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Abstract 

Background: Congenital cardiac diseases are the commonest congenital birth defects 

with children undergoing surgery at increased risk of mortality. Outcomes following 

congenital cardiac surgery in children has been well documented in high-income 

countries for many years, but little is known from the African continent.  

 

Aim: The aim of this study was to determine factors associated with perioperative 

mortality in patients that underwent congenital cardiac surgery at an academic 

institution. 

 

Methods: This retrospective cross-sectional study was conducted at Charlotte 

Maxeke Johannesburg Academic Hospital spanning a period of 12 years (2006-2017). 

The surgical, ICU, and anaesthetic records of patients that underwent surgery were 

reviewed. The records of all congenital cardiac disease paediatric patients undergoing 

surgical repair were reviewed. Associations between demographic, surgical and other 

factors were sought with mortality. A multivariable regression analysis was performed 

for the factors which had p-values of 0.1 and less in the univariable regression 

analysis. A Cox regression analysis was performed for mortality over time. All 

hypothesis testing accepted a p-value of <0.05 as statistically significant. 

 

Results: There was an 11% (188/1701) in-hospital mortality rate overall. Patients that 

died were primarily younger, 0·33 years (IQR 0·13 - 1·25), had lower median weight 

of 5kg (IQR 3·45 – 8·20), longer cardiopulmonary bypass (179 min) (IQR 16·0 - 

272·5) and aortic cross clamp (82·5min) (IQR 35.0-139.0) times. Palliative surgeries 

had the highest mortality rate with 41% of all mortalities coming from this category. 
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Cardiopulmonary bypass time (p < 0·001), ICU length of stay (p <0·001), aortic cross 

clamp time (p = 0·001), days on the ventilator (p < 0·001), and the STAT 2020 

mortality score (p = 0·04) were independently predictive of perioperative all-cause in-

hospital mortality in a multivariable regression model. The model yielded an area 

under the curve of 90%.  

 

Conclusion: Perioperative mortality following congenital cardiac surgery was higher 

in our study group compared to high income countries but it was similar to that of 

other low-middle income countries.  
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Abstract 

Background 

Congenital cardiac diseases are the commonest congenital birth defects with children 

undergoing surgery at increased risk of mortality. Outcomes following congenital 

cardiac surgery in children has been well documented in high-income countries for 

many years, but little is known from the African continent.  

Aim 

The aim of this study was to determine factors associated with perioperative mortality 

in patients that underwent congenital cardiac surgery at our institution.  

Methods 

This retrospective cross-sectional study was conducted at Charlotte Maxeke 

Johannesburg Academic Hospital spanning a period of 12 years (2006-2017). The 

surgical, ICU, and anaesthetic records of patients that underwent surgery between 1 

January 2006 and 31 December 2017 were reviewed. A multivariable regression 

analysis was performed for the factors which had a p-value of 0.1 and less in the 

univariable regression analysis. A Cox regression analysis was performed for 

mortality over time. All hypothesis testing accepted a p-value 

of <0·05 as statistically significant. 
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Results 

There was an 11% (188/1701) in-hospital mortality rate overall. Patients that died 

were primarily younger, 0·33 years (IQR 0·13 - 1·25) vs 2·08 years (0·92 -5·33), had 

lower median weight of 5kg (IQR 3·45 – 8·20) vs 10·3kg (7·50 –17·7), longer 

cardiopulmonary bypass 179min (16·0 - 272·5) vs 112min (81·0 -152·0) and aortic 

cross clamp times 82·5min (35·0 -139·0) vs 65·0min (36·5 -98·0). Palliative surgeries 

had the highest mortality rate with 41% of all mortalities coming from this category. 

Cardiopulmonary bypass time (p < 0·001), ICU length of stay (p < 0·001), aortic 

cross clamp time (p = 0·001), days on the ventilator (p < 0·001), and the STAT 2020 

mortality score (p = 0·04) were independently predictive of perioperative all-cause in-

hospital mortality in a multivariable regression model. The model yielded an area 

under the curve of 90%. Of those that presented for surgery, approximately 43% were 

operated in same year as presentation. 

Conclusions 

Perioperative mortality following congenital cardiac surgery was higher in our study 

group compared to high income countries but it was similar to that of other low-

middle income countries. Current predictive scoring systems were inconsistent in our 

study population with the STAT 2020 mortality score being predictive in a 
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multivariable regression analysis (p = 0·038) and the RACHS-2 score in a cox 

regression analysis (p = 0·002). 

Wordcount: 348 

Key words: mortality, congenital cardiac surgery, paediatric, Rachs-2, STAT 2020, 

ABC 

Key points summary 

Question: [What are the perioperative risk factors associated with mortality in 

pediatric patients undergoing congenital cardiac surgery in an upper-middle-income 

country with resource constraints?] 

 

-Findings: [Overall mortality rate in this study is 11%. Cardiopulmonary bypass time, 

ICU length of stay, aortic cross clamp time, days on the ventilator, and the STAT 2020 

mortality score were independently predictive of perioperative all-cause in-hospital 

mortality in a multivariable regression model.] 

 

-Meaning: [There is an associated increased mortality not reflected by the 

conventional risk stratification scores. A contextual risk stratification strategy 

informing which patient would undergo surgery safely in this limited resource 

environment is necessary.] 
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Introduction 

Congenital cardiac diseases are the most common congenital birth defects with a 

global incidence of four to eight cases per 1000 live births.1 In South Africa, Hoosen 

et al. (2011)2 reported an estimated prevalence of 0.6 to 0.8 cases per 1000 live births 

with approximately 11000 children born each year with congenital heart disease.2 

Approximately 40% of these children require surgical interventions each year 2,3. 

 

There is a paucity of perioperative outcome data for paediatric and neonatal 

congenital cardiac surgery from the African continent and other lower- and middle 

income countries 4. A large proportion of patients experience delayed referrals due to 

a  lack of specialised centres to perform cardiac surgery, shortage of trained 

specialists, high cost and inadequate investment in health 1. These issues exist in a 

number of low-to-middle income countries (LMICs) 1. Reports show that only one to 

five percent of children requiring cardiac surgical intervention received care in LMICs 

5 6.  

 

With the developments and advances in paediatric cardiac surgical services, several 

studies have reported good outcomes in high income countries 7,8. Perioperative 

mortality has been  found to be associated with complexity of surgery and volume of 
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cases 9. In the few studies published from upper middle-income countries (UMIC) 

like Brazil and China, higher morbidity and mortality were reported. 1,7 The current 

study is the first report detailing perioperative outcomes in a South African public 

healthcare centre. 

 

High-income countries, primarily in North America and Europe, have large databases 

used to develop risk adjustment tools to risk stratify patients 10. The risk stratification 

tools used include the Risk Adjustment for Congenital Heart Surgery (RACHS-1) 11 

(updated to RACHS-2) 12, the Aristotle Basic Complexity (ABC) levels, and the 

Society of Thoracic Surgeons (STS)–European Association for Cardio-Thoracic 

Surgery (EACTS) Congenital Heart Surgery Mortality categories and scores (STS-

EACTS Mortality Score and Categories, commonly referred to as “STAT Mortality 

Scores and Categories”)13 (updated to STAT 2020 scores and categories)14 

 

We embarked on a 12-year single-centre retrospective study to determine the 

mortality rates and the factors associated with perioperative mortality of paediatric 

patients presenting for congenital cardiac surgery at the Charlotte Maxeke 

Johannesburg Academic Hospital (CMJAH) in Johannesburg, South Africa.  
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Methods 

Approval to conduct the study was obtained from the Human Research Ethics 

Committee (HREC) of the University of the Witwatersrand (Ethics clearance number 

M211151). Ethical principles as governed by the South African Guidelines for Good 

Clinical Practice 15 and the Declaration of Helsinki 16 were strictly followed. This was 

a retrospective cross-sectional study of all consecutive patients less than 18 years of 

age who underwent congenital cardiac surgery at CMJAH during a 12-year period (1 

January 2006 to 31 December 2017). These dates were chosen as paediatric cardiac 

surgical services were terminated at the facility in 2017. Patient records were accessed 

via the electronic database of surgical, ICU and Anaesthetic records. Patients were 

excluded if records were incomplete (>50% of data was required for a record, 

otherwise it was excluded). Furthermore, if patients were older than 18 years of age or 

underwent cardiac surgery other than congenital cardiac surgery, they were also 

excluded (Figure1).  

 

CMJAH is a 1088 bed quaternary hospital that serves the public sector. During the 

study period, CMJAH was one of only five major public centres in South Africa to 

offer comprehensive paediatric cardiac services 17. This centre (CMJAH) had one 
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senior paediatric surgeon who worked for the most part of the study period, with two 

new surgeons joining the centre in the latter part of the study period.  The current 

study intended to use all available records. However, a minimum adequate sample 

size was still calculated. 

This minimum adequate sample size was calculated using a published equation 

recommended for determining the sample size required for developing a clinical 

prediction model, in this case both a binary outcome model such as a logistic 

regression and or a time to event model (Proportional hazard regression).18 

 

Taking the number of candidate predictor parameters for potential inclusion in the 

new model as 10, and the expected Cox-Snell’s adjusted R squared as 50%, with a 

desired shrinkage parameter of 90%, the sample size was calculated as 289. 

Supplementary Table 1 (Sample size computation parameters) demonstrates all the 

factors and criteria used to determine the sample. Importantly, the nature of the study 

allowed the researchers to use all the records that were available, which was a number 

significantly higher than the minimum required sample size.  

 

Each available patient record was assigned a study number, and the relevant variables 

were recorded on Microsoftâ Excel for Windows. All data were collected by one 
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author (PS) and a second reviewer (and originator of the database) assisted in 

minimising transcription error from the database to an excel spreadsheet. The 

following study definitions were used: paediatric patients – patients less than 18 years 

of age; in-hospital mortality – all-cause mortality that occurred during or after the 

completion of congenital cardiac surgery in-hospital within the same admission. 

Mechanical support included patients that required extracorporeal life support or 

ventricular assistive devices. 

The collated data were analysed using Stata 16 [Stata Corp LP Statistics/Data 

Analysis Copyright 1985 – 2013 Stata Corp 4905 Lakeway Drive Special Edition 

College Station, Texas 77845 USA 800– STATA]. Categorical data were analysed 

using percentages and frequencies. Continuous variables were reported with the use of 

means (standard deviation) or medians (interquartile range) depending on distribution. 

Relationships between perioperative in-hospital mortality and variables such as 

patients’ characteristics, and risk stratification scores (RACHS-2, ABC and STAT 

2020) were compared using paired and unpaired Student’s t-tests for parametric data, 

or Mann-Whitney and Wilcoxon matched pairs for nonparametric data. A 

multivariable regression analysis was performed for those variables of univariable 

regression analysis with a p-value £ 0·1. A Cox regression analysis was performed for 

mortality over time. A p-value of <0·05 was accepted as significant.  
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Results 

A total of 1701 patients underwent congenital cardiac surgical procedures (Figure 1). 

The median age of patients was 1·92 years with a median weight of 10 kg at first 

recorded surgery (Table 1). A total of 2222 operations occurred with 521 of these 

being repeat operations (Table 1). 

 

One hundred and eighty-eight (11%) patients died during the study period. Patients 

who died were predominantly younger (median age of 0·33 years), had lower median 

weight at the time of surgery related to mortality (5 kg), longer median 

cardiopulmonary bypass (179 min) and aortic cross clamp times (82·5 min). Fifty-

eight (3.4%) patients required mechanical life support in the form of extracorporeal 

life support (ECMO). Of these, 42 (72·4%) died (refer to table 1).  

