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The SA Heart® Journal is the academic mouthpiece of cardiology in South Africa and deserves 

the support of the Association’s members. 

Circumstances arose during 2023 that led to the failure of publication of the Journal, the 

exception being the Congress issue edited by Dr Blanche Cupido. The Board is acutely aware of 

the amount of work involved in preparing a submission and offers its sincere apology to the 

authors whose work has gone unpublished to date. The former Editor has dealt with the backlog. 

Accepted articles are expected to be published shortly.

An Interim Editor was appointed by the Board to see to the publication of submissions received 

this year. Special thanks are due to Drs Stephen Brown, George Comitis, Rob Kinsley, John 

Lawrenson, Ruchika Meel, Tim Pennell, Mohammed Talle and Andrew Thornton who freely gave 

of their time and expertise to critically review these papers. The current edition is the product 

of their joint contribution. I trust you find the content enlightening. 

SA Heart® will soon be appointing a new Editor who will be assisted by section sub-Editors to 

ensure the continued publication of the Journal. 

Interim Editor, Dr Tony Dalby 
Cardiologist, Life Fourways Hospital, Fourways, Johannesburg, South Africa 
Chair, SA Heart Board® 

Revitalisation of the  
SA Heart® Journal

COMMENTARY
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The South African Heart Association (SA Heart®) stands as a vital pillar in our nation’s healthcare 

landscape. Our not-for-profit organisation, driven by a dedicated team and a resolute mission, 

serves as the powerful voice of cardiovascular care in South Africa. SA Heart®’s commitment 

extends far beyond advocacy – it fosters collaboration, propels research, and strives to ensure 

exceptional care for all South Africans, from the tiniest hearts to the most seasoned.

The strength of SA Heart® lies in its comprehensive structure. An impressive Board of directors 

sets the strategic course, while the executive committee translates vision into action. Special 

interest groups, catering to specific areas of cardiovascular medicine, allow for focused expertise. 

Regional branches ensure a nationwide reach, bringing SA Heart®’s resources and guidance to 

every corner of the country. Underpinning this impressive framework is a dedicated team. The 

general manager steers the organisation’s day-to-day operations, while the stakeholder manager 

cultivates vital relationships with healthcare professionals, policymakers and the public.

Presently SA Heart® stands at a crossroad. As the leading voice for cardiovascular care in South 

Africa, we hold immense power to improve the health of our nation. But the road ahead is not 

without its challenges.

Firstly, we must solidify SA Heart®’s brand as a unified, coherent force. This means ensuring that 

our diverse membership – adult and paediatric cardiologists, researchers, and allied health 

professionals – operates under a single banner. Unity of purpose will amplify our impact and 

project a clearer image of unwavering support for our members.

Secondly, we need to address the growing pressure from private health funders. We cannot 

stand idly by when funders attempt to restrict clinical autonomy and limit diagnostic and 

therapeutic options for our patients. SA Heart® will be a relentless advocate for both patient 

well-being and the best practices within cardiovascular medicine.

The looming implementation of National Health Insurance (NHI) presents an additional hurdle. 

While it is admirable to strive for universal healthcare, building it on a fragile public healthcare 

system with strained finances creates a worrying scenario.

Guest Editor, Professor Eric Klug 
Associate Professor, University of the Witwatersrand, Johannesburg,  
South Africa
President, SA Heart®

SA Heart®: Beating strong 
for South Africa’s 
cardiovascular health

EDITORIAL
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Engaging the next generation of cardiovascular professionals is crucial. We actively encourage 

younger members to volunteer and participate in SA Heart®’s structures. Their fresh perspectives 

and enthusiasm are vital to the future of our organisation.

By fostering a patient advisory group, we create a vital communication channel that benefits 

patients, practitioners, and the entire healthcare landscape. This is a major priority for SA Heart® 

in 2024. Advocacy efforts will hopefully work to influence policy decisions that prioritise cardio-

vascular health and improve access to quality care for all. SA Heart® intends to be a proactive 

voice in the process.

A pivotal tool in our mission is the SA Heart® Journal. However, its viability rests on finding a 

dedicated editor, securing financial resources, and streamlining administration. This may be the 

final edition of the Journal, but we cannot afford to lose this valuable platform for knowledge 

sharing and advancement in cardiac care.

By presenting a unified front, attracting young talent, and securing the future of the SA Heart® 

Journal, we can overcome obstacles and emerge stronger. SA Heart® is not just an organisation; 

it is a testament to unwavering dedication. It is the tireless work of the Board, the executive 

committee, special interest groups, regional branches, the general manager and the stakeholder 

manager – united by a common purpose - that ensures that every South African heart beats 

strong and healthy and that its members are supported, protected and secure in their invaluable 

professional careers.

SA Heart® needs your support to achieve its aims. A cohesive society is a powerful one. This is 

the moment for making a concerted effort to promote cardiovascular health in South Africa. Join 

us, our members, and our dedicated staff in reaching that objective. A heart-healthy South Africa 

will benefit all of us.
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position, basal metabolic rate, haematocrit, exercise, type of 

delivery, gestational age, and geographical factors.(6) Further-

more, growth of children may be impacted by other influences 

such as environmental, social, and economic factors of a region; 

therefore, the development of regional echocardiography 

nomograms is essential.(4)

This study was undertaken to establish reliable echocardio-

graphy nomograms for cardiac chambers, valve annuli, thymus, 

and great vessels dimensions in Black South African neonatal 

population at a Southern African tertiary care centre.

INTRODUCTION

The quantification of cardiac dimensions derived from echo-

cardiography is necessary in assessing cardiac disease in pae-

diatric practice. Evaluation of size and growth of cardiac 

chambers, valves, and great vessels plays a key role in the 

diagnosis and management of cardiac disease in children.(1) 

However, nomograms for these structures are limited in 

children. Various studies have already provided normal values in 

the paediatric population that represent most populations 

throughout the world but there is paucity of data originating 

from sub-Saharan Africa.(2,3,4) The lack of representative nomo-

grams points to the need for more extensive studies to create 

reliable, accurate nomograms and reproducible results.(1) Speci-

fically, these studies needed to include larger populations of 

healthy children and neonates. Other authors have indicated 

deficiencies in data normalisation according to BSA, and pos-

sible differences in normal values related to ethnicity.(1, 5, 6)

The size of cardiovascular structures in neonates is influenced 

by many elements including growth, gender, race, body com-

Echocardiography nomograms in 
Black South African neonates

NOMOGRAMS 
FROM NEONATES

ABSTRACT

Background: Quantitative estimation of cardiac cham-

bers, valve annulus and great vessel dimensions in pae-

diatric echocardiography is necessary in clinical man-

agement. Various studies have already provided normal 

values in the paediatric population that represent most 

populations of the world but there is paucity of data 

originating from sub-Saharan Africa, particularly in 

neonates. We sought to establish reliable echocardio-

graphy nomograms for cardiac chambers, valve annulus, 

great vessels, and thymus dimensions in the Black South 

African neonatal population. 

Methods: This was a descriptive, cross-sectional study 

evaluating cardiac chamber, valve annuli, thymus, and 

great vessel dimensions in Black South African neonates 

with normal hearts using echocardiography. 

Results: This study recruited 386 neonates (51% females, 

49% males; Weight range: 2.50 - 4.43kg [mean, 3.180; SD, 

0.38]; BSA range: 0.17 - 0.24m2 [mean, 0.20; SD, 0.01]).  

After controlling for the effects of confounders, good 

correlation for most cardiac dimensions were observed. 

Inter-observer variability revealed a strong correlation 

(ICC=0.50-0.82) with most measurements. All cardiac 

dimensions correlated well with body weight and were 

within ±2 standard deviation with few exceptions. 

Conclusion: This study presents nomograms from data 

acquired from healthy neonates which contributes to 

the current body of knowledge on cardiac dimensions in 

the African neonatal age group.  SA Heart® 2024;21:6-16
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METHODOLOGY

Design and population
This was a descriptive, cross-sectional study conducted at Chris 

Hani Baragwanath Academic Hospital, which evaluated cardiac 

chambers, valve annuli, the thymus, and great vessel dimensions 

in Black South African neonates with normal hearts. 

Following approval from the “Human Research Ethics Com-

mittee (Medical), Ethics Clearance Certificate no. M150721” 

from the University of the Witwatersrand, a total of 386 parti-

cipants met the inclusion criteria (healthy Black South African 

newborns born by normal vertex delivery and by Caesarian 

section with structural normal hearts, at an age of 12 - 24 hours 

after birth) were enrolled after informed consent was acquired 

from all the mothers of participating neonates. 

Data acquisition and image post processing 
Demographic data was collected from the clinical notes. 

Echocardiographic measurements were performed in accor-

dance with the guidelines by the American Society of Echo-

cardiography(7), using the GE Healthcare Vivid e Compact 

Digital Ultrasound system. Scanning was done using a 7.5MHz 

transducer (S6). Cardiovascular structures were measured in 

millimetres. 

Aortic (AO) and LA diameters were measured using M-mode 

in the parasternal long axis (PLAX) or parasternal short axis 

(PSAX) views depending on which view had the better image. 

The aortic diameter was measured during peak systole using 

the outer edge to inner edge technique. The LA diameter was 

measured during end-ventricular systole at its greatest dimen-

sion and measured from the leading edge of the posterior 

aortic wall to the leading edge of the posterior LA wall, fol-

lowing which the LA to AO ratio was calculated. LV dimensions 

[left ventricle internal diameter (LVID), left ventricular posterior 

wall (LVPW) and interventricular septum (IVS)] were measured 

on M-mode during end-diastole and during end-systole using 

the PSAX view. 

Semilunar valve annulus (aortic and pulmonary valve) diameters 

were measured in the 2D view during peak systole, from hinge 

point to hinge point. The aortic valve annulus (AV ANN) was 

measured in the PLAX view and pulmonary valve annulus (PV 

ANN) in the PSAX view at the level of the aorta. Atrioventricular 

valve annulus (MV and TV) diameters were measured in dias-

tole at the point of maximal valve excursion and the dimensions 

were measured from hinge point to hinge point in the apical  

4 chamber view. The abdominal aorta (ABD AO), main pul-

monary artery (MPA) and pulmonary branches (left and right 

pulmonary artery) were measured in 2D during systole. The 

MPA, left pulmonary artery (LPA) and right pulmonary artery 

(RPA) were measured in the PSAX view at the level of the 

aorta. The ABD AO was measured in 2D in the subcostal view 

at the point of maximal systolic dimension at the level of the 

diaphragm. The thymus was measured in the PSAX view at 

level of aorta using 2D and was measured from anterior chest 

wall to the most anterior great artery.

Statistical analysis
Collected data was cleaned and entered onto an Excel spread-

sheet, and then analysed using XLSTAT v2019 to obtain 

baseline demographics such as mean, standard deviation and 

Z-scores. Data was then exported into STATISTICA (v13.5.0) 

statistical package for further analyses. 

Height, weight, body length (BL), body surface area (BSA), 

mode of delivery (MOD), and gender were used as independent 

variables in a regression model to predict the effects of con-

founding factors. Weight was used to express measurements 

according to body size and Z-scores were calculated to predict 

mean values of each echocardiographic measurement. Z-scores 

were computed using formula:(8) 

Where x is the measured dimension, µ is the mean of the 

sample and σ is the standard deviation of the sample. ±2 or 3 

standard deviation (SD) was calculated using formula:(9) 

Where x is the measured dimension, x- is the predicted mean, 

and n is the sample size. Predicted mean values were calculated 

using linear regression model (y = bx + c). The SD was then 

multiplied by 2 or 3 and added or subtracted from the predicted 

mean to obtain ±2 or ±3 SD. The inter-observer variability was 

tested using intraclass correlation coefficient to detect bias. A 

p-value of less than 0.05 was considered statistically significant.

RESULTS

Demographic data
A total of 386 patients were studied. There was a slightly higher 

percentage of females (195, 51%), than males (191, 49%). The 

study cohort consisted of neonates born both by normal vaginal 

delivery (NVD) and by Caesarian section (C/S) with equal dis-

tribution. Weight ranged from 2.50 - 4.43kg (mean, 3.180; SD, 

0.38), BL ranged from 39 - 62cm (mean, 5.6; SD, 3.8), BSA 



8

ranged from 0.17 - 0.24me2 (mean, 0.20; SD, 0.01) and gesta-

tional age (GA) ranged from 37 - 42 weeks (mean, 39.0;  

SD, 1.4).

Effects of confounding factors

Multiple linear regression analysis was used to test the effects  

of confounding factors (weight, MOD, BSA, BL and GA) on  

all cardiovascular measurements (Table I). Body weight showed 

a significant relationship with all cardiovascular dimension 

NOMOGRAMS FROM NEONATES

TABLE I: Effects of confounding factors.

Variable Weight MOD Gender BSA

b p-value b p-value b p-value b p-value

LA *1.06 *0.000 0.11 0.499 -0.04 0.807 -7.38 0.257

AO DIA *1.11 *0.000 0.07 0.512 -0.14 0.219 -4.42 0.331

LVIDd *1.94 *0.000 -0.37 0.143 -0.19 0.444 -6.97 0.507

LVIDs *1.19 *0.001 -0.32 0.152 -0.19 0.393 -8.70 0.344

MPA *1.00 *0.000 *-0.48 *0.000 *-0.30 *0.027 1.16 0.836

RPA *0.31 *0.002 *-0.17 *0.008 *-0.18 *0.005 2.42 0.360

LPA *0.37 *0.001 *-0.31 *0.000 -0.04 0.572 -1.15 0.708

MV ANN *0.74 *0.001 *-0.44 *0.002 -0.11 0.455 *12.84 *0.028

TV ANN *1.28 *0.000 *-0.50 *0.004 0.10 0.578 -5.65 0.434

AV ANN *0.50 *0.000 -0.10 0.178 -0.01 0.901 -4.35 0.149

PV ANN *0.95 *0.000 -0.12 0.372 0.13 0.335 4.92 0.391

LA: left atrium, AO DIA: aortic diameter, LVIDd: left ventricular internal diameter in diastole, LVIDs: left ventricular internal diameter in diastole, MV ANN: mitral valve annulus, 
TV ANN: tricuspid valve annulus, AV ANN: aortic valve annulus, PV ANN: pulmonary valve annulus, MPA: main pulmonary artery, RPA: right pulmonary artery, LPA: left 
pulmonary artery. *: significant values.

TABLE II: LA and AO diameter M-mode measurements in 
millimetres.

Cardiac 
dimensions 

measurements

Standard  
deviation

Group 1: 
2.50 - 2.99

Group 2: 
3.00 - 3.49

Group 3: 
3.50 - 4.50

LA

3+ 15.42 15.88 16.34

2+ 13.91 14.37 14.83

MEAN 10.89 11.35 11.81

2- 7.87 8.33 8.79

3- 6.37 6.82 7.28

AO diameter

3+ 12.04 12.52 13.01

2+ 10.98 11.47 11.95

MEAN 8.87 9.36 9.84

2- 6.76 7.25 7.73

3- 5.71 6.19 6.68

LA/AO ratio

3+ 1.96 1.97 1.99

2+ 1.76 1.77 1.78

MEAN 1.36 1.37 1.38

2- 0.95 0.96 0.97

3- 0.75 0.76 0.77

LA: left atrium, AO: aorta.

TABLE III: LV M-mode measurements in millimetres.

Cardiac 
dimensions 

measurements

Standard  
deviation

Group 1: 
2.50 - 2.99

Group 2: 
3.00 - 3.49

Group 3: 
3.50 - 4.50

IVSd

3+ 7.64 7.80 7.97

2+ 6.59 6.76 6.92

MEAN 4.50 4.66 4.83
2- 2.41 2.57 2.73

3- 1.36 1.52 1.68

IVSs

3+ 8.61 8.82 9.02

2+ 7.42 7.62 7.82

MEAN 5.02 5.22 5.43
2- 2.63 2.83 3.03

3- 1.43 1.63 1.83

LVIDd

3+ 22.79 23.66 24.53

2+ 20.43 21.30 22.17

MEAN 15.73 16.59 17.46
2- 11.02 11.88 12.75

3- 8.66 9.53 10.40

LVIDs

3+ 15.88 16.43 16.98

2+ 13.75 14.30 14.86

MEAN 9.50 10.05 10.60
2- 5.24 5.79 6.34

3- 3.11 3.66 4.21

LVPWDd

3+ 5.74 5.93 6.11

2+ 4.88 5.06 5.24

MEAN 3.14 3.33 3.51
2- 1.41 1.59 1.78

3- 0.54 0.73 0.91

LVPWDs

3+ 7.52 7.62 7.73

2+ 6.53 6.63 6.74

MEAN 4.55 4.65 4.76
2- 2.56 2.67 2.77

3- 1.57 1.68 1.78

IVSd: interventricular septum in diastole, IVSs: interventricular septum in systole, 
LVIDd: left ventricle internal diameter in diastole, LVIDs: left ventricle internal 
diameter, LVPWDd: left ventricle posterior wall diameter in diastole,  
LVPWDs: left ventricle posterior wall diameter in systole.
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measurements (p<0.005). Mode of delivery (MOD) had signi-

ficant associations with atrioventricular valves (p<0.005), main 

pulmonary artery, and branch pulmonary artery measure-

ments. There were no significant relationships between all 

cardiac dimension measurements and body length (BL) or 

gestational age (GA), (p=0.122 - 0.969), nor for gender and 

BSA (p=0.149 - 0.836).

Inter-observer variability
The inter-observer variability showed a strong correlation in 

most measurements, (ICC=0.50 - 0.82). The exceptions in-

cluded PV and TV annulus, with moderate correlation ob-

served (ICC=0.44 - 0.49) and the LVPWD with weak cor-

relation (ICC=0.30 - 0.35).

Echocardiography measurements
All cardiac dimensions correlated well with body weight. All 

echocardiographic measurements are presented as mean 

(shown as bold number) and ±3 standard deviations (SD) 

(Tables II - V). All cardiac dimensions were within ±2 standard 

deviations, with a few exceptions-score boundaries which are 

presented as straight lines with actual values as dots in between 

the boundary lines. Z-scores for each cardiac dimension are 

shown as dots against weight. Z-scores and Z-score boundaries 

for all measurements are presented graphically in Figures 1 - 9. 

DISCUSSION

Quantitative assessment of the heart is critical for assessments 

of deviation from the normal but can only be done if there are 

normative values available against which to make comparisons 

and to identify abnormalities. Paediatric 2D and M-mode echo-

cardiography nomograms of good quality which are available 

for chamber size, cardiac valve annulus, and great vessel dimen-

sions have been derived mainly from European and American 

populations.(6,10,11,12,13,14,15)

This study aimed to establish reliable echocardiography nomo-

grams of Black South African neonates. There were only 2 

other studies(4,16) from sub-Saharan Africa found in the litera-

ture namely, Majonga, et al.(4) who focused on children and 

TABLE IV: Valve 2D measurements in millimetres.

Cardiac 
dimensions 

measurements

Standard  
deviation

Group 1: 
2.50 - 2.99

Group 2: 
3.00 - 3.49

Group 3: 
3.50 - 4.50

MV ANN

3+ 12.38 12.80 13.21

2+ 11.03 11.45 11.87

MEAN 8.34 8.75 9.17

2- 5.64 6.06 6.47

3- 4.29 4.71 5.12

TV ANN

3+ 14.06 14.64 15.23

2+ 12.39 12.97 13.55

MEAN 9.04 9.62 10.20

2- 5.69 6.27 6.86

3- 4.02 4.60 5.18

PV ANN

3+ 10.78 11.19 11.61

2+ 9.47 9.88 10.30

MEAN 6.85 7.26 7.68

2- 4.22 4.64 5.05

3- 2.91 3.33 3.74

AV ANN

3+ 7.69 7.91 8.14

2+ 6.99 7.22 7.44

MEAN 5.60 5.82 6.05

2- 4.21 4.43 4.66

3- 3.51 3.73 3.96

MV ANN: mitral valve annulus, TV ANN: tricuspid valve annulus, PV ANN:  
pulmonary valve annulus, AV ANN: aortic valve annulus.

TABLE V: Arterial and thymus 2D echocardiography 
measurements in millimetres.

Cardiac 
dimensions 

measurements

Standard  
deviation

Group 1: 
2.50 - 2.99

Group 2: 
3.00 - 3.49

Group 3: 
3.50 - 4.50

MPA

3+ 10.76 11.25 11.75

2+ 9.45 9.94 10.44

MEAN 6.83 7.32 7.82

2- 4.21 4.71 5.21

3- 2.90 3.40 3.90

RPA

3+ 4.81 4.99 5.17

2+ 4.22 4.39 4.57

MEAN 3.03 3.21 3.38

2- 1.84 2.02 2.20

3- 1.25 1.42 1.60

LPA

3+ 5.53 5.70 5.88

2+ 4.84 5.01 5.18

MEAN 3.45 3.62 3.79

2- 2.06 2.23 2.40

3- 1.36 1.54 1.71

THYMUS

3+ 24.90 25.63 26.36

2+ 22.11 22.84 23.57

MEAN 16.53 17.25 17.98

2- 10.94 11.67 12.40

3- 8.15 8.88 9.61

ABD AO

3+ 7.93 8.21 8.50

2+ 7.13 7.42 7.70

MEAN 5.53 5.82 6.11

2- 3.94 4.22 4.51

3- 3.14 3.42 3.71

MPA: main pulmonary artery, RPA: right pulmonary artery, LPA: left pulmonary 
artery. ABD AO: abdominal aorta.
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FIGURE 1: Left atrium and aortic root diameter dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 3: IVSs and LVIDd dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 4: LVIDs and LVPWDd dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 5: LVPWs and MV annulus dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 6: TV and AV annulus dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 7: PV annulus and MPA dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 8: RPA and LPA dimension Z-scores and Z-score boundaries by body weight. 
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adolescents without any neonates with a sample size of 282, 

and Jacobs(16) who concentrated on preterm neonates with a 

sample size of 290. Therefore, our study represents the first 

full-term neonatal echocardiography nomograms from sub-

Saharan Africa to date, consisting of the largest sample size 

compared to previous studies.(4,16)

In this study we showed that body weight had a significant linear 

relationship with studied cardiovascular structures suggesting a 

linear relationship between foetal somatic growth and size of 

cardiovascular structures. Interestingly about 45% of cardiac 

dimensions showed linear relationship to mode of delivery 

similarly to a previous study.(6) Smaller dimensions were found 

in neonates born by C/S. Despite an intensive literature search, 

there is no known reason to explain this relationship between 

mode of delivery and cardiovascular dimensions. Gender had a 

minimal influence on cardiovascular structures, since we found 

no significant differences between boys and girls with regards to 

cardiovascular dimensions in accordance with findings from 

Kammann(10) and Guizeltas and Eroglu.(13) However, 2 studies(5,17) 

found significant differences between the 2 genders with boys 

having larger dimensions than girls. 

Using interobserver variability we found a strong correlation 

between measurements done by a senior echocardiographer 

and junior echocardiographer suggesting that the methods used 

to measure are reproducible regardless of experience. Of note 

LVPW dimensions which are M-mode based and PV annulus 

which is 2D based both failed the interobserver variability 

testing. Our findings agree with other studies(6,7) which high-

lighted the issue of overestimation in the leading edge to leading 

edge measurements, particularly when performed by less the 

experienced echocardiographer. Furthermore, LV dimension 

and wall thickness echocardiography measurements are widely 

used in clinical practice and for research purposes. M-mode 

ventricular diameter measurements in the paediatric age group 

is the preferred method for LV quantification but can lead  

to overestimation of measurements.(6) This lack of accuracy in 

measurements may explain the poor inter-observer variability 

calculated for the LVPWd and LVPWDs measurements in our 

study. Similarly, the reason for the PV annulus measurements 

having a moderate inter-observer variability correlation may be 

due to measurements being acquired in the PSAX, which has a 

relatively low resolution and an oblique orientation resulting in 

a possible suboptimal measurement accuracy.(7)

NOMOGRAMS FROM NEONATES
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FIGURE 9: Thymus and ABD AO dimension Z-scores and Z-score boundaries by body weight. 
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We have presented normal cardiovascular dimension reference 

values that are expressed as Z-scores recommended by the 

American Society of Echocardiography and other authors.(6,14,18) 

Our study cohort showed higher dimensional measurements of 

M-mode cardiac structures compared to those of published 

literature.(10,13)  Majonga, et al.(4) also showed that interventricular 

septum and left posterior wall dimensions acquired using 

M-mode were similar to published non-African references. 

These findings suggest that other factors such as environmental, 

social, economic, racial, and ethnic factors of the population 

may influence growth or development and thus account for 

these minor differences. In generating Z-scores as recommended 

by the American Society of Echocardiography, our study cohort 

shows that M-mode based measurements were higher than 

those of similar studies done in neonates.(10,13,14) Some of the 

study measurements exceeded Z-scores above +2 and below 

-2. To accommodate these extremes, Z-scores of +3 and -3 

Z-scores were added. 

