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Introduction
The Lancet Commission on Global Surgery has demonstrated 
that there is a discrepancy in access to safe surgery across 
the globe. Almost five billion people, including 1.7 billion 
children and adolescents, who primarily reside in low to 
middle-income countries (LMIC), do not have access to 
safe surgery.1,2 Minimal access paediatric surgery (MAPS) 
has progressed dramatically over the last four decades and 
can no longer be regarded as experimental. MAPS is now 
a core component of safe and effective surgical care, with 
well-documented health outcome benefits.3 Despite these 
manifest benefits, there is good evidence to suggest that the 
uptake of MAPS is unequally distributed. 

In South Africa (SA), minimal access approaches for 
adults and children are readily available in the private sector, 
but the situation is less evident in the state sector. In a review 
of the surgical output in KwaZulu-Natal province over a six-
month period in 2015, less than half of all cholecystectomy 
procedures were performed laparoscopically. The situation 
with acute appendicitis is similar, with the majority of 
appendectomy procedures being performed via an open 

approach.3 This compromises both patient care and surgical 
training, as surgical training occurs in the state sector 
institutions. There are many reasons for this inadequate 
access. These include cost, lack of local training courses, 
travel-related expenses that limit attendance of international 
training courses, and lack of equipment or simulators.4 

Beginning in 2015, the paediatric surgical department 
in Pietermaritzburg embarked on an active programme to 
expand access to MAPS. Initially, this involved increased 
attendance by the paediatric and adult surgical consultants 
at external training courses both abroad and at other centres 
in the country. In 2021 during the COVID-19 pandemic, 
this programme was strengthened by the rollout of a locally 
developed programme and skills laboratory. Industry-
sponsored Telepack (Karl Storz) systems and box trainers 
were used to teach knot tying and other basic laparoscopic 
skills, and a course was developed to provide instruction.5 
This course was initiated in 2021 and has been run every three 
months for the last two years. Considering the above, we set 
out to review our experience in MAPS at Greys Hospital 
over the last decade. It was hoped that this information 
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would provide an overview of our experience and would 
enable us to identify areas where we can strengthen our 
surgical service and our training programme. 

Method
Greys Hospital is a tertiary academic centre in 
Pietermaritzburg, KwaZulu-Natal, SA. Greys Hospital 
provides tertiary surgical services for a population of 4.5 
million people. It is estimated that one-third of patients at 
Greys Hospital are children. The department of surgery has 
maintained a hybrid electronic medical registry (HEMR) 
since 2012. All surgical patients are captured in the HEMR. 
We use the World Health Organization (WHO) definition 
of paediatric, and all patients less than 18 years of age 
are considered to be paediatric – we refer to this cohort 
as comprising children and adolescents. All patients aged 
18 years or less who underwent either a laparoscopic or 
thoracoscopic procedure between 2012 and 2021 were 
reviewed. The cases were performed by trainees and 
consultant surgeons. Anaesthesia was provided by specialist 
anaesthetists, and the cases were performed in general 
operating theatres using 3 mm and 5 mm instruments. 
Data collected included demographic information, type 
of surgery, nature of the surgery (elective or emergency), 
organ system operated on, whether trainees or consultants 
performed the surgeries and any morbidities and mortalities 
experienced. Data was compared to the number of open 
cases performed in the defined study period. Follow-up was 
for a minimum of one year but up to a maximum of 8 years. 
Statistical analysis was performed using Jamovi software. 

Linear regression and ANOVA were used to investigate the 
relationship between the number of consultants, training 
courses performed by consultants and output in terms of the 
number of MAPS cases performed each year. 

Results
A total of 1 328 MAPS procedures were performed on 994 
patients over nine years. There were 359 female and 635 
male patients. There was a steady increase in the number of 
cases performed per year, as demonstrated in Figure 1. 
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Figure 1: The total number of MAPS cases done per year 
with a breakdown of males to females
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Figure 2: The number of cases performed on infants by age
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Figure 3: The number of cases performed by age from infancy up to 18 years of age
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The age of the patients ranged from one day of life to 18 
years, with a median of 8 years. There were 315 cases 
performed in the infantile group. Ten cases were performed 
on neonates less than one week old, and the most significant 
number of cases were performed on infants of three months 
(Figure 2). 

The number of cases performed for each age group of 
children from one to 18 years is represented in Figure 3, 
with the most significant number of cases performed in the 
one-year-old group. 