 

Most repeat surgeries (Supplementary Figure 1) occurred amongst complex and 

palliative surgeries, followed by tetralogy of Fallot repair surgeries and ventricular 

septal defect repairs. Out of the 521 repeat surgeries, 415 were performed during the 

same hospital admission (early repeat) whilst 106 were performed at subsequent 

admissions (late repeat surgeries) within the study period. Patent ductus arteriosus 
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(PDA) ligations were the only procedures that involved one-time definitive repair and 

did not require repeat surgeries.  

 

Palliative surgeries had the highest mortality rate of 77/188 (41%) followed by 

complex repairs 35(18·6%) and atrio-ventricular canal repair group 20 (10·6%) 

(Supplementary Figure 2). Yearly total mortality ranged from 4·7% to 11·4%, with 

variations existing in mortality rates from individual procedures per year (Figure 2). 

Mortality also varied between surgical category within a year (Figure 3).  

 

A relationship between mortality and existing predictive scores/categories showed 

that there was significantly higher mortality with RACHS-2 score category 5, and 

STAT 2020 category 5 (Table 1). Survival was significantly higher in the RACHS-2 

score categories 1, 2, and 4; ABC levels 1 and 4; and STAT 2020 categories 1,3 and 4 

(Table 2). The following variables had a univariable association with mortality: 

younger age; lower weight; longer CPB time; longer aortic cross clamp time; longer 

ICU stay; longer ventilated days; STAT mortality score; ABC score; RACHS-2 

categories 2, 3, 4 and 5; STAT 2020 mortality categories 2, 3, 4 and 5; and ABC 

complexity levels 2, 3 and 4 (Table 2).  
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Cardiopulmonary bypass time, ICU length of stay, aortic cross clamp time, days on 

the ventilator and the STAT 2020 mortality score were independently predictive of 

perioperative all-cause in-hospital mortality in a multivariable regression model. The 

RACHS-2 score, STAT 2020 mortality categories, and ABC scores and complexity 

level were not predictive of in-hospital all-cause mortality. 

 

The multivariable regression model was highly predictive of mortality and yielded an 

area under the curve of 0.90 (Supplementary Figure 3). A total of 11 patients had an 

unspecified RACHS 2 score. In a Cox regression model, a unit increase in a RACHS-

2 score was associated with a 60% increase in the risk of mortality (Table 3). 

Cardiopulmonary bypass time was also associated with mortality over time. Although 

longer CPB time was strongly associated with mortality, it did not have any influence 

on survival over time.  

On average 246 patients with congenital cardiac lesions presented annually, and only 

42·6 % were operated on that same year (Supplementary Table 2). Approximately 

12% patients on average, were either refused surgery (due to inoperable lesions) or 

died preoperatively while 45.4% were not operated on by end of year of presentation- 

(Supplementary Figure 4). 
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Discussion  

 

The main finding in this study was a perioperative mortality rate of 11%. Prolonged 

cardiopulmonary bypass time, ICU length of stay, aortic cross clamp time, days on the 

ventilator and the STAT 2020 mortality score were independently predictive of 

perioperative all-cause in-hospital mortality in a multivariable regression model. 

Extracorporeal life support in the form of ECMO or VAD was associated with less 

than 30% survival. The generated model had a high area under the curve, indicative of 

a highly predictive model.  

 

Data from our centre shows mortality variability dependent on cardiac lesion 

complexity, with 0% amongst ASD surgery, and 41% in palliative repairs. The 

mortality also differed year on year with some years seeing higher mortality of these 

non-complex surgeries. The combination of PDA, VSD and AV canal had the highest 

fluctuation in mortality from 0 - 21%, which may have been related to personnel 

changes. The all-cause mortality rates of simple congenital heart diseases such as 

ASD, VSD and PDA were higher in our centre collectively compared to HIC 

including Europe and China  (3·2% compared to 0·99% and 0·43% respectively)19.  
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At its peak the paediatric cardiothoracic surgical compliment at our institution, was 

made up of one senior specialist with two junior specialists as evidenced in an audit 

by Hoosen et al (2010)17. Evidently this is far from the need documented by Hoosen 

et al (2017)20. More palliative and complex cases were also operated on during this 

period. Our data indicate that on average only 40% of patients requiring cardiac 

surgery are operated on in the year they presented, resulting in an annual 

accumulation of patients awaiting surgery. The local perioperative team had a low 

median volume of paediatric congenital heart disease cases with approximately 105 

performed annually. In addition, the same team would operate/assist in procedures on 

paediatric and adult rheumatic heart disease and grown-up congenital disease 

(GUCH) patients.  

 

Case volumes are described as low volume when <150 cases are performed, medium 

volume when 150-249 cases are performed per year and high volume when >250 are 

performed per year 21. It has been shown that there is an inverse relationship between 

the number of congenital cardiac surgeries performed in a centre per year and 

mortality with centres that perform large volumes of cases attracting lower mortality 

rates 21,22. However, this relationship has also been shown to be complex and 

multifactorial 21 Brown  recommend that there be a differentiation between 
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comprehensive (greater than 200 index cases per year) and essential (a minimum of 

75 index cases per year) pediatric cardiac centres.23 The effect of low volume centres 

is magnified in rare high-risk procedures 

 

Riley, Murphy and Mastropietro 24 found a variety of modifiable (preoperative 

mechanical ventilation and nutritional status, longer CPB, staffing) and non-

modifiable factors (younger age, lower weight and increased surgical complexity) 

associated with cardiac arrest after paediatric cardiac surgery. Infants < 1yr with CHD 

have a lower body weight, require specialised skills, and have a higher risk of 

anaesthesia, resulting in the higher mortality 25. This correlation was also observed by  

by Zheng et al 25 but was in contrast to the study performed by Sharifi et al (2023) 26  

that showed no significant relationship between weight and age with mortality in their 

patient population. 

 

Furthermore, the variables of surgical complexity and CPB duration are related, as 

typically more complicated surgeries require longer duration of bypass. Children with 

longer CPB times and complex surgical repairs, as seen in our palliative and complex 

population, should be viewed as very high risk and prone to postoperative 

complications. In-depth analysis and identification of these risk factors in our 
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population would allow for the institution of timely and effective strategies and 

management algorithms targeted at the vulnerable population. 

 

The Global Burden of Disease and Injury Risk Factor (GBDIRF) study found a 4.2% 

global increase in birth prevalence of congenital cardiac disease (CCD) between 1990 

and 2017. For a child who presents with CCD in the South African public sector, 

affordable comprehensive cardiac healthcare is restricted due to the limited number of 

centres that perform surgery in South Africa. Zilla et al (2018)27 reported 46 (8 public 

and 38 private) centres while Roussouw28 reported the decline to 22 centres in 2021. 

Limited staff training and retention strategies, and lack of administrative prioritisation 

of CCD has contributed in this decline.28  

 

In an estimated population of one billion on the African continent, approximately 2 

500 to 3 000 children undergo cardiac surgery annually 29. South Africa and Egypt are 

said to have better cardiac services than most countries on the African continent 27. 

However, deficiencies are still evident in these countries. There is low availability of 

services in the public sector, with South Africa said to be operating on only 40% of 

required for CHD 27. It is also estimated that 50 public compared to 530 private 

cardiac patients per million were operated on in South Africa annually 27. Higashi et al 
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30 estimated that only 3% of children who needed surgery in Sub-Saharan Africa were 

operated on. 

 

Mortality data for congenital cardiac surgery in LMIC and particularly in Africa, are 

under-reported. In high income countries (HIC), perioperative mortality rates 

(POMR) have reportedly decreased from 8·7% to less than 4% 9,31,32. In a few of the 

LMIC where data is available, higher morbidity and mortality were reported, with 

Cavalcante et al 7 quoting a POMR of 11·6% 1,7. This rate is similar to findings in our 

study.  

 

Perioperative outcomes data in Africa are very few and skewed by complex cardiac 

surgery being performed by mission surgical camps or definitive surgical care taking 

place in countries outside of the continent 33,34. This limits an assessment relating 

outcomes to local skill sets and resources. Kinsley et al 35 who established a 

successful private-public partnership through the Walter Sisulu Paediatric Cardiac 

Centre, documented the need for congenital cardiac surgery in Africa. Hoosen et al 20 

audited paediatric cardiac services in South Africa and noted that there were 

deficiencies at multiple levels that contributed to the needs of children with CHD not 

being met.  
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In Northern Uganda, of the 224 patients that needed surgery, only 57 received 

definitive intervention, with a proportion of them being operated on in Germany, the 

Cayman Islands, and India through funding from charity organizations 36. In 

Mozambique, Mocumbi et al 33 reported late presentations among their congenital 

cardiac patients where 29% presented with complications at time of diagnosis. Their 

operation rate was 36% with only 26% having complex lesions. In Rwanda, only 149 

open cardiac procedures had been operated on over a 10 year period by the Team 

Heart, a humanitarian international effort 37. This study is the first to provide insight 

into the perioperative mortality outcomes of paediatric congenital cardiac surgeries 

operated on in Africa by local surgeons in a public sector facility. 

 

Given the extensive range of surgical procedures available to correct congenital heart 

diseases, comparison of mortality should follow a risk stratification system. Our study 

demonstrated that there was higher mortality with higher levels of the RACHS-2 

score, and STAT 2020 categories. This finding contrasts with studies conducted in 

other middle-income countries and those in HIC 7,38,39 where the RACHS-1 score was 

predictive of mortality in their patient populations. The STAT 2020 scoring system 

now includes more procedure codes than its predecessor, which may contribute to the 

STAT score being predictive of mortality in our population. 
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There is a reported 90-95% survival to adulthood with good long-term outcomes due 

to advances in cardiac treatment modalities in recent decades 38,39. These reported 

advances are still not available to over 90% of the children with CHD in LMICs. 

Despite mortality being historically used as a measure for evaluating quality of 

cardiac surgical services, its use to compare services in the paediatric population may 

not be suitable for surgical outcomes 21. Mortality depends on a range of factors 

which in turn may have regional differences amongst high, middle- and low-income 

countries. 

 

The limitation of the study is its retrospective single centre nature and thus may not be 

generalisable even to the South African population. South Africa is meant to have the 

best services in Africa alongside Egypt, with Johannesburg and Cape Town being the 

most resourced27, but however, this is not the case. This discrepancy is evidenced in 

Hoosen et al. (2010)17, with outcomes data not being reported. The time effect in this 

study might have resulted in a bias, in that events and outcomes of interest were time 

related. However, the bias is addressed by using medical reports of surgeries 

performed by a single cardiothoracic surgeon who is a co-author in this paper. 

 



 40 

The cross-sectional nature of the study limits our ability to investigate causality of the 

covariates to morbidity and mortality. A second data reviewer (and the originator of 

the database) assisted in minimising transcription errors from paper-based database to 

Microsoft Excel spreadsheet. Further prospective studies will assist us to increase our 

understanding of the unique variables that may contribute to the higher mortality rates 

seen in our patient population and to assess morbidity. 

Careful patient selection and medical optimization of patients aligned with specific 

expertise at dedicated children’s hospitals may lead to improvement in mortality rate. 