STUDY STRENGTHS AND LIMITATIONS

This study is unique as it represents a homogenous South 

African population and focuses on an understudied neonatal 

age group in an African cohort. In addition, structures that have 

been poorly studied in both African and non-African neonatal 

subjects, such as the left atrium to aortic root ratio, thymus and 

abdominal aorta have been included. Interobserver variability 

was comparable for all measurements.

Limitations of the study include the omission of right ventricle, 

right atrium, and inferior vena cava dimensions which has been 

generally understudied. 

CONCLUSION

This study has provided echocardiographic nomograms of 

normal Black South African neonates. Using the same method-

ology as other studies in the same area, our findings agreed with 

other published literature. The interobserver variability showed 

differences between experienced and less experienced echo-

cardiographers for two measurements that used leading edge 

to leading edge approach. This study therefore contributes 

valuable data which can be adopted by clinicians for clinical 

decision making when it comes to interventions for patients 

with abnormal cardiovascular structures. 
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that the burden of heart disease had an immense effect on the 

health of vulnerable communities consisting of low- to middle-

income people.(10,11,12) The increase in CVD in South Africa is a 

considerable challenge,(5) inflicting economic and social prob-

lems on the region.(13) However, diagnosis can be complex in 

patients with subclinical disease states.(14) Echocardiography is 

the ultimate tool for early diagnosis of structural and functional 

cardiovascular conditions.(14) It is a key modality for diagnosis in 

patients with cardiac symptoms and patients with multiple 

abnormalities, revealing disease severity, guiding therapy and 

follow-up of disease state.(15)  Various studies highlighted the 

valuable role of echocardiography in assessing and managing 

cardiac disease.(15) The effectiveness of prompt diagnosis as 

INTRODUCTION

The global burden of cardiovascular disease (CVD) is well 

documented.(1) The impact of CVD has become evident in 

many countries on different continents, contributing to prema-

ture death, increased morbidity and disability, and substantial 

economic challenges.(1,2) Regardless of continued success in 

extending life expectancy through ongoing research, CVD 

remains a prominent cause of death and disability.(3) Listed by 

the World Health Organisation as one of the most significant 

causes of death, the worldwide concern is understandable. It is 

alarming that a third of cardiovascular deaths occur in people 

younger than 70.(4) Availability of timely diagnostic services and 

access to treatment may reduce premature deaths caused by 

CVD.(5,6,7) Several studies were conducted on the African 

continent to investigate cardiac conditions.(8,9) The “Hearts of 

Soweto” study evaluated the prevalence of cardiac disorders in 

residents of Soweto, South Africa.(10) Results revealed that 

rheumatic heart disease (RHD) and heart failure (HF) were the 

most common abnormalities found in this predominantly black 

African population. This and further research also concluded 

Demographic and clinical  
profile of patients undergoing 
echocardiography at a tertiary 
institution in central South Africa

PATIENTS 
UNDERGOING 
ECHOCARDIO- 
GRAPHY 

ABSTRACT

Introduction: Worldwide, cardiovascular disease is asso-

ciated with substantial economic challenges and pro-

found morbidity and mortality. Considering the dearth 

of information on cardiovascular disease for the central 

region of South Africa, this study aimed to assess the 

profile of patients who were referred to an echocardio-

graphy laboratory at a tertiary institution.

Method: A hospital-based, observational, descriptive 

study was conducted. Demographic, anthropometric, 

socio-economic, clinical and echocardiographic data 

were collected. Standard transthoracic echocardio-

grams were performed. 

Results: The study population had a mean age of 51.8 ± 

17.38 years, was predominantly black (64%) with a slight 

female preponderance (55%). The majority of patients 

were from a low-socioeconomic background (H0 - H2; 

91%). Two-thirds of the participants were hypertensive 

(64%) and 57% had a body mass index exceeding 25kg/

m2. Sixty-three percent of referrals were for routine 

echocardiographic assessment. Abnormal echocardio-

graphic findings were reported in 74% of patients. 

Diastolic dysfunction and left ventricular hypertrophy 

were detected in almost half of all patients (n=1 034; 

41%), followed by cardiomyopathies and systolic dysfunc-

tion in about one-third (n=804; 32%). 

Conclusion: This is the first study describing the profile 

of patients referred for echocardiography in central 

South Africa. A high percentage of patients had under- 

lying cardiac pathology, especially myocardial dysfunc-

tion.  SA Heart® 2024;21:18-27
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provided by echocardiography should be recognised in central 

South Africa, as the lack of patient profile data may urge the 

implementation of prevention and management practices to 

reduce the economic and social effects of this treatable disease. 

To date, there is a dearth of information on the frequency and 

nature of CVD in the central region of South Africa. Investigating 

trends in patient referrals for echocardiographic evaluation may 

provide valuable insight into service utilisation and needs. 

Furthermore, data on referral and disease patterns can provide 

the scientific platform for redressing inequalities in healthcare 

delivery in South Africa. This study aimed to assess the profile 

of patients who were referred to an echocardiography labora-

tory in the central region of South Africa.

METHOD

Study design
This is a hospital-based, observational, descriptive study. Data 

were from the time of the patient’s first visit to the echo-

cardiography laboratory. Retrospective data were extracted 

from patient medical records.

Study setting
The study was conducted at the echocardiography laboratory 

of the Department of Cardiology at the Universitas Academic 

Hospital (UAH), the only referral centre for echocardiographic 

examinations for the population of the Free State province, 

Northern Cape province and neighbouring country, Lesotho.

Inclusion / exclusion criteria
Adult patients aged 18 years and older who presented for 

echocardiographic evaluation for the first time were included in 

the study. Patients with suboptimal echocardiographic images 

were excluded from the study.

Definitions
Suboptimal echocardiographic images were defined as poor 

acoustic windows that made it impossible to confirm or exclude 

the presence of cardiac abnormalities.

Inpatients were defined as patients who stayed overnight in the 

hospital facilities for treatment and special investigations.

Patients from outpatient departments, primary care clinics and 

district hospitals who did not spend the night in the hospital 

were classified as outpatients.

Routine echocardiographic evaluations were defined as echo-

cardiograms performed according to the British Society of 

Echocardiography (BSE) protocol for the minimum dataset(19) 

for workup of patients prior to administration of chemother-

apy, intraoperative risk assessment or before chronic renal 

replacement therapy commenced.

In this study, systolic dysfunction was defined as a left ventricular 

ejection fraction (LVEF) of less than 52%. Left ventricular hyper-

trophy (LVH) included concentric hypertrophy, LV remodelling 

(abnormal LV geometry) and eccentric hypertrophy. Aortic 

sclerosis, aneurysm and dissection were defined as aortic 

abnormalities. In accordance with the 2018 European Society 

of Cardiology and the European Society of Hypertension guide-

lines, hypertension was defined as a systolic blood pressure 

greater than or equal to 140mmHg and / or a diastolic blood 

pressure greater than or equal to 90mmHg.(16) Renal referrals 

with hypertension were excluded from the analysis of hyper-

tension. Body mass index (BMI) represented the key index for 

relating weight to height and was calculated as body weight in 

kilograms divided by height squared in metres.(17) Myocardial 

dysfunction refers to ventricular systolic or diastolic dysfunction 

in the absence of primary valvular heart disease.(18) 

Patient enrolment
Patients were recruited prospectively from July 2019 up to the 

end of December 2020. In addition, retrospective data from 

September 2018 onward were included to mitigate the impact 

of the COVID-19 epidemic on referral patterns. Patients were 

categorised by hospitalisation status as inpatients and out-

patients and reason for referral.

Echocardiographic studies
Standard transthoracic echocardiograms (TTE) were performed 

according to the British Society of Echocardiography protocol 

for comprehensive adult TTE studies.(19) If abnormal echocar-

diographic findings were detected, additional views, measure-

ments and calculations were performed as deemed appropriate 

by the clinical echocardiography professional and then referred 

to the cardiologist for review and action.

Data collection
Demographic data, including age (years), sex and race / eth-

nicity, and anthropometric data (height [cm] and weight [kg]) 

were collected. Patients’ BMI was calculated as weight /  

height2.(17) The allocated classification of a patient by the 

Department of Health according to income was used to define 

the patient’s socio-economic status. The different categories 

were as follows: H0, H1, H2, H3 and H4MA, where H0 

indicated full subsidisation of health services, H1 to H3 partial 

subsidisation and H4MA full paying patients. The place of 

residence was recorded for all referrals. Referrals were classi-
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fied by province, and patients from the Free State were 

segmented by municipal district. Referrals from specialist health 

care services were categorised by hospitalisation status. Clinical 

data included echocardiographic findings and blood pressure 

measurements. Blood pressure was measured before the echo-

cardiogram investigation using an automatic electronic device. 

Data analysis
Data analysis was performed in collaboration with a bio-

statistician using GraphPad Prism version 5.0 standard Statistical 

Analysis (GraphPad software, San Diego, California). Raw data 

were captured on Excel spreadsheets. A t-test was conducted 

to compare normally distributed data. Nonparametric data 

were compared using a Mann-Whitney U test. Where required, 

a Chi-square test or Fisher’s exact test was utilised for com-

parisons. A p-value of less than 0.05 was considered to be 

statistically significant.

Ethics
Ethical approval (UFS-HSD2019/0353/2506-0003) was obtained 

from the Health Sciences Research Ethics Committee of the 

University of the Free State. The Free State Department of 

Health granted permission for the research to be performed at 

provincial facilities.

RESULTS

A total of 2 624 patients were referred to the echocardio-

graphy laboratory for evaluation over the 28 months from 

September 2018 - December 2020. Of these, 101 patients 

were excluded from the study either due to non-consent, poor 

image quality limiting the accuracy of measurements and diag-

nosis, or patients younger than 18. One thousand five hundred 

and sixty-seven patients (62%) were recruited prospectively, 

and 956 patients were added retrospectively.

Demographics and clinical data
Demographic and anthropometric data of patients at the time 

of echocardiographic evaluation are presented overall and by 

hospitalisation status in Table I. Inpatient and outpatient refer-

rals were almost equal (n=1,211; 48% vs. n=1,312; 52%). 

Overall, the mean age of patients was 51.8 years (SD ± 17.38 

years). Echocardiography was performed in slightly more 

females (n=1,397; 55%) than males (n=1,107; 44%). About 

two-thirds (n=1,615; 64%) of the study population was black 

Africans as opposed to Asians (n=23; 1%), who comprised the 

smallest racial group. Most patients (n=2,298; 91%) were cate-

gorised as either H0, H1 or H2; thus, most patients were of low 

income and presumed to be of low socio-economic status. The 

mean BMI of patients was 27.34kg/m2 (SD ± 7.78kg/m2), and 

almost half of the patients (n=1,199; 48%) were overweight or 

obese.

Blood pressure assessments at the time of echocardiographic 

evaluation are presented overall and by race / ethnicity in Table 

II. Blood pressure data were recorded for 2 039 patients (81%). 

Of these, 1 870 patients (92%) were included in the blood 

pressure assessment analysis set. It was not known whether 

hypertension was previously diagnosed, treated, or controlled 

at the time of referral. Two-thirds of patients referred by 

nephrology specialist services (n=169; 66%) had increased 

blood pressure at the time of echocardiography and were 

excluded from data analysis. Results demonstrated that two-

thirds of all patients (n=1 202; 64%) were hypertensive and 

that more than half of patients in each race / ethnicity group, 

except Asian, were hypertensive. Significantly more black 

African patients presented with hypertension compared to 

Caucasian patients (p=0.0466).

Place of residence
The distribution of referrals is presented by geographical loca-

tion of residence for the total study population in Figure 1. Most 

referrals were from health facilities in the Free State (n=2 056; 

81%), followed by referrals from the Northern Cape (n=345; 

14%).

The municipal district in Figure 2A presents referrals within  

the Free State against the provincial population. Almost half  

of these referrals (n=938; 46%) were from healthcare facili- 

ties in the Mangaung metropolitan municipality, although this 

district accommodated only 28% of the provincial population 

(Figure 2B). Considering the relative population of the Thabo 

Mofutsanyana (27%) and Fezile Dabi (17%) districts, referrals 

featured only about half of these percentages, 15% and 10%, 

respectively (Figure 2A).

Echocardiographic referrals from specialist 
healthcare services
Referrals from specialist health care services are presented by 

hospitalisation status in Figure 3. Approximately half of all 

referrals to the echocardiography laboratory were from cardiac 

services (n=1 245; 49%), followed by referrals from nephrology 

(n=255; 10%). Almost three-quarters of cardiac referrals were 

as outpatients (n=903; 73%), whereas almost all referrals from 

vascular surgery (n=138; 98%) and nephrology (n=241; 95%) 

were as inpatients. All oncology referrals were marked as out-

patients; however, some of these patients were hospitalised in 

a secondary healthcare facility within the Mangaung metro.

PATIENTS UNDERGOING ECHOCARDIOGRAPHY 
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TABLE I: Demographic and anthropometric data at the time of echocardiographic evaluation, overall and by hospitalisation status.

Variable Overall
(n=2 523)

Inpatients
(n=1 211) 48%

Outpatients
(n=1 312) 52%

Age (years) (mean [SD]) 51.8 (17.38) 50.8 (17.69) 52.8 (17.05)

Sex

Male (n; %) 1 107 (43.9%) 580 (47.9%) 527 (40.2%)

Female (n; %) 1 397 (55.4%) 617 (50.9%) 780 (59.5%)

Unknown (n; %) 19 (0.8%) 14 (1.2%) 5 (0.4%)

Race / ethnicity

Black African (n; %) 1 615 (64.0%) 814 (67.2%) 801 (61.1%)

Caucasian (n; %) 700 (27.7%) 302 (24.9%) 398 (30.3%)

Mixed race (n; %) 185 (7.3%) 88 (7.3%) 97 (7.4%)

Asian (n; %) 23 (0.9%) 7 (0.6%) 16 (1.2%)

Socio-economic status

H0 (n; %) 549 (21.8%) 253 (20.9%) 296 (22.6%)

H1 (n; %) 1 630 (64.6%) 804 (66.4%) 826 (63.0%)

H2 (n; %) 119 (4.7%) 51 (4.2%) 68 (5.2%)

H3 (n; %) 26 (1.0%) 15 (1.2%) 11 (0.8%)

H4MA (n; %) 136 (5.4%) 50 (4.1%) 86 (6.6%)

Unknown (n; %) 63 (2.5%) 38 (3.1%) 25 (1.9%)

BMI (kg/m2) (mean [SD]) 27.34 (7.78)

Underweight (n; %) 185 (7.3%) 97 (8.0%) 88 (6.7%)

Normal (n; %) 733 (29.1%) 357 (29.5%) 376 (28.7%)

Overweight (n; %) 532 (21.1%) 241 (19.9%) 291 (22.2%)

Obese I (n; %) 368 (14.6%) 125 (10.3%) 243 (18.5%)

Obese II (n; %) 163 (6.5%) 57 (4.7%) 106 (8.1%)

Obese III (n; %) 136 (5.4%) 54 (4.5%) 82 (6.3%)

Unknown (n; %) 406 (16.1%) 280 (23.1%) 126 (9.6%)

BMI: Body mass index, overweight BMI ≥25, obese class I BMI  ≥30, class II BMI  ≥35, class III BMI  ≥40; H0 to H4MA: categories by patient income; n: number of patients 
included in the study; n: number of patients per category; %: n divided by N, multiplied by 100; SD: standard deviation.

TABLE II: Blood pressure assessments at the time of echocardiographic evaluation, overall and by race / ethnicity.

Variable Overall
(n=2 523)

Inpatients
(n=1 211) 48%

Outpatients
(n=1 312) 52%

Systolic blood pressure (mmHg) (mean [SD]) 158 (17.19) 157.93 (17.51) 157.85 (17.06) 156.09 (15.21) 160.75 (19.62)

Diastolic blood pressure (mmHg) (mean [SD]) 99 (9.09) 100.08 (9.43) 98.00 (8.40) 95.49 (5.24) 104.67 (22.03)

Hypertension
  Yes (n; %)
  No (n; %)

1 202 (64.3%)
668 (35.7%)

754* (66.8%)
374 (33.2%)

356* (61.9%)
219 (38.1%)

85 (58.6%)
60 (41.4%)

7 (31.8%)
15 (68.2%)

P values
Caucasian vs. Black African
Caucasian vs. Mixed Race

0.0466*

NS

BMI: Body mass index, overweight BMI ≥25, obese class I BMI  ≥30, class II BMI  ≥35, class III BMI  ≥40; H0 to H4MA: categories by patient income; n: number of patients 
included in the study; n: number of patients per category; %: n divided by N, multiplied by 100; SD: standard deviation, NS: not significant.
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Routine echocardiographic evaluation
Requests for routine echocardiographic evaluation accounted 

for about two-thirds of all referrals (n=1 582; 63%), of these, 

almost one-third was part of regular pre-operative (n=197; 

13%) and pre-chemotherapy (n=238; 15%) protocols. The 

remaining 941 (37%) patients required emergency echocardio-

graphy. 

Echocardiologic findings

Echocardiographic findings are presented by the referring 

specialist health care services in Figure 4. Findings were 

categorised as “normal” or “abnormal”. Abnormal echocardio-

graphic findings were observed in three-quarters of all referred 

patients (n=1 868; 74%). Of these, about half were found in 

patients referred by cardiac services (n=996; 53%), followed by 

nephrology (n=211; 11%) and internal medicine and haema-

tology (n=112; 6%).

Cardiac pathology is detailed by referring to specialist healthcare 

services in Table III. Overall, myocardial dysfunction was the 

most frequent abnormal echocardiographic finding. Diastolic 

dysfunction and LVH were detected in almost half of all patients 

(n=1 034; 41%), followed by cardiomyopathies and systolic 

dysfunction in about one-third (n=804; 32%). Almost half of the 

patients from the cardiac services presented with LVH (of all 

causes) and diastolic dysfunction (n=572; 46%), followed by 

cardiomyopathy and systolic dysfunction (n=486; 39%), valvular 

disorders (n=467; 38%) and aortic abnormalities (n=432; 35%) 

in more than one-third of cases. In nephrology patients, the 

most frequent abnormal echocardiographic findings were 

diastolic dysfunction and LVH (n=159; 63%), pulmonary hyper-

tension (n=94; 37%) and systolic dysfunction (n=77; 30%). 

One-third of oncology referrals presented with myocardial dys-

function (n=56; 33%). Other pathologies such as hypercontrac-

PATIENTS UNDERGOING ECHOCARDIOGRAPHY 

FIGURE 1: Distribution of referrals by geographical location 
of residence (study population).

Free State            Northern Cape       

Lesotho               Other provinces

2.06%2.77%

81.49%

13.67%

FIGURE 2: Referrals within the Free State (2A) against the provincial population by municipal district (2B).

Mangaung Metro  Xhariep       

Thabo Mofutsanyana  Fezile Dabi

Lejweleputswa Not specified

Referrals per district Population per districtA B

Mangaung Metro  Xhariep       

Thabo Mofutsanyana  Fezile Dabi

Lejweleputswa

9 886 km2 (80/km2)
27.79%

32 286 km2 (240/km2)
22.82%

20 674 km2 (24/km2)
17.45% 34 250 km2  

(4/km2)
4.44%

32 730 km2 (24/km2)
27.49%

 (n=13)
0.63%

 (n=118)
5.74%

 (n=938)
45.62%

 (n=459)
22.32%

 (n=214)
10.41%

 (n=314)
15.28%
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FIGURE 3: Echocardiographic referrals from specialist healthcare services by hospitalisation status.
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FIGURE 4: Echocardiographic findings.
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tile left ventricle, interatrial septum aneurysm, lipomatous inter-

atrial septum and mitral valve prolapse were detected in less 

than 5% of all referrals (n=88; 4%).

DISCUSSION

Demographics and socio-economic status
In our study, two-thirds of all referrals to the echography 

laboratory at the UAH were black Africans. This corresponded 

with the demographic profile of the serviced regions. Most of 

the patients were classified in the low-income categories H0 to 

H2, which may highlight the plight of the dominantly rural 

nature of the central region of South Africa. The UAH provided 

the only public echocardiography service for the entire central 

region. Many patients had to travel long distances to reach 

these facilities and could most likely not afford transport if the 

interhospital commuter services were not available.

Age may impact referral patterns. CVD inflicts early death in 

young and middle-aged adults. However, other factors such as 

high blood pressure and increased BMI contribute to mortality 

besides ageing. Insufficient cognisance regarding cardiovascular 

health and healthy ageing should be increased across all ages.(20) 

Considering the current life expectancy of South Africans, the 

mean age of patients in our study was relatively old (51.8 years 

[SD ± 17.38 years].(21) This corresponds with the findings of  

the “Hearts of Soweto” study (mean age 53 years).(14) This is 

also in agreement with an echocardiographic survey from 

Nigeria, which revealed a mean age of 54 years.(22) In contrast, 

a review of confirmed CVD cases from Ethiopia reported a 

TABLE III: Cardiac pathology.

Referring 
services

Valvular
disorders
(n=679)

Peri- 
cardial
disease
(n=37)

IHD
(n=151)

Aortic
abnor-
malities
(n=710)

Infective
endo-
carditis
(n=18)

Throm- 
bus;

tumour
(n=5)

Systolic
dysfunc-

tion;
cardio- 

myopathy
(n=804)

LVH;
diastolic
dysfunc- 

tion
(n=1 034)

CHD
(n=59)

PHT
(n=651)

Other
(n=88)

Cardiology and 
cardiothoracic 
surgery (n=1245)

467
(68.8%)

15
(40.5%)

107
(70.9%)

432
(60.8%)

10
(55.6%)

3
(60.0%)

486
(60.4%)

572
(55.3%)

38
(64.4%)

341
(52.4%)

38
(43.2%)

Nephrology 
(n=255)

34
(5.0%)

4
(10.8%)

9
(6.0%)

50
(7.0%)

1
(5.6%)

0
77

(9.6%)
159

(15.4%)
2

(3.4%)
94

(14.4%)
9

(10.2%)

Oncology 
(n=170)

14
(2.1%)

3
(8.1%)

0
14

(2.0%)
0

1
(20.0%)

30
(3.7%)

26
(2.5%)

1
(1.7%)

18
(2.8%)

9
(10.2%)

Internal medicine 
and haematology 
(n=168)

28
(4.1%)

5
(13.5%)

4
(2.6%)

29
(4.1%)

2
(11.1%)

0
42

(5.2%)
4

(0.4%)
0

41
(6.3%)

11
(12.5%)

Obstetrics and 
gynaecology 
(n=147)

36
(5.3%)

3
(8.1%)

4
(2.6%)

4
(0.6%)

0 0
31

(3.9%)
49

(4.7%)
9

32
(4.9%)

5
(5.7%)

Vascular surgery 
(n=141)

11
(1.6%)

2
(5.4%)

7
(4.6%)

61
(8.6%)

0 0
31

(3.9%)
49

(4.7%)
0

32
(4.9%)

5
(5.7%)

General surgery 
(n=101)

17
(2.5%)

(2.7%)
5

(3.3%)
31

(4.4%)
2

(11.1%)
1

(20.0%)
28

(3.5%)
30

(2.9%)
1

(1.7%)
22

(3.4%)
5

(5.7%)

Neurology 
(n=78)

9
(1.3%)

0
5

(3.3%)
18

(2.5%)
2

(11.1%)
0

13
(1.6%)

29
(2.8%)

3
(5.1%)

7
(1.2%)

1
(1.1%)

Outpatient 
referral 
department 
(n=94)

39
(5.7%)

2
(5.4%)

6
(4.0%)

25
(3.5%)

0 0
35

(4.4%)
34

(3.3%)
4

(6.8%)
28

(4.3%)
2

(2.3%)

Urology (n=31)
4

90.6%)
0 0

14
(2.0%)

0 0
10

(1.2%)
13

(1.3%)
0

8
(1.2%)

0

Otorhinolaryn- 
gology (n=28)

10
1.5%)

1
(2.7%)

2
(1.3%)

8
(1.2%)

0 0
9

(1.1%)
8

(0.8%)
0

10
(1.5%)

2
(2.3%)

Orthopaedic 
surgery (n=27)

6
(0.9%)

1
(2.7%)

2
(1.3%)

10
(1.4%)

1
(5.6%)

0
8

(1.0%)
11

(1.1%)
0

11
(1.7%)

11
(1.7%)

Other (n=38)
4

(0.6%)
0 0

14
(2.0%)

0 0
4

(0.5%)
9

(0.9%)
1

(1.7%)
7

(1.1%)
0

Some patients presented with more than one abnormal finding.  
CHD: congenital heart disease, IHD: ischaemic heart disease, LVH: left ventricular hypertrophy, n: number of patients per category, PHT: pulmonary hypertension.
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considerably younger mean age of 32 years. However, the 

inclusion criteria of the Ethiopian review allowed for the selec-

tion of patients from the age of 12 years contrary to our study, 

where patients 18 years and older were included.(23) Similarly,  

a study from Cameroon reported a mean age of 48.7 years  

(SD ± 18 years) in a population with an age range of 5 days and 

103 years old.(24) Recent research, with a focus on CVD in a 

community in rural South Africa, revealed a mean age of 61.7 

years. However, the study selected only men and women aged 

40 years and older.(25) The distribution of males and females in 

our study was almost similar, which is in alignment with studies 

from African countries and the United Kingdom (UK); the latter 

is considered a high-income country.(10,26,27,28)

Clinical findings

Half of the patients in our study were overweight or obese. 

