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Background. Appendicitis is the most common surgical emergency in children. During the COVID-19 pandemic, Chris Hani Baragwanath
Academic Hospital (CHBAH) raised the cut-off age for paediatric surgery admission from 10 to 14 years owing to constraints placed on pre-
existing systems. This change resulted in a new profile of appendicitis cases within the department.

Objectives. To describe the profile of paediatric patients with appendicitis at CHBAH following the implementation of an age limit change
in admission criteria.

Methods. This retrospective descriptive study reviewed all patients aged <14 years who were managed for appendicitis in the Department of
Paediatric Surgery at CHBAH between July 2020 and June 2023.

Results. A total of 308 patients was included in the study. The mean age at presentation was 9.4 years, with a male-to-female ratio of
1.6:1. Almost half (45.1%) of the patients were >10 years of age. Of the total patients, over two-thirds (69.5%) presented with complicated
appendicitis, and almost all (95.1%) underwent surgical management. Compared with patients with uncomplicated appendicitis, those with
complicated appendicitis had significantly more postoperative complications (p<0.001), a higher re-admission rate (p=0.004), required more
re-look procedures (p<0.001), had longer hospital stays (p<0.001), and had a higher mortality rate (p<0.001).

Conclusions. This study reveals a concerning prevalence of complicated appendicitis in paediatric patients, highlighting the necessity for
prompt diagnosis and intervention. An increased patient load strained paediatric surgery hospital resources, while the COVID-19 pandemic
likely worsened treatment delays. Ongoing research is essential for optimising management strategies and improving surgical outcomes.
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Appendicitis is the most common surgical emergency affecting
the abdomen in children, with an estimated lifetime risk of about
7%.12 In South Africa, appendicitis occurs at an approximate
rate of 15 per 100 000 person-years.®! However, this is probably
underestimated owing to the scarcity of epidemiological data, which
may be ascribed to limited access to healthcare and inaccurate
reporting. These factors may contribute to both underdiagnosis
and delayed diagnosis, resulting in a higher proportion of patients
presenting with complications such as perforation, gangrene,
and abscess formation.*! Diagnosing appendicitis in children
can be challenging owing to non-specific symptoms such as
nausea, vomiting, and abdominal pain, which can mimic other
conditions such as gastroenteritis, urinary tract infections or
respiratory tract infections.>*® Poor communication skills in
younger children further increase the risk of misdiagnosis or
delayed diagnosis, leading to a higher likelihood of complicated or
perforated appendicitis. Perforation rates are higher in males,**
in children younger than five years old,””! and in those from lower
socioeconomic backgrounds.”*

Appendicectomy is considered the treatment of choice for acute
appendicitis, with laparoscopic surgery being the preferred approach
owing to its benefits of less pain, shorter hospital stays, and
faster postoperative recovery compared with an open approach.
(691 Despite this, open appendicectomies are still widely performed,
especially in resource-constrained settings, owing to reduced cost,
shorter operative times, and lower intra-abdominal abscess risk.
) Nonoperative antibiotic treatment has been suggested as an

alternative to surgery in uncomplicated cases, despite its reduced
treatment efficacy and increased readmission rate compared with
surgical treatment.'%

The COVID-19 pandemic significantly exacerbated challenges
faced by healthcare systems, including the diagnosis and management
of appendicitis. A pre-pandemic review - conducted between
June 2010 and September 2015 - studied 234 paediatric patients
with appendicitis at Chris Hani Baragwanath Academic Hospital
(CHBAH), a tertiary hospital in Johannesburg, South Africa. At the
time of this study, the cut-off age for admission to the paediatric
surgery department was 10 years. The mean age was 7.3 years, and
55.8% of the patients had complicated appendicitis.! However,
owing to constraints placed on pre-existing systems during the
COVID-19 pandemic, the admission criteria for patients to the
paediatric surgical ward at CHBAH increased from an age limit of
10 years to 14 years. The pandemic may have inadvertently further
burdened the paediatric surgical unit and a public health system with
already limited availability of resources, and disparities in access to
healthcare. The sustained change in the age limit, together with the
changes induced by the pandemic, may have contributed to a change
in the profile of paediatric patients with appendicitis at CHBAH.