Future studies comparing the outcomes of patients with cardiac disease based on 

hospital type, surgical volume as well as surgical skill may help determine the future 

of care including potential need for regionalization of pediatric cardiac centres for this 

vulnerable patient population.19 

 

Conclusion 

 

This is the first report looking at surgical outcomes after paediatric congenital cardiac 

surgeries performed at a centre in the South African by local personnel and not 

involving mission surgical camps within the African context. Delayed referral of 

children to specialised centres leads to presentation with a range of severe associated 



 41 

comorbidities and complications such as renal dysfunction, pulmonary hypertension, 

systemic infection, poor nutritional status, un-attended genetic syndromes, and severe 

ventricular dysfunction.40 These factors are likely not as commonly encountered in 

higher income countries from which the current risk stratification systems were 

created.  

The cohorts of patient data sets used to develop these scoring systems are not 

representative of patients globally. This is an area that will require further research 

and analysis and may be used to define contributing factors for the higher mortality 

rates seen in our population. These data will hopefully pave the way to increase the 

understanding of the contributing elements to the higher mortality rates in our 

population and thus assist in improving the congenital cardiac surgical services in 

South Africa and other comparable middle-income nations. 
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Table 1. Sociodemographic factors, clinical parameters, risk stratification tools 

and the association with mortality 

 

Parameter  Mean (SD)/Median (IQR)/n (%) 

Overall (n = 
1701) 

Mortality (n = 
188) 

No Mortality (n 
= 1513) 

P value 

Age  1·92 (0·67 – 
4·83) 

0·33 (0·13 - 
1·25) 

2·08 (0·92 -
5·33) 

<0·001 

Weight 10·0 (7·00 – 
16·0) 

5·00 (3·45 – 
8·20) 

10·3 (7·50 – 
17·7) 

<0·001 

Gender        Males                     824 (48·4%) 79 (51·6%) 727 (48·1%) 0·69 

Females 858 (50·4%) 91 (48·4%) 767 (51·9%) 

Aortic Cross 
Clamp Time 

65·0 (36·0 - 
100·0) 

82·5 (35·0 - 
139·0) 

65·0 (36·5 - 
98·0) 

0·01 

CPB Time * 116·0 (82·0 - 
159·0) 

179 (16·0 - 
272·5) 

112 (81·0 - 
152·0) 

<0·001 
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RACHS-2 

1 494 (29·2%) 16 (3%) 478 (97%) <0·001 

2 901 (53·3%) 63 (7%) 838 (93%) <0·001 

3 46 (2·7%) 8 (17%) 38 (83%) 0·07 

4 242 (14·3%) 64 (26 %) 178 (74%) <0·001 

5 6 (0·4%) 5 (83%) 1 (17%) <0·001 

ABC Complexity levels 

1 399 (23·5%) 14 (4%) 385 (96%) <0·001 

2 832 (49·0%) 78 (10%) 754 (90%) 0·98 

3 380 (22·4%) 38 (10%) 342 (90%) 0·66 

4 88 (5·2%) 28 (32%) 60 (68%) <0·001 

STAT 2020 Mortality Category 

1 727 (42·9%) 21 (3%) 706 (92%) <0·001 

2 644 (38·0%) 59 (9%) 585 (91%) 0·96 

LOS ICU † 5·0 (3·00 - 
8·00) 

8·0 (3·0 – 
16·5) 

4 (3·0 – 8·0) <0·001 

Ventilator Days 2·0 (1·0 – 5·0) 8·0 (3·0 – 
16·0) 

2·0 (1·0 – 4·0) <0·001 

Mechanical 
Life 
Support 

Yes 58 (3·4%) 31(16.5%) 27 (1.8%) <0·001 

No 1643 (96·7%) 157 (83·5%) 1486 (98·2%) 
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3 208 (12·3%) 50 (24%) 158 (76%) <0·001 

4 111 (6·5%) 23(21%) 88 (79%) <0·001 

5 6 (0·4%) 5(83%) 1 (17%) <0·001 

*CPB – cardiopulmonary bypass, † LOS– length of stay in days, ICU - intensive care 

unit 
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Table 2. Regression Analysis Model for Mortality 

 

Characteristic N Univariable Multivariable 

OR (95% CI) p-

value 

AOR (95% CI) p-

value 

Age 1701 0·69 (0·61, 

0·77) 

<0·001 0·83 (0·63, 

1·05) 

0·2 

Weight (Kg) 1701 0·82 (0·78, 

0·86) 

<0·001 1·01 (0·90, 

1·11) 

>0·9 

CPB time (in mins) 1197 1·01 (1·01, 

1·01) 

<0·001 1·02 (1·01, 

1·02) 

<0·001 

ICU stay (in days) 1625 1·03 (1·02, 

1·05) 

<0·001 0·68 (0·57, 

0·79) 

<0·001 

Aortic Cross Clamp time 

(mins) 

1219 1·01 (1·00, 

1·05) 

<0·001 0·99 (0·98, 

0·99) 

0·001 

Ventilated days postop 1533 1·06 (1·05, 

1·08) 

<0·001 1·54 (1·32, 

1·84) 

<0·001 

STAT 2020 score 1701 8·33 (5·57, 

12·5) 

<0·001 24·6 (1·11, 512) 0·04 

ABC Basic Score 1701 1·33 (1·23, 

1·45) 

<0·001 1·13 (0·68, 

1·94) 

0·7 

   Gender 

   (n=1701) 

Female Reference Reference 

Male 1·04 (0·75, 

1·44) 

0·8  
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RACHS-2 

(n=1690) 

1 Reference Reference 

2 2·32 (1·36, 4·2) 0·003 1·14 (0·35, 

4·16) 

0·8 

3 6·34 (2·44, 

15·4) 

<0·001 2·2 (0·36, 13) 0·4 

4 10·8 (6·22, 

19·7) 

<0·001 1·85 (0·25, 

13·4) 

0·5 

5 151 (22·6, 2977) <0·001 0 (0·00, 6·72) 0·14 

 

STAT 2020 Mortality 

Category 

      (n=1701) 

1 Reference Reference 

2 3·39 (2·07, 

5·78) 

<0·001 1·73 (0·63, 

5·03) 

0·3 

3 10·5 (6·24, 

18·4) 

<0·001 0·31 (0·04, 

2·34) 

0·3 

4 8·81 (4·68, 

16·7) 

<0·001 0·15 (0·01, 

3·56) 

0·2 

5 169 (25·8, 3307) <0·001 N/A N/A 

 

ABC Complexity Level  

  (n=1701) 

1 Reference Reference 

2 2·86 (1·65, 

5·33) 

<0·001 0·66 (0·12, 

4·56) 

0·7 

3 3·07 (1·67, 

5·96) 

<0·001 0·68 (0·05, 11) 0·8 

4 12·9 (6·53, 

26·6) 

<0·001 0·33 (0·01, 

11·8) 

0·5 

*OR = Odds Ratio, CI = Confidence Interval 
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Table 3. Cox regression analysis of mortality  

Parameter HR Std. Err. Z 95%CI P>|z| 

Age 0·80 0·10 -1·82 0·63, 

1·02 

0·07 

Weight (kg) 1·00 0·05 0·03 0·91, 

1·11 

0·98 

ICU stay 0·97 0·03 -1·07 0·91, 

1·03 

0·28 

Ventilated Days 1·02 0·04 0·47 0·95, 

1·10 

0·64 

CPB time (min) 1·00 0·00 5·68 1·00, 

1·01 

<0·001 

AoXCl time (min) 1·00 0·00 -0·53 0·99, 

1·00 

0·59 

Gender 1·18 0·26 0·75 0·76, 

1·83 

0·45 

RACHS-2 1·40 0·16 3·04 1·13, 

1·75 

0·002 

ABC Complexity 

Level 

0·91 0·16 -0·52 0·65, 

1·29 

0·61 

STAT2020 Mortality 

category 

1·30 0·42 0·82 0·69, 

2·46 

0·42 

*HR = Hazard Ratio, CI = Confidence Interval, AoXCl = aortic cross clamp 
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Figure 3 
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Supplementary figure 2 
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Supplementary figure 4 
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Supplementary Table 1- Sample size computation criteria 
 

Samp_siz
e 

Shrinkag
e 

Paramet
er 

CS_Rs
q 

Max_Rs
g 

Nag_Rs
q 

EPP 

Criteria 1 124 0.9 10 0.5 0.675 0.74 3.1 
Criteria 2 208 0.937 10 0.5 0.675 0.74 5.2 
Criteria 3 289 0.937 10 0.5 0.675 0.74 7.22 
Final 289 0.937 10 0.5 0.675 0.74 7.22 

 

Supplementary Table 2- Statistics for patients presentations and surgeries performed 

Year Total Presented Operated Same Yea Refused/Died preop Awaiting Surgery by Year End 

2006 207 85(41.1%) 20(9.7%) 102(49.3%) 

2007 202 82(40.6%) 34(16.8%) 86(42.6%) 

2008 190 74(38.9%) 20(10.5%) 96(50.5%) 

2009 207 115(55.6%) 16(7.7%) 76(36.7%) 

2010 212 98(46.2%) 22(10.4%) 92(43.4%) 

2011 256 103(40.2%) 32(12.5%) 121(47.3%) 

2012 273 101(37.0%) 24(8.8%) 148(54.2%) 

2013 246 81(32.9%) 37(15.0%) 128(52.0%) 

2014 276 109(39.5%) 36(13.0%) 131(47.5%) 

2015 266 122(45.9%) 20(7.5%) 124(46.6%) 

2016 298 134(45.0%) 48(16.1%) 116(38.9%) 

2017 310 150(48.4%) 48(15.5%) 112(36.1%) 

Average 246 105(42.6%) 30(12%) 111(45.4%) 
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Supplementary Document of definitions of terms used (research assumptions) for this 
study 
 

PDA: = closure of patent ductus arteriosus, includes 

Closure of isolated PDA, either by ligation or division 

Closure of PDA with removal of device 

Partial closure of PDA (done in cases with severe Pulmonary hypertension 

Closure of PDA only in a case where there is a large PDA + another intracardiac lesion, as 

a staged procedure. The PDA is done first, and the intracardiac lesion done at later stage, 

either during the same admission or during a later admission  

 

ASD: = closure of atrial septal defect with or without repair of partial anomalous pulmonary 

venous drainage (PAPVC). It included several associated lesions. 

Partial AV canal or ASD primum is excluded. 

Patch or primary closure of ASD 

Patch closure of sinus venosus defect 

Repair PAPVC with or without associated ASD 

Closure ASD + PDA ligation 

Closure ASD + mitral valve repair 

Closure ASD + repair of branch PA stenosis 

Closure ASD + removal of device 

 

VSD: = Closure of ventricular septal defect ± repair of associated lesions. 

Patch or primary closure VSD 

Closure VSD + removal MPA band + repair MPA 

Closure VSD + PDA ligation 

Closure VSD + aortic valve repair / Aortic valve replacement 

Closure VSD + mitral valve repair / mitral valve replacement 

Closure VSD + excision supramitral membrane 

Closure VSD + resection DSAS 

Closure VSD + repair of pulmonary vein obstruction 

Closure VSD + excision tricuspid valve 
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Closure VSD + atrial septectomy 

 

PDA division or ligation, closure ASD secundum and ventricular septal defects are 

considered true corrective procedures. There should be no further surgery needed for these 

conditions, except in circumstances where the patch used dehisces or becomes infected. 

All other congenital lesions have repairs, which is the closest to have a fairly normal heart or 

at least normal haemodynamics, but there is always the possibility that these patients will 

need further interventions. 

