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Abstract

Introduction: Appendectomy is one of the most performed surgeries worldwide. There are lots of factors involved in the
incidence of appendicitis, and most of them vary among populations. Therefore, the present study aimed to evaluate the
epidemiological aspects of appendicitis in Birjand, Iran, for the first time.

Methods: This prospective study included 666 cases out of 673 acute appendicitis patients treated surgically in Imam Reza
Hospital in Birjand, Iran, from May 2017 to 2019. The data were analyzed regarding gender, age groups, and season in
SPSS software (version. 22) using a t-test and the Chi-square test. A p-value less than 0.05 was considered statistically
significant.

Results: The annual incidence of acute appendicitis in Birjand was 12.74 per 10.000 population with the mean age of
25.43+14.97 years. The highest frequency of appendectomy was observed in 11-20-year-old groups (32.1%) and then in
21-30-year-old groups (27.3%). The frequency of the appendectomy was higher in male than female (P=0.005), and the
peak of the surgeries was in the summer. Moreover, the majority of the admitted patients in the summer were male
(n=123), whereas the frequency of female patients in the autumn was higher than that of male (n=81). The most frequent
pathological diagnosis in both genders was acute gangrenous appendicitis (i.e., 44% in female and 40% in male).
Furthermore, the incidence rates of advanced stages of appendicitis, such as "acute supportive appendicitis and
periappendicitis" and "acute supportive appendicitis and priappendicitis with perforation" were significantly higher in
male than female (P<0.05).
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Conclusions: The findings of this study provide basic epidemiological information for the first time regarding appendicitis
status in Birjand, Iran. Since the appendicitis was more frequent among youth and was more complicated in male, it is
essential to inform these target groups about the signs and symptoms of this medical emergency.
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Introduction

Appendicitis is one of the most common clinical
conditions accounts for referral of patients to the
hospital (1). Despite advances in therapeutic and
diagnostic techniques, acute appendicitis remains a
clinical emergency and is one of the most common
causes of acute abdominal pain (2). The early
diagnosis of this disease is very important and
challenging. In case of latency in diagnosis, serious
complications, such as perforation, peritonitis, and
sepsis may occur, which even might lead to death
(3-5).

Since the first description of appendectomy by
Fitz in 1886 as a lifesaving treatment for acute
appendicitis, this surgical technique has remained
the gold standard for the treatment of this disease
(6). Nowadays, the surgical treatment of this
condition is well developed and widely performed
worldwide; however, the etiology of this
medical emergency is yet little developed (7).
Appendectomy is one of the most common
surgical procedures in the world. More than
300000 appendectomy procedures are performed
in the United States (US) each year (8).

In England, approximately, one in seven people
may expect to undergo appendectomy at some
time in his/her life (1). Some studies have shown
that the lifetime risk of appendectomy procedure is
11 per 10,000 population in the US and the most
affected group is between the ages of 10 and 19
years (9). Therefore, appendicitis as a costly
problem imposes huge budgeting directly or
indirectly on the health care systems (7). The
incidence rate of acute appendicitis has been
reported to vary based on several factors, such as
country, racial/ethnic differences, geographic
regions, age, gender, season, diet, occupation, and
socioeconomic levels; however, the reasons for this
variation are still unknown (10).

Appendicitis has shown different incidence
rates over the past decades in different countries.
In the late 19t century, the incidence rate of this
condition was high in Western countries which
decreased in the mid part of the 20t century. On
the other hand, the incidence rate of appendicitis
was very low in developing countries in the 20t
century; however, it increased dramatically at the
beginning of the 21st century (11). Information
from epidemiological studies is used to plan new
health services and evaluate the overall health
status of the population.

