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DISCLAIMER:  
The data analysis and rapid reviews contained within this report were prepared in accordance with 

agreed terms and scope from NSW Health. Information provided is a summary of the best available 

evidence identified through the application of a rapid review method at the time to writing. Further, 

the information furnished to NSW Health is reasonably believed to be accurate and reliable; however, 

it is not a comprehensive review of all available evidence. In providing this report RACS nor any officer 

or staff of RACS shall be liable for any omission, errors of judgement, action or non-action made by 

NSW Health or its agents based on the information contained therein. RACS does not represent, 

warrant, undertake or guarantee that the use of guidance in the report will lead to any particular 

outcome or result.  
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EXECUTIVE SUMMARY 

This report presents recent published information on various topics relating to paediatric cardiac 

surgery. Additionally, verification of a previous analysis of Sydney Children’s Hospitals Network (SCHN) 

data was conducted, along with further analyses of both the raw data provided and on several other 

NSW datasets from other sources. It is constructed in chapters which constitute discrete pieces of 

work: data analyses and rapid reviews. Two additional pieces of work have been included: a case study 

of paediatric cardiac services in Montreal and an analysis of current data in the Society of Thoracic 

Surgeons (STS) Congenital Heart Surgery Database (CHSD). The material included in this report has 

been reviewed by internal expert clinicians as well as external paediatric cardiac specialists 

(surgery/cardiology). 

Congenital heart defects (CHDs) are the most common birth defects (accounting for approximately 

one-quarter), with a prevalence of about 1% of liveborn infants. They are the most common cause of 

death in the first year of life. Severity of the conditions ranges from mild to critical, with the latter 

requiring surgical intervention in the first month of life. 

 

Methods 

Verification of a SCHN analysis of Children’s Hospital Westmead (CHW) and Sydney Children’s 

Hospital, Randwick (SCH) data was conducted. Additional analyses on raw data involved development 

of risk models for each hospital’s case mix, and assessment of variations in hospital mortality. 

Potential demographic and clinical variables (age, sex and Society of Thoracic Surgeons-European 

Association for Cardio-Thoracic Surgery [STAT] category score) that could impact mortality were 

evaluated, and as appropriate were included as adjustors in the analysis. The CHW and SCH datasets 

were compared and used to inform potential variations in mortality dependent on caseload, clinical 

factors and procedural complexity. These factors also enabled development and evaluation of risk 

factor models for CHW and SCH.  

Further analysis was conducted on STS-CHSD data to compare 2014–2017 information with current 

available data (2015–2018).  

The rapid review components were prepared following a Medline search for publications from 2016 

onwards, as well as additional studies identified by pearling of included references or reviews, and 

grey literature searches.  

A case study was conducted on the arrangement for paediatric cardiac services in Montreal, chosen 

due to its similar population size and two hospital model. 

Levels of Evidence Tables are provided in each chapter relating to the included studies and as 

prescribed by the NHMRC (2009).  

Three external independent clinicians were provided the full report for their review and comment. 

Based on these comments, changes were incorporated in the report, where possible, or comments 

noted in the limitations sections. 

  



 

 

NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES      2 

Results 

CHAPTER 1: Independent analysis of SCHN cardiac surgery data  

In the comparative analyses for caseload data reported by CHW and SCH, Royal Australasian College 

of Surgeons (RACS) analysis reported a small variance of 0.3% for CHW caseload and 1.9% for SCH 

caseload. Overall reported raw mortality rates for CHW and SCH were similar to that determined by 

RACS. For the most part, with the verification of complexity and annual volume of procedures, there 

was minimal variation between that determined by RACS and what was provided by SCHN.   

There was a similar distribution of patient age and sex at the two hospitals; however, there was a 

difference in the complexity of procedures, with a higher proportion of CHW patients with a STAT 

score of ≥4 compared to SCH (18% vs 11%). Commentary from an external reviewer highlighted this 

difference between the two practices, additionally noting that the proportion of cases using 

cardiopulmonary bypass (CPB) was much higher at CHW compared with SCH (72% vs 53%); STAT 5 

cases were almost exclusively performed at CHW. Additionally, over the 11-year period there were 

more procedures performed at CHW compared to SCH (5,630 vs 933).  

The hospital-specific risk prediction models showed that age and STAT category score were 

significantly associated with a higher risk of mortality at CHW, with neonates and those with the 

highest STAT score having the highest risk; however, only the STAT category score reached significance 

for SCH.  

Analysis of survival rates at the two hospitals indicated no significant difference in 30-day mortality. It 

is important to note, however, that the low number of cases and mortality events underpowered our 

study. This limited the types of analyses conducted and the degree of confidence that can be taken 

from the results. As such, these results need to be interpreted with caution. Patient-level factors (age 

and STAT category score) made a greater contribution to mortality rate differences than did the 

hospital where patients were treated. 

 

Society of Thoracis Surgeons (STS) Congenital Heart Surgery Database (CHSD) analysis 

The STS-CHSD was established in 1989 as an initiative for quality improvement and patient safety 

among cardiothoracic surgeons. The database has four components, each focusing on a different area 

of cardiothoracic surgery, with one being congenital heart surgery. In 2019 there were more than 

1,000 participants across 50 states in the USA and internationally, including in Canada and Australia. 

Analyses have been done previously on 2014–2017 data, which showed observed mortality to be 

higher (3.6%) in lower volume centres (<100 cases per year) compared to higher volume centres (>300 

cases per year) where the observed mortality was 1.8%. Adjusted figures presented by Jacobs in 2018 

showed even greater differences, with adjusted mortality rates of 5.4% for lower volume and 1.7% for 

higher volume centres, although it is not clear what the adjusted rates are based on. 

RACS has extracted the current STS-CHSD data (only USA data is available), which is now for the period 

2015–2018, and analysed the observed and adjusted mortality rates. From this analysis the observed 

mortality rates are similar between low and high-volume centres (2.4% vs 2.9% respectively); 

however, for adjusted mortality rates the high-volume centres have significantly lower mortality (2.8% 

vs 3.9%; p=0.011). 
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Rapid reviews 

CHAPTER 2: Do hospital surgical volumes impact patient outcomes? 

Some earlier evidence has suggested a direct volume–outcome relationship for paediatric cardiac 

surgery, with high-volume centres promoted as higher performing. It is believed, however, that the 

situation is more complex. The level of evidence of included studies in this rapid review is Level III-3 

or lower and is dominated by retrospective analysis of data derived from large databases/registries or 

retrospective case series. 

The key findings from primary studies in this review relating to institutional volume indicated that 

higher volumes were associated with more favourable patient outcomes; however, some published 

reviews did not entirely agree, citing other factors which were also considered to influence outcomes 

such as condition severity, individual centre infrastructure and surgeon experience. A 2019 summary 

report from the National Congenital Heart Disease Audit in the United Kingdom also stated that 

volume was not the only consideration for good outcomes, with other issues of sustainability of 

services, numbers of support staff, infrastructure and frequency of on-call commitments being other 

factors to consider.  

 In relation to surgeon volume, the literature was inconsistent, with a systematic review and one 

primary study supporting better outcomes with higher volumes while several other narrative reviews 

did not. However, a 2016 National Health Service England publication on Paediatric Congenital Heart 

Disease Standards recommended a minimum of 125 congenital and paediatric cardiac operations 

annually for surgeons, averaged over a 3-year period. They also stated the need for appropriate 24/7 

rosters, ideally 1 in 4 for congenital cardiac surgeons caring for children and adults. Additionally, they 

emphasised the importance of having a clear plan for transitioning from children’s to adult services. 

The importance of a specialist multidisciplinary team is also highlighted, including weekly meetings 

regarding case management held in an appropriate timeframe for complex and surgical interventions.  

The Society of Thoracic Surgeons – European Association for Cardio-Thoracic Surgery Congenital Heart 

Surgery (STAT) categories and complexity scores (such as Aristotle and RACHS-1) are all used to 

measure complexity. It has been stated in a NSW draft report, ‘Sydney Children’s Hospital Network 

Paediatric Cardiac Services – Paediatric Cardiac Model of Care’, that there is likely increased mortality 

where lower volume centers are doing more complex procedures. Additionally, one published study 

from 2009 (retrospective cohort analysis) found that for higher complexity procedures, lower volume 

centres underperformed larger programs. 

In the literature, analyses of the European Congenital Heart Surgeons Association database and 

Society of Thoracic Surgeons Congenital Heart Surgery Database (predominantly USA data) report a 

wide range given for recommended minimum volumes at an institution. These database analyses 

return thresholds of 60 and 300 cases per year, respectively, above which volume ceases to be a major 

variable in determining surgical outcomes. For surgeon volume the literature is less clear. It is 

important to note that beyond hospital and surgeon volume, patient characteristics (including 

condition severity), procedure type, comorbidities and other institutional factors may have a greater 

influence than volume on patient survival.   

A key to high quality service delivery described in a draft document from the Sydney Children’s 

Hospital Network (Paediatric Model of Care) is the need for child and family centred care, which is 
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both comprehensive and individualised. Additionally, data collected on paediatric cardiac cases must 

also include patient/parent feedback regarding their care experience.  

In conclusion, there is considerable literature supporting a hospital volume and outcome relationship. 

The nature of this relationship, however, is such that there appears to be a greater impact for more 

complex surgeries. 

 

Case study – Montreal 

(See section in report 2.6.1 - rapid review on Relationship between volume (hospital/surgeon) and 

outcome for paediatric cardiac surgery) 

To further consider volume and outcome, a case study was conducted on the paediatric cardiac 

services in two metropolitan hospitals in Montreal as an illustration of services across two city sites. 

There are a number of different models of care globally, being centralised either to a single site or 

using various multi-site options to provide paediatric cardiac services. Clinicians in Sydney suggested 

Montreal as a model to be investigated due to its similar population size with a two hospital service. 

Each children’s hospital is closely associated with a different major university – the system being like 

North America, where universities have much greater control of how hospitals are supported at a 

medical level, which is entirely different to the Australian situation. Additionally, in Montreal there is 

an influence of language whereby the population have certain expectations regarding the language of 

service provision covering both English and French. The two hospitals are the Montreal Children’s 

Hospital (MCH), associated with McGill University, and Centre Hospitalier Universitaire - Sainte-Justine 

(CHU-SJ), which is associated with the Université de Montréal. 

Both hospitals offer a full range of services including transplant and extracorporeal membrane 

oxygenation (ECMO), acting as virtually two independent services. At MCH there have been two 

paediatric cardiac surgeons since 2014. The CPB case estimate is 80–100 paediatric plus 25 adult CHD 

cases per year. At CHU-SJ there is one active surgeon, who has help from two other part-time surgeons 

(one from MCH and the other is semi-retired). Their current cardiopulmonary bypass (CPB) case 

estimate is 120–150 paediatric cases per year. Adult CHD surgery, being approximately 45 CPB cases 

per year, is done at the Montreal Heart Institute, 11 km away. 

No peer review published data on overall outcomes from these centres was identified. However, these 

centres are involved in large databases and international collaborations which regularly report 

outcome data on a large scale. 

 

CHAPTER 3: Prenatal imaging for congenital heart disease: is earlier diagnosis feasible? 

Advances in prenatal imaging were explored in the literature to determine if it is possible to identify 

fetuses with CHD earlier, enabling decision-making for parents and healthcare providers sooner. The 

level of evidence of included studies in this rapid review was mainly Level IV or lower. 

The general imaging policy in Australia recommends a first trimester ultrasound scan to confirm 

gestational age and detect multiple pregnancies. This is followed by a second trimester ‘anatomical’ 

ultrasound scan at 18 to 22 weeks to look for any anomalies. If there is an abnormal fetal heart image, 

then a fetal echocardiograph will be conducted. The timing of imaging is important to allow for 
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accurate assessment of fetal organs as well as to allow for planning decisions if abnormalities are 

detected. Despite this, some babies are still born with undiagnosed CHD. 

Technology advancements to allow earlier diagnosis of CHDs focus primarily on earlier fetal 

echocardiography, which shows promise, as well as advanced imaging technologies such as 3D/4D 

ultrasound. This has not yet been applied widely due to some limiting factors including the need for 

specialised transducers, sophisticated algorithms and technical expertise, as well as concerns 

regarding resolution and a substantial learning curve. Other innovations are providing options for non-

metropolitan women through tele-echocardiography. Fetal MRI is being explored, although may not 

currently be practical.  

For parents’ decision-making purposes, first trimester diagnosis of fetal CHDs is ideal; however, 

although echocardiography and the potential use of 3D/4D ultrasound are both promising, they do 

not seem to have been broadly adopted. The relevance of prenatal imaging advances on the services 

in Sydney is currently unknown.  

 

CHAPTER 4: Genetic testing of a fetus for congenital heart disease 

The basis of CHD involves genetic components in approximately one-third of cases, and inheritance 

patterns are often complex. Genetic tests include general tests (karyotyping and chromosomal 

microarray [CMA]) to look broadly for mutations and more targeted tests (next-generation sequencing 

[NGS]), which look for specific mutations. In this rapid review, narrative reviews were the primary 

source of information. 

In Australia, many pregnant women have ultrasound screening in the first trimester. Second trimester 

(between 18 and 22 weeks) ultrasound assessment views fetal structural conditions. If potential 

cardiac abnormalities are found, fetal echocardiography is performed to obtain detailed views of the 

heart and great vessels. If CHDs are found, or where there are other risk factors for genetic cardiac 

disease, sampling of fetal tissue for genetic testing (via chorionic villus sampling or amniocentesis) 

may be opted for. Such genetic analysis involves combinations of karyotyping, CMA or NGS, depending 

on local policies and resources. Early investigation is ideal and access to genetic counselling essential 

for families to make informed decisions. When there are major CHDs, this may include consideration 

of termination of pregnancy or compassionate care after birth. Newer genetic technologies 

increasingly identify genetic variants, but their clinical significance is often not well understood.  

There have been advances in genetic testing that may assist in earlier decision-making about 

management of a pregnancy and birth. Results must be used cautiously, especially where the genetic 

changes result in unclear phenotypes. It is not considered that genetic testing will have a significant 

impact on the number of CHD surgeries in the short- to medium-term. However, inclusion of genetic 

testing information in outcomes databases is important to better understand the effect of genetics 

and genetic diagnosis on outcomes of patients with CHD.  
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CHAPTER 5: Delivery site for a fetus diagnosed with congenital heart disease 

The aim is to diagnose fetal CHD prenatally. This rapid review synthesised evidence of whether early 

diagnosis could inform the planning of delivery sites for pregnant women with a prenatal fetal 

diagnosis of CHD. The level of evidence of most included studies was Level III-3 or lower, with the 

remaining one-third being narrative reviews. 

Diagnosis is usually through fetal echocardiography. If a cardiac anomaly is identified, a management 

plan can include the delivery location; however, this may not be possible as some defects are not 

diagnosed until after birth. Also, prenatal diagnoses may not be accurate, so this could impact planned 

interventions and the need for transfers of pregnant women to access cardiac surgical centres (CSCs). 

Several evidence reviews have indicated that with less severe CHD conditions, many neonates with 

CHD do not require specialised perinatal care. The delivery plan can be routine, followed by paediatric 

outpatient cardiology care. For newborns identified with risk of more severe CHD, however, delivery 

at or near a CSC is considered necessary. Determining factors include the risk of haemodynamic 

instability, availability of medical resources, accessibility and distance of transportation to a CSC, along 

with any maternal complications.  

Recommendations for levels of care have been published in six recent primary studies (from Canada, 

France and the United States of America). Triaging of care was generally successful in terms of 

outcomes, reflecting an efficient use of very specialised and costly CSC services. Where risk of 

instability was considered low, no specialised care was needed in the delivery room; however, where 

risk of instability was high, extensive planning is needed from the delivery room onwards.  

Neonatal CHDs have wide-ranging degrees of severity; however, triaging of delivery location is feasible 

so that some women can deliver in regional facilities without the need for transfer to highly specialised 

care. It is also important to note that a potentially more important factor is the delay to initiate 

transportation and treatment, rather than just the time to affect the transfer. 

The time of transportation from the delivery to treatment site has not been found in the literature to 

result in poorer outcomes. However, optimising the delivery site in cases which have prenatal 

diagnoses requiring higher level care should be considered. A more important factor is the delay to 

decision-making and processes for transfer. Data should be collected on delay to decision-making, 

transportation and treatment.  

 

CHAPTER 6: ECMO as a bridge to cardiac surgery for neonates with congenital heart disease 

ECMO is a form of life support (for severe respiratory or cardiac failure), which allows bypass of the 

heart and lungs until the passage of time or when additional procedures can be done to reverse the 

problem. It is, however, an invasive and costly technology. ECMO is required by about 20% of all 

neonates with cardiac disease. Current data from the Extracorporeal Life Support Organization (ELSO, 

an international non-profit consortium of healthcare institutions) show a cumulative total over several 

decades of about 9,000 courses of ECMO for neonates with cardiac indications internationally (7% of 

all courses), for which 69% survived ECMO and 43% survived to discharge or transfer. 