 

AV canal: = repair of atrio-ventricular canal. It includes: 

Partial AV canal or ASD primum (usually with repair of the “cleft AML”) 

Septation of common atrium 

Partial AV canal inlet VSD (usually with repair of the “cleft AML”) 

Transitional AV canal 

Complete AV canal 

Complete AV canal + tetralogy or valvar pulmonary stenosis 

 

Post repair of AV canal, even if initially a good repair, there is always a possibility for the 

child to represent with mitral or tricuspid regurgitation, and if haemodynamically significant, 

repeat surgery will be necessary either to re-repair the mitral valve or to replace the valve.  

Heart block is another long term problem post repair AV canal, for which a pace maker will 

be needed. 

 

Coarctation of the Aorta: 

Several types of CoA repairs are possible: patch aortoplasty, subclavian flap, resection + end 

to end anastomosis, resection + extended end to end anastomosis, and interposition graft. All 

these types or repair can be done in the following situations: 

Isolated Coarctation 

 One of the above CoA repairs will be used depending on age, and anatomy 

CoA + VSD 

 Repair of CoA + closure of VSD can be done as a 1 stage procedure where the 2 

lesions are corrected within the same operation time 
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 It can also be done as a staged procedure, where the CoA is done first, and the 

VSD closed at a later stage, either during the same hospital admission or at a later 

date. 

 Another possibility is the repair the CoA, and band the pulmonary artery. Closure 

of the VSD + debanding of the MPA will be done during a later readmission  

CoA + complex Lesions  

 Often done as a staged procedure, with repair of the CoA first with a PA band. The 

complex lesions to be addressed at a subsequent admission 

CoA as part of a Shone’s complex 

 The CoA is usually done first, and the other obstructive lesions done at a later 

stage 

 Occasionally, in an older child, the CoA and other obstructive lesions could be 

done in one very carefully planned procedure 

 

Coarctations of the aorta post repair, can re-stenose or develop an aneurysm at the level of the 

repair. Patients with CoA have an underlying vasculopathy and need life long follow up. 

Obstructive: = “Obstructive lesions + congenital valve lesions”. This category includes a 

variety of lesions: left ventricular outflow tract obstructive lesions (LVOTO), right ventricular 

outflow tract obstructive lesions (RVOTO), congenital mitral valve problems: stenosis or 

regurgitation, tricuspid valve problems, and some other obstructive problems 

LVOTO 

 Subvalvar stenosis or DSAS = discrete subaortic stenosis 

 Valve aortic stenosis 

 Supravalvar aortic stenosis 

 Sinus of Valsalva aneurysm 

RVOTO 

 Isolated pulmonary stenosis 

 Double chamber RV 

Mitral valve 

 Cleft mitral valve 

 Supramitral membrane 

 Other causes of congenital MR or MS 
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Tricuspid valve  

 Congenital tricuspid stenosis or regurgitation 

 Ebsteins is a difficult entity as there are several degrees of Ebsteins; could also be in 

“Complex Lesions” and when they present in the neonatal period, a palliative 

procedure may be performed 

Other 

 Repair cor triatriatum 

 Repair pulmonary venous obstruction 

 Repair systemic venous obstruction 

  

 

Tetralogy: Tetralogy is a spectrum, for which there are a variety of surgical procedures, 

dependant on the severity of the right ventricular outflow tract obstruction. Tetralogies 

repaired with a transannular patch or a RV to PA conduit will come back later for repeat 

surgery, either a pulmonary valve replacement or a redo conduit. 

 

Double Chamber Right Ventricle (DCRV) + VSD: closure of VSD + resection of DCRV 

Tetralogy: surgical techniques, always includes closure of VSD 

 Resection infundibular stenosis + RVOT patch 

 Resection infundibular stenosis + pulmonary valvotomy 

 Resection infundibular stenosis + transannular patch (tap) 

 Resection infundibular stenosis + RV to PA conduit 

Tetralogy with absent pulmonary valve 

Redo tetralogy, either PVR or redo RV to PA conduit 

  

Tetralogies with hypoplastic pulmonary arteries, and pulmonary atresia + VSD often have an 

initial BT shunt, and are repaired later. 

Complex: this is a heterogeneous group, which includes a variety of lesions. These were 

grouped due to their infrequent presentation on a yearly basis. 

Transposition of the great vessels 

 Repair by atrial switch or physiological correction = Mustard 

 Repair by arterial switch or anatomical correction, with or without closure of VSD 
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Congenitally corrected TGV (ccTGV) 

DORV 

 Without PS: Intraventricular baffle 

 With PS: corrected as a tetralogy 

 With TGV: arterial switch 

TAPVC = total anomalous pulmonary connection 

 Cardiac, supracardiac, infracardiac 

Truncus 

 Truncus / or truncus with interrupted aortic arch 

 Redo truncus: truncal valve replacement 

 Redo truncus: redo RV to PA conduit 

ALCAPA = anomalous left coronary artery from Pulmonary artery 

Interrupted aortic arch 

 Type A, B, or C 

 With closure of VSD 

 With PA band 

RPA or LPA from ascending aorta 

Pulmonary artery sling 

Aorto-pulmonary window 

Anomalous systemic venous return 

Coronary-cameral fistula 

Ventricular inversion 

 
Palliation: Palliative procedures may be done for biventricular lesions, followed usually by a 

repair of the lesions. These are staged for univentricular hearts. 

Biventricular lesions 

 PA banding in VSD or AV canal 

 Shunt in tetralogy, pulmonaru atresia + VSD 

 Also transannular patch without closing VSD in tetralogy 

 Atrial septectomy in TGV 

Univentricular lesions 
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 1st stage: shunt, PA banding, Norwood, DKS ± atrial septectomy 

 2nd stage: bidirectional Glenn 

 3rd stage: Fontan 

Neonatal Ebstein 

 Closure of tricuspid valve + shunt 

 
 
Miscellaneous: A heterogenous group, usually procedures where CPB not needed 

Vascular rings 

Congenital heart block 

Tumour resection or biopsy 

Pericardial procedures 

 

 

Early reoperations: Repeat open or closed heart surgery. This excludes surgical 

complications like bleeding, septic wounds, or planned relooks like delayed sternal closure. 

These are reoperations done within the same hospital admission: 

Staged procedures 

 Repair CoA followed by closure VSD a few days later 

 PDA ligation followed by repair of intracardiac lesion 

 PA band, then closure VSD 

Repair residual or recurrent lesions  

 Residual VSD post closure VSD or repair tetralogy 

 Significant MR post repair AV canal or cong MR 

Repair residual lesions with haemodynamic compromise – salvaged procedures 

 Pts unstable post initial op, may or not be on ECMO / LVAD 

Reoperation done in attempt to save patient 

Revision surgery (?to be classified as residual leasions) 

 Adjustment PA band, revision Fontan 

Complications 

 Blocked shunt 
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Late reoperations: Repeat closed or open heart surgery done months or years later. 

 

Staged procedures: Palliation followed by repair 

VSD Repair CoA / PA band on first admission followed by closure VSD at 

later stage 

Shones CoA repair initially / repair AS or MS at later stage 

ToF / PA+VSD BT shunt followed by repair later 

AV canal + ToF BT shunt initially with repair later 

UVH Repaired in stages (1st stage, Glenn, Fontan) 

Repair residual lesions or recurring lesions 

DSAS Recurring DSAS 

MV repair / 

MVR 

Post previous MV repair in AV canal or cong MR 

Revision surgery 

 Redo shunt, redo PA band,  

Complications of previous surgery 

 Following repair ALCAPA, arterial switch 

Pacemakers need regular change of pacemaker generator (flat battery) 

Planned Redo 

Previous RV to 

PA conduit 

(truncus) 

Will need replacement of the conduit when conduit degenerates 

ToF, tap* Pulm valve replacement 

ToF, conduit Redo conduit for degenerated conduit 

Isolated PS Initially pulm valvotomy or tap* / PVR at later stage 

tap* Transannular patch 
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3.1 Background 

Congenital cardiac diseases are the most common congenital birth defects with a global 

incidence of between 4 - 8 cases per 1000 live births (1–4). The prevalence in South Africa is 

known to be no different with an incidence of between 4 - 6 per 1000 live births and 

approximately 11000 children born each year with congenital heart disease of which 40% 

require surgical intervention (5,6) An audit done by Hoosen et al (5) in 2010 showed that 

there are five major public centres in South Africa that offer comprehensive paediatric 

cardiac services. These centres include the Johannesburg complex (Chris Hani Baragwanath 

and Charlotte Maxeke Academic Hospitals), Steve Biko Academic Hospital, Universitas 

Academic Hospital, Inkosi Albert Luthuli Central Hospital and the Western Cape paediatric 

cardiac services (Red Cross and Tygerberg Hospitals). Approximately 1370 surgeries for 

congenital heart disease were performed over a one year period with only 800 being 

performed in the public sector. 

Paediatric and neonatal cardiac surgical care is an evolving field in the developing world with 

a paucity of outcome data from the African continent (7). Paediatric cardiac surgical services 

are unable to meet the demand primarily due to a lack of skills and resources and this in turn 

compounds the burden of disease in South Africa. A large proportion of patients with 

congenital heart disease never receive treatment as a result of a number of contributing 

factors such as delayed referral, lack of specialised centres to perform cardiac surgery, 

shortage and “brain-drain” of trained specialists, cost and inadequate investment in health (1). 

These issues are not unique to South Africa; they exist in a number of developing countries 

around the world (1). In India, less than 5% of babies born with critical congenital cardiac 

disease undergo surgery (8). A more dire situation exists in Indonesia with less than 1% of 

children born with congenital cardiac disease receiving proper treatment (9). 

With the developments and advances in paediatric cardiac surgical services, there have been a 

number of studies looking at the perioperative outcomes of paediatric congenital cardiac 

surgery (10–12). The majority of these studies analysed primarily mortality amongst 

paediatric patients undergoing congenital cardiac surgery. It was found that the more 

complex the surgery, the higher the mortality. It was also noted that the centres that 
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performed a higher volume of cases over time had a lower mortality rate (13). This was 

attributed to the experience of the surgeons as a result higher case exposure. It was also found 

that countries classified as developing countries had a higher morbidity and mortality (1,10). 

The reasons for this increase in morbidity and mortality were, amongst other things, 

attributed to the delayed referral of patients, shortage of trained specialists, cost factor and 

inadequate investment in health (1). Unfortunately, there is a paucity of data from the African 

continent. This, in part, could be attributed to the limited cardiac surgery that is being 

performed on the continent. Much of Africa relies on flying paid or Non-Governmental 

Organisation funded patients to certain centres in Africa or more commonly to developed 

countries in order to obtain much needed cardiac surgery (14).  One of the rare and privileged 

centres that performed cardiac surgery on paediatric patients, until 2018, is Charlotte Maxeke 

Johannesburg Academic Hospital (CMJAH).  

Developed countries, primarily in North America and Europe, have intuitive initiatives in 

place that record paediatric and congenital cardiac surgery outcome data in large databases 

(15). Many of these databases recorded data such as age, weight of patient, cardio-pulmonary 

bypass time, length of stay and in-hospital and 30-day mortality amongst other data. Some of 

these databases also utilised risk adjustment methods in order to easily risk stratify patient’s 

undergoing certain surgeries. The most popular method utilised was one created by K. 

