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Abstract

Aim: In this study, we aimed to assess whether there is any difference between the time and effectiveness seen in the diagnostic stage of acute appendicitis
when an appropriate imaging method is selected for the patients in different age groups.

Materials and Methods: During the 6-month period between October 1, 2015, and April 1, 2016, we retrospectively reviewed the files of patients who visit-
ed our emergency clinic, which is a third-step emergency department of a university hospital, and who then underwent operations at our hospital. Patients
were evaluated according to their age: Group 1, 40 years and younger; Group 2, 40-60 years; Group 3, 60 years and older.

Results: In this study, 97 patients (59.1%) were male and 67 patients (40.9%) were female. Their ages ranged from 19 to 86 years (mean age, 36.7+14.7 years).
The percentage of patients who underwent only ultrasonography (US) was 52.3% in the first age group, 39.5% in the second age group, and 0.0% in the third
age group (p<0.0001). The rates of patients who underwent only computerized tomography (CT) were 15.3% in the first age group, 28.9% in the second age
group, and 60% in the third age group (p<0.0001). There was a statistically significant difference between the sensitivities of CT and US by age group (p<0.001).

Conclusion: We believe that US should be the first method to be preferred in young and uncomplicated cases and that CT should be preferred in elderly

patients with atypical presentations.
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Introduction

Acute appendicitis (AA) is one of the most common causes that
requires an operation in patients visiting hospital with an abdomi-
nal pain (1). These cases are usually seen in patients under 50 years
of age and peak in the second and third decades (2). The develop-
ments in imaging methods that support the diagnosis of AA have
reduced the number of patients who were operated unnecessarily
and shortened the waiting period in the complicated cases before
surgery. Although this is such a common case about which many
studies have been done, there are still debates about the diagnostic
methods for AA.

Ultrasonography (US) and computerized tomography (CT) are
the two basic imaging modalities used in AA; they are still the most
important and valid diagnostic tools. Even though CT is considered
more successful for diagnosis in many studies, we can never abandon
US because of the radiation exposure aspect of CT (3, 4). To deter-
mine the imaging method that is used during diagnosis according
to patient history and symptoms will also increase the effectiveness
of the method.

In this study, selected imaging modalities in the diagnostic pro-
cess of cases operated on the basis of an AA diagnosis and whose
histopathologic examinations were compatible with AA were retro-
spectively reviewed. The aim of this study was to examine whether
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250 patients operated by general surgery department after they visited our emergency service
with different complaints.

164 patients postoperative histopathologic examination was evaluated as
compatible with AA
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Figure 1. Study flowchart: patient selection and the results of ima-
ging methods
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Figure 2. The age distribution of acute appendicitis patients. When
the age distribution of the patients was analyzed with Kolmogorov—
Smirnov test, because the skewness-kurtosis values were calculated
between —1.5 and +1.5, this dataset fit normal distribution

there is any difference between the time and effectiveness seen in
the diagnosis stage of AA when an appropriate imaging method is
selected for patients from different age groups.

Materials and Methods

During the 6-month period between October 1,2015, and April
1, 2016, we retrospectively reviewed the files of the persons who
visited our emergency clinic, a third-step emergency department
of a university hospital, and then operated at our hospital. The eth-
ics committee’s approval for the study was given by the same insti-
tution.

Patient selection

The case files of 164 persons whose postoperative histopatho-
logic examination was evaluated as compatible with AA and who
had at least one result of an imaging method (US or/and CT) during
diagnosis at emergency service records. Of the 250 patients older
than 18 years of age who were operated by the general surgery de-
partment of our hospital after they visited our emergency service
with different complaints were reviewed (Figure 1). The official ra-
diology report of the imaging method of all these cases was avail-
able in our hospital system. The patients were evaluated according
to their age, gender, imaging method performed with AA prelimi-
nary diagnosis in emergency department; result of AA in terms of
radiology report; and time interval between the first visit and imag-
ing times (minutes). Patients were grouped according to their age:
Group 1, 40 years and younger, Group 2, 40-60 years, Group 3, 60
years and older. Patients were assessed on the basis of the imaging
methods: US only; CT only; and US and CT. Imaging methods were
examined for significant differences in the activities at specific age
ranges.

US examination

US examination was performed applying a printed sonography
technique for AA using 3.5-MHz convex and a 5-7.5 MHz linear probe
and followed by a full abdominal sonographic examination. The ul-
trasounds planned with AA were evaluated by a senior assistant phy-
sician or a specialist physician who had completed at least two years
in the radiology clinic of our hospital. According to the US report, cas-
es with a thickness of more than 6 mm, no peristalsis, compression
anechoic fluid collection, appendicolith, and US McBurney findings
were accepted as US-positive. The cases in which appendicitis was
not seen or seen as normal were reported as negative. The cases in
which a free fluid was detected in the perianal region, the cecum wall
was edematous, and the perianal mesenteric lymph nodes were seen
were reported as suspicious (5, 6).

