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Abstract 

Background: The uptake of laparoscopic appendectomy (LA) for acute appendicitis is variable in resource-limited 

settings despite abundant literature showing improved patient outcomes. In South Africa, surgical trainees 

conduct most emergency operations unsupervised. The objectives of this study were to describe uptake and trainee 

supervision of LA at a teaching hospital in a resource-limited setting. 

Methods: A retrospective, observational study from 1st January 2013 to 31st December 2015 was conducted at New 

Somerset Hospital, a public teaching hospital in Cape Town, South Africa. Participants included were patients 

undergoing appendectomy for acute appendicitis. Factors associated with the choice of LA compared with open 

appendectomy among surgical trainees and surgical outcomes were measured. 

Results: Two hundred and seventy-six appendectomies (62%) were attempted laparoscopically, with 225 (84%) 

completed LA and 51 (19%) converted to open appendectomy (OA). The proportion of cases completed 

laparoscopically significantly increased from 29% in 2013 to 68% in 2015 (p<0.001). Trainees were involved in all 

appendectomies, unsupervised in 85% of cases. Factors significantly associated with OA were male gender, 

generalized peritonitis, heart rate, and unsupervised trainees (p<0.005). Unsupervised trainees were not associated 

with longer length of stay (p=0.352) or conversion (p=0.506).  
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Conclusions: LA was the most common operation for acute appendicitis and the majority were performed by 

unsupervised trainees in this setting. Establishment of a LA policy utilizing a change management approach with 

buy-in from all stakeholders is critical to scaling up LA at teaching hospitals and could be a potential starting point 

to establish minimally invasive surgery in resource-limited settings. 

Keywords: laparoscopy; appendicitis; appendectomy; trainee; supervision; low- and middle-income countries 

Introduction 

Acute appendicitis (AA) is a common surgical emergency, with over 100 cases per 100,000 person-years.(1) 

Although antibiotics can be used to treat uncomplicated AA, surgical removal of the inflamed appendix is the 

accepted, definitive management.(2) Surgical techniques include open appendectomy (OA) and laparoscopic 

appendectomy (LA).(3) LA is cited as the operation of choice for AA, provided that adequate equipment and 

surgical skills are available.(4) LA has significantly less adverse clinical outcomes compared with OA even for 

complicated appendicitis.(5-7) A Cochrane review demonstrated reduced surgical site infections (SSI), reduced 

length of in-hospital stay (LOS), and faster return to work following LA compared with OA.(4)  

While the clinical benefits are well-documented in the literature, the uptake of LA varies worldwide. In high-

income countries (HICs), LA is the most common operation for AA, with rates of up to 80% in the United States 

and 86% in Germany.(8, 9) A recent study of 4,546 appendectomies in 52 countries showed that in low- and 

middle-income countries (LMICs), LA was performed less frequently (11%) compared with HICs (55%).(10) 

However, LA is gaining traction in LMICs, with single-site studies highlighting the clinical value of LA.(11-13) 

South Africa (SA) is an upper-middle income country, with one of the most inequitable health systems.(14, 15) 

The public health sector has a lack of resources and a limited health workforce, so relies heavily on trainees to 

perform operations, often with low supervision rates.(16) In one study from SA, only 6% of appendectomies by 

trainees were supervised.(17) As a result, LA has had a low uptake in the SA public health sector.(18, 19) 

Several studies globally have reported on the safety of trainees performing LA, and found similar outcomes 

regarding length of stay, mortality, and complication rates, including in emergency operations.(20-24) In one 

study, trainees in eight African countries were found to perform more operations than their counterparts in the 

US.(25) In SA, surgical trainees have some opportunity to perform laparoscopic operations during their training, 
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but trainees have expressed a desire to have more minimally invasive surgery exposure.(26, 27) In the last decade, 

the South African Society of Endoscopic Surgeons have advocated for more laparoscopic training in the South 

African curriculum to address this deficit, and have advised that LA should be incorporated into standard 

training.(28-30) 

Studies have shown that LA is a good initial step in laparoscopic training, and can be used as an index procedure 

for surgical trainees.(20, 22) In SA, there is a gap in knowledge about the rate of LA by trainees and their outcomes. 

This study investigates LA uptake at a teaching hospital in a resource-limited setting which implemented a policy 

to encourage the use of LA. The primary objective of this study was to describe the factors associated with LA 

compared to OA. The secondary objective was to evaluate the factors associated with a longer LOS.  