Jenkins et al called the Risk Adjustment for Congenital Heart Surgery (RACHS-1) (4). This 

method was created to improve the understanding of differences in mortality among patients 

undergoing congenital heart surgery. The RACHS-1 method was created by an 11 member 

expert panel, who strategically risk stratified 207 surgical procedures into 6 risk categories. 

Procedures in risk category 1 had the lowest predicted mortality and procedures in risk 

category 6 had the highest predicted mortality. 

Another, less popular method for risk stratification is the Aristotle Basic Complexity score 

(ABC). This method also risk stratifies procedures from lowest to highest mortality risk in a 

similar fashion to the RACHS-1 method. Jacobs et al utilised both methods and concluded 

that complexity stratification is indeed a useful strategy for analysing the impact of case mix 

on paediatric cardiac surgical outcomes (17). One single centre’s retrospective study in a 

developing country, Brazil, utilized the RACHS-1 score to risk stratify and analyse mortality 
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among patients that underwent surgery for congenital heart disease and found that the scoring 

system has a good ability to discriminate mortality (10).  

With the rarity of facilities that perform paediatric cardiac surgery and paucity of data from 

the African continent, It is important to utilise and interpret the outcome data that is available 

to us at CMJAH in order to get a better understanding of how this facility, and South Africa 

as a whole, compare with other low to middle-income and high-income countries around the 

world. With this information in mind, it is quite clear that the analysis of paediatric cardiac 

surgical outcomes is quintessential in our setting due to the limited data from South Africa 

with no previous study that could be found that looked at outcomes. It will be of significant 

value and imperative to compare the outcomes from this study with other similar studies done 

around the world, and in turn utilise this data to improve paediatric cardiac surgical services 

in our country. 

3.2 Problem statement 

Paediatric cardiac surgical services are a rarity in the developing world, as is the case in 

South Africa even though numerous advances have been made in recent times due to the 

advances in technology. While progress has been made to increase the number of surgical 

services, there are limited studies done to show the outcomes of paediatric congenital cardiac 

surgery. This study will thus collect and analyse the paediatric congenital cardiac surgery 

data from CMJAH, in order to determine the outcomes of these surgeries. 

3.3 Aim 

This study aims to describe the clinical characteristics and the perioperative outcomes in 

paediatric patients with congenital cardiac defects requiring cardiac surgery at Charlotte 

Maxeke Johannesburg Academic Hospital (CMJAH). 

3.4  Objectives 

The objectives of this study are to: 

• Determine the incidence of in-hospital mortality in paediatric (age < 18 years) patients 

undergoing congenital cardiac surgery at CMJAH between January 2006 to December 

2017. 
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• Determine the in-hospital mortality rates associated with particular surgical procedures. 

• Describe surgical mortality in patients with congenital heart disease using the Risk 

Adjustment for Congenital Heart Surgery 1 (RACHS1) score in addition to the Aristotle 

Basic Score category (ABC) and Society of Thoracic Surgeons-European Association 

for Cardio - Thoracic Surgery (STS-EACTS) mortality category. 

3.5 Research assumptions 

The following definitions will be used in the study: 

Paediatric patient: Patient < 18 years of age. 

Congenital Cardiac surgery: In this study refers to all children with underlying congenital 

cardiac defects 

RACHS 1 Score: Risk adjustment in congenital heart surgery 1, a categorical risk based 

classification of surgical procedures used to compare in hospital mortality in paediatric 

patients undergoing surgery for congenital heart disease as created by Jenkins et al (16). 

ABC Score: Aristotle basic complexity score, a complexity stratification system that 

categorises cardiac surgical procedures according to the potential for mortality, potential for 

morbidity and technical difficulty. 

STS-EACTS Score: Newest of the three scores devised in 2008 by the European Association 

for Cardiothoracic Surgery and the Society of Thoracic Surgeons. It is a mortality score that 

was developed primarily using objective data. This score stratifies data according to data 

from the STS-EACTS multicentre database. 

In-hospital mortality: In this study refers to the mortality that occurs during or after the 

completion of cardiac surgery prior to discharge from hospital. 

Perioperative outcomes: In this study refers to surgical outcomes, primarily in-hospital 

mortality, prolonged hospital stay, prolonged ICU stay as well as complications such as 

sepsis, neurological injury, renal failure and haemorrhage. 
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Renal Failure: In this study refers to severe renal dysfunction that requires peritoneal 

dialysis. 

Respiratory failure: Prolonged ventilation that lasts for more than 72 hours. 

Sepsis/infection: Elevated septic markers necessitating the use of antibiotics 

Neurological injury: Refers to major injury such as stroke/brain damage or severe 

neurological fallout and seizures. 

Bleeding/Haemorrhage: Refers to bleeding that warrants a relook surgery as determined by 

the attending surgeon. 

Mechanical support: Refers to the use of extracorporeal membrane oxygenation – ECMO or 

ventricular assist devices. 

Delayed sternal closure: Patient that underwent surgery in which the sternum was left open 

postoperatively. 

Other complications: Refers to other miscellaneous complications such as arrhythmias and 

atrio-ventricular block. 

3.6  Demarcation of study field 

This retrospective study will include patient’s clinical and surgical records from the 

paediatric cardiothoracic department at Charlotte Maxeke Johannesburg Academic Hospital 

(CMJAH) for a 12 year period from January 2006 to December 2017. CMJAH is a tertiary 

academic hospital that serves the public sector in the province of Gauteng. Paediatric cardiac 

surgical services were terminated at this hospital in December 2017. This 12 year period was 

used for ease of access to electronic data. An average of 150 paediatric congenital cardiac 

surgeries took place per year at CMJAH. 

3.7 Ethical considerations 

Approval and permission to conduct this study will be obtained from the Human Research 

Ethics Committee (HREC) and the Graduate Studies Committee of the University of the 

Witwatersrand (Faculty of Health Sciences). 
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The Chief Executive Officer of CMJAH and the departmental heads of Paediatric 

Cardiothoracic Surgery and Anaesthesiology will be approached to gain consent to conduct 

this research at this hospital (Appendix A & B). Patient’s data will be treated with utmost 

confidentiality and anonymity will be maintained by the removal of patient identifiers and 

replaced by study numbers. Raw data will only be accessible by the researcher and supervisor 

via a personal computer which will be password protected. This raw data will be securely 

stored for a period of 6 years following the completion of the study. 

In view of the retrospective nature of this study, informed consent from the patients is not 

required as there is no direct interaction with the patients. Ethical principles as governed by 

the South African Guidelines for Good Clinical Practice (18) and the Declaration of Helsinki 

(19) will be strictly followed. 

 

3.8 Research Methodology 
 

3.8.1  Research design 

This study will be a retrospective analysis of outcome data. The study will make use of 

existing medical records. A descriptive retrospective case series can be used to study the 

incidence of a particular disease or outcome (20) as is the case in this study. The study will 

review records from the paediatric cardiothoracic surgery department’s records in order to 

determine the outcome of the cases. Although a prospective  study is considered superior to a 

retrospective one (20) in light of the termination of paediatric cardiac surgical services in this 

facility, it is quintessential to collect and interpret the existing medical records in a 

retrospective fashion. 

 

3.8.2 Study population 

Our sample population will consist of patients with congenital heart disease in the paediatric 

population (age < 18) that underwent cardiovascular surgery at CMJAH between January 

2006 and December 2017. 
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3.8.3 Study sample 
 
3.8.3.1 Sample size 

In view of the retrospective nature of the study, a formal sample size is not necessary. The 

study will include patients that underwent cardiac surgery from 01/01/2006 – 21/12/2017. 

Approximately 150 cardiac surgeries took place on a yearly basis during this period. 

3.8.3.2 Sampling method 

Sampling is done to predict outcomes or trends in a population. This study will utilise a 

consecutive, convenience sampling method. Consecutive sampling aims to include all 

available individuals in the sample population and is the best form of convenience sampling 

(21).  

3.8.3.3 Inclusion criteria 

The inclusion criteria of this study will be: 

• All paediatric (age < 18) patients that underwent congenital cardiac surgery at CMJAH 

from the period of 01/01/2006 to 31/12/2017. 

3.8.3.4 Exclusion criteria 

The exclusion criteria of this study will be: 

• Patient records with incomplete data that renders it unsuitable for the study. 

• Patients transferred out to other facilities. Outcomes therefore cannot be determined. 

• Patients undergoing trauma surgery. 

• Patients that underwent cardiac surgery other than congenital heart disease correction. 
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3.9 Data collection 

Permission will be sought from the relevant departments involved to conduct the study. The 

data will be collected by the primary researcher or a trained research assistant when the 

researcher is unavailable. 

A data collection sheet will be utilised to collate the data (Appendix C). Demographic and 

clinical data will be collected. Records of patients will be identified and allocated a study 

number. Patient identifiers will be replaced by the study number and will only be accessible 

by the primary researcher and supervisor. The raw data will then be captured in a Microsoft 

excel spreadsheet for ease of analysis. 

3.10 Data analysis 

Data collated on Microsoft Excel will be analysed with the assistance of a biostatistician. 

Data will be analysed using Stata 16 [Stata Corp LP Statistics/Data Analysis Copyright 1985 

– 2013 Stata Corp 4905 Lakeway Drive Special Edition College Station, Texas 77845 USA 

800– STATA]. Categorical data will be analysed using percentages and frequencies. 

Continuous variables will be reported with the use of mean (standard deviation), medians 

(interquartile range) depending on distribution. Relationships between perioperative 

outcomes, such as mortality, patients characteristics and risk stratification scores (RACHS 1, 

ABC and STS-EACTS) will be compared using paired and unpaired Student’s t-tests for 

parametric data, or Mann-Whitney and Wilcoxon matched pairs for nonparametric data. 

Univariate and multivariate regression analysis of outcome measures with independent 

variables will be used for analyses. P-value of 0.05 will be accepted as significant.  

3.11Significance of the study  

It is estimated that there is an incidence of between 4-8 cases of congenital heart disease per 

1000 live births (2–4). Paediatric cardiac surgery has been developing for several decades. 

With advances in technology and resources, massive strides have been made with regards to 

the surgical management of children born with congenital heart disease. These advances have 

in turn reduced the mortality and morbidity of children born with congenital heart disease. 

Unfortunately, these privileges of advanced resources and infrastructure are limited to 

developed countries (1).  
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Paediatric cardiac surgical services is hence also a limited resource in South Africa as 

identified by the audit of paediatric services in South Africa done by Hoosen et al in 2006 (6). 

This audit identified that 1370 operations for congenital heart disease were performed in 

2006 of which 800 were in the public sector. Extrapolating from this, it was shockingly 

identified that less than 40% of the required surgeries were performed. The audit concluded 

that resources and infrastructure to detect and manage congenital heart disease in the public 

sector in South Africa were grossly inadequate.  

With such limited resources, it is important to keep record of and analyse the invaluable data 

that is available with regards to paediatric cardiac surgery. No previous cardiac surgical 

outcome study could be found in South Africa. This study will thus give invaluable insight 

into the outcomes of paediatric patients that undergo cardiac surgery. We will be able to get a 

better understanding of the outcomes of South African patients and be able to compare the 

data with other similar studies conducted around the world. In addition, this study can serve 

as a stepping stone to further research in the field of paediatric cardiac surgery and 

anaesthesia. 

3.12 Validity and reliability of the study 

Validity of a study refers to the ability of a study to accurately identify the conclusions made 

and the degree to which these conclusions are justified (22). Reliability refers to the 

dependability and reproducibility of a study’s outcome or results (22). 