The number of elective and emergency MAPS cases 
increased progressively over the study period, as shown in 
Figure 4. 

The proportion of MAPS cases performed each year of 
the total number of paediatric surgical cases progressively 
increased (Figure 5). 

The most significant number of MAPS cases were 
performed on gastrointestinal tract pathology, including 
appendectomy, hernia repair, and oesophageal procedures. 
There was also a large number of hepatobiliary cases 
performed. Video-assisted thoracic procedures included a 
total of 90 cases. Splenectomy and laparoscopy for tumours 
comprised the smallest number of cases (Table I). A total of 
68 MAPS cases were converted to an open procedure. The 
conversion rate was 5.1% (Table II). 

The most significant number of converted cases were 
for complex appendicitis (27). Oesophageal MAPS cases 
requiring conversion amounted to 11 cases, followed by 
exploratory laparoscopies seven. Postoperative morbidity, 
classified as Clavien-Dindo  III and IV, was reported in 40 
patients (Table III). 

Repeat laparotomy, bowel perforation, and liver trauma 
were the main morbidities reported. The morbidity rate 
for the study group was three per cent. There were no 
mortalities. Figure 6 shows how increased training and 
exposure to MAPS have impacted on the number of MAPS 
cases performed. 

There was a steady increase in the number of MAPS cases 
performed by consultants, staff and trainees between 2015 
and 2021. The difference between the absolute number of 
MAPS cases performed by consultants and trainees gradually 
narrowed over the five years from 2016–2021. In 2019 there 
was a peak in the absolute number of cases performed by 
attendants. By 2021 trainees performed more MAPS cases 
than attendants (Figure 7). The multiple linear regression 
results indicated a very strong collective significant effect 
between the courses performed, the number of consultants, 
and the MAPS cases performed (Figure 8). The ANOVA test 
for the individual factors was not statistically significant, but 
there was a very strong combined correlation with an r-value 
of 0.87 and a p-value of 0.014 using the overall model test. 
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Figure 5: The total number of MAPS and open paediatric 
surgical cases performed per year
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Figure 4: A breakdown of elective and emergency MAPS 
cases performed per year

Table I: Number of MAPS cases performed per category listed

Organ system n

Oesophageal 185

Hepatobiliary 168

GIT (including appendicectomies) 506

Thoracic 90

Genitourinary 57

Hernias 224

Other (diagnostic, Tenckhoff, splenectomy, trauma, tumour) 98

Total 1328

Table II: MAPS cases that were converted to open procedures

Conversion

Organ system Procedures n 

Oesophageal Fundoplication 11

Hepatobiliary Cholecystectomy 1

Cholangiogram 3

GIT (including appendectomy) Appendectomy 27

Gastrostomies 2

Bowel obstruction 3

Pyloric stenosis 1

Thoracic Oesophageal atresia 2

Genitourinary Ureteric re-implantation 1

Pyeloplasty 1

Hernias Inguinal 2

Morgagni 1

Other Trauma 2

Tumours 4

Exploratory 7

Total 68
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Table III: Complications encountered during MAS

Complication n Procedure Intervention required Clavien Dindo 
Grade

Bleeding from the left gastric vein 1 Laparoscopic Nissen fundoplication Laparotomy & suturing IIIb

Splenic injury 1 Laparoscopic Nissen fundoplication Laparoscopic control of bleeding IIIb

Liver injury 6 Laparoscopic Nissen fundoplication Laparoscopic control of bleeding IIIb

Port site hernia 3 Laparoscopic cholangiogram Reduction and closure IIIb

1 Laparoscopic appendicectomy Reduction and closure IIIb

Shoulder pain 2 Laparoscopic appendicectomy Conservative I

Small bowel diathermy injury 2 Laparoscopic appendicectomy Laparoscopic suturing IIIb

Requiring re-operation 8 Laparoscopic appendicectomy Laparotomy x 6, relaparoscopy x 2 IIIb

Bladder perforation 2 Laparoscopic appendicectomy Laparoscopic repair of bladder IIIb

1 Vesicoscopic ureteric reimplantation Open procedure IIIb

Bowel perforation perf 7 Laparoscopy Converted to laparotomy & repair bowel IIIb

Tension Pneumothorax 1 Traumatic diaphragmatic hernia repair Laparotomy IVa

Oesophageal perforation 2 Laparoscopic hellers Laparoscopic closure IIIb

Abdominal wall emphysema 2 Laparoscopic inguinal hernia Converted to open IIIb

Gallbladder leak 3 Laparoscopic cholangiogram Converted to open IIIb

 

