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Background. There are no recently published data on the incidence and demographics or perforation rates of paediatric patients from our
local population presenting with acute appendicitis.
Objective. To show the age and gender distribution of paediatric patients presenting with acute appendicitis within our communities, as
well as demonstrating the incidence of perforated acute appendicitis in our paediatric population.
Method. The study is a retrospective record review of all paediatric patients who presented with acute appendicitis to the Department
of Paediatric Surgery at both Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), and Chris Hani Baragwanath Academic
Hospital (CHBAH) from June 2010 to September 2015. Data collected included all demographic data as well as histology results of patients
who underwent appendectomies.
Results. The total numbers of patients included in the study were 544; 234 at CHBAH, and 311 at CMJAH. The male-to-female ratio was
1.58:1. The mean age for presentation at both hospitals combined was 8.76 years. We found that 13.41% of paediatric patients with acute
appendicitis in this cohort were under the age of 6 years. A histological review showed that 50.1% of patients in our cohort presented
with complicated appendicitis, and we had a negative appendectomy rate of 8.4%. Histological results of patients under the age of 6 years
revealed a higher negative appendicectomy rate of 11.4%. However, the incidence of complicated appendicitis in this age group was only
45.7%, which is lower than that reported in the literature. Three patients were found to have Enterobius vermicularis in the lumen of the
appendix, and Ascaris ova were identified in one patient. Histology revealed a low-grade mucinous neoplasm in one patient.
Conclusion. Acute appendicitis occurred at a median age of 8.76 years in our study population, with a male-to-female ratio of 1.58:1. We
found that acute appendicitis occurred relatively more frequently in our patients under the age of 6 years compared with the incidence
of acute appendicitis in this age group published elsewhere. Complicated appendicitis occurred in 50.1% of our patient population, with
an increased frequency of perforated appendicitis occurring in our male population. However, complicated appendicitis occurred in only
44.7% of our patients below the age of 6 years, which is in stark contrast to published literature. Helminthic infections were rare associated
pathogens in our study, and an unlikely underlying pathogen of acute appendicitis in our population.
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Acute appendicitis is the most common acute paediatric surgical
emergency, with more than 80 000 appendectomies being performed
in the USA per annum.[1] It has a peak incidence between the ages of
12 and 18 years.[2] The rate of perforated appendicitis in paediatric
patients ranges widely between 9% and 76%[3-5] and occurs more
frequently in patients under the age of 5 years owing to a delay
in presentation, an under-developed omentum, as well as the fact
that the wall of the appendix is relatively thinner in these younger
patients.[6]
There are no recent data on the demographics of paediatric
patients presenting with acute appendicitis in a South African
population. The aim of the study was therefore to describe the
age and gender distribution of paediatric patients presenting with
acute appendicitis and to describe the incidence of perforated acute
appendicitis in these patients.

Method

This retrospective study was conducted at the Department of
Paediatric Surgery, University of the Witwatersrand, and included a
review of all patients who presented with acute appendicitis between
June 2010 and September 2015. Records of patients from both
hospitals serviced by the department, i.e. Chris Hani Baragwanath
Academic Hospital (CHBAH) and Charlotte Maxeke Johannesburg
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Academic Hospital (CMJAH), were included. The department’s
database as well as the hospital admissions books were used to
identify patients who were admitted with acute appendicitis. These
data were cross-referenced with the theatre registry and with
submitted histology specimens. All demographic data as well as
histology reports were reviewed. Records that were incomplete were
excluded from the study.
Permission to conduct the study was obtained from the University
of the Witwatersrand Human Research Ethics Committee (Medical)
(ref. no. M160374).

Results

A total of 659 records were reviewed. Only 544 patients were
included in the study, owing to incomplete records, of whom 311
were from CMJAH and 234 from CHBAH.
Three hundred and thirty-four (61.3%) patients in the study
were male. Fig. 1 shows the gender distribution by age, which
demonstrates a nearly equal incidence of acute appendicitis in male
and female patients below the age of 4 years. A male preponderance
of acute appendicitis became evident from the age of 4 years, with a
marked increased incidence of acute appendicitis in male patients
between the ages of 9 and 13 years, where 68.44% of patients in this age
group were male.
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Fig. 1. Breakdown of gender distribution by age.