Methods 

Study design and setting 

This was a retrospective, observational study of patients undergoing appendectomy from the 1st of January 2013 

to the 31st of December 2015 at the Department of Surgery at New Somerset Hospital (NSH). Patients with a 

primary diagnosis other than AA undergoing incidental appendectomy (e.g., right hemi-colectomy for colon 

cancer) were excluded. Children younger than eight years old with AA were excluded as they were managed at 

the referral pediatric hospital. 

NSH is a public (government) second-level teaching hospital in Cape Town, SA, with an estimated referral 

population of half a million persons. Since the beginning of 2012, the Department of General Surgery at NSH 

implemented a policy to encourage laparoscopy for all abdominal emergency operations including AA. A change 

management approach was used, and buy-in from all stakeholders including surgeons, anesthetists, and nurses 

was gained in an iterative manner. Firstly, laparoscopic techniques were introduced for elective abdominal 

operations. These procedures were done during the normal workday and senior surgeons were present at all times. 

Operating theatre nurses and anesthesiologists became accustomed to the specialized equipment and routine 

laparoscopic cases. As emergency laparoscopic procedures including LA were introduced, senior surgeons were 

present and scrubbed for all cases demonstrating the acceptable length and complexity of the procedure to all 

stakeholders. Trainee surgeons were observed, trained, and endorsed by senior surgeons on LA cases during 
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working hours before being allowed to perform the operation independently. Senior surgeons were always 

available to offer management or technical advice, or in-person supervision as needed. 

Data collection 

Patients were identified through operating theatre registries. The following variables were collected from paper 

medical records and captured into an electronic database: type of operation, rank of primary surgeon, trainee 

surgeon supervision, presence of intra-abdominal pus, perforation of appendix, and operative time. Handwritten 

medical records were reviewed for the following admission and outcome variables: age, gender, heart rate, 

temperature, white blood cell count (WBC), LOS, SSI, and in-hospital mortality. 

Definitions and measures 

An appendectomy was defined as an operation to remove the appendix and was categorized into OA, LA, or 

conversion. LA was typically performed using a three-port technique (one camera port and two working ports). 

OA was an appendectomy performed through either a limited right iliac fossa incision (a McBurney or Lanz type 

incision) or a midline laparotomy. Conversion was defined as LA that was converted to OA. 

Trainees included medical officers working full-time in the Department of Surgery and University of Cape Town 

general surgery residents in all years of training. Senior surgeons were full-time NSH staff specialized in general 

surgery.  

The primary surgeon was defined as the operating surgeon who performed the key portions of the operation. The 

primary surgeon could either be a senior or trainee surgeon. Senior surgeons provided trainees with management 

assistance and technical supervision when needed. The terms “unsupervised” and “supervised” were used to 

describe in-person senior supervision during the operation only. Trainee supervision during the operation was 

defined as having a senior scrubbed during any aspect of the operation, either as the primary or assistant surgeon.  

Intra-abdominal pus was defined as the presence of pus in the abdomen identified intraoperatively. Appendiceal 

perforation was defined intraoperatively by identification of macroscopic transmural perforation of the appendix. 

The Centers for Disease Control and Prevention’s definition of SSI was used.(31) In-hospital mortality was defined 

as the proportion of patients who died during admission following their operation. LOS was defined as the number 

of days from operation to discharge. 
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Data analysis 

All analyses were performed using STATA 13 (College Station, TX, USA). Continuous data were assessed for 

normality using a Shapiro-Wilk test. Baseline characteristics were described using counts with percentages for 

categorical data. Mean and standard deviations for normally distributed continuous variables, and medians and 

interquartile ranges (IQR) for non-normally distributed continuous variables were used. Comparisons were made 

using independent student t-tests or Wilcoxon rank-sum for continuous variables, and chi-squared tests for 

categorical data.  

LOS was used as a measure of clinical outcome. Multivariate logistic regression was used to determine factors 

associated with LOS including preoperative factors, operation type, and supervision. Multivariate analyses were 

also used to determine the factors associated with OA, and conversion.  Age and gender were included a priori. 

Factors that had a p value <0.10 in univariate analyses were included in the multivariate model. All tests were 

significant at p<0.05.  

Ethical considerations 

The University of Cape Town Human Research Ethics Committee gave ethical approval for the study (HREC 

758/2015).  

Results 

There were 512 appendectomies performed during the study period. Of these, 444 had complete records available 

and were included for analysis. The mean age was 26 years (IQR 19-34 years) and 50% of the patients were male. 

