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TERM DEFINITION 

 
Bidirectional Glen 

procedure 

 
A partial cavopulmonary anastomosis (Hauck et al., 2018). 

 
Blalock-Taussig shunt 

 
Classic end-to-side anastomosis between the subclavian and pulmonary 

artery (Kiran, 2017). 

 
Central shunt 

 
A connection between the ascending aorta and the main pulmonary artery 

with a short PTFE conduit (Kiran, 2017). 

 
Coarctation of the aorta 

Narrowing of the proximal descending aorta classically situated between 

the left subclavian artery and the ligamentum arteriosum at the aortic 

isthmus (Agasthi et al., 2020). 

Damus-Kaye-Stansel 

repair 

Anastomosis between the main pulmonary artery and the ascending 

aorta (Fujii et al., 2011). 

 
Extracardiac Fontan 

procedure 

A baffle to connect the inferior vena cava to the pulmonary artery without 

entering the right atrium, but instead is completely outside the heart 

(Jones, 2018). 

 
Fontan procedure 

The single ventricle pumps oxygenated blood to the systemic circulation 

and de-oxygenated blood flows passively from the superior and inferior 

vena cava to the pulmonary arteries (Weston et al., 2016). 

 
Glenn procedure 

The superior vena cava being connected to the right pulmonary artery 

while the pulmonary artery is detached from the ventricle (Jones, 2018). 

 
Hemi-Fontan procedure 

An anastomosis between the SVC-RA convergence and the central and 

branch pulmonary arteries directs SVC blood to the pulmonary circulation 

(Talwar et al., 2014). 

 
McGoon ratio 

Calculated using the equation of left and right pulmonary arterial diameter 

summation divided by the aorta diameter at diaphragm level (Kansy et al., 

2013). 

 
Modified BT shunt 

PTFE or Gore-Tex graft between the subclavian or innominate artery and 

the pulmonary artery (Kiran, 2017). 
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Palliative intervention 

Starts early in the new-born period and usually occurs in three stages with 

the goal of converting the single ventricle circulation from a parallel to 

series circulation arrangement (Edwin et al., 2019). 

Ross Heart Failure 

Classification 

 
A global assessment of heart failure severity (Ross, 2012). 

Single-ventricle 

physiology 

Only one functioning ventricle instead of two well-developed ventricles 

(Kempny, Dimopoulos and Gatzoulis, 2014). 
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EXECUTIVE SUMMARY 

 
 

 
Abstract 

Introduction: Single ventricle physiology is a critical cardiac condition requiring early 

diagnosis and intervention. Surgical outcomes of Fontan procedures have improved 

remarkably over time. 

 
Objectives: This retrospective study reports on the management and outcomes of 

patients diagnosed with single ventricle physiology in Central South Africa. The 

prospective study examined Fontan patients' functional assessment measured by 

echocardiography, six-minute walk test and Ross classification. 

 
Methods: A retrospective observational analysis was conducted on patients 

presenting with single ventricle physiology at the Universitas Academic Hospital (UAH) 

in Central South Africa between November 1997 and June 2021. The prospective study 

evaluated nine Fontan patients during outpatient visits to the Department of Paediatric 

Cardiology Clinic at the Universitas Academic Hospital, Bloemfontein, South Africa. 

This evaluation included an echocardiographic examination, a six-minute walk test 

(according to The American Thoracic Society) and a modified Ross classification by 

the New York Heart Association (NYHA). 

 
Results: The retrospective study reported on one hundred and fifty-four patients 

presenting with single ventricle physiology: 114 received interventions, and 40 were 

not eligible for intervention. These patients were referred from the Free State province 

(54%), Northern Cape (29%) and Lesotho. Overall, patients presented for the first time 

at a median age of 34.5 days, with patients from nearby districts presenting within a 

few days of birth. In contrast, patients from outlying areas presented much later. Eighty- 

seven patients received systemic to pulmonary artery shunting or pulmonary artery 

banding as a first stage. Sixty-three patients proceeded to bidirectional Glenn 
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procedures, and 30 patients (26%) had full palliation to Fontan. Twenty-one patients 

were demised after stage 1, six after the Glenn procedure and two after the Fontan 

procedure. Overall, 34 (29.8%) patients were lost to follow-up. 

 
The prospective study reported a median peak E wave (Early mitral inflow velocity) of 

67.7 cm/sec, and a median peak A wave (Atrial wave inflow velocity) of 52 cm/sec, with 

a median E/A ratio of 1.28. The median deceleration time was 231.6ms. The median 

E’ was 15.5 cm/sec, and the median E/E’ was 4.6 9 cm/sec. The median MAPSE (mitral 

annular plane systolic excursion) was 10.3 mm, and one TAPSE (tricuspid annular 

plane systolic excursion) was 15.9 mm. MPI (myocardial performance index) was 

prolonged with a median left ventricle MPI of 0.47 and one right ventricle MPI of 0.37. 

The median distance covered during the 6-minute walk tests (6MWT) was 480 metres. 

Four patients (44%) were classified as class I and five (56%) as class II heart failure 

using the Ross classification. 

 
Conclusion: Patients in the retrospective study presented late, and follow-up of these 

patients was a challenge. The highest mortality occurs during the first stage of 

palliation. Outcomes from this study are comparable to other Sub-Saharan studies. 

Results of the prospective study demonstrated mild functional limitations in 6MWT and 

heart failure scores. These findings were underscored by the impairment of 

echocardiographic systolic function indices such as MAPSE/TAPSE and MPI. 
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Single ventricle physiology is a complex congenital heart lesion group requiring early 

detection and swift intervention (Manuel et al., 2.019). Management is divided into 

three stages. Stage I comprises either securing pulmonary blood flow using patent 

ductus arteriosus (PDA) stenting, systemic pulmonary shunting (either Ballock- 

Taussig (BT) or central shunting) or preventing pulmonary overflow using pulmonary 

artery banding (PAB). Stage II is the superior cavopulmonary connection or Glen 

procedure, and stage III is the total cavopulmonary connection or Fontan procedure 

(Manuel et al., 2019). 

Outcomes for the different stages of palliation for single‐ventricle physiology have 

improved over time, leading to better survival and quality of life. Fontan patients, 

however, face various complications despite their improved hemodynamics (Petit, 

2011). 

Edwin et al. (2019) reported that although outcomes for single ventricle intervention 

have improved in developed nations, the same could not be said of African countries. 

There needs to be more literature regarding outcomes in single ventricle intervention 

for Africa and especially sub-Saharan Africa; there need to be significant reports on 

outcomes in South Africa. There are no research results on this topic for the central 

region of South Africa, where the Universitas Academic Hospital is located. 

By analysing and presenting the data on outcomes of children who present with single 

ventricle physiology in Central South Africa, this study aims to satisfy this need. The 

prospective study will further supply quantitative echocardiographic and clinical data 

on patients palliated with a Fontan procedure. 

 
CHAPTER 1 - INTRODUCTION 
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1.1 Aim 

This study aims to determine the long-term outcomes and survival of children who 

present with single ventricle physiology in Central South African and to investigate the 

functional status of patients who received a Fontan procedure. 

 

1.1.1 Objectives 

• Establish the total number of patients who present with single ventricle 

physiology between November 1997 and December 2019 at the Department of 

Paediatric Cardiology, Universitas Academic Hospital, Bloemfontein, South 

Africa. 

• Describe the various morphological anomalies of the patients with single 

ventricle physiology. 

•   Determine the age of patients at first presentation. 

• Determine the number of patients that received stage I interventions, including 

patent ductus arteriosus (PDA) stenting, systemic pulmonary shunting (either 

Ballock–Taussig (BT) or central shunt), or pulmonary artery banding (PAB), and 

the outcomes of these interventions. 

• Determine the number of patients that survived to stage II or Glen procedure 

and the outcomes of these interventions. 

• Determine the number of patients that survived to stage III or Fontan procedure 

and the outcomes of these interventions. 

• To investigate the functional status of patients who received a Fontan repair 

through echocardiographic examinations, a six-minute walk test, and a Ross 

classification to evaluate heart failure. 
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2.1. Introduction 

Single-ventricle physiology is also described as "univentricular circulation", "common 

ventricle", or "functional single ventricle". It comprises several cardiac lesions, with 

only one functioning ventricle instead of two well-developed ventricles (Kempny et al., 

2014). 

 
Neonates with single ventricle physiology have parallel pulmonary and systemic 

circulations. A single functional ventricle supplies both pulmonary and systemic 

circulations, leading to cyanosis and ventricular volume overload (Hauck et al., 2017). 

Therefore, during treatment, patients with single-ventricle physiology typically undergo 

staged surgical palliation, usually ending in the Fontan procedure (Talwar et al., 2014). 

Fontan circulation completely alters blood circulation as the single ventricle pumps 

oxygenated blood to the systemic circulation. Deoxygenated blood flows passively 

from the superior and inferior vena cava to the pulmonary arteries (Weston et al., 

2016). 

 
The survival of children with critical cardiac heart disease, particularly those with single 

ventricle physiology, has improved drastically amongst other surgical intervention 

(Rychik et al., 2019; Oster et al., 2013). Data on long-term outcomes for developed 

countries are abundant however, short- and long-term outcomes for patients in 

developing countries such as South Africa are limited (Manuel et al., 2019). 

 

2.2. Epidemiology of congenital heart disease 

According to Weston et al., 2016, congenital disabilities are the leading cause of death 

in infants (less than one year of age), and the most common congenital disability is 

congenital heart disease (CHD), occurring in 9 out of every 1000 live births. Single 

ventricle physiologies have the highest mortality rates for these congenital heart 

 
CHAPTER 2 – LITERATURE REVIEW 
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diseases. The causes of single-ventricle physiology are unknown, with no apparent 

genetic association and occur in about 4 to 8 out of every 10,000 live births or in about 

1-2% of all congenital heart disease patients (Ezzeldin et al., 2019). Single ventricle 

disorders comprise a heterogeneous group of anomalies, which includes but is not 

limited to the following (Figure 2.1) (Rhodes and Opotowsky, 2019). 

 
 
 

Figure 2.1: Heterogenous group of anomalies that comprises single ventricle 

disorders. 

 
Liu et al. (2019) performed a global meta-analysis studying congenital heart defect 

prevalence from 1970 to 2017. The prevalence and percentages of subtypes of CHD 

are summarised in Table 2.1. Single ventricle physiology has a prevalence of 0.093 of 

CHD subtypes per thousand and accounts for 1.145% of CHD subtypes. A continued 

increase in the prevalence of CHD was reported globally, with evidence of severe 

underdiagnosis in Africa (Liu et al., 2019). Due to the higher fertility rate and growing 

population in developing countries, the disease burden per capita is also higher, with 

a rising disease prevalence (Rice et al., 2016). 

 
Hypoplastic 

left heart 
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Table 2.1: Prevalence of congenital heart disease subtypes (reproduced from Liu 

et al., 2019). 