With this background in mind, it is necessary
to understand the epidemiological feature of
appendicitis in each part of the world to develop
plans for healthcare resource utilization. In spite of
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numerous studies that have been carried out
regarding different aspects of appendicitis in the
world, to the best of our knowledge, few studies
have been conducted on the status of appendicitis
in different parts of Iran. Moreover, there is a
dearth of research regarding appendicitis and
appendectomy in Birjand, Iran. One of the most
striking epidemiologic features of appendicitis is
the marked variation in incidence rates by
geographic area. Currently, our knowledge about
acute appendicitis is largely based on studies
which carried out in other countries. Therefore,
this study aimed to investigate the epidemiological
aspects of acute appendicitis in patients who
underwent appendectomy in Imam Reza hospital
in Birjand, Iran, from May 2017 to 2019.

Methods

This cross-sectional, prospective study was
carried out in the surgical ward of Imam Reza
Hospital affiliated to Birjand University of Medical
Sciences, Birjand, Iran, from May 2017 to 2019.
The study protocol was approved by the Ethical
Committee of Birjand University of Medical
Sciences, Birjand, Iran (IR.BUMS.REC.1398.090).

The inclusion criteria were 1) pathologically
approved cases, 2) residency in Birjand, and 3)
participants' or parents' (for the cases lower than
the legal age of 18 years) willingness to participate
in the study. On the other hand, the participants
from other cities, those who were unwilling to
participate in the study, and the patients with
pathologically unapproved appendicitis were
excluded from the study.

During the research procedure, a total of 673
appendectomy surgery were performed out of
which 666 cases met the inclusion criteria.

The routine process for hospitalization and
surgery is as follows

Firstly, each patient receives a hospital code
and his/her demographic characteristics, including
age, gender, occupation, educational status, and
living area are asked and recorded in special forms.
Subsequently, the cases are examined by an
emergency medicine specialist or an on-call
surgeon. The cases whose acute appendicitis is
confirmed based on the clinical symptoms using
Alvarado Scoring System are selected for an
emergency appendectomy. Alvarado constructed a
scoring system in which the scores 1-4, 5-6, 7-8,
and 9-10 represent unlikely appendicitis, possible
appendicitis, acute appendicitis, and definitive
appendicitis, respectively (Table 1). Eventually, the
participants are surgically treated. After surgery,
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the removed tissue is histologically examined to
confirm acute appendicitis and determine an exact
pathological diagnosis.

The data obtained from the participants who
met the inclusion criteria were noted and used in
the present study. All patients were grouped
according to age, gender, and season of operation.
The frequency of acute appendicitis was tested in
each category. Moreover, continuous variables
were expressed as mean+SD, and their association
was tested using a t-test and the Chi-square test.
The data were analyzed in SPSS software (version
22). A P-value less than 0.05 was considered
statistically significant.

Results

During the research procedure, (i.e., from 2017
to 2019) 673 patients underwent appendectomy
operation; however, seven patients were excluded
from the study due to not meeting the inclusion
criteria. The incidence rate of appendicitis in urban
and rural areas of Birjand, Iran, was 12.74, per
10000 population per year. The mean age of the
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patients was 25.43+14.97 year (age range: 4-87
years). In total, 79% of the patients lived in the
urban area, whereas 21% of them lived in rural
and suburban areas. Regarding the occupational
status, the majority of the patients were students
(54.8%) and self-employed (22%). Moreover, most
patients had educational degrees less than high-
school diploma (38.9%) and 26.8% of them had a
high-school diploma or its equivalent.

With respect to the mean age, there was no
statistically significant difference between males
(25.52+14.87 years) and females (25.30+15.09
years) (P=0.29, Table 2). In addition, the mean age
of urban living patients (24.43+14.22 years) was
significantly lower than those living in rural and
suburban areas (29.45+17.98 years; P<0.001). The
results obtained from the present study showed
that out of 666 patients who underwent
appendectomy, 350 cases (52.66%) were male
(Table 3). Moreover, the age group of 11-20-year-
olds obtained the highest frequency of
appendectomy (i.e, 32.1%-32.3% in female and
32% in male) followed by the age group of 21-30