This study will ensure validity and reliability in the following ways: 

• Appropriate data collection methods and study design will be utilised. 

• All data collection will be done by the primary researcher.  

• Appropriate inclusion and exclusion criteria will be used. 

• Entries made into spreadsheets will be checked for accuracy. 

• The expertise of a biostatistician will be utilised in order to analyse the data collected. 

3.13 Potential limitations of the study 
 

Due to the retrospective nature of this study, not all patients will have the required 

information or data needed. Access to certain pertinent clinical data may be limited in 
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retrospective studies. Another potential limitation that is linked with retrospective studies, is 

the inherent possibility of selection bias. The study will also only look at short term outcomes 

due to the ease of access of data and will not look at long term outcomes. 

With these inherent limitations in mind, this study will aim to reduce the impact of these 

limitations by being aware and more cognisant of the avoidable limitations. 

 

 

3.14 Project outline 
 

3.14.1  Time frame 
Year 2021/2022 

Month Jun Jul Aug Sept Oct Nov Dec Jan 

2022 

Feb 

2022 

Mar 

2022 

April 

2022 

May 

2022 

June 

2022 

July 

2022 

Proposal               

Ethics 

approval  

              

Postgraduate 

approval  

              

Data 

collection 

              

Data 

analysis 

              

Submission               

 

3.14.2  Financial plan 
Description Price per item Amount of items Total 

Printing proposal R1 per page 400 R 400 

Printing research report R 1 per page 800 R 800 

Binding final research report R 20 2 R 40 
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Total R 1240 
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3.16 Appendices 
 

3.16.1  Appendix A: Request to the CEO of the Hospital 
Dr P Sarma 

Department of Anaesthesiology 

University of the Witwatersrand 

drprathapsarma@gmail.com 

30/09/2021 

The Chief Executive Officer, CMJAH, 

 

I am a registrar in the Department of Anaesthesiology. I am currently conducting research in 

order to complete my Masters of Medicine in Anaesthesiology. I would hereby like to request 

permission to conduct my study in the Department of Anaesthesiology and Paediatric Cardiac 

Surgery at Charlotte Maxeke Johannesburg Academic Hospital. 

My study is entitled “Perioperative outcomes in paediatric congenital cardiac surgery in 

Johannesburg, South Africa.” By retrospectively analysing data that is available in the 

respective departments, we will get a better understanding of outcomes of paediatric cardiac 

surgical services that were offered at the hospital. 

The study is a retrospective outcome study and will require access to patient clinical data 

related to cardiac surgical procedures performed on them. Due to the retrospective nature of 

the study, consent will not be needed from patients. Anonymity of patient identifiers will be 

maintained at all times. 

Post-graduate and ethics committee approval will be obtained prior to the conduct of this 

study. Due to the descriptive nature of the study, there will be no expense to the hospital. 

Thanking you in advance for your assistance. 

 

Regards, 

Dr. Prathap Sarma 

Registrar: Department of Anaesthesiology 

 

 

mailto:drprathapsarma@gmail.com
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3.16.2  Appendix B: Request to the HODs  

Dr P Sarma 

Department of Anaesthesiology 

University of the Witwatersrand 

drprathapsarma@gmail.com 

30/09/2021 

The Heads of Departments, Anaesthesiology & Cardiothoracic Surgery, 

 

I am a registrar in the Department of Anaesthesiology. I am currently conducting research in 

order to complete my Masters of Medicine in Anaesthesiology. I would hereby like to request 

permission to conduct my study in the Department of Anaesthesiology and Paediatric Cardiac 

Surgery at Charlotte Maxeke Johannesburg Academic Hospital. 

My study is entitled “Perioperative outcomes in paediatric congenital cardiac surgery in 

Johannesburg, South Africa.” By retrospectively analysing data that is available in the 

respective departments, we will get a better understanding of outcomes of paediatric cardiac 

surgical services that were offered at the hospital. 

The study is a retrospective outcome study and will require access to patient clinical data 

related to cardiac surgical procedures performed on them. Due to the retrospective nature of 

the study, consent will not be needed from patients. Anonymity of patient identifiers will be 

maintained at all times. 

Post-graduate and ethics committee approval will be obtained prior to the conduct of this 

study. Due to the descriptive nature of the study, there will be no expense to the respective 

departments. 

Thanking you in advance for your assistance. 

 

Regards, 

Dr. Prathap Sarma 

Registrar: Department of Anaesthesiology 

 

 

mailto:drprathapsarma@gmail.com


 
 
 
 

88 
 

3.16.3  Appendix C: Data collection sheet 
 
Section 1: Demographics & personal details 

1. Study number 

2. Age 

o In months/years 

3. Gender 

o Male 

o Female 

4. Ethnicity 

o Black 

o Asian 

o White 

o Mixed Ancestry 

5. Weight (At the time of surgery) 

o Kilograms 

 

Section 2: Clinical data 

1. Presence of Chromosomal disorder 

o Yes 

o No 

2. Preoperative length of stay (days) 

3. Preoperative Cyanotic/ Acyanotic 

4. Cardiac surgical procedure 

o Name of surgery conducted 

o Preoperative condition (emergent) 

o Index procedure Y/N 

o Redo procedure Y/N 

o Staged procedure Y/N 

5. Surgical access route 

o Complete median sternotomy 

o Right thoracotomy 
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6. RACHS – 1 category (as described by Jenkins et al (23) Table 1 

7. Society of Thoracic Surgeons-European Association for Cardio - Thoracic Surgery 

(STS-EACTS) mortality category (24) – Table 2 

8. Aristotle Basic Score (ABC) Category (24) – Table 3 

 

Section 3: Outcomes 

1. Survival to hospital discharge 

o Yes 

o No 

2. Length of ICU stay 

o Days 

3. Length of hospital stay 

o Days 

4. In hospital mortality 

o Yes 

o No 

5. Cardio-pulmonary bypass used 

o Yes 

o No 

6. Cardio-pulmonary bypass time 

o Minutes 

 

Section 4: Complications 

1. Renal Failure 

2. Respiratory Failure 

3. Poor Cardiac Output  

4. Infection/Sepsis 

5. Neurological Injury 

6. Bleeding 

7. Mechanical support 

8. Delayed sternal closure 
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9. Other 

 

 

Table 1 – Procedures by RACHS – 1 Category  

RACHS – 1 Category Procedures 

Risk Category 1 o Atrial septal defect surgery (including 
atrial septal defect secundum, sinus 
venosus atrial septal defect, patent 
foramen ovale closure)  

o Aortopexy  
o Patent ductus arteriosus surgery at age 

>30 d 
o Coarctation repair at age >30 d 
o Partially anomalous pulmonary venous 

connection surgery  

Risk Category 2 o Aortic valvotomy or valvuloplasty at age 
>30 d. 

o Subaortic stenosis resection 
o Pulmonary valvotomy or valvuloplasty. 
o Pulmonary valve replacement. 
o Right ventricular infundibulectomy. 
o Pulmonary outflow tract augmentation. 
o Repair of coronary artery fistula. 
o Atrial septal defect and ventricular septal 

defect repair. 
o Atrial septal defect primum repair. 
o Ventricular septal defect repair. 
o Ventricular septal defect closure and 

pulmonary valvotomy or infundibular 
resection. 

o Ventricular septal defect closure and 
pulmonary artery band removal. 

o Repair of unspecified septal defect. 
o Total repair of tetralogy of Fallot. 
o Repair of total anomalous pulmonary 

veins at age >30 d Glenn shunt. 
o Vascular ring surgery. 
o Repair of aorta-pulmonary window. 
o Coarctation repair at age ≤30 d. 
o Repair of pulmonary artery stenosis. 
o Transection of pulmonary artery. 
o Common atrium closure. 
o Left ventricular to right atrial shunt 

repair. 
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Risk Category 3 o Aortic valve replacement 
o Ross procedure 
o Left ventricular outflow tract patch 
o Ventriculomyotomy 
o Aortoplasty 
o Mitral valvotomy or valvuloplasty 
o Mitral valve replacement 
o Valvectomy of tricuspid valve 
o Tricuspid valvotomy or valvuloplasty 
o Tricuspid valve replacement 
o Tricuspid valve repositioning for Ebstein 

anomaly at age >30 d  
o Repair of anomalous coronary artery 

without intrapulmonary tunnel 
o Repair of anomalous coronary artery 

with intrapulmonary tunnel (Takeuchi)  
o Closure of semilunar valve, aortic or 

pulmonary 
o Right ventricular to pulmonary artery 

conduit 
o Left ventricular to pulmonary artery 

conduit 
o Repair of double-outlet right ventricle 

with or without repair of right ventricular 
obstruction 

o Fontan procedure 
o Repair of transitional or complete 

atrioventricular canal with or without 
valve replacement 

o Pulmonary artery banding 
o Repair of tetralogy of Fallot with 

pulmonary atresia 
o Repair of cor triatriatum 
o Systemic to pulmonary artery shunt 
o Atrial switch operation 
o Arterial switch operation 
o Reimplantation of anomalous pulmonary 

artery  
o Annuloplasty 
o Repair of coarctation and ventricular 

septal defect closure  
o Excision of intracardiac tumor  

Risk Category 4 o Aortic valvotomy or valvuloplasty at age 
≤30 d 

o Konno procedure 
o Repair of complex anomaly (single 

ventricle) by ventricular septal defect 
enlargement 

o Repair of total anomalous pulmonary 
veins at age ≤30 d  

o Atrial septectomy 
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o Repair of transposition, ventricular 
septal defect, and subpulmonary stenosis 
(Rastelli) 

o Atrial switch operation with ventricular 
septal defect closure  

o Atrial switch operation with repair of 
subpulmonary stenosis  

o Arterial switch operation with 
pulmonary artery band removal  

o Arterial switch operation with 
ventricular septal defect closure  

o Arterial switch operation with repair of 
subpulmonary stenosis  

o Repair of truncus arteriosus 
o Repair of hypoplastic or interrupted arch 

without ventricular septal defect closure 
o Repair of hypoplastic or interrupted 

aortic arch with ventricular septal defect 
closure 

o Transverse arch graft 
o Unifocalization for tetralogy of Fallot 

and pulmonary atresia  
o Double switch  

Risk Category 5 o Tricuspid valve repositioning for 
neonatal Ebstein anomaly at age ≤30 d 

o Repair of truncus arteriosus and 
interrupted arch  

Risk Category 6 o Stage 1 repair of hypoplastic left heart 
syndrome (Norwood operation) 

o Stage 1 repair of nonhypoplastic left 
heart syndrome conditions  

o Damus-Kaye-Stansel procedure  

 

Table 2 - STS-EACTS Mortality category 

  Procedure Mortality Score Mortality Category 

1 ASD repair, patch  0.1 1 

2 

AVC (AVSD) repair, 
partial (incomplete) 
(PAVSD) 0.1 1 

3 
ASD repair, patchþ 
PAPCV repair 0.2 1 

4 
Aortic stenosis, subvalvar, 
repair 0.2 1 

5 ICD (AICD) implantation 0.2 1 

6 DCRV repair 0.2 1 
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7 
ASD repair, primary 
closure 0.2 1 

8 VSD repair, patch 0.2 1 

9 Vascular ring repair 0.2 1 

10 
Coarctation repair, end to 
end 0.2 1 

11 ICD (AICD) procedure 0.2 1 

12 PFO, primary closure 0.2 1 

13 AVR, bioprosthetic 0.3 1 

14 
VSD repair, primary 
closure 0.3 1 

15 PVR 0.3 1 

16 Conduit reoperation 0.3 1 

17 Pacemaker procedure 0.3 1 

18 PAPVC repair 0.3 1 

19 

TOF repair, 
ventriculotomy, 
nontransanular patch 0.3 1 

20 
TOF repair, no 
ventriculotomy 0.3 1 

21 

Glenn (unidirectional 
cavopulmonary 
anastomosis; unidirectional 
Glenn procedure) 0.3 1 