Aims and objectives

The present study aimed to describe the profile of paediatric patients
with appendicitis at CHBAH between 1 July 2020 and 30 June 2023
following the implementation of an age limit change in admission
criteria.
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The objectives of this study were to describe:

« the demographic profile regarding age and sex

« the nature of appendicitis

o the nature of the intervention for appendicitis

o the number, type and management of complications and corrective
surgery performed.

Methods

Study design, population and setting

This retrospective descriptive study reviewed all patients aged
14 years and younger who were managed for appendicitis in the
Department of Paediatric Surgery at CHBAH. Located in Soweto,
South Africa, it is the third-largest hospital in the world and has
a rapidly expanding paediatric surgical unit that serves almost 12
000 patients a year. The study period was from 1 July 2020 to 30
June 2023. The study period commenced on the day that the age
limit change at CHBAH was implemented. Patients were excluded
from the study if they were diagnosed with a condition other than
appendicitis or if they went to theatre with suspected appendicitis
and had a negative operation. Incomplete records were also excluded
from the study.

Data collection and definitions

A consecutive convenience sampling method was used. Patient
records were identified from the hospital’s Healthspace database
using the International Classification of Diseases (ICD-10) codes
for appendicitis. De-identified data from records within the
study period were collected and managed using a data collection
instrument on REDCap (Research Electronic Data Capture).
The variables included were patient demographics (age and sex),
type of appendicitis, management received, the surgical approach
used for appendicectomy, intra-operative findings, postoperative
complications, number of re-admissions, intensive care unit (ICU)
admission, length of hospital stay, number of re-looks performed,
and mortality rate.

Patients were categorised as having either uncomplicated or
complicated appendicitis based on imaging and/or intra-operative
findings: patients with an inflamed, unperforated appendix were
regarded as having uncomplicated appendicitis, while those who
had a perforation, gangrene, faecolith and/or appendiceal abscess/
mass were considered to have complicated appendicitis." The type
of management received was either non-surgical or surgical. Non-
surgical management was determined to be the use of antibiotics
only. The surgical approaches were either open, laparoscopic or
laparoscopic converted to open. Postoperative complications were
graded according to the Clavien Dindo classification,!"!! and grouped
as less severe (Clavien Dindo I-II) or severe (Clavien Dindo ITII-IV)
complications.

Data analysis

All data were recorded in Microsoft Excel, and statistical analysis
was performed using GraphPad Prism v.10.2.3 (GraphPad Software,
California, USA). Continuous, parametric data are presented as mean
(standard deviation, SD), and non-parametric data are presented
as median (interquartile range (IQR)). Categorical variables are
expressed as numbers and percentages. Student’s t-test was used
to compare mean values for continuous, parametric data, and the
Mann-Whitney U test was used to compare differences between
continuous, non-parametric variables. The chi-squared or Fisher’s
exact test was used to compare categorical variables, as appropriate.
Statistical significance was defined as p<0.05.

Permission to conduct this study was obtained from the Human
Research Ethics Committee at the University of the Witwatersrand
(ethics no. M230941). No study-specific consent and assent from the
caregivers and patients was necessary, as consent for using clinical
data for research was obtained upon admission to the Department
of Paediatric Surgery at CHBAH.

Results

During the study period, 432 records were identified, of which 124
were excluded owing to insufficient data, a diagnosis other than
appendicitis, or a negative appendicectomy. Duplicate entries were
also excluded. In total, 308 paediatric patients were diagnosed with
and treated for appendicitis at CHBAH (Fig. 1).

Patient demographics and clinical characteristics
Patient demographics and clinical characteristics are presented in
Table 1.

The mean (SD) age was 9.4 (2.8) years, and the male-to-female
ratio was 1.6:1. Complicated appendicitis was diagnosed in 214
(69.5%) patients. Almost all patients (95.1%) underwent surgical
management, of whom 142 (46.1%) had an open appendicectomy,
116 (37.7%) had a laparoscopic appendicectomy, and 27 (8.8%)
required conversion to an open approach. A perforated appendix was
the most common finding in patients with complicated appendicitis,
occurring in 153 (71.5%) cases, followed by an appendiceal abscess/
mass which was observed in 81 (37.9%) cases. The median (IQR)
length of hospital stay, including readmissions, was 5 (3 - 9) days,
with the longest duration of admission being 68 days.