Table 1: Alvarado scoring system as an aid for diagnosing acute appendicitis

Variables Score
Migratory right iliac fossa pain 1
Symptoms Nausea / Vomiting 1
Anorexia 1
Tenderness in right iliac fossa 2
Signs Rebound tenderness in right iliac fossa 1
Elevated temperature 1
- Leucocytosis 2
Laboratory findings Shift to left of Neutrophils 1
Total - 10
Table 2: Comparison of the mean age of patients regarding gender and living area
. Age
Categories mean+SD P-value
Male 25.52+14.87
Gender Female 25.30+15.09 0.29
i Urban 24.43+14.22 *
Living area <0.001
g Rural and suburban 29.45+17.98
" Independent t-test showing differences at significant level of 0.05
Table 3: Frequency of appendicitis regarding age and gender
AQe arouDs Female Male Total P_value
ge group N (%) N (%) N (%)
0-10 42 (13.3) 40 (11.4) 82 (12.3)
11-20 102 (32.3) 112 (32.0) 214 (32.1)
21-30 78 (24.7) 104 (29.7) 182 (27.3)
31-40 47 (14.19) 47 (13.4) 94 (14.1) 0.77
41-50 24 (7.6) 23 (6.6) 47 (7.1)
>51 23(7.3) 24 (6.9) 47 (7.1)
Total 316 (47.44) 350 (52.55) 666 (100)
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Figure 1: Seasonal variation of appendicitis regarding gender (A) and age groups (B)

Table 4: The frequency (%) of pathological diagnosis regarding gender and age groups

Diagnosis

1 2 3
N (%) N (%) N (%)

4 5 6 P-value
N (%) N (%) N (%)

Male 39(12%)  96(295%)  35(10.7%)  123(37.7%)  27(8.3%) 6 (1.8%)

Gender  Female  26(87%)  73(243%) 14 (47%)  131(437%) 46 (153%) 10(33%) 0019
010  12(15%) 19 (23.8%) 4 (5%) 32(40%)  10(125%) 3 (3.7%)
1120 21(105%) 51 (25.5%) 4(2%) 84 (42%)  34(17%)  6(3%)
e 2130 15(87%)  54(3L2%)  12(69%)  75(433%)  15(87%) 2 (1.2%) 0.014°
g 3140  5(5.7%)  24(27.6%) 10(115%)  37(425%) 10 (115%) 1 (1.2%) :
4150 9(209%)  7(163%)  12(27.9%)  11(256%)  1(2.3%) 3 (7%)
>51 3 (7%) 14(325%)  7(163%) 15 (34.9%) 3(7%) 1(2.3%)
Total 65(10.4%)  169(27%)  49(7.8%)  254(40.6%) 73(117%) 16(25%) 626 (100)

* Chi-square is significant at 0.05 significant level.

Diagnosis; 1:Reactive follicular hyperplasia, 2:Acute supportive appendicitis and priappendicitis, 3:Acute supportive
appendicitis and priappendicitis with perforation, 4: Acute gangrenous appendicitis and priappendicitis, 5: Early acute
appendicitis, and 6: Other (including fibrotic appendix with serosal congestion, fecal impaction and serosal congestion,

necrotic tissue with chronic inflammation, appendiceal neuroma

years (i.e, 24.7%-27.3% in female and 29.7% in
male). However, no significant difference was
observed between males and females regarding
the proportion of patients in age categories
(P=0.77).

The results of seasonal variation based on
gender or age groups are illustrated in Figure 1.
Generally, most of the surgeries were performed in
the summer (i.e., August or Mordad and Shahrivar).
Moreover, a statistically significant difference was
observed between genders in terms of the
frequency of the seasonal appendectomy (P=0.005,
Figure1A). The majority of the admitted patients in
the summer were male (n=123), whereas the
frequency of female patients in the autumn was
higher than that of male (n=81). However, there
was no statistically significant association between
the age groups and season regarding the frequency
of appendectomy (P=0.15, Figure1l B).