 
CHD subtype 

Prevalence of CHD subtype 

per thousand 

(95% confidence interval) 

Percentage of CHD 

subtype 

(95% confidence interval) 

Ventricular septal defect 3.071 (2.845–3.305) 35.568 (33.876–37.278) 

Atrial septal defect 1.441 (1.215–1.687) 15.378 (13.492–17.363) 

Patent ductus arteriosus 1.004 (0.803–1.228) 10.172 (8.519–11.954) 

Pulmonary stenosis 0.546 (0.485–0.611) 6.233 (5.703–6.784) 

Tetralogy of Fallot 0.356 (0.326–0.387) 4.422 (4.064–4.794) 

Transposition of the great arteries 0.295 (0.269–0.322) 3.819 (3.446–4.210) 

Atrioventricular septal defect 0.290 (0.265–0.316) 3.595 (3.302–3.900) 

Coarctation of the aorta 0.287 (0.261–0.314) 3.570 (3.273–3.879) 

Pulmonary arteriovenous aneurysm 0.272 (0.153–0.425) 2.975 (1.858–4.343) 

Congenital heart block 0.268 (0.028–0.752) 3.223 (0.268–9.263) 

Aortic valve insufficiency 0.251 (0.137–0.400) 2.318 (1.271–3.667) 

Aortic stenosis 0.186 (0.161–0.214) 2.334 (2.016–2.674) 

Hypoplastic left heart syndrome 0.178 (0.162–0.195) 2.564 (2.251–2.897) 

Mitral insufficiency 0.152 (0.097–0.220) 1.348 (0.899–1.886) 

Tricuspid atresia or stenosis 0.117 (0.091–0.146) 1.071 (0.905–1.250) 

Double outlet right ventricle 0.106 (0.090–0.124) 1.303 (1.127–1.491) 

Pulmonary atresia 0.098 (0.085–0.112) 1.308 (1.113–1.518) 

Single ventricle 0.093 (0.080–0.108) 1.145 (0.975–1.330) 

Dextrocardia 0.089 (0.073–0.106) 1.027 (0.825–1.250) 

Total anomalous pulmonary venous 

return 
0.083 (0.071–0.095) 1.501 (1.163–1.882) 

Mitral stenosis 0.083 (0.047–0.130) 0.955 (0.564–1.446) 

Truncus arteriosus 0.078 (0.067–0.089) 0.982 (0.849–1.124) 

Ebstein anomaly 0.044 (0.040–0.049) 0.534 (0.467–0.606) 

Coronary artery aneurysm 0.044 (0.025–0.068) 0.417 (0.287–0.571) 

Interrupted aortic arch 0.041 (0.032–0.051) 0.609 (0.412–0.844) 

Partial anomalous pulmonary 

venous return 
0.039 (0.027–0.053) 0.314 (0.238–0.400) 

Cor triatriatum 0.022 (0.014–0.031) 0.245 (0.125–0.405) 

 

2.3. Single ventricle repair/treatment 

Palliative intervention starts early in the newborn period and usually involves three 

stages to convert the single ventricle circulation from a parallel to an “in series” 

circulation arrangement (Edwin et al., 2019). The first stage is generally within a few 
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days as a palliative intervention to ensure adequate blood flow to either the systemic 

or pulmonary system or to prevent lung overflow. The second step is a partial 

cavopulmonary anastomosis or bidirectional Glen procedure, reducing the volume 

load on the heart by a third. The final step involves a Fontan procedure with complete 

cavopulmonary anastomosis, where vena cava blood is rerouted directly to the 

pulmonary circulation. Figure 2.2 illustrates the three stages in treating single ventricle 

physiology lesions. This allows the body to receive increasing amounts of oxygen while 

minimising the ventricle loading to preserve ventricular function (Hauck et al., 2017). 

 

 
Figure 2.2: Flow diagram of intervention stages in single ventricle repair (Brown et 

al., 2010). 

 
When the Fontan procedure is performed in a single step, it can lead to low cardiac 

output syndrome due to sudden changes in diastolic ventricular function caused by 
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the sudden loss of ventricular volume load. Therefore, the Fontan procedure is 

typically staged, starting with the superior vena cava to pulmonary artery (SVC-PA) 

connection followed by the inferior vena cava to pulmonary artery (IVC-PA) 

connection. This preserves initial venous return to the ventricle and allows appropriate 

time for the ventricle to remodel at a lower end-diastolic volume (EDV) (Stevens, 

2017). 

 
2.3.1. Stage 1:   Palliative intervention 

Stage I intervention is performed during the neonatal period, usually within the first few 

days after birth, to relieve cyanosis but does not resolve the parallel circulation. 

Notably, the systemic blood flow to the body must be guaranteed, or pulmonary blood 

flow must be secured (either a shunt to maintain good pulmonary flow or a band to 

protect from overflow) (Gewillig et al., 2019). The initial palliative intervention is 

essential and detrimental to the success of an ultimate successful Fontan procedure 

(Venna et al., 2022). 

 
2.3.1.1 Pulmonary circulation 

Two scenarios are possible regarding pulmonary flow. The first is where there is a 

decreased flow, and the second is an increased pulmonary flow (Gewillig et al., 2019). 

With a reduced flow, one has to maintain adequate pulmonary flow to the lungs. 

Depending on the anatomy, a Blalock-Taussig (BT), central shunt or patent ductus 

arteriosus (PDA) stent allows increased blood flow. PDA stenting is often an 

emergency procedure early after birth. In patients with pulmonary blood flow 

obstructions, these interventions help relieve cyanosis. In addition, shunts and PDA 

stenting allow the pulmonary arteries to grow until the children are at a suitable age 

and weight for further corrective surgery (Gewillig et al., 2019). 

 
Patients without pulmonary artery obstruction and increased pulmonary artery flow can 

be considered for a pulmonary artery banding procedure to prevent blood from 

overflowing into the lungs and prevent pulmonary hypertension (Jones, 2018). 
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(A) Blalock-Taussig (BT) shunt 

The Blalock-Taussig or BT shunt was named after the surgeon Alfred Blalock and 

paediatric cardiologist Helen Taussig and was first published in the Journal of the 

American Medical Association (JAMA) in 1945. Taussig observed that cyanotic 

patients with right heart obstruction managed better with a PDA than patients where 

the PDA closed (Kiran, 2017). 

 
Blalock, with the assistance of Vivian Thomas, a surgical technologist, performed the 

first subclavian artery to pulmonary artery connection and changed the field of 

paediatric cardiology (McKenzie et al., 2013). The classical BT shunt, first performed 

in the 1940s, created an end-to-side anastomosis between the subclavian (or the 

innominate) artery and the ipsilateral pulmonary artery (Zhang et al., 2022). The 

procedure was performed on the opposite side of the aortic arch to minimise kinking 

of the subclavian artery and reduce kinking of the pulmonary artery by the longer 

innominate artery. The advantages of these shunts were that they grew with the patient 

and were easy to close during corrective surgery. However, some disadvantages 

included the loss of pulses in the upper limb, thrombosis, and dissection. As a result, 

the classical BT shunt is rarely used today (Kiran, 2017) (Figure 2.3). 

 

 

Figure 2.3: (A) Classic Blalock-Taussig shunts. (B) Modified Blalock-Taussig shunt (De 

Silva et al., 2013). 

 

Nowadays, the modified BT shunt (MBTS) is mainly performed and consists of a Gore- 

Tex (PTFE) graft (3.5-5.0 mm diameter) placed between the innominate or subclavian 

artery and the ipsilateral pulmonary artery (Zhang et al., 2022). It is generally a non- 
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bypass procedure performed through a lateral thoracotomy on either the left or right 

side (Figure 2.1B). 

The advantages of the modified BT shunt are that: (i) the subclavian artery is not 

sacrificed, (ii) there is less distortion of the pulmonary artery, and (iii) there is better 

control of blood flow to the pulmonary arteries. Thrombosis of these shunts, leakage 

of serous fluid into the chest through the PTFE, increased pulmonary blood flow, 

pleural effusion, and diaphragmatic paralysis account for the disadvantages of the 

modified BT shunt (AbdelMassih et al., 2021). 

 
(B) Central shunt 

A central shunt connects the ascending aorta and the main pulmonary artery via a 

short PTFE conduit (Figure 2.4). It is beneficial where both the branch pulmonary 

arteries are small and in cases where the succeeding operative procedure requires a 

median sternotomy (Boa et al., 2014). 

 
However, the central shunt has both advantages and disadvantages. The benefits 

include: (i) it can be performed in small children with undersized peripheral vessels, 

(ii) it avoids distortion of the pulmonary arteries, (iii) it provides both pulmonary arteries 

with equal blood flow and growth, (iv) it has a lower rate of occlusion, (v) avert 

subclavian artery steal, and (vi) is easily closed during the corrective repair. The 

disadvantages of the central shunt include: (i) it requires access into the pericardium, 

(ii) the risk of damage to the shunt during sternotomy, (iii) pulmonary hypertension due 

to over-shunting, and (iv) it requires open heart surgery and bypass (Kiran, 2017; Doshi 

et al., 2015). 

 
 
 
 
 
 
 
 
 

 
Figure 2.4: Schematic presentation of a central shunt with a prosthetic graft (Yuan and 

Jing, 2009). [AO: aorta; PA: pulmonary artery; PTFE: polytetrafluoroethylene] 
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(C) Patent Ductus Arteriosus (PDA) stent 

PDA stenting is a percutaneous procedure where a coronary artery stent preserves 

ductus arteriosus flow to the pulmonary artery (Buys et al., 2013). Surgical difficulties 

with systemic-pulmonary shunts include lengthy mechanical ventilation time, 

prolonged intensive care (ICU) stay, bleeding and transfusions, pulmonary 

complications, sepsis, repeated use of inotropes, and injury to adjacent structures like 

nerves and the lymphatic vessels (Sivakumar, 2015). 

 
Glatz et al. (2018) performed a multicentre comparative study between BT shunts and 

PDA stenting as a palliation procedure for infants with ductus-dependent pulmonary 

blood flow. They reported no difference in the adjusted risk of death or unintended 

intervention. However, patients treated with a PDA stent presented with decreased 

risks of procedural complications, shorter ICU stays, needed fewer diuretics, and the 

pulmonary arteries were more prominent and more symmetric before their later 

surgical repair. Furthermore, it is a minimally invasive procedure that can be performed 

on critically ill premature newborns (Glatz et al., 2018). 

 
Major complications associated with PDA stenting include: (i) stent migration, (ii) acute 

thrombosis, and (iii) permanent femoral vessel damage, (iv) ductal spasm, and (v) the 

need for repeat procedures. Therefore, PDA stent through percutaneous placement 

seems preferable as a nonsurgical palliative alternative to BT shunts and modified BT 

shunts (Eilers and Qureshi, 2020). 