This result concurs with findings from 2 South African studies. 

Gómez-Olivé, et al. recorded high a prevalence of overweight 

and obesity in 70% of women and 44% of men in a South 

African community.(25) Similarly, Sartorius, et al. described a high 

prevalence (38%) of obesity among South African women.(29) 

The finding is also consistent with results from studies con-

ducted in Tanzania and Sudan and statistics by the American 

Heart Association, which described the prevalence of obesity in 

excess of 30% in different populations globally.(30,31,32) It is an 

important observation as obesity is associated with CVD but is 

preventable and modifiable. It should be noted that our study 

was not designed to determine whether obesity is linked to 

cardiac diseases. Still, the fact that almost 50% of patients were 

overweight or obese is a cause for concern and emphasises the 

need for strategies to counter the problem and educate the 

public of central South Africa.

Two-thirds of patients were hypertensive at the time of echo-

cardiographic evaluation. This is similar to studies in other pre-

dominantly black African populations with heart disease.(10,30,33,34) 

Conversely, a study from Ethiopia reported hypertensive heart 

disease in 15% of the black African population.(27) As for coun-

tries outside of Africa, van Heur, et al. described hypertension 

as the most frequent cardiovascular abnormality (47%). In a 

study performed in the Netherlands, Voskuil, et al. reported 

that a third of adults in the Netherlands suffered from hyper-

tension.(35,36) In our study, blood pressure measurements were 

collected at the time of echocardiography. The high incidence 

of hypertension highlights the gravity of the findings and identi-

fies the need for urgent intervention programmes in the central 

South African population.

Geographical referral patterns
Most referrals were from health facilities within the Free State, 

with uneven distribution from the different municipal districts. 

Within the Free State, the Mangaung metro contributed most 

of the referrals. Although this municipality covered the smallest 

share of land area, it comprised the largest share of the Free 

State population. Furthermore, the tertiary institution of con-

cern was located in this district, together with 2 large district 

hospitals and 1 regional hospital within short travel distances. 

The lowest number of referrals was from the Xhariep district 

(6%). Comprising the smallest share of provincial population, 

this district had only 3 small district hospitals. The Lejweleputswa 

and Thabo Mofutsanyane districts had 5 and 3 district hospitals 

and 1 and 2 regional hospitals, respectively. For the Free State, 

data suggested that more patients were referred for echo-

cardiography evaluation from hospitals located closer to the 

central referral facility than remote hospitals.

Patients from the Northern Cape accounted for 14% (n=345) 

of all referrals to the echocardiography laboratory at the UAH. 

The Northern Cape is the largest province by land area in 

South Africa, yet it comprises the smallest share of the country’s 

population.(21) At the time of the study, Lesotho had a larger 

population than the Northern Cape, yet contributed only 3% 

(n=70) of all referrals. The small number of referrals from 

distant regions may reflect the impact of travel distances and 

the access to health services within these regions.

Referral status
Unexpectedly, the number of requests for echocardiography 

evaluation was almost evenly distributed between inpatient and 

outpatient referrals. In contrast, many echocardiographic studies 

showed a predominance of outpatient referrals.(10,22,24,29,37) The 

dissimilar outcome of our study may be attributed partially to 

the nature of service delivery at the UAH. This referral facility 

provided for all tertiary health care services, including complex 

surgical procedures, nephrology services and other complicated 

admissions, and held the only public echocardiography labora-

tory in the region. The referral burden on the centrally-located 

diagnostic facility may be relieved by delivering basic echo-

cardiography services at the district level to enable the triage of 

patients.

Referring specialist health care services and 
reason for referral
Echocardiography referrals were made mainly by 12 different 

clinical specialities. About half of all referrals were from cardiac 

services, followed by 10% from nephrology. All other services 

contributed less than 10% each.



26

PATIENTS UNDERGOING ECHOCARDIOGRAPHY 

Echocardiographic evaluation before initiation of chemotherapy 

was requested for 15% of routine referrals, mainly for assess-

ment of left ventricular function. A mean LVEF of 54% was 

determined for oncology referrals, with LVEFs predominantly 

within the reference range as anticipated. Although speckle 

tracking is more appropriate for oncology patients, the modality 

was not available at the time of this study. Echocardiographic 

evaluation as part of pre-operative risk assessment comprised 

13% of routine referrals. Almost all patients requiring vascular 

surgery were inpatients, with aortic sclerosis being the most 

frequent pathology (43%).

Suspected peripartum cardiomyopathy was the main reason for 

obstetrics and gynaecology referrals. In these patients, diastolic 

dysfunction and LVH were the most frequent findings (33%), 

followed by valvular disorders (25%), pulmonary hypertension 

(22%), cardiomyopathy and systolic dysfunction (21%). In a 

recent study of pregnant women in the central region of South 

Africa, Makgato, et al. attributed 48% of cardiac abnormalities 

found in these patients to RHD.(38) In our study, the relatively 

high prevalence of valvular disorders is of concern as it too may 

reflect the ongoing presence of RHD in central parts of the 

country. Although several referrals from different services 

indicated suspected embolic sequelae as a reason for referral, 

intracardiac thrombi were reported in less than 1% of all 

patients. Although transthoracic echocardiography is used as 

the first choice to investigate the presence of cardiac thrombi, 

reduced image quality in some patients may limit the sensitivity; 

therefore, transoesophageal echocardiography might be better 

for the detection of intracardiac thrombi.(39) 

Our study showed that cardiac abnormalities were present in 

three-quarters (74%) of referred patients, which is consistent 

with research results from the African continent. In a study from 

Tanzania, Raphael, et al. found relevant cardiac abnormalities in 

72% of referrals, with normal echocardiography in only 22% of 

patients.(30) Similarly, cardiac abnormalities in 69% and 75% of 

patients were reported in studies from Nigeria and Cameroon, 

respectively.(22,26) An audit of echocardiographic findings prior to 

non-cardiac surgery revealed abnormal diagnoses in 84% of the 

Australian population.(40) Contrarily, research from the UK 

showed abnormalities in only a third (29%) of participants.(27) 

Echocardiography provides valuable support for the detection 

of CVD. In view of the prevalence of cardiac abnormalities 

revealed in our study, basic echocardiography services at district 

level may expedite the referral and treatment of patients in 

central South Africa.

LIMITATIONS

Limitations that may affect the interpretation of results include 

the exclusion of patients with non-diagnostic images and the 

fact that speckle tracking was not used in the assessment of 

oncology patients. The exclusion of patients with chronic kidney 

disease may have led to underestimation of the frequency of 

LVH. Also, contrast studies and TEE were not used, which 

might have contributed to the low frequency of thrombus 

detection Intra / inter-observer variability was not evaluated in 

this study. LVH may have been underestimated since patients 

were not asked whether they were on hypertensive medication.

Part of the study data was sourced during the time of COVID-19 

restrictions, which affected the number of referrals, bed occu-

pancy, and availability of outpatient services. Furthermore, our 

study focused on referrals to a single tertiary hospital only. As 

only first-time referrals were investigated, results may not 

reflect the full range of CVD presenting at this institution. 

CONCLUSION

This study describes the profile of patients referred for 

echocardiographic evaluation in central South Africa. Patients 

were mainly of advanced age, of black African descent and held 

low socio-economic status. Significant comorbidities included 

hypertension and obesity. Travel distances and obtainability of 

health services appeared to have impacted referral patterns. 

Hospitalisation status did not influence referrals. Routine 

requests provided for more than 60% of the echocardiographic 

workload. A high prevalence of cardiac abnormalities was 

detected, with myocardial dysfunction being the dominant 

pathology.
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The outcome of surgical repair 
of tetralogy of Fallot in 
KwaZulu-Natal, South Africa

SURGICAL REPAIR  
OF TOF

BACKGROUND

Tetralogy of Fallot (TOF) is a congenital cyanotic heart disease 

characterised by a ventricular septal defect (VSD) with an over-

riding aorta, right ventricular outflow tract (RVOT) obstruction 

and right ventricular hypertrophy (RVH). In a systematic review 

and meta-analysis on birth prevalence of congenital heart 

disease worldwide, TOF was noted to occur in 34 per 100 000 

live births.(1) 

Though the timing for elective surgical repair of TOF remains 

controversial, there is a trend towards repair in infancy.(2-4) Due 

to delays in diagnosis and the limited cardiac surgical and inten-

sive care services in developing countries, surgical interven-

tions for most patients with TOF are done after the age of  

1 year.(5,6) The centre under study, Inkosi Albert Luthuli Central 

Hospital (IALCH), has limited cardiac surgical and intensive care 

facilities hence there are long delays for patients awaiting 

surgery. This is further compounded by late presentation and 

diagnosis resulting in late repairs. In view of these limitations, 

this review assessed the average age at which the diagnosis and 

surgical repair of TOF are done at IALCH.

Delayed repair of TOF may result in complications. A chronic 

cyanotic state as well as persistent exposure of the right ven-

tricle to high pressures may result in poor outcomes in TOF 

patients who are repaired late.(5,7,8) Increased risk of arrythmias 

has been reported in patients with TOF who had late repair.(5,9) 

The study assessed trends in pre-operative characteristics and 

their effect on outcome. 

Post-surgical repair TOF patients may require reoperation in 

the early post-operative period due to residual RVOT obstruc-

tion or significant ventricular septal defect leak. Intra-operative 

transesophageal echocardiography (TOE) has been shown to 

be beneficial in detecting residual lesions allowing their correc-

ABSTRACT

Background: Surgical repair of tetralogy of Fallot (TOF) 

is recommended during infancy. Late patient presenta-

tion, coupled with limited surgical and intensive care 

services in our setting results in late repair, potentially 

worsening patient outcomes.

Objectives: To analyse the clinical characteristics and 

outcome of patients undergoing complete TOF repair at 

Inkosi Albert Luthuli Central Hospital (IALCH).

Method: Hospital records of all TOF patients who had 

complete surgical repair from January 2005 - December 

2017 were analysed following ethical approval (BREC/ 

00000476/2019).

Results: Two hundred and ninety-two patients had sur-

gical repair; most (91%) were operated at ≥12 months of 

age. Preoperatively, 5 patients had infective endocarditis, 

1 presented with a brain abscess and 1 suffered a cardiac 

arrest from a severe hypercyanotic spell. Early mortality 

occurred in 15 patients (5.1%). These were associated 

with age at repair <12 months (p=0.017), wasting 

(p=0.031), prolonged cardiopulmonary bypass (p=0.004), 

prolonged aortic cross-clamping (p=0.001) and culture 

proven post-operative infection (p=0.026). Eighteen (6%) 

suffered major post-operative morbidities, predomi-

nantly central nervous system (CNS) complications. 

One hundred and eighteen (40.4%) children were lost to 

follow-up.

Conclusion: Most patients at IALCH had late repair and 

a significant number were lost to follow-up. Age at 

repair, nutritional status, duration of bypass and infec-

tions significantly influenced early mortality. 
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tion before the patient leaves the operating room.(10,11) This 

study includes populations operated on before and after the 

availability of intra-operative TOE at IALCH, allowing compar-

isons between these 2 groups.

Duration of intubation and length of stay (LoS) in the intensive 

care unit (ICU) may be used as parameters indicating ICU 

morbidity.(12) Factors that may influence ICU morbidity include 

duration of cardiopulmonary bypass (CPB) and aortic cross-

clamping (AXC) as well as the age and weight of the patient at 

repair.(12,13) 

The mortality in post primary repair of TOF patients was noted 

to be 1.3% and 2.5% in analysis of two databases.(2,14) In a data 

analysis in low and medium income countries (LMICs), the 

mortality after primary repair was 3.3%.(6) This study assessed 

factors influencing ICU morbidity and mortality in TOF patients 

post primary surgical repair at IALCH and the factors con-

tributing to it.

METHOD

A retrospective, descriptive, and analytical observational study 

was done at Inkosi Albert Luthuli Central Hospital (IALCH), a 

quaternary referral hospital for the province of KwaZulu-Natal 

in South Africa. Computerised medical records of all patients 

who had complete TOF repair at the hospital from January 

2005 - December 2017 were analysed. Included in the study 

were all patients who had complete TOF repair during the  

13-year period. Patients excluded from the study were those 

with TOF with pulmonary atresia, absent pulmonary valve and 

those with TOF who did not undergo complete repair. 

Pre-operative data collected included demographic data, nutri-

tional status, neurodevelopment, hypercyanotic spells, haemo-

globin, haematocrit, and pre-operative morbidity. Nutritional 

status was assessed using World Health Organisation Child 

Growth Standards.(15-17) Children were classified using body 

mass index (BMI) or weight-for-length / height (normal if ≥-2 to 

+2, overweight or obese if >+2 and wasted or severely wasted 

if <-2) and length / height-for-age (normal if ≥-2 to +2, tall if 

>+2 and stunted or severely stunted if <-2). The relevant 

growth charts were used for children with Down syndrome.(18) 

TOF repairs were done electively or as emergencies. Some 

patients had initial palliative procedures prior to TOF repair. 

The TOF repair was valve sparing or non-valve sparing in which 

case a trans-annular patch (TAP) was used. The ventricular 

septal defect (VSD) was closed through the right atrium (RA) 

or the right ventricle (RV). The duration of CPB and AXC was 

recorded. Intra-operative TOE was available during TOF repair 

for patients who had repair during the last 6 years of the study 

(2012 - 2017).

Duration of intubation, LoS in ICU, arrhythmias, infections and 

major morbidities were noted in the post-operative period. 

Early mortality and re-operation were defined as mortality or 

re-operation prior to discharge.

Echocardiographic assessment during the initial post-operative 

follow-up included assessment for severity of pulmonary 

regurgitation (PR), RVOT gradient and RV function as assessed 

with the Tricuspid Annular Plane Systolic Excursion (TAPSE). 

The number of patients lost to follow-up was also noted.

Data was collected and captured on a Microsoft Excel spread-

sheet. The data was analysed with various statistical methods 

with the assistance of a professional statistician from the School 

of Public Health, Biostatistics Department at the University of 

KwaZulu-Natal.

Permission to conduct the study was obtained from the 

Biomedical Research Ethics Committee of the University of 

KwaZulu-Natal (BREC/00000476/2019).

RESULTS

Two hundred and ninety-two patients had complete TOF 

repair from January 2005 - December 2017. Figure 1 shows the 

number of patients operated each year during the 13-year 

study period. 

One hundred and eighty-six (63.7%) were male and 106 

(36.3%) were female. Forty-one (14.0%) patients were wasted 

or severely wasted while nearly one third (n=93, 31.8%) were 

stunted or severely stunted. Neurodevelopmental delay was 

noted in 38 (13.0%) patients. Twenty-four (8.2%) patients had 

underlying syndromes, the most common syndromes being 

22q11 deletion and Trisomy 21 present in 12 and 10 patients 

respectively. These pre-operative clinical characteristics are 

shown in Table I.

The median age of presentation and TOF repair was 24 and 

42.5 months respectively. The median duration between diag-

nosis and repair was 4.8 months as shown in Table II. The 

majority of patients (267, 91.4%) were repaired after infancy 

with only 8.6% (25) undergoing complete TOF repair below 

the age of 1 year.
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TABLE II: Age at presentation, age at repair of TOF and time difference between diagnosis and TOF repair.

n=292 Median IQR* Minimum Maximum

Age at presentation (months) 24 6 58.5 0.04 205

Age at repair (months) 42.5 21 69.5 1.6 210

Diagnosis to repair (months) 4.85 1 16 0.03 103

IQR*: Interquartile range.

The mean haemoglobin and haematocrit were 16.3g/dl (range 

8.9-30, SD ±3.36) and 49.1% (range 28-80, SD ±9,83) 

respectively.

The commonest pre-operative morbidity encountered was 

hypercyanotic spells which occurred in 132 patients (45.2%) 

with 1 patient complicating with cardiac arrest during a hyper-

cyanotic spell. Figure 2 shows the number of hypercyanotic 

spells in infancy and older children. Infective endocarditis 

occurred in 5 (1.7%) patients while brain abscess was noted in  

1 patient. 

Table III shows the peri-operative management and complica-

tions. Initial palliation in the form of a systemic to pulmonary 

artery shunt was required in 22 patients (7.7%). Twelve (4.1%) 

patients had emergency TOF repair while 280 (95.9%) had 

elective repairs. Most patients (n=275, 94.2%) had the VSD 

closed through a RA approach as opposed to a RV approach. 

Pulmonary valve sparing surgery was done in 173 (59.2%) 

patients. Intra-operative TOE was carried out in 118 (40.4%) 

patients during the last 6 years of the study period. The mean 

 
SURGICAL REPAIR OF TOF

FIGURE 1: Tetralogy of Fallot repair at Inkosi Albert Luthuli Central Hospital from January 2005 - December 2017. 
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TABLE I: Pre-operative clinical characteristics.

Clinical 
characteristics Findings Number Percentage

Sex
Male 186 63.7

Female 106 36.3

Race

African 274 93.8

Indian 13 4.5

White 1 0.3

Mixed race (Coloured) 4 1.4

Nutrition

Normal 230 78.8

Overweight / Obese 9 3.1

Wasted / Severely wasted 41 14

Unknown 12 4.1

Development

Normal 234 80.1

Delayed 38 13

Unknown 20 6.8

Syndrome*

Syndromic 24 8.2

Non-syndromic 253 86.6

Unknown 15 5.1

*S22q11 deletion: 12, Trisomy 21: 10, Goldenhar syndrome: 1,  
Fetal Alcohol Spectrum Disorders: 1.
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CPB was 119.5 minutes (range 49 - 294) while mean AXC 

duration was 83.9 minutes, range (23 - 208). Post-operative 

arrhythmias were noted in 34 (11.6%) patients. Proven infec-

tions in the post-operative period occurred in 51 (17.5%) 

patients. Other major post-operative morbidities included cen-

tral nervous system complications in 9 patients, upper airway 

obstruction in 4 patients, combination of upper airway obstruc-

tion with a central nervous system complication in 1 patient, 

complete heart block in 2 patients requiring permanent pace-

makers and chylothorax in 2 patients. Eleven (3.8%) patients 

required reoperation prior to hospital discharge. Early mortality 

was 5.1%.(15)

The median duration of intubation and LoS in the ICU post-

operatively was 1 and 3 days respectively with a range of 1 to 

37 days.

Trans-thoracic echocardiographic (TTE) findings on the first 

post-operative follow-up are noted in Table IV. Severe PR  

was noted in 127 (43.5%) patients while significant residual 

RVOT gradient was noted in 100 (34.2%). Seventy-two (49.7%) 

patients had very low right ventricular systolic function as indi-

cated by very low TAPSE. Eighteen (6.2%) patients were lost to 

follow-up on their first post-operative follow-up visit. Assess-

ment of TAPSE at the study centre started in 2012 prior to 

which it was not assessed. 

Early mortality was found in 15 (5.1%) patients and was signi-

ficantly associated with age at repair <12 months (p=0.017, 

95% CI [1.3 - 15.1]), wasting (p=0.031, 95% CI [1.1 - 11.2]), 

prolonged CPB (p=0.004), prolonged AXC time (p=0.001) 

and proven infection (p=0.026, 95% CI [1.2 - 10.0]). 

Early re-operation was required in 11 (3.8%) patients. There 

was no significant association with early repair (p=0.9, 95% CI 

[0.02 - 8.13]), availability of TOE (p=0.4, 95% CI [0.53 - 5.93]), 

or surgical technique (p=0.75, 95% CI [0.24 - 2.75] for valve 

sparing or non-valve sparing surgery (p=0.097, 95% CI [0.05 - 

1.28] and for RA or RV approach. The most common indica-

tions for re-operation were patch dehiscence due to infective 

endocarditis in 3 patients, and residual lesions in 2 patients.

Post-operative arrhythmias occurred in 34 (11.6%) patients, 26 

(8.9%) of whom had junctional ectopic tachycardia (JET), 2 with 

complete heart block requiring permanent pacemaker inser-

tion, 2 with transient complete heart block, 2 with ventricular 

arrhythmias and 2 with tachycardias which were not otherwise 

specified. There was a statistically significant association between 

arrhythmias and repair <12 months of age (p=0.051, 95% CI 

[0.14 - 1.01]). 

TABLE III: Peri-operative management and complications.

Number (%)

Management

Initial palliation 22 (7.7)

Emergency 12 (4.1)

RA approach 275 (94.2)

Valve sparing surgery 173 (59.2)

TOE 118 (40.4)

Complications

Arrhythmias 34 (11.6)

Proven infections 51 (17.5)

Early mortality 15 (5.1)

Early re-operation 11 (3.8)

RA: right atrium, TOE: trans-oesophageal echocardiography.

FIGURE 2: Tetralogy of Fallot.
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TOF (n=292) TABLE IV: First post-operative follow-up trans-thoracic 
echocardiography.

Follow-up TTE Severity Number (%)

Pulmonary 
regurgitation

<Severe 105 (36.0)

Severe 127 (43.5)

Unknown 60 (20.5)

RVOT gradient

<Severe (≤40mmHg) 145 (49.7)

Severe (>40mmHg) 100 (34.2)

Unknown 47 (16.1)

TAPSE (2012 - 2017)

Normal to low (≥-3 SD) 51 (35.2)

Very low (<-3 SD) 72 (49.7)

Unknown 22 (15.1)

RVOT: Right ventricular outflow tract, SD: Standard deviation, TAPSE: Trans- 
annular plane systolic excursion, TTE: Transthoracic echocardiography.
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Early repair was associated with higher mortality (p=0.017, 95% 

CI 1.3 - 15.1), prolonged intubation (p=0.001), prolonged ICU 

stay (p=0.003), severe PR (p=0.02 95% CI [1.52 - 92.24]) and 

higher RVOT gradient (p=0.04, 95% CI [1.0 - 9.4]) on first 

follow-up. These associations may be due to the patients being 

more unstable pre-operatively.

A higher post-operative RVOT gradient was associated with a 

RA approach and early repair, p=0.04 (95% CI [1.1 - 21.9] for 

RA approach, 95% CI [1.0, 9.4] for early repair). Severe post-

operative PR showed a statistically significant association with 

non-valve sparing surgery (p<0.001, 95% CI [8.9, 37]) and early 

repair (p=0.02, 95% CI [1.5 - 2.2]). Poor RV function, based on 

assessment of TAPSE, was associated with non-valve sparing 

surgery (p=0.03, 95% CI [1.1 - 7.1]) but no significant association 

with a RA or RV approach, as well as age at repair. Post-

operative data may be negatively affected by patients lost to 

follow-up and missing data. One hundred and eighteen (40.4%) 

patients were lost to follow-up.

DISCUSSION

Of the 292 patients included in the study, there was a  

male predominance of 64% which is in keeping with other 

studies.(4,19,20) The majority of the patients in this study were 

black African (93.8%), reflecting the demographics of the 

patients seen at the hospital under study. The majority of our 

syndromic patients had 22q11 deletion and trisomy 21 which is 

similar to a retrospective study by Michielon, et al. though their 

overall number of syndromic patients (27.8%) was higher than 

in our study (8.2%).(21) 

Elective surgical repair of TOF is recommended during infancy 

though there is still controversy around the optimal timing  

of repair, especially in the neonatal period.(3-6,19) TOF repair in 

infancy reduces the risk of morbidities such as hypercyanotic 

spells and the associated end-organ damage, right ventricular 

hypertrophy, cardiac fibrosis and dysfunction, late onset post-

operative arrhythmias, as well as negative psychosocial effects 

on the patient and family.(4,5,7,12) Unfortunately, in our setting and 

in other LMIC, surgical repair is often delayed resulting in some 

negative outcomes as shown in our study. The median age of 

repair in our study was 42.5 months which is higher than the 

recommended age of repair in infancy. In our study, 91.4% were 

repaired after the age of 12 months. This resulted from several 

factors including late presentation with the median age of 

presentation being 24 months. A South African study on repair 

of TOF also showed delayed repairs with a median age of 

repair of 39.5 months, while in another study characterising 

repair of TOF in developing countries, 54% of the patients were 

repaired after the age of 1 year.(6,20) Limited antenatal diagnostic 

services and low early neonatal clinical detection contributes to 

the late presentation and diagnosis. Cardiac, surgical and inten-

sive care services are limited in LMIC, resulting in long surgical 

waiting lists, further delaying surgery. Reluctance to giving con-

sent for surgery in some of the patients’ families also contributed 

to further delays in surgery in a few of our patients. Due to 

delayed surgery, some patients in our study presented with pre-

operative morbidities, the most common of which were hyper-

cyanotic spells which occurred in 132 (45.2%) patients, 5 (1.7%) 

patients had infective endocarditis and 1 had a brain abscess 

with hemiparesis prior to TOF repair. All 6 of them were more 

than 12 months old. Earlier TOF repair may have prevented 

these co-morbidities.