Table 4 tabulates the frequency of pathological

94

and oxyuriasis

diagnosis. Accordingly, the most frequent diagnoses
were acute gangrenous appendicitis and
periappendicitis (40.6%). There was a statistically
significant association between gender and
diagnosis types (P=0.019). In both genders, the
most frequent diagnosis was acute gangrenous
appendicitis (37.7% in female and 43.7% in the
male). However, the frequency of "acute supportive
appendicitis and priappendicitis" (29.5% in
male, 24.3% in female) and "acute supportive
appendicitis and priappendicitis with perforation”
(10.7% in male, 4.7% in female) were higher in
males; nonetheless the incidence of "early acute
appendicitis" (8.3% in male, 15.3% in female) was
lower in male than that in female.

Furthermore, a statistical relationship was
observed between age groups and the types of
pathological diagnosis (P=0.014). In all age groups,
the most abundant pathological diagnosis was
"acute gangrenous appendicitis and priappendicitis”
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(25.6-43.3%). The highest frequency of both
"reactive follicular hyperplasia”" and "early acute
appendicitis" categories was observed in the 11-20-
year-old participants. Moreover, "acute supportive
appendicitis and priappendicitis with perforation”
were mostly reported among patients in the 21-50
age group.

Discussion

To the best of our knowledge, this study is the
first attempt to investigate the incidence rate of
appendectomy in Birjand, Iran. According to the
report of the statistical center of Iran, the total
urban and rural population of Birjand was
261,324 in 2016 (12). Since the appendicitis
patients who underwent appendectomy were 666
cases in two consecutive studied years, the annual
incidence of this disease was 12.74 per 10,000
population.

Unfortunately, no study was conducted to
report the annual incidence rate of appendicitis in
Iran. The majority of the studies performed in
Iran has not estimated the incidence rate of
appendicitis. The annual incidence of appendicitis
in the rural population of Maharashtra state, India,
was 30.18, 40.17 and 30.85 per 10,000 population
in three consecutive studied years, respectively,
which was significantly higher than that in this
study (13).

Lin et al. (2015) analyzed epidemiological
features of appendicitis in Taiwan from 2003 to
2011. They reported that the overall incidence rate
of appendicitis was 13.95 per 10,000 population
per year in this country which was also higher than
that in the present study (14). Based on a meta-
analysis carried out by Ferris et al. (2017)
throughout the 21st century, the incidence rate of
appendicitis in North America stabilized and was
estimated 10 per 10000 people/year (11). The
incidence rate of this condition varies in Europe
with the highest (15.1 per 10000 population/year)
and lowest (10.5 per 10000 population/year) rates
in Western and Eastern Europe, respectively. On
the other hand, the incidence rate of this clinical
emergency is increasing in many industrialized
countries of Asia, Middle East, Southern America,
and Africa (11).

The incidence rate of appendicitis in Birjand,
Iran, was slightly higher than that in some
European countries and US which might be due to
the young age of half of Birjand's population who
are under 35 years of age.

The highest incidence rate of acute appendicitis
in this study occurred in the age range of 11-20
years (32.1%) followed by a 21-30-year-old group
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which included 27.3% of the population. These two
age groups totally constituted 71.7% of the cases
who were under 30 years of age. In line with the
results of this study, Nabipour (2003) reported
that the majority of appendicitis cases (76.6%)
were under 30 years in Kerman, Iran (15). In a
study conducted by Lohar et al. on a rural
population in India (2014), the incidence rate of
appendicitis was the highest in an 11-20-year-old
group which was consistent with findings in this
study (13).

The results obtained from a study performed
by Rashid Azar et al. (2017) in Babol, Iran,
showed that the age range of 21-30 years was
the most common age group affected with
appendicitis (16). However, Lin et al. (2015)
determined the age range of 0-14 years as the
most frequent age group (14). The age-specific
incidence rate had a different pattern of male to
female ratio in this study. Regarding the age
group of 21-30 year, the males obtained a higher
incidence rate of appendicitis, compared to
females (29.7% versus 24.7%), whereas the
incidence rate of this condition was higher in
females within the age range of 0-10 years (13.3%
versus 11.4%). In the other age groups, the male
and female were affected equally. Similar to our
findings, male to female ratio was highest in the
age group of 21-30 years in a study conducted by
Lohar et al. (2014) (13).