22 
AVC (AVSD) repair, 
intermediate (transitional) 0.3 1 

23 
Coarctation repair, 
interposition graft 0.3 1 

24 
Fontan, TCPC, lateral tunnel, 
fenestrated 0.3 1 

25 
Sinus of Valsalva, aneurysm 
repair 0.3 1 

26 AVR, mechanical 0.3 1 

27 PDA closure, surgical 0.4 2 

28 
PA, reconstruction 
(plasty), main (trunk) 0.4 2 

29 LV to aorta tunnel repair 0.4 2 

30 Valvuloplasty, mitral  0.4 2 

31 Valvuloplasty, aortic 0.4 2 

32 11/2 Ventricular repair 0.4 2 

33 
Arrhythmia surgery– 
ventricular, surgical ablation 0.4 2 
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34 
Pacemaker implantation, 
permanent 0.4 2 

35 Ross procedure 0.4 2 

36 Glenn + PA reconstruction 0.4 2 

37 Aortopexy 0.4 2 

38 
Fontan, atriopulmonary 
connection 0.4 2 

39 

Bilateral bidirectional 
cavopulmonary anastomosis 
(bilateral bidirectional Glenn 
procedure) 0.4 2 

40 
Aortic root replacement, 
mechanical 0.5 2 

41 Conduit placement, LV to PA 0.5 2 

42 
Coarctation repair, end to end, 
extended 0.5 2 

43 
Anomalous origin of coronary 
artery repair 0.5 2 

44 RVOT procedure 0.5 2 

45 Aortic aneurysm repair 0.5 2 

46 

Congenitally corrected 
TGA repair, VSD 
closure 0.5 2 

47 AP window repair 0.5 2 

48 Valvuloplasty, pulmonic 0.5 2 

49 

TOF repair, 
ventriculotomy, 
transannular patch 0.5 2 

50 
Aortic root replacement, 
bioprosthetic 0.5 2 

51 

Bidirectional 
cavopulmonary anastomosis 
(bidirectional Glenn 
procedure) 0.5 2 

52 
Aortic stenosis, supravalvar, 
repair 0.5 2 

53 Pericardiectomy 0.5 2 

54 Conduit placement, other 0.5 2 

55 
Aneurysm, ventricular, 
left, repair 0.5 2 

56 
Fontan, TCPC, external 
conduit, fenestrated 0.6 2 
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57 

Pulmonary artery origin from 
ascending aorta 
(hemitruncus) repair 0.6 2 

58 
ASD, common atrium (single 
atrium), septation 0.6 2 

59 PAPVC, scimitar, repair 0.6 2 

60 
Fontan, TCPC, external 
conduit, nonfenestrated 0.6 2 

61 
Ligation, pulmonary 
artery 0.6 2 

62 
Coronary artery fistula 
ligation 0.6 2 

63 
Aortic root replacement, 
valve sparing 0.6 2 

64 

Mitral stenosis, 
supravalvar mitral ring 
repair 0.6 2 

65 
Arrhythmia surgery–atrial, 
surgical ablation 0.7 2 

66 
Systemic venous stenosis 
repair 0.7 2 

67 

PA, reconstruction 
(plasty), branch, peripheral (at 
or beyond the hilar 
bifurcation) 0.7 2 

68 Valvuloplasty, tricuspid 0.7 2 

69 TVR 0.7 2 

70 
Valve replacement, 
truncal valve 0.7 2 

71 
Fontan, TCPC, lateral 
tunnel, nonfenestrated 0.7 2 

72 Atrial fenestration closure 0.7 2 

73 Cor triatriatum repair 0.7 2 

74 VSD, multiple, repair 0.7 2 

75 

Atrial baffle procedure 
(non-Mustard, non- 
Senning) 0.7 2 

76 
Coarctation repair, 
subclavian flap 0.7 2 

77 

Partial left ventriculectomy 
(LV volume reduction 
surgery; Batista) 0.7 2 

78 TOF repair, RV–PA conduit 0.7 2 

79 Transplantation, lung(s) 0.8 3 

80 Occlusion MAPCA(s) 0.8 3 
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81 
Coarctation repair VSD 
repair 0.8 3 

82 Konno procedure 0.8 3 

83 
Coarctation repair, patch 
aortoplasty 0.8 3 

84 

PA, reconstruction (plasty), 
branch, central (within the 
hilar bifurcation) 0.8 3 

85 
Aneurysm, pulmonary artery, 
repair 0.8 3 

86 
Aneurysm, ventricular, right, 
repair 0.8 3 

87 Ventricular septal fenestration 0.8 3 

88 Shunt, ligation and takedown 0.8 3 

89 Hemi-Fontan procedure 0.8 3 

90 
AVC (AVSD) repair, 
complete 0.8 3 

91 
Anomalous systemic 
venous connection repair 0.8 3 

92 ASO 0.8 3 

93 Valvuloplasty, truncal valve 0.8 3 

94 
Fontan, atrioventricular 
connection 0.9 3 

95 
Pulmonary embolectomy, 
acute pulmonary embolus 0.9 3 

96 ASD partial closure 0.9 3 

97 Rastelli operation 0.9 3 

98 
Conduit placement, 
ventricle to aorta 0.9 3 

99 AVR, homograft 1.0 3 

100 REV 1.1 3 

101 
Pulmonary artery sling 
repair 1.1 3 

102 Mustard procedure 1.1 3 

103 

Pulmonary atresia–VSD 
(including TOF, PA) 
repair 1.1 3 

104 
Conduit placement, RV to 
PA 1.2 3 

105 Pulmonary embolectomy  1.2 3 

106 MVR 1.3 4 

107 
Pericardial drainage 
procedure 1.3 4 

108 Aortic arch repair 1.4 4 
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109 

Fontan revision or 
conversion (redo 
Fontan procedure) 1.4 4 

110 DOLV repair 1.4 4 

111 
DORV, intraventricular 
tunnel repair 1.4 4 

112 
Arterial switch procedure+ 
aortic arch repair 1.4 4 

113 PA debanding 1.4 4 

114 ASO and VSD repair 1.4 4 

115 Cardiac tumor resection 1.4 4 

116 Transplantation, heart 1.4 4 

117 Coronary artery bypass 1.5 4 

118 
TOF–absent pulmonary 
valve repair 1.5 4 

119 
Valve excision, tricuspid 
(without replacement) 1.5 4 

120 
Shunt, systemic to 
pulmonary, MBTS 1.5 4 

121 TOF–AVC (AVSD) repair 1.6 4 

122 Ross–Konno procedure 1.6 4 

123 Senning procedure 1.6 4 

124 Ebstein’s repair 1.6 4 

125 
Aortic arch repair+VSD 
repair 1.7 4 

126 PA banding 1.7 4 

127 
Aortic root replacement, 
homograft 1.7 4 

128 
Unifocalization 
MAPCA(s) 1.7 4 

129 Aortic dissection repair 1.7 4 

130 

Congenitally corrected 
TGA repair, VSD closure and 
LV to PA conduit 1.7 4 

131 

Pulmonary atresia–VSD– 
MAPCA (pseudotruncus) 
repair 1.7 4 

132 VSD creation/enlargement 1.8 4 

133 HLHS biventricular repair 1.9 4 

134 TAPVC repair 1.9 4 

135 
Pulmonary venous 
stenosis repair 2.0 4 

136 
Shunt, systemic to 
pulmonary, central (from 2.1 4 
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aorta or to main pulmonary 
artery) 

137 Interrupted aortic arch repair 2.1 4 

138 
Arterial switch procedure and 
VSD repairþaortic arch repair 2.4 4 

139 Truncus arteriosus repair 2.4 4 

140 ASD creation/enlargement 2.5 4 

141 Atrial septal fenestration 2.6 4 

142 

Valve closure, tricuspid 
(exclusion, 
univentricular 
approach) 2.6 4 

143 

Damus–Kaye–Stansel 
procedure (creation of AP 
anastomosis without arch 
reconstruction) 2.9 5 

144 
Transplantation, heart and 
lung 3.2 5 

145 

Congenitally corrected TGA 
repair, atrial switch and 
Rastelli operation 3.2 5 

146 

Congenitally corrected TGA 
repair, atrial switch and ASO 
(double switch) 3.4 5 

147 Norwood procedure 4.0 5 

148 Truncus+IAA repair 5.0 5 

 

 

 
 

 

 

Table 3 - ABC Score 

  Procedure 
Basic 
Score 

Complexity 
level 

1 PFO, Primary closure  3.0 1 

2 ASD repair, Primary closure  3.0 1 

3 ASD repair, Patch  3.0 1 

4 ASD, Common atrium (Single atrium), Septation  3.8 1 

5 ASD creation/enlargement  4.0 1 

6 ASD partial closure  3.0 1 
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7 Atrial septal fenestration  5.0 1 

8 VSD repair, Primary closure  6.0 2 

9 VSD repair, Patch  6.0 2 

10 VSD, Multiple, Repair  9.0 3 

11 VSD creation/enlargement  9.0 3 

12 Ventricular septal fenestration  7.5 2 

13 AVC (AVSD) repair, Complete (CAVSD)  9.0 3 

14 AVC (AVSD) repair, Intermediate (transitional)  5.0 1 

15 AVC (AVSD) repair, Partial (incomplete) (PAVSD)  4.0 1 

16 AP window repair  6.0 2 

17 
Pulmonary artery origin from ascending aorta 
(hemitruncus) repair  9.0 3 

18 Truncus arteriosus repair  11.0 4 

19 Valvuloplasty, Truncal valve  7.0 2 

20 Valve replacement, Truncal valve  6.0 2 

21 PAPVC repair  5.0 1 

22 PAPVC, Scimitar, Repair 8.0 3 

23 TAPVC repair  9.0 3 

24 Cor triatriatum repair  6.8 2 

25 Pulmonary venous stenosis repair  12.0 4 

26 Atrial baffle procedure (non-Mustard, non-Senning)  7.8 2 

27 Anomalous systemic venous connection repair  7.0 2 

28 Systemic venous stenosis repair  8.0 3 

29 TOF repair, No ventriculotomy  8.0 3 

30 TOF repair, Ventriculotomy, Non-transanular patch  7.5 2 

31 TOF repair, Ventriculotomy, Transanular patch 8.0 3 

32 TOF repair, RV-PA conduit  8.0 3 

33 TOF—AVC (AVSD) repair  11.0 4 

34 TOF—Absent pulmonary valve repair  9.3 3 

35 Pulmonary atresia—VSD (including TOF, PA) repair  9.0 3 

36 
Pulmonary atresia—VSD—MAPCA (pseudotruncus) 
repair  11.0 4 

37 Unifocalization MAPCA (s)  11.0 4 

38 Occlusion MAPCA (s)  7.0 2 

39 Valvuloplasty, Tricuspid  7.0 2 

40 Valve replacement, Tricuspid (TVR)  7.5 2 

41 
Valve closure, Tricuspid (exclusion, univentricular 
approach) 9.0 3 

42 Valve excision, Tricuspid (without replacement)  7.0 2 

43 RVOT procedure  6.5 2 

44 1 1/2 ventricular repair  9.0 3 
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45 PA, reconstruction (plasty), Main (trunk)  6.0 2 