Some studies in developed countries reported early mortality 

of less than 2% in patients post TOF repair.(2,12,22) Sandoval N,  

et al. reported an early mortality rate of 3.6% in a study assess-

ing TOF repair in LMIC.(6) However, Benbrik, et al. showed  

no statistically significant difference in mortality between the 

patients repaired early and those repaired late in their 

retrospective study.(5) Early mortality in our study was 5.1% 

which is higher than the aforementioned studies. There was a 

statistically significant association between early mortality and 

pre-operative wasting in our study, in keeping with other studies 

where poor pre-operative nutritional status in patients with 

congenital heart disease was noted to be associated with poor 

post-operative outcome.(6,23,24) Lim CYS, et al. showed higher 

mortality in patients with low weight for age and a longer dura-

tion of intubation and hospital stay in patients with low height 

for age while Marwali EM, et al. showed longer duration of 

intubation and LoS in ICU in patients with low weight for  

age.(23,24) These 2 studies included patients with various con-

genital heart diseases including TOF. In a study characterising 

repair of TOF in developing countries, malnutrition was also 

associated with higher mortality.(6) While our study and the 

others mentioned above used various parameters to define 

malnutrition, they all show the negative impacts of pre-operative 

malnutrition on post-operative outcome in congenital heart 

diseases. 

Prolonged CPB and prolonged AXC time were also signifi-

cantly associated with early mortality in our study. A study by 

Hashemzadeh K, et al. also showed an association between 

prolonged CPB and AXC time and mortality.(25) 

Proven infection occurred in 17.5% of our patients and this was 

associated with early mortality as well. In a study by Sandoval N, 

SURGICAL REPAIR OF TOF



33

20
24

Vo
lu

m
e 

21
 N

um
be

r 1

et al. assessing TOF repair in developing countries, 5.9% had 

major infection with an increased risk of mortality.(6) A study by 

Sen AC, et al. looking at almost 15 000 patients who had 

cardiac surgeries in various developing countries also showed a 

significant association between infection and in-hospital mor-

tality.(26) Improved enforcement of infection control measures 

may help to reduce in-hospital mortality following TOF repair.

The higher mortality found in patients operated under 12 

months is a concern and requires further study. This does not 

imply that patients should be operated on later, but rather 

suggests to us that patients with more severe disease, who 

become symptomatic earlier, are not reaching surgical cor-

rection. Possible reasons for this include mortality without 

diagnosis or timeous referral or mortality before corrective 

surgery is performed.

A study assessing for optimal age for TOF repair noted reop-

eration in 3%, some of which were due to residual lesions.(3) 

Unlike in this comparison study, most of the indications for re-

operation in our study were secondary to infective endocarditis 

induced patch dehiscence. Infection has been noted in our 

study to contribute towards early re-operation and early mor-

tality hence enforcement of infection prevention measures may 

help improve outcome. There was however no significant asso-

ciation between re-operation and early repair, availability of 

intra-operative TOE, or surgical technique used.

Post-operative arrhythmias occurred in 11.6%, predomi- 

nantly junction ectopic tachycardia (JET), which was found in 

8.9% of patients. Other studies showed JET to occur in between 

7 and 7.9%, similar to our findings.(3,25,27) However, a study 

which assessed JET in post-TOF repair in children less than 2 

years old showed a higher JET incidence of 29.8% with a sig-

nificant association between JET and younger age.(28)

While patient with some types of surgically corrected congenital 

cardiac lesions can be discharged from follow-up, TOF is among 

those that require life-long follow-up due to late complications 

such as pulmonary regurgitation requiring possible pulmonary 

valve replacement in adulthood. Unfortunately, 40.5% of our 

patients were lost to follow-up. A study by Mackie AS, et al. 

assessing patients with congenital heart disease lost to follow-

up to cardiologist services revealed that 28% were lost to cardi-

ology follow-up on the 6th birthday and the number increased 

as the years progressed.(29) Failure of follow-up may be asso-

ciated with poorer outcome such as irreversible right ventricular 

dysfunction, arrhythmias and increased risk of mortality due  

to lack of an opportunity for timely assessment and interven-

tion.(30,31) Factors contributing to failure to follow-up in our 

setting includes lack of understanding of the importance of 

follow-up, poverty resulting in limited funds for follow-up, reli-

gious or traditional beliefs, as well as change of caregivers in 

some patients with no handover of the patient’s follow-up plan 

to the new guardian. The frequent change of phone numbers as 

well as the unavailability of phones to some of our patients 

makes follow-up of these patients challenging. 

STRENGTH AND LIMITATIONS
The strength of the current study is that it was done over a long 

period and included a significant number of patients. The study 

was however limited by the fact that it was retrospective with 

missing data due to patients lost to follow up or unrecorded 

information in the patient’s file. This could limit some of the 

conclusions that can be drawn from the study. 

CONCLUSION
Most of our patients with TOF were repaired late and a signi-

ficant number presented with pre-operative morbidities, the 

commonest of which was hypercyanotic spells. Pre-operative 

malnutrition and post-operative infection contribute significantly 

towards early mortality. A significant fraction of our patients are 

lost to follow-up.

These findings suggest that there is potential for improved 

outcomes on a number of levels. These include timeous diag-

nosis, earlier surgery, improvement in peri-operative and post-

operative care, prevention of nosocomial infections and 

improved follow-up. At an institutional level, such improve-

ment can only be achieved by a continuously evaluating out-

comes and implementing changes where possible. Additionally, 

however, development and strengthening of the child health 

infrastructure within the province as a whole is necessary for 

sustained progress.   
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Outcomes of right ventricular 
outflow tract stenting as a  
palliative procedure in tetralogy  
of Fallot patients

OUTCOMES OF 
RVOT STENTING

enable full repair. The McGoon ratio is the ratio of the sum of 

left and right pulmonary artery diameters to the aortic diameter 

at the level of the diaphragm (Figure 2). Should the patient 

weigh less than 2.5kg or there is unfavourable anatomy or 

medical emergency management of a hypercyanotic spell has 

failed or the McGoon ratio is less than 2, an interim palliative 

procedure is indicated before circumstances permit full surgical 

repair. Dawoud, et al., suggest a McGoon ratio of 1.5 to guide 

decision making.(3) Our Institution’s preference is a ratio of 2. 

Aorto-pulmonary shunting is the standard palliative procedure 

bypassing the RVOT obstruction and supplying blood directly 

INTRODUCTION

Tetralogy of Fallot (TOF) is the most common cyanotic con-

genital heart disease (CHD) seen at Steve Biko Academic 

Hospital (SBAH), a tertiary hospital in the Gauteng province of 

South Africa. The Paediatric Cardiology Department services 

approximately 15% of the population including the greater part 

of the provinces of Mpumalanga, Limpopo and Gauteng. It is 

one of only 6 state cardiothoracic surgery services in South 

Africa. In 2016, more than 150 cardiothoracic procedures were 

performed in only 2 of the 6 units.(1) Thus many paediatric 

patients die while awaiting surgery. Global standards require  

1 cardiothoracic surgeon per 800 000 population.(1) In South 

Africa in 2016 there was 1 cardiothoracic surgeon per 4.5 million 

population with the majority practising in the private sector.

TOF is defined by 4 congenital heart defects: Right ventricular 

hypertrophy, ventricular septal defect, aortic override and right 

ventricular outflow tract (RVOT) obstruction. This report fo-

cusses on RVOT obstruction which contributes the majority of 

the morbidity and mortality in these patients. 

The majority of patients with TOF undergo primary complete 

surgical repair with excellent outcomes.(2) In order for sur- 

gery to be successful certain requirements must be fulfilled  

(Figure 1). An adequate pulmonary artery size is necessary to 

ABSTRACT

Background: Certain patients with tetralogy of Fallot 

(TOF) require a palliative procedure until their con-

dition permits a full surgical repair. Aorto-pulmonary 

shunting is the standard palliative procedure but 

requires a cardiothoracic surgeon in a well-equipped 

facility. Overwhelming caseloads and limited resources 

in the public sectors in developing countries frequently 

restrict access to such treatment. Percutaneous right 

ventricular outflow tract (RVOT) stenting offers an 

alternative. 

Objectives: To evaluate the safety and effectiveness of 

RVOT stenting in TOF patients in a resource-limited 

setting. 

Method: A retrospective, cohort observational study at 

Steve Biko Academic Hospital from January 2014 - 

March 2021. 

Results: Thirty-seven patients required RVOT stent 

placement. Mean oxygen saturation increased from 65% 

to 95% post-stent insertion. Mean pulmonary artery 

(PA) growth, measured by McGoon ratio, increased 

from 1.36 to 2.05. Average Intensive Care Unit stay was  

2 days with zero 30-day mortality. Three stents frac-

tured and required replacement. 

Conclusion: Stenting the RVOT in TOF patients pre-

senting beyond the neonatal period, with multiple 

comorbidities and often in extremis, yielded good 

results. Significant improvement in oxygen saturations 

and PA growth permitted the majority of patients to 

proceed to full TOF surgical repair. This is an especially 

valuable option to have in resource constrained settings 

when surgical assistance is not always readily available.  
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to the pulmonary arteries. Amongst the various types of aorto-

pulmonary shunts, none provides symmetrical blood flow to 

the pulmonary arteries resulting in unequal growth of the 

vessels.(4) Aorto-pulmonary shunting requires a well-equipped 

cardiothoracic surgical facility with the potential for cardio-

pulmonary bypass. The Corona virus disease 2019 (COVID-19) 

pandemic resulted in the postponement of elective surgeries 

increasing the burden on a resource-limited system. In this 

circumstance, a palliative alternative procedure might ensure 

patient survival and more effectively prepare them for later 

definitive repair. 

Percutaneous RVOT stenting offers such an alternative.(5) It 

avoids surgery and cardio-pulmonary bypass. Prior studies have 

shown promising results of the procedure in a neonatal popu-

lation.(6) In South Africa, many of the TOF patients are diag-

nosed beyond the neonatal period.(7) Often patients present for 

the first time in extremis with a hypercyanotic episode. While 

medical management may be sufficient to treat some patients, 

others require emergency RVOT stenting as a lifesaving pro-

cedure.(8) Given the limited capacity of paediatric intensive care 

units (PICU) locally, RVOT stenting may offer a shorter post-

operative PICU stay and a reduction in hospital stay.

Here we report our experience with RVOT stenting; its benefits 

and risks and its short- and longer-term outcomes.

METHODS

Aim and objectives

Aim

The aim of this study was to evaluate the safety and effectiveness 

of RVOT stenting in patients with TOF presenting beyond the 

neonatal period at SBAH. 

 

Tetralogy of Fallot

FIGURE 1: Flow diagram depicting the surgical management of tetralogy of Fallot.
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This study received approval from the Research Ethics 

Committee at the Faculty of Health Sciences at the University 

of Pretoria (Reference number: 566/2020).

Statistical analysis
The data analysis consisted of frequencies and proportions for 

short- and long-term negative clinical outcomes and categorical 

variables. For continuous data such as age, weight, McGoon 

score, oxygen saturation, the means and standard deviations 

were calculated to describe the data. The SAS® v.9.4 software 

(Statistical Analysis Systems Institute Inc., SAS Campus Drive, 

Cary, NC, USA) was used to perform the analysis and statistical 

significance was set at p<0.05.

Catheterisation technique
 ■ All stent procedures were performed under fluoroscopic 

visualisation in the cardiac catheterisation laboratory with 

the patient’s arms elevated for biplane views. Patients 

received a general anaesthetic and a topical local anaesthetic.

 ■ A 5 French short sheath was placed in the femoral vein 

using the Seldinger technique. Sodium heparin was admin-

istered via the sheath at a dosage of 50IU/kg. 

 ■ A 5 French catheter was then placed in the right ventricle 

just below the infundibular stenosis. An angiogram was 

performed and the McGoon ratio was measured. 

 ■ If the pulmonary valve was too small or dysplastic then  

the valve was to be stented, if not, it was to be spared 

(Figure 3).

 ■ The Formula stent (Cook® Medical, USA) is available in 2 

systems, the 0.018 and 0.035 system. 

 ■ Patients can become unstable when crossing the RVOT.  

To prevent complications, a coaxial system was used, and 

the stent was prepared prior to deployment.

 ■ The RVOT was crossed using a 5 French right Judkins 

catheter and a 0.018 Road Runner (Cook® Medical USA) 

wire placed in the LPA. This provides a straighter line of 

deployment of the stent. 

 ■ Once the wire was in position the long delivery sheath and 

dilator (Cook® Flexor Ansel) was then advanced over the 

wire and across the RVOT into the branch pulmonary 

artery. The sheath was then thoroughly flushed. 

 ■ The stent was then advanced to the tip of the long delivery 

sheath over the wire. Hand injections of contrast confirmed 

the desired position. 

Primary objectives

 ■ To describe positive clinical outcomes after RVOT stent 

placement in TOF patients.

 ■ To identify any short- and longer-term negative clinical out-

comes after RVOT stent placement in TOF patients.

Secondary objectives

 ■ To describe the clinical and demographic profile of our 

TOF patients prior to RVOT stent placement.

 ■ To describe the procedure we followed for RVOT stent 

placement in TOF patients.

Study design

A retrospective cohort observational study was done. All 

tetralogy of Fallot patients who underwent RVOT placement 

from 1 January 2014 - 31 March 2021 at SBAH in Pretoria, 

South Africa, were included. Patients with a prior palliative 

procedure, i.e. a central shunt, were included. Patients not 

fulfilling the criteria of TOF anatomy were excluded.

FIGURE 2: McGoon ratio: Relationship between diameters of 
right pulmonary artery (RPA) and left pulmonary artery (LPA) 
to diameter of descending aorta.

RPA LPA

Descending Aorta
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was implanted: mean age 43.6 months (range 2.4 - 133 months) 

(Figure 4). Six patients had an occluded central shunt. 46% of 

patients were female. The average weight was 11kg (range 5 - 

26kg) of whom 24% were underweight and 49% were severely 

underweight (WHO growth charts). The primary cardiac diag-

nosis was associated with a variety of congenital conditions in 

40% of patients (Figure 5). The median haemoglobin level pre-

stent placement was 18.2g/dL (range 10.2 - 27.5g/dL).

RVOT stent procedure characteristics

All procedures were done under ketamine-induced general 

anaesthetic. The Formula stents (Cook® Medical, USA) were 

used. The majority of the procedures required the placement 

of only one stent to cover the length of the infundibulum  

(Table I). 65% of all the procedures spared involvement of the 

pulmonary valve. The stent and procedural characteristics are 

shown in Table II.

Positive clinical outcomes post RVOT stent 

placement

Oxygen saturations improved remarkably (Table III & Figure 6). 

There was correlation between the pre-stent echocardio-

graphic pulmonary artery (PA) size and the pre-stent angio-

graphic size (Table IV). Echocardiograms were used to measure 

PA growth at an average of 35 days (1 - 71 days) after the pro- 

 ■ The stent covered the infundibular obstruction completely. 

The stent balloon was then inflated to the desired atmo-

spheres and then deflated. A pressure injection was then 

performed, and the area carefully scrutinised to ensure that 

all of the obstruction was relieved. Any complications of 

the stent deployment were excluded. These included dis-

section, rupture and jailing of the branch pulmonary arteries. 

A dramatic rise in oxygen saturations was noted as the 

obstruction was relieved.

 ■ If there was some residual obstruction, a second stent was 

deployed.

 ■ The patient was monitored in PICU for the development of 

post stent pulmonary oedema which was treated with 

furosemide. The patient was then initiated on antiplatelet 

therapy using acetylsalicylic acid 5mg/kg/dose daily. 

RESULTS

A total of 37 patients with the prerequisite TOF anatomy 

required RVOT stent placement at SBAH between 1 January 

2014 and 31 March 2021. Of these patients, 4 required reinter-

vention with either a repeat RVOT stent or balloon dilatation.

Demographics
The mean age at presentation was 27.7 months (range 1 - 89 

months) with a large variation in age by the time the first stent 

FIGURE 3: Measurement of right ventricular outflow tract obstruction with stent in situ.

Length of RVOT obstruction

A = Pulmonary valve spared
B = Pulmonary valve involved

RVOT stent in situ

Pulmonary valve spared Pulmonary valve stented
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FIGURE 5: Cardiac diagnosis with associated condition.

TOF: Tetralogy of Fallot, PA’s: Pulmonary arteries, DORV: Double outlet right ventricle, 
PS: Pulmonary stenosis, VSD: Ventricular septal defect, TGA: Transposition of the great 
arteries, AVSD: Atrioventricular septal defect. 

COVID-19 positive            Genetic syndrome       

Cerebral abscess / Cerebrovascular accident            HIV

Omphalocoele / Imperforate anus

No associated condition
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FIGURE 4: Gender and age at time of stent insertion.
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TABLE I: Number of stents required per procedure.

Number of stents  Percentage of procedures 
(n=40) 

1 88%

2 10%

3 2%

TABLE II: Stent and procedure characteristics.

  Median Range 

Stent diameter (mm) 8 6 - 10

Stent length (mm) 20 16 - 40

Balloon dilatation (atm) 10 5 - 15

Radiation exposure (min) 44 8.8 - 289

Radiation dose (mGy) 197 42 - 1 556

Contrast dose (ml) 109 30 - 480

Procedural time (min) 110 39 - 420

TABLE III: Oxygen saturations pre- and post-stent procedures.

Oxygen saturations (mean, 95% CI)

Procedure  Pre-stent Post-stent 

Procedure 1 (n=37) 65% (62 - 68) 95% (93 - 96)

Procedure 2 (n=4) 80% (79 - 81) 92% (85 - 99)

Procedure 3 (n=1) 71% 93%

Procedure 4 (n=1) 70% 90%

FIGURE 6: Boxplot illustrating oxygen saturations pre- and 
post-stent procedures.
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cedure and again after approximately 7 months (5 - 9 months) 

(Table V & Figure 7). Twenty six of 37 patients (70%) achieved 

a McGoon ratio of 2 or greater at the 7-month post-stent echo 

(Figure 8). 

Short-term negative clinical outcomes post 

RVOT stent placement

The 30-day mortality rate was zero after stent placement. Two 

patients had severe hypercyanotic episodes and demised on 

the operating table prior to induction of anaesthesia or stent 

placement. The stent embolised into the aortic arch in 1 patient 

and a small pericardial effusion arising from guidewire per-

foration developed in another. There was no report of tricus-

pid valve damage, RVOT obstruction, stent dislodgement or 

branch pulmonary artery jailing. Patients spent an average of  

2 days in PICU (range 0 - 10 days). The median length of 

hospital stay was 6.5 days (range 2 - 80 days).

Long-term negative clinical outcomes post 

RVOT stent placement

Stent fracture occurred in 3 patients (Figure 9) resulting in 

replacement in all. There has been no report of infective endo-

carditis nor arrythmia 6 months after the enrolment period.

TABLE IV: Pulmonary artery growth post procedure one.

Pre-stent Post-stent

Angiographic  
measurement

Echocardiographic 
measurement

First echocardiographic 
measurement

Second 
echocardiographic 

measurement

LPA diameter mm (median, range) 5 (3 - 9.6) 7 (5 - 10) 9 (7 - 13) 11 (7 - 15)

LPA diameter z-score (median, range) -0.06 (-1.76 - 3.83) -0.22 (-1.72 - 2.03) 0.07 (-1.33 - 2.87) 0.08 (-2.23 - 2.38)

RPA diameter mm (median, range) 6 (3 - 8) 5 (3 - 7) 7 (5 - 8) 8 (6 - 10)

RPA diameter z-score (median, range) 0.31 (-2.06 - 1.89) -0.06 (-2.27 - 2.13) 0.37 (-1.64 - 1.37) -0.23 (-2.34 - 1.88)

McGoon ratio (median, range) 1.35 (0.55 - 1.86) 1.36 (0.55 - 1.86) 1.71 (1 - 2.29) 2.05 (1.4 - 2.67)

TABLE V: Pulmonary artery growth post final procedure.

Echo - Pre-stent Echo - Post final procedure Percentage increase %

Patient LPA (mm) RPA (mm) McGoon 
ratio LPA (mm) RPA (mm) McGoon 

ratio LPA RPA McGoon 
ratio

5 3 3 0.55 9 8 1.55 67 63 65

13 6 7 1.86 10 10 2.00 40 30 7

16 6 6 1.50 9 10 1.90 33 40 21

19 4 5 1.29 5 6 1.57 20 17 18

FIGURE 7: Boxplot diagrams illustrating the echocardiographic 
measurement of the LPA and RPA in millimetres and McGoon 
ratio pre-stent, 1 month post-stent, and approximately 7 
months post-stent placement.
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medicine. Furthermore there was an average delay of 15 

months between the time of diagnosis and the first placement 

of a stent. Inadequate resources played a significant role in this 

delay magnified by the postponement of elective procedures 

after onset of the COVID-19 pandemic. Delay in referral to a 

tertiary centre after diagnosis, missed follow-up visits and 6 

patients with occluded central shunts contributed to the longer 

time interval between initial diagnosis and stent placement. 

Delayed diagnosis and treatment in a patient with cyanotic 

CHD increases the risk of complications. Two patients had a 

cerebrovascular accident, 1 had a cerebral abscess, 27 were 

malnourished, and 8 presented with refractory hypercyanotic 

spells requiring emergent stent placement. Two of these 8 

DISCUSSION

We found that stenting of the RVOT is an effective and safe 

initial palliative procedure in patients with TOF. The pulsatile 

forward flow of systemic venous blood into the pulmonary 

arteries allows symmetrical growth and potentially permits 

patients to progress to complete surgical repair. 

This finding is in keeping with reports in neonatal popula- 

tions.(6,9-11) Despite advances in medicine, the diagnosis of many 

congenital conditions is delayed beyond the neonatal period in 

developing countries such as South Africa. In our study, the 

average age of diagnosis of TOF was 2 years and 4 months. 

Factors contributing to the delay range from poor primary 

healthcare, social factors and the inconsistent use of Western 

FIGURE 8: McGoon ratio post final procedure.
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FIGURE 9: Lateral chest radiographs with right ventricular outflow tract stents in situ.
A - RVOT stent intact. B - RVOT stent fracture
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saturation of approximately 85%.(14) Our study participants 

were deeply cyanosed with an average saturation level of 65% 

prior to stent insertion which improved to 95% after stent 

insertion. We do not report on the potential improvement in 

polycythaemia due to the retrospective nature of the study.

In order to quantify growth, multiple assessments of the branch 

PA sizes were required. As in other studies, this could only be 

done by serial echo’s as serial catheter pulmonary angiograms 

were not feasible nor acceptable due to the significant radiation 

exposure.(15) Despite the first echo being only about a month 

after stent placement, growth could be appreciated with the 

McGoon ratio increasing from 1.36 to 1.71. At this stage, 18%  

of the patients had a McGoon ratio greater than 2 therefore 

potentially qualifying them for a complete surgical repair. After 

the final echo, approximately 7 months post stent placement, 

the average McGoon ratio was 2.05 thereby potentially already 

qualifying 70% of the patients to a full surgical repair. As of 

December 2023, 9 of the patients have undergone a full surgical 

repair. 

The pulmonary valve was spared in two thirds of patients. Not 

covering the pulmonary valve with a stent potentially avoids  

the need for a transannular patch at the time of corrective 

surgery.(5) 

Stenting of the RVOT as the initial palliative procedure in TOF 

patients that present beyond the neonatal period enables effec-

tive growth of the pulmonary arteries with marked improvement 

in oxygen saturations and minimal post-operative complications. 

Further prospective studies analysing the longer-term effects of 

stent placement in TOF, a comparison with other palliative 

procedures, and outcomes in patients subsequently undergoing 

complete surgical repair are needed.

STUDY LIMITATIONS 

This was a single centre, retrospective, non-randomised study 

in patients with TOF. Our 37 patients excluded the 2 who 

demised on the operating table prior to placement of the stent. 

PA growth was measured by various paediatric cardiologists 

allowing inter-observer variability, likely pertaining to the mini-

mal change of the Z score measurement. The timing of the 

various measurements varied due to erratic patient follow-up. 

Observation for long-term complications was limited to 6 

months post-stent placement. 

patients tested positive for COVID-19. Neither responded to 

medical management of the hypercyanotic episode, and one 

had a brief cardiac arrest requiring cardio-pulmonary resus-

citation.

