT in 342 (80.5%) patients and MRI in 1
pregnant patient.
The diagnostic values of USG for acute appendicitis were found
as sensitivity 95%, specificity 84%, PPD 0.98, NPD 0.7, PLR 6,
NLR 0.06. The diagnostic values of CT for acute appendicitis
were found as sensitivity 86%, specificity 59%, PPD 0.93, NPD
0.38, PLR 2.1, NLR 0.24. (Table 3).
Discussion
Acute appendicitis is one of the most common causes of acute
abdomen. Its diagnosis can be successfully made by using
radiological methods together with physical examination and
history [7]. Acute appendicitis can be seen at any age; however, it
is most common between the ages of 20-40. The most common
age that it is seen is 22 years, and the mean age of being seen
is 31.3 years [8]. AA is 1.4 times more common in males than in
females [9]. Although different percentages of gender ratio are
reported for acute appendicitis patients in the literature, 61.8%
of our patients were male, 38.1% were female, and the mean
age of the patients was 34.65 (16-82) years, the findings are
consistent with the literature. Considering the high incidence
rate of acute appendicitis, its diagnosis is of great importance.
Many markers have been investigated to prevent morbidity and
mortality caused by delays in diagnosis. The complete blood
count is one of the leading markers that are easily accessible
and rapidly evaluated. WBC (Leukocyte), neutrophil, lymphocyte,
and subparameters of complete blood count such as neutrophillymphocyte ratio, inflammatory markers, and especially
leukocyte counts have been investigated in many studies.
Leukocytes have been used to define the severity of infectious
and inflammatory diseases such as acute appendicitis [10,11].
The higher the leukocyte value, the more likely the cases to be
appendicitis. Perforation is more likely to occur in patients with
high leukocyte count. Complicated appendicitis (perforation,
gangrenous appendicitis, intraabdominal abscess, plastron
formation, generalized peritonitis) constitutes 20-30% of all
3
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appendicitis cases. The leukocyte value is not found useful
in distinguishing complicated and uncomplicated cases at
the cut-off value calculated. In the literature, there are a few
studies that have found a difference between complicated and
uncomplicated groups [12,13].
In a meta-analysis study, the sensitivity of leukocytosis (> 10000/
mm3) in the diagnosis of acute appendicitis has been reported
as 83% and specificity as 67% [14]. In studies conducted with
AA patients, leukocyte levels in the uncomplicated group have
been found to be higher than the normal appendix, and the
leukocyte levels in the complicated group have been found to
be higher than the noncomplicated appendicitis group [12,15].
In a large study group conducted by Sevinç et al. in a group of
3392 patients, when the cut-off value of leukocyte was taken
as 11900/mm3, the sensitivity for acute appendicitis has been
found to be 71.2%, specificity to be 67.2%, PPD: 0.92, NPD:
0.30, PLR: 2.15, NLR: 0.43 [10].
When we take the upper reference range (11x103) of the device
in our hospital as the cut-off value for leukocyte count, the
sensitivity for leukocyte values of our patients was found to be
81.45%, specificity 45.2%, PPD 0.91, NPD 0.26, PLR 1.49, NLR
0.41. These values are compatible with the values measured in
a wide range in the literature. The low number of patients in the
negative appendectomy group contributes to the low specificity
value. In determining the severity of acute appendicitis, a
statistically significant difference was found between groups
I-II and II-III in terms of leukocyte count (p <0.001) (Table 2).
Although high sensitivity rates have been stated for the
diagnosis of acute appendicitis, it is seen that additional
imaging methods are needed in the diagnosis of AA to prevent
negative appendectomies due to low specificity values. It has
been reported that negative appendectomy rates of 15-20%
can be reduced by using imaging methods, and unnecessary
surgeries, perforation rates and hospital stay can be reduced in
patients without acute appendicitis [16].
Among the radiological imaging methods, especially USG
and CT are the most used methods in the diagnosis of acute
appendicitis and its complications [7]. USG is the first preferred
imaging method in patients whose clinical findings suggest AA.