ECMO has proven useful for neonates after repair of CHDs, and for bridging care to heart 

transplantation; however, only two recent publications (retrospective database reviews, one from a 

single centre and the other a multicentre report) reported on ECMO to bridge paediatric patients 
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(neonates and infants) with failing cardiorespiratory function up to the time of cardiac surgery. 

Survival rates to hospital discharge were 62% (53% for neonates) and 71% (neonates not separately 

reported but median age was 53 days), respectively. Both studies concluded that ECMO can be used 

successfully to bridge infants to cardiac surgery. In addition, several reports of mobile ECMO to 

transport compromised neonates to tertiary centres for care have reported success with no transport-

related mortality. Thus, mobile ECMO transport can be useful between centres where such skills are 

present or where fly-in teams are available for more remote patients.  

 

CHAPTER 7: Interventional versus surgical procedures for paediatric heart conditions 

The mean global prevalence of CHD has risen steadily from 4.6 per 1,000 live births in the 1970–1974 

period to 9.4 per 1,000 in the 2010–2017 period, mainly due to an increase in the prevalence of patent 

ductus arteriosus and ventricular and atrial septal defects (i.e. ‘mild’ lesions). The prevalence of more 

severe lesions, such as aortic atresia and hypoplastic left heart syndrome, decreased by one-third from 

the mid-1990s. 

Mild heart defects can often be treated with medications, but some conditions require catheter-based 

(interventional) procedures or corrective surgery. The increasing shift towards the use of 

interventional procedures in patients with paediatric cardiac disease may have significant implications 

for the provision of cardiac surgery services in this population over the next decade.  

Unpublished data indicated a 14% compound increase in interventional paediatric cardiac catheter 

caseload in one of the two major paediatric centres in NSW over the last decade, whereas the total 

paediatric surgery caseload increased by 1% over the same period. While the annual number of 

surgical procedures requiring cardiopulmonary bypass has remained relatively stable (1% compound 

change), the number of STAT Category 5 cases experienced a 7% compound increase. The number of 

neonatal cardiac catheter procedures also burgeoned, with a compound increase of 19% over the last 

decade. 

Current trends in disease prevalence, interventional and surgical service provision and innovations in 

paediatric cardiology suggest that the number of paediatric cases involving interventional treatment 

for atrial and ventricular septal defect closure and patent ductus arteriosus occlusion are likely to 

increase over the next decade in NSW. While the number of paediatric cardiac surgery cases will likely 

remain relatively stable in the face of increasing CHD prevalence, the spectrum of cardiac surgery is 

likely to shift to the treatment of more complex conditions, particularly in low-birth-weight babies. 

The level of evidence of included studies included Level III-3 evidence and reports/guidance 

documents, as well as data provided by SCHN. 

 

Conclusions 

Paediatric cardiac surgery services are very complex and there is no one factor which has a major 

influence on outcomes.  

Newer innovations in diagnosis and an increase in interventional treatments being conducted are not 

considered likely to impact services in the short- to medium-term, although future planning would 

need to take these factors into account. 
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RECOMMENDATIONS 

Data collection 

There needs to be appropriate data collection processes established in the form of a registry collecting 

outcomes, and with a view to enable quality improvement by providing prompt feedback to 

participants. It is critical to collect data prospectively and ensure a minimum dataset is collected.  This 

should be reviewed annually to detect any emerging trends. However, it is not just clinical outcomes 

which are important but also patient/parent satisfaction. 

 

1. Data collection and data definitions should be standardised between all centres, and data 

should be collected at the procedure level.  

 

2. There should be an independent audit of data to provide a quality assurance validation 

process to ensure that submitted data quality is of a high standard, being both accurate, 

pertinent, as well as ensuring all eligible patients are captured.  

 

3. Data collection should ensure that patient details are fully recorded and that patient selection 

criteria is clear and transparent. 

 

4. Additionally, all cases should be documented about whether or not they had surgery during 

that admission or if their case was delayed for any reason. Data needs to be collected on all 

aspects relating to a delay, whether it be in decision-making, transfer or treatment. 

 

5. Economic sustainability needs to be looked at, as factors other than volume, such as length of 

stay and cost, should also be considered in the performance of services. The data collection 

needs to include items that can be used for such evaluations and for monitoring purposes. 

 

6. Patient data should be collected so that the effectiveness of the service can be measured and 

the impact this has on patient outcomes understood. Additionally, patient/parent experience 

should be collected through surveys or other mechanisms. 

 

7. Results of genetic testing should be included in data collected to improve understanding of 

their relevance and impact on preoperative and postoperative care. 
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Quality and Safety 

The recommended volume of cases at both the institution and surgeon level have been reported in 

the literature to impact outcomes of paediatric cardiac surgery. From the international literature, the 

consensus is that high-volume centres appear to have superior performance compared to lower 

volume centres. This is more strongly noted for the most complex surgery. It is however, not a 

straightforward relationship. Hospital characteristics have been shown to be strongly associated with 

better outcomes, which is intimately related to hospital-level resources. There needs to be a careful 

determination of what is required for different complexity cases. 

Patient selection is a key to providing the best and safest care. Availability of appropriate hospital 

resources will determine the location of treatment for patients of varying levels of complexity. In a 

one service two-site model managed by the SCHN, consideration needs to be given to the most 

appropriately resourced location for the most complex of surgeries.  

 

8. For the highest complexity cases (assessed by complexity/STAT scores), the low numbers in 

NSW would not support operation at two sites.  

 

9. Where procedures are of medium complexity, these could be safely conducted across two 

sites informed by a multidisciplinary team meeting (including the Divisional Network Director 

and clinical team members from both sites). This meeting would consider which site is best 

placed to manage each case based on various factors including, appropriate patient selection 

(e.g. age, comorbidities, previous history) and availability of resources (e.g. operating theatre, 

intensive care unit (ICU), specialist cardiac or allied health staffing).  

 

10. Lower complexity cases should be conducted at both sites but with a decision made based on 

the best care for the patient (based on treatment in an appropriate timeline). 

 

11. Surgeons who provide 24/7 emergency cover require appropriate rosters. The Royal 

Australasian College of Surgeons (RACS) and National Health Service (NHS) England have 

recommended roster frequencies. To support the number of cases with the required 24/7 

roster, an appropriately skilled team of surgeons is required to treat congenital paediatric 

cardiac cases. The NHS England recommends that a team of at least 4 surgeons doing at least 

125 congenital or paediatric cardiac cases annually (paediatric and adult) is required. 

Consideration should also be given regarding the support required for children to transition 

to the adult service. 
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Operational 

A model of care is critical to guide the SCHN, with consistent guidelines for the service delivery model. 

Waitlist management is a key component of the model of care. 

The service delivery model should include consideration of interventional cardiology, which is 

intimately related to this service. Due to the broad reach of paediatric cardiac services, other clinical 

areas need engagement including fetal medicine services. 

Infants need to be at the appropriate site for treatment, and in certain cases this could be facilitated 

by a coordinated extracorporeal membrane oxygenation (ECMO) advisory service. 

 

12. The SCHN needs to finalise and implement a model of care, including consistent and shared 

guidelines and pathways, as well as shared patient selection criteria. 

 

13. There should be one service delivery model, which is provided across the two sites including: 

a coordinated and collaborative approach to waitlist management, joint multidisciplinary 

meetings pre- and post-surgery with both sites supporting each other, shared rosters (see 

following recommendation 14 below). Robust data collection and monitoring is essential. 

 

14. Staff need to be appropriately trained/experienced medical and nursing staff. Rostering across 

the network for 24/7 cover will take into account staff sustainability, including paediatric 

surgery and interventional cardiology cover.  

 

15. Adequate support for cardiology interventions will be required to account for the predicated 

increase over the next decade for interventional treatment of atrial and ventricular septal 

defect closure and patent ductus arteriosus occlusion. 

 

16. Strong collaborative relationships with fetal maternal medicine services are necessary to 

ensure seamless care for newborns and their families and to ensure that the service can be 

responsive to innovations in prenatal cardiac diagnosis. This could be achieved through 

regular multidisciplinary care planning and case review through Mortality and Morbidity 

meetings. 

 

17. If a transfer of an infant is required, processes must be in place to facilitate timely transfer 

once the decision to transfer is made.  

 

18. An ECMO advisory service should be established with appropriate governance to allow early 

identification of patients who require ECMO, so that they are transferred at the earliest 

possible time. This service should have a single contact point to co-ordinate the required 

resources and manage the required 24/7 availability.  
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 SUMMARY 

As part of a tender request (Request for quotation: Data analysis – paediatric cardiac services in NSW) 

the Royal Australasian College of Surgeons (RACS) was asked to verify the caseload and raw mortality 

rates determined by the Sydney Children’s Hospitals Network (SCHN) using hospital-submitted data. 

We sought to evaluate site-specific data, with adjustors, to predict and compare morbidity and 

mortality outcomes between The Children's Hospital at Westmead (CHW) and Sydney Children's 

Hospital, Randwick (SCH). An additional analysis on publicly available Society of Thoracic Surgeons 

(STS) - Congenital Heart Surgery Database (CHSD) data was conducted for the period 2015-2018. 

Data verification was performed by independently counting the caseload and number of deaths using 

the same definitions, methods and datasets used by the SCHN. It was established that the count of 

the procedures used was accurate for the intended statistical analysis.  

Potential demographic and clinical variables that could impact mortality were evaluated. Variables 

commonly acknowledged in the literature to have an impact on mortality and morbidity were included 

as adjustors in the analysis.  

Two approaches were used for the analysis: development of risk models for each hospital case mix, 

and assessment of variations in hospital mortality. 

This approach resulted in the inclusion of the following variables: age, sex and STAT category score 

(for index used to estimate risk of in-hospital mortality for congenital heart disease procedures, 

developed by the Society of Thoracic Surgeons – European Association for Cardio-Thoracic Surgery, 

see Section 1.6 (Appendix 1), which was assigned by the hospitals).  

The distribution of age and sex of patients was similar between the two hospitals. However, a higher 

proportion of CHW patients had a STAT score of 4 and above compared to SCH (18% vs 11%) and more 

procedures were performed at CHW compared to SCH (5,630 vs 933) over the 11-year period. 

The hospital-specific risk prediction models showed that age and STAT category score were 

significantly associated with a higher risk of mortality at CHW, with neonates and those with the 

highest STAT score having high risk of mortality. However, only the STAT category score reached 

significance for SCH.   

Analysis of survival rates at the two hospitals indicated no significant difference in 30-day mortality. 

The low number of cases and mortality events underpowered our study and limited the types of 

analyses that could be undertaken, as well as the degree of confidence that can be taken from the 

results. As such, the results reported in this study need to be interpreted with caution.  

When looking at the caseload within the SCHN it was found that before 2018 CHW had 84% of the 

caseload, while in 2018/2019 that increased to 98%. In this latter period, the observed mortality rate 

at CHW was similar to that across the SCHN prior to 2018 (i.e. 2.01% vs 2.07%).  

Patient-level factors (age and STAT category score) made a greater contribution to mortality rate 

differences than did the hospital where patients were treated. In conclusion, caseload was 

significantly higher at CHW than at SCH, but overall mortality rates between the two hospitals were 

similar. Patient-level characteristics were more predictive of mortality risk.  
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The additional analysis of the international STS-CHSD data for 2015 to 2018, showed that the observed 

mortality rates were similar between low- and high-volume centres (2.4% vs 2.9% respectively); 

however, for adjusted mortality rates the high-volume centres had significantly lower mortality (2.8% 

vs 3.9%; p=0.011). 
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 CARDIAC SURGERY AT NSW CHILDREN’S HOSPITALS – AN 

INDEPENDENT DATA ANALYSIS 

1.2.1 Background and objective 

Each year the Sydney Children’s Hospitals Network (SCHN) undertakes paediatric cardiac surgery 

across two hospital sites, the Children’s Hospital, Westmead (CHW) and the Sydney Children’s 

Hospital, Randwick (SCH). Discussions have been ongoing between the SCH, CHW, SCHN and the NSW 

Government regarding the optimum way in which best possible care can be delivered to young cardiac 

patients, now and in the future.  

A central consideration when contemplating this issue is any potential differences in mortality rates 

for paediatric cardiac patients across both sites, and what clinical factors, including caseloads for each 

hospital, influence this. This report sought to provide an independent analysis of data collected by the 

SCHN during the period 2006–2019, covering cardiac admissions at CHW and SCH (Sections 1.6 and 

1.7, Appendices 1 and 2). Using the data provided by the SCHN, we sought to determine: 

• raw mortality rates and caseload for CHW and SCH 

• mortality rate and caseload over time when controlling for clinical and demographic 

characteristics 

• mortality risk for each hospital based upon the Society of Thoracic Surgeons (STS) Congenital 

Heart Surgery Database (CHSD) mortality risk model 

• differences in mortality between the CHW and SCH, after adjusting for known risk factors, 

taking into account the differences in patient case mix treated at each hospital. 

 

A separate additional analysis was done on the STS-CHSD, which was established in 1989 as an 

initiative for quality improvement and patient safety among cardiothoracic surgeons. Data is 

contributed from 50 states in the USA and internationally (including Australia). 

 METHODS 

SCHN provided access to five datasets: clinical incident data, data from the Australian and New 

Zealand Paediatric Intensive Care (ANZPIC) registry, and data collected from CHW (2006–2019) and 

SCH, with SCH data split into two subsets covering different collection periods (2006–2009, 2010–

2019). These datasets included information on patient demographics, clinical data, cardiac surgical 

procedures and patient mortality.  

1.3.1 Data sources, population and management  

There were difficulties with integrating all five data sets due to inconsistent reporting on clinical 

variables and lack of compatibility. In particular, the omission of unique patient IDs with which to link 

the datasets, differences in the variables contained in each dataset and how they were defined, and 

the omission of STAT categories from the ANZPIC dataset precluded their inclusion in the overall 

analysis.  

As a result, one composite dataset was developed composed of three datasets: CHW dataset and the 

SCH (2006–2009, 2010–2019) datasets. The two SCH subsets were merged to form one dataset 
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spanning the period 2006 to 2019. The other remaining two datasets were analysed independent of 

the others as an exploratory study, with the results reported in Sections 1.8 and 1.9 (Appendices 3 and 

4).  

The CHW and SCH datasets were able to be compared and were used to inform potential variations in 

mortality dependent on caseload, clinical factors and procedural complexity. These factors also made 

them ideal for development and evaluation of risk factor models for CHW and SCH. It is worth noting 

that SCH data collected between 2006 and 2009 did not explicitly declare the date of death, therefore 

an assumption was made for this data; if mortality had occurred, the date of discharge is equivalent 

to the date of death. 

The primary outcome assessed was operative mortality. Operative mortality was provided by SCHN 

and defined as:  

1. all deaths, regardless of cause, occurring during the hospitalisation in which the operation 

was performed, even if after 30 days, including patients transferred to other acute care 

facilities 

2. all deaths, regardless of cause, occurring after discharge from the hospital, but before the 

end of the 30th postoperative day1 

The mortality status of the patients was determined by each hospital.  

The data was used to determine which procedures were eligible for counting when determining 

caseload, adopting a definition from and Jacobs et al (2019)2 and O’Brien et al (2009).3 For this report, 

caseload was defined as ‘cardiopulmonary bypass’ (CPB) or ‘non-cardiopulmonary bypass’ (non-CPB) 

per admission (highest STAT category score). Caseload was determined for each hospital; one bypass 

or non-bypass procedure per admission was included for each patient. However, for patients who had 

more than one procedure during the same admission, the procedure with the highest mortality risk 

score, referred to as The Society of Thoracic Surgeons-European Association for Cardio-Thoracic 

Surgery (STAT) score,3 was counted (STAT score indicates the complexity of a congenital heart surgery 

procedure and its associated mortality risk, with STAT Category 1 indicating the lowest risk and 

incremental increases to a maximum of Category 5).  

Verification of the procedures reported by STAT score for each hospital was done by counting the 

number of procedures identified for each STAT score.  

Assignment of risk categories to each case was performed by CHW and SCH.  

The final list of variables included in the analysis were based on their complete collection and 

availability between the two datasets. Demographic and clinical factors included were age at 

admission (months), sex, admission year, length of hospital stay (days), STAT score, operation type, 

number of operations, postoperative ICU admission, mortality and hospital site. 

Patients aged 18 years and over were removed from the dataset. Procedures without a STAT score or 

missing admission dates were also excluded from the analysis. The final dataset was analysed in order 

to describe and compare the distribution of patient demographic and clinical factors between CHW 

and SCH and for developing adjusted mortality risk prediction models. 



CHAPTER 1 

 

NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES      16 

1.3.2 Development of risk models for hospital case mix  

Raw mortality rates for CHW and SCH data were calculated using the actual number of deaths in the 

two datasets divided by the caseload for each hospital. Mortality recorded during the last admission 

date for each patient was taken as the final outcome to avoid double counting. The raw mortality rate 

was calculated as the number of deaths divided by the total number of procedures.  