46 
PA, reconstruction (plasty), Branch, Central (within the 
hilar bifurcation)  7.8 2 

47 
PA, reconstruction (plasty), Branch, Peripheral (at or 
beyond the hilar bifurcation) 7.8 2 

48 DCRV repair 7.0 2 

49 Conduit reoperation 8.0 2 

50 Valvuloplasty, Pulmonic 5.6 1 

51 Valve replacement, Pulmonic (PVR) 6.5 2 

52 Conduit placement, RV to PA 7.5 2 

53 Conduit placement, LV to PA 8.0 3 

54 Valvuloplasty, Aortic  8.0 3 

55 Valve replacement, Aortic (AVR), Mechanical  7.0 2 

56 Valve replacement, Aortic (AVR), Bioprosthetic  7.0 2 

57 Valve replacement, Aortic (AVR), Homograft  8.5 3 

58 Aortic root replacement  8.0 3 

59 Aortic root replacement, Mechanical  8.8 3 

60 Aortic root replacement, Homograft  9.5 3 

61 Ross procedure 10.3 4 

62 Konno procedure 11.0 4 

63 Ross – Konno procedure  12.5 4 

64 Aortic stenosis, Subvalvar, Repair 6.3 2 

65 Aortic stenosis, Supravalvar, Repair  7.5 2 

66 Sinus of Valsalva, Aneurysm repair  7.5 2 

67 LV to aorta tunnel repair 8.3 3 

68 Valvuloplasty, Mitral  8.0 3 

69 Mitral stenosis, Supravalvar mitral ring repair  8.0 3 

70 Valve replacement, Mitral (MVR)  7.5 2 

71 Norwood procedure 14.5 4 

72 HLHS biventricular repair  15.0 4 

73 Transplant, Heart 9.3 3 

74 Transplant, Heart and lung(s)  13.3 4 

75 
Partial left ventriculectomy (LV volume reduction 
surgery) (Batista) 12.0 4 

76 Pericardial drainage procedure  3.0 1 

77 Pericardiectomy  6.0 2 

78 Fontan, Atrio-pulmonary connection  9.0 3 

79 Fontan, Atrio-ventricular connection  9.0 3 

80 Fontan, TCPC, Lateral tunnel, Fenestrated  9.0 3 

81 Fontan, TCPC, Lateral tunnel, Non-fenestrated 9.0 3 

82 Fontan, TCPC, External conduit, Fenestrated  9.0 3 
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83 Fontan, TCPC, External conduit, Non-fenestrated  9.0 3 

84 
Congenitally corrected TGA repair, Atrial Switch and 
ASO (Double switch) 13.8 4 

85 
Congenitally corrected TGA repair, Atrial switch and 
Rastelli  11.0 4 

86 Congenitally corrected TGA repair, VSD closure 9.0 3 

87 
Congenitally corrected TGA repair, VSD closure and LV 
to PA conduit 11.0 4 

88 Arterial switch operation (ASO) 10.0 4 

89 Arterial switch operation (ASO) and VSD repair 11.0 4 

90 Senning  8.5 3 

91 Mustard 9.0 3 

92 Rastelli 10.0 4 

93 REV 11.0 4 

94 DORV, Intraventricular tunnel repair 10.3 4 

95 DOLV repair 11.0 4 

96 
Anomalous origin of coronary artery from pulmonary 
artery repair 10.0 4 

97 Coronary artery fistula ligation  4.0 1 

98 Coronary artery bypass  7.5 2 

99 Coarctation repair, End to end  6.0 2 

100 Coarctation repair, End to end, Extended  8.0 3 

101 Coarctation repair, Subclavian flap  6.0 2 

102 Coarctation repair, Patch aortoplasty  6.0 2 

103 Coarctation repair, Interposition graft  7.8 2 

104 Aortic arch repair 7.0 2 

105 Interrupted aortic arch repair 10.8 4 

106 PDA closure, Surgical 3.0 1 

107 Vascular ring repair  6.0 2 

108 Pulmonary artery sling repair  9.0 3 

109 Aortic aneurysm repair  8.8 3 

110 Aortic dissection repair  11.0 4 

111 Lung biopsy  5.0 1 

112 Transplant, Lung(s)  12.0 4 

113 Pectus repair  5.3 1 

114 Pacemaker implantation, Permanent 3.0 1 

115 Pacemaker procedure  3.0 1 

116 ICD (AICD) implantation  4.0 1 

117 
ICD (AICD) (automatic implantable cardioverter 
defibrillator) procedure 4.0 1 

118 Arrhythmia surgery—atrial, Surgical ablation  8.0 3 
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119 
Shunt, Systemic to pulmonary, Modified Blalock-Taussig 
shunt (MBTS)  6.3 2 

120 
Shunt, Systemic to pulmonary, Central (From aorta or to 
main pulmonary artery) 6.8 2 

121 Shunt, Ligation and takedown 3.5 1 

122 PA banding (PAB) 6.0 2 

123 PA debanding 6.0 2 

124 
Damus – Kaye – Stansel procedure (DKS) (creation of AP 
anastomosis without arch reconstruction) 9.5 3 

125 
Bidirectional cavopulmonary anastomosis (BDCPA) 
(bidirectional Glenn) 6.8 2 

126 
Glenn (unidirectional cavopulmonary anastomosis) 
(unidirectional Glenn) 7.0 2 

127 
Bilateral bidirectional cavopulmonary anastomosis 
(BBDCPA) (bilateral bidirectional Glenn) 7.5 2 

128 Hemifontan 8.0 3 

129 Aneurysm, Ventricular, Right, Repair 8.0 3 

130 Aneurysm, Ventricular, Left, Repair 9.0 3 

131 Aneurysm, Pulmonary artery, Repair 8.0 3 

132 Cardiac tumor resection 8.0 3 

133 Ligation, Pulmonary artery 5.0 1 

134 Pulmonary embolectomy 8.0 3 

135 Pleural drainage procedure 1.5 1 

136 Ligation, Thoracic duct 4.0 1 

137 Decortication  5.0 1 

138 Intra-aortic balloon pump (IABP) insertion 2.0 1 

139 ECMO procedure 6.0 2 

140 Right/left heart assist device procedure 7.0 2 

141 Bronchoscopy 1.5 1 

142 Diaphragm plication 4.0 1 

143 Delayed sternal closure  1.5 1 

144 Mediastinal exploration  1.5 1 

145 Sternotomy wound drainage  1.5 1 
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Section 4 Annexures 
4.1 Supervisor approval 
 

  

             
 

21 October 2021 

 

Postgrad Office 

School of Clinical Medicine 

Faculty of Health Sciences 

University of the Witwatersrand 

 

To Whom It May Concern 

Proposal Approval: Dr Prathap Sarma 

 

This is to confirm that I have read and approved Dr Sarma’s corrections for final submission as 

suggested by the postgraduate committee members for his proposal towards a Mmed project 

titled “Perioperative outcomes of paediatric congenital cardiac surgery in Johannesburg, South 

Africa”.  

 

Thank you. 

Dr P Motshabi 

 

 

 

DEPARTMENT OF 
ANAESTHESIOLOGY  
Tel.(011)488 4344 
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4.2 Anaesthesia HOD approval 

 

           
      DEPARTMENT OF ANAESTHESIA  
      Area 361 
      Charlotte Maxeke Johannesburg Academic Hospital  
       
      Tel:  011 488 4344   
      Fax: 086 765 3477 
      

      29 March 2022 
 
Dr Prathap Sarma 
Specialist / Consultant 
Department of Anaesthesia 
CMJAH 
 
 
Dear Dr Sarma 
 
PROPOSED MMED RESEARCH PROJECT 

Your proposed research project titled “Perioperative outcomes in paediatric congenital 
cardiac surgery in Johannesburg, South Africa” has the potential to help us understand all 
related relevant factors and improve outcomes in future. The Department of Anaesthesia fully 
supports this study. 

However, preconditions are that the study has no cost implication to the hospital, does not 
interfere with service delivery, and must be approved by the relevant ethics/research 
authorities, namely university ethics committee and hospital research committee before data 
collection starts. 
 
I fully support you in this research endeavor. Looking forward to your findings. 
 
Yours sincerely, 
 

 
_________________________ 
Prof EE Oosthuizen 
Clinical head: Department of Anaesthesia 
CMJAH 
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4.3 Cardiothoracic HOD approval 

University 
of the Witwatersrand   

 Johannesburg 
Department of Surgery:  
 
Charlotte Maxeke Johannesburg Academic Hospital 

 
Post net Suite #235, Private Bag x2600, Houghton 2041 •  Telephone +27 (0)11 717-2536• Fax +27 (0)11 488-4322 • Email: 
Mandisa.Khumalo@wits.ac.za 
 
 

       10th January 2022 
 
Ms. G Bogoshi 
Office of the CEO   
Charlotte Maxeke Johannesburg Academic Hospital 
 
Dear CEO 
 
Re: Research Project:  

Good day.  This is to inform you that Dr P. Sarma is planning to conduct a study titled:  

Perioperative outcomes of paediatric congenital cardiac surgery in Johannesburg, South Africa. 

We are aware of the study and fully support it.  There will be no cost implication to the Hospital. Has 
already applied for ethical approval from the Human Ethics Committee of University of the 
Witwatersrand.  

 

Yours sincerely 
SM Mogaladi (HOD)                                                                              
 

 
 
Department of cardiothoracic surgery 
University of the Witwatersrand 
Faculty of Health Sciences 
School of Clinical Medicine 
01171712536 
Shungu.mogaladi@gauteng.gov.za 
Shungu.mogaladi@wits.ac.za 
Shungu.mogaladi@gmail.com     
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4.4 CMJAH CEO Approval 

 
CHARLOTTE MAXEKE JOHANNESBURG ACADEMIC HOSPITAL (CMJAH) 

OFFICE OF THE SENIOR CLINICAL MANAGER 
 

 Enquiries: Ms N. Mzila  

 Email: Nolwazi.Mzila@gauteng.gov.za  

 Tel: 011 488 3365 

 Ref: 1/7/2 

     Date:  7 July 2022  

GP_202111_024 
 
Dear Dr Prathap Sarma 
 
RE:  FINAL APPROVAL OF STUDY 
 
TITLE: PERIOPERATIVE OUTCOMES OF PAEDIATRIC CONGENITAL CARDIAC SURGERY IN 

JOHANNESBURG, SOUTH AFRICA 

 
Permission is granted for you to conduct the above-mentioned study as described in your 
request provided: 
 

1. Charlotte Maxeke Johannesburg Academic Hospital will not in any way incur or inherit 
costs as a result of the said study. 

2. Your study shall not disrupt services at the study sites. 
3. Strict confidentiality shall always be observed. 
4. Informed consent shall be solicited from patients participating in your study. 

 
Please liaise with the HOD and Unit Manager or Sister in charge to agree on the dates and 
time that would suit all parties.  
 
Kindly forward this office with the results of your study on completion of the research. 
  
Supported/Not Supported 
 
 
____________________  
Dr J. Punwasi 
Senior Clinical Manager 
 
Approved/Not Approved 
 
 
____________________ 
Ms. G Bogoshi 
Chief Executive Officer 
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4.5 Ethical approval 
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4.6 Graduate studies approval 
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