Two hundred and seventy-six cases (62%) were attempted laparoscopically, of which 225 (84%) were completed 

successfully, with 51 (19%) of those starting as LA being converted to OA. The proportion of cases that completed 

LA significantly increased from 29% in 2013 to 68% in 2015 (p<0.001).   

Preoperative patient characteristics are shown in Table 1. LA patients were younger (26 vs. 29 years), more likely 

to be female (66% vs. 40%), and less likely to have generalized peritonitis (4% vs. 23%), compared with OA. 

Conversion cases had a higher temperature (37.4ºC vs. 37.0ºC, p=0.003), heart rate (102 vs. 88 beats per minute), 

and WBC (16.2 vs. 12.7 cells x 109/ liter), and were more likely to have generalized peritonitis (14% vs 4%) 

compared with LA.  
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Trainee surgeons were involved in all appendectomies as either the primary or assisting surgeon. Trainees were 

unsupervised in 85% of cases (see Table 2). However, trainees were less likely to operate unsupervised (79%) for 

LA, compared with OA (92%, p=0.001) and conversion (92%, p=0.030). Operation length varied, with LA 

operations taking a median of 65 vs 56 minutes for OA (p=0.010). The median operation time for conversion was 

longer compared to LA (87 vs 65 minutes, p<0.001). Intraoperative pus was more commonly present in OA (52%, 

p=0.009) and conversion (71%, p<0.001) compared to LA cases (39%).  SSI was lower for LA (4%) compared with 

OA (11%, p=0.010) and conversion (26%, p<0.001). Median LOS was significantly shorter for LA (1 day) 

compared with OA and conversion (3 days, p<0.001). Overall, only 3 deaths occurred, all in the OA group.  

In multivariate analyses, factors associated with OA were male gender (odds ratio (OR): 2.33, p<0.001), 

generalized peritonitis (OR: 6.27, p<0.001), heart rate (OR: 1.02, p=0.006), and trainee surgeon unsupervised (OR: 

3.49, p=0.001) (see Table 3). Factors associated with increased LOS were age (OR: 1.03, p=0.010), generalized 

peritonitis (OR: 3.38, p=0.004), OA or conversion (OR: 8.34, p<0.001), intraoperative pus (OR: 3.21, p<0.001), 

and SSI (OR: 4.54, p=0.003) (see Table 4). Having unsupervised trainees conduct appendectomies was not 

associated with a longer LOS (OR: 0.77, p=0.352). In addition, there were no significant preoperative risk factors 

associated with conversion (see Appendix A). Unsupervised trainees conducting appendectomies was not 

associated with conversion (OR: 2.08, p=0.506).  

Discussion 

The uptake for laparoscopic surgery, especially for emergency conditions, has been slow in resource-limited 

hospitals in LMICs. This study demonstrated that LA was regularly practiced at a South African public hospital 

that implemented a policy to encourage the surgical treatment of AA laparoscopically. It showed that LA was 

attempted in nearly two-thirds of appendectomies, with half being successfully completed. Over the study period, 

the number of LA cases doubled.  Improved patient outcomes for LA compared with OA, specifically decreased 

LOS and SSI, which is consistent with international experience was shown, however as these groups were not 

random this is possibly an indication of selection bias.(4) Trainee surgeons completed the majority of LA cases 

without senior supervision, similar to rates of unsupervised LA in the United Kingdom.(24)  

LA is recommended globally as the procedure of choice for AA.(4) Previous studies from SA have shown an 

inconsistent uptake of LA as a routine operation, especially in public hospitals where most of the health care is 
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delivered.(18, 19, 32, 33) In the context of this study, the increase in uptake of LA was due to implementation of a 

hospital policy which encouraged the use of laparoscopy in all abdominal emergency situations. This policy was 

implemented gradually and sought buy-in from all stakeholders including nurses and anesthesiologists. A change 

management approach achieved successful uptake of LA, particularly by trainee surgeons, in low-resource 

settings. A culture of change should be encouraged, with examples set by senior management. The use of a change 

management approach to introduce minimally invasive surgery in resource-limited settings should be explored 

further in other contexts. 

While hospital policy encouraged LA, 38% of appendectomies were not started laparoscopically. Patients who 

were sicker with tachycardia and generalized peritonitis were more likely to be operated on through OA. Females, 

where the diagnosis could be uncertain, were more likely to be approached laparoscopically as well. Unsupervised 

trainees were also associated with a failure to attempt LA. Possible reasons for this should be investigated, we 

speculate this could be associated with reluctance of trainees in asking for in person supervision..  The potential 

of training tools to enhance uptake of LA should also be investigated further, such as the use of laparoscopy 

trainers. Training tools can be easily built with boxes and instruments with easy cameras and are inexpensive. 