To adjust for the differences in patients case mix between the two hospitals, the risk model previously 

developed from the STS - CHSD was adapted in this study.4 The risk model is used to adjust for 

differences in procedures performed to treat patients at different hospitals, considering the 

complexity of procedures performed and their associated mortality risk, other patient demographic 

and preoperative clinical characteristics.  

In these analyses two methods were used. The first method was to develop and validate a risk model 

which could be used to determine hospital-specific mortality rate adjusted for patient case mix. Once 

the model had been developed, bootstrap validation with 1,000 replications of the original data was 

used to assess our model’s calibration.  

Although the case mix adjusted mortality rate ratio are used to indicate the variation in in-hospital 

mortality, these ratios should not be used to indicate the performance of the hospital but rather as 

screening tests to signal problems which may need to be investigated further.4-6 

The second method involved using hierarchical regression modelling to assess each hospital’s 

performance simultaneously in a single logistic regression model. The approach is used to determine 

the difference in outcome and to simultaneously adjust for case mix and other patient factors. The 

unit of analysis used in this modelling was patients and not procedures. The same approach was 

previously used by O’Brien et al (2015).4 To capture differences between hospitals, a hospital-site-

specific dummy variable was created and included in the models as the main predictor, followed by 

adjustment for demographic factors and case mix (sex, age and STAT category scores). Operative 

mortality was used as the outcome of interest.  

Unadjusted and adjusted odds ratios (OR) for factors included in the univariate and multivariate 

models were reported, with models referred to as Model 1 and Model 2. Variables were included 

based on p<0.20 on univariate analysis or clinical relevance as reported in the literature provided by 

SCHN (O’Brien et al 2015).4 Data from these multivariate analyses are reported as OR with 95% 

confidence intervals (CI). Variables were considered significant predictors of mortality if p<0.05 and 

these were included in the final model, referred to as Model 3.  

The percentage change in OR between the baseline model (model with just hospital site) and other 

models was computed and used to indicate the contribution of factors for the difference in mortality 

between the two hospitals.  

Data are reported as frequency and proportion for categorical variables. Continuous variables are 

reported as mean ± standard deviation unless otherwise specified. Differences between groups were 

evaluated via χ2 for categorical variables and two sample t-test for continuous variables (length of 

stay, STAT category and number of operations). P value <0.05 indicates a significant difference in the 

mean between the two groups (CHW vs SCH). The validity and performance of the models were 

assessed by comparing likelihood ratio between the restricted model (with fewer adjustment factors) 
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and unrestricted models (with more adjustment factors) using bootstrap samples with 1,000 

replications. Higher values of likelihood ratios and p value <0.05 indicates significant improvement in 

the fit of the models. Model assumptions were assessed and found to be met. 

All data cleaning (checking for missing values and evaluating outliers) and analyses were performed 

using Stata version 16.7 

 

STS Congenital Heart Surgery Database (CHSD) analysis 

An additional analysis was done on current data from the STS-CHSD (2015-2018)i to compare with 

earlier analyses by others on 2014-2017 data.

 

 RESULTS 

There were 8,243 procedures recorded in CHW and 1,219 in SCH for the period under review before 

applying the inclusion and exclusion criteria. Procedures were grouped by hospital to indicate whether 

the patients underwent a bypass, non-bypass, other or other support procedure. Procedures classified 

as bypass or non-bypass were considered for further analysis, leaving a total of 5,805 and 933 in CHW 

and SCH respectively. A total of 179 and 104 procedures in the CHW and SCH datasets, respectively, 

did not have a STAT score, or were missing an admission or operation date, and these were also 

excluded. 

1.4.1 Caseload  

Comparative analyses for caseload data reported by CHW and SCH and that determined by RACS are 

summarised in Table 1 and 2, respectively. A variance of 0.3% was observed for CHW caseload data, 

whereas a variance of 1.9% was observed for SCH caseload data, when comparing self-reported 

caseload with that determined by RACS. 

The final study population included 5,630 operations from CHW and 882 in the SCH data based on 

RACS analysis (Table 3 and 4), with 116 deaths recorded for CHW and 21 deaths for SCH (Table 5 and 

6). 

  

                                                           
i Source: https://publicreporting.sts.org/chsd?title=&field_state_value=CA 

https://publicreporting.sts.org/chsd?title=&field_state_value=CA
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TABLE 1: REPORTED CASELOAD FOR CHW COMPARED WITH RACS DETERMINATION 

Procedures SCHN analysis (CHW) RACS analysis 

Admission year  Frequency Frequency 

2005 

 

1 

2006 378 380 

2007 438 439 

2008 418 413 

2009 414 416 

2010 395 396 

2011 385 386 

2012 408 404 

2013 407 409 

2014 473 475 

2015 432 433 

2016 413 418 

2017 381 379 

2018 430 432 

2019 417 423 

Admission year not stated  1 

Total  5,789 5,805 

Notes:  
Admission date was not stated for one patient, and the patient was therefore excluded. Total number of procedures including 
procedures with no STAT category. Only procedures occurring between 2006 and 2019 were included in all analyses. 
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TABLE 2: REPORTED CASELOAD FOR SCH COMPARED WITH RACS DETERMINATION 

Procedures SCHN analysis (SCH) RACS analysis 

Admission year  Frequency Frequency 

2006 83 80 

2007 83 82 

2008 100 91 

2009 105 95 

2010 85 86 

2011 72 73 

2012 68 70 

2013 57 58 

2014 57 58 

2015 77 77 

2016 73 74 

2017 55 54 

2018 32 17 

2019 4 0 

Admission year not stated  18 

Total 951 933 

Notes:  
Admission date was not stated for 18 patients, and these patients were therefore excluded. Total number of procedures 
including procedures with no STAT category. Only procedures occurring between 2006 and 2019 were included in all 
analyses. 

1.4.2 STAT Category data  

Table 3 and 4 show the complexity (indicated by STAT score) and volume of procedures undertaken 

each year as reported by CHW and SCH. Procedures which did not report a STAT category are not 

included in these tables and are excluded from further analyses. For the most part there was minimal 

variation between what was determined by RACS and what was provided by SCHN.  
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TABLE 3: NUMBER OF PROCEDURES BY COMPLEXITY AND YEAR AT CHW 

RACS analysis Year 

Complexity  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019  Total 

STAT Category 1 122 139 132 132 133 119 123 125 118 114 114 100 139 137 1,747 

STAT Category 2 145 165 162 121 130 115 139 121 187 126 123 118 140 142 1,934 

STAT Category 3 38 44 39 45 42 50 46 45 57 63 70 42 47 38 666 

STAT Category 4 63 69 71 88 69 74 80 84 84 104 77 96 83 70 1,112 

STAT Category 5 6 6 5 15 15 17 7 16 16 16 15 12 10 15 171 

Total  374 423 409 401 389 375 395 391 462 423 399 368 419 402 5,630 
                

SCHN analysis 

               

Complexity 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total 

STAT Category 1 123 139 132 132 133 119 124 126 117 113 114 100 137 134 1,743 

STAT Category 2 147 165 162 122 131 117 140 122 186 125 125 119 140 140 1,941 

STAT Category 3 37 44 39 45 43 48 47 44 58 64 69 42 47 39 666 

STAT Category 4 61 69 71 88 68 73 80 82 83 102 77 97 82 72 1,105 

STAT Category 5 6 6 5 15 15 17 7 16 16 16 15 11 10 13 168 

Total  374 423 409 402 390 374 398 390 460 420 400 369 416 398 5,623 
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TABLE 4: NUMBER OF PROCEDURES BY COMPLEXITY AND YEAR AT SCH 

RACS analysis Admission year 

Complexity  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019  Total 

STAT Category 1 24 26 18 39 28 17 20 13 17 34 29 25 9 0 299 

STAT Category 2 28 24 31 31 39 33 32 20 30 26 26 20 6 0 346 

STAT Category 3 13 11 8 8 5 7 2 9 3 5 6 0 0 0 77 

STAT Category 4 12 19 29 17 12 13 15 14 8 9 5 4 0 2 157 

STAT Category 5 0 1 2 0 0 0 0 0 0 0 0 0 0 0 3 

Total  77 81 88 95 84 70 69 56 58 74 66 49 15 0 882 

                

SCHN analysis 

               

Complexity 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total 

STAT Category 1 25 26 18 39 28 17 20 13 17 34 29 26 14 2 308 

STAT Category 2 28 26 32 30 40 33 32 20 29 26 25 20 13 2 356 

STAT Category 3 13 11 8 8 5 7 2 9 3 5 6 0 0 0 77 

STAT Category 4 11 18 29 16 12 13 14 14 8 9 5 4 1 0 154 

STAT Category 5 0 1 2 0 0 0 0 0 0 0 0 0 0 0 3 

Total  77 82 89 93 85 70 68 56 57 74 65 50 28 4 898 
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1.4.3 Raw mortality rate 

Raw mortality rates are calculated by dividing the actual number of deaths by the total number of 

procedures and are reported in Table 5 and 6 for CHW and SCH data, respectively. Overall reported 

raw mortality rate for CHW and SCH varied minimally or was very similar, respectively, to that 

determined by RACS. 

TABLE 5: REPORTED RAW MORTALITY RATE FOR CHW COMPARED WITH RACS USING THE SAME DATA 
 

SCHN analysis (CHW) 

 

RACS analysis 

 Year Deaths 

(frequency)  

Mortality rate 

(%) 

Deaths 

(frequency) 

Mortality rate 

(%) 

2006 5 1.3 5 1.3  

2007 7 1.6 7 1.6  

2008 10 2.4 8 1.9  

2009 11 2.7 10 2.4  

2010 7 1.8 7 1.8  

2011 13 3.4 14 3.6  

2012 6 1.5 5 1.2  

2013 10 2.5 11 2.7  

2014 6 1.3 7 1.5  

2015 5 1.2 5 1.2  

2016 10 2.4 10 2.4  

2017 10 2.6 11 2.9  

2018 10 2.2* 10 2.3  

2019 7 1.7 6 1.4  

Total  117 2.0 116 2.0  
Notes:  
Differences in mortality rates between SCHN and RACS are due to minor differences in the number of procedures or deaths; 
*The rate reported by SCHN here should have been 2.3. 
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TABLE 6: REPORTED MORTALITY FOR SCH COMPARED WITH RACS USING THE SAME DATA 

Deaths SCHN analysis (SCH) 

 

RACS analysis 

 Year Deaths 

(frequency) 

Mortality rate 

(%) 

Deaths 

(frequency) 

Mortality rate 

(%) 

2006 3 3.6 4 5.0 

2007 1 1.2 1 1.2 

2008 7 7.0 6 6.6 

2009 1 1.0 1 1.1 

2010 2 2.4 2 2.3 

2011 4 5.6 4 5.5 

2012 0 0.0 0 0.0 

2013 1 1.8 1 1.7 

2014 0 0.0 0 0.0 

2015 2 2.6 2 2.6 

2016 0 0.0 0 0.0 

2017 0 0.0 0 0.0 

2018 0 0.0 0 0.0 

Total  21 2.2 21 2.3* 

Notes:  
Admission date was not stated for one patient, and the patient was therefore excluded. *Differences in mortality rates 
between SCHN and RACS are due to minor differences in the number of procedures or deaths. 

 

1.4.4 Descriptive statistics  

Descriptive analysis showing the differences in the distribution of demographic and clinical 

characteristics of patients in the two hospitals is detailed in Table 7. A total of 5,436 patients were 

included in this study, with a median age at diagnosis of 7 months (Interquartile Range [IQR] 1–54). Of 

CHW patients, 53% were male and 22% were younger than 30 days. Patients at SCH had similar age 

and sex distributions. A larger proportion of CHW patients had the highest STAT categories (18% vs 

11%) or had a CPB procedure (72% vs 53%), compared to SCH patients. About 17% of SCH patients 

stayed in hospital for more than 30 days after the procedure compared to 11% of CHW patients. By 

30 days follow up, approximately 2% of patients in each hospital group had died; no difference was 

observed between hospitals. 
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1.4.5 Development and validation of case mix risk prediction model 

TABLE 7: DISTRIBUTION OF PATIENT COVARIATES BY HOSPITAL 

Patient factors  
 

CHW SCH  
  

Frequency (%) Frequency (%)  p value 

Total 
 

4,643 (100) 793 (100)  

Age      
 

>30 days   3,628 (78.1) 612 (77.2)  
 

≤30 days   1,015 (21.9) 181 (22.8) 0.545 

Sex 
 

   
 

Male 2,449 (52.8) 432 (54.5)  
 

Female  2,111 (45.5) 358 (45.2) <0.001 

Operation type     
 

non-CPB 1,312 (28.3) 370 (46.7)  
 

CPB 3,331 (71.7) 422 (53.2) <0.001 

Median number of 

operations (IQR) 

 1 (1–2) 1 (1–2) 0.022 

STAT category     
 

1 1,566 (33.7) 269 (33.9)  
 

2 1,601 (34.5) 303 (38.2)  
 

3 502 (10.8) 45 (5.67)  
 

4 754 (16.2) 84 (10.6)  
 

5 98 (2.11) 1 (0.13) <0.001 

LOS (days)      
 

<7 1,893 (40.8) 264 (33.3)  
 

7–13 1,377 (29.7) 235 (29.6)  
 

14–30 867 (18.67) 165 (20.8)  
 

31–182 477 (10.3) 108 (13.6)  
 

183–365 23 (0.50) 5 (0.63)  
 

366+ 6 (0.13) 16 (2.02) 0.173 

Mortality died in hospital 105 (2.3) 16 (2.0)  

 discharged alive 4,538 (97.7) 777 (98.0) 0.667 

Notes:  
Bold indicates significant p value.  
LOS = length of stay, IQR = interquartile range, STAT = The Society of Thoracic Surgeons-European Association for Cardio-
Thoracic Surgery, ICU = intensive care unit.  
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1.4.6 Case mix risk model  

Table 8 to 10 indicate the results of our patient case mix mortality risk prediction model independent 

for each hospital. The univariate association of each patient factor with the risk of mortality is 

described in Table 8. Unadjusted odds ratios (uOR) were obtained separately for each hospital. Age 

and STAT category were both significantly associated with increased risk of mortality in both hospitals.  

TABLE 8:  DISTRIBUTION OF PATIENT COVARIATES AND UNIVARIATE ASSOCIATION WITH MORTALITY 
FOR CHW AND SCH 

 
CHW  SCH  

 
uOR (95% CI) p value uOR (95% CI) p value 

Age group (days) 
 

   

>30 Reference  Reference  

≤30  5.91 (2.11–16.5) 0.001 7.60 (5.03–11.5) 0.001 
  

   

STAT category  2.71 (1.68–4.39) 0.001 3.17 (2.54–3.96) 0.001 
  

   

Notes:  

uOR: unadjusted odds ratio. 

Neonates treated at CHW were five times more likely to die in hospital after surgery compared to 

patients older than 30 days (uOR 5.91, 95% CI 2.11–16.5) before adjusting for any other factors. 

Similarly, in SCH, neonates were 7 times more likely to die in hospital compared to their older 

counterparts (uOR 7.60, 95% CI 5.03–11.5). The likelihood of in-hospital mortality also increased with 

one unit increase in STAT category score for both hospitals. 

Table 9 shows the adjusted odd ratios (OR) from the final risk model for both hospitals. After adjusting 

for patient demographics and complexity of operation performed at each hospital, age and STAT 

category score were significantly associated with increased risk of mortality at CHW. However, for SCH 

age was not a significant predictor.   
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TABLE 9: ADJUSTED ODDS RATIOS (AOR) AND 95% CI FROM THE FINAL CASE MIX RISK ADJUSTMENT 
MODELS FOR CHW AND SCH 

 
CHW  SCH  

 
aOR (95% CI) p value aOR (95% CI) p value 

Age group (days) 
 

   

>30 Reference  Reference  

≤30  2.79 (1.77–3.39) 0.001 2.57 (0.83–7.97) 0.101 
  

   

STAT category  2.61 (2.05–3.32) 0.001 2.34 (1.39–3.94) 0.001 
  

   

Notes:  
uOR: unadjusted odds ratio. Bold entries indicate significant results. Ref: indicates reference category in regression models. 

Table 10 shows the fitness and predictive accuracy of the risk prediction models assessed by the 

likelihood ratio. 

The results indicate that when assessing 30-day in-hospital mortality for hospital sites, the model 

adjusted for both age and STAT category score had significant improvement and better fit compared 

to models adjusting for age or STAT category score alone (indicated by the highest LR chi2 value and 

p<0.05). 