The prevalence of complicated appendicitis was notably higher
than that of uncomplicated appendicitis across all age groups,
except for those under 2 years of age, with a marked increase in
children above the age of 7 years. The prevalence of uncomplicated
appendicitis was nearly equal in children between the ages of 9 and
14 years (Fig. 2).

Comparisons of complicated and uncomplicated
appendicitis

The initial surgical approach differed significantly in patients
with complicated and uncomplicated appendicitis. In patients
with complicated appendicitis, 115 (53.7%) underwent an open
appendicectomy, 66 (30.8%) had a laparoscopic appendicectomy, and
27 (12.6%) required conversion to an open approach. In contrast, in
patients with uncomplicated appendicitis, 27 (28.7%) had an open
appendicectomy, 50 (53.2%) had a laparoscopic appendicectomy,
and none required conversion to an open approach (p<0.001).
Postoperative complications were significantly more prevalent in
patients with complicated appendicitis compared with those with
uncomplicated appendicitis (p<0.001). However, there was no
significant difference between the two groups in terms of the severity
of complications (p=0.142). Patients with complicated appendicitis
had a significantly higher rate of readmissions and re-look procedures
than those with uncomplicated appendicitis (p=0.004 and p<0.001,
respectively). All intensive care unit (ICU) admissions were for
patients with complicated appendicitis, with 14 of the 16 admissions
being for patients who underwent an open appendicectomy as their
index procedure. The median length of hospital stay was significantly
longer in patients with complicated appendicitis compared with those
with uncomplicated appendicitis (6 v. 2 days, p<0.001). Lastly, there
was a total of 11 (3.6%) mortalities, all of which occurred in patients
with complicated appendicitis and those who had undergone a
laparotomy as their index procedure (Table 2).

93 SAJCH SEPTEMBER 2025 Vol.19 No.3



ARTICLE

Records identified
(N=432)

Records excluded:

Insufficient data (n=51)

Diagnosis other than appendicitis (n=58)
Negative appendicectomy (n=10)
Duplicate entries (n=5)

Patients diagnosed with and
treated for appendicitis
(n=308)

Fig. 1. Patients included in the study.

Table 1. Demographics and clinical characteristics

Characteristics Total (N=308), n (%)
Age, mean (SD) 9.4 (2.8)
Sex

Male 195 (63.3)

Female 113 (36.7)
Type of appendicitis

Complicated 214 (69.5)

Uncomplicated 94 (30.5)
Management received

Surgical 293 (95.1)

Non-surgical 15 (4.9)
Surgical approach

Open 142 (46.1)

Laparoscopic 116 (37.7)

Laparoscopic converted to open 27 (8.8)

Not recorded 23 (7.5)
Intra-operative findings*

Perforation 153 (71.5)

Gangrene 43 (20.1)

Faecolith 47 (22.0)

Appendiceal abscess/mass 81 (37.9)
Length of stay in days, median (IQR) 5(-9)

*Intra-operative findings noted for patients with complicated appendicitis. Some patients had more than one

intra-operative finding/complication.
IQR = interquartile range.

Comparisons of complications in
patients aged <10 years and >10
years

There were no significant differences among
patients aged <10 years and >10 years in
terms of the number of postoperative
complications, severity of complications,
number of readmissions, number of re-look
operations, ICU admissions, total length
of hospital stay, or number of mortalities
(Table 3)

Discussion

Our study described the profile of paediatric
patients with appendicitis at a tertiary hospital

94

following a change in admission criteria
as a result of the COVID-19 pandemic.
Acute appendicitis remains one of the
most common surgical emergencies in the
paediatric population, with its incidence
typically peaking during the teenage years.
1 The mean age of patients in our sample
was 9.4 years, which was higher than the
average age of 7.3 years in children with
appendicitis at our institution prior to the
age change," but younger than the globally
reported peak age of between 12 and
18 years.'” In terms of sex distribution,
the male-to-female ratio of 1.6:1 in our
study is consistent with global trends that

typically indicate a male predominance in
appendicitis cases."!

