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Abstract

Introduction: Historically, the incidence of children diagnosed with acute appendicitis has remained stable for a long time. However recently
there are reports of decreasing trends in the incidence of acute appendicitis in children. Has this trend in incidence changed? We aimed to
investigate the incidence of histologically confirmed acute appendicitis in children in a cohort of population within England.

Materials and methods: Retrospective review of all children aged<15 years who had emergency appendicectomy at our institution between
Jun 2001 and May 2003 (Group 1) and between Jan 2007 and Dec 2008 (Group 2). Epidemiological data was obtained from office of national
statistics, UK. For epidemiological analysis, we excluded children aged 15 years.

Results: 188 children (104 male, 84 female; mean age 10.4 years) in Group 1; 287 children (167 male, 120 female; mean age 10.58 years) in
Group 2 were identified. Histology confirmed 44, 101, 43 (Group 1) and 60, 101, 43(Group 2) normal, inflamed and perforated appendixes. The
incidence among boys, girls and overall children aged <14 years was 1.17, 1.12 and 1.15 per 1000 (Group 1) and 1.99, 1.32 and 1.67 per 1000
(Group 2) respectively. The incidence had considerably increased among boys (p=0.0003(CI 0.43-0.79)), but not among girls (p=0.326(CI 0.59-
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1.19)). Only girls aged 1-4 years had higher incidence than boys of similar age (p=0.455 in group 1; p=0.355 in group 2).

Conclusion: The overall incidence of histologically confirmed appendicitis in children aged <14 years has significantly not decreased but
increased over 6 years in our cohort of children. The increase in incidence was statistically significant among boys, but not among girls.

Introduction

Acute appendicitis is one of the most common pediatric
surgical conditions seen in children. Ever since the first report of
appendicectomy by Sir Claudius Amy in 1736 and Shepherd [1],
it has remained a puzzle as why some children are susceptible to
appendicitis and others are not. Environmental factors, dietary
habits and other factors could have an influence on predisposing
certain children to appendicitis. Interestingly, a Canadian study
suggested that some cases of appendicitis may be triggered by
short-term exposure to air pollution and measures to improve air
quality may help to decrease rates of appendicitis [2]. Nevertheless,
the exact etiology behind appendicitis still largely remains elusive.
Very few epidemiological studies have reported the incidence
of acute appendicitis in children in the UK [3,4]. The incidence
of children diagnosed with acute appendicitis in England and
wales was 3.11 cases per 1000 children aged 14 years and below,
between 1963 and 1967 (34,000 children per year with average
population of 10,915,000). However this incidence had decreased

over time and was noted to be 1.15 cases per 1000 children aged
14 years and below, between 1993 and 1997 (11,500 children per
year with average population of 9,990,000). This trend of decline
has also been noted elsewhere in New England (USA); a 9.7%
reduction in inflamed (non-perforated) appendicitis from 1.0 to
0.94 cases per 1000 children, between 2000 and 2007 [5]. It is
clear that there has been a declining trend of cases diagnosed
with acute appendicitis in children. Has this trend in decline of
appendicitis incidence in children continued?

In Leicestershire, previously Williams et al, showed that the
incidence of appendicitis had decreased from 1.84 to 1.17 per
1000 children (0-19 years) over a period of 20 years between
1975 and 1995 However this study reported on children with
discharge diagnosis of appendicectomy and not on histological
diagnosis of appendicitis, creating a bias by including negative
appendicectomy patients as well. We aimed to investigate the
incidence of histologically confirmed appendicitis in our cohort
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of children with the clinical diagnosis of acute appendicitis in our
county.

Methods

A retrospective case note review of all children aged 15
years and less who underwent emergency appendicectomy for
suspected appendicitis at our institution between June 2001-
May 2003 (Group 1) and January 2007-December 2008 (Group
2) was performed. Patients who had interval appendicectomy
and appendicular mass conservatively treated were excluded
from the study. Trust clinical governance approval was obtained
for this study. A proforma was created and all data collected
and incorporated on Microsoft Excel spreadsheet (Version
2002 and 2007©Microsoft Inc). Data was collected on patient
demographics, symptoms and signs, operative details, histological
findings, complications and outcomes. MedCalc software (Version
13.2.0.0), Social science statistics (http://www.socscistatistics.
com) Z test calculator for population proportions, chi-square and
parametric tests were used for statistical analysis.