During the study, there was a significant increment in operator 

experience and evolution in the materials employed.(12) The 

placement of the first stent involved the longest procedural 

time (420min), used the greatest amount of contrast (480ml) 

and required a repeat procedure following stent fracture that 

resulted in the largest radiation dose (1556.17mGy). Four 

patients required further intervention for stent replacement or 

balloon dilatation. These 4 patients were the first 4 participants 

in the study, 3 of whom had stent fractures. Though the same 

type of stent was used throughout the study, there were pro-

gressive improvements in design.(12) The Formula stent (Cook® 

Medical, USA) allows significant over-dilatation with virtually no 

shortening. Despite 5 patients requiring more than 1 stent to 

cover the infundibular stenosis, this did not contribute to stent 

dislodgement or jailing of the branch arteries. The use of the 

long sheaths or guide catheters prevented stent dislodgement 

or tricuspid valve damage.(5) Only 1 patient developed a small 

pericardial effusion due to guidewire perforation and was dis-

charged in 5 days after conservative management. Despite the 

steep learning curve, no mortalities were recorded within 30 

days of stenting.

A general anaesthetic was used for each of these procedures. 

Our study specifically made use of ketamine-induced anaes-

thesia, given that systemic vasoconstriction is beneficial in 

patients with a right-to-left shunt. The majority of patients were 

extubated in theatre. Seventy one percent of patients required 

post-operative PICU care of whom 45% were admitted for 

more than 3 days. Reasons for prolonged PICU admission 

included pulmonary oedema, convulsions secondary to elec-

trolyte derangements, nosocomial sepsis and a patient who 

deteriorated and required emergency surgical repair. The total 

length of hospital stay exceeded that of international experience 

averaging 12.8 days.(13) This was influenced by the 4 patients 

that were admitted for more than 48 days. One developed a 

cerebral abscess that required drainage, while another devel-

oped a chylothorax and multiple episodes of nosocomial sepsis. 

Two patients developed multiple cerebral infarcts which 

required stabilisation prior to stenting. 

A known consequence of cyanotic CHD is polycythaemia.  

Our patients had an average haemoglobin level of 18.4g/dL, 

increasing the threshold for visible cyanosis to an oxygen 
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CONCLUSION 

Our experience of stenting the RVOT in TOF patients who 

present at an older age, with multiple comorbidities and often 

a poor prognosis, has yielded good results. In the absence of 

freely available access to cardiothoracic surgery and surgical 

ICU beds when these patients present in extremis with hyper-

cyanotic spells, RVOT stenting can be a lifesaving procedure. 

The procedure has the potential to save children’s lives in 

resource-limited hospitals throughout developing countries. 

Significant improvement in oxygen saturations and PA growth 

permitted majority of our patients to undergo a full TOF sur-

gical repair. 
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This issue of the Journal contains 2 papers on the local management of tetralogy of Fallot (TOF). 

The first comprehensively and frankly reviews the surgical repair of TOF in a state hospital. The 

detailed text is well complemented by excellent tables and figures. Particularly noteworthy is the 

complete (100%) early postoperative studies of the severity of pulmonary regurgitation, right 

ventricular outflow gradients and trans-annular plane systolic excursion (TAPSE), by transthoracic 

echocardiogram. Under the circumstances, the surgery itself was satisfactory.

There are important lessons for all who are considering paediatric cardiac surgery in developing 

countries. Presentation, and hence operations, were delayed to an older age and 40% of patients 

were lost to follow-up. Major limitations were encountered in the quality and quantity of intensive 

care, malnutrition was common and postoperative infection was frequent. There was a high 

incidence of hypercyanotic spells in the older patients with a relatively high frequency of poly-

cythaemia. Almost half the early survivors were lost to follow-up. These are the challenging con-

ditions in which surgery is performed in this environment.

I commend the author for a frank and detailed analysis. No doubt similar circumstances prevail 

for the repair of all paediatric congenital heart defects in developing countries. As the author 

states, improved management is imperative and will only be achieved by “timeous diagnosis, 

earlier surgery, improvement in perioperative care, prevention of nosocomial infections and 

improved follow-up.” Sound advice. These obstacles confront all surgical teams working in this 

environment. It is testimony to the obvious. Paediatric cardiac surgery is not “a one surgeon 

show” but involves the coordinated action of a multitude of disciplines, with a complete follow-

up and accurate data analysis. No component can fail without jeopardising the early and long 

term outlook.

With almost half of patients lost to follow-up. I am reminded of the biblical adage “forgive them 

Lord for they know not what they are doing. “

The second publication is a report on right ventricular outflow tract (RVOT) stenting as a 

palliative procedure in patients with TOF. Because of a significant operative mortality, there is no 

doubt interventional cardiological procedures, including RVOT stenting, have had a major 

beneficial effect on outcomes in the rescuing neonates and infants with TOF. However a pre-

Professor Robin H. Kinsley 
Retired cardiothoracic surgeon, Ethekweni Heart Hospital, Durban, 
KwaZulu-Natal, South Africa

Management of tetralogy  
of Fallot in South Africa

COMMENTARY
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requisite of this strategy is that patients should subsequently undergo surgical repair when 

stabilised, older and bigger and when the risk of open heart surgery and cardiopulmonary bypass 

is lower.

In the series from the Steve Biko Hospital, 37 patients had RVOT stenting. Oxygen saturation 

increased and the pulmonary arteries enlarged. The zero procedural mortality is commendable; 

less commendable is mean age of the patients (43.6 months) that is uniquely greater than that in 

published literature and that less than 25% of patients subsequently underwent surgical repair 

without their outcomes being reported. The application of expensive, limited resources to 

provide temporary benefit is concerning. 

These reports sadly reflect the deficiencies in paediatric cardiac surgery in South Africa and 

hopefully will provide strong motivation for future improvement.



INTRODUCTION

The link between human immunodeficiency virus (HIV) infec-

tion and cardiovascular dysfunction and mortality is well 

established.(1,2) With the advent of modern antiretroviral treat-

ment (ART), the profile of cardiovascular disease has largely 

shifted to atherosclerotic cardiovascular disease in high income 

countries, but this has not been consistently demonstrated in 

low- and middle-income countries. In these regions, HIV-asso-

ciated cardiomyopathy still contributes significantly to the bur-

den of HIV-associated cardiovascular disease,(3-5) with HIV-

infection seen to almost double the risk of heart failure.(6) HIV-

associated cardiomyopathy remains a poorly understood entity 

due to numerous contributing factors.(5,7) Of these factors, data 

on the genetic susceptibility of HIV-associated cardiomyopathy 

in individuals is especially sparse.(8-10)

Cardiovascular research from both high- and low- to middle- 

income countries has demonstrated the presence of subclin- 

ical structural, functional, and biochemical abnormalities in 

newly diagnosed people living with HIV (PLWH), before the 

influence of ART.(11-16) However, some controversy remains 

regarding the finding of systolic dysfunction in asymptomatic 

PLWH, as this finding has not been consistently observed in 

contemporary studies.(17) ART may improve subclinical HIV-

related alterations in cardiovascular structure and biochemical 

signals of cardiac disease(16,18) and cardiovascular magnetic reso-

nance imaging (CMR) research has demonstrated improvements 
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Subclinical cardiovascular  
remodelling in HIV-infection:  
A multimodal case study of 2 
serodiscordant, monozygotic twins

REMODELLING IN 
HIV-INFECTION

ABSTRACT

Cardiovascular abnormalities are increasingly recog-
nised among people newly diagnosed with HIV, but 
subclinical pathology may be challenging to diagnose. 
We present a case study of subtle cardiovascular 
changes in identical twins, one without HIV-infection 
and the other recently diagnosed with HIV (serodis-
cordant). We hypothesise that cardiovascular para-
meters would be similar between the twins, unless non-
genetic (environmental) factors are at play. These 
differences likely represent occult pathology secondary 
to the effects of early HIV-infection. 
A 25-year-old female incidentally diagnosed with HIV, 
and her HIV-uninfected identical twin, living with her 
since birth, underwent comprehensive cardiovascular 
assessments. The HIV-positive twin exhibited a globular 
left ventricle (LV), larger LV volumes, decreased LV 
strain, peak atrial longitudinal strain (PALS) and higher 
native T1 and T2 mapping values compared to her  
sister. Cardiac biomarkers high sensitivity cardiac 
troponin T and N-terminal proBNP, as well as the novel 
markers of fibrosis and remodelling, galectin-3 and 
soluble-ST2, were higher in the HIV-infected twin. Given 
the twins’ shared environment and genetic makeup, 
these differences likely stem from HIV-infection. 
Our study supports previous findings and suggests 
potential screening markers for HIV-associated cardio-
vascular disease, including PALS. Further research is 
warranted to explore PALS’ utility in this context.
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in LV tissue characteristics after the initiation of ART.(19) There 

are limited prospective studies that track cardiovascular changes 

after the initiation of ART, and comparisons are usually made 

between mixed groups of treated and untreated individuals. 

This heterogeneity may explain the conflicting results, as sub-

clinical abnormalities may be subtle, and observations between 

matched control groups may be masked by unknown genetic 

or environmental factors. Many knowledge gaps remain on 

early myocardial disease in asymptomatic PLWH, and further 

research is needed to adequately characterise these functional, 

structural and tissue characterisation abnormalities to better 

inform research in the ART-era and aid in establishing evidence-

based screening and treatment strategies.

Multimodal cardiovascular assessment combines several modal-

ities, employing each of their unique strengths in evaluating 

various aspects of the cardiovascular system. CMR is the non-

invasive gold standard for volumetric examination of the heart 

and boasts excellent inter- and intra-observer variability.(20,21) 

Echocardiography with Doppler is a well-validated tool to inter-

rogate diastolic function.(22) Speckle tracking echocardiography 

(STE) and CMR feature tracking are modalities that may be 

used to analyse myocardial deformation.(23) STE, however, has 

the distinct advantage of almost 2 decades of research and its 

clinical use is supported by treatment guidelines.(24) Peak atrial 

longitudinal strain (PALS) of the left atrium (LA) is increasingly 

used to assess atrial reservoir function and mirrors elevation in 

LA filling pressures,(25) serving as a sensitive tool to assess early 

cardiac dysfunction. Relatively few studies on this topic have 

been carried out, but there is emerging evidence to suggest its 

utility in the diagnosis of subclinical HIV-associated cardiovascular 

disease.(26,27) Biochemical cardiac markers are integral to the 

diagnosis and management of cardiovascular conditions. High 

sensitivity cardiac troponin T (hs-cTnT) and N-terminal proBNP 

(NT-proBNP) are well established markers that provide infor-

mation on cardiac injury and myocardial stretch respectively. 

Various novel cardiac markers, including soluble ST-2 (sST-2) 

and galectin-3 are associated with specific pathophysiological 

processes per se, rather than the sequalae of disease. sST-2 is 

involved in cardiac remodelling, hypertrophy and fibrosis,(28) 

whereas galectin-3 may be directly involved in the process of 

ventricular remodelling through tissue repair and fibrosis.(29) 

In this article we describe known and novel multimodal cardio-

vascular findings in the rare scenario of HIV-serodiscordance  

(1 twin with HIV and the other without) in identical female 

twins. As monozygotic twins have identical genetic makeup  

and cardiac heritability has been shown to be high,(30-33) the 

influence of environmental factors can be evaluated in the 

absence of genetic confounders. We hypothesised that a differ-

ence in cardiovascular parameters would not be demonstrable 

between the twins, unless non-genetic (environmental) factors 

were influencing the cardiovascular system. Secondly, we hypo-

thesised that such a difference would represent occult pathology 

secondary to the direct or indirect effect of early HIV-infection, 

before the initiation of ART.

METHODS

Study design 

This case study was nested within a larger prospective cohort 

study in the Western Cape, South Africa evaluating newly 

diagnosed PLWH without known cardiovascular disease.(13) 

The study was approved by the Stellenbosch Human Research 

Ethics Committee (Ref: S19/07/137) and all volunteers provided 

written informed consent for data collection and publication.

Clinical information

A 25-year-old, asymptomatic, African female (twin 1) inciden-

tally tested positive for HIV at a local non-profit organisation’s 

public service and was referred to her local clinic for ART. Her 

HIV-status was serologically confirmed prior to enrolment in 

the study, and her identical twin sister volunteered as a HIV-

uninfected control (twin 2). Twin 1’s last confirmed negative 

HIV test was 14 months prior. The clinical history and contact 

tracing estimate her time from HIV-seroconversion to enrol-

ment as 7 months. The twins have shared a household in a 

low-income neighbourhood since their uncomplicated births. 

They have both excelled academically, participated in organised 

sport, and have shared similar lifestyles in terms of physical 

activity and diet. The twins give a history of equal levels of fit-

ness over the years, frequently walking and exercising together. 

Both twins have attained a tertiary level qualification. They have 

never smoked or used illicit drugs and have negligible alcohol 

intake. There is no significant family history of cardiovascular 

disease, no comorbidities, no history of COVID-19, or any past 

illness requiring hospitalisation. The clinical examination was 

unremarkable, other than the finding of palpable, small axillary 

and cervical lymph nodes in twin 1. The twins share almost 

identical physical features. Twin 1 was not overtly wasted but 

could be described as leaner than her sister. Twin 2 was mar-

ginally taller than her sister, although this is not readily apparent 

without a side-by-side comparison.
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Data collection 
Detailed description of data collection and methodology has 

been published previously.(12,13,34) In short, a comprehensive 

cardiovascular evaluation including anthropometric, biochemical, 

immunological, virological, pulse wave velocity, and electro-

cardiogram (ECG) investigations were performed on both 

twins. Fasting blood for a full lipogram, blood glucose, creatinine, 

HIV-viral load, CD4 count, hs-cTnT and NT-proBNP was col-

lected and analysed by the on-site National Health Laboratory 

Service (ISO 15189 accredited laboratory).(35) Additional lab-

oratory work on novel cardiac biomarkers, soluble ST-2 and 

galectin-3, was performed by the Stellenbosch University 

Immunology Research Group (ISO 15189 accredited labora-

tory). Serum concentrations of soluble ST-2 and galectin-3 

were determined using multiplexed immunometric assays 

(Human magnetic Luminex screening assay, R&D Systems, 

Minneapolis, United States of America). Glomerular filtration 

rate was estimated using the CKD-EPI equation.(36) 

Cardiovascular magnetic resonance
Both CMR studies were performed on a 1.5T magnetic reso-

nance scanning system (Magnetom Avanto, Siemens Healthcare, 

Germany) with commercially available cardiac sequences as 

described previously.(12,13) Images included cine imaging for LV 

function and morphology, as well as native T1, T2, extracellular 

volume (ECV) mapping and late gadolinium enhancement 

imaging for myocardial tissue characterisation. The studies were 

post-processed and analysed by 2 independent observers 

blinded to the clinical information, using CVI(42) (version 5.11.2, 

Circle Cardiovascular Imaging, Calgary, Alberta, Canada).(12,13) 

Quantitative mapping values are reported as the mean basal 

values.

Echocardiography
Structural and functional 2D echocardiographic studies were 

acquired using a 2.5 mHz 4Cv probe on a Vivid E95 unit (GE 

Medical Systems, Norway. Software: EchoPAC PC, version 204, 

GE Healthcare, United Kingdom). Images were acquired in the 

left lateral decubitus position by a cardiac physiologist who was 

blinded to the clinical information. Echocardiographic para-

meters were acquired using standardised methodology.(37-40) 

The frame rate and image gain were continuously adjusted to 

optimise image quality and the cardiac cycle with the best image 

quality, and free from artefact, was selected for analysis. 

Speckle tracking echocardiography derived 
ventricular strain
Endocardial contours were manually traced at end systole and 

a concentric region of interest, including the LV myocardial wall, 

was automatically traced by the EchoPAC software. The myo-

cardial tracking was manually verified and where necessary the 

region of interest width was adjusted to optimise tracking. Peak 

systolic longitudinal strain was calculated by averaging the peak 

systolic values of the 16 LV segments,(41) derived from the apical 

2-, 4-, and 3-chamber views. 

Speckle tracking echocardiography derived 
atrial strain
To assess the atrial reservoir function, PALS was obtained using 

dedicated apical 2- and 4-chamber views to ensure visualisation 

of the LA throughout the cardiac cycle.(42) The LA endocardial 

border was contoured in both views, starting at the annulus and 

tracing along the atrial wall, crossing the pulmonary vein orifices 

and the LA appendage, stopping at the opposite mitral annulus. 

Accurate bi-plane tracking of the atrial endocardial border 

during the cardiac cycle was manually verified and adjusted on 

the EchoPAC software when necessary.

RESULTS

Clinical data
The twins were well matched in terms of anthropometry,  

blood pressure, and biochemistry (see Table I). Although twin 
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TABLE I: Clinical data.

Parameter
Twin 1  

HIV-infected
Twin 2  

HIV-uninfected

Weight (kg) 64 70

Height (cm) 167 169

Body mass index (kg/m2) 23 25

Waist circumference (cm) 77 80

Systolic blood pressure (mmHg) 96 98

Diastolic blood pressure (mmHg) 78 68

6-minute walk test distance (m) 623 746

Biochemistry

Creatinine (μmol/l) 66 65

eGFR (ml/min/1.73m2) 111 114

Fasting glucose (mmol/l) 4.8 4.9

Fasting blood lipids

Total cholesterol (mmol/l) 5.12 4.43

HDL cholesterol (mmol/l) 1.62 1.5

LDL cholesterol (mmol/l) 3.35 2.79

Triglycerides (mmol/l) 0.32 0.3

Virological and immunological markers

WHO clinical stage I -

HIV viral load (copies/ml) 4096 -

HIV viral load (log copies/ml) 3.61 -

CD4 count (cells/μl)     513 673

CD8 count (cells/μl)     941 770

eGFR: estimated glomerular filtration rate, HDL: high-density lipoprotein,  
LDL: low-density lipoprotein, WHO: World Health Organisation.
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1 had no cardiac symptoms, her sister outperformed her in the 

6-minute walk test and walked almost 20% further during the 

assessment.

Electrocardiogram and heart rate
Both twins were in sinus rhythm, with normal heart rates of 60 

and 66 beats per minute, respectively. Both sisters had non-

specific T-wave inversion of standard lead III, with otherwise 

normal ECGs. 

Cardiac morphology
For both cases, the cardiac morphology measured within nor-

mal CMR reference ranges,(43) but differed when compared to 

one another (see Table II). The most prominent difference 

between the twins’ cardiac morphology was the globular geo-

metry of twin 1’s LV. This globular LV geometry was most 

appreciable in the three-chamber view and verified by the 

quantitative CMR measurements (Figure 1, Table II ). Both the 

sphericity index and the midventricular LV end-diastolic dimen-

sion of twin 1 was higher than twin 2, confirming the observa-

tion of a more globular LV in twin 1. Furthermore, the LV end-

diastolic volume was higher in twin 1 compared with twin 2. 

The other cardiac chambers of twin 1 demonstrated a similar 

trend of being larger than her (slightly taller) twin sister. The LA, 

right atrium and right ventricle were all larger in twin 1. A sliver 

of pericardial fluid was present in both twins, respectively 

measuring 4mm and 2mm at the base of the heart.

Systolic function
Visually, the systolic function of the ventricles in both twins 

were within normal range, although side-by-side CMR evalua-

tion placed the LV ejection fraction (EF) of twin 1 about 5% 

lower than twin 2. This finding was confirmed with a blinded, 

quantitative CMR analysis that showed a 2% difference between 

twin 1 and twin 2. A notable difference was also present in the 

GLS of twin 1, which measured 3% lower than her sister. 

Diastolic function
The diastolic function of both the twins was normal with the 

E:E’ measuring <8 respectively (see Table II). Twin 1’s transmitral 

inflow velocity and the E:E’ were noted to be marginally higher 

than her sister.

Atrial reservoir function
Atrial strain curves are shown in Figure 2. The PALS of the LA 

was 56% lower in twin 1 compared with her sister and her atrial 

reservoir function is decreased for a female of her age (2.5th 

percentile is 29%).(44)

Multiparametric mapping and late gadolinium 

enhancement

The native T1 and T2 mapping, ECV and the T2 myocardial to 

skeletal muscle ratio were comparable between the sisters and 

were within the normal reference ranges (see Table II). How-

TABLE II: Cardiac parameters.

Parameter
Twin 1  

HIV-infected
Twin 2  

HIV-uninfected

Diastology of the LV

E (cm/s) 114 50

E’ septal (cm/s) 16 22

E’ lateral (cm/s) 18 14

Averaged E’ (cm/s) 17 18

E: E’ 6.7 2.8

Speckle tracking echocardiography

GLS (%) -18 -21

PALS of the LA (%) 24 55

Cardiovascular magnetic resonance

LA area (cm2) 22 20

LA volume (ml) 68 58

RA area (cm2) 20 20

RA volume (ml) 74 68

Basal LVEDD (mm) 50 47

LVEDD at midventricle (mm) 55 43

Sphericity index 0.56 0.48

LV EDV (ml) 146 138

LV mass (g/m2) 57 55

LVEF (%) 68 70

RV EDV (ml) 153 140

RVEF (%) 62 62

Septal native T1 (ms)
Mean basal native T1 (ms)

1 020
1 002

995
992

Mean basal T2 (ms) 48 47

Basal T2 myocardial: skeletal 
muscle ratio

1.4 1.4

Mean basal ECV (%) 23 23

LGE of myocardium or atria Absent Absent

Cardiac biomarkers

hs-cTnT (ng/l) 5 <3

NT-proBNP (ng/l) 84 60

Galectin-3 (ng/ml) 8.6 5.5

sST-2 (ng/ml) 23.8 9.3

Aortic stiffness

Carotid-femoral pulse wave 
velocity (m/s)

4.6 4.4

MV: mitral valve, GLS: global longitudinal strain, BLS: basal longitudinal strain, 
PALS: peak atrial longitudinal strain, LA: left atrium, RA: right atrium,  
LV: left ventricular, EDD: end-diastolic dimension, EDV: end-diastolic volume,  
EF: ejection fraction, RV: right ventricle, ECV: extracellular volume,  
LGE: late gadolinium enhancement, hs-cTnT: high sensitivity cardiac troponin T, 
NT-proBNP: N-terminal pro B-type natriuretic peptide, sST-2: soluble ST2.
Normal local reference ranges for myocardial mapping: Native T1: 950-1040 ms, 
T2: 44-52 ms



52

ever, both the native T1 and T2 were higher in twin 1. No late 

gadolinium enhancement of the myocardium or atrial walls 

were present in either twin.

Biomarkers
All measured cardiac biomarkers were higher in twin 1 than  

in twin 2 (see Table II). hs-cTnT was undetectable in twin 2, 

whereas it was detectable at normal levels in twin 1. Notably, 

s-ST2 was 2.6 times higher in twin 1 compared with her sister. 

The high sensitivity C-reactive protein in twin 1 and twin 2 

measured 1.6mg/l and 9.7mg/l respectively.

DISCUSSION

The multimodal cardiovascular data from this set of identical 

twins supports the hypothesis that the hearts of the serodis-

cordant twins are different. Given that the twins have an 

identical genome and live in the same environment, this also 

supports the hypothesis that these differences suggest subclinical 

pathology and likely represent manifestations of HIV-infection 

or its secondary effects. Furthermore, we describe the novel 

finding of unexplained, early atrial dysfunction in an otherwise 

healthy, HIV-infected patient before the initiation of ART: A 

finding that should be explored further in larger cohorts as a 

potentially sensitive marker of early cardiovascular alteration. 

In prior work from our research group, we demonstrated that 

at population level, there are subtle morphological, functional, 

and tissue characterisation abnormalities present at the time of 

HIV diagnosis, before the initiation of ART.(12,13) CMR and bio-

chemical studies emanating from both high and low- to middle-

income countries have made similar observations.(11,14,15) In our 

twin case study, we observed cardiovascular differences that 

bear a striking resemblance to what was observed in our larger 

research cohort.(12,13) Notably, the subtle difference in LVEF of 

2% in the twins mirrors a difference of 3% in our larger cohort. 

These findings are comparable to research from other groups. 

Menacho, et. al and Ntusi, et al. demonstrated a 3% and 4% 

difference respectively, in the LVEF of PLWH compared to 

controls.(14,15) This further increases the likelihood that the ob-

served differences in the twins are primarily due to HIV rather 

than a chance occurrence or measurement error. Although 

most parameters fall within normal reference ranges and the 

REMODELLING IN HIV-INFECTION

FIGURE 1: Cardiovascular magnetic resonance imaging (balanced steady state free precession image), end-diastole freeze frame of an  
HIV-infected female (left) and her HIV-uninfected, identical twin sister (right). The left ventricle of the HIV-infected twin appears globular  
and remodelled compared with her sister, with midventricular end-diastolic diameters of 50 and 47mm respectively. Note the small peri-
cardial effusion in the HIV-infected twin (white arrows).