Their use in resource-limited settings should be a part of any laparoscopic training.  

Overall, trainee surgeons were unsupervised in the vast majority of appendectomies. However, the contribution 

of senior surgeons may have been underestimated due to the availability of telephonic advice and observation 

during an operation (without being scrubbed). Notably, having an unsupervised trainee conduct an 

appendectomy was not associated with a longer LOS or conversion. Since mortality and SSI numbers were low, 

we were not able to analyze their associations with trainee supervision. However, equivalent LOS could be an early 

signal that surgical trainees can safely perform appendectomies without senior supervision in our setting, which 

is consistent with other studies from other countries.(20-24) In order for trainees to safely perform LA 

unsupervised, a minimum standard or number of supervised operations should be defined that is appropriate for 

that setting.(34) Surgical trainees are often the backbone of the SA emergency health care system.(26, 35, 36) They 

are eager to perform more laparoscopic surgery,(26, 27) and LA has been identified internationally as the index 

procedure for laparoscopic training.(20, 22) To this end, LA should be advocated for at teaching hospitals in SA 

and  other resource-limited settings if appropriate supervision is available when needed.  
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Limitations 

This study was limited by its retrospective non-randomized design. There may have been other factors 

contributing to the uptake of LA not measured in this retrospective audit. Preoperative duration of symptoms, 

delay to theatre times, and readmissions were not captured or reported on, which may have impacted the choice 

of operation. Thirty-day outcomes for SSI and post-operative mortality were not collected and therefore 

differences in long-term outcomes between operations or surgeon type were unknown. Objective measure of the 

laparoscopic skills of the trainee surgeons were also not documented. Time of surgery (day vs night) was also not 

analyzed, and could have shed more light onto the type of operation. Further limitations such as lack of equipment 

(more expensive for LAs) were also not considered. In addition, the type and method of contribution by senior 

surgeons was not recorded which could underestimate their input.  

This study provided initial insights into LA uptake by trainee surgeons in one hospital, but further investigation 

is recommended on the topic including: 1) larger, longitudinal studies on outcomes, 2) qualitative investigation 

with surgical trainers and trainees into how to improve LA training and uptake, and 3) the establishment of 

minimally invasive surgery in resource-limited settings with strong and supervised programs. 

Conclusions 

This study demonstrated that after a hospital policy was implemented to encourage the use of laparoscopic 

techniques, a high proportion of AA cases were completed laparoscopically. This is particularly relevant in low-

resource settings where there may still be barriers to LA uptake. Establishment of a LA policy utilizing a change 

management approach with buy-in from all stakeholders is critical to scaling up LA at teaching hospitals and 

could be a potential starting point to establish minimally invasive surgery in resource-limited settings. 

Acknowledgements: We thank Megan Naidoo for her critical review of this article. 
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Table 1: Preoperative Characteristics of Patients Undergoing Appendectomy by Operation 
Type at New Somerset Hospital, Cape Town, South Africa, 2013-2015  

 LA  OA 
Conversion 
from LA to 
OA 

Total 

Number 225 
(50.7) 168 (37.8) 51 (11.5)  444 

Age, years  26 (19-
32) 29 (21-37) 24 (16-31) 26 (19-34) 

Males 98 (43.6) 101 (60.1) 23 (45.1) 222 (50.0) 
Generalized 
peritonitis 10 (4.4) 39 (23.2) 7 (13.7) 56 (12.6) 

Temperature, 
°C  

37.0 
(36.4-
37.7) 

37.0 
(36.4-
37.7) 

37.4 (36.9-
38.3) 

37.0 (36.4-
37.8) 

Heart rate, 
BPM  

88 (76-
103) 

96 (82-
110) 

102 (87-
115) 

93 (79-
108) 

WBC, cells x 
109/liter  

12.7 
(9.9-
16.3) 

14.0 
(10.6-
17.4) 

16.2 (12.9-
20.2) 

13.6 (10.3-
17.1) 

LA, laparoscopic appendectomy; OA, open appendectomy; BPM, 
beats per minute; WBC, white blood cell count 
Continuous variables are reported as medians (interquartile 
range) 
Categorical variables are reported as frequencies (percentage) 
Due to rounding, the percent totals may not sum to 100% 
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Table 2: Operative Characteristic and Outcomes by Appendectomy Type at New Somerset 
Hospital, Cape Town, South Africa, 2013-2015 