CT examination

The CTs in our study included the abdominal section between
the L2 vertebra and the symphysis pubis. All patients were admin-
istered contrast material (1-mL Ultravist 300, 50 cc vial containing
0.623 g iopromide in an aqueous solution) intravenously (IV) at a rate
of 0.8—-1 mL/s. After 60 s, the patients were scanned by helical CT us-
ing a 5 mm slice thickness and 5-mm table motion. These CT images
were evaluated and reported by a senior assistant physician or a spe-
cialist physician who had completed at least two years in our hospital
radiology clinic. CT positivity criteria (at least two of the three crite-
ria must be present) were: anterior—posterior appendicitis diameter
greater than 7 mm; an increase in heterogeneity and attenuation of
periapical fatty tissue; and an increase in wall thickness more than 2
mm compared to other intestinal segments. In the patients who met
only one criterion, the CT was evaluated as unclear. The appendix
that was smaller than 6 mm, had no inflammation sign in the sur-
rounding structures, and a normal wall thickness was classified as
negative in CT (7).

Statistical analysis

IBM Statistical Package for the Social Sciences 20.0 (IBM SPSS
Statistics; Armonk, NY, USA) was used for the statistical analyses of
the data. The normal distribution suitability of continuous variables
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Table 1. CT and US comparison results in the acute appendicitis diagnosis
AA diagnosis in CT
Negative Positive Unclear p
n 4 51 4 <0.0001
Negative % US 6.8 86.4 6.8
% CT 52 63.0 66.7
n 71 12 0
AA diagnosis with US Positive % US 85.5 14.5 0.0
% CT 92.2 14.8 0.0
n 2 18 2
Unclear % US 9.1 81.8 9.1
% CT 2.6 22.2 333
n 77 81 6
Total % US 47.0 494 37
% CT 100.0 100.0 100.0
AA: acute appendicitis; CT: computerized tomography; US: ultrasonography
Table 2. CT and US sensitivity rates by age group
1t age group 2" age group 3" age group Significant difference
Sensitivity cT 42.3% 52.6% 93.3% +
us 55.0% 47.4% 26.7% +
CT: computerized tomography; US: ultrasonography
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Figure 3. Boxplots comparing the time passed until imaging strati-
fied by imaging methods. There was a significant difference in the
data showing the time passed until imaging between the US only
group and both US and CT group (p=0.000)

CT: computerized tomography; US: ultrasonography

was measured by the Kolmogorov-Smirnov test. The Mann-Whitney
U was used for the comparison of the mean of the related binary
groups of continuous variables without normal distribution, and
Kruskal-Wallis test was used for the comparison of the mean of more
than two groups. The chi-square test was used to compare categor-

ical variables. The descriptive statistics were given as percent, fre-
quency, mean, and standard deviation. Significance was tested at a
level of alpha equal to 0.05.

Results

In this study, 97 patients (59.1%) were male and 67 patients
(40.9%) were female. The ages ranged from 19 to 86 years (mean age,
36.7+14.7 years). When the age distribution of the patients was ana-
lyzed with Kolmogorov-Smirnov test, because the skewness-kurtosis
values were calculated between —1.5 and +1.5, this dataset fit normal
distribution (Figure 2). According to age groups, the most patients
were observed in the first age group (111 patients, 67.7%) and then
second age group (38 patients, 23.2%) and followed by third age
group (15 patients, 9.1%).

In our study, US was used to diagnose 77.4% (127 patients) of
the patients. US application percentages in different groups were
84.7% in the first age group, 71.1% in the second age group, and 40%
in the third age group (p<0.0001). The rate of patients undergoing
only US because it was preferred during diagnosis was 52.3% in the
first age group, 39.5% in the second age group, and 0.0% in the third
age group (p<0.0001).

In all, 55.5% of our patients (91 patients) were evaluated with
CT: 47.7%, 60.5%, and 100.0% of the patients in the first, second, and
third groups, respectively (p<0.001). The proportion of patients for
whom only CT was preferred in the diagnosis process was 15.3%,
28.9%, and 60% in the first, second, and third age groups, respective-
ly (p<0.0001). When the patients for whom both imaging methods
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were used were categorized according to their age groups, no statis-
tically significant difference was observed between groups.

When the results of the imaging methods were compared, of the
59 patients with a negative US result, CT was positive in 51, negative
in four, and unclear in four patients. Of the 83 patients with a positive
US diagnosis, 12 had a positive CT scan and 71 had a negative CT
scan result. We found that CT was positive in 81.8% of the cases who
ended up with an unclear US, and it was negative and unclear in the
remaining four (18.2%) patients (Table 1). The difference between the
positive diagnostic decisions for the patients was statistically signif-
icant (p<0.0001).

When the patients included in the study were evaluated on the
basis of the age group, there was no statistically significant difference
between the sensitivity of CT and US (p<0.001) (Table 2).