TABLE 10:  INTERNAL VALIDATION AND PREDICTIVE ACCURACY OF THE CASE MIX RISK PREDICTION 
MODEL FOR SCH AND SCH 

 CHW  SCH  

Models  LR chi2  p value LR chi2  p value 

Age only 11.8 0.001 99.3 0.001 

STAT only  17.7 0.001 144.6 0.001 

Age + STAT   20.7 0.001 165.7 0.001 

Notes:  
LR chi2 = likelihood ratio. Bold indicates best model. p value <0.05 indicates significant results. 

Table 11 shows the results of assessing the variation in hospital mortality using hierarchical logistic 

regression, simultaneously adjusting for case mix. There was no significant association of hospital site 

with mortality (uOR 0.88, 95% CI 0.52–1.51). However, due to small sample size and a low number of 

deaths, therefore a lack of power for this analysis, the results should be interpreted with caution (see 

discussion and limitations).  
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TABLE 11: UNADJUSTED AND ADJUSTED ODDS RATIOS FOR DEMOGRAPHIC AND CLINICAL FACTORS 
ASSOCIATED WITH 30-DAY IN-HOSPITAL MORTALITY FOR PATIENTS TREATED AT SCH 
COMPARED TO CHW 

 
uOR (95% CI) aOR (95% CI) aOR (95% CI) 

 
Univariate M1 M2 M3 

Hospital 
   

CHW Reference Reference Reference 

SCH 0.88 (0.52 – 1.51) 0.86 (0.50 – 1.48) 1.28 (0.73 – 2.26) 

    Sex 
   

Male Ref 
  

Female  0.85 (0.60 – 1.24) 
  

    Age group (days) 
   

>30 Reference Reference Reference 

≤30  7.34 (5.01 – 10.8) 7.35 (5.01 – 10.8) 2.77 (1.82 – 4.21) 

    STAT category  3.07 (2.51–3.75)  2.56 (2.05 – 3.18) 

Notes: Bold entries represent significant association. Ref: indicates reference category in regression models. 
STAT = The Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery, uOR = unadjusted odds ratio, 
aOR = adjusted odds ratio, M1 = unadjusted model, M2 = model adjusted for age, M3 = final model adjusted for age and 
STAT category score with p<0.05 as significant.    

 
After adjusting for age and STAT category score, the association of hospital site with the risk of 30-day 

mortality was still not significant, therefore indicating that there was no evidence of differences in 

mortality between the two hospitals. However, due to small sample size and a low number of deaths, 

and therefore a lack of power for this analysis, the results should be interpreted with caution. 

Although the results showed no significant difference in mortality between the two hospitals, patient 

factors contributed to and partially explained the difference, with an adjusted OR increasing from 0.88 

to 1.28. 

Table 12 shows the predictive accuracy and fitness of the models assessed by the likelihood ratio. 

The likelihood ratio tests indicate that models adjusted for age and STAT category when assessing 30-

day in-hospital mortality had significantly improved the fit and predictive accuracy compared to 

adjusting for age alone (indicated by the highest LR chi2 value and p<0.05). 
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TABLE 12: INTERNAL VALIDATION AND PREDICTIVE ACCURACY OF THE MODEL 

Models  LR2 chi2 p value 

Baseline (Site) 0.19 0.66 

Site + age  111.1 0.001 

Site + age + STAT   186.1 0.001 

Notes:  
LR chi2 = likelihood ratio. Bold indicates best model. p value <0.05 indicates significant results. 

When looking at the caseload within the SCHN it was found that CHW have done a higher proportion 

(84%) of the total caseload over the period of 2006-17, and almost all (98%) of the caseload in 2018-

19 (Table 1 and 2). However, looking at observed mortality between the two cohorts (CHW 2018-19 

vs CHW/SCH 2006-17) there was no difference in the observed mortality rate (2.01% vs 2.07%) over 

these periods. 

 

STS-CHSD analysis 

The CHSD has four components, each focusing on a different area of cardiothoracic surgery, with one 

being congenital heart surgery. In 2019 there were more than 1,000 participants from the USA and 

internationally, including Canada and Australia. 

Analyses have been done previously on 2014–2017 data, which showed observed mortality to be 

higher (3.6%) in lower volume centres (<100 cases per year) compared to higher volume centres (>300 

cases per year) where the observed mortality was 1.8%. Adjusted figures presented by Jacobs in 20188 

showed even greater differences, with adjusted mortality rates of 5.4% for lower volume and 1.7% for 

higher volume centres, although it is not clear what the adjusted rates are based on. 

RACS has extracted the current STS-CHSD data (2015–2018) and produced observed and adjusted 

mortality rates (Table 13).  

TABLE 13: STS-CHSD DATA – OBSERVED AND ADJUSTED MORTALITY RATES  

STS-CHSD: data analysis # cases Mortality   
observed adjusted 

2015-2018 (RACS) >300 2.9% 2.8% 

  <100 2.4% 3.9%* 

J Jacobs (2018) [STS 2014–20178] >300 1.8% 1.7% 

  <100 3.6% 5.4% 

NSW letter to Premier CHW >300 1.8% 
 

3/03/2020 [2014-2017 data] <100 3.6% 
 

Notes:  

*Two-tailed t-test p=0.011 
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From this analysis the observed rates are similar between low- and high-volume centres (2.4% vs 2.9% 

respectively); however, for adjusted mortality rates the high-volume centres have significantly lower 

mortality (2.8% vs 3.9%; p=0.011). 

 DISCUSSION AND LIMITATIONS  

We were able to verify the initial reports from CHW and SCH on caseload and mortality rates, based 

upon the data provided by SCHN. Minimal variation was observed between what was reported and 

what we were able to determine from the raw data provided.  

Based upon the data provided, mortality was primarily determined by age (i.e. neonates) and high 

STAT score, and not by caseload. When controlling for these factors, we did not find any statistically 

significant differences between the two hospitals with regards to mortality; however, please see more 

details regarding the limitations with the data. Other clinical factors would need to be considered for 

in-depth analysis (such as those outlined by O’Brien et al 20154) of paediatric cardiac mortality within 

the SCHN. The data provided were also not in a format in which comparison between units at the 

individual procedure level could be compared to look at how practice has evolved, changed or 

remained stable over time.  

There are some limitations to this report that need to be considered based on the quality and 

completeness of the data that were provided. The low number of mortality events in this cohort 

limited the type and scope of analyses that could be undertaken to assess whether there were 

differences in mortality between the two hospitals after adjusting for case mix. A much larger sample 

size and number of events/deaths would be required to increase the power of the study and answer 

these questions statistically with any confidence. It is also worth noting the complexities when 

combining disparate data sets that use alternate data collection methods and differently defined 

variables, including missing and/or incomplete data. Compounding this was the lack of unique 

identifiers across datasets, significantly limiting our ability to consolidate them into a single composite 

dataset with which to try to address the research objectives. As it stands, there was no a priori power 

calculation done before planning and data collection to determine the sample size required for the 

type of design needed to reasonably address these questions, while a retrospective calculation 

confirmed our suspicions that it was indeed underpowered. Factors identified in the literature as 

potential predictors of mortality, such as rate of readmission, bodyweight, unplanned return to 

theatre and total CPB time (to name a few) could not be assessed because this data was not uniformly 

reported. This is a common challenge when adapting routinely collected data to ascertain outcomes-

based hospital performance. However, it is worth noting that these features were identified from 

international studies, so the extent to which they apply to the Australian condition should be kept in 

mind. 

With the above-mentioned limitations, our analysis confirms what was initially reported in the SCHN 

analysis regarding the CHW and SCH data. Furthermore, we identified (based upon the data provided) 

that mortality was primarily determined by age and STAT score, and not by hospital site.  
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Three independent academic physicians with expertise in paediatric cardiac surgery/cardiology 

reviewed the draft report and provided comments that they suggested listing in a limitations section.  

External clinical reviewers who reviewed the report provided comments. 

Reviewer #2: 

• Concern that the data is categorised by STAT scores and not by procedure [procedure level 

data was not available for our analysis]. STAT scores were developed to risk stratify patients 

and are a more general measure of comparison. It is the outcomes of the different 

procedures that need to be compared between the sites. Additionally, there may be a 

procedure which is exclusively done at one centre and not the other which indicates that 

centre is conducting that particular complex operation. In the UK comparison is done at the 

individual procedure level – see https://www.nicor.org.uk/wp-

content/uploads/2018/08/09729-UCL-Congenital-Report-2013-16-UPDATES-JULY-2018-

v1.pdf. 

• There are important differences in the practices at the two centres: the proportion of cases 

using cardiopulmonary bypass is much higher at WCH compared with SCH (72% vs 53%); 

STAT 5 cases almost exclusively performed at WCH; the proportion of high risk STAT 

categories (4 & 5) is much higher at WCH compared to SCH (18% vs 10%). 

Reviewer #3 

• Length of stay (LOS) differs considerably between the two sites: CHW 11% (with 2.98% Cat 5) 

and SCH 17% (with 0.33% Cat 5). A higher LOS is suggestive of morbidity. 

• Increased risk for neonates compared to older patients: CHW 5 times and SCH 7 times. 

 

  

https://www.nicor.org.uk/wp-content/uploads/2018/08/09729-UCL-Congenital-Report-2013-16-UPDATES-JULY-2018-v1.pdf
https://www.nicor.org.uk/wp-content/uploads/2018/08/09729-UCL-Congenital-Report-2013-16-UPDATES-JULY-2018-v1.pdf
https://www.nicor.org.uk/wp-content/uploads/2018/08/09729-UCL-Congenital-Report-2013-16-UPDATES-JULY-2018-v1.pdf
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 APPENDIX 1:  

STAT category 

STAT category is an empirically based index used to identify the estimated risk of in hospital 

mortality by procedure and grouped risk categories. The mortality risk was estimated using data 

from over seventy-seven thousand operations entered into large European and North American 

registries. 

Development of STAT category 

As is current practice for the STS and European Registries, outcomes by STAT category is routinely 

reported.3, 9 

Operative Mortality 

Definition of Operative Mortality1 

Notes:- 

• Methodology – one ‘CardioPulmonary Bypass’ (CPB) or ‘non-Cardiopulmonary Bypass’ (non-CPB) 

procedure counted per admission (highest STAT Category score) 

• Not all cases are able to be categorised using the STAT Category method. So, numbers listed by 

STAT category do not reflect the actual caseload at each institution. 

• The STAT Category method deals with mortality not morbidity 

• Operative Mortality is defined as (1) all deaths, regardless of cause, occurring during the 

hospitalization in which the operation was performed, even if after 30 days, including patients 

transferred to other acute care facilities; and (2) all deaths, regardless of cause, occurring after 

discharge from the hospital, but before the end of the 30th postoperative day (Jacobs et al 2006) 

• 12-month periods are calendar years 
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 APPENDIX 2: 

TABLE 14: 2006-2019 CHW CASELOAD, MORTALITY AND COMPLEXITY 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Caseload Procedures 378 438 418 414 395 385 408 407 473 432 413 381 430 417 

 
Outcomes 

Deaths 5 7 10 11 7 13 6 10 6 5 10 10 10 7 

Mortality 
Rate 

1.3% 1.6% 2.4% 2.7% 1.8% 3.4% 1.5% 2.5% 1.3% 1.2% 2.4% 2.6% 2.3% 1.7% 

 
 
 

 

 

 
Complexity 

STAT 
Category 1 

123 139 132 132 133 119 124 126 117 113 114 100 137 134 

STAT 
Category 2 

147 165 162 122 131 117 140 122 186 125 125 119 140 140 

STAT 
Category 3 

37 44 39 45 43 48 47 44 58 64 69 42 47 39 

STAT 
Category 4 

61 69 71 88 68 73 80 82 83 102 77 97 82 72 

STAT 
Category 5 

6 6 5 15 15 17 7 16 16 16 15 11 10 13 

Neonatal 
CPB 

22 34 35 43 29 39 38 40 66 70 57 68 63 62 
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TABLE 15:  2006-2019 SCH CASELOAD, MORTALITY AND COMPLEXITY 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Caseload Procedures 83 83 100 105 85 72 68 57 57 77 73 55 32 4 

 
Outcomes 

Deaths 3 1 7 1 2 4 0 1 0 2 0 0 0 0 

Mortality 
Rate 

3.6% 1.2% 7.0% 1.0% 2.4% 5.6% 0.0% 1.8% 0.0% 2.6% 0.0% 0.0% 0.0% 0.0% 

 
 
 

 

 

Complexity 

STAT 
Category 1 

25 26 18 39 28 17 20 13 17 34 29 26 14 2 

STAT 
Category 2 

28 26 32 30 40 33 32 20 29 26 25 20 13 2 

STAT 
Category 3 

13 11 8 8 5 7 2 9 3 5 6 0 0 0 

STAT 
Category 4 

11 18 29 16 12 13 14 14 8 9 5 4 1 0 

STAT 
Category 5 

0 1 2 0 0 0 0 0 0 0 0 0 0 0 

Neonatal 
CPB 

7 11 8 9 3 6 2 3 2 2 1 0 0 0 
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 APPENDIX 3: 

1.8.1 Clinical incidents data collected for CHW and SCH between 2006 and 

2010 

This dataset included all clinical incidents that occurred in hospitals managed by the network. The data 

included two subsets of clinical incidents occurring from 2006 to 2010 and from 2011 to 2020.  

Incident data provided was explored and only incidents occurring at CHW or SCH were included and 

verified against the results provided by the network. Incidents which occurred at other hospitals were 

not included in the analysis. The type of incidents (e.g. fall, clinical management, documentation and 

other types) and the location of where the incident occurred was recorded in the data.  

The incidents data reported here could not be integrated with the case load and outcome data 

described in the earlier sections as it did not include unique patient IDs which could be used to link 

the datasets. As such, the number of incidents could only be counted and compared with the results 

reported by the network to confirm the correctness of the counts.   

A total of 308 clinical incidents recorded between 2006 and 2010 were included from both CHW and 

SCH and reported in Appendix 3, Table 16 and 17. The number of incidents determined by RACS 

analysis for 2006 to 2010 corresponded to the overall total reported by CHW and SCH. For the period 

2010–2020, the data were also broadly similar, with one extra clinical incident reported by CHW/SCH 

than identified by RACS during the study period.  

 

TABLE 16: NUMBER OF INCIDENTS REPORTED AT SCH AND CHW, 2006–2010 CONFIRMED BY RACS 

Number of incidents CHW analysis SCH analysis RACS analysis 

Incident year Frequency Frequency Frequency  

2006  4 1 5 

2007  7 2 9 

2008  1 2 3 

2009  3 2 5 

2010  21 6 27 

Total  36 13 49 
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TABLE 17: NUMBER OF INCIDENTS REPORTED AT SCH AND CHW, 2010–2020 CONFIRMED BY RACS 

Number of incidents CHW and SCH analysis RACS analysis 

Incident year Frequency Frequency  

2010 21 21 

2011 7 7 

2012 9 9 

2013 15 15 

2014 18 17 

2015 51 51 

2016 25 25 

2017 21 21 

2018 28 28 

2019 39 39 

2020 25 25 

Total  259 258 

 

From the analysis done in sections 1.1 to 1.4, we were able to reproduce, with minimal variation, the 

caseload, mortality, STAT category and clinical incident data as was previously reported. 
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 APPENDIX 4: 

1.9.1 ANZPIC data collected for CHW and SCH between 2008 and 2020  

ANZPIC collects data for children with cardiac conditions admitted to specialist paediatric intensive 

care units (PICU), children’s critical care units (CCCU), and level III adult intensive care units (ICU) for 

children admitted outside state capitals.  

The ANZPIC dataset was also provided by SCHN and included data collected between 2008 and 2020 

for both CHW and SCH. There was a total of 19,474 procedures recorded during the study period. The 

data did not form part of the analysis and were therefore included in Appendix 4, Table 18. 

The initial plan was to use the ANZPIC data to verify and compare the accuracy of the data collected 

independently by CHW and SCH. Due to differences in the variables collected and the categories 

included for type of operation, the same definitions for procedures applied in the CHW and SCH data 

could not be applied in the ANZPIC dataset. 

Additionally, the STAT category was not provided or calculated for the ANZPIC data; this metric was 

used in the CHW and SCH data to select procedures with the highest STAT category for patients with 

more than one procedure per admission. Given this limitation, the methodology applied for counting 

procedures in the other datasets could not be replicated in the ANZPIC data. 

The other limitation was that the unique IDs created for the ANZPIC data were not the same as what 

was used in the SCHN datasets and therefore could not be linked or verified against the other dataset 

for comparison purposes. As such, the dataset was analysed separately as an exploratory exercise and 

results reported as Appendix 4, Table 18. 

The risk categories were not assigned or provided in the dataset and the same method used to define 

or determine caseload described for the hospital datasets could not be replicated in the ANZPIC data. 

This limitation could partially explain the large differences in the caseload determined using ANZPIC 

data. Only a description of the caseload is reported as an exploratory exercise, and no further analyses 

were done using ANZPIC data.  

1.9.2 Case load counted using ANZPIC data  

There were 27,274 observations in the ANZPIC data for 10,746 unique patient IDs in CHW and 9,183 

unique patient IDs in SCH.   