However, which imaging method to use may vary depending
on the physical conditions of that center, the experience of the
radiologist and surgeon, and the characteristics of the patient
[17]. We can count the advantages of USG as low cost, not giving
ionized radiation to the patient, and the possibility of using it
in pregnant women because of not using contrast material.
However, the disadvantages are that it depends on the person
performing it, it cannot be retrospectively examined, it cannot be
optimally performed, or the appendix cannot be visualized due
to patient-related problems (intestines full of gas, abdominal
fat mass, etc.) [18]. In the studies performed, the sensitivity for
diagnosing acute appendicitis for USG has been found to be
66-87%, specificity 46-84%, PPD 0.85-0. 90, NPD 0.23-0.47,
and accuracy ranged from 73 to 80% [4,25,26]. In our study,
the diagnostic values of USG for acute appendicitis were found
as sensitivity 95%, specificity 84%, PPD 0.98, NPD 0.7, PLR 6,
NLR 0.06, and the results are better to a certain extent than the
literature. In suspicious cases, where USG is insufficient, CT
should be preferred because its sensitivity, positive predictive
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value, and accuracy rates are higher [3]. Although contrastenhanced CT is recommended, appropriately performed noncontrasted CT examinations are also sufficient [21]. In a review
evaluating 23 prospective studies, the sensitivity rate for CT
has been reported to be 77-100% and the diagnostic accuracy
rate was 83-100% [22]. In another study, sensitivity for CT has
been reported to be 94.12%, PPD 88.89%, and accuracy rate
was 87.32% [3]. In our study, the diagnostic values of CT for
acute appendicitis were found as sensitivity 86%, specificity
59%, PPD 0.93, NPD 0.38, PLR 2.1, NLR 0.24. According to
USG and CT report results, there was no statistically significant
difference between the results obtained when the patients
whose appendix could not be visualized were accepted as acute
appendicitis, and the results obtained when these patients were
excluded from the study (p> 0.05). We could not find any study
with this patient group in the literature, we think more research
should be conducted with this patient group. Although CT is
superior to USG in the diagnosis of AA, its disadvantages are
that it cannot be found everywhere, its cost is high, it contains
ionizing radiation, contrast medium reactions, and increases
the time until surgery [23]. CT was used significantly more than
USG in patients who applied to the emergency department with
abdominal pain due to the absence of a radiologist outside of
working hours in our hospital (p <0.001). In the literature, the
superiority of CT in recognizing acute appendicitis compared
to USG has been demonstrated, however, in our study, USG
has superiority in contrast to the literature, because in many
health centers in our country, CT reports are carried out through
the service procurement system. Therefore, communication
difficulties are experienced between the physician who carries
out the patient’s treatment and the physician who reports the
CT result, and the radiologist cannot obtain enough information
about the patient. We think that that it is necessary to change
the working hours of radiology specialists and provide them
with sufficient equipment. For such a common disease, USG
training programs should be conducted for general surgery or
emergency specialists or emergency USG training should be
provided within the specialty training program.
Despite physical examination, laboratory findings, and auxiliary
radiological methods, negative appendectomies in a ratio of
15-30% are still performed [2,10]. Negative appendectomy is
more common in females due to the confusion of gynecological
pathologies with acute appendicitis [24]. In our study, the
number of patients with negative appendectomy was higher
among male patients, contrary to the literature; however, there
is no statistically significant difference (p> 0.05). This may be
due to the low number of patients. The negative appendectomy
rate was 12.5%, with slightly better results compared to the
literature.
Conclusion
Leukocyte value, which is a subparameter of complete blood
count, is an easily accessible and rapidly evaluated marker in
diagnosing acute appendicitis and determining the severity
of appendicitis; although its high sensitivity, the specificity is
low. Therefore, we use radiological methods such as USG and
CT in addition to physical examination and blood parameters
when determining the diagnosis of acute appendicitis. Although
the sensitivity and specificity values of CT are higher in the
4
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literature, the first radiological method to be applied should be
USG with acceptable sensitivity and specificity, as it includes a
contrast medium and is expensive. In order for USG to be easily
accessible, emergency USG training should also be included
within the emergency medicine specialty or general surgery
specialty education.
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