Complicated appendicitis is diagnosed
when there is evidence of a perforated or
gangrenous appendix, or the presence of
an appendiceal abscess or mass."®) The
rate of complicated appendicitis at our
institution increased from 55% in a pre-
pandemic study to 69% during our study.
Complicated appendicitis accounts for up
to 30% of cases in children.'! Although
our prevalence of complicated appendicitis
cases is significantly higher than this reported
rate, our findings are consistent with those
of other institutions that have also found
an increased incidence of complicated
appendicitis during the pandemic. For
instance, a retrospective study based on cases
from three medical centres in Israel found
an increase in complicated appendicitis rates
from 11% before the pandemic to 22% during
the pandemic.!'! Similarly, another study in
281 patients admitted with acute appendicitis
to an academic medical centre in the United
States found a 21% increase in the number
of perforated appendicitis cases and a 29%
increase in the number of patients with a
gangrenous appendix during the pandemic."®

Several factors may have contributed to the
elevated rates of complicated appendicitis in
our cohort. The COVID-19 pandemic led to
significant disruptions in access to healthcare,
particularly in South Africa, where stringent
lockdown measures and fear of contracting
the virus likely contributed to delays in
seeking medical care.'”?  Consequently,
many children with acute appendicitis may
have presented later in the disease course
when perforation or gangrene had already
occurred. Additionally, strained healthcare
resources, such as limited operating theatres,
hospital beds and medical staff, may have
further prolonged the time to treatment,
increasing the risk for complications in these
patients. Accordingly, over 70% of patients
in our cohort with complicated appendicitis
were found to have a perforated appendix.

Almost all patients in our study underwent
surgical management, with more patients
receiving an open appendicectomy than a
laparoscopic appendicectomy. This approach
is in contrast with recent global trends
favouring laparoscopic appendicectomies as
the preferred approach for appendicitis owing
to their minimally invasive nature, quicker
postoperative recovery times, shorter hospital
stays, and reduced rates of postoperative
complications.*”) However, in our setting,
the preference for open procedures may have
been driven by the prohibitive costs of, and
decreased access to, laparoscopic equipment.
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Table 2. Comparisons between patients with complicated and uncomplicated appendicitis

Characteristics Complicated (n=214), n (%) Uncomplicated (n1=94), n (%) p-value
Age, mean (SD) 9.5 (2.8) 9.1 (2.9) 0.332
Surgical approach <0.001
Open 115 (53.7) 27 (28.7)
Laparoscopic 66 (30.8) 50 (53.2)
Laparoscopic converted to open 27 (12.6) 0 (0.0)
Postoperative complications 53 (24.8) 4(4.3) <0.001
Severity of complications 0.142
Less severe (Clavien Dindo I-1I) 12 (5.6) 0 (0.0)
Severe (Clavien Dindo III-1V) 41 (19.2) 4 (4.3)
Readmissions 33 (15.4) 4 (4.3) 0.004
Re-look 106 (49.5) 2(2.1) <0.001
ICU admission 16 (7.5) 0(0.0) <0.001
Hospital stay, median (IQR) 6(4-9) 2(2-3) <0.001
Mortality 11 (5.1) 0(0.0) 0.026

P-values were determined using Student’s t-test or the Mann-Whitney U test for continuous data, and chi-squared of Fisher’s exact test for categorical data.

ICU = intensive care unit; IQR = interquartile range; SD = standard deviation.

Table 3. Complications in patients aged <10 years and >10 years

Characteristics Age <10y (n=169), n (%) Age >10y (n=139), n (%) p-value
Complications 25 (14.8) 32 (23.0) 0.059
Severity of complications 0.952
Less severe (Clavien Dindo I-II) 8 (4.7) 10 (7.2)
Severe (Clavien Dindo III-1V) 17 (10.1) 22 (15.8)
Readmissions 23 (13.6) 14 (10.1) 0.379
Re-look 0.393
During initial admission 47 (27.8) 38 (27.3)
During readmission 15 (65.2) 8 (57.1)
ICU admission 0.582
During initial admission 9 (5.3) 7 (5.0)
During readmission 1(0.6) 2(1.4)
Hospital stay, median (IQR) 5(3-9] 5(3-8) 0.873
Mortality 7 (4.1) 4(2.9) 0.760

P-values were determined using the Mann-Whitney U test for continuous data, and chi-squared of Fisher’s exact test for categorical data.