Table 18 shows the number of cardiac bypass procedures by year for CHW and SCH before taking 

multiple procedures per admission into account.   
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TABLE 18: CARDIAC BYPASS PROCEDURES BY YEAR FOR CHW AND SCH USING ANZPIC DATA 

Procedures CHW SCH 

 

Admission year  Frequency Frequency Total 

2007 9 2 11 

2008 1,271 257 1,528 

2009 1,153 258 1,411 

2010 1,221 264 1,485 

2011 1,205 252 1,457 

2012 1,349 247 1,596 

2013 1,398 238 1,636 

2014 1,423 291 1,714 

2015 1,424 283 1,707 

2016 1,302 278 1,580 

2017 1,393 251 1,644 

2018 1,489 287 1,776 

2019 1,687 242 1,929 

Total  16,324 3,150 19,474 
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 SUMMARY 

OBJECTIVE: This report presents recent information on the relationship between hospital (or 

surgeon) surgical volumes and safety and quality outcomes of paediatric cardiac surgery. 

METHODS: A Medline search (16 July 2020) identified relevant English-language publications from 

2016 onwards. Studies that predate 2016 were identified through pearling the reference lists of 

selected reviews as well as targeted PubMed and grey literature searches. From these searches, one 

author selected and assessed relevant articles and prepared the report. The Level of Evidence for 

included studies was assessed using those published by the NHMRC (2009).10 

BACKGROUND: Paediatric cardiac surgery is generally performed for CHDs in neonates, infants and 

children, and postoperative survival has improved significantly over the last three decades. However, 

researchers have noted that survival is not uniform across institutions; that is, in studies using data 

from large databases, higher volume centres have typically reported lower mortality rates. However, 

not all researchers believe there is a simple relationship between volume and outcome.  

FINDINGS:  

• Surgical volumes/patient outcomes: Although six recent primary studies (2017–2020) across 

various conditions and situations supported higher surgical volumes as an independent factor that 

is associated with more favourable patient outcomes, published reviews were less clear cut. In an 

earlier study from 2009, the multifaceted relationship between case volume and mortality rates 

was assessed separating low, medium, high and very high-volume centres. Adjusted mortality rates 

were found to be higher in small centres for higher complexity procedures.  

The contribution of case volume may be limited compared to other influencing factors such as 

condition severity, individual centre and surgeon effects, as well as clinical advances over time. 

Additionally, the National Congenital Heart Disease Audit in the United Kingdom, which has 

collected over 120,000 cases during a 20-year period, highlighted that activity volume is not the 

only factor impacting good outcomes and factors related to infrastructure, sustainability and 

resourcing are also important.11 

• Surgeon volumes/patient outcomes: Although a high-level study (systematic review of level III-3 

evidence) looking more generally at surgeon volume and outcomes supported the relationship, 

three narrative reviews specific to paediatric cardiac surgery did not demonstrate a consistent link. 

In recent primary studies, a linked database study showed that, after accounting for case mix and 

volume, the number of years since a surgeon’s medical school graduation (an indirect measure) 

did not influence rates of major morbidity or mortality. Another study reported that higher volume 

surgeons achieved more favourable outcomes. Further, international standards recommend 

minimal caseloads for individual surgeons; however, these are likely to be jurisdictionally specific. 

For example, a National Health Service (NHS) England publication of standards for paediatric 

congenital heart disease recommended that surgeons perform 125 paediatric and congenital 

surgical cases per year. They also highlighted the importance of appropriate rosters for 24/7 care. 

They also stressed the importance of a specialist multidisciplinary team and for the appropriate 

transition for children to adult services.12 The NSW draft Model of Care for SCHN highlights the 

need for the care to be child and family centred, with ‘Partnering with consumers’ and of the 

dimensions of the model.13  
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CONCLUSIONS: Much of the literature supports hospital volume as an independent variable that 

impacts surgical outcomes. However, the majority of evidence in this rapid review is Level III-3 or 

lower. The evidence suggests the relationship between volume and outcome is inverse and curvilinear, 

with a greater impact on complex surgeries. Further, the effect of increased institutional volume is 

self-limiting, but a definitive minimum volume cannot be defined. There is a wide range stated in the 

literature for hospital volume as an independent variable of between 60 and 300 procedures annually, 

which broadly aligns with published international standards for CHD. Similarly, there can be an 

improvement in surgical outcomes with increased volume for individual surgeons, especially for 

complex procedures. However – beyond hospital and surgeon volume – patient characteristics, 

procedure type, comorbidities and institutional factors may have a greater influence on patient 

survival.  Additionally, high quality care requires appropriate rostering and availability of appropriate 

resources to deliver a sustainable and patient centred service. This does not just relate to surgeons 

but the entire clinical team. 

The Montreal paediatric cardiac services case study describes two independently operating city 

hospitals; however, the driver for this is largely the university association as well as the language 

requirement of services in both English and French. No outcome data was identified to assess as part 

of the case study. 
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 REPORT OBJECTIVE 

The objective of this report was to present recent information on the relationship between hospital 

(or surgeon) volumes and safety and quality outcomes of paediatric cardiac surgery as guided by the 

PICO described below (TABLE 19). 

TABLE 19: PICO (POPULATION, INTERVENTION, COMPARATOR, OUTCOMES) 

Population Children (generally aged ≤18) undergoing cardiac surgery  

Intervention  Paediatric cardiac surgery 

Comparator Outcome association with volumes of hospitals (or surgeons) 

Outcomes 
In-hospital mortality (same hospitalisation), postoperative complications, in-hospital 
mortality in patients with complications 

 METHODS 

An experienced health information specialist designed an Ovid Medline literature search strategy that 

was run on 16 July 2020. The search strategy (Section 2.9 Appendix 1, below) was limited to English-

language articles published since 2016 to identify the most recent material. Pearling the bibliographies 

of select reviews14, 15 identified critical articles that predated the search census date. Further, grey 

literature searches and targeted PubMed searches were conducted, which identified additional 

references. One author reviewed the search results, selected relevant material and prepared the 

report. A second reviewer corroborated the study selection and data included in the report.  The 

NHMRC Levels of Evidence (2009)10 was used to assess levels of evidence in this rapid review. 

 BACKGROUND 

2.4.1 Congenital heart defects/disease 

Paediatric cardiac surgery is generally performed for congenital heart defects (CHDs); that is, defects 

of the heart, heart valves or central blood vessels that are present at birth (BOX 1).16 Defects can range 

from simple to complex and can occur alone or in groups, depending on how the heart has 

developed.17  

BOX 1: CHD EXAMPLES16 

Atrial septal defect 

Coarctation of the aorta 

Hypoplastic left heart syndrome 

Patent ductus arteriosus 

Pulmonary atresia 

Single ventricle 

Tetralogy of Fallot 

Transposition of the great arteries 

Tricuspid atresia 

Ventricular septal defect 

 

https://www.cdc.gov/ncbddd/heartdefects/coarctationofaorta.html
https://www.cdc.gov/ncbddd/heartdefects/pulmonaryatresia.html
https://www.cdc.gov/ncbddd/heartdefects/tetralogyoffallot.html
https://www.cdc.gov/ncbddd/heartdefects/d-tga.html
https://www.cdc.gov/ncbddd/heartdefects/tricuspid-atresia.html
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Survival for children with severe CHD has improved significantly over the last three decades. For 

example, from 1979 to 1993, only 67% per cent of infants with the most severe forms of CHD survived 

to one year of age, whereas from 1994 to 2005, 83% survived.18 The improvement has been dramatic 

for high-risk surgeries.19 However, according to a multicentre analysis of nearly 36,000 children, 

mortality improvements for infants with CHD are not uniform across institutions, with lower volume 

centres typically reporting higher mortality rates.20 Recently, this association has received scrutiny.  

Despite the focus on surgery here, the management of CHD requires sophisticated medical and 

surgical care to achieve the best outcomes. For many children, surgical interventions do not provide a 

cure and access to ongoing complex cardiac and general medical care is required.21  

Furthermore, case-mix complexity varies considerably in this field, in part due to the heterogeneity in 

disorders. For example, reporting on the USA experience from 2010–2014, Pasquali et al (2016)22 

noted that surgeons performed 207 types of paediatric cardiac surgeries during the study period 

(112,140 cases). Across all centres, only 25% of the listed procedures were performed at least once by 

75% or more of centres. There was an eightfold variation across centres in the proportion of total 

cases considered to be of high complexity. 

2.4.2 Congenital heart disease in Australia 

CHD is the most common congenital abnormality in Australia. A 2019 report from the Australian 

Institute for Health and Welfare16 reported: 

• Worldwide, the incidence of CHD is approximately 9 for every 1,000 babies born. 

• About 2,400 newborns are affected in Australia each year. 

• About half of all babies born with CHD will require surgical or catheter-based interventions, with 

one-third needing this care in the first year of life.  

• CHD is one of the leading causes of infant hospitalisation and death. In 2016–17, there were 

approximately 5,000 CHD hospitalisations and 2,500 surgical procedures. 

• CHD was the underlying cause of 152 deaths (0.1% of all deaths) in Australia in 2017. There were 

70 deaths in infants ≤ age 1 year; that is, about 7% of all infant deaths. 

• For selected CHD conditions, caseload and incidence were report for NSW see TABLE 20   

TABLE 20: NUMBERS AND INCIDENCE RATES OF SELECTED CHD CONDITIONS IN NSW 201516   

CONDITION (ALPHABETICAL) NUMBER OF CASES RATE PER 1000 BIRTHS 

Atrial septal defect 208 2.2 

Coarctation of the aorta 48 0.5 

Hypoplastic left heart syndrome  
 

71 0.7 

Patent ductus arteriosus 86 0.9 

Tetralogy of Fallot 45 0.5 

Transposition of the great vessels 54 0.6 

Ventricular septal defect 206 2.1 

All cardiovascular defectsa 1070 11.1 
a as defined by British Paediatric Association Classification of Diseases 74500–74799 
Note: The individual conditions listed are a subset of all cardiovascular defects. 
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Regarding CHD surgical outcomes in Australia, Padley et al (2011)23 reported their experience at 

Sydney’s Children’s Hospital at Westmead. Their retrospective cohort study followed repair or 

palliation of simple and complex CHDs from 2005 to 2010. Results showed that overall mortality within 

30 days of surgery was 1.3%; before hospital discharge, it was 1.9%. Annual mortality rates over the 

years were consistent, despite increasing case complexity. The authors noted that overall mortality in 

their cohort was low compared to data from other expert centres and surgical registry databases in 

the USA and Europe. 

2.4.3 Connecting outcome and volume at a high level 

A narrative review by Harrison24 looked at the overall association between hospital volume and 

patient outcomes. It was noted that many studies had linked the volume of activity of a hospital or 

surgeon to the outcomes achieved; that is, higher surgical volumes were associated with better 

outcomes. However, systematic reviews and expert commentary had cast doubt on this relationship. 

Harrison24 cited a 2010 review from the University of York that found inadequate proof of a correlation 

between higher volume and better outcomes (Lyman25). The authors of the University of York review 

suggested more research is needed to examine the reasons for the presence or absence of a 

volume/outcome relationship, plus an expanded consideration of the many factors that may 

contribute. Such exploration could also reveal which process-of-care elements led to improved 

outcomes in high-volume hospitals, and this could identify ways for other hospitals to improve. 

For surgical repair of CHDs, Jenkins et al in 199526 first reported preliminary data on the association of 

institution caseload and mortality. Based on a risk-adjusted analysis of 2,833 cases across 37 hospitals 

in California and Massachusetts, these authors concluded caseloads greater than 300 resulted in 

significantly lower mortalities for surgeries other than those of the lowest complexity; for example, 

repair of atrial septal defect. However, the debate around caseload and surgical outcomes for 

paediatric heart surgery is ongoing with attempts to define the ideal caseload for optimal surgical 

outcomes. Further, attempts to define optimal volumes must account for changes in practice as 

indicated by the steady decline in the proportion of admissions ending in death.19 The inspiration for 

this report is this uncertainty about the linkage between hospital (and surgeon) volume and patient 

outcomes, with specific application to paediatric cardiac surgery. 

 LITERATURE REVIEW RESULTS 

2.5.1 The literature base 

The Medline search (Section 2.9, Appendix 1) identified 1,309 potentially relevant references. 

Additional references came from the grey literature, selective review of bibliographies of included 

articles and targeted PubMed queries.  

The evidence identified included reviews (Systematic, Rapid and Narrative) that summarised 

retrospective analyses of large database records of either administrative or clinical data (Level III-3 

evidence). Appropriately, study authors reported adjusted outcomes measures; however, modelling 

details were often not reported.  Similarly, retrospective analysis of data derived from large 

databases/registries or retrospective case series dominated the primary study evidence base.  The 

NHMRC Levels of Evidence (2009)10 was used to assess levels of evidence in this rapid review. 
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SUMMARY OF STUDIES – LEVELS OF EVIDENCE 10 * 

STUDY STUDY DETAILS EVIDENCE LEVEL 

Hannan et al (1998)37 Retrospective cohort study  III-3 

American Academy of Pediatrics (2002)35 Guideline Not applicable 

Chang et al (2002)40 Retrospective cohort study III-3 

Gauvreau (2007)42 Narrative review / review of study Bazzani 

& Marcin (2007) 

Not applicable 

Bazzani and Marcin (2007)43 Retrospective cohort study III-3 

Welke et al (2009)27 Retrospective cohort study III-3 

DLA Philips Fox (2010)34 Commissioned report, grey literature  Not applicable 

Oster et al (2011)41 Retrospective cohort study III-3 

Pieper et al (2014)36 Systematic review of level III-3 studies Not applicable 

Karamlou et al (2014)39 Retrospective cohort study III-3 

NHS England (2016)12 Guidelines / Standards Not applicable 

Barrett et al (2017)28 Retrospective cohort study III-3 

Rana et al (2017)32 Retrospective cohort study III-3 

Anderson et al (2017)38 Retrospective cohort study  III-3 

Bhatt et al (2018)29 Retrospective cohort study III-3 

Kansy et al (2018)30 Retrospective cohort study III-3 

Sakai-Bizmark et al (2019)33 Retrospective cohort study III-3 

Pasquali et al (2020)6 Retrospective cohort study III-3 

Lahiri et al (2020)31 Retrospective cohort study III-3 

Backer et al (2020)44 Narrative review Not applicable 

*Levels of Evidence classified down to case series; narrative reviews and other reports not graded, and 

systematic and rapid reviews are graded according to the level of evidence of their included studies 
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2.5.2 Reviews of hospital volume and outcome in CHD surgery  

The following narrative reviews addressed the evidence published before the census date of 2016 that 

was applied to the Medline search for primary literature.   

• Burki and Fraser (2016)45 and Danton (2016)46: Via narrative literature reviews, companion 

publications argued the pros and cons of volume/outcome relationships as background to the 

authors’ thoughts about CHD surgery regionalisation. Table 21 briefly presents detail from these 

reviews. 

TABLE 21: PUBLISHED PROS AND CONS OF THE VOLUME/OUTCOME RELATIONSHIP 

PROS  

Burki and Fraser (2016)45 from the 

Texas Children’s Hospital, Houston  

CONS 

Danton (2016)46 from the  

Royal Hospital for Children, Glasgow 

The volume/outcome relationship has 

been proven in a number of studies 

(although these authors noted that 

procedure-specific experience 

influences outcomes in addition to 

program volume alone) 

Large facilities may have become established and maintained due 

to factors beyond their size (e.g. historical designation, population 

density and strong academic-university affiliations); that is, 

‘although readily measured, program volume in itself is not a 

direct measure of quality’ 

Large centres can provide important 

resources (e.g. 24/7 availability); 

extensive expertise (e.g. surgeons, 

anaesthesiologists, ICU nurses); and 

state-of-the-art facilities 

Outcomes generally tracked include in-hospital and 30-day 

mortality; however, additional outcomes (including those 

important to families) should be measured when assessing 

programs, including morbidity and quality of life 

Centralisation to large centres works 

for people nearby (although may not 

be as effective for people living more 

remotely) 

Economic arguments made for larger centres should consider the 

pros and cons of their more extensive staff demands versus 

smaller efficient teams that may exist at smaller centres; the costs 

of travel and accommodation for distant patients must be 

considered, as must the financial impact on individual families 

Regionalisation has advantages but 

may prove quite challenging to 

implement in areas with non-uniform 

population distribution; that is, ‘a 

tiered approach … may prove to be a 

viable alternative’ 

USA data for 32,000 cases from Welke et al (2009) [retrospective 

cohort study, evidence level III-3] revealed an inflection point 

where, beyond 250–350 cases, centre size did not demonstrate an 

advantage in outcomes or management of more high-risk patients; 

centre volume did not affect mortality in low difficulty cases, and 

with high difficulty procedures, only centres with <150 cases 

demonstrated significantly higher mortality 

Certain rare or specialised conditions may be selectively 

transferred to units with the relevant interest and expertise, and 

the same for newly introduced procedures and technologies 

In a changing landscape impacting this field, ‘the use of a historical 

perspective to reorganise future services may not be relevant or 

intellectually coherent’ 

 



CHAPTER 2 

 

NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES      46 

• Preston et al (2015)15 a rapid review (of evidence level II to IV studies): The objective of this 

University of Sheffield rapid review was to synthesise the evidence on the relationship between 

surgical volume and patient outcomes for people with CHD.  