ControlHIV-infected twin
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differences are small, it should be noted that these blinded 

measurements all tended toward abnormality in the HIV-

infected twin. The exception was the abnormal PALS mea-

surement that will be discussed later. By using an HIV-uninfected, 

genetically identical control, we were able to demonstrate 

subtle cardiovascular pathology in an HIV-infected individual. 

Demonstrating this would otherwise be extremely challenging, 

if not impossible, when pathology is only starting to manifest. 

This descriptive work contributes to our understanding of HIV’s 

early effect on the cardiovascular system, as occult pathology 

may later manifest as symptomatic heart disease if these 

underlying pathophysiological mechanisms are not adequately 

addressed. 

Our study’s observations are consistent with the view that 

multiple pathophysiological processes work in synergy to initiate 

and maintain a chronic state of myocardial inflammation(7) that 

may be improved, but not completely halted, by ART.(13) These 

chronic pathological processes likely lead to the cardiac 

remodelling, fibrosis and disproportionate risk of cardiovascular 

disease seen in PLWH.(45) The level of systemic inflammation as 

measured by the high sensitivity C-reactive protein in twin 1 

was not elevated in this case study and suggests that systemic 

inflammation and inflammation at the tissue level may be 

discrepant. 

Strategies to prevent these complications in the ART era are 

largely understudied. The use of statin therapy has shown pro-

mise in preventing HIV-related myocardial infarctions, stroke 

and peripheral artery disease.(46) A limitation of this trial is that 

myocardial disease and heart failure were not specifically 

studied as outcomes and, when evaluating the individual com-

ponents of major adverse cardiovascular events in this landmark 

study, no benefit was evident for death from any cardiovascular 

cause. This highlights the need for additional preventative 

research in this understudied group of patients. 

Nature vs. Nurture: Determinants of cardiac 
morphology and function 
Our participants’ hearts demonstrated clear morphological 

differences. Whether these differences are due to genetic influ-

ences on cardiac morphology or due to the HIV-infection and / 

FIGURE 2: Bi-plane peak atrial longitudinal strain (PALS) of the left atrium (LA) demonstrating decreased atrial reservoir function in a 
25-year-old HIV-infected female (left). Her HIV-uninfected, identical twin sister’s normal PALS of the LA is shown for comparison (right). 
These findings suggest HIV-related atrial abnormalities and may form part of an HIV-related atriopathy.
AVC: aortic valve closure.
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or its secondary effects, must be determined. Since our parti-

cipants are identical twins, we argue that their cardiac mor-

phology should not differ considerably due to genetic influences, 

and we discuss key findings in the literature to support this. 

Heritability is the degree (usually reported as a percentage) to 

which a specific personal trait may be explained by an indi-

vidual’s genetics. Echocardiographic research suggests that  

the heritability of cardiac morphology is high.(31) Adams, et al. 

showed high cardiac similarity (predominantly chamber dimen-

sions) between twins (monozygotic and dizygotic), as well as 

siblings when compared to random subjects. Furthermore, their 

data show that familial influences, which include common 

environmental and genetic factors, are important determinants 

of cardiac size. A cardiovascular study on a large twin cohort 

observed that LV mass has a significant genetic basis.(47) 

Contemporary research utilising CMR substantially exceeds the 

heritability estimates of cardiac structures in monozygotic twins 

compared to echocardiography, and provides additional evi-

dence of a strong genetic basis for cardiac morphology.(30) High 

heritability of structural and functional cardiovascular parameters 

has been demonstrated across 3 South African generations.(33) 

This provides good evidence that genetics have a significant 

influence on cardiovascular structure and function in the African 

context too. Lastly, it has been shown that longitudinal strain 

has increased heritability in persons with African ancestry, com-

pared to Caucasians.(32) Available data on twins and siblings 

support the notion that the structure and function of our 

study’s twins should be almost identical, especially considering 

that they have shared the same environment since birth. 

However, this was not what was observed in our study. Given 

that, without exception, our quantitative values consistently 

trend toward abnormality, the likelihood that these differences 

are due to measurement error or chance is low. Notably our 

study employed different modalities and diagnostic techniques 

that demonstrated the same tendency of subtle abnormality in 

the HIV-infected twin. This supports the contention that the 

differences identified are not due to chance or measurement 

error and are rather, related to the only apparent difference 

between our twins: their discordant HIV status.

Ventricular dysfunction and remodelling in early 
HIV-infection
Our dataset suggests that the difference in the twin’s LV size 

and geometry may be due to subclinical cardiac remodelling 

from HIV-infection or its secondary effects. Using CMR, we 

demonstrated larger LV dimensions and volumes in twin 1, 

findings that are corroborated by our biochemical observation 

of increased NT-proBNP, indicative of myocardial stretch.(29) 

Although the novel biomarkers sST-2 and galectin-3 are less 

studied compared to NT-proBNP, increases in these markers 

are associated with the processes of LV hypertrophy, fibrosis, 

and remodelling.(28,29) sST-2 has been shown to be useful in pre-

dicting cardiac dysfunction, even in otherwise healthy persons,(48) 

and its use to predict future heart failure in the HIV milieu 

warrants further study. Importantly, the sST-2 measurement of 

twin 1 was more than double that of twin 2. This biochemical 

evidence is in keeping with the imaging findings of an underlying 

process of remodelling and fibrosis, as sST-2 is believed to 

reflect cardiovascular stress and fibrosis with the ability to pre-

dict cardiovascular outcomes in heart failure.(28) 

Employing aortic stiffness as a surrogate marker for risk, it has 

been shown that cardiovascular risk is higher in asymptomatic, 

HIV-infected persons compared to age- and sex-matched 

controls.(34) This difference was observed between twin 1 and 

twin 2 as well, although the difference was subtle at 0.2m/s. 

The underlying cause of the cardiac remodelling in twin 1 is 

thought to be due to the direct or indirect cause of HIV-infec-

tion. Unfortunately, the pathophysiology of HIV-associated 

cardiovascular disease remains incompletely understood with 

numerous possible aetiologies.(7) As twin 1 was yet to be placed 

on ART at the time of study, these findings provide evidence  

of early cardiac remodelling in the absence of ART; an 

aetiological consideration frequently explored in contemporary 

literature. Chronic cardiovascular inflammation (before and 

despite ART) is thought to play an integral role in the 

development of a variety of HIV-associated cardiovascular 

diseases.(6,7,14,49,50) Mirroring the observations from our greater 

cohort, we measured a higher LV mass, native T1 and T2 in 

twin 1 compared to twin 2,(13) as well as higher levels of hs-

cTnT in twin 1. These findings are in keeping with underlying 

myocardial oedema with / without concurrent myocardial 

fibrosis. One should be careful not to overcall pathology based 

on these subtle findings in the twins, but the clustering of our 

observations across different modalities is in keeping with the 

current inflammatory hypothesis of HIV, and in this case, likely 

represents myocardial inflammation in the HIV-infected twin. 

We hypothesise that HIV-related inflammation leads to low-

grade myocardial injury and oedema, and manifests as struc-

tural and functional myocardial changes over time that are 

detectable with imaging and cardiac biomarkers. The long-term 

implication of these morphological and functional changes at 

the time of HIV diagnosis is not known. If underlying inflammation 

is closely associated with myocardial injury and remodelling, the 

persistence of inflammation, despite ART,(13,14) could lead to 

cumulative myocardial dysfunction and ultimately, symptomatic 

cardiac disease. This plausibly explains the excess cardiovascular 

REMODELLING IN HIV-INFECTION
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risk that is seen in PLWH, despite modern ART. Prospective 

research evaluating the cardiac outcomes of HIV-infected 

patients with subclinical cardiac remodelling is required to 

better understand the true clinical implication of these findings. 

This may ultimately lead to improvements in our ability to 

detect early manifestations of cardiac disease in PLWH using a 

combination of imaging and / or biochemical modalities. 

HIV-associated atriopathy
We demonstrated that twin 1’s LA was larger compared to her 

sister, although still within the normal range. However, we 

found distinct differences in twin 1’s PALS of the LA, falling 

outside accepted reference ranges. The role of the LA in the 

modulation of ventricular filling and cardiac output is frequently 

overlooked. Pathology of the LA in HIV-infection has not been 

well researched, but there is evidence to suggest that the LA  

is not excluded from the detrimental effects of HIV, as seen 

with almost all other components of the cardiovascular sys- 

tem.(51) LA reservoir function is determined by the inherent 

stiffness of the atrium and the descent of the cardiac base.(52) 

Given the presence of ventricular function well within the nor-

mal range and normal diastolic function, we considered raised 

atrial stiffness in twin 1 as an explanation for our observations. 

The decrease in LA reservoir function in twin 1 may represent 

an early HIV-associated atriopathy. There are alternative expla-

nations for this dysfunction, but given the presence of subclinical 

fibrosis in the ventricles of PLWH,(13,14) it is reasonable to specu-

late that the abnormal reservoir function is due to stiffening of 

the atrium from fibrosis. Although the native T1 of twin 1 was 

marginally higher than her sister, we do not have compelling 

evidence of myocardial fibrosis in the twins. Without comparing 

the PALS to her HIV-uninfected sister, the PALS measurement 

in twin 1 was already in the abnormal range. Since LA function 

is frequently employed by clinicians as a sensitive marker for 

early cardiac disease, the use of atrial strain may prove useful to 

screen for early HIV-associated cardiovascular dysfunction and 

merits dedicated future research. 

LIMITATIONS

Despite the rare opportunity to compare a set of serodiscordant, 

monozygotic twins that are well matched and otherwise 

healthy, it remains possible that unknown environmental fac-

tors may have confounded our observations. Although twin 1 

was an above average historian, the calculated 7-month dura-

tion of HIV-infection is not known with absolute certainty. The 

possibility remains that the duration may be as long as 14 

months. However, examination, clinical staging, and immuno-

logical findings correlate with the clinical history and are in 

keeping with early HIV-infection. Our findings are thought-

provoking and support the current thinking of HIV-associated 

cardiovascular disease. However, our study remains a descriptive 

case study of subtle findings in 2 (albeit well matched) subjects 

and should not be interpreted as conclusive, but rather as 

hypothesis generating to guide future research avenues. 

CONCLUSIONS
The morphological, functional, and biochemical cardiovascular 

differences in our set of identical twins fall outside anticipated 

genetic variation and likely represent subclinical cardiovascular 

dysfunction and remodelling secondary to HIV-infection. These 

observations, in a genetically matched pair, mirror observations 

from matched, population-based studies and supports the 

thinking that the cardiovascular system is affected early during 

HIV-infection, and is most likely secondary to cardiovascular 

inflammation. Furthermore, atrial strain may be a useful para-

meter to detect early cardiac dysfunction in this setting and 

warrants further investigation. More research is required to 

evaluate the mid- to long-term significance of subclinical cardiac 

remodelling and dysfunction in PLWH.

Conflict of interest: none declared. 
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Atrial arrhythmias arising from the 
superior vena cava presenting as 
paroxysmal atrial fibrillation, flutter 
and focal atrial tachycardia

ATRIAL 
ARRHYTHMIAS 
ARISING FROM SVC

3D mapping system was used for the creation of geometry, 

activation mapping and RFA.

CASES 

Case 1: 
A 52-year-old male presented to us with chief complaints of 

paroxysmal palpitations and chest pain for 3 months. The 12 

lead ECG obtained during symptoms showed narrow QRS 

complex regular tachycardia which was initially diagnosed as 

AFL with 2:1 atrio-ventricular (AV) conduction (Figure 1). The 

patient was taken for an electrophysiological study (EPS) fol-

lowed by radio-frequency ablation as appropriate. At EPS,  the 

diagnostic EP catheters (Dua-Decapolar around the tricuspid 

annulus, Decapolar in the CS, 2 quadri-polar catheters in the 

right atrium – RA and the right ventricle – RV respectively) and 

a mapping and ablation catheter (St Jude Medical 8mm tip  

non-irrigation catheter) were utilised. The initial electrograms 

deceptively suggested an atrial flutter (AFL) rhythm with 2:1 

A-V conduction and demonstrated a sequential activation 

around the lateral RA. The His-channel “A”, however, was 

earlier, compared to the “A” in the CS 9/10 channels (Figure 2) 

unlike what is expected in typical cavo-tricuspid isthmus (CTI) 

dependent macro-re-entrant counter-clockwise right atrial 

flutter. The CS atrial activation progressed in a proximal to 

distal sequence. Catheter-induced RBBB was evident at this 

stage. The rhythm spontaneously degenerated into AF which 

INTRODUCTION

Pulmonary vein (PV) isolation has been proven to be a useful 

strategy for paroxysmal atrial fibrillation (AF) with origin in the 

PVs worldwide. However, non-PV foci play an important role in 

initiating and maintaining AF in about 20% of patients. Non-PV 

foci are located at sites including the superior vena cava (SVC), 

left atrial (LA) posterior wall, the crista terminalis, the coronary 

sinus, the ligament of Marshall, the inter-atrial septum, the left 

atrial appendage.(1,2) In particular, the SVC harbours 25% - 40% 

of the non-PV foci for AF and is the most common non-PV 

source.(3) Atrial myocardial sleeves into the superior vena cava 

(SVC) are well known to cause focal ectopy which can induce 

AT / AF. We report our experience with SVC ablation per-

formed as a stand-alone procedure for patients demonstrated 

to have focal ectopy from the SVC and presenting with focal 

AT / AFL / AF.

METHOD

A total of 323 patients who underwent ablation for atrial 

tachycardia and atrial fibrillation were analysed retrospectively 

and 3 patients with SVC-origin ectopy-induced AT / AFL / AF 

encountered between 2009 and 2023 in Christian Medical 

College, Vellore, India, were included in the study. All 3 patients 

presented with AT / AFL or AF were proven to be SVC  

ectopy initiated at cardiac electrophysiological study (EPS) and 

followed up after successful RFA. St Jude Medical EnSite NavX 

ABSTRACT

The superior vena cava (SVC) harbours about 25% - 40% 

of the non-pulmonary vein foci in atrial fibrillation (AF) 

and could manifest itself as paroxysmal atrial tachy-

cardia (AT). AF ablation focusing on pulmonary vein 

isolation alone could miss SVC ectopy and result in 

failure of the procedure. Successful ablation is usually 

curative in SVC ectopy-induced AT / AF, however, 

potential complications include injury to the phrenic 

nerve, vagus nerve or the sino-atrial node. A focal 

ablation approach or SVC isolation are both proven 

options in the management of SVC tachycardia. In this 

article, we report SVC ectopy with variable conduction 

into the right atrium mimicking sinus rhythm, AT, atrial 

flutter (AFL) or AF.  SA Heart® 2024;21:58-65
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FIGURE 1: On the left side ECG shows narrowing complex short RP tachycardia on the left side which frequently degenerates into atrial 
fibrillation on adenosine administration as seen on the right side ECG.

FIGURE 2: Shows superior to inferior activation of the lateral RA and bidirectional activation wavefront in coronary sinus with ablation 
catheter in SVC showing continuous firing of SVC (blue arrows) with variable conduction into RA and LA. Also, note the “A” signal on the 
His channel (HisD and HisP) was earlier than the “A” signal on the proximal coronary sinus (CS910) suggesting against typical Cavo-
tricuspid dependent flutter.
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then terminated to demonstrate sinus tachycardia-like P waves. 

Repeatedly the rhythm abruptly accelerated to AF before 

switching back to 1:1, 2:1 or variable A-V node conduction with  

AT / AFL pattern on ECG, however, the intracardiac EGMs 

during the AF and AT were consistently showing organised and 

regular firing from the SVC indicating a focal mechanism for the 

tachycardia during all the different manifestations on ECG 

described above (Figure 3 & 4). The earliest atrial EGMs were 

evident in the high RA (RA proximal) and the Dua-Decapolar 

catheter was exchanged for a Crista 2-2-2 spacing catheter and 

a superior to inferior activation pattern was evident straight-

away. The ablation catheter was also exchanged for a Biosense 

Webster 4mm non-irrigated mapping and ablation catheter 

and was positioned in the SVC. High up in the SVC, rapid reg-

ular potentials were evident, present all the time with variable 

degrees of decrement sequentially, at the SVC-RA junction, 

and variably, at the A-V node (Figure 3). The beats originating 

high up from SVC also showed rapid firing with a cycle length 

of 145 - 170ms with a fairly constant rate and a variable SVC to 

RA exit block. These potentials were mapped to the postero-

lateral SVC and RF energy application was initiated at this site, 

without termination of the tachycardia. At this stage, a linear RF 

lesion set was attempted to connect to the SVC-RA junction 

and the adjoining superior RA. As this lesion set progressed, 

dissociation was noted between the distal to proximal RF 

channels and slowing of the CL resulted in termination. No 

further tachycardia occurred on testing with atrial burst pacing, 

decrementing up to 200ms CL. The patient developed symp-

toms of vagus nerve dysfunction in the form of oesophageal 

and gastric symptoms which subsided gradually over the course 

of 2 years after the procedure. The patient complained of 

symptom recurrence after 2 weeks without any documented 

arrhythmia and he was taken back for EPS which however did 

not reveal any SVC firing. SVC isolation was attempted due to 

the recurrence of the symptoms, although no potential could 

be demonstrated in SVC (no demonstration of SVC isolation 

possible). At his last visit the patient had been free of symp-

tomatic arrhythmia for 12 years.

Case 2: 
A 31-year-old male who underwent a successful radiofre-

quency ablation procedure for a left-sided accessory pathway 

in a different centre 5 years prior and presented to us with 

chief complaints of recurrent palpitations and 1 episode of 

syncope. Each episode of palpitations was sudden in onset and 

offset, increasing with exertion. The ECG taken immediately 

after the syncope demonstrated focal AT with no pre-excitation 

(Figure 5). Exercise stress test (EST) showed bursts of narrow 

complex tachycardia with a 1:1 A-V relationship. The bursts 

occurred at about 200bpm and progressed to a sustained 

tachycardia demonstrating slowing of the tachycardia before 

termination. The tachycardia P waves were almost identical (in 

ATRIAL ARRHYTHMIAS ARISING FROM SVC

FIGURE 3: Shows the continuous firing as detected by the ablation catheter (RFD) in the SVC with a decrement in RA. Note the 
highlighted ECG (blue colour) suggesting an AT with 1:1 AV node conduction. The ECG varied markedly and could be read as AT or AF 
while the intracardiac EGMs showed persistent firing from SVC.
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FIGURE 4: The Holter on the right side shows ECG suggestive of atrial fibrillation (see the closest showing highlighted ECG (in blue) and 
the corresponding EGMs show sharp EGMs (bright yellow colour) arising from SVC (ablation catheter in SVC).

FIGURE 5: Shows bursts of focal AT with P waves positive in limb leads LI and LII, and negative in lead aVR suggestive of origin from the 
high right atrium. 
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morphology and axis) to the sinus P waves except that they 

were slightly larger with a sharper peak in lead II. He underwent 

EPS and radio-frequency ablation with 3D mapping (St Jude 

Medical Ensite NavX). At EPS frequent focal atrial premature 

contractions (APC) in the form of atrial bigeminy occurred  

with isoproterenol infusion. The earliest atrial activation was in 

the HRA catheter. Within 2 - 3 minutes of the appearance of 

APCs, repeatedly, runs of long RP narrow complex tachycardia 

(variable conduction) were induced with intermittent termi-

nation and re-initiation after 2 - 3 sinus beats. Tachycardia could 

not be entrained, and all the atrial EGMs fell within a narrow 

window suggesting a focal AT with the earliest atrial activation 

mapped to the postero-medial aspect of SVC, 1 - 2cm superior 

to the SVC- RA junction. This was 100ms earlier compared to 

the proximal CS reference EGM (CS 9-10), but just 40ms 

earlier compared to the right upper PV. The tachycardia ter-

minated spontaneously and was no longer inducible, hence the 

early site in the SVC obtained from the activation map on the 

3D mapping system was used for successful RFA lesion delivery 

(Figure 6) on the same day. Exercise stress testing 2 days after 

did not show any tachycardia and there was no recurrence on 

follow-up after 5 years.

Case 3: 
A 46-year-old female presented with a history of recurrent 

episodic palpitations associated with pre-syncope for one year. 

Her ECG and trans-thoracic echocardiogram were normal and 

the Holter study showed multiple runs of very rapid atrial 

tachycardia with P waves very similar to the sinus morphology. 

She underwent EPS which revealed fast AT with the origin from 

SVC with SVC potentials and this was confirmed with a 15 - 

25mm variable loop multi-polar Lasso catheter. Pacing from 

high up in the SVC at a low voltage output captured the RA 

myocardium indicating the connection of the SVC muscle 

sleeves with the RA (Figure 7). A 3D mapping system (St Jude 

Ensite NavX) was used for creating RA geometry and activa-

tion mapping of frequent APCs which revealed a focal origin in 

the SVC with the EGMs in SVC preceding P wave by 47ms 

ATRIAL ARRHYTHMIAS ARISING FROM SVC

FIGURE 6: Shows on activation mapping the earliest signals were noted in SVC with late activation of the right upper and lower pulmonary 
veins (left and upper right). SVC EGMs preceded the P wave by 30ms. In the right lower part of the figure, the angiogram shows a pigtail  
catheter in high up in SVC with an ablation catheter in SVC antrum. Also seen in the Figure are His catheter and Decapolar catheter in the 
coronary sinus.
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FIGURE 7: Shows atrial capture on pacing at low output from a Lasso catheter placed high up in SVC indicating SVC myocardial capture 
with connection with RA.

FIGURE 8: Shows activation mapping during APCs with the earliest signal from SVC preceding P wave by about 47ms. Note that the Duo-
Decapolar catheter shows activation in the lateral RA.
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(Figure 8). SVC tachycardia was spontaneously induced during 

isoprenaline infusion and the reversal of atrial activation on the 

St Jude Medical Tacticath Quartz catheter ablation catheter  

(i.e. proximal to distal in sinus rhythm, distal to proximal during 

tachycardia) indicating the origin for the respective rhythm. 

Focal ablation targeting the earliest signal in the postero-

superior SVC was not successful. Progressive RF applications 

proceeding from a superior to the inferior direction for elim-

inating all potentials guided by the Lasso were attempted with 

no success. Finally, in the SVC / RA junction, a segmental 

approach was used, guided by the Lasso catheter channel EGMs 

and RF applications in the multiple RF applications were re-

quired linearly towards the SVC-RA junction anterolaterally for 

the termination of the tachycardia. After the procedure, the 

patient developed asymptomatic sinus bradycardia due to 

inadvertent sinus nodal damage. The patient was asymptomatic 

on follow-up at 4 years with a peak exercise heart rate of 118 

beats per minute on the treadmill test

RESULTS

All 3 patients found to have SVC-origin atrial tachycardia in our 

series had successful ablation of SVC-origin tachycardia. One of 

these patients presented with paroxysmal AF and atrial tachy-

cardia at other times and the AF was proven to have a trigger 

from SVC and the other 2 patients presented with focal atrial 

tachycardia. During follow-up no patient had recurrent symp-

toms after SVC ablation. One of the patients in our series 

developed gastroparetic symptoms which resolved gradually 

over 2 years, quite likely due to reversible right Vagal nerve 

damage and another patient developed asymptomatic Sinus 

Node dysfunction. Our study shows the curative ablation of 

paroxysmal AF initiated by SVC ectopy. For focal AT with  

P wave morphology like the sinus P wave and the importance 

of SVC mapping as well as the long-term success of ablation  

in SVC alone was also demonstrated. The possibility of damage 

to the adjacent structures like the phrenic nerve, sinus node and 

vagal inputs to the oesophagus are potential complications 

while ablating in SVC.

DISCUSSION

The incidence of tachycardia of SVC origin has been reported 

variedly and in 1 series SVC  induced AF has been reported as 

5% in patients with paroxysmal AF by Miyazaki, et al.(4) The 

mechanism of AF originating from the SVC is thought to be 

similar to typical PV-related muscle sleeve firing triggered AF. 

Pulmonary veins are the commonest triggers of AF and the 

isolation of pulmonary veins is well established in the treatment 

of AF.(3,5) The role of SVC triggers have not been studied as well 

as those of the pulmonary veins. However, it has been reported 

in some cases by various authors.(6) Interestingly in our series of 

3 patients, 2 patients presented with focal AT and 1 patient 

presented with paroxysmal AFL / AF which was proved to be 

triggered by SVC ectopy. The SVC ectopy was very rapid, 

conducting with variable decrement into the RA and at times it 

induced AF. During AF, the fast regular and organised activity in 

SVC was characteristic of triggered AF. In 1 of our patients, a 

long muscle sleeve was demonstrated, and the atrium could be 

captured from this relatively remote site from the atrium. 

Interestingly the superior extent of such muscle sleeves could 

be quite long, as demonstrated in our patients. Tsai, et al.(7) 

reported SVC muscle sleeve extensions of 33 ± 7mm above 

the SCV-RA junction. 