Epidemiological data was obtained from the office of national
statistics, UK. The catchment population of our institution
(Leicester Royal Infirmary) was taken as being that of the
Leicestershire County and Rutland Primary Care Trust. Data were
obtained individually for the population of children under the
age of 15 years (0-14 years) for each mid-year between 2001-
2003 (Group 1) and 2007-2008 (Group 2). Our study included
data on children under the age of 16 years (0-15years), but for
the epidemiological analysis alone we excluded patients with
appendicitis at 15 years of age (n=11 in Group 1 and n =40 in
Group 2) and children with normal appendix noted on histology
(n=42 in Group 1 and n =55 in Group 2) and thus only actual
appendicitis incidence is calculated.

Results
June 2001-may 2003 study period (Group 1)

A total of 188 children (104 boys, 84 girls) underwent
emergency appendicectomy during the study period of 2 years
at our institution. The mean age of patients on admission was
10.4 years (2 year+5mths -15years+3mths). A total of 98 patients
had laparoscopic appendicectomy and 90 patients had open
appendicectomy. There were 44 normal (F18, 26M), 101 inflamed
(F47, M54) and 43 perforated (F19, M24) appendix patients
confirmed on histology. LOS was 3.66(1-14) days. Complications
occurred in 21(11.2%). Re-admissions occurred in 6 patients
(3.2%). Re-operation was performed in 3(1.6%) patients. No
mortality was noted during the study period.

Jan 2007- Dec 2008 Study period (Group2)

A total of 287 children (167 boys, 120 girls) underwent
emergency appendicectomy during the study period of 2 years at
our institution. The mean age of patients on admission was 10.58
years (16days- 15years). A total of 58 patients had laparoscopic
appendicectomy and 229 patients had open appendicectomy.

There were 60 normal, 173 inflamed, 43 perforated appendix
patients along with 11 patients with Enterobius vermicularis
confirmed on histology. LOS was 3.65(0-27) days. Complications
occurred in 36(12.5%) with wound infection noted in 13 patients
(4.5%) and post-operative intra-abdominal collections seen
in 9 patients (3.1%). Re-admissions occurred in 18(6.3%). Re-
operation was performed in 6(2%) patients. No mortality was
noted during the study period.
Epidemiological Analysis

The overall incidence among boys and girls aged 14 years or
less with acute appendicitis confirmed on histology in group 1
was 1.13 per 1000 children per year and in group 2 was 1.66 per
1000 children per year significantly (p=0.0007). The incidence
among boys aged 14 years or less was 1.14 and 1.97 per 1000
male children per year in group 1 and 2 respectively. Similarly the
incidence among girls aged 14 years or less was 1.14 and 1.97 per
1000 male children per year in group 1 and 2 respectively and of
girls aged 14 years or less was 1.13 per 1000 per year, respectively
(Figure 1). The incidence had considerably increased among boys
(p=0.0003), but not among girls (p=0.326).
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Figure 1: Graph of the incidence of appendicitis in children aged
14 years and below (number per 1000 children in population) in
our cohort among males and females and the overall incidence
in group 1 and group 2.

J

The highest increase in incidence of appendicitis from group
1 to group 2 was noted among children aged 10-14yrs: 1.79 to
2.72 per 1000 (p=0.00398); followed by children aged 5-9yrs: 1.2
to 1.74 per 1000 (p=0.04884). However, the increase in incidence
of appendicitis noted among children aged 1-4yrs from group 1
to group 2 (0.38 to 0.48 per 1000) was not statistically significant
(p=0.5754) and similarly the increase in incidence noted among
children aged<1 yr from group 1 to group 2 (0 to 0.13 per 1000)
was also statistically insignificant (p=0.337).

Our cohort was broken up into four age groups<l year
(n=0), 1-4years (n=14), 5-9 years (n=54) and 10-14 years (109)
and the corresponding incidence of appendicitis (confirmed on
histology) in each group was calculated separately (Figure 2). In
both groups 1&2, the incidence of appendicitis among girls aged
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1 -4 years was higher than the males of similar age (p= 0.455
in group 1; p=0.355 in group 2). In rest of the children aged<1,
5-9 and 10-14 years old the incidence of appendicitis was higher
among males than females. There was also a marked reduction in
the incidence of appendicitis in the teenage females (10-14 years
old) in comparison to the males of similar age (Figure 2). Further
breakdown analysis of the cohort into inflamed and perforated
appendicitis within different age ranges from both group 1 & 2 are
shown in (Figure 3), for comparison.
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Figure 2: Graph of incidence of paediatric patients aged 14
years and below who underwent appendicectomy with diagnosis
of acute appendicitis that was confirmed on histological
examination corresponding to their age and sex (M- male, F-
Female) in group 1 and group 2.
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Figure 3: Graph of number of paediatric patients who had
confirmed diagnosis of acute appendicitis on histological
examination corresponding to histological findings of inflamed
or perforated appendicitis in both groups 1 &2 [M- male, F-
Female, (Note that the incidence is higher in girls than boys in

the 1-4 years age group).
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Discussion