- Authors noted that the relationship between higher surgical volumes and better patient 

outcomes is based on assumptions that, rather than workload alone, higher surgical 

volumes may be associated with: (a) better facilities, (b) more experienced 

multidisciplinary teams and (c) more experienced and specialist clinicians.  

- A search across four databases up to March 2014 identified 34 articles of which 91% 

focused only on children and 41% focused on a single condition or procedure; 88% were 

from the USA where centralisation of services is not as common as it is in many countries.  

- Results: Although most studies showed a relationship between volume and outcome, the 

relationship was not consistent and there was limited evidence about the impact of volume 

on morbidity (versus mortality). The authors noted that, in addition to volume, a range of 

factors influenced outcomes such as condition severity, individual centre and surgeon 

effects, and clinical advances over time. In the included studies in this review, 67 different 

variables were used to adjust for risk. 

- Concerning changing outcome rates over time, increasing expertise and changes in service 

provision appeared to play a role in improving outcomes. In particular, five studies that 

analysed data over periods spanning up to 10 years found that irrespective of other factors 

including volume, and despite increasing clinical complexity of patients, mortality 

decreased over the study period. It was, therefore, noted that the relevance of findings 

from historical data to contemporary services should be questioned. 

- Conclusions of the authors: ‘The heterogeneity of findings from observational studies 

suggests that, while a relationship between volume and outcome exists, this is unlikely to 

be a simple, independent, and directly causal relationship. The effect of volume on 

outcome relative to the effect of other, as yet undetermined, health system factors 

remains a complex and unresolved research question.’ 

• McAteer et al (2014)14 systematic review (of evidence level III-3 studies): Authors addressed the 

impact of surgeon experience, hospital volume and speciality in paediatric surgery. Of the 63 

included studies, 13 studies that spanned 1998 to 2012 focused on CHD. Twelve studies 

demonstrated an inverse association between volume and mortality. Authors of the included 

studies applied appropriate risk-adjustment models and utilised data from large established 

registry databases.  

2.5.3 Primary studies of hospital volume and outcome in CHD surgery 

Our review aimed to capture contemporary evidence; identified were six recent primary studies 

(published from 2017 onwards) related to hospital surgical volume and patient outcomes following 

paediatric CHD surgery (Table TABLE 22). 
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TABLE 22:  PRIMARY STUDIES ON HOSPITAL SURGICAL VOLUMES AND OUTCOMES SINCE 2017 
(ALPHABETICAL) 

LEAD AUTHOR 

(YEAR); COUNTRY 

FOCUS METHODS  RESULTS 

Barrett (2017);28 USA  

Retrospective cohort 

study 

Evidence Level III-3 

Association between 

centre ECMO volume, 

surgical volume and 

mortality in paediatric 

cardiac surgical 

patients that required 

ECMO support 

Data for 107,000 

patients came from the 

Paediatric Health 

Information System 

database (40 USA 

children’s hospitals), 

2003–2014 

2.9% of cardiac surgical patients required 

ECMO 

In-hospital mortality rate for the entire 

cohort was 3% 

Centres with higher cardiac surgical volume 

had fewer ECMO complications 

Bhatt (2018);29 USA 

Retrospective cohort 

study 

Evidence Level III-3 

Effect of hospital 

volume on 

percutaneous closure 

of ASD in paediatric 

patients 

Data for 6,162 

percutaneous ASD 

closure procedures 

came from the National 

Inpatient Sample 

administrative database 

(1,049 hospitals, 46 

states), 2002–2011  

No deaths; complication rate 11.5% (cardiac 

most common at 9.6%) 

Increasing annual hospital volume of ASD 

procedures was an independent predictor of 

lower complication rates: 15% in 1st tertile 

(1–7 procedures/year); 12.3% in 2nd tertile 

(8–19 procedures/year); and 6.1% in 3rd 

tertile (20–41 procedures/year); p<0.001 

Kansy (2018);30  

Five continents were 

included: Africa, Asia, 

Australia, Europe, 

and South America 

Retrospective cohort 

study 

Evidence Level III-3 

Association between 

annual centre volume 

of neonatal cardiac 

surgery for CHD  

(8 main operations, 

across all STAT 

mortality scores) and 

operative mortality  

Data for ~27,000 

neonatal procedures 

came from the 

European Congenital 

Heart Surgeons 

Association database 

(90 centres in 35 

countries on 5 

continents),  

1999–2015 

 

Multilevel logistic 

regression was used to 

create a risk factor 

model for operative 

mortality 

Annual volume of operations was an 

independent risk factor for operative 

mortality (among other risk factors); that is, 

higher volume was associated with lower 

early mortality; in particular, there was a 2% 

(0.98 OR [95% CI 0.97–0.99]) decrease of 

mortality with every 5-patient increase per 

centre-year 

Annual volume ceased to be a risk factor 

when the analysis included only units 

operating on 60+ neonates annually (20% of 

the sample) 

In contrast, independent factors accounting 

for significant variation in 30-day operative 

mortality included: 

• noncardiac/genetic abnormalities 

1.60 OR (95% CI 1.34–1.90) 

• preoperative risk factors 2.44 OR 

(95% CI 2.20–2.72) 

• low body weight 0.59 OR (95% CI 

0.55–0.63) 

• STAT mortality score 1.84 OR (95% 

CI 1.78–1.90) 

Earlier work by these authors: after 

adjustment for case mix, higher volume was 

associated with a lower rate of mortality and 

morbidity; also, the chance of rescue from 

complications was higher in large-volume 

centres.47, 48 
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LEAD AUTHOR 

(YEAR); COUNTRY 

FOCUS METHODS  RESULTS 

Lahiri (2020);31 USA 

Retrospective cohort 

study 

Evidence Level III-3 

Association between 

TAPVR repair and 

hospital surgical 

volume (TAPVR 

comprises 1% to 3% 

of CHD and is often 

associated with other 

cardiac defects) 

Data for 971 

hospitalisations for 

TAPVR (of 20,336 CHD 

surgery admissions) 

came from the Texas 

Inpatient Public Use 

Data File administrative 

database, 1999–2016 

16 USA hospitals performed the surgery 

although those doing ≤4/year were excluded  

Postoperative mortality decreased over the 

years from 15.1% (1999–2004) to 7.6% 

(2012–2016) 

Institutional surgical volume remained 

significant in multivariate analysis with an 

adjusted odds ratio per increase in surgical 

volume of every 10 patients of 0.93 (95%CI 

0.90–0.96); however, some low-volume 

hospitals had high survival rates, even for 

complex lesions 

In contrast, preterm status had a greater 

impact on the adjusted odds for 30-day 

surgical mortality, OR 3.85 (2.64–5.61)  

Rana (2017);32 USA  

Retrospective cohort 

study 

Evidence Level III-3 

For heart transplant, 

to investigate the 

relationships 

between centre case 

volumes and waitlist 

and post-

transplantation 

outcomes 

Data for 6,482 

candidates came from 

the OPTN for paediatric 

heart transplantation; 

72% underwent 

transplant, 2002–2014 

Candidates were 

grouped by annual 

volume of transplants 

of listing centre:  

>10 (14 centres),  

6–10 (10 centres),  

3–5 (13 centres),  

<3 (73 centres)  

During the study period, 25% of paediatric 

transplant candidates were listed in low-

volume transplant centres – they had a 

limited transplantation rate (36% versus 89% 

at high-volume centres) and a much greater 

risk of dying while on the waitlist (30% versus 

5% at high-volume centres); likelihood of 

post-transplant death was also higher (HR 

1.27, 95% CI: 1.0–1.6) 

At the time of transplantation, candidates in 

low-volume centres were significantly older 

and heavier with greater proportions having 

dilated cardiomyopathy (the least risky 

diagnosis) 

Sakai-Bizmark 

(2019);33 USA 

Retrospective cohort 

study 

Evidence Level III-3 

Assessment of USA 

regionalisation trends 

and outcomes in 

paediatric cardiac 

surgery  

Data on ~33,000 

patients came from 

multiple in-state 

databases for 11 

individual states (46% 

of USA population), 180 

hospitals, covering 

2000–2012 

Surgery distribution: 8.5% in low-volume 

(<60 cases), 25% in medium-volume (60–144 

cases), and 66.4% in high-volume hospitals 

(>144 cases). 

Multilevel regression analyses highlighted 

that:  

• between 2000 and 2012, mortality 

was higher in low- and medium-

volume hospitals; and,  

• mortality decreased over time for 

all volume settings 

High-volume referenced against low-volume 

hospitals had lower odds of mortality and 

cost although LOS was higher 

 
Notes: 
ASD = atrial septal defect, CHD = congenital heart defect/disease, ECMO = extracorporeal membrane oxygenation, LOS = length of stay, 
OPTN = Organ Procurement and Transplantation Network, TAPVR = total anomalous pulmonary venous return, STAT = Society of Thoracic 
Surgeons-European Association for Cardiothoracic Surgery category.  
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Summary of the evidence on hospital volumes and outcomes in CHD surgery: 

Although the six recent primary studies (Evidence Level III-3) across various 

conditions and situations supported a higher surgical volume/more 

favourable patient outcome relationship, published reviews and opinions 

considered this relationship to be less clear cut. In addition to volume, a 

range of factors appear to influence outcomes such as condition severity, 

individual centre and surgeon effects, and clinical advances over time. 

 

2.5.4 Is there a minimum centre volume for optimal CHD surgical 

outcomes? 

The recent evidence presented confirms centre volume as an independent variable contributing to 

the variation in observed surgical mortality. The inverse relationship is not linear, and the incremental 

improvement in surgical mortality with increased volume was reported to be lost once centre volume 

reaches 6030 (Evidence level III-3). The analysis was based on data derived from the ECHSA congenital 

database and included data from five continents including Australia, confirming the early work by 

Welke et al (2009)27 (Evidence level III-3) reporting on STS-CHSD data for USA hospitals; however, 

Welke reported an inflection point around 200–300 cases per year. The association between volume 

and mortality was considerably weaker for low difficulty cases compared with high difficulty cases. 

With high difficulty cases it was shown that adjusted mortality rates were higher in the smaller centres 

(<150 cases per year) compared to the very highest volume centres (>350 cases per year) (OR 2.41 

p<0.0001), however, they stated there was no difference between very high, high and medium volume 

centres. 

The available evidence related to centre volume and surgical outcomes does not provide a critical 

volume that must be met to ensure the quality of surgical services. There is a proven volume/outcome 

relationship that is inverse and curvilinear, and the inflection point varies from 60 to 300, above which 

volume ceases to be a major variable in determining surgical outcomes. This range may reflect 

differences in CHD practice of centres captured by the European database compared to US-centric 

data that has a higher recommended volume. Alternatively, the difference may relate to advances in 

clinical practice since the report by Kansy30 incorporates data collected from 1999 to 2015 compared 

with 2002 to 2006 for the study reported by Welke.27 

Further, the DLA Phillips Fox report (2010)34 documents three standards for all paediatric cardiac 

surgery: 

• The American Academy of Pediatrics (2002)35 guideline recommends that complex paediatric 
cardiac services should be consolidated in paediatric cardiovascular centres. No quantitative 
recommendations regarding minimum institution and surgeon volumes, however, have been 
made. 

• The United Kingdom (UK) Paediatric and Congenital Cardiac Services Review Group 
(PCSRG) (2003) recommends practitioners perform at least 80 cardiac surgical cases 
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annually, at least 40 of which should be open-heart procedures for infants or 
neonates. Institutions should perform at least 300 cardiac surgical cases annually, at 
least 80 of which should be open-heart procedures for infants or neonates. [unable to access 
original document] 

• The European Association for Cardiothoracic Surgery (2003) recommends 
practitioners perform at least 125 congenital cardiac procedures annually and that 
institutions perform at least 250 congenital cardiac procedures annually, at least 100 of which 
should be infant and neonatal cases. [unable to access original document] 

 

2.5.5 Information specific to surgeon volume/experience and outcomes 

The focus of this report was the relationship between hospital volume of paediatric cardiac surgery 

and patient outcomes, but some material was available on the association between surgeon 

volume/experience and outcomes.  

Specific to surgeon volume and paediatric cardiac surgery, the evidence included three reviews and 

two recent primary studies. (Note: A separate search was not conducted for material on this topic.) 

2.5.5.1 Reviews 

• Preston et al (2015):15 This rapid review (of evidence of Level II to IV studies) commented on the 

literature related to surgeon volume and outcome. Four studies were identified up to 2012. Of 

these, two found higher surgeon volume was associated with lower patient mortality; one found 

higher surgeon volume decreased mortality for only one of four complex conditions; one found 

no association between surgeon volume and outcomes. 

• Pieper et al (2014):36 A systematic review (of evidence of level III-3 studies) examined the effects 

of surgeon volume (among other factors) on outcomes of the Norwood procedure (performed in 

babies for hypoplastic left heart syndrome [HLHS]). In their search to March 2013, the four 

studies examining surgeon volume were the same primary studies reported by Preston et al 

(2015)15 These authors also concluded that the results for surgeon volumes versus outcome were 

heterogeneous.  

• McAteer et al (2013):14 A systematic review (of evidence of Level III-3 studies) examined the 

influence of surgeon experience, hospital volume and specialty designation on outcomes in 

various types of paediatric surgery. Of the 63 studies identified in their search to April 2012, 14 

(22%) focused on paediatric cardiac surgery. Only one of the 14 studies (Hannan et al 199837) 

looked at surgeon experience, and a positive correlation was found linking doing more cases with 

favourable outcomesii 

2.5.5.2 Primary studies (Evidence level III-3) 

• Anderson et al (2017):38 This USA national study examined the association between surgeon age 

and experience and CHD surgery outcomes. The study used 2010–2014 linked data from several 

                                                           
ii In the Hannan et al (1998)37 study, surgeons with annual volumes ≤75 cases had significantly higher mortality rates (8.8%) 
than did surgeons with annual volumes of 75+ (5.9%). 

 



CHAPTER 2 

 

NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES      51 

large databasesiii to examine associations between surgeon years since medical school graduation 

and mortality or major morbidity in patients.9, 38 Included were 206 surgeons from 91 centres 

who collectively performed approximately 63,000 CHD operations. Median time since graduation 

for the surgeon cohort was 25 years and mortality or major morbidity occurred in 12% of cases. 

In multivariable analyses, the risk-adjusted odds of major morbidity/mortality were similar for 

early career surgeons (<15 years from medical school, <40 years old); mid-career surgeons (15–24 

years since medical school, 40–50 years old); and senior surgeons (25–35 years since medical 

school, 50–60 years old); however, the risk-adjusted odds of major morbidity/mortality were 25% 

higher for very senior surgeons (35–55 years from medical school, 60–80 years old). Anderson's 

analysis further stratified surgeons by case volume and observed no significant interaction of 

volume and experience. Indeed, surgeons conducting <80 procedures per year performed as well 

as those with a caseload over 152 procedures per year for the risk-adjusted odds of major 

morbidity and mortality. 

• Karamlou et al:39 Data came from the CHSD. The authors examined 2005–2012 outcomes for 

approximately 2,500 neonates at 84 centres who underwent arterial switch operation (ASO) for 

transposition of the great arteries. Their analysis adjusted for important patient characteristics 

and STS-defined preoperative risk factors. Regarding surgeon volume, 46% of 155 surgeons 

performed 0–2 ASO procedures/year, 48% performed 3–6, and 6% performed >6. Median annual 

surgeon volume for the ASO procedure was 2 (range, 0.1 to 11). For the composite endpoint of 

in-hospital mortality or major complications, the results for surgeon volume impact on outcomes 

showed that the adjusted odds ratios for surgeons with fewer (n=1) versus more (n=6) annual 

cases was 2.2 (95% CI, 1.4 to 3.3). 

 

Summary of the evidence on surgeon experience/volume versus outcomes: 

Three reviews specific to paediatric cardiac surgery did not demonstrate a 

consistent link between surgeon volume and outcome. In terms of recent 

primary studies, a linked database study showed that the likelihood of major 

morbidity or mortality was not influenced by a surgeon’s years since medical 

school graduation, except for poorer outcomes for very senior surgeons. 

However, a second study suggested that higher volume surgeons achieved 

more favourable outcomes in terms of an outcome measure bundling in-

hospital mortality and major complications. 