SVC ectopy may present clinically as AT / AFL or AF. The fast 

ectopy usually conducts very rapidly in the atrium and the 

patient may present with paroxysmal AF due to fibrillatory 

conduction in the atria. Hence a high clinical suspicion of SVC 

ectopy is pivotal in such cases so that appropriate ablation 

strategies can be formulated in the management of paroxysmal 

AF rather than a conventional pulmonary vein isolation.(7) In our 

series, finding a P wave morphology similar to the sinus rhythm 

P wave morphology was a useful clue to SCV ectopy while 

there was variable ECG presentation of the arrhythmia as was 

seen in our first case. When Atrial activation progresses in a 

supero-inferior direction in the Atria, looking for the most 

superior extent of origin is necessary, followed up with ruling 

out activation potentials in the SVC using catheters such as the 

variable loop Lasso catheters. For mapping these SVC potentials, 

the direction of the activation on the EGM’s obtained from any 

straight EP catheter in the SVC during the tachycardia, looking 

for a distal to proximal activation, with the catheter placed 

deep in the SVC and gradually withdrawn into the RA will be 

helpful as well. A deflectable multi-polar EP catheter may also 

help ensure better contact with the SVC. Just rotating it 

completely round at the same level while maintaining gentle 

flexion to ensure contact gives an estimate of the possible loca-

tion of the muscle sleeve extension. Further, if left-atrial map-

ping in the right-sided PVs, especially the right inferior PV is 

pivotal to rule out earlier activation from those sites, in which 

case achieving PV Isolation would be the ablation strategy. 

Once SVC triggers are identified as the triggers of AT / AFL /

AF,  one could use either a focal, a segmental or a complete 

SVC-RA junction Isolation approach depending on the extent 

of clear SVC potentials. Thick or wide muscle sleeves would 

require more RF energy applications. Usually, there is a single 

breakthrough site from SVC into RA and a focal ablation may 

be undertaken.(8) SVC Isolation will be required if multiple or 

ATRIAL ARRHYTHMIAS ARISING FROM SVC
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wide sleeves are considered possible and during total isolation 

or a wide segmental approach (guided by potentials recorded 

using a Lasso catheter or similar such catheters, to avoid a 

complete encircling lesion set in the SVC-RA junction) potential 

damage to the SA node and the phrenic nerve in the immediate 

vicinity should be considered. Damage to the right vagus nerve 

is also a potential complication and at present there is no 

specific easy-to-use technology available for locating the right 

vagus nerve (which lies posteromedial to the SVC). The phrenic 

nerve (which lies in the lateral aspect of the SVC) however  

is easily located by pacing close to it in the SVC.(4) One of  

our patients developed vagal nerve damage symptoms that 

improved gradually over 2 years.

CONCLUSION
SVC-triggered AT / AFL / AF is a well-known entity and a high 

clinical suspicion is required to diagnose it. SVC ablation is safe 

and effective, however, the risk to the sino-atrial node, phrenic 

nerve and right vagus nerve needs to be borne in mind. The 

monitoring of phrenic nerve function and sinus nodal function 

in the form of sinus rhythm cycle length during RF application 

would help reduce the complications. 

CLINICAL IMPLICATIONS
While dealing with focal AT / AFL or AF, SVC ectopy triggers 

should be considered and ruled out in the appropriate setting. 

Ablation in SVC alone could suffice in such situations saving the 

patient the risks of more complex procedures.
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to minimise the potential risks associated with the increased 

duration of exposure.(8)

Radiation has both stochastic and deterministic effects. The 

stochastic effects of radiation suggest that cancer is indeed  

a random side-effect of radiation exposure, which can occur  

at any level of exposure. The deterministic effect of radiation 

exposure implies that a side-effect can be anticipated after 

exceeding a threshold dose. Reports have indicated an asym-

metrical risk of brain tumours on the left side, possibly due to 

higher radiation exposure, underscoring the importance of 

awareness and taking appropriate precautions.(8,9) This review 

analyses studies concerning the occupational exposure of inter-

ventional cardiologists to X-rays and evaluates the effects of 

radiation on head and neck tumours associated with these 

exposures.

METHODS

The diverse sampling techniques described in the literature 

highlight the comprehensive approach to data collection for 

tumour induction research.(10) Methods included slit camera 

examinations, retrospective estimation of cumulative eye lens 

doses, interviews, medical record analysis, family input, and tele-

INTRODUCTION

It is well known that ionising radiation, such as X-rays, is used as 

a noninvasive modality to diagnose various diseases, including 

cancer. However, ionising radiation for interventional proce-

dures has become increasingly popular in recent decades due 

to its minimal invasiveness. As therapeutic techniques advance, 

interventional cardiologists utilise catheter-based diagnostics 

and treatments more frequently using fluoroscopy, a real-time 

X-ray imaging modality, resulting in an exponential increase in 

their exposure to radiation,(1) predominantly to the head and 

neck regions not protected by lead aprons or leaded glasses.(1-4)

The growing concern over radiation-induced diseases among 

physicians performing interventional procedures, especially in 

interventional cardiology, highlights the need for stringent 

protective measures.(5,6) Experienced interventional cardiologists 

working in high-volume catheterisation laboratories close to 

the X-ray source have some of the highest occupational expo-

sure rates to ionising radiation, with an annual exposure equiva-

lent to 200 - 250 chest X-rays.(7) As the field advances with 

longer and more complex procedures, addressing both deter-

ministic and stochastic effects becomes pivotal, acknowledging 

the need for advancements in safety protocols and technologies 
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However, these studies do not have a sufficient sample 

size to generalise the results. Based on the available 

reports, it  is concluded that head and neck malignancies 
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interventional cardiologists. More research is required 

to establish whether head and neck malignancies are  

more prevalent among interventional cardiologists.  

SA Heart® 2024;21:66-69

Department of Medical Physics, School of Clinical Medicine,  
Faculty of Health Sciences, University of the Free State, 
Bloemfontein, South Africa

Address for correspondence: 
Modisenyane Mongane 
Department of Medical Physics
Faculty of Health Sciences
University of the Free State
205 Nelson Mandela Drive
Bloemfontein
9300
South Africa

Email: 
monganems@ufs.ac.za

Izak Stefanus Pretorius, Ntuthuko Lona Ntutuka,  
Paul Hattingh, Cornelia Magrietha de Klerk and 
Modisenyane Mongane



67

20
24

Vo
lu

m
e 

21
 N

um
be

r 1

phone surveys. Additionally, some studies incorporated clin- 

ical eye examinations, dose rate testing, and blood sample 

analysis to assess the long-term effects of low-dose radiation 

exposure.(11-13)

A literature search was conducted. Articles were collected  

using the EBSCOhost network, which included Academic 

Search, Africa-wide, Scopus, and Medline databases, as shown 

in Figure 1. Keywords used were “cancer risk”, “radiation 

effects”, “brain tumours”, “radiation exposure”, “cath lab”, 

“occupational dose”, and “interventional cardiology”, and their 

synonyms. Articles published from 2010 - 2023 and selected 

based on their title and abstracts were included for review. 

Selected articles had to contain information about interventional 

cardiologists performing interventional procedures and their 

occupational dose, radiation effects, or cancer development. 

The information analysed included the sample size and the 

location of effects. Articles that did not mention head and neck 

cancers, interventional cardiologists, or a catheterisation labora-

tory and did not perform original research were excluded. The 

resulting helpful articles are shown in Table I.

RESULTS 

Several cases of radiation-induced head and neck malignancies 

among interventional cardiologists have been reported in the 

literature, as shown in Table I. In the Italian study by Andreassi, 

et al., data collection took place during the Annual Scientific 

meetings of the Italian Society of Interventional Cardiologists in 

2011 and 2012, where a structured questionnaire was com-

pleted by participants.(14) The study revealed a median lifetime 

dose of 21 mSv (quartile: 12-71 mSv); however, it is unknown 

whether it was a whole-body- or head dose; therefore, the 

assumption was made that it was a whole-body dose. The 

median working time was 10 years.

The research study by Roguin, et al.(15) provided a list of several 

of these cases. The types of tumours identified were mainly 

glioblastoma multiforme, which accounted for 78% of all 

tumours and occurred on the left-hand side 74% of the time. 

The other interesting fact of the study was the average working 

years of 20 and distribution over North America, the Middle 

East and Europe.

The multi-centre study in Pakistan reported a 2% prevalence of 

head and neck malignancy in a sample of 50 interventional 

cardiologists who had worked for more than 10 years.(16) The 

side involved in the identified head and neck tumour was not 

specified. The doses recorded by personal radiation monitoring 

devices (PRMD) were not mentioned as part of the data 

collection.

DISCUSSION 
Most reported cases were left-sided, the side closest to the 

X-ray source. The development of cataracts is also considered 

a potential risk in catheterisation laboratories as the eyes are 

susceptible to ionising radiation.(10,17,18) Cases of multiple left-

sided cutaneous malignancies have also been reported.(10,19) 

Due to the small sample sizes in the reported studies, there is 

no conclusive evidence that occupational exposure in catheter-

isation laboratories causes the appearance of head and neck 

malignancies.(20) References to cases without conducting a new 

study further limit establishing direct correlation.(21) Acknowl-

edging these constraints, there is a need to evaluate larger 

cohorts of subjects.

Case-control design and case studies in small populations(19) 

limit the precision and generalisability of findings. Broad con-

fidence intervals contribute to the uncertainty.(6) Inadequate 

sample sizes and outdated data may affect the relevance of  

the findings in a contemporary setting.(22) It is crucial to address 

 

FIGURE 1: Databases accessed and the number of articles retrieved and included for review.

Not useful
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Useful
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these limitations in future studies to accurately determine the 

validity and applicability of their findings in the context of evolv-

ing radiation protection practices. The studies quoted (Table I) 

either did not require or did not report dosimeter-measured 

occupational radiation doses to the heads of interventional 

cardiologists. Knowing the distribution of the radiation dose an 

individual had received when a head or neck tumour is dis-

covered may indicate the dose threshold for the induction of 

neoplastic changes.

Understanding the dual nature of cellular changes due to low-

dose radiation is essential.(21) While some modifications may be 

advantageous, the associated risks, such as increased DNA 

damage and oxidative stress, highlight potentially harmful con-

sequences. Given these uncertainties, acknowledging limitations 

in research becomes crucial for a comprehensive assessment of 

the long-term implications and to guide further studies in this 

complex field.(21)

Various aspects of radiation exposure in interventional cardi-

ology have been highlighted, addressing factors such as occu-

pational conditions, protective measures like lead-free caps, 

variations in operator doses, and the impact of ClarityIQ (low-

dose high-quality imaging) technology on reducing radiation 

exposure. Additionally, the studies emphasised the impor- 

tance of minimising radiation risks through techniques such as 

reducing fluoroscopy time, using radiation reduction technology, 

and optimising imaging-chain geometry.(4,11)

CONCLUSION 
Head and neck malignancies are uncommon among inter-

ventional cardiologists. The small sample sizes and the limited 

number of reports available do not allow an accurate risk 

assessment. Further studies are needed to clarify the incidence. 

This review article highlights the importance of sufficient radia-

tion protection knowledge and implementation by interventional 

cardiologists. In addition, improved radiation protection training 

and awareness may have significant long-term benefits.
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TABLE I: Summary of articles with the study type, sample size and findings on head and neck effects due to radiation to  
interventional cardiologists.

Authors Country / 
Region Study type Population used Sample 

size Findings

Andreassi, et al.(14) Italy
Structured 

self-administered 
questionnaire

Interventionalists 45

Tumours occurred in 5.  

Tumours identified: 
2 basal cell carcinomas, 
1 melanoma,  
1 seminoma, 
1 prostate adenocarcinoma. 

Side involved: 2 left-sided and 3 unspecified. 

Roguin(15) Europe & North 
America

Reports Interventionalists 23

Tumours occurred in 23. 

Tumours identified: 
13 GBM, 

3 meningiomas, 

2 parotids, 

2 astrocytoma, 

1 neck lymphoma

1 tonsillar tumour. 

Side involved: 18 were left-side, 1 midline,  
2 right-sided and 2 unspecified.

Tariq, et al.(16) Pakistan Interviews Interventionalists 50

Tumours occurred in 1.

Tumours identified: 
1 head and neck neoplasms. 

Side involved: Not specified. 

GBM: glioblastoma multiforme.
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LETTER FROM THE PRESIDENT

SA HEART®: BEATING STRONG FOR SOUTH 
AFRICA’S CARDIOVASCULAR HEALTH 

The South African Heart Association (SA Heart®) stands as 

a vital pillar in our nation’s healthcare landscape. Our not-

for-profit organisation, driven by a dedicated team and a 

resolute mission, serves as the powerful voice of cardio-

vascular care in South Africa. SA Heart®’s commitment 

extends far beyond advocacy – it fosters collaboration, pro-

pels research, and strives to ensure exceptional care for all 

South Africans, from the tiniest hearts to the most seasoned.

The strength of SA Heart® lies in its comprehensive struc-

ture. An impressive Board of directors sets the strategic 

course, while the executive committee translates vision  

into action. Special interest groups, catering to specific areas 

of cardiovascular medicine, allow for focused expertise. 

Regional branches ensure a nationwide reach, bringing  

SA Heart®’s resources and guidance to every corner of the 

country. Underpinning this impressive framework is a 

dedicated team. The general manager steers the organisa-

tion’s day-to-day operations, while the stakeholder manager 

cultivates vital relationships with healthcare professionals, 

policymakers and the public.

Presently SA Heart® stands at a crossroad. As the leading 

voice for cardiovascular care in South Africa, we hold 

immense power to improve the health of our nation. But 

the road ahead is not without its challenges.

Firstly, we must solidify SA Heart®’s brand as a unified, 

coherent force. This means ensuring that our diverse 

membership – adult and paediatric cardiologists, researchers, 

and allied health professionals – operates under a single 

banner. Unity of purpose will amplify our impact and project 

a clearer image of unwavering support for our members.

Secondly, we need to address the growing pressure from 

private health funders. We cannot stand idly by when 

funders attempt to restrict clinical autonomy and limit diag-

nostic and therapeutic options for our patients. SA Heart® 

will be a relentless advocate for both patient well-being and 

the best practices within cardiovascular medicine.

The looming implementation of National Health Insurance 

(NHI) presents an additional hurdle. While it is admirable to 

strive for universal healthcare, building it on a fragile public 

healthcare system with strained finances creates a worrying 

scenario.

Engaging the next generation of cardiovascular professionals 

is crucial. We actively encourage younger members to 

volunteer and participate in SA Heart®’s structures. Their 

fresh perspectives and enthusiasm are vital to the future of 

our organisation.

By fostering a patient advisory group, we create a vital 

communication channel that benefits patients, practitioners, 

and the entire healthcare landscape. This is a major priority 

for SA Heart® in 2024. Advocacy efforts will hopefully work 

to influence policy decisions that prioritise cardiovascular 

health and improve access to quality care for all. SA Heart® 

intends to be a proactive voice in the process.

Prof Eric Klug.

Continued on page 72
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LETTER FROM THE PRESIDENT continued

A pivotal tool in our mission is the SA Heart® Journal. How-

ever, its viability rests on finding a dedicated editor, securing 

financial resources, and streamlining administration. This 

may be the final edition of the Journal, but we cannot afford 

to lose this valuable platform for knowledge sharing and 

advancement in cardiac care.

By presenting a unified front, attracting young talent, and 

securing the future of the SA Heart® Journal, we can over-

come obstacles and emerge stronger. SA Heart® is not just 

an organisation; it is a testament to unwavering dedication. 

It is the tireless work of the Board, the executive committee, 

special interest groups, regional branches, the general 

manager and the stakeholder manager – united by a com-

mon purpose - that ensures that every South African heart 

beats strong and healthy and that its members are sup-

ported, protected and secure in their invaluable professional 

careers.

SA Heart® needs your support to achieve its aims. A 

cohesive society is a powerful one. This is the moment for 

making a concerted effort to promote cardiovascular health 

in South Africa. Join us, our members, and our dedicated 

staff in reaching that objective. A heart-healthy South Africa 

will benefit all of us.

Warm regards

Eric Klug

SA Heart® President
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Following the AGM, there have been several changes in the 

Board’s membership. Prof Blanche Cupido left the Board 

when her term as President ended in 2022. Dr Martin Mpe, 

Prof Alfonso Pecoraro, Mr François Mintoor and Mrs Robyn 

MacMhaoinigh indicated their unavailabilty for another  

term and Dr Thomas Mabin and Dr Tawanda Butau 

resigned from the Board for personal reasons.

SA Heart® is deeply indebted to all these individuals who 

gave freely of their time, expertise and knowledge to bring 

the Association closer to its vision of developing cardio-

vascular healthcare for all South Africans, while at the same 

time protecting members’ interests, serving the best inter-

ests of the company, complying with governance require-

ments and managing the funds, contracts and com-

munications responsibly. 

The Board was augmented in May by recruiting Dr Tim 

Pennel (cardiothoracic surgery), Dr Anthony Dalby (cardi-

ologist) and Ms Mandi Fine (marketing). They have joined 

Prof Eric Klug, current President, to serve during the new 

Board cycle. Following the SA Heart® AGM the Board also 

includes Prof Nqoba Tsabedze, Prof Ruan Kruger and 2 

independent Board members, Mrs Roanleigh Thambiran 

(finance) and Mrs Maryna Wiesner (legal).

You can meet the current Board at:

https://www.saheart.org/menu/board_directors

New Board members were inducted on 6 November 2023. 

New Board Committees and their Chairs were appointed 

and Dr Dalby was elected Chair of the Board. 

Dr Martin Mpe has been appointed president-elect of  

SA Heart®.

The Board will need strength and insight to steer SA Heart® 

through the challenges facing cardiovascular care in the 

country. To achieve its aims the Board will need the backing 

of volunteers on the Board Committees, the Standing & 

Project Committees, the Special Interest Groups, the 

Branches and the members at large who must all contribute 

to ensuring SA Heart®’s position as the leading professional 

opinion on South Africa’s cardiovascular health. 

Tony Dalby

SA Heart® Chair of the Board

SA HEART® BOARD: CHANGING OF THE GUARD 

WEBSITE LINKS

SA Heart®  www.saheart.org

CASSA  www.cassa.co.za

HeFSSA  www.hefssa.org

PASCAR www.pascar.org

PCSSA  www.saheart.org/pcssa

SASCAR (Research)  www.sascar.org.za

SASCI  www.sasci.co.za

ACC  www.acc.org

ESC  www.escardio.org

World Heart  www.world-heart-federation.org
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Check SA Heart® online calendar for updates and training events across the country.
https://www.saheart.org/calendar

POPULAR CONGRESSES FOR 2024

 CONGRESS DATE PLATFORM HOST

SA HEART® JOURNAL CLUB - hosted by SASCI 08 May 2024  Virtual South Africa

Check your email for registration code    

ESC HEART FAILURE CONGRESS  11 - 14 May 2024  Lisbon Portugal

https://www.escardio.org/Congresses-Events/Heart-Failure 

EUROPCR  14 - 17 May 2024  Paris  France

https://www.pcronline.com/Courses/EuroPCR   

SUNECHO COURSE  20 - 24 May 2024  Stellenbosch/  South Africa 
   Tygerberg 
https://consultus.eventsair.com/sunecho-2024

SA HEART® JOURNAL CLUB - hosted by  05 June 2024  Virtual  South Africa 
Johannesburg Branch

Check your email for registration code   

SA HEART® FELLOW EXAM PREPARATION COURSE 07 - 09 June 2024  Johannesburg  South Africa

By invitation

HeFFSA SPECIALIST SYMPOSIUM 07 - 08 June 2024  Sandton  South Africa

For information contact info@hefssa.org 

CARDIO ALEX 11 - 14 June 2024  Alexandria  Eygpt

https://cardio-alex.com

ORIENTAL CONGRESS OF CARDIOLOGY TOGETHER 27 - 30 June 2024  Shanghai  China 
WITH THE WORLD CONGRESS OF CARDIOLOGY

https://world-heart-federation.org/world-congress-of-cardiology

SA HEART® JOURNAL CLUB - hosted by PCSSA 03 July 2024  Virtual  South Africa

Check your email for registration code

M & M MEETING 19 - 20 July 2024  Irene South Africa

By invitation

SA HEART® JOURNAL CLUB - hosted by ISCAP 07 August 2024  Virtual  South Africa

Check your email for registration code

ESC CONGRESS 2024 30 August - 02 September 2024  London  Great Britain

https://www.escardio.org/Congresses-Events/ESC-Congress

SA HEART® JOURNAL CLUB - hosted by KZN branch 04 September 2024  Virtual  South Africa

Check your email for registration code

SA HEART® JOURNAL CLUB - hosted by CASSA 02 October 2024  Virtual  South Africa

Check your email for registration code 

24TH ANNUAL CONGRESS OF THE 8 - 10 November 2024 Sandton   South Africa
SOUTH AFRICAN HEART ASSOCIATION  Convention

https://www.saheart.org/congress  
Centre
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SA HEART® CONGRESS 2023

As we are preparing for SA Heart® Congress 2024 (see 

convenor note), we want to hold a short review of Congress 

2023 and express our sincerest thanks to all who made it 

such a huge success:

 ■  Dr Farouk Mamdoo, convenor, who spent many days, 

nights and weeks putting together a sterling programme, 

engaging with speakers, funders, committees and con-

gress organiser with vision, patience, and dedication.

 ■  All those who contributed to the programme, as con-

gress committee member, as faculty, presenter and 

chair, as abstract presenter and judge.

 ■  To our supporting industry who gave generously to 

make this all happen.

 ■  Event Options, the professional congress organiser with 

Larna and Sue at the helm and many efficient members 

of staff, who didn’t tire to give their best to put the 

congress together and ensure smooth running, admin-

istration, accounting, and reporting.

 ■  The AV and Tech team supporting the show ensuring 

smooth broadcast in each venue, and all those working 

in the background from registration desk to cleaning 

staff, from ushers to catering contingent and security 

personnel.

 ■  And the Bokke, who lifted the spirit with their win!

 ■  Last not but not least, all the delegates who attended 

the congress.

Here are some impressions from the SA Heart® Congress 

2023. We are looking forward to welcoming you in Sandton 

for SA Heart® Congress 2024.

Drs Farouk Mamdoo, Convenor 2022 - 2023 
congresses and Ahmed Vachiat, convenor  
2024 - 2025 congresses.



76 77

 
SA HEART® BOOTH AT THE SA HEART® CONGRESS IN 2023

During the SA Heart® Congress 2023, SA Heart® had a welcoming booth in the Foyer, inviting delegates to meet Board and 

Committee members, to sign up to SA Heart®, to engage and discuss. Here are some impressions from the booth, well used 

by delegates to interact or just rest a bit, and most of all proudly find their name on the member board, hidden in the big Thank 

You to our members. 

Make sure to keep your membership current to find your name on the board this year at SA Heart® Congress 2024. We are 

looking forward to improved engagement and interaction. You don’t have to wait until the congress, comment, discussion and 

questions are invited throughout the year. Please contact info@saheart.org.
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In 2021, SA Heart® proudly launched the National Monthly 

Journal Club, an online educational platform accredited for 

Continuing Professional Development (CPD) to enrich our 

members’ learning experience. This monthly event, hosted 

and presented by our esteemed special interest groups or 

regional branches in rotation, has quickly become a corner-

stone of our educational calendar. We are grateful for the 

generous support of our industry partners, which has con-

tributed significantly to the success and impact of this 

initiative.

In October 2023 ISACP hosted the October edition of our 

Journal Club. We are grateful for the sponsorship provided 

by Vertice, allowing us to execute the series successfully. 

We had an array of esteemed Speakers for the night with 

Ms Rajoo opening, closing and managing the Q & A. Thank 

you to our colleagues for covering the following topics 

during the course of the evening; Dr K Moodley (LBB 

pacing- journal article / case presentation), Dr N Hadebe 

(Tausig Bing- Case presentation), Dr Bissetty (Cath lab 

Gremlins and superstitions) and Dr A Horak (Chronic 

ischaemic heart disease).

The Heart Failure Society of South Africa (HeFSSA) hosted 

the last edition of 2023, with their current president  

Prof Tsabedze as the host and Speaker. Thank you to 

CIPLA for sponsoring the November event. Prof discussed 

“HFrEF/AF: A Sub-Saharan African Perspective”, a topic 

that our members found interesting and engaging. This was 

shortly followed by Dr Viljoen’s compelling discussion and 

analysis on the study “Point-of-care NT-proBNP for the 

screening of PREGnancy-related Heart Failure: the PREG-

HF”.

Post summer break, the Pretoria branch commenced our 

2024 series with an engaging presentation by Dr Shuping 

Mokgosi, who is currently in the third-year rotation of cardi-

ology sub-specialty at Sefako Makgatho Health Science 

SA HEART® JOURNAL CLUB NEWS

University / Dr George Mukhari Hospital. Dr Mokgosi 

covered a variety of topics, including Tachycardia and Atrial 

Fibrillation-Related Cardiomyopathies: Potential Mechanisms 

and Current Therapies, https://www.jacc.org/doi/abs/10. 