The time passed until imaging was calculated as 151£27 min in
the US group only, 180+74 min in the CT group only, and 253+59 min
in both the US and CT groups (Figure 3). There was a significant differ-
ence in the data showing the time passed until imaging between the
US group and both US and CT groups (p=0.000).

The data showing the time passed until imaging according to
different age groups were 187+65 min, 185+69 min, and 242+79 min
in first, second, and third age groups, respectively. A 55-min differ-
ence was detected between first and third age groups, in which con-
fidence intervals (Cl) were statistically significant (p=0.009, 95% Cl,
11.42-98.60). A 56.6-min difference was detected between second
and third age groups; this difference was statistically significant as
well (p=0.017, 95% Cl, 8.33-104.95).

Discussion

In this study, it was found that making an examination based on
age group in the diagnosis of AA provides high sensitivity and accel-
erates the diagnosis. The incidence of AA is around 9% in Western so-
cieties, and its incidence is increasing in both developed and devel-
oping countries (8, 9). Early diagnosis and treatment of this disease is
important. Pre-hospital and hospital delays should be prevented. US,
CT, and diagnostic scoring systems are available to assist the clinician
to prevent hospital delays (10-12). However, despite these develop-
ments, the diagnosis of AA may not be as easy as it assumed.

The incidence of AA at an early age is higher than that in the
elderly population (13, 14). However, the presentation of these dis-
eases in younger patients may be different from that in middle-aged
and older patient groups. The diagnosis can be difficult, especially
in the elderly patient population; this situation may lead to delays
in the diagnosis (15, 16). For this reason, it would be more useful to
determine the diagnostic tests based on age group and disease pre-
sentation before diagnosing a patient suspected as having AA. In our
study, the majority of the cases were younger compared to elderly.
Although there were more studies in the literature that showed more
women are diagnosed with AA, there were more males in the popu-
lation with an AA diagnosis in our study (14).

In the literature, it was noted that US can be safely used for its
high sensitivity values in AA diagnosis. In one study, the sensitivity of
the US was given as 88%, whereas it was given as 71.2% in another
study (17, 18). Some studies with lower sensitivity rates have also been
reported in the literature (14). The sensitivity was reported as 67.6%
with the head-up US (13). Besides not having a high sensitivity, US
has other limitations including its limited use in non-working hours

and on weekends because a trained technician is not present (19).
However, it is the method that should be preferably used first in chil-
dren and the younger population because it can be done quickly,
and it does not include any radiation (19-21). In our study, US sensi-
tivity was found to be high; this rate is even higher in the young pa-
tient population. In our study, the level of sensitivity was found high
in the young population. Therefore, US was more preferable in young
patients who had symptoms possibly indicative of AA.

Sensitivity of CT in AA was between 83.3% and 100%, which is
higher than that of US (14, 18). The CT method, which is more sensi-
tive compared to US, is usually used for older patients and for patients
who are more likely to have complications (19, 22). In one study, the
possibility of peritonitis and the length of hospitalization were found
higher in the patient group where CT was preferred (22). Because of
the possibility of malignancy in the elderly patient group, a CT scan
is usually performed in the preoperative period. For this reason, CT
should be preferred in these patients to avoid missing a diagnosis in
a patient more likely to have complications and to avoid delay in the
diagnosis. In our study, CT was more preferred in the elderly group
and the sensitivity was found quite high.

Another group of patients cannot be diagnosed by either US or CT
only. Literature reports suggest that CT can be used as a complemen-
tary method in patients who cannot be diagnosed with US (23). Even
more interestingly, 5 (12.2%) of the 41 patients with a negative CT in a
study conducted with 104 patients noted that US reassessment helps
avoid missing the diagnosis in patients who were found as AA-nega-
tive in a CT scan before the US (24). These studies showed that US and
CT are complementary diagnostic tools. The necessity of using them
together is usually helpful in a patient population with atypical presen-
tation and therefore difficult to diagnose. In our study, approximately
one in four patients who needed to have both US and CT scan and
presented with symptoms suspicious of AA were diagnosed.

It is possible to make a faster AA diagnosis with US compared
to CT, especially in the experienced centers that allow visualization
of appendicitis (25). It is the first choice in the young population. CT
should be preferred in elderly patients, although it delays the diag-
nosis compared to US. The time to diagnosis is even longer in the
patient population in which both methods need to be used together.

Study limitations

In our study, we evaluated a well-defined patient group com-
monly encountered in emergency services where a large population
is examined. Also, the need for diagnostic imaging methods used in
different patient groups was assessed. The limitations of the present
study include being single-centered and retrospective. However, be-
cause our hospital is a high-volume center, has an expert emergen-
cy department group working with the same clinical practices, and
patient records are kept regularly, we think that our study presents
valuable evidence.

Conclusion

As a result, US should be the first choice to be preferred in young
and uncomplicated cases in the AA diagnosis, but it should not be
preferred in elderly and patients with atypical presentations. It is
very important to determine an age-related diagnostic algorithm for
this disease, which is frequently encountered in emergency depart-
ments. More prospective studies are needed in this area.
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