 
(D) Pulmonary Artery Banding (PAB) 

Muller and Damman first described the pulmonary artery banding technique in 1952 

as a palliative surgical procedure to reduce excess pulmonary blood flow and 

pulmonary hypertension (Sharma, 2012). An external band is inserted around the main 

pulmonary artery and tightened to reduce the diameter of the pulmonary artery (Figure 

2.5). The Trusler formula is used to evaluate the degree of pulmonary artery banding 

in infants (Devlin et al., 2020). 

 
PAB is usually used in cardiac lesions where there are left to right shunts, such as 

ventricular septal defects (VSD), atrioventricular septal defects (AVSD), and patent 

© Central University of Technology, Free State



11 |P a g e 

 

 

 
ductus arteriosus (PDA) (Devlin et al., 2020). Figure 2.5 illustrates the placement of a 

pulmonary artery band. 
 

 
Figure 2.5: Pulmonary artery banding technique (Zareef et al., 2022). [RV, right ventricle; MPA, 

Main pulmonary artery; PA, Pulmonary artery]. 

 

 

However, assessing the band's optimal tightness during PAB may be difficult, and 

minimal changes to the diameter can drastically affect vascular resistance and blood 

flow. However, adjustable implantable pulmonary artery banding is available, allowing 

the band size to be adjusted without further surgery (Assad, 2007). The pulmonary 

band can also migrate and obstruct the left and right pulmonary arteries. In addition, it 

can cause calcification, which leads to stenosis; therefore, follow-up interventions are 

needed to adjust band tightness in about one-third of patients. The pulmonary artery 

band can also erode through the pulmonary artery leading to clotting and can also 

cause right ventricle hypertrophy. Pulmonary artery banding is limited due to surgical 

advancements but still has clinical use (Sharma, 2012). 

 
2.3.1.2 Systemic circulation 

Surgical interventions such as a coarctectomy, Damus-Kaye-Stansel, or Norwood 

arch surgical repair might be performed to maintain adequate systemic blood flow to 

the body. These surgical procedures are performed in patients with hypoplastic left 

heart syndrome (HLHS) or mitral valve atresia (Gewillig et al., 2019). 

 
(A) Coarctectomy 

Coarctation of the aorta (CoA) was traditionally classified as pre-ductal, juxta-ductal, 

and post-ductal according to its relation to the ductus arteriosus (Agasthi et al., 2020). 
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The most common surgical techniques for the correction of aortic coarctation include 

the resection of the narrowed aortic segment and end-to-end anastomosis (Rao, 

2020). If long segments are affected, an augmenting technique utilising a patch is 

used. The primary surgical aortic coarctation repair techniques are illustrated in Figure 

2.6. Extra-anatomical correction is when a prosthetic conduit bypasses the coarcted 

segment from the ascending to the descending aorta (Delmo Walter et al., 2017). 

 
Transcatheter treatment includes stent implantation with an expandable balloon stent 

and balloon angioplasty, which is relatively safe and effective and is rapidly becoming 

the treatment of choice in older children (Agasthi et al., 2020). 
 

Figure 2.6:  Major surgical aortic coarctation repair techniques (Suradi and Hijazi, 2015). 
 

 

(B) Damus-Kaye-Stansel (DKS) repair 

Paul Dames, Michael Kaye, and H.C. Stansel independently described an end-to-side 

anastomosis between the main pulmonary artery and the ascending aorta (end-to-side 

DKS) in a patient with d-transposition of the great arteries in the 1970s (Figure 2.7). 

Pulmonary blood flow is supplied via a systemic-pulmonary shunt (Bykov et al., 2019). 

 
The simpler and technically easier double-barrel DKS that uses no patch was reported 

by Waldman and colleagues (1988) in which the ascending aorta was sewed onto a 

new bivalve single aorta, known as the "double-barrel method" (double-barrel DKS) 

(Figure 2.7). With this new method, the posterior wall of the ascending aorta is left 
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intact to prevent bleeding and seems to provide a smoother systemic ventricular 

outflow tract (Fujii et al., 2011). 

 
 
 

(A) Double barrel DKS 
 
 
 
 
 
 

 
(B) End-to-side DKS 

 
 
 
 

 
Figure 2.7: DKS types. Above: (A) Double barrel DKS. (B) End-to-side DKS (Fujii et al., 

2011). 

 

DKS effectively addresses obstructions of the systemic blood flow, allows for aortic 

arch reconstruction, and has a low risk of an emerging heart block (Bykov et al., 2019). 

However, DKS may lead to the alteration of the semilunar valves, causing valvular 

regurgitation and increased volume load on the single ventricle, typical in end-to-side 

anastomosis (Bykov et al., 2019). 

 
(C) Norwood Arch repair 

The Norwood procedure is used in single ventricle patients with systemic outflow 

obstruction, such as hypoplastic left heart syndrome (HLHS), as the first of three 

surgical stage interventions (Juaneda et al., 2022). 

 
The Norwood procedure connects the right ventricle to a reconstructed aorta where 

the proximal main pulmonary artery is used for systemic outflow. A shunt controls 

blood flow to the pulmonary artery. A significant ASD is created for unobstructed 

pulmonary venous return to the right atrium (Sano et al., 2022). 

In the classic Norwood procedure, a modified MBT supplies pulmonary blood flow via 

tube grafting by connecting the subclavian or innominate artery to the pulmonary 
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artery. This shunt provides pulmonary artery flow during both systole and diastole. 

However, this may lead to "coronary steal" as coronary blood flow occurs primarily 

during diastole leading to myocardial ischemia, circulatory instability and ultimately, 

death (Ohye et al., 2010). 

The modified Norwood procedure with a right ventricle–pulmonary artery (RV-PA) 

shunt or Sano shunt eliminates "coronary steal", contributing to lower mortality. It may, 

however, cause right ventricular dysfunction, arrhythmias, aneurysms, and an 

increased volume load due to regurgitation (Ohye et al., 2010). Figure 2.8 illustrates 

the difference between the classic Norwood procedure with an MBT shunt and the 

modified Norwood procedure with an RV-PA conduit or Sano shunt. 

 

 
Figure 2.8: Norwood procedures. Left: Classic Norwood procedure with an MBT shunt. 

Right: Modified Norwood procedure with an RV-PA or Sano shunts (Ohye et 

al., 2010). 

 

 

2.3.2. Stage 2: Glenn procedure 

William Glenn introduced the Glenn procedure in 1958. It is also called a partial 

cavopulmonary anastomosis, bidirectional Glen procedure or a hemi-Fontan (Figure 

2.9A & B). It is usually performed in late infancy, at around four to six months of age. It 

involves the superior vena cava being connected to the right pulmonary artery while the 

pulmonary artery is detached from the ventricle. The procedure is done through a 

median sternotomy, and if a left-sided SVC is present, the procedure is repeated on 

the left (bilateral bidirectional Glen) (Jones, 2018). 
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Figure 2.9: (A) Bidirectional Glen procedure and (B) Hemi-Fontan method. 

(https://radiologykey.com/glossary-of-pediatric-cardiovascular-surgical- 

procedures/). 

 

 

The bidirectional Glenn (Figure 2.9A) is technically more straightforward than the 

Hemi-Fontan procedure and may even be performed without a cardiopulmonary 

bypass. Blood from the SVC flows into the pulmonary artery via an end-to-side 

anastomosis and is bidirectional to both the right and left lungs. Therefore, it is called 

a bidirectional Glenn procedure (Rotta et al., 2011). The bidirectional Glenn procedure 

may be performed with preserved antegrade pulmonary flow or the interruption of 

antegrade pulmonary flow. The bidirectional Glenn does not address pulmonary artery 

stenosis or distortion. It also does not maintain the natural connection of the right 

atrium to the SVC preferred for a lateral tunnel Fontan completion. The bidirectional 

Glenn is therefore selected as the surgical method if the extra-cardiac conduit style 

Fontan is chosen. In addition, the bidirectional Glenn reduces the volume load on the 

ventricle (Naik et al., 2021). 

 
The hemi-Fontan procedure (Figure 2.9B) is performed through a median sternotomy 

during cardiopulmonary bypass. An anastomosis between the SVC-RA convergence 

and the central and branch pulmonary arteries directs SVC blood to the pulmonary 

circulation. A homograft patch enlargement of the main and branch pulmonary arteries 

follows this. Finally, a homograft dam (Figure 2.10) is created to prevent SVC blood 

from entering the right atrium, and the main pulmonary artery is disconnected. All other 

sources of pulmonary blood flow are ligated (Talwar et al., 2014). 
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Hemi-Fontan procedure 

 
 
 
 
 
 
 
 
 

 
Bidirectional Glenn procedure 

 
 
 
 

 
Figure 2.10: Path lines corresponding to SVC injection for the hemi-Fontan procedure 

(Upper) and bidirectional Glenn procedure (lower) (Bove et al., 2003). 

 

Advantages of the hemi-Fontan procedure include: a better caval offset, ease of a 

future lateral funnel Fontan procedure, expansion of the pulmonary arteries, protection 

of the phrenic nerve and superior hemodynamics (Talwar et al., 2014). Disadvantages 

associated with a hemi-Fontan approach are that it is more difficult to perform 

compared to the bi-directional Glenn procedure, the follow-up extra-cardiac Fontan 

procedure is challenging to complete, and the sinoatrial (SA) node can be damaged, 

resulting in arrhythmias (Spray, 2013). 

 
After the Glenn procedure, the ventricle no longer assists in the pulmonary blood flow; 

unobstructed flow to the pulmonary arteries and healthy pulmonary microvasculature 

is essential (Weston et al., 2016). The Glen procedure reduces the volume load on the 

single ventricle with improved diastolic function and partially relieves the parallel 

circulation and cyanosis as some blood mixing still occurs (Jones, 2018). The Glenn 

procedure is usually between initial palliation and the eventual Fontan procedure 

(Talwar et al., 2014). 
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2.3.3. Stage 3: Fontan procedure 

Stage III surgery, also called total cavopulmonary anastomosis or the Fontan 

procedure, is usually performed in children between two to four years of age and 

involves the inferior vena cava connected to the pulmonary artery (Aurora et al., 2022). 

This converts the parallel circulation to series. Cyanosis is relieved as no mixing of 

blood occurs and reduces ventricle workload (volume load), as the ventricle is only 

responsible for systemic circulation (Weston et al., 2016). 

 
2.3.3.1 History of the Fontan procedure 

Dr Francois Marie Fontan from Bordeaux, France, initially performed the Fontan 

procedure in 1968. He published the results of three patients with tricuspid atresia 

receiving a Fontan procedure in 1971 (d’Udekem et al., 2007). There are three types 

of Fontan procedures, namely the (i) classic atriopulmonary connection, (ii) Lateral- 

Tunnel connection and (iii) extra-cardiac conduct (Angelini et al., 2020) (Figure 2.11). 

 

 
Figure 2.11: The different types of Fontan-type procedures, grouped in main patterns (a–c). 

Direct atriopulmonary connection without the interposition of conduits (a). 