1016/j.jchf.2023.11.016. Peripartum Cardiomyopathy, and 

Mitral Annular Calcification https://www.jacc.org/doi/abs/10. 

1016/j.jcin.2023.06.044 https://www.jacc.org/doi/epdf/10. 

1016/j.jacc.2022.06.009. These presentations were well-

received, and attendees participated in an interactive Q & A 

session before concluding the evening.

Wrapping up the first quarter, The Lipid and Atherosclerosis 

Society of South Africa (LASSA), led by Professor David 

Marais, presented the March Journal Club in partnership 

with the EAS Lipid Clinic Network. Professor Dirk Blom 

commenced the evening by delving into the topic of  

“Lp(a), an EAS consensus paper.” Later, Professor Raal 

redirected the focus to the local context, discussing the 

“Applicability of the guidelines to the Black African popu-

lation.”

We extend our heartfelt gratitude to all programme orga-

nisers, hosts, and presenters for generously dedicating their 

time and effort for the benefit of our members. We also 

want to express our appreciation to the Virtual Options 

team for their exceptional technical support and to our 

industry sponsors for their invaluable contributions, which 

have made these educational endeavours possible. We urge 

our current members to join us at our next Journal Club 

which will be hosted by CISSA Imaging on 3 April 2024.

SA Heart® is looking to expand the monthly national 

journal club, to date a member-only event to non-

members against a nominal fee in the near future. 

Thobile Ziqubu

SA Heart®’s Stakeholder Relationship Manager
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Thank you to all who contributed to the success of the 

2024 CASSA Symposium.

Your dedication, expertise, and collaborative spirit made 

this event an unforgettable triumph.

The Symposium served as a dynamic platform where 

thought leaders, innovators, and professionals converged 

for insightful discussions on the latest developments in 

Cardiac Arrhythmia.

We commend our esteemed speakers for their thought-

provoking presentations.

We also thank all who attended - your engagement was 

pivotal in creating an environment conducive to learning, 

networking, and collaboration.

Together, we are driving positive change and contributing 

to the advancement of Cardiac Arrhythmia understanding.

Adèle Greyling 

CASSA President
Drs Ruan Louw and Adèle Greyling.

Drs Len Steingo, Mervin Sender and Les Osrin.

THE ANNUAL 2024 CASSA SYMPOSIUM
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SA HEART® CONGRESS 2024

On behalf of the Organising Committee of the SA Heart® 

Congress, we would like to invite all our colleagues in the 

Cardiovascular field and those interested to join us for the 

24th Annual SA Heart®  Congress at the Sandton Conven-

tion Centre in Johannesburg from 8 - 10 November 2024.

The theme for this year’s Congress is “Cardiology 

Connections” representing Cardiologists, Cardiothoracic 

Surgeons, General Practitioners and other Subspecialists, 

Nurses, Technicians, Radiographers, Basic Scientists, and 

students in South Africa.

This year we intend to “Connect” various special interest 

groups namely the Society of Cardiovascular Interventions 

(SASCI), Cardiovascular Imaging Society of South Africa 

(CISSA), Cardiovascular Arrhythmia Society of South Africa 

(CASSA), Heart Failure Association of South Africa 

(HEFFSA), Interventional Society of Cathlab Allied 

Professionals (ISCAP) and the South African Society of 

Cardiovascular Research (SASCAR) as well as the Paediatric 

Cardiac Society of South Africa (PCSSA). We intend to 

have Joint sessions where we can work together to discuss 

cardiovascular themes to further improve healthcare for 

people of South Africa. Besides these established interest 

groups, we look forward to incorporating our cardiacthoracic 

surgeon colleagues and other subspecialists in an all-

encompassing interdisciplinary programme.  

We anticipate with excitement a vibrant Local and Inter-

national Faculty. A Cardiovascular Team from the Mayo 

Clinic includes Prof Vuyi Nkomo (Imaging Cardiologist), 

Prof Soron Pislaru (Chair, Structural Heart Disease),  

Dr Juan Crestanello (Chair, Cardiothoracic Surgery) which 

will be conducting an Echocardiography workshop along-

side other specialist workshops taking place on Friday 

morning, 8 November.  We will be incorporating new inno-

vative ways to learn, share and grow during our workshops 

and scientific sessions. 

Dr Thomas Alexander from India will be enlightening us  

on creating STEMI (ST elevation networks) in South Africa. 

Dr Raman Krishna Kumar, also from India, with a diverse 

clinical and research interest will be joining the International 

Faculty team for the Paediatric programme. The programme 

is enhanced with great national support from our local 

experts who have proven time and again to deliver quality 

presentations of international standard. We look forward to 

seeing many colleagues in Johannesburg.

Connecting colleagues and role players, whether it may be 

private-public, industry, government, research, mentors or 

students, will be the aim of this congress, speaking to the 

vision of the SA Heart® which is to improve the Cardio-

vascular Care for all living in South Africa.

Ahmed Vachiat

SA Heart® Convenor 
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PROUDLY SA HEART® MEMBER

The SA Heart® membership system now issues membership certificates for your current membership 

which you can print and display in your rooms. 

Either login to your membership account, navigate to the My Membership tab and click on the relevant 

icon in the “edit” column, or when renewing membership, the certificate will be emailed together with 

your invoice.

Understanding the pathophysiology involved in the develop-

ment of doxorubicin-induced cardiotoxicity in breast cancer 

patients is key to identify novel cardioprotective strategies 

and early biomarkers. In this regard, our recent unpublished 

data identify high-density lipoprotein (HDL) particles as a 

potential key role player in the development of doxorubicin-

induced cardiotoxicity. In both breast cancer patients and 

tumour bearing mice receiving a doxorubicin treatment, we 

observe an association between a shift in the HDL sub-

classes and cardiac abnormalities. Most importantly, HDL 

particles isolated from tumour bearing mice receiving dox-

orubicin have lost their cardioprotective properties. 

HDL particles are composed of numerous functional pro-

teins and lipids that may be altered by doxorubicin and 

breast cancer, causing these particles to become dysfunc-

tional. Therefore, the aim of our current research is to 

characterise the composition of HDL particles in cancer 

mice treated with doxorubicin using a multiomics approach 

as this will enable us to better understand the patho-

physiological mechanisms involved in the development of 

doxorubicin-induced cardiotoxicity and to hopefully delin-

eate sensitive novel biomarkers that can detect early cardio-

toxicity in breast cancer patients.

We would like to congratulate Carmelita Abrahams for her outstanding hard work. She is the receiver 

of the SA Heart® Research Scholarship 22024.

SA HEART® RESEARCH SCHOLARSHIP 2024

Carmelita Abrahams and Prof Eric Klug.

Well done Carmelita!!
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THE SOUTH AFRICAN HEART ASSOCIATION
RESEARCH SCHOLARSHIP

This scholarship is available to all members of the SA Heart® Association. It is primarily intended to assist 

colleagues involved in much-needed research to enhance their research programmes.

REQUIREMENTS

■	  Applicants need to be fully paid-up members in good standing for at least 1 year.

■  Applications must include:

	 ■	The applicant’s abbreviated CV

	 ■	A breakdown of the anticipated expenses

	 ■	Ethics approval

	 ■	Full details of the research

	 ■	The completed application form  - please request a fillable MS Word document from erika@saheart.org

	 ■	Contact details of Head of Department or supervisor/mentor

■	  The research for which funding support is sought has to have direct relevance to South Africa.

RECOMMENDATIONS

■   Preference will be given to early and mid-career applicants (<5 years post-qualification as specialist and/or 

<5 years post-PhD qualification).

CONDITIONS

■   Applicants may only submit 1 application every second year. Preference is given to those who have not had 

previous scholarships awarded.

■   Awards are granted for one specific research project. Should that specific project be cancelled or the full 

amount allocated not be utilised for any reason, then the funds must revert to SA Heart®.

APPLICATIONS MUST BE EMAILED TO:

erika@saheart.org

THE SELECTION PANEL WILL REVIEW APPLICATIONS ANNUALLY AND THE CLOSING 

DATE IS 30 SEPTEMBER 2024.

One scholarship to a maximum amount of R80 000 will be awarded annually.

SA Heart® commits to inclusive excellence by advancing equity and diversity.

We particularly encourage applications from members of historically under 
represented racial/ethnic groups, women and individuals with disabilities.
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INTRODUCING THOBILE ZIQUBU

SA Heart® is pleased to announce that Thobile Ziqubu has joined SA Heart® 

in the newly created Stakeholder Relations Manager (SRM) position. She 

brings with her over a decade of experience in the healthcare industry, 

mainly in the pharmaceutical space. As an SRM, she will work alongside 

General Manager, Erika Dau as well as our President Prof Eric Klug and other 

Board and committee members in executing a number of the organisations 

objectives and exciting projects going forward.

Welcome Thobile.
Thobile Ziqubu.

 
NEW SOCIAL MEDIA PARTNER

We are pleased to announce the addition of our new social media partner, Doclink, to the SA Heart® team. They will be 

instrumental in shaping our branding, design, and digital marketing strategies throughout 2024. With their wealth of industry 

experience, we anticipate significant enhancements to our member experience and a strengthened SA Heart® brand presence. 

We are excited to embark on this journey with Doclink and explore new avenues for growth and engagement. 

Welcome aboard!

 
EXCEPTIONAL SERVICE TO SA HEART® 

Wishing her the very 
best for the future.

We extend our gratitude to Marlize Stander for her exceptional service to 

SA Heart® over the past 2 years. Marlize has consistently demonstrated the 

utmost professionalism in managing our Facebook, LinkedIn, and Twitter 

accounts, contributing significantly to our online presence and engagement. 

As Marlize moves on to new endeavours, we wish her the very best in all her 

future pursuits. Her dedication and contributions will be fondly remembered, 

and we thank her for her invaluable contributions to our organisation.

Marlize Stander.
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I am writing to express my heartfelt gratitude to the South 

African Heart Association for awarding me with a local 

travel scholarship which allowed me to attend the 23rd 

annual SA Heart® Congress, which was held in Sandton, 

from 27 - 29 October 2023. This was my first time attending 

the Congress and it was an honour and a privilege to attend 

such an esteemed event. As a 5th-year medical student and 

having recently graduated with an MSc degree, this event 

presented an invaluable opportunity for me to present  

the findings of my research, to network and learn from 

esteemed professionals. I could gain insights into the ever-

evolving landscape of cardiovascular medicine and research. 

The Congress, aptly titled “The Cardiac Collaboration” 

provided a platform for a wide range of cardiovascular 

researchers both from South Africa and all around the 

world to come together, share valuable insights and engage 

in discussions on the latest advancements and challenges 

within the field. Furthermore, the Congress was filled with 

national pride and excitement because it was the weekend 

of the Rugby World Cup final. It was great to see attendees 

in their Springbok shirts, people predicting the final score 

and the joy on Sunday morning after our national team won 

a much-deserved fourth World Cup. 

There were a remarkable array of workshops, presentations 

and interactive sessions that covered a broad spectrum of 

topics ranging from novel basic sciences research to pre-

ventive cardiology strategies. One of the highlights of  

the Congress for me was the CVD – IMIBIZO workshop 

which was an interactive seminar aimed at young researchers 

within the cardiovascular field. I was honored to learn from 

renowned international and local speakers and to hear 

about their research journey of how they got to where they 

are today. 

The South African Society for Cardiovascular Research 

(SASCAR) is a special interest group of the SA Heart® 

Association. They hosted 2 abstract sessions where re-

searchers had the opportunity to give a short presentation 

of an abstract which they submitted to the Congress. It was 

in 1 of these sessions that I presented the findings of my 

MSc thesis, titled, “Investigating high-density lipoprotein 

(HDL) subfractions, composition and functionality in people 

living with HIV”. Other interesting abstract presentations 

included discussions on how doxorubicin-induced is asso-

ciated with dysfunctional HDL particles (by Ms Carmelita 

Abrahams) and how antiretroviral therapy reduces aortic 

stiffness in newly diagnosed HIV-infected patients after just 

9 months (by Dr Pieter-Paul Robbertse) to name a few. 

The organisation and logistics of the Congress were com-

mendable, ensuring a seamless experience for all partici-

pants. From registration to session management, everything 

was efficiently handled, allowing attendees to focus entirely 

on the content and discussions. Moreover, the networking 

opportunities facilitated fruitful discussions and collabora-

tions among attendees, fostering a sense of camaraderie 

and shared purpose in advancing cardiovascular health. 

In conclusion, I extend my deepest appreciation to the SA 

Heart® Committee for their generosity and dedication in 

organising such an enlightening and enriching congress. 

Thank you once again for the honour of the local travel 

scholarship. I look forward to continuing to contribute to 

the field and hope it was the first of many SA Heart®  

Congresses that I can attend.

Peter Hudson

Cape Heart Institute

SA HEART® TRAVEL SCHOLARSHIP 2024

Dr Peter Hudson together with Prof Sandrine 
Lecour and Carmelita Abrahams.
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the congress. (Application can however be made well in 

advance of the relevant congress but will only be awarded 

on acceptance of the abstract.) A written report on the 

relevant congress attended will need to be submitted by 

the successful applicant within 6 weeks of attending the 

congress. The congress report will be published in the 

South African Heart Association Newsletter.

Applications should be sent to Dr Alfonso Pecoraro, 

President of the Western Cape branch of the South  

African Heart Association, Division of Cardiology, Tyger-

berg Hospital, Francie van Zijl Drive, Tygerberg 7505; or 

alternatively email: pecoraro@sun.ac.za.

Previous recipients of this prestigious award include 

Sandrine Lecour, Roisin Kelle, Liesl Zühlke and Prof Hans 

Strijdom.  

Applications close on 31 January 2025.

LOUIS VOGELPOEL TRAVELLING SCHOLARSHIP

A gifted and 
enthusiastic 

teacher, he was 
instrumental in  
the training of 
generations of 

undergraduates.

Applications are invited for the annual Louis Vogelpoel 

Travelling Scholarship for 2025. An amount of up to  

R20 000 towards the travel and accommodation costs of 

a local or international congress will be offered annually by 

the Western Cape branch of the South African Heart 

Association in memory of one of South Africa’s out-

standing cardiologists, Dr Louis Vogelpoel. 

Louis Vogelpoel was a pioneer of cardiology in South  

Africa who died in April 2005. He was one of the  

founding members of the Cardiac Clinic at Groote Schuur 

Hospital and the University of Cape Town. He had an 

exceptional career of more than 5 decades as a dis-

tinguished general physician, cardiologist and horticultural 

scientist. Dr Vogelpoel’s commitment to patient-care, 

teaching and personal education is remembered by his 

many students, colleagues and patients. Medical students, 

house officers, registrars and consultants benefited from 

exposure to his unique blend of clinical expertise, extensive 

knowledge, enthusiasm and gracious style. 

A gifted and enthusiastic teacher, he was instrumental in  

the training of generations of undergraduates by regular 

bedside tutorials. He served as an outstanding role model 

for postgraduates and many who have achieved pro-

minence nationally and internationally acknowledged his 

contribution to the development of their careers. 

All applications for the scholarship will be reviewed by the 

executive committee of the Western Cape branch of the 

South African Heart Association. Preference will be given 

to practitioners or researchers in the field of cardiovascular 

medicine who are members of the South African Heart 

Association and are resident in the Western Cape.

Applications should include: (i) A brief synopsis of the  

work the applicant wishes to present at the congress; and 

(ii) A brief letter of what the applicant hopes to gain by 

attending the relevant congress. The applicant should sub-

mit an abstract for presentation at the relevant national or 

international meeting. Should such an abstract not be 

accepted by the relevant congress organising committee, 

the applicant will forfeit his or her sponsorship towards  
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TRAVEL SCHOLARSHIPS OF THE 
SOUTH AFRICAN HEART ASSOCIATION

Applications for the SA Heart® Travel Scholarship for the second term in 2023 are invited to reach the SA Heart® 
Office by 31 May 2024.

The scholarship is for the value of up to R35 000.00 for international meetings and R15 000.00 for local meetings.

This scholarship is available to all members of the SA Heart® Association. It is primarily intended to assist junior 
colleagues to ensure continued participation in local or international scientific meetings or workshops.

REQUIREMENTS

■ Applicants must be fully paid-up members for at least 1 year.

■ The research presented at the congress for which funding is sought, needs to be relevant to South Africa.

RECOMMENDATIONS

■  Early and mid-career applicants (<5 years post-qualification as specialist and/or <5 years post-PhD qualification).

■  Acceptance of an abstract/poster presentation at the scientific meeting to be attended.

CONDITIONS

■  Awards will not be made for conferences or workshops retrospective to the application submission deadline.  
If the conference is taking place within 6 (six) weeks following the submission deadline, please indicate this in 
the appropriate place on the application form.

■  It is not a requirement for the abstract to be accepted by the conference travel application closing date. 
Should the acceptance of the paper, including proof of registration, not be available at the time of submission 
of the application, then a provisional award may be made pending receipt of the acceptance of the paper.

■  Please ensure that applications are made as well in advance as possible (preferably at least 6 months prior 
to the conference date).

■  Applicants may only submit 1 application every second year. The scholarship is for the value of up to  
R30 000.00 for international meetings and R9 500.00 for local meetings.

■  Awards are only made in the event that a paper or a poster is being presented or in the event of a workshop 
attendance, if the reviewers deem the workshop attendance to be of high impact and consequently of benefit 
to the SA Heart® community.

■  The applicant must ensure that the application is fully completed including the requirements as detailed in the 
checklist section. Applicants are asked to be concise and to only include applicable and relevant information.

■  Awards are granted for 1 specific conference. Should that specific conference be cancelled or the full amount 
allocated not utilised for any reason, then the funds must revert to SA Heart®; and

■  A written report on the relevant congress attended will need to be submitted by the successful applicant 
within 6 weeks of attending the congress. The congress report will be published in the South African Heart 
Association Newsletter.

SUBMISSION REQUIREMENTS

■    For more information and application forms, please visit https://www.saheart.org/cms-home/category/39.
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LASSA REPORT

The difficulties in sustaining lipidology expertise in South 

Africa persist. Attempts to remedy the lack of exposure  

to lipid disorders during training of specialists treating 

patients with high cardiovascular risk have not been suc-

cessful. The meeting about noncommunicable disease held 

in November 2022 failed to attract the attendance of the 

Minister of Health. The priming of the head of the depart-

ment of internal medicine ahead of the meeting and input 

by Prof D. Blom who represented LASSA, failed to make  

an impact. The “Johannesburg Declaration” stated that 

noncommunicable disease would receive increased atten-

tion from the Department of Health. LASSA is unaware of 

progress. In January 2023, SA Heart® indicated that it could  

not  assist in conserving lipidology. Subsequently LASSA has 

twice submitted documents about the plight of lipidology to 

the Minister of Health and the national committee of deans 

of the health science faculties as we hope expertise in 

lipidology will be strengthened by better training at health 

science faculties.

The guide from council for medical schemes about pre-

scribed minimum benefit conditions was published in early 

2023. (Hyperlipidaemia. PMB-X Guidelines 2023. Pages 53-

56. Editor, McMillan CR. https://medicalacademic.co.za/

issues/2023/pmbx2023/Accessed 2023.04.18). In the 

opinion of the LASSA committee the PMB-X did not 

appropriately deal with the wide range of disorders of lipid 

and lipoprotein metabolism and did not prioritise the most 

serious conditions, was somewhat dated about treatment 

recommendations and did not suggest referral criteria for 

patients requiring special attention. A letter was submitted 

to the South African Medical Journal, but this has been 

delayed for publication.  

LASSA regrets the endless dealings around the National 

Health Insurance while patients with serious lipid and 

lipoprotein disorders in the public and private sectors of 

healthcare are not receiving best clinical assessment, diag-

nostic investigation and optimal treatment. Under these 

circumstances it is difficult to obtain appropriate information 

and to research locally relevant problems. Nevertheless, 

LASSA has embarked on an observational study evaluating 

patients with very severe hypercholesterolaemia. 

The aim of the TC 12+ study (total cholesterol > 12mmol/L 

and triglyceride <5mmol/L) initiated by LASSA is to obtain 

information on the most severe cases of hypercholes-

terolaemia that most likely will need additional management 

beyond treatment with statins and ezetimibe. This may not 

necessarily be PCSK9 neutralising treatment for all as some 

rare sterol disorders may respond dramatically to diet.  The 

study assesses hypercholesterolaemia following referral by 

the medical practitioner and involves combining the infor-

mation the medical practitioner provides and a phone call 

to the patient to check on details.  Subsequently, a blood 

sample is submitted for electrophoresis to characterise 

apolipoprotein B- containing lipoproteins and the most 

common LDL receptor mutations are sought by genetic 

testing where relevant. Armed with such information 

LASSA will be able to assess the management of severe 

dyslipidaemia in South Africa and make recommendations. 

LASSA is experiencing some problems in common with the 

SASCI experience discussed in the communication on the 

9th February 2024 by Prof E. Klug and Dr H. Weich 

concerning  “ ...the clinical autonomy in therapeutic decision 

making of our members.... We appeal to funders to respect 

cardiologists’ clinical judgement in selecting either of these 

modalities or indeed other non-invasive ischaemia tests 

recommended by the guidelines.”  The difference, however, 

is that there are very few experienced and knowledgeable 

medical practitioners to deal with dyslipidaemia. Patients do 

not have ready access to expertise and in addition decisions 

about management are made by persons without full insight 

into the complex set of derangements. The severe dyslipi-

daemias in the broadest context involve about 500 000 

persons in South Africa and the category for which high 

expertise is necessary will number at least 50 000. 

The hope is that LASSA will find support for providing 

service, teaching and research in 2024 and beyond and that 

the developments that improve the well-being of people 

with severe derangements in lipid and lipoprotein meta-

bolism will receive the best care under the current con-

straints in healthcare in South Africa. 

David Marais

LASSA Chairperson
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We would like to wish 2 hard working gentlemen, Dr Anthony Stanley and Dr Adriaan Snyders, huge congratulations on  

their retirement. Dr Stanley retired at the end of February 2024, and Dr Snyders retired at the end of March 2024. Thank  

you very much for dedicating your time and energy into Cardiology. 

We hope you get to enjoy your future with lots of time to enjoy your hobbies, friends and family. Most importantly, we wish 

you good health and delight. 

RETIRING STEWARDS

Dr Anthony Stanley. Dr Adriaan Snyders.

Congratulations on their retirement.

   
IN MEMORY OF PROFESSOR VLADIMIR GRIGOROV

13 June 1965 - 14 February 2024 

When Prof Vladimir Grigorov joined Team Arwyp 2 decades ago, he brought not 

only his expertise as a cardiologist but also his remarkable spirit, becoming an integral 

and cherished member of our team. His leadership, mentorship, and unwavering 

commitment to excellence have guided us all. May we honour his legacy by con-

tinuing the important work to which he dedicated his life. Prof Grigorov will forever 

remain in our hearts, a shining example of humanity and excellence.

Forever in our hearts.
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CONTRIBUTION TO LITERATURE

The LIBerate-HR trial demonstrated that lerodalcibep 

reduces LDL-C levels in addition to statin therapy.

DESCRIPTION
The goal of the trial was to evaluate lerodalcibep com-

pared with placebo among patients with increased risk of 

cardiovascular disease (CVD). Lerodalcibep blocks pro-

protein convertase subtilisin/kexin type 9 (PCSK9) binding 

to low-density lipoprotein (LDL)-receptors, thus preventing 

receptor degradation, which enhances LDL-C clearance 

and lowering of LDL-C levels.

PRINCIPAL FINDINGS
The primary outcome, change in LDL-C at 52 weeks, was 

-56.3% in the lerodalcibep group vs. -0.14% in the placebo 

group (p<0.001).

REFERENCES
Presented by Prof Eric Klug at the American College of 

Cardiology Annual Scientific Session (ACC.24), Atlanta, GA, 

7 April 2024.

Prof Eric Klug representing SA Heart® at 
the Convocation of the ACC together with 
mace bearer Dr Nicole L. Lohr – Chair of 
the Board of Governors of the ACC. 

ACC CONGRESS

SA Heart® President, Prof Eric Klug travelled to the US 

for the 73rd Annual American College of Cardiology 

(ACC) congress in Atlanta Georgia where he got to 

represent the organisation as well as present the 

LIBerate-HR trial for a globally represented cardio-

vascular care community.

TWEET OF PROF ERIC KLUG  
AFTER HIS PRESENTATION



Contact us at
saheartcongress@shiftideas.co.za

SAVE THE DATE

Join us in an Innovative 
Approach to Cardiology 
Connections

8 - 10 November 2024
Sandton Convention Centre

Registration Opens  
May 2024
Watch this space for 
further updates