 

                                                           
iii Linked data came from the STS-CHSD and the American Medical Association (AMA) Physician Masterfile. Founded in 1994 
to support quality improvement and patient safety, the STS-CHSD is the largest CHD surgery registry in the world. It includes 
data on close to 500,000 surgeries (November 2018) conducted at most CHD surgery centers in Canada and the USA as well 
as India, Israel and Singapore. When reporting multi-institutional aggregate data, the database includes only data from the 
119 participating institutions in the USA and Canada (Anderson et al 201738, Jacobs et al 200649). 
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2.5.6 Measures of complexity and mortality 

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

Congenital Heart Surgery (STAT) Mortality Categories have a high degree of discrimination for 

predicting mortality associated with congenital heart surgery3. This article outlines how technical 

difficulty of individual procedures has been integrated in the tool’s development and the association 

with mortality rate.3 The STAT Mortality Categories have demonstrated utility as a complexity 

stratification tool that facilitates analysis of outcomes across a wide spectrum of congenital heart 

surgery operations and is one of the three methods of procedural complexity stratification used by 

the STS-CHSD.3, 50, 51  

2.5.7 Is there a minimum surgeon volume for optimal CHD surgical 

outcomes? 

While the standards cited in the DLA Philips report34 (see Section 2.5.4 above) promote minimum 

volume for surgeons, these values should be a guide rather than a definitive requirement. More recent 

is the NHS Paediatric Congenital Heart Disease Standards published in 200612 which state that: 

• All paediatric cardiac surgical cases must be carried out by a specialist congenital cardiac 

surgical team with expertise and experience in paediatric cardiac disease. 

• Congenital cardiac surgeons must work in teams of at least four surgeons, each of whom 

must be the primary operator in a minimum of 125 congenital heart operations per year (in 

adults and/or paediatrics), averaged over a three-year period. 

o However, the basis of these recommendations presented in the NHS standards could 

not be verified. 

 
The evidence identified in this review is equivocal, but a volume/outcome relationship is apparent 

that interacts with experience especially for a procedure of a STAT3 mortality score as highlighted by 

Karamlou et al (2014).39  Further, care of a CHD patient is a multidisciplinary effort that may confound 

the evaluation of the surgeon/volume effect. The National Congenital Heart Disease Audit in the 

United Kingdom has collected data on over 120,000 therapeutic paediatric and congenital 

cardiovascular procedures since the year 2000 to assess patient outcomes. In their audit report of 

201911 they state that the case volume is not the only factor impacting good outcomes; other issues 

to consider include sustainability of the services, the number of support staff, the infrastructure 

needed and the frequency of on-call commitments. Rostering for 24/7 cover is a key in delivering high 

quality care. The National Health Service England have published standards (2016)12 which 

recommend ‘full 24/7 emergency service within compliant rosters including 24/7 paediatric surgery 

and interventional cardiology cover’. They further recommend a team of a least four surgeons, with 

each being the main operator in 125 cases per year, averaged over a 3-year period. Further, for case 

management they state the importance of having a specialist multidisciplinary team which meets 

weekly. The standards also provide guidance on the transition of children to adult services through a 

seamless pathway. 
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 DISCUSSION 

The objective of this rapid review was to identify recent evidence on the relationship between centre 

or surgeon volume and paediatric cardiac surgery outcomes. Based on the included evidence, there 

appears to an inverse curvilinear and independent association between volume and outcome for 

surgical centres. Similarly, a volume/outcome relationship was identified for surgeons; however, this 

is not a simple relationship with potential for significant interaction with the performance of the 

overall care management and institution characteristics. Overall, the recent evidence identified for 

this review broadly agrees with early findings. 

The association between centre volume and reduced surgical mortality has been a primary driver of 

regionalisation and centralisation of CHD services. Indeed, in a 2002 simulation study using hospital 

discharge data of 65 Californian hospitals for 1995–1997, Chang et al (2002)40 demonstrated that the 

theoretical transfer of CHD patients from low or medium volume centres to high volume centres 

reduces the odds of 30-day mortality. Chang proposed that a decrease in the number of hospitals 

performing CHD from 20 to 5 would eliminate 80-plus avoidable deaths.  

The primary object of focusing on high-volume centres is to improve CHD surgery outcomes. However, 

the volume parameter is only one of many factors to be considered when reviewing a CHD surgical 

service and used as a guide when considering service review. Indeed, when Oster et al (2011)41 

included prior hospital mortality rates in their risk-adjustment model, the impact of hospital volume 

failed to reach significance, especially for lower-risk surgeries. Oster et al suggested that in this 

scenario, low-volume hospitals may be achieving similar results to high-volume centres by instituting 

quality measures; for example, dedicated cardiac intensive care unit, standardised postoperative care 

and 24-hour in-house coverage.  

Indeed, in an editorial by Gauvreau42 from Harvard Medical School, the simplicity of a direct surgical 

volume-outcome relationship was questioned; that is:  

Whether a volume-outcome relationship exists or not, most studies of paediatric cardiac 

surgery and other complex surgical procedures have noted that the trend for lower risk of 

death at larger institutions is not universal; wide variation has been observed. Some large 

institutions have higher-than-expected mortality rates, and many small institutions have 

lower-than-expected rates. This suggests that high surgical case volume may be a 

surrogate or proxy for aspects of care that are more likely to be provided at larger centres 

but are not necessarily exclusive to these centres. In this case, institution-specific risk-

adjusted outcomes would be more informative than any simple volume threshold.  

Similarly, Bazzani and Marcin 43 used Californian data to reanalyse four earlier studies that supported 

the volume/outcomes relationship in this clinical area. They noted:  

The volume-mortality relationship among paediatric cardiac surgery patients has changed 

since previous research, such that the old models no longer describe a clear or consistent 

association. With the use of a continuous definition of volume and an updated model, an 

association is observed but is dependent on highly leveraged covariate patterns found in 

the largest-volume hospital. 
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In a primary study in Minnesota, Vinocur et al 19 found that in moderate- and higher-risk operations, 

centre-specific effects (volume-independent) were more important than volume alone for predicting 

postoperative mortality. The authors noted that institutional excellence in surgical management is not 

entirely mediated through surgical volume, but also other unmeasured centre characteristics. In their 

words:  

Low-risk operations are safely performed at centers in all volume categories, whereas 

regionalization or other quality improvement strategies appear to be warranted for 

moderate- and high-risk operations. Potentially preventable mortality occurs at centers in 

all volume categories studied, so referral or regionalization strategies must target centers 

by observed outcomes rather than assume that volume predicts quality. 

Summary points from Vinocur et al (2013):19 

• Overall, mortality after paediatric cardiac surgery has declined substantially over the past few 

decades.  

• Mortality remains an important endpoint for higher-risk operations, but new endpoints should be 

developed and validated across the spectrum of paediatric cardiac operations. 

• Centre-specific variation exists even after risk adjustment, suggesting that some postoperative 

mortality is preventable, but the institutional volume only partially explains this variation.  

• It may be better to identify the factors responsible for volume-independent centre-specific 

variation and deploy them broadly to improve outcomes at centres of all sizes. 

Karamlou et al (2014)39 presented data that show low-volume surgeons and hospitals that provide 

excellent care and, conversely, high-volume surgeons and centres that provide relatively poor care. 

These authors also explored the impact of surgeon and hospital volume entered together in the risk-

adjustment models. With the addition of surgeon volume, the impact of hospital volume was lessened, 

and the relationship between hospital volume composite mortality and morbidity outcomes was no 

longer statistically significant. Further, the management of postoperative complications may influence 

the observed mortality in low-volume centres. While the 2012 study by Pasquali et al (2012)20 reported 

similar postoperative complications rates for hospitals with <150 compared with >350 cases/year, the 

mortality due to postoperative complications was higher in the low volume hospitals. While these 

studies focus on higher risk cases, Pasquali et al in their 20206 article reported that the largest 

variability in mortality was for lower-risk cases (STAT 1-3) thus outcomes should be carefully 

monitored across all patient groups. 

To achieve appropriate volumes to optimise surgical outcomes there has been a drive to 

centralisation/regionalisation of care—particularly for high-complexity lesions. However, it has been 

observed that such strategies will undoubtedly limit access to care for some patients, impose 

socioeconomic hardships on families and potentially lead to treatment delays.39, 40 

Other practical ‘downsides’ to focusing on high-volume surgical centres (i.e. regionalising paediatric 

cardiac surgery) were presented by Backer et al (2020)44 based on the volume/outcome argument in 

a USA context:  
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A cardiovascular (CV) service requires a comprehensive hospital practice that must run 24/7 year-

round. This includes elective, urgent and emergent care services. All other elements and specialties of 

the hospital system (e.g. radiology, laboratories) must always be available.  

• A CV service line connects all components of a hospital system and, in general, is a high-

revenue source for a hospital system. These services often support underfunded but 

important service lines, particularly at children’s hospitals. Models to maintain support for 

underfunded services would be required.  

• Regarding physician training, not every medical school would have a CHD surgery program. It 

would be necessary to develop a system to provide training in paediatric cardiology and 

cardiac surgery at medical schools that may no longer have a clinical program.  

Critical to interpreting volume data is the overall contribution that this factor has on observed 

variations in performance. Indeed, when reviewing the association for either an individual procedure 

or across multiple procedures, the contribution of volume as an independent variable may be 

relatively small and appears to be self-limiting.30, 31 In contrast, patient factors, procedure and centre 

factors may have a significantly greater impact on the outcome and service quality. However, as stated 

in the submission by the Society of Cardiothoracic Surgeons of Great Britain and Ireland to the 

Paediatric Forum of the RCS (UK), ‘There is no scope for occasional practice in paediatric cardiac 

surgery.’52 This is reflected in the NHS standards and specifications for CHD that for Specialist 

Children's Surgical Centres states ‘Congenital cardiac surgeons must work in teams of at least four 

surgeons, each of whom must be the primary operator in a minimum of 125 congenital heart 

operations per year (in adults and/or paediatric), averaged over a three-year period.’ 
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2.6.1 Case study – Montreal paediatric cardiac services 

To further consider volume and outcome, a case study was conducted on the paediatric cardiac 

services in two metropolitan hospitals in Montreal as an illustration of services across two city sites. It 

should be noted, however, that in Canada there is a direct and close link between the hospital and 

university. Additionally, in Quebec there is an additional factor of English and French languages for 

services.  

 

 

MONTREAL PAEDIATRIC CARDIAC SERVICES 
Two children’s hospitals, each closely associated with a university: 

• Montreal Children’s Hospital (MCH), associated with McGill University Health Centre 
(MUHC) being one of several hospitals in this complex; the adult centre is now co-located 
(Glen Site Royal Victoria Hospital)  

• CHU Sainte-Justine (CHU-SJ), mother and child university hospital centre associated with 
the Université de Montréal 
 

Both offer a full range of services, including transplant and ECMO, and act as virtually two 
independent services 

 

MCH 
Since 2014, two paediatric cardiac surgeons 
 
Current CPB case estimate: 80–100 paediatric + 25 adult CHD per year 
 
CHU-SJ 
One active surgeon, with help from two other surgeons part-time (one from MCH and other is semi-
retired) 
 
Current CPB case estimate: 120–150 paediatric per year 
Adult CHD done at Montreal Heart Institute, 11km away – 45 CPB cases per year 
 
Other comments: 
Importance of both sites collecting into the same database  
  
In USA different, where commonly one dominant centre and then a satellite program 
 

No peer review published data on overall outcomes from these Montreal hospitals was identified. 

However, these centres are involved in large databases and international collaborations which 

regularly report outcome data on a large scale. 
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 CONCLUSIONS 

The primary purpose of this report on paediatric cardiac surgery was to present recently published 

information on the relationship between surgical volume and patient outcomes. Recent evidence is 

mainly confirmatory of that published before 2016 that supported a volume/outcome relationship, 

but the situation is complex. The evidence gathered for this report was not consistent; the level of 

evidence of included studies in this rapid review is Level III-3 or lower, which is dominated by 

retrospective analysis of data derived from large databases/registries or retrospective case series. 

 In particular, while recent primary studies generally supported the volume/outcome relationship, the 

secondary research found in reviews looked more broadly, considered influencing factors beyond 

strictly surgical volume, and did not accept a simple and straightforward relationship. This complexity 

of procedures was another key factor reported in the evidence related to surgeon volumes and patient 

outcomes.  Additionally, other factors such as appropriate rostering and resourcing, as well as 

multidisciplinary team care also contribute to a high-quality patient centred service.  

 REPORT LIMITATIONS IDENTIFIED AFTER EXPERT REVIEW 

Three independent academic physicians with expertise in paediatric cardiac surgery/cardiology 

reviewed a draft report and provided comments that they suggested listing in a limitations section.  

The context was that this report was written as a rapid evidence review and was completed over 

several weeks; a single reviewer conducted the literature appraisal; only one academic database 

(Medline/PubMed) was queried (English-language articles only, limited to recent publications); and 

no formal quality assessment of included studies and reviews was done. 

Expert comments: 

• Reviewer #1: the current report’s PICO specified that the included population for this report was 

children receiving CHD surgery. The reviewer believed it would have been preferable to include 

any intervention or procedure for CHD including interventional catheterisation. Likewise, it would 

also have been ideal to divide patients into complex and non-complex CHD. 

- Author’s response: While we see the merit of this advice, the commission was to evaluate new 

evidence on the relationship between volume and surgical outcomes. As such, interventional 

catheterisation was out of scope and extending to this intervention would have required a new 

literature search to identify relevant evidence. 

• Reviewer #1: the current report’s PICO specified that the included outcomes were in-hospital 

mortality (same hospitalisation), postoperative complications and in-hospital mortality in patients 

with complications. The reviewer believed that outcomes should have included longer-term 

survival and complications or morbidities such as postoperative ECMO or unplanned reoperations 

or acute neurological events. 

- Author’s response: The six included studies were revisited. Unfortunately, no studies reported 

longer-term outcomes with all focusing on in-hospital mortality (aside from one study that 

looked at deaths on the waitlist) (TABLE 23). 
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TABLE 23: THE SIX INCLUDED PRIMARY STUDIES WITH OUTCOMES REVIEWED 

LEAD 

AUTHOR 

(YEAR); 

COUNTRY 

STUDY FOCUS RESULTS ALREADY  

IN THE REPORT   

(IN BRIEF) 

ADDITIONAL  

LONGER-TERM RESULTS 

Barrett 

(2017);28 USA  

ECMO volume, surgical 

volume and mortality in 

patients that required ECMO 

support 

In-hospital mortality rate for 

the entire cohort was 3%; 

centres with higher cardiac 

surgical volume had fewer 

ECMO complications 

Nothing to add. The survival 

outcomes were limited to in-

hospital  

Bhatt  

(2018);29 USA 

Effect of hospital volume on 

percutaneous closure of ASD 

in paediatric patients 

No deaths; complication rate 

11.5% (cardiac most common 

at 9.6%) 

Nothing to add. Outcomes 

reported were in-hospital; no 

data on mid- and longer-term 

follow-up 

Kansy  

(2018);30 5 EU 

countries plus 

USA 

Association between annual 

centre volume of neonatal 

cardiac surgery for CHD and 

operative mortality  

Annual volume of operations 

was an independent risk 

factor for operative mortality 

(among other risk factors) 

Nothing to add. Outcomes 

were limited to those in 

hospital  

Lahiri  

(2020);31 USA 

Association between TAPVR 

repair and hospital surgical 

volume 

Institutional surgical volume 

remained significant in 

multivariate analysis with an 

odds ratio per increase in 

surgical volume of every 10 

patients of 0.93 

Nothing to add. Mortality was 

defined as death before 

hospital discharge 

Rana  

(2017);32 USA 

For heart transplant, to 

investigate case volumes and 

waitlist and post-

transplantation outcomes 

Likelihood of post-transplant 

death was higher at low-

volume centres (HR 1.27, 95% 

CI: 1.0–1.6) 

Nothing to add. The primary 

outcome was waitlist death 

Sakai-Bizmark 

(2019);33 USA 

Assessment of USA 

regionalisation trends and 

outcomes in paediatric 

cardiac surgery  

Mortality decreased over 

time but remained higher in 

low- and medium-volume 

hospitals; high-volume 

hospitals had lower odds of 

mortality and cost 

Nothing to add. Outcomes 

were in-hospital death, 

hospitalisation cost and LOS 

Notes: 
ASD = atrial septal defect, CHD = congenital heart defect/disease, ECMO = extracorporeal membrane oxygenation, HR = 
hazard ratio, LOS = length of stay, TAPVR = total anomalous pulmonary venous return. 

• Reviewer #2, specific comments (provided without supporting citations):  

(a) From the presentation of studies and reviews: 
o There is a ‘sweet spot’ for the number of cases above which further increase in case volume 

has limited impact on outcomes (estimated to be 250–300 cases a year). 
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o Published data appear to also support the volume/outcome relationship for ECMO, 

percutaneous ASD closure and heart transplant. 

o Low-volume centres can produce excellent results, but program sustainability is a concern. 

o There is no research examining a parent’s perspective on the volume/outcome relationship 

in this era of family-centred care.  

o In general, it is acknowledged that, beyond surgical volume, other factors influence 

outcomes; however, identification of these factors is elusive; that is, there is no evidence 

specifically examining these other factors and their influence on outcomes. This means that 

the only modifiable factor within our control remains the number of operations performed 

by the surgical team. 