Most studies that have reported on the incidence of
appendicitis included adult patients [6-9]. In Finland, the
incidence has been reported to decline from 1.45 to 0.98 per
1000 among inhabitants between 1993 and 2007 [7]. Similarly,
an American study has shown that the incidence of appendicitis
decreased by 14.6% between 1970 and 1984 [6]. However, the

largest epidemiological study (n=608116) of appendicitis in
recent years, from California (USA) has shown that incidence
has increased over time at an average rate of 0.5 cases/100,000
population/year (p<0.001) and is higher in the summer months
[9]. Very few studies have examined the incidence of appendicitis
in children alone [3-5]. Previously, in Leicestershire county the
incidence of appendicectomy was reported to decline from 1.84
in 1975 to 1.17 per 1000 children (aged<19 years) in 1995 [4].
However, interestingly our data reveals that the incidence of
appendicitis in children aged <14 years within Leicestershire
county has increased from 1.15 to 1.67 per 1000 children, over a
period of 6 years between 2002 and 2008.

It is possible that the population of children in our county
has increased over a period 6 years during the study period and
so the increase in incidence of appendicitis. However, analyzing
the epidemiological data from the office of National statistics UK
revealed that the mid-year population of children aged 14 years
and below in our county has reduced from 118174 in 2002 to
114859 in 2008 (Figure 4). The drop in population data is not
anecdotal and in fact the population of children aged 14 years and
below has continued to decline steadily. This does not explain the
increased incidence of appendicitis noted in our study.
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Figure 4: Graph showing the population trend of all children
aged 14 years and below, over a period of 8 years between

2001 and 2008 in our county (Leicestershire and Rutland PCT).
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The catchment area of our institution is taken as that of
Leicestershire county and Rutland PCT. Within this catchment
area there is only one district general hospital in Loughborough,
where emergency surgery in children is not undertaken. It is
possible that some of the our catchment population living in the
periphery of our county have been treated elsewhere, outside
the county by adult general surgeons, due to the close proximity
to other hospitals situated in for example: Kettering, Nuneaton,
and Derby. We do not have the actual data on children from our
county treated for appendicitis at these periphery hospitals
and admit this as a limitation in our study. However, emergency
general paediatric surgery is still being provided at these hospitals
by adult general surgeons and has not changed within our study
period. This was shown by a survey conducted by the Royal college
of surgeons England (RCSE) in 2010 [10]. Therefore, it is unlikely
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to have influenced the difference in incidence of appendicitis in
children treated within the study period.

The cut-off age for children treated by adult general surgeons
in district general hospitals has undergone a considerable change
since the advent of minimum training requirements in paediatric
anaesthesia prior to anaesthetising children at district general
hospitals. This is claimed to have increased the elective workload
of general paediatric surgery at tertiary centers, however the
emergency paediatric general surgery workload at these hospitals
has largely remained unchanged. The cut-off age for emergency
general paediatric surgery was 1 year or less at most of the
hospitals situated outside the periphery of our county as per the
survey by RCSE in 2010 [10]. Appendicitis in children under the
age of 1 year is very rare and there are very few children aged 1
year or below, diagnosed with acute appendicitis each year. There
were only 2 children<1 years of age in Group 2 and none in Group 1
in our study period. This is unlikely to have produced a significant
increase in the emergency workload of acute appendicitis at our
centre and does not explain the increased incidence of acute
appendicitis noted in our study:.

Although the survey by RCS England had revealed the cut-off
age of the children managed with acute appendicitis in the district
general hospitals within Leicestershire to be 1 year and above, we
do not have the evidence to support if this practice was strictly
adhered to. Nevertheless, the highest increase in incidence of
appendicitis from group 1 to group 2 was noted among children
aged 10-14 yrs: 1.79 to 2.72 per 1000 (p=0.00398). The increase
in incidence of appendicitis among children aged 5 years and
below was not statistically insignificant. This does not support
the view that the increased incidence of appendicitis noted in our
study period was due to increased referral of younger children to
our centre in the later study period.

In our study we excluded children with appendix mass treated
conservatively and those who underwent interval appendicectomy
(n= in Group 2, Data unavailable in group 1) within the study
period. We do not have the exact number of children diagnosed
with appendix mass and conservatively treated. We admit this as
another limitation in our study. It is possible that more patients
during our first study period (group 1) were treated conservatively
than during the later study period (group 2). However, our practice
has largely remained the same; to examine the patient prior to
surgery and if an immobile mass was felt then to not to proceed
for surgery. We believe the number of children presenting with
an inoperable mass is very few and that our practice has largely
remained unchanged, it should not have influenced the actual
incidence of appendicitis in children significantly.