 LA OA P value 
† 

Conversion 
from LA to OA 

P 
value ‡ Total 

Number 225 
(50.7) 

168 
(37.8) 

 51 (11.5)   444 

Trainee surgeon 
unsupervised 

178 
(79.1) 

154 
(91.7) 0.001 47 (92.2) 0.030 379 

(85.4) 
Operation length, 
minutes  

65 (50-
80) 

56 (43-
75) 0.010 87 (70-103) <0.001 64 (48-

83) 

Intraoperative pus 88 
(39.1) 

88 
(52.4) 0.009 36 (70.6) <0.001 212 

(47.7) 
Surgical site 
infections 

10 
(4.4) 

19 
(11.3) 0.010 13 (25.5) <0.001 42 (9.5) 

LOS, days 1 (1-2) 3 (2-4) <0.001 3 (2-5) <0.001 2 (1-3)  
In-hospital 
mortality 0 (0.0) 3 (1.8) 0.044 0 (0.0) - 3 (0.7) 

LA, laparoscopic appendectomy; OA, open appendectomy; LOS, length of stay 
Continuous variables are reported as medians (interquartile range) 
Categorical variables are reported as frequencies (percentage) 
† LA versus OA; ‡ LA versus conversion 
Due to rounding, the percent totals may not sum to 100% 
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Table 3: Factors Associated with an Open Appendectomy for Acute Appendicitis at New 
Somerset Hospital, Cape Town, South Africa, 2013-2015 

Open 
Appendectomy† 

Univariate Multivariate 
Odds 
ratio 

Confidence 
Interval 

P value Odds 
ratio 

Confidence 
Interval 

P value 

Age, years  1.02 1.00-1.04 0.020 1.02 1.00-1.04 0.061 
Males 1.95 1.30-2.93 0.001 2.33 1.48-3.65 <0.001 
Generalized 
peritonitis 

6.50 3.14-13.46 <0.001 6.27 2.84-13.81 <0.001 

Temperature, °C  1.11 0.89-1.38 0.352    
Heart rate, BPM  1.01 1.00-1.02 0.007 1.02 1.00-1.03 0.006 
WBC, cells x 
109/liter  

1.03 0.99-1.08 0.121    

Trainee surgeon 
unsupervised 

2.90 1.54-5.48 0.001 3.49 1.72-7.09 0.001 

BPM, beats per minute; WBC, white blood cell count 
Variables p<0.1 in univariate analyses were included in the multivariate analysis. Age and sex were 
included in the multivariate analysis a priori 
† Starting open appendectomy, reference group laparoscopic appendectomy 
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Table 4: Factors Associated with Length of Stay After Surgical Appendectomy at New 
Somerset Hospital, Cape Town, South Africa, 2013-2015 

Length of Stay (>2 
days) 

Univariate Multivariate 
Odds 
ratio 

Confidence 
Interval 

P value Odds 
ratio 

Confidence 
Interval 

P value 

Age, years  1.03 1.02-1.05 <0.001 1.03 1.01-1.05 0.010 
Males 0.91 0.61-1.34 0.619 0.63 0.36-1.11 0.111 
Generalized peritonitis 7.30 3.84-13.09 <0.001 3.38 1.49-7.65 0.004 
Temperature, °C  1.26 1.03-1.56 0.028 1.05 0.77-1.42 0.779 
Heart rate, BPM  1.02 1.01-1.03 <0.001 1.00 0.99-1.02 0.929 
WBC, cells x 109/liter  1.05 1.01-1.09 0.017 1.01 0.96-1.06 0.701 
Open appendectomy† 8.17 5.14-12.99 <0.001 8.34 4.63-15.01 <0.001 
Trainee surgeon 
unsupervised 

0.77 0.45-1.33 0.352    

Operation length, 
minutes  

1.01 1.01-1.02 <0.001 1.00 0.99-1.01 0.577 

Intraoperative pus 5.22 3.39-8.02 <0.001 3.21 1.81-5.71 <0.001 
Surgical site infections 6.32 3.08-12.98 <0.001 4.54 1.68-12.24 0.003 
BPM, beats per minute; WBC, white blood cell count; OA, open appendectomy 
Variables p<0.1 in univariate analyses were included in the multivariate analysis. Age and sex were 
included in the multivariate analysis a priori 
† Includes those converted from LA as well as those started as OA 

 