ICU = intensive care unit; IQR = interquartile range.

Specifically, open appendicectomies were favoured, particularly
early in the pandemic, owing to their lower aerosol production
and reduced risk of viral transmission.">!¥! As a result, access to
laparoscopic surgery was restricted in many institutions, including
ours. In addition, open procedures may have been preferred
owing to a quicker surgical time, which was advantageous given
the high surgical demand owing to a high patient load. The
high rate of open appendicectomies in our cohort, along with
the decreased use of non-surgical treatment with antibiotics
alone, may have also reflected the complexity of the cases, with
complicated appendicitis often necessitating open surgery owing to
extensive intra-abdominal contamination or difficulty visualising
the appendix laparoscopically.

Postoperative outcomes in our study were closely linked to the
severity of appendicitis, as patients with complicated appendicitis
experienced higher rates of postoperative complications,
readmission rates, re-look operations, prolonged hospital stays,
and increased mortality rates. This is consistent with studies which
have shown complicated appendicitis to be a strong predictor

of adverse outcomes, particularly in patients with a perforated
appendix.'**'7] These adverse outcomes ultimately reduced the
time and resources available to treat other paediatric cases in
the department. Furthermore, perforated appendicitis carries a
mortality rate of around 5% globally.!”! Our mortality rate of 5.1%
closely aligns with this figure but remains significantly higher
than the rates observed solely in higher-income countries, where
paediatric appendicitis mortality rates are typically less than 1%.
These findings demonstrate the significant risk associated with more
complicated cases, as all of our mortalities occurred in patients with
complicated appendicitis.

Lastly, the age-related change in admission criteria had a
notable impact on the Department of Paediatric Surgery at
CHBAH. Firstly, in the previous study conducted at our institution
before the pandemic, the total sample size was 234 over five
years.!! In comparison, we had a sample size of 308 over three
years, resulting in the department managing more patients in
a shorter period. Notably, although we found no significant
differences in complications between children younger and older
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Fig. 2. Distribution of type of appendicitis according to age.

than 10 years, the children over the age of
10 years comprised almost half (n=139 out
of 308) of the study population, leading to a
marked increase in the overall patient load.
Of the patients above the age of 10 years, 46
required re-look procedures, which reduced
available theatre time for other patients in the
department. Additionally, the patients in this
group collectively spent a total of 800 days in
the hospital, reducing the time and resources
available for treating other paediatric cases.
Despite the increased demand during
this period, the department received no
additional resources, including increased
staff or bed capacity. This lack of support
and the heightened patient volume placed
considerable strain on existing resources and
clinical staff, potentially impacting workflow
and compromising the efficiency of overall
patient management and care.

There were several limitations to this study.
Firstly, its retrospective nature may have lent
itself to all biases associated with retrospective
data collection. Additionally, this study was
conducted at a single institution, which may
limit the generalisability of our findings to
other settings. Our institution’s healthcare
infrastructure, patient population, and
surgical practices may not reflect those in
different regions of South Africa or globally,
introducing potential selection and sampling
biases. Lastly, the timing of our data collection
coincided with the COVID-19 pandemic,
which has been linked to a global rise in
complicated appendicitis cases. As we did
not control for confounding variables such as
acute COVID-19 infections or comorbidities,
our sample may have been biased towards
more severe cases, potentially limiting the

926

generalisability of our findings to non-
pandemic conditions.

Conclusion

Our study highlights a concerning prevalence
of complicated appendicitis among paediatric
patients, underscoring the need for timely
diagnosis and intervention to reduce
morbidity and mortality. The increased
patient load placed considerable strain on the
Department of Paediatric Surgery at CHBAH,
and the impact of the COVID-19 pandemic on
healthcare access likely exacerbated delays in
diagnosis and treatment, revealing potential
systemic vulnerabilities in managing acute
surgical conditions. Continued research and
prospective data collection will allow for
refined management strategies, help advocate
for improved distribution of staffing and
clinical resources, and ultimately enhance
patient care and surgical outcomes in
paediatric patients with appendicitis.
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