The mean age of presentation of patients of acute appendicitis is between the ages
with acute appendicitis at both hospitals of 12 and 18 years.[2] We found a lower
combined was 8.8 (range 0.7 - 15.0) years, 1%peak incidence of acute appendicitis in our
with 13.4% (73 patients) presenting under (n=5)
cohort of patients aged between 8 and 10
the age of 6 years. There was a significant years, when data from both hospitals were
8.4%
difference in age of presentation between the combined.
However, this figure was due to
(n=42)
two hospitals, the mean age of presentation the
lower age of our patient population, as
at CHBAH being 7.3 (7 - 10) years, and 9.9 interrogation of the data per hospital found a
(1.0 - 15.0) years at CMJAH. The difference peak age between 8 and 10 years at CHBAH
in mean age of presentation was accounted and 10 and 12 years at CMJAH owing to the
for by the institutional differences in
cut-off differing cut-off ages for paediatric surgery
50%
40.5%the two hospitals. Seventy-three
ages for paediatric surgery. The cut-off
(n=251)age between
(n=203)
for paediatric surgery at CMJAH is 16 years, patients
(13.4%) with acute appendicitis
compared with 10 years at CHBAH.
in our cohort were under the age of 6
The histology of appendix specimens was years, which is higher than the prevalence
reviewed in 501 study patients. They were of pre-school children presenting with acute
categorised as uncomplicated if inflamed appendicitis in the published literature,
and not perforated, and as complicated if which is reported to be between 2% and
the appendix was gangrenous or perforated. 9%.[10-12]
Uncomplicated appendicitis was present
There is variation in the reported
Normal appendix
Uncomplicated
in 40.5% (n=203)of
our study population
incidence of Complicated
acute appendicitis inOther
male and
(Fig. 2). Histology for each hospital was female paediatric patients. Alloo et al. [13] and
categorised separately, showing that Ngim et al.[14] reported a 60:40 male-to-female
complicated appendicitis occurred in 55.8% ratio in their study. By comparison, Bansal
(n=120) of patients at CHBAH, compared et al.[1] documented a nearly equal rate
with 44.4% (n=127) of patients at CMJAH. of acute appendicitis in their paediatric
The negative appendicectomy rate was 8.4% population of 51% male and 49% female
(n=42) in the present study.
patients. Our study showed a male
Histology results were further examined preponderance of 61.3%, similar to the results
according to age group and showed that by Aloo and Ngim, and also correlated with
45.7% (n=32) of patients under the age of results from a South African study which
6 years had complicated appendicitis, and a showed a male-to-female ratio of 1.74.[9]
histologically normal appendix was found in Several studies have shown that perforated
11.4% (8 patients) in this age group.
appendicitis occurs more commonly in
Examination of all histology specimens males.[15,16] We examined the perforation
revealed the presence of Enterobius rates between male and female patients in
vermicularis in the lumen of the appendix in our patient population and found that 61.1%
3 patients, and Ascaris ova in the mucosa of of patients with complicated appendicitis
the appendix in 1 patient. One patient had a were male. This discrepancy became more
low-grade mucinous neoplasm.
evident in patients over the age of 10 years,
which revealed that 64.1% of patients with
Discussion
complicated appendicitis were male, which
Acute appendicitis has an estimated incidence is similar to results found by Jaya et al.[15]
of 4 per 1 000 school-age children per year This discrepancy was not found in patients
in developed countries.[7, 8] Moore et al.[9] from under the age of 5 years.
Cape Town, South Africa, reported an overall
Patients presenting with acute appendicitis
incidence of 1.8 per 1 000 admissions in the may present along a spectrum of the
paediatric population. The peak incidence disease process ranging from early acute
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appendicitis without perforation, to perforated
appendicitis with significant intra-abdominal
contamination. Complicated appendicitis
has been shown to have a negative impact
on the morbidity and mortality rate.[17-19]
Worldwide, the incidence of perforated
appendicitis varies,[3,4] but is noted to be
lower in developed countries, with the
incidence of perforated appendicitis ranging
between 9% and 43%.[17,20,21] To compare
our findings with patients from a similar
paediatric environment, a study published
by Moore et al. [9] in 1995 showed an
incidence of perforated appendicitis of 47%
in their patients.We found, similarly, that
complicated appendicitis occurred in 50% of
our patients. There was, however, a higher
incidence of complicated appendicitis at
CHBAH of 55.8% (v. 44.4% at CMJAH).
This difference in severity of pathology may
be accounted for by the fact that there is a
larger geographic drainage area served by
CHBAH from where patients are referred.
It may also be that patients who are referred
to CHBAH are referred from more rural
areas and may take longer to present or to
be referred, compared with patients who are
referred to CMJAH, which may contribute
to the increased likelihood of presenting
with complicated appendicitis. Further
investigation, however, is needed to establish
the factors that contribute to this difference.
Preschool patients more frequently
present with complicated acute appendicitis.
This is in part due to the fact that
presentation is delayed owing to the inability
to communicate symptoms clearly, the wide
differential of medical causes of abdominal
pain in children, and physiological factors
such as a less well-developed omentum and
a thinner appendiceal wall.[6] We examined
the incidence of perforated appendicitis in
preschool children in our study population
and found that 45.7% of patients under the
age of 6 years presented with complicated
appendicitis. This finding contrasts with
published literature, which indicates an
incidence of perforated appendicitis of
between 60% and 75.7% in this age
group. [1,20,21] The reasons for this difference
in our population are not clear. However,
the larger proportion of preschool children
presenting with acute appendicitis in our
population (13.4% compared with 2 - 9% in
other studies) may have sensitised healthcare
workers to acute appendicitis as a differential
diagnosis in younger patients, thereby
decreasing delay in further referral and
subsequent treatment. Review of histology
reports revealed a normal appendix in 8.4%
of patients. The percentage of negative
appendicectomies was higher in patients
under the age of 6 years (11.4%), which
emphasises the diagnostic difficulty in this
age group of patients who present with signs
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a male preponderance. We found that acute appendicitis occurred
relatively more frequently in our patients under the age of 6 years
compared with the incidence of acute appendicitis in this age group
published elsewhere. We also found that complicated appendicitis
occurred in 50.1% of our patient population. However, complicated
appendicitis occurred in only 44.7% of our patients below the age
of 6 years, which is in stark contrast to published literature. We also
confirm that perforated appendicitis occurs more frequently in males.
Of interest is the low frequency of helminthic infections associated
with acute appendicitis in our population, and that we had 1 patient
who was found to have a low-grade mucinous neoplasm on histology.