Intracardiac lateral tunnel draining the IVC into the pulmonary circulation 

bypassing the right ventricle (b). Extra-cardiac conduit draining the IVC blood 

into the pulmonary arteries (c). In (b) and (c), a bidirectional Glenn anastomosis 

drains SVC blood to the right pulmonary artery (Angelini et al., 2020). 

 

The initial classic (atriopulmonary) procedure is not performed anymore (d’Udekem et 

al., 2007). It involves the superior vena cava being connected to the right pulmonary 

artery and a connection between the right atrium and the proximal end of the left 
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pulmonary artery. Pulsation of the right atrium was used to direct blood from the inferior 

vena cava to the left pulmonary artery (Said et al., 2012) (Figure 2.11A). Dr Guilermo 

Kreutzer performed a similar procedure in 1973. However, problems with the 

procedure involved right atrial dilatation with decreased pulmonary blood flow, stasis, 

and thrombosis (Jones, 2018). 

 
A total cavopulmonary connection (TCPC) can be created through either an internal 

conduit (lateral tunnel procedure) or an external conduit (extra-cardiac procedure) 

(Lee et al., 2007). This lateral tunnel procedure (Figure 2.11b) is advantageous as it 

reduces arrhythmias, blood stasis and thrombosis and keeps the coronary sinus in a 

low-pressure atrium, allowing good myocardial venous drainage (Jones, 2018). 

 
In 1990 the extra-cardiac Fontan procedure was described by Marcelletti and 

colleagues using a baffle to connect the inferior vena cava to the pulmonary artery 

without entering the right atrium but instead, entirely outside the heart (Figure 2.11c) 

(Jones, 2018). This had the advantage of better cavopulmonary blood flow, reduced 

risk of arrhythmias and thrombosis, and can be performed without cardio-pulmonary 

bypass as there is no incision into the right atrium. This procedure is also suitable for 

larger children, that can accept an adequate-size graft, allowing for adult IVC flow 

(Khairy and Poirier, 2012). 

 
The most recent modification to the Fontan procedure is the intracardiac or extra- 

cardiac conduit with a fenestration involving a connection between the baffle and the 

left side of the heart (Figure 2.11c). The fenestration aids in decompressing high 

Fontan pressures, serves as a pop-off valve, enhances preload of the systemic 

ventricle, and increases cardiac output. However, it may lead to cyanosis due to right- 

to-left shunting (Jones, 2018). 

 
2.3.3.2 Physiology of the Fontan procedure 

In Fontan circulation, the circulation of blood flow is changed (Figure 2.12). The single 

ventricle pumps oxygenated blood to the systemic circulation. Deoxygenated blood is 

not pumped to the lungs via the ventricle but instead flows passively from the superior 

and inferior vena cava to the pulmonary arteries. Pressure changes caused by normal 
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breathing and higher pressure in the veins help blood flow to the pulmonary arteries 

(Mazza et al., 2021). 

 

 
Figure 2.12:  Cardiac pressures. (A) Normal biventricular heart. (B) Early Fontan circulation. 

(C) Late Fontan circulation (Rychik et al., 2019). 
 
 

According to Gewillig and Brown (2016), a system comprising the venous connection 

and pulmonary arteries is created outside the heart, controlling the degree of 

congestion and overflow. The ventricle still acts as a pump for the system but no longer 

controls the blood flow and only pumps the reduced blood it receives. There are three 

essential resistance factors in the Fontan circulation: 

(i) the pulmonary vascular resistance or the bottleneck, 

(ii) the venous pressure just before the bottleneck, and 

(iii) the left atrial pressure as determined by ventricular end-diastolic pressure 

(in the absence of mitral stenosis) just after the bottleneck (Gewillig and 

Brown, 2016). 

 
The advantages of the Fontan circulation are increased arterial saturation and a 

decreased volume overload on the single ventricle (van der Ven et al., 2018). 

However, disadvantages include: (i) systemic venous hypertension and congestion 

and (ii) decreased cardiac output. The reason is that the heart no longer determines 

cardiac output or the degree of systemic vein congestion but is controlled by 

transpulmonary flow (Gewillig and Brown, 2016). Future innovations may combine 

surgical and interventional catheterisation (hybrid procedures) for Fontan completion 

(Galantowicz, 2020). 
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2.3.3.3 Challenges in Fontan circulation 

A significant problem with Fontan procedures is congestive cardiomyopathy caused 

by impaired muscle function. Theoretically, cardiac flow can be increased by 

enhancing contractility, increasing filling pressure or decreasing afterload (Gewillig et 

al., 2019). However, as the ventricle does not control flow, additional treatments that 

address heart rate, contractility, and afterload have a minimal hemodynamic impact 

(Gewillig and Brown, 2016). 

 
A second problem is primary pulmonary hypertension. Flow can be increased with 

pulmonary vasodilators or decreased left atrial pressure. Pulmonary blood flow 

significantly increases during peak exercise as pulmonary vascular resistance 

decreases (Naeije and Chesler, 2012). Nakano et al. (2000) found that pulsatile flow 

increased the release of nitrogen oxide from the endothelium and decreased 

pulmonary vascular resistance. Over time the ventricular end-diastolic pressure and 

pulmonary vascular resistance increase, resulting in increased caval vein pressure 

and congestion with overall decreased flow (Gewillig et al., 2019). 

 
Fenestration of the Fontan circulation was first described in 1990 and contributed to 

decreased venous congestion and increased cardiac output. The right-to-left shunting 

increased the preload of the systemic ventricle. Still, there are disadvantages, like 

lower systemic saturation, embolism risk, and the potential need to close the 

fenestration later (Gewillig et al., 2019). 

 
The ten commandments for an ideal Fontan procedure are summarised in Figure 2.13 

and were formulated by Choussat in 1977 (Stern, 2010). 
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Figure 2.13:  The ten commandments for an ideal Fontan procedure. 

 

 

Ma (2022) suggests that presurgical N-terminal B-type natriuretic peptide (NT-BNP) 

levels, as an indicator of post-surgical long-term outcomes, could be the 11th 

commandment, but it will require further prospective validation. 

 
Some of these factors are considered modifiable in the current era. In contrast others, 

such as chronic lung disease with pulmonary hypertension, pulmonary vein stenosis, 

and severe ventricular systolic or diastolic dysfunction, are seen as unmodifiable 

characteristics not fitting a Fontan procedure (Rychik et al., 2019). 

The ideal Fontan procedure 

Older than four (4) years 

Sinus Rhythm 

Normal systemic venous return 

Normal right atrium volume 

Mean pulmonary pressure less than 15 mmHg 

Pulmonary vascular resistance of fewer than 4 Woods/m2 

Adequately sized pulmonary arteries (McGoon ratio of more than 0.75) 

Left ventricle ejection fraction above 60% 

Absence of mitral valve abnormalities such as mitral regurgitation or stenosis 

Lack of pulmonary artery distortion 
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Although many aspects of treating Fontan patients have been optimised, the future 

may entail inserting mechanical pumps into the circuit to drive blood forward (Gewillig 

et al., 2019). 

 
2.3.3.4 Evaluation of the Fontan procedure 

Despite significant improvement in the survival of patients after the Fontan surgical 

procedure, satisfactory quality of life and life expectation is not currently experienced. 

Clinical symptoms affecting patients are cardiac and non-cardiac, including fatigue, 

heart failure, arrhythmias, and complications affecting multiple organ systems, 

including the lungs, liver, bones, brain, and lymphatic system (D'Angelo et al., 2022). 

 
The American Heart Association (AHA) proposed using a Fontan Circulation 

Surveillance Testing Toolkit for the follow-up and treatment of patients with Fontan 

circulation (Rychik et al., 2019) (Table 2.2). 

 
Table 2.2:  Cardiovascular system surveillance test (Rychik et al., 2019). 

 

Test Child Adolescent Adult 

Outpatient visits, including 

physical examination 
Every 6-12mo Every 6-12mo Every 6-12mo 

ECG Every 6-12mo Every 6-12mo Every 6-12mo 

Echocardiogram Yearly Yearly Yearly 

Holter 24-hour monitor Every 2-3yrs Every 1-2yrs Every 1-2yrs 

Exercise stress test Every 2-3yrs Every 1-3yrs Every 1-3yrs 

Serum BNP or NT-probnp Once in childhood Every 1-3yrs Every 1-3yrs 

Cardiac MR Once every 3yrs Every 2-3yrs Every 2-3yrs 

CT angiography 
As clinically 

indicated 

As clinically 

indicated 

As clinically 

indicated 

Cardiac catheterisation 
As clinically 

indicated 
Once every 10yrs Once every 10yrs 

 
(A) Echocardiographic evaluation 

According to Hauser et al. (2017), a complete echocardiographic study should be 

performed on Fontan patients at every outpatient visit at least once a year. Functional 

assessment of the right ventricle remains challenging, but ongoing examination may 

reveal deterioration over time using M-mode or tissue Doppler imaging. In addition, 

echocardiography can demonstrate venous to pulmonary pathway obstruction, 
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atrioventricular valve regurgitation, and systolic and diastolic dysfunction (Ciliberti et 

al., 2023). 

 
During the first decades following the Fontan procedure, the systolic ventricular 

function was preserved but declined as time progressed, and 40% to 60% of patients 

presented with systolic ventricular dysfunction (Rychik et al., 2019). In Fontan patients 

with no systemic (left) ventricle, the single right ventricle assessment is complex due 

to normal reference values needing to be readily available and agreed upon (Ohuchi, 

2016). The strengths and weaknesses of an echocardiographic evaluation are 

summarised in Table 2.3. 

 
Table 2.3: Strengths and weaknesses of echocardiography used in patients with 

Fontan circulation (Cordina et al., 2015). 

Strengths 

Availability, low cost, relative ease of use, bedside compatibility. 

Lack of invasiveness and ionising radiation, no contraindications. 

High temporal and spatial resolution. 

Relatively robust to arrhythmia. 

Good characterisation of valve function. 

Weaknesses 

Inter- and intra-observer variability. 

Often times poor acoustic window secondary to surgery. 

No myocardial tissue characterisation. 

Limited use for assessment of ventricular volume and function, especially in the systemic rv. 

Unsuitable for shunt estimation and visualisation of collaterals. 

Certain structures may be difficult to visualise (pulmonary veins, conduit). 

 
i) Diastolic dysfunction 

Diastolic dysfunction is a vital concern in Fontan patients, and non-invasive diagnosis 

remains challenging. Echocardiographic indicators do not usually comply with normal 

biventricular heart values but, over time, may reveal progressive dysfunction (Hauser 

et al., 2017). 

 
Diastolic assessment is based on Doppler parameters of the atrioventricular valve 

(AVV), where the E/A ratio and deceleration time (DT) is calculated. (E) represents 

early mitral inflow velocity and (A) atrial wave inflow velocity (Henein and Lindqvist, 

© Central University of Technology, Free State



24 |P a g e 

 

 

 
2020). Tissue Doppler assessment of peak AVV annulus velocities in early diastole 

(E') uses M-mode colour Doppler across the AVV inflow. For E' values, the values 

used are the average velocities of the two walls bounding the systemic ventricle 

(Margossian et al., 2016). 