Figure 6: The number of cases plotted against the number of courses attended.  From 
2015 three attendants took part in an average of two laparoscopic courses a year. In 
2021 a dedicated skills laboratory and course was opened at our institution. The 
training line indicates the cumulative number of courses undertaken by the consultants. 
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Figure 7: Graph comparing the number of MAPS cases performed by consultants and 
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Trainees who performed MAPS cases were either under 
the supervision of the attendant or alone. The majority 
of trainee-performed MAPS cases were laparoscopic 
appendicectomies. 

Discussion 
MAPS has become part of the standard of care in surgery 
over the last three decades. Initially, cholecystectomy and 
appendectomy were the most common operations performed 
via minimal access; however, increasingly complex 
operations are being performed in limited resource centres.6 

The performance of MAPS cases has certainly become 
a routine part of the paediatric surgical practice at our 
institution. It has contributed to the teaching and training 
of surgeons and benefited patients. There remain many 
barriers to accessing and delivering minimal access surgery 
(MAS) globally in both high-income and middle- and low-
income countries. Wilkinson et al. assessed the barriers 
that impacted laparoscopic training in LMIC and noted 
that funding, equipment, experienced trainers, and lack of 
opportunity were the major barriers.7 The current situation 
in SA  parallels the developing world, where we have limited 
access to funding, equipment, and training programmes 
for MAPS.8-10 A recent review from Switzerland revealed 
nationwide discrepancies in access to MAS, which tend to 
discriminate against older comorbid patients, those lacking 
private insurance, lower-income patients, and those residing 
in rural areas.11 When it comes to surgery for children and 
adolescents, the situation is even more inequitable. In SA 
and sub-Saharan Africa, the demographic breakdown is 
heavily weighted toward young people. However, the 
burden of paediatric surgical disease is poorly defined, and 
the system of delivering surgical care to children is poorly 
structured and inadequate.12,13 Our data clearly showed that 
as the number of trainers increased, the number of MAPS 
cases increased. The industry-supported local course that 

we established was affordable and eliminated the 
need for travel and funding. All the above factors led 
to an increase in the number of cases performed by 
trainees, surpassing the number of cases performed by 
consultants. So, whilst MAPS has a significant role to 
play in safe and effective paediatric surgical care, its 
availability in the region is unclear.14 

The review of our data has clearly demonstrated 
an increasing trend in the number of MAPS cases 
performed each year over the study period. There was 
an equivalent increase in elective and emergency cases, 
and more younger children had MAPS procedures. 
The most significant number of cases performed was 
in the under five-year age group, contrasted with a 
publication from Nigeria in 2020, where the most 
significant group was the 5–10 years old.6 The global 
COVID-19 pandemic hindered the number of MAPS 
cases performed during 2020 and 2021, but despite 
this, the number was higher compared to previous 
years. 

The review being retrospective has inherent 
limitations. A more detailed review of cases performed 
by trainees and learning curves was beyond the scope 
of this study. Further studies will be required to assess 
the future impact of the Greys laparoscopic suturing 
course (GLSC).

This project has shown how a single unit has 
managed to deliver an increasing level of MAS to 

children over a decade. There is an increasing trend in the 
number of MAPS cases performed each year. There was an 
equivalent increase in elective and emergency cases and an 
increasing number of younger children undergoing a MAPS 
procedure. The largest number of cases performed was in 
the under-five-year age group. A wide range of procedures 
was performed within the thorax and abdomen, with an 
overall conversion rate of 5.1%, which is in keeping with the 
literature.6,15 A dedicated quality improvement programme 
designed to increase access to MAPS has delivered positive 
results. The establishment of a skills laboratory and a 
dedicated training programme, despite limited resources, 
has increased the absolute number as well as the type 
and complexity of MAPS procedures performed by both 
consultants, staff and trainees.

Conclusion 
It is feasible to deliver MAPS to children in our environment. 
A comprehensive quality improvement strategy has yielded 
satisfying results. The increased training and use of MAPS 
have resulted in a general transfer of skills to junior staff. 
Ongoing efforts to support the rollout of MAPS in children 
are warranted. 
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