Acute appendicitis in children still remains as a clinical
diagnosis in children in the UK. Elsewhere, in the world, clinical
diagnosis has been supplemented with the aid of CT scan and the
accuracy in diagnosis of acute appendicitis has approached nearly
97% (Positive predictive value of 96.4% for CT aided vs. 90.8% on
history and examination alone) [11]. Diagnostic aid of CT scan has
been claimed to have increased the diagnosis of acute appendicitis

in children, and minimised the negative appendicectomy rate.
However, we believe that diagnostic aids and the negative
appendicectomyrate influence the incidence of clinically diagnosed
appendicitis patients and not the actual incidence of histologically
confirmed appendicitis within the population. In our study for
epidemiological analysis, we excluded the negative appendectomy
patients and included only children with appendicitis confirmed
on histology and thus reflecting the actual appendicitis incidence
and not the incidence of appendicectomy.

Treating appendicitis with antibiotics is not new and has
been practiced in some places as first line of treatment instead
of appendicectomy. In a study reported from Sweden, 77% of
appendicitis patients treated with antibiotics alone improved
while the remaining 23% of patients required appendicectomy
later [12]. This study included adult patients and there has been
only one recent study with 12 children each in operative and
non-operative group that concluded that early acute appendicitis
in appropriately selected children can be successfully treated
non-operatively with antibiotics [13]. Although in the UK,
appendicectomy and not antibiotics is the norm, with these
interesting data, it is possible that some children with early
appendicitis were treated conservatively with antibiotics as other
systemic infections (Eg: Gastroenteritis, Pneumonia), and may
have never returned with symptoms. The proportion of such
children could have been higher in the initial study period and
less during the later period, thus masking the actual appendicitis
incidence in children during the initial period.

Studies have reported the appendicitis incidence to vary
according to dietary habits [14], hygiene, socioeconomic status
[15], ethnicity [16], seasonal changes [4], age and gender. Low
fiber intake is thought to be the cause of childhood appendicitis in
70% of the cases. Recurrent abdominal pain, chronic constipation
and positive family history of appendectomy were reportedly
more frequently in children who had appendectomy (P<0.001)
[14]. Barker et al. [15] study on british children reported that,
as hygiene and socioeconomic status improved the appendicitis
incidence increased within the population [15]. It is possible that
the dietary habits of children in our county have changed over
the study period and a subsequent increase in appendicitis in
children. Multi-variant analysis on estimated 428463 children in
nationwide study in America suggested that African-Americans, as
compared to Caucasians, were less prone to develop appendicitis
(odds ratio (OR)=0.39, 95% CI (0.38, 0.41)) [16]. We do not have
data on ethnicity and socio-economic status for our study and are
unable to comment on these variables. Our study included data
over a period of 2 years in each group and so seasonal changes are
unlikely to have influenced the overall incidence of appendicitis
in our study.

All these factors could have influenced the number of children
having appendicitis and thereby reflecting on the variation noted
in the incidence within the study period. However, we have found
little evidence to identify any confounding variables leading
to a false increase in incidence of appendicitis and therefore
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believe that the increased incidence of appendicitis noted among
children in our study is a true reflection of the actual increase in
the incidence of appendicitis. Although the sample population of
Leicestershire county does not actually reflect the population of
England and wales per se, it still represents a part of the country
and may provide a clue to a possible increasing trend in the
incidence of appendicitis in children in the UK.

The highest incidence among children was noted in male
children 10-14 years of age in our study (3.5 cases per 1000 in
Group 2). This was similarly noted in other studies as well [8,9].
Interestingly, the incidence of appendicitis was noted to be higher
in males than females in all but one age range: 1-4years, where the
incidence was noted higher among female than male children in
both groups 1&2. This we believe has not been observed before.
Further breakup confirmed that the incidence was higher among
the inflamed (not perforated) appendicitis in the female than male
children. The data from groups 1&2 are consistent with similar
findings of incidence. Although statistically insignificant (p=0.455
in group 1; p=0.355 in group 2), it represents the characteristics’ of
our cohort. It is unclear if such similar patterns of incidence exist
elsewhere in the UK or in the world. Further studies’ examining
larger population of children is recommended.

Conclusion

In conclusion, the overall incidence of appendicitis confirmed
on histology in children (aged 14 years and below) has increased
over 6 years (p=0.0007) between 2002 and 2008 in our county.
The incidence of appendicitis among boys (aged 14 years and
less) had considerably increased and was statistically significant
(p=0.0003), however, the increased incidence of appendicitis
in girls (aged 14 years and less)was not statistically significant
(p=0.326). The incidence of inflamed (not perforated) appendicitis
was higher among the female than male children aged (1-4) years
but in all other aged children, the incidence was higher among
male than female children in our study.
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