Margossian et al. (2016) used the following grading classification of diastolic 

dysfunction for Fontan patients (Figure 2.14). 

 

 
•  [(1<E/A≤ 2) and (DT ≥140 msec) and 
(E/E’ z ≤3)] 

 
 

 
•  [E/A ≤1] 

 
 

 
• [(1<E/A≤2) and [(DT 
<140 msec) or (E/E’z >3) 

 

 
•  [E/A >2] 

 

 
Figure 2.14: Grading classification of diastolic dysfunction of Fontan patients (Margossian et 

al., 2016). An E/E' z-score of 3 was used as the equivalent of an E/E' of 10 in 

adults. 

 

The findings were then classified as having a restrictive pattern present or absent, and 

a restrictive pattern present was considered if E/A>2 or if 1<E/A<2 and DT<140 msec. 

The diastolic dysfunction grading excluded E/A ratios with complete E and A wave 

fusion. However, partial E and A wave fusion can still be used in grading diastolic 

dysfunction (Margossian et al., 2016). 

When the mitral E-A fusion is partial, it is still possible to measure peak E and A 

velocities and demonstrate E/A reversal, suggesting left ventricular diastolic 

dysfunction. But when there is complete E-A fusion, it is impossible to calculate the 

E/A ratio to assess diastolic function (Sohn et al., 1999). 

Grade 0 

Normal 

Grade 1 

Impaired 
relaxation 

Grade 2 

Psuedo 
normalization 

Grade 3 

Restrictive 
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The atriums of patients with single ventricle physiology are dilated, with decreased 

compliance, decreased early diastolic emptying (E wave) and increased atrial 

contraction (A wave) for ventricular filling (Khoo et al., 2013). 

 
ii) Tricuspid annular plane systolic excursion or mitral annular plane 

systolic excursion (TAPSE/MAPSE) 

Tricuspid annular plane systolic excursion (TAPSE) is a simple, reliable manner to 

assess right ventricular systolic function using echocardiographic measurements 

(López‐Candales and Vallurupalli, 2022). Koetsenberger et al. (2009) published 

normal TAPSE values from infancy to adolescence (Table 2.4) used for RV and LV 

dysfunction. However, TAPSE values increase with age and body surface area (BSA) 

non-linearly. Therefore, it is best to reference TAPSE to an indexed age and BSA value 

(Koestenberger et al., 2009). 

 
Table 2.4:  Classification of TAPSE values (Koestenberger et al., 2009) 

Age Mean TAPSE (cm) Mean BSA (m2) 
Indexed mean TAPSE/ 

mean BSA 

0-30 D 0.91 0.22 4.13 

1-3 Mo 1.14 0.29 3.93 

4-6 Mo 1.31 0.34 3.85 

7-12 Mo 1.44 0.40 3.60 

1Y 1.55 0.47 3.29 

2Y 1.65 0.53 3.11 

3Y 1.74 0.63 2.76 

4Y 1.82 0.70 2.60 

5Y 1.87 0.77 2.42 

6Y 1.90 0.82 2.31 

7Y 1.94 0.94 2.06 

8Y 1.97 0.97 2.03 

9Y 2.01 1.00 2.01 

10Y 2.05 1.15 1.78 

11Y 2.10 1.28 1.64 

12Y 2.14 1.39 1.53 

13Y 2.20 1.48 1.48 

14Y 2.26 1.55 1.45 

15Y 2.33 1.59 1.46 

16Y 2.39 1.66 1.43 

17Y 2.45 1.77 1.38 

18Y 2.47 1.79 1.37 

[D: days; Mo: months; Y: years; TAPSE: Tricuspid annular plane systolic excursion; MAPSE Mitral annular 

plane systolic excursion; BSA: Body surface area]RV 
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iii) Myocardial performance index (MPI) 

Evaluation of ventricular function in patients with single ventricle physiology is complex 

(Koestenberger et al., 2009). However, the Doppler myocardial performance index 

(MPI/Tei index) may provide a method that includes both systolic and diastolic time 

intervals to evaluate global cardiac dysfunction (Eidem et al., 2000). 

 
The MPI is higher in patients with single ventricles than those with normal ventricles. 

However, patients with a bidirectional Glenn procedure before one year of age 

demonstrate lower MPI values after surgery, suggesting improvement in ventricular 

function (Koestenberger et al., 2009). 

 
iv) Global strain – speckle tracking 

Two-dimensional speckle tracking is an effective and sensitive method for the early 

detection of subclinical ventricular dysfunction, which can be incorporated into routine 

echocardiographic examinations and is reproducible (Ginde et al., 2017). 

Myocardial deformation is a strain representing the fractional or percentage change 

from its original dimension (change in length between two points). Strain is obtained 

in three different directions (longitudinal, radial, and circumferential) due to the 

physiologically complex myocardial fibre construction. Therefore, strain is considered 

a relative load-independent measure of myocardial function, and strain rate represents 

deformation velocity (Huntgeburth et al., 2019). 

 

Two-dimensional speckle tracking is highly reproducible and has been validated for 

cardiac function in several patients with single ventricle physiology cohorts (Steflik et 

al., 2017). Global strain parameters, such as global longitudinal (GLS) and global 

radial strain (GRS), are more reliable measures of ventricular performance than 

regional strain parameters. The reliability of strain measurements is affected by frame 

rate, the nature of strain (longitudinal, circumferential, radial), and even ventricular 

geometry, suggesting that a dedicated echocardiographic protocol for single ventricle 

patients is recommended (Huntgeburth et al., 2019). 

 
(B) Ross classification 

In patients with single ventricle physiology, the dominant ventricle will eventually fail 

due to increased pressure from the systemic and pulmonary circulation (Ezzeldin et 
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al., 2019). The Ross Heart Failure Classification provides a global assessment of heart 
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failure severity in infants and has been modified to apply to all paediatric ages (Ross, 

2012). The modified Ross classification encompasses feeding difficulties, growth 

problems, and exercise intolerance symptoms into a numeric score equivalent to the 

New York Heart Association (NYHA) classification for adults (Table 2.5). 

 
Table 2.5 NYHA and modified Ross heart failure classification for children 

(Etoile, 2016) 

 NYHA ROSS 

CLASS I No limitations of physical activity No limitations or symptoms 

 
CLASS II 

May experience fatigue, palpitations, 

dyspnea, or angina during moderate 

exercise but not during rest 

Infants: Mild tachypnea or diaphoresis 

with feeding 

Older children: Mild to moderate 

dyspnea on exertion 

 
CLASS III 

 
Symptoms with minimal exertion that 

interfere with normal daily activity 

Infants: Growth failure and marked 

tachypnea or diaphoresis with feeding 

Older children: Marked dyspnea on 

exertion 

 
CLASS IV 

Unable to carry out any physical 

activity because they typically have 

symptoms of HF at rest that worsen 

with any exertion 

 
Symptoms at rest, such as tachypnea, 

retractions, grunting, or diaphoresis 

[HF: Heart failure; NYHA: New York Heart Association]. 

 

(C) Six-minute walk test 

The American Thoracic Society introduced the six-minute walking test (6MWT) in 2002 

(Fell et al., 2022). The 6MWT measures the reaction to medical interventions in heart 

or lung disease patients. It is a one-time measurement of functional status and a 

predictor of morbidity and mortality (Feltez et al., 2015). 

Fontan patients have a reduced exercise capacity compared to healthy peers (Myers 

et al., 2002). In addition, Fontan patients do not seem to have a better exercise 

capacity than patients who only received a Glenn operation (Sen et al., 2012). Feltez 

et al. (2015) concluded that children and adolescents with cyanotic heart disease have 

low submaximal exercise capacity even after surgical repair. 

Kempny et al. (2013) reported that the six-minute walk test and resting oxygen 

saturation (SO2) predicted outcomes in Eisenmenger patients. Therefore, it was 

proposed to be incorporated into these patients' risk stratification and management. 
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2.4. Outcomes of single ventricle repair 

2.4.1. First World countries 

According to the Centre for Disease Control and Prevention (2019), babies born with 

non-critical cardiac heart disease have a 97% 1-year survival rate and a 95% 18-year 

survival rate. In comparison, babies born with a critical cardiac heart disease have a 

75% 1-year survival rate and a 69% 18-year survival rate (Centre for Disease Control 

and Prevention, 2019). The survival rate for critical cardiac heart disease has improved 

from 67% between 1979 and 1993 to 83% between 1994 and 2005 (Rychik et al., 

2019; Oster et al., 2013). 

 
The mortality rate in staged surgical palliation for single ventricle physiology is highest 

in the four and six-month periods between stage I and II, known as the interstage. It 

can be as high as 22% (Weston et al., 2016). 

 
It is more than five decades since the first Fontan procedure was performed, and it is 

estimated that up to 70 000 patients worldwide live with Fontan circulation (Rychik et 

al., 2019). Nowadays, outcomes of Fontan procedures are remarkable, with operative 

mortality approaching 1%. The five and ten-year transplantation-free survival rate is 

95% and 90%, respectively, and 20-year survival rates vary between 61% and 85% 

(Rychik et al., 2019). The 30-year survival rate is estimated at 85%, and in a 35 year 

study the Australian and New Zealand Fontan Registry reported a 62% survival rate 

(Schilling et al., 2016). The survival rate, especially amongst patients with a Fontan 

procedure, improved due to early detection, technical improvements, advanced patient 

selection and improved perioperative management (Rychik et al., 2019; Oster et al., 

2013). 

 
Rychik et al. (2019) reported a decreased survival rate in older patients that received 

a Fontan operation, patients with a common atrioventricular valve, male sex, elevated 

pulmonary artery pressures pre- and postoperative, and sustained pleural effusions 

after the Fontan procedure. In addition, patients with complications such as protein- 

losing enteropathy (PLE), arrhythmias, thromboembolic events, and pacemakers also 

have inferior survival outcomes. 
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International data shows a decline in the age at which Fontan procedures are 

performed (Kverneland et al., 2018). A five-decade review study by Kverneland et al. 

(2018) showed that Fontan procedures had been performed in recent years from as 

young as 2.0 to 5.6 years (median) in high-income countries. Dayle and d’Udekem 

(2019) found that Fontan operations done at an earlier age showed better survival and 

fewer unfavourable outcomes. Akintoye et al. (2019) stated that although Fontan 

operations were mainly performed at two years of age in the United States, the 

optimum age is three. This was evident from a lower in-hospital mortality rate and 

fewer related complications. 