The most important reason that justifies the
higher incidence rate of appendicitis in children
and young people is its functional role. The
appendix works as a part of the immune system in
the early years of life; however, it loses its function
with age, especially in the middle ages (17).
Therefore, it seems that appendicitis occurs mostly
during the period in which the appendix plays a
functional role.

Seasonal variation is another important factor
in an epidemiological study of acute appendicitis,
and numerous studies have been conducted in this
regard in different countries (18-22). In this
investigation, the most frequent acute appendicitis
was observed in the summer and its peak was
in August (Mordad and Shahrivar in Solar
Hijri calendar). There were differences between
genders regarding the frequency of this parameter;
accordingly, it was significantly higher in males
than females.

In line with the findings in this study, the highest
and lowest acute appendicitis rates occurred in the
summer (i.e, July, August, and September) and
winter (i.e.,, December), respectively, according to a
study performed in California (10). In other studies
carried out by Ahmed et al. in Pakistan (2018), Lee
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et al. in South Korea (2010), and Oguntola et al. in
South-Western Nigeria (2010), the peak incidence
rate of an appendectomy was reported in the
summer (18-20).

In contrast to the results in this study, Nabipour
(15), and Sulu et al. (2010) (21) reported the
highest incidence rate in the winter, and the most
frequent appendectomy rate was reported to occur
in November and December in Iraq (22). The
reasons for the increased incidence rate of
appendicitis in the summer are not yet understood.
However, several assumptions have been
proposed, including the impact of dehydration,
bowel movements decreasing, infections or
allergens on the reactivity of the lymphoid tissue in
the appendix, the effects of diet and humidity, as
well as changes in atmospheric pressure (23).

The present study revealed that the most
frequent pathological diagnosis was acute
gangrenous (42.3%), whereas, in contrast to our
finding, this type of diagnosis was 6.1% in a study
carried out in India (13). In the aforementioned
investigation, the most frequent diagnosis of
appendicitis was inflammation (13). In the same
line, in a study conducted by Rashid-Azar et al.
(2017), suppurative appendicitis was the most
common type that was observed on pathological
examination (16). In a study performed by
Nabipour in Kerman, Iran, and another research in
Modarres Hospital, Tehran, Iran, 33.76% and
79.6% of cases were suffering from suppurative
appendicitis, respectively, which were different
from our findings in this study (5, 15).

Abu ful et al. (2019) designed and conducted a
study based on a scale suggested by Ditillo et al.
(2006) about appendicitis (24). They classified the
patients with acute appendicitis from the onset of
symptoms to surgery (25). In their study, the
patients were categorized into 4 groups (G),
namely G1= simple, G2= phlegmonous, G3=
gangrenous, and G4= perforated appendicitis. They
concluded that the time elapsed from the onset of
the symptoms to appendectomy correlated with
increased pathology grade and complication rate
(25). Vejdan et al, who also reported previously
that around 21% of appendicitis patients
underwent appendectomy in Birjand, presented
the complicated form of this emergency which
highlighted the need to raise the physicians' and
patients' awareness about the signs and symptoms
of this condition (26). Based on the results of the
aforementioned study and due to the gangrenous
type of appendicitis in the most cases in this study,
the long delays between onset of symptoms and
patients' referral to the hospital need to be reduced
and prevented.
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Conclusions

The findings of this study provide basic
epidemiological information regarding appendicitis
status in Birjand, Iran, for the first time. There are
similarities and differences between this study
and other previous research; however, the
dissimilarities can be considered in further
analytical studies. The findings can also be useful
for surgeons and health care managers. Based on
the findings of the present study, the most affected
age group was in 11-20 years age group most of
whom were students; accordingly, it is of utmost
importance to raise the students' awareness in this
area which might be useful in early detection of
acute appendicitis. This study is the first step
towards enhancing our understanding of acute
appendicitis status in Birjand, Iran. Further studies
are required to explain the risk factors of this
condition in this area.
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