1%
(n=5)
8.4%
(n=42)

50%
(n=251)

Normal appendix

40.5%
(n=203)

Uncomplicated

Complicated

Other

Fig. 2. Breakdown of histology results.

and symptoms that may be suggestive of acute appendicitis, only to
have their diagnosis excluded at time or surgery.
Parasitic infestations associated with acute appendicitis are
described in between 0.2% and 41.8% of patients.[22] A worldwide
incidence of E. vermicularis infestation is reported as between 4%
and 28%.[23-28] E. vermicularis is a common pathogen in South Africa,
with a prevalence of up to 45% in preschool children in rural South
African communities,[29,30] although there are no current data on the
exact prevalence of E. vermicularis in our local healthcare region.
There is some controversy as to whether E. vermicularis is a causative
organism in the development of acute appendicitis.[22,31,32] Only 3 of
the patients (0.60%) included in our study were found to have
E. vermicularis in the lumen of the appendix on histology, suggesting
therefore that parasitic infestation is a rare associated pathogen and
an unlikely aetiological factor in our patients with acute appendicitis.
Mucinous neoplasms are lesions confined to the appendix or periappendiceal tissues without evidence of invasion or disseminated
peritoneal disease. These neoplasms typically occur in the 6th decade
of life and are only found in 0.2 - 0.7% of adult appendiceal histology
specimens.[33-35] They are exceedingly rare in childhood, with only
isolated cases reported in the literature describing mucinous neoplasms
in patients under the age of 20 years.[35-37] Patients may present with
right iliac fossa (RIF) pain, a mass or intussusception, or the tumour
may be found incidentally.[37] Complete surgical resection remains
the treatment of choice, with a negative proximal margin considered
curative for the disease when the neoplasm is limited to the appendix.[35]
One patient included in the present study was found to have a lowgrade mucinous neoplasm on histology. The patient was a 7-year-old
boy who presented with a 1-day history of RIF pain, and associated
vomiting. He underwent a laparoscopic appendicectomy, during
which an inflamed appendix was noted. Histological examination
of the specimen revealed a limited focus of low-grade mucinous
neoplasm within the appendix. The resection margins were negative,
and appendicectomy was therefore curative in this instance.

Study limitations

In this retrospective review, we recognise that the discrepancy
in age cut-off between the two hospitals may have a significant
impact on the overall demographics of paediatric patients in our
local population, especially with regards to the peak age of acute
appendicitis. Owing to the nature of the retrospective review,
exclusion of patients because of incomplete data may also contribute
an element of bias in the study.

Conclusion

This retrospective review demonstrates that acute appendicitis
occurs at a median age of 8.8 years in our study population, with
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