 
Oster et al. (2018) reported that infants presenting with a systemic right ventricle (RV), 

as opposed to a systemic left ventricle (LV), have significantly poorer long-term 

transplant-free survival rates. This was attributed to worsening heart failure in those 

with RV morphology. In a comprehensive study by Oster et al. (2018), which included 

44 centres, 42% of patients had a systemic RV, 37% had a systemic LV, and 20% 

were unclassifiable. The survival after 20 years transplant-free was 52% for those with 

systemic RV, 72% for systemic LV, and 64% for non-classifiable ventricles. In-hospital 

survival of patients receiving a Fontan procedure according to systemic ventricular 

morphology showed no statistically significant difference. 

 
Patients with severe cardiac lesions require lifelong follow-up, but in a Canadian study, 

21% of patients with severe cardiac lesions were lost to follow-up after the age of 18 

years (Mackie et al., 2009). 

 
2.4.2. Developing countries 

Limited data on the outcomes of single ventricle repair for sub-Saharan countries are 

available. However, in one of the few studies performed in a developing country, 

Manuel et al. (2019) reported on 83 patients with single ventricle physiology between 

2011 and 2017 in Angola. Sixty-five patients underwent stage I surgery, and of these, 

34 patients received pulmonary artery banding with a peri-operative mortality rate 

(deaths during hospitalisation) of 12%. Thirty-one per cent of the patients received BT 

shunts, with an operative mortality rate of 45%. Thirty patients underwent stage II 

surgery, 18 (60%) received a Glenn procedure as primary surgery, and 12 (40%) had 

previous stage I palliative surgery. Stage II patients had an operative mortality of 17 
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%. Of the five patients that underwent stage III Fontan surgery, one died with a 

mortality rate of 20%. 

 
However, in a recent South African study, Meyer et al. (2022) reported on 61 patients 

who underwent BDG surgery at Red Cross War Memorial Children's Hospital over 

eight years. Nearly a third of the patients (n=20) had no prior intervention before the 

bidirectional Glen procedures. Thirty-seven per cent of patients completed single- 

ventricle palliation, with a mortality rate of 3.3% (Meyer et al., 2022). 

 
Bidirectional Glenn procedures were performed in an Angolan study at a median age 

of 1.1 years (Manual et al., 2019). However, in a South African study (Meyer et al., 

2022) and an Egyptian study (Samir et al., 2010), the median age was much older at 

2.5 years and 2.3 years, respectively. In the Angolan study, the median age for Fontan 

procedures was 3.8 years (Manual et al., 2019) vs. a median age of 8.5 years in the 

South African study (Meyer et al., 2022). 

 
In developing countries such as South Africa, determining patient outcomes is difficult 

because patients need more follow-up support. In a study by Smit, R. 2017) performed 

in Central South Africa, the reasons for the loss of follow-up could be attributed to  long 

distances combined with unreliable transport, challenging communication, and a lack 

of understanding by parents. Similar trends were observed in another South African 

study performed at the Red Cross War Memorial Children's Hospital for patients 

receiving bidirectional Glenn shunts, where 30.5% of patients were also lost to follow-

up (Meyer et al., 2022). In an Angolan study, other African countries faced even more 

challenges and almost two-thirds of their patients were lost to follow-up (Manual et al., 

2019). 

 
Therefore, there is a need for long-term survival rates in developing countries, and any 

such data is almost entirely deficient for developing countries such as South Africa. 
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Abstract 

 

 
Introduction 

Lesions with single ventricle physiology occur in 4-8 out of 10,000 live births or 1-2% 

of patients with congenital cardiac abnormalities.1 Single ventricle physiology 

encompasses a heterogenous group of complex cyanotic cardiac lesions, usually 

requiring early diagnosis and intervention at a congenital cardiac centre.2 Infants born 

with non-critical cardiac heart disease have a 97% 1-year survival rate. In contrast, 

babies with critical cardiac heart disease only have a 75% 1-year survival rate.3 This 

emphasises the need for early detection and treatment of these infants. 

 
Newborns with functional single ventricle physiology have parallel pulmonary and 

systemic circulations resulting in cyanosis and ventricular volume overload.4 

Treatment consists of staged intervention, with the first stage involving palliative 

interventions such as patent ductus arteriosus (PDA) stenting, Blalock – Taussig 

shunts (BTS), central shunts and pulmonary artery banding (PAB) to regulate 

pulmonary arterial flow. The following stages consist of partial cavopulmonary 

Introduction: Single ventricle physiology is a critical cardiac condition requiring early diagnosis and 

intervention. 

Objectives: To report on the management and outcomes of patients diagnosed with single ventricle 

physiology in Central South Africa. 

Methods: A retrospective observational analysis included patients presenting with single ventricle 

physiology at the Universitas Academic Hospital (UAH) in Central South Africa between November 1997 

and June 2021. 

Results: Patients were referred from the Free State province (54%), Northern Cape province (29%) and 

Lesotho. One hundred and fifty-four patients presented with single ventricle physiology: 114 received 

interventions, and 40 were not eligible for intervention. Patients presented for the first time at a median 

age of 34.5 days, while patients from nearby districts presented within a few days after birth. However, 

patients from outlying areas presented much later. Eighty-seven patients received systemic to 

pulmonary artery shunting or pulmonary artery banding. Sixty-three patients proceeded to bidirectional 

Glenn procedures, and 30 patients (26%) had full palliation to Fontan. Twenty-one patients were 

demised after stage 1, six after the Glenn procedure and two after the Fontan procedure. Overall, 34 

(29.8%) patients were lost to follow-up. 

Conclusion: Patients in our study presented late, and follow-up of these patients was a challenge. The 

highest mortality occurs during the first stage of palliation. Outcomes from this study are comparable to 

other Sub-Saharan studies. 
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connection, e.g., bidirectional Glenn procedure, and eventually total cavopulmonary 

connection - the Fontan operation.5 Surgery aims to change from a parallel circulation 

to circulation in series. 

 
Outcomes for single ventricle treatments have improved in high-income countries with 

declining mortality rates. Kverneland et al. (2017) meta-review study of Fontan 

operations reported that mortality rates decreased from as high as 20.1% in the early 

decades to as low as 0.5% in recent years. In these, 15-year survival rates improved 

from 52% to 82% in the early years to 95% currently.6 

 
There needs to be more data regarding the outcomes of single ventricle interventions 

for Africa and especially sub-Saharan Africa. Furthermore, there needs to be 

documentation for the central region of South Africa, which is the geographical area 

wherein the Universitas Academic Hospital is located. However, in middle to low-

income countries like South Africa, outcomes tend to lag behind that of high-income 

countries, although improvements were observed.7 A recent sub-Saharan study 

reported a 29% mortality rate in the early stages and a 17% late mortality rate.2
 

 
The objective of this study was to analyse data on the management and outcomes of 

children who presented with single ventricle physiology in Central South Africa over 

the last two decades. 

 

Methodology 

Study design and location 

The retrospective observational analysis included all patients presenting with single 

ventricle physiology between November 1997 and June 2021 at the Departments of 

Paediatric Cardiology and Cardio-Thoracic Surgery at Universitas Academic Hospital 

(UAH). Universitas Academic Hospital is the only tertiary referral hospital in central 

South Africa and renders services to patients from the Free State, Northern Cape, and 

Lesotho (estimated population of 6.5 million). 
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Study Population 

The main inclusion criterion consisted of patients at the central hospital diagnosed with 

lesions considered as single ventricle physiology presenting for the first time. Patients 

with hypoplastic left heart syndrome (HLHS) and biventricular physiology treated with 

single ventricle palliation were excluded from the study. One hundred and fifty-four 

patients met the inclusion criteria. 

 
Data Collection 

Data were retrieved from a Paediatric Cardiology database, patient folders, and the 

hospital information system. Data recorded included demographic [age (years), 

gender, ethnicity, geographical location], anthropometric [height (cm), weight (kg), and 

BMI (kg/m²)] and clinical data [ventricle dominance, palliative intervention, palliation 

stage, other associated lesions, and operative mortality]. 

 
Definitions 
Perioperative mortality was defined as deaths occurring during the first 30 days 

postoperatively, whether in a hospital or discharged, regardless of the cause. 

Late mortality was defined as all deaths after the first 30-day postoperative period, 

whether at home or during subsequent hospitalisation. 

Stages of palliation: Stage I palliation consisted of one of the following procedures: 

Surgical systemic-pulmonary shunt (BTS, central or Sano shunt), Pulmonary artery 

banding (PAB), or percutaneous implantation of a PDA stent. Stage II involved the 

Glenn procedure, while stage III involved the Fontan procedure. 

 
Ethics and Statistics 

Ethical approval was obtained from the Health Sciences Research Ethics Committee 

(HSREC) of the University of the Free State (UFS-HSD2020/1823/2505) and the Free 

State Department of Health. 

 
Raw data was captured on Excel spreadsheets. Continuous variables, when 

asymmetrically distributed, are expressed as median and interquartile ranges 25 and 

75, otherwise as mean ± standard deviation. P-values of < 0,05 was considered 

statistically significant. A t-test was used to compare normally distributed data. Non- 

parametric data were compared using a Mann-Whitney U test. A Chi² or Fisher's exact 
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test was utilised for comparisons where required. Analysis was done using standard 

Statistical Analysis Software. 

 

Results 

Over the study period, 154 infants with single ventricle physiology were included. There 

was a male preponderance, with almost two-thirds of the children being male (n=98, 

63,6%). Tricuspid atresia (56%) was the most common lesion, followed by pulmonary 

valve atresia with the intact ventricular septum (29%). Other lesions included double 

inlet left ventricle (5%), double inlet right ventricle (3%), unbalanced AVSD (5%) and 

double outlet right ventricle (1%). Most patients (88%) had lesions with left ventricle 

dominance. As expected, most patients were referred from the Free State region 

(54%); interestingly, a considerable number of patients came from outside the 

provincial borders - Northern Cape (29%) and Lesotho (13%) (Figure 1). 

 
83 (54%) 

 
 
 
 
 
 
 
 
 
 

 

Free State Northern 
Cape 

Lesotho North West Gauteng Eastern 
Cape 

 
Province 

 
 

Figure 1:  Single ventricle physiology per province of residence (n=154). 
 

 

The Free State province is divided into five districts. It is the third largest province 

(129.8 square kilometres) in South Africa with a population of 2.8 million people, 

making it the province with the second lowest population density; the Northern Cape is 

the largest (372.9 square kilometres) province with a population of 1.3 million people 

making it the province with the lowest population density. Although Lesotho is a small 

country (30.3 square kilometres), it has a population of 2.18 million, and most of the 

44 (29%) 

20 (13%) 

3 (2%) 2 (1%) 2 (1%) 

n
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terrain is mountainous. Figure 2 illustrates the percentage of patients referred from 

each district and the population per district (P/D) for children aged 0–4 years as per the 

2016 census (green). Most infants came from the Mangaung district (40%), almost 

double the number of patients compared to the Thabo Mafutsanyane districts (18%), 

although they have similar population numbers. 

 
 
 
 

 
Thabo 

Mofutsanyana 
(18%) 

 
Fezile Dabi 

(15%) 
 

 
P/D = 16% 

 
P/D = 29% 

Xhariep 

(2%) 

 
P/D = 4% 

 

 
P/D = 29% 

 
 
 

 
Mangaung 

(40%) 

 
P/D = 22% 

 
 
 
 
 
 
 
 

 
Lejweleputswa 

(25%) 

 

 
Figure 2:   Patient referral per Free State districts. [P/D, Population per District]. 

 

 

Patients were seen for the first time at just over one month of age (median: 34.5 days; 

IQR: 2.2,156.1). In the Free State, patients from the Fezile Dabi district (median three 

days; IQR: 1.3:134.1) and Mangaung districts (4.1 days; IQR: 1.0:83.1) presented 

earliest (within a few days), whereas patients from the Thabo Mofutsanyane district 

(30.4 days; IQR: 2.0:221.1) and the Lejweleputswa district (38.5 days; IQR: 2.5:148.5) 

only presented after a median of a month. The Xhariep district only had two patients 

presenting at age four days and seven months respectively. Mangaung and Fezile Dabi 

districts are the two smallest geographical districts with high population densities, 

whereas the Xhariep District has the largest surface area but low population density. 

In contrast, patients from the Northern Cape presented after almost two months (56.8 

days; IQR: 3.3:155.4) and Lesotho even later at almost six months (178.4 days; IQR: 

3.3:517.7) of age. 
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Forty patients received no intervention. The reasons were poor presentation 

conditions, significantly associated lesions, lethal syndromes, and other lethal 

conditions. Forty-five per cent of these patients (18/40) demised, and almost half (42%) 

occurred within seven days, emphasising the severity of co-morbidities. Eighteen of 

these patients were lost to follow-up, and four were still alive at the conclusion of the 

study. Table 1 presents the procedural data of the 114 patients. 

 
Table 1:  Clinical data of patients with single ventricle physiology. 

 

 

 
Variable 

STAGE 1 STAGE 2 STAGE 3 

PDA 

stents 

(n=24) 

BT 

shunts 

(n=34) 

Central 

shunts 

(n=18) 

PAB 

(n=9) 

SANO 

(n=2) 

Glen 

procedure 

(n=63) 

Fontan 

procedure 

(n=30) 

Age (median) 4.6 d 24.3 d 201.8 d 110.5 d 1.5yrs 1.3 y 5.9 y 

Weight (kg) 3.0 3.0 6.6 5 4.85 9.3 17.3 

BSA (m2) 0.17 0.20 0.33 0.27 0.27 0.4 0.7 

Diagnosis:    

TA 6 23 11 4 1 34 18 

PA IVS 17 9 6 0 0 10 6 

DILV 0 0 0 3 0 5 1 

U-AVSD 0 0 0 0 0 7 1 

DIRV 0 1 0 0 1 3 1 

DORV 0 0 1 1 0 2 1 

Others 1 1 0 1 0 2 2 

[TA: tricuspid atresia, PA IVS: pulmonary atresia with an intact septum, DILV: double inlet left ventricle, u-AVSD: unbalanced 

atrioventricular septal defect, DIRV: double inlet right ventricle, PDA: patent ductus arteriosus, BT: Blalock-Taussig, PAB: 

pulmonary artery banding d: days, y: years]. 

 

 

Stage 1: Palliation 

Eighty-seven patients underwent first-stage palliation consisting of mostly mBTS 

(39%), followed by PDA stents and central shunts (28% and 21%). PDA stents (n=24) 

were percutaneously implanted at an early age with a median of 4.6 days 

(IQR:2.2:20.8), compared to BTS, which was performed at a median age of 24.3 days 

(IQR:6.1:111.5), and central shunts even later at a median age of 201.8 days 

(IQR:69.1:584.5). PAB (n=9) and central shunts (n=18) were performed at a markedly 

older median age of 110.5 days (IQR:53.2:217.5) and 201.8 days (IQR:69.5:584.5), 

respectively. The median weights for PDA and BTS were also noticeably less (3 kg) 
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than that of PAB and central shunts, with median weights of 5 kg and 6.6 kg, 

respectively. 

 
The highest mortality was observed in this group, with 21 deaths (24%) in stage I; 

perioperative mortalities were similar for patients with PDA stents (13%), BT shunts 

(12%) and central shunts (17%). There were no deaths in the PAB and Sano shunt 

groups (Table 2). Sixteen patients in stage 1 were lost to follow-up, and 13 are still alive 

and awaiting further intervention. 

 
Table 2.  Intervention outcome 

 

 
Variable 

PDA 

Stents 

(n=24) 

BT 

Shunts 

(n=34) 

CENTRAL 

Shunts 

(n=18) 

PAB 

(n=9) 

SANO 

(n=2) 

GLEN 

Procedure 

(n=63) 

FONTAN 

Procedure 

(n=30) 

Perioperative % 13 12 17 11 0 3 0 

Death > 30 days 3 4 3 1 1 2 0 

Total death 7 10 3 1 1 6 2 

Lost to follow-up 1 10 2 3 1 12 6 

 
Stage 2: Bidirectional Glen 

Sixty-three (n = 63) patients underwent a bidirectional Glenn operation at a median age 

of 1.33 years (IQR:0.9:2.3). Twenty-six had no prior stage I intervention. The primary 

lesion for these patients was tricuspid atresia (n = 33) in more than 50% of children. 

These patients presented for the first time at a much later median age of 146 days 

versus the median age of 91 days of the group that received prior stage 1 interventions. 

Six patients were demised during stage II intervention, two within 30 days 

(perioperative mortality of 3%). Twelve stage II intervention patients were lost to follow- 

up, and 16 patients are still alive and being followed up with the aim of Fontan operation 

(Table 2). 

 
Stage 3: Fontan Procedure 

At the conclusion of the study, 30/114 (26%) completed single ventricle palliation to 

Fontan. The median age at Fontan was 5.9 years (IQR: 5.2:6.9). Stage III suffered two 

deaths, of which none were within 30 days; six (n= 6) stage III patients were lost to 

follow-up, and 22 patients are still alive (Table 2). 
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Last follow-up 

At the cessation of the study, 29 of the total group of 114 patients had demised, 35 

were lost to follow-up, whilst 50 are in follow-up and at various management stages. 

The treatment outcomes of the 114 patients are summarised in Figure 3. 

 

 

 
Figure 3:   Treatment outcomes of patients presenting with single ventricle physiology. 

 

 

Discussion 

This study reports the outcomes of single ventricle patients spanning more than two 

decades in a Sub-Saharan country and is the first report on outcomes in the Free State 

region. This study's key findings were that patients in this region presented late and 

that single ventricle physiology in central SA is a severe cardiac condition. The highest 

mortality occurs during the first palliative procedures. It is of concern that a substantial 

number of patients (almost a third) are lost to follow-up. 

 
Tricuspid atresia was the most common lesion diagnosed in more than half of the 

cases. A similar trend was observed in an Angolan study.2 However, in a Cape Town 

report, only a third of patients presented with tricuspid atresia, and two-thirds had 
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dominant left ventricles. In this study, however, most patients (88%) presented with 

lesions exhibiting dominant left ventricles.8 It should be noted that the Meyer study 

analysed all lesions undergoing BDG procedures. 8 

 
Although more than half of the patients came from the Free State, the rest were mainly 

from the bordering Northern Cape (almost a third) and Lesotho (13%). The data shows 

that patients presented late, except for two Free State districts, namely Mangaung and 

Fezile Dabi, that presented within days. In contrast, outlying areas took weeks to 

months to present at our clinic for the first time. The Mangaung district’s early referral 

can be explained by the fact that it is the smallest geographical district, has the largest 

population density, is closest to the central referral hospital, and has three well-staffed 

and large functional regional hospitals. Access to healthcare facilities is challenging in 

rural districts because of smaller regional hospitals, larger patient-to-doctor ratios, and 

extensive travelling. This may partially explain why patients were referred much later. 

These findings emphasise the need for early detection and educational programs in 

rural areas. The authors speculate that long distances, rugged terrain, limited primary 

care facilities and inadequate referral systems contribute to the late presentation of 

these infants. Late referral contributed to poor condition at presentation and explained 

why several patients could not be offered palliation. 

 
Stage 1 palliation was offered to many of the patients, with more than three-quarters 

of eligible patients receiving initial interventions. PDA stenting was the palliative 

intervention performed earliest (within a few days), followed by BT shunts within a few 

weeks. Other palliative interventions were only performed much later. Stage I had the 

highest mortality rate of the three stages. This is in line with developed countries where 

up to 22% of patients demise during the early stages.9 These findings illustrate that 

ductal stenting may be a good option in resource-limited settings like ours - it can be 

performed early with results comparable to surgical systemic pulmonary artery shunts. 

.10,11,12 

 
Forty-three per cent of patients receiving stage 1 palliative interventions proceeded to 

bidirectional Glenn operations. Many of these patients (41%) had no prior 

intervention(s). This is similar to findings in the Cape Town study, where a third of 

patients had had no previous intervention before bidirectional Glen procedures.8 In 
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our study, bidirectional Glenn procedures were performed relatively young, with a 

median age of 1.3 years. This is similar to an Angolan study where the median age 

was 1.1 years.2 However, in another South African8 and a sizeable Egyptian study,13 

it was found that the median age was much older at 2,5 years and 2.3 years, 

respectively, for bidirectional Glenn procedures. The operative mortality for Glenn 

procedures was 3%, similar to the Cape Town study8 and acceptable compared to the 

operative mortality of 17% in the Angolan study.2 In our study, almost half of the 

patients receiving a bidirectional Glen operation proceeded to a Fontan procedure, 

which compares favourably to the Cape Town results.8 

 
For bidirectional Glenn procedures, the median age was much older at 2,5 years and 

2.3 years, respectively. The operative mortality for Glenn procedures was 3%, similar 

to the Cape Town study8 and acceptable compared to the operative mortality of 17% 

in the Angolan study.2 In our study, almost half of the patients receiving a bidirectional 

Glen operation proceeded to a Fontan procedure, which compares favourably with the 

Cape town results.8 

 
Fontan procedures were performed at a median age of 5.9 years. This is in line with 

international data that shows a decline in the age at which Fontan procedures are 

performed. A five-decade review study by Kverneland et al. (2017) showed that Fontan 

procedures are performed as young as 2.0 to 5.6 years (median) in recent years in 

high-income countries.6 In the Angolan study,2 the median age for Fontan procedures 

was 3.8 years vs. a median age of 8.5 years in the Cape Town study.8 In our study, no 

operative mortalities (within 30 days) were observed after the Fontan procedure, which 

compares favourably with an Angolan study,2 which reported operative mortality of 

20%. 

 
Patients lost to follow-up are a concern in our setting as almost a third of patients 

(35/114) in this study was lost to follow-up. In a study by Smit et al. (2017), the reasons 

for the loss to follow-up were attributed to the long distances combined with unreliable 

transport, challenging communication, and a lack of understanding by parents.14 

Analogous trends were observed in another South African study8 performed at the Red 

Cross War Memorial Children’s Hospital for patients receiving bidirectional Glenn 

shunts, where 30.5% of patients were also lost to follow-up. Other African 
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countries face even more challenges, and in an Angolan study, almost two-thirds of 

their patients were lost to follow-up.2 Patients with severe cardiac lesions require 

lifelong follow-up. Still, even in a Canadian study,15 21% of patients with severe cardiac 

lesions were lost to follow-up after the age of 18 years. The authors speculate that 

most of our patients lost to follow-up can be attributed to the large migratory 

population, cultural barriers, or being deceased. 

 

Limitations 

The main limitation is the retrospective nature of this study with its inherent challenges. 

Mortality rates should be interpreted with caution, bearing in mind that many patients 

were lost to follow-up, treatments may have changed over the two-decade period of 

the study, and only patients with single ventricular physiology were included in this 

study. Because of its design, it is essential to note that this study does not reflect all 

Glenn and Fontan procedures performed at our institution. A considerable number of 

patients still have to proceed to the next stage. 

 

Conclusion 

Treatment of single ventricle physiology at our institution, as in other Sub-Saharan 

countries, faces various challenges. These include large distances from the cardiac 

centre, late presentation and many patients needing more support for follow-up. 

Outcomes of interventions compare favourably with other Sub-Saharan countries. The 

highest mortality rate occurs during stage I, and patients who progress to Glenn and 

Fontan procedures have a low mortality rate. This study highlights the need to detect 

patients with single ventricle physiology early. A new strategy is also needed for the 

follow-up of patients. 
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Abstract 

Introduction: Outcomes of Fontan procedures have improved remarkably over time. 

Objectives: The functional assessment of Fontan patients measured by echocardiogram examinations, 

six-minute walk test and Ross classification. 

Methods: Nine Fontan patients were evaluated during their outpatient visits to the Department of 

Paediatric Cardiology clinic at the Universitas Academic Hospital, Bloemfontein, South Africa. An 

echocardiographic study included the global and systolic assessment. The six-minute walk test was 

performed according to The American Thoracic Society and a modified Ross classification by the New 

York Heart Association (NYHA). 

Results: The peak E wave median was 67.7 cm/sec, and the peak A wave median was 52 cm/sec, 

with a median E/A ratio of 1.28. The median deceleration time was 231.6ms. The median E’ was 15.5 

cm/sec, and the median E/E’ was 4.6 9 cm/sec. The median mitral annular plane systolic excursion 

(MAPSE) was 10.3 mm, and one tricuspid annular plane systolic excursion (TAPSE) was 15.9 mm. 

Myocardial performance index (MPI) was prolonged with a median left ventricle MPI of 0.47 and one 

right ventricle (RV) MPI of 0.37. The median distance covered during the 6-minute walk tests was 480 

metres. Four patients were classified as class I and five as class II heart failure using the Ross 

classification. 

Conclusion: Results of our study demonstrated mild functional limitations in the six-minute walk test 

(6MWT) and heart failure scores. These findings were underscored by the impairment of 

echocardiographic systolic function indices such as MAPSE/TAPSE and MPI. 

 

Introduction 

Over time, outcomes of Fontan procedures have improved remarkably, with operative 

mortality approaching 1%. The five and ten-year transplantation-free survival rate is 

now 95% and 90%, respectively, and 20-year survival rates vary between 61% and 

85% (Rychik et al., 2019). Therefore, the American Heart Association (AHA) proposed 

using a Fontan Circulation Surveillance Testing Toolkit for the follow-up and treatment 

of patients with Fontan circulation, including annual outpatient visits, 

electrocardiography, and echocardiogram examinations (Rychik et al., 2019). 

 
In patients with single ventricle physiology, the dominant ventricle will eventually fail 

due to increased resistance from the systemic and pulmonary circulation (Ezzeldin et 

al., 2019). A complete echocardiographic evaluation on Fontan patients at every 

outpatient visit at least once a year is recommended to control for systolic and diastolic 

functional deterioration over time, assessing venous to pulmonary pathway obstruction 

and atrioventricular valve regurgitation (Hauser et al., 2017). The six- 
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minute walk test is a one-time measurement of functional status and a predictor of 

morbidity and mortality, especially in patients with pulmonary hypertension (Feltez et 

al., 2015). The Ross heart failure classification provides a global clinical assessment 

of heart failure severity in infants and has been modified to apply to all paediatric ages 

(Ross, 2012). 

 

Methodology 

Nine Fontan patients were evaluated during their outpatient visits to the Department 

of Paediatric Cardiology clinic at the Universitas Academic Hospital, Bloemfontein, 

South Africa. 

 
An echocardiographic study was performed, which included the diastolic assessment 

of the ventricle. This measured the peak E and A velocity, the E/A ratio, deceleration 

time, and the E’ and E/E’ ratio. In addition, tricuspid annular plane systolic excursion 

(TAPSE) or mitral annular plane systolic excursion (MAPSE) and myocardial 

performance index (MPI) were also determined. Three measurements were taken, and 

the average was calculated. One technologist performed all echocardiographic studies 

to prevent inter-observer variability. 

The six-minute walk test was performed according to The American Thoracic Society 

and included total distance patients could walk, oxygenation and blood pressure 

measurements before and after the examination (Feltez et al., 2015). 

The modified Ross classification by the New York Heart Association (NYHA) was used 

to grade the presence and severity of heart failure by a paediatric cardiologist (Ross, 

2012). 

 

Results 

There were four males and five females with a median age of 15.1 years ranging from 

8.1 to 22.7 years. 
 
 

The peak E wave median was 67.7 cm/sec (range: 56.7 cm/sec to 100.7 cm/sec), and 

the peak A wave median was 52 cm/sec (range: 45.1 cm/sec to 84.6 cm/sec), with a 

median E/A ratio of 1.28 (range: 1.04 to 2.06). The median deceleration time was 
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231.6ms (range: 173ms to 263ms). The median E’ was 15.5 cm/sec, and the median 

E/E’ was 4.6 9 cm/sec (n=3). 

 
Seven patients presented with single left ventricles, and two with single right ventricles. 

The median MAPSE was 10.3 mm, ranging from 8.8 mm to 12.1 mm. TAPSE was 

15.9 mm in a patient with a dominant RV, and in the second patient, TAPSE could not 

be measured due to difficult/poor quality images. 

 
The MPI of the study group was prolonged with a median left ventricle MPI of 0.47 

(range; 0.34 to 1.1) and one RV MPI of 0.37. This is prolonged when compared to the 

normal range of 0.28 ±+-0.04. 

 
The median distance covered during the 6-minute walk tests was 480 metres (420 to 

728 metres, average 508 metres). The median for males was 476 metres (average: 

483 metres), and the median for females was 480 metres (average: 495 metres). The 

median blood pressures before and after the 6-minute walk tests were unchanged. 

The median saturation before the 6-minute walk tests was 94% compared to 92.5% 

after the test. The median heart rate before the 6-minute walk tests was 95 bpm 

compared to 107 bpm afterwards. One person reported dyspnoea, and three patients 

reported fatigue after the 6-minute walk tests. Four patients were classified as class I 

and five as class II heart failure using the Ross classification. 

 

Discussion 

During the first decades following the Fontan procedure, systolic ventricular function 

is preserved but declines as time progress (Rychik et al., 2019). There is evidence in 

Fontan patients that diastolic function is impaired even in the presence of normal 

systolic function, and this further decreases over time. (Panesar and Burch, 2017). 

However, echocardiographic data on diastolic dysfunction in Fontan patients are 

limited, and both MAPSE and TAPSE in our study were low even after age was 

considered, indicating systolic dysfunction. A prolonged MPI further confirmed this, 

indicating global dysfunction (both systolic and diastolic). Di Maria et al. (2018) also 

indicated prolonged MPI in Fontan patients, attributed to ventricular relaxation 

abnormalities and lower pulmonary venous return. In our study, patients displayed 
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mostly normal diastolic functioning. The young age can partially explain this in our 

patients (average age of 15,2 years). 

 
In a study by Gazzoletti et al. (2022), the average walking distance for healthy adult 

individuals was 581 metres (range: 383 to 800 metres) for females and 608 metres 

(range 410 to 875 metres) for males. The average walking distance in our study was 

much lower but is similar to a study conducted in our department among children with 

heart failure, who also had a median distance of 480 metres (Mofokeng et al., 2021). 

Although this indicates a lower functional exercise capacity, it is noteworthy that our 

study population was much younger and that our average age of 15,2 years is much 

younger than their average age of 46.4 and 47.1 for males and females, respectively, 

in the study conducted by Gazzoletti et al. (2022). The six-minute walk test is an 

inexpensive, non-invasive, and easy investigation to assess exercise tolerance and 

functional capacity in Fontan patients over time. Nystoriak and Bhatnagar (2018) 

showed that heart rate and mean arterial pressure increased during exercise. 

However, in our study, heart rate only increased moderately, and saturation 

demonstrated a slight decrease after the 6-minute walk test, as expected in Fontan 

patients. Eroglu et al. (2017) reported decreased saturation in athletes after exercise 

from 97.3% to 96.2%. Moreira et al. (2014), in a study of saturation in COPD patients 

after a 6-minute walk test, suggest a decrease of more than 4%  to be significant. 

 

Conclusion 

The results of our study demonstrated mild functional limitations in 6MWT and heart 

failure scores. These findings were underscored by the impairment of 

echocardiographic systolic function indices such as MAPSE/TAPSE and MPI. 
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This study reports the outcomes of single ventricle patients spanning more than two 

decades in a Sub-Saharan country and is the first report on outcomes in the Free State 

region. Treatment of single ventricle physiology at our institution, as in other Sub- 

Saharan countries, faces various challenges. 

 
Patients in our region presented late, and the study shows that single ventricle 

physiology in central SA is a severe cardiac condition. The late presentation can be 

attributed to challenging access to healthcare facilities in rural districts because of 

smaller regional hospitals, larger patient-to-doctor ratios, and extensive travelling. 

 
The highest mortality rate is observed during stage I, with PDA stenting being the 

earliest intervention. These findings illustrate that ductal stenting may be a good option 

in resource-limited settings like ours - it can be performed early with results comparable 

to surgical systemic pulmonary artery shunts. 

 
Patients who progress to Glenn and Fontan procedures have a low mortality rate. 

Outcomes of interventions compare favourably with other Sub-Saharan countries. It is 

of concern that a substantial number of patients are lost to follow-up. Late referral 

contributed to poor condition at presentation and explained why several patients could 

not be offered palliation. 

 
The results of the echocardiographic examinations, the 6MWT test and the Ross 

classification, demonstrated mild functional limitations. Therefore, this study highlights 

the need for early detection and educational programs in rural areas to detect patients 

with single ventricle physiology. A new strategy is also needed for the follow-up of 

patients. 

 
CHAPTER 5 – GENERAL CONCLUSION 
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