• Reviewer #2, comments specific to the literature on surgeon volumes and outcomes:  

No studies included risk stratification in the analysis. The complexity of the operation directly 

influences outcome; that is, in a given unit, more experienced surgeons are expected to take on 

the more complex cases (that are expected to have worse outcomes). Without appropriate risk 

modelling their results are likely to be interpreted as being ‘worse’ than their less experienced 

colleagues. 

- Author’s response: the study by Anderson et al addressed the impact of experience on 

surgical outcomes and concluded that except for very senior surgeons, surgical 

performance was equivalent across a spectrum of experiences. Anderson et al attributed 

this to case-mix variations with the less experienced surgeons performing procedures of 

low complexity. 38 

• Reviewer #2, in response to a phrase in the Discussion section, ‘institution-specific risk-adjusted 

outcomes would be more informative than any simple volume threshold.’ Reviewer’s comment: 

Performing only lower risk operations at one centre disadvantages the other centre enormously, 

especially if the two centres are geographically close to each other. 

- Author’s response: reviewer #2 cites a quotation from the 2007 editorial by Gauvreau. 42 

The included evidence in this review addresses this concern with multivariate analyses 

reported to isolate volume as an independent variable. 

• Reviewer #2 referring to the Conclusions section: Beyond outcomes, program sustainability is a 

critical element that must be taken into consideration while configuring models for delivery of care. 

Also, elements of care such as ECMO impose a significant out-of-hours burden that has major 

implications for sustainability. 

- Author’s response: We agree that simply using volume as the primary driver for service 

review is inappropriate and factors other than volume should be considered. This has been 

emphasised in the report but a detailed analysis of other drivers of outcomes and their 

impact on sustainability were beyond the scope of this commission.  
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 APPENDIX 1: OVID MEDLINE SEARCH STRATEGY (16 JULY 2020) 

# Searches Results 

1 exp Child/ or exp Infant/ or *Hospitals, Paediatric/ or exp *Paediatrics/ 2484838 

2 (adolescenc* or adolescent? or child* or ((elementary or pre-school* or preschool* or 

school*) adj5 (age? or student?)) or infant? or infanc* or neonat* or new-born* or 

newborn* or paediatric* or paediatric* or peri-nat* or perinat* or teen? or teenage* or 

teen-age*).ti. or children*.in. 

1676559 

3 (("1" or "2" or "3" or "4" or "5" or "6" or "7" or "8" or "9" or "10" or "11" or "12" or "13" or 

"14" or "15" or "16" or "17" or "18" or "19" or "20" or "21" or "22" or "23" or "24" or "25" 

or "26" or "27" or "28" or "29" or "30" or "31" or "32" or "33" or "34" or "35" or "36" or 

"37" or "38" or "39" or "40" or "41" or "42" or "43" or "44" or "45" or "46" or "47" or "48" 

or "49" or "50" or "51") adj2 week? adj old*).ti,ab. 

34206 

4 (("1" or "2" or "3" or "4" or "5" or "6" or "7" or "8" or "9" or "10" or "11" or "12" or "13" or 

"14" or "15" or "16" or "17" or "18" or "19" or "20" or "21" or "22" or "23" or "24") adj2 

month? adj old*).ti,ab. 

57950 

5 (("1" or "2" or "3" or "4" or "5" or "6" or "7" or "8" or "9" or "10" or "11" or "12" or "13" or 

"14" or "15" or "16" or "17" or "18") adj2 year? adj ("of age" or old*)).ti,ab. 

224350 

6 or/1-5 3159377 

7 exp *Cardiac Surgical Procedures/ or *Thoracic Surgery/ or exp *Cardiovascular Diseases/su 336097 

8 (((cardiac* or cardio-thoracic* or cardiothoracic* or heart*) adj (service? or surgeon? or 

surgeries or surgery or surgical*)) or (critical* adj cardiac disease?)).ti. 

30038 

9 ((arterial switch operat* or cardiac valve annuloplast* or mitral valve annuloplast* or 

cardiomyoplast* or induced heart arrest or deep hypothermia induced circulatory arrest or 

heart bypass* or fontan procedure? or heart massage? or ((cardiac* or heart*) adj2 (graft* 

or transplant*)) or (heart valve adj2 implant*) or (transcatheter aortic valve? adj replace*) 

or maze procedure? or myocardial revascularization or balloon coronary angioplast* or 

coronary atherectomy or coronary artery bypass* or transmyocardial laser 

revascularization or norwood procedure? or fontan procedure? or pericardial window 

technique? or pericardiectomy or pericardiocentesis) and (surgeon? or surgeries or surgery 

or surgical*)).ti. 

8052 

10 ((cardiac* or congenital* or heart?) adj (abnormalit* or disease? or heart defect? or 

malformation?) adj5 (surgeon? or surgeries or surgery or surgical*)).ti. 

2525 

11 or/7-10 344526 

12 *Centralized Hospital Services/ or exp *Health Facility Size/ or *Hospitals, High-Volume/ or 

*Hospitals, Low-Volume/ or *Regional Health Planning/ or exp *Cardiac Surgical 

Procedures/st, mo or *Outcome Assessment, Health Care/ 

42734 

13 (capacit* or ((high* or low*) adj volume?) or regionalis* or regionaliz* or size? or 

((centralis* or centraliz* or transition* or unified) adj2 service?) or variability or variation? 

or volume?).ti,ab. 

2933024 

14 or/12-13 2968959 

15 6 and 11 and 14 6763 

16 exp animals/ 23307284 

17 exp animal experimentation/ or exp animal experiment/ 9435 

18 exp models animal/ 568150 

19 exp vertebrate/ or exp vertebrates/ 22647072 

20 or/16-19 23309227 
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# Searches Results 

21 exp humans/ 18589292 

22 exp human experimentation/ 12448 

23 or/21-22 18589946 

24 20 not 23 4719905 

25 15 not 24 6656 

26 limit 25 to (english language and yr="2016 -Current") 1335 

 

Grey literature search – terms used: 

(children OR paediatric OR pediatric) (cardiac disease OR heart disease OR cardiac surgery OR heart 

surgery) (centre OR center OR hospital OR institution OR service) (capacity OR centralisation OR 

centralization OR regionalisation OR regionalization OR transition OR unified OR variability OR 

variation OR volume) 
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 SUMMARY 

OBJECTIVE: This rapid review report explores advances in prenatal imaging to identify fetuses with 

CHD sooner than what is the current norm for testing, enabling earlier decision-making for parents 

and healthcare providers. 

METHODS: A Medline search (11 October 2020) identified relevant English-language publications 

from 2016 onwards, and grey literature and internet searches added information. One author selected 

and assessed relevant articles and prepared the report. The Level of Evidence for included studies was 

assessed using those published by the NHMRC (2009).10 

INTRODUCTION: For low-risk pregnant women, the imaging policy in many countries, including 

Australia, includes an ultrasound scan in the first trimester to confirm gestational age and detect 

multiple pregnancies, followed by a second trimester ‘anatomical’ ultrasound scan at 18 to 22 weeks 

to identify or rule out anomalies. Abnormal fetal heart images promptly trigger fetal 

echocardiography, a specialised diagnostic imaging procedure ideally performed by 22 weeks 

gestation. The 18-to-22-week timing of the imaging occurs to capture a ‘sweet spot’—late enough to 

ensure fetal organs can be imaged accurately but early enough to allow for planning decisions if 

abnormalities are detected. However, although fetal echocardiography can confirm or rule out CHD 

in many cases, its sensitivity and specificity are not 100% and a number of babies are born with 

undiagnosed CHD. 

FINDINGS: Technology advancements and innovations to diagnose fetal CHD in the first trimester 

were explored. The majority of evidence available was Level IV.10  The move to earlier diagnosis of 

CHDs focuses primarily on: (a) moving fetal echocardiography to the first trimester (i.e. earlier than 

14 weeks gestation); and (b) advanced imaging technologies such as 3D/4D ultrasound. First trimester 

echocardiography shows promise with studies suggesting that the 13th week is optimal. 3D/4D 

ultrasound has advocates, although its widespread clinical application is limited due to factors such as 

a need for specialised transducers, sophisticated algorithms and technical expertise, plus resolution 

concerns and a substantial learning curve. The use of tele-echocardiography is expanding imaging 

options for women who are distant from advanced technologies, and fetal MRI is being explored, 

although may not currently be practical.  

CONCLUSIONS: For parents’ decision-making purposes, first trimester diagnosis of fetal CHDs is 

optimal compared to current 18-to-22-week timing. First trimester echocardiography shows promise, 

as does 3D/4D ultrasound, although it is not clear that either has seen substantial adoption.   

 REPORT OBJECTIVE 

This rapid review report explores whether advances in prenatal imaging can identify fetuses with CHD 

sooner than what is the current norm for testing, enabling earlier decision-making for parents and 

their healthcare providers. 
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 METHODS 

An experienced health information specialist designed an Ovid Medline literature search strategy that 

was run on 11 October 2020. The search strategy (Section 3.8, Appendix 1) was limited to English-

language articles published from 2016 onwards. Grey literature and internet searches also captured 

information. One author reviewed the search results, selected relevant studies and prepared the 

report.  

 INTRODUCTION 

3.4.1 Congenital heart defects/disease 

Congenital heart defects (CHDs) can range from simple to complex and can occur alone or in groups, 

depending on how the heart has developed,17 see BOX 1 page 41 for examples of CHD conditions. 

CHDs are the most common birth defects with a reported prevalence of between 4 to 12 per 1,000 

liveborn infants.53 Moderate to severe forms of CHD account for 20% - 30% of cases; these are 

associated with unfavourable prognoses, including high rates of mortality and disability.54 Imaging in 

a ‘routine’ pregnancy (with a focus on CHDs).  

Most affected children will be born to mothers with no identifiable risk factors for CHD 55. Although 

routine ultrasound scans performed in the first trimester may pick up cardiac abnormalities, the 

current thinking is that anomalies may not be diagnosed with certainty 56. At the present time, the 

following routine imaging is suggested, although this may change with advances in technology as 

discussed in Literature Review Results (3.5). 

3.4.2 First trimester ultrasound  

The first trimester is considered to span from 0 to 13 weeks 6 days.57 For a routine pregnancy, the 

2019 clinical practice guidelines issued by the Australian Government Department of Health suggest 

an ultrasound scan in the first trimester (between 8weeks and 13 weeks and 6 days weeks) to 

determine gestational age, detect multiple pregnancies and accurately time subsequent fetal anomaly 

screening. This timeframe overlaps with the timing of assessment of nuchal translucency thicknessiv 

as part of testing for fetal chromosomal anomalies (11 to 13 weeks and 6 days), and this overlap may 

enable some women to have a single first trimester scan for both tests.59 

3.4.3 Second trimester anatomical ultrasound  

A gestational age of 18 to 22 weeksv is the most common time to perform a second trimester 

ultrasound scan for fetal structural conditions in a low-risk pregnancy.56, 59, 61 Although much organ 

development has occurred weeks earlier, this time interval was traditionally believed to be the optimal 

balance of resource utilisation, technologic limits in imaging, previous knowledge of fetal organ 

development, pregnancy options and maternal factors.62 

                                                           
iv Major cardiac defects will be detected in 1 in 16 fetuses with NT above the 99th percentile (≥3.5 mm) (Pham & Melchior 
2017).58 
v Some sources say timing should be 18 to 20 weeks unless there is an indication for one earlier; for example, McLaughlin 
et al. (2016)60 citing the AIUM, the American College of Radiology, and the American College of Obstetrics and Gynecology. 
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When assessing the fetal heart at this point, guidelines from the Australasian Society for Ultrasound 

in Medicine (ASUM) specify the following cardiac assessments: motion, position, axis, four chambers, 

intraventricular septum, foramen ovale, and the mitral and tricuspid valves. For the great vessels, the 

following are specified: left and right ventricular outflow tracts, aortic arch and ductus arteriosus.61 

Detection rates can be impacted by technical factors such as machine capability and sonographer 

experience plus patient factors such as fetal number and increasing maternal body mass index (BMI).56 

Current guidelines recommend a minimum of three views for detecting CHD (although a recent 

economic model has shown that screening with five axial views is a cost-effective strategy that may 

lead to improved outcomes).63  

3.4.4 Second trimester cardiac echocardiography  

An abnormal cardiac screen on an anatomical ultrasound examination is predictive of CHD, and follow-

up with fetal echocardiography is recommended. Fetal echocardiography is broadly defined as a 

detailed ultrasound evaluation that is used to identify and characterise heart anomalies before 

delivery. This specialised diagnostic procedure visualises the heart chambers and outflow tracts and 

will detect 60% to 80% of cardiac defects.58, 64 Fetal echocardiography is commonly performed at 18 

to 22 weeks gestation, although some cardiac structures may be better visualised before or after this 

period.64 

Fetal echocardiography is indicated in the presence of fetal and maternal factors. Fetal factors 

include:64, 65  

• suspected cardiac structural anomaly 

• suspected abnormality in cardiac function 

• persistent fetal tachycardia or bradycardia or suspected heart block 

• major fetal extracardiac anomaly 

• NT ≥3.5 mm or ≥99th percentile for gestational age 

• chromosomal abnormality 

• hydrops (large amounts of fluid built up in the fetal tissues). 

Some maternal factors include:58, 64  

• first-degree relative with CHD (parents, siblings or prior pregnancy) 

• systemic disease (e.g. diabetes, lupus) 

• in vitro fertilisation 

• exposure to teratogens 

• familial inherited disorders (e.g. Marfan syndrome). 

The accuracy of fetal echocardiography varies depending on the type of defect; for example, being as 

high as 86% in single ventricle defects such as hypoplastic heart syndrome and lower at 28% in 

transposition of the great arteries and 13% for total anomalous pulmonary venous return.66 

Limitations include placental position, uterine fluid volume, fetal position, maternal obesity and the 

presence of multiple fetuses. In addition, atrial septal defects (ASDs) and patent ductus arteriosus are 

vital structures while a fetus is in utero and their closure cannot be predicted by fetal 
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echocardiography. Some lesions remain a diagnostic challenge even in the hands of an experienced 

fetal echocardiographer, such as coarctation of the aorta and progressive valvar abnormalities.55 

Given the utility of detailed fetal echocardiography in identifying cardiac abnormalities, there have 

been suggestions to use this technology as a screening tool to increase the antenatal detection rate 

of CHDs in low-risk women. However, according to authors from the UK, current evidence points to 

high cost as well as a false positive rate of around 5% that might lead to undue parental anxiety.67 

3.4.5 Rate of prenatal CHD diagnosis 

The rate of fetal diagnosis of CHD is affected by the type of cardiac lesion, ultrasound practice and 

training of the examiner, with other possible factors being maternal obesity, maternal socioeconomic 

status, ethnicity and geographic region of care.68 The reported rates of fetal diagnosis of CHD vary 

greatly among regions and institutions with a number of cases being missed prenatally, although 

prenatal diagnostic rates have been improving over time (Figure 1). 

FIGURE 1: PRENATAL CHD DETECTION RATES IN THE UK, 2003 TO 201469 

 

Review of a national USA database capturing data for about 31,000 infants who underwent CHD 

surgery at 91 centres reported a prenatal diagnosis rate of CHD of 26% in 2006, increasing to 42% in 

2012 68. A review of data from the International Clearinghouse for Birth Defects Surveillance and 

Research (15 participating birth defect surveillance programs from 12 countries in Europe, North and 

South America, and Asia) assessed international trends and patterns of prenatal diagnosis of critical 

congenital heart disease (CCHD) (Figure 2).70 Data were drawn from reports of live births, stillbirths 

and elective terminations of pregnancy for 12 selected CCHDs reported from 2000 to 2014 (n=18,243). 

Critical CHDs were prenatally detected for at least 50% of the cases in one-third of the programs but 

this varied from 13% in Slovak Republic to 87% in some areas in France. Surveillance programs in the 

two countries that do not legally permit terminations of pregnancy (Argentina and Malta) tended to 

have higher live birth prevalence of critical CHDs. 



CHAPTER 3 

 

 

NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES      67 

FIGURE 2:  PROPORTION PRENATALLY DIAGNOSED AND PROPORTION OF LIVE BIRTHS AMONG ALL 
CRITICAL CHD CASES BY PROGRAM, 2000 TO 201470 

 

3.4.6 In utero procedures for CHD 

A steadily increasing number of fetal cardiac interventions has been performed as fetal therapy has 

become more widely available, although the global experience is still limited to a few hundred 

procedures.71 Such fetal cardiac interventions are only performed in a few specialised centres 

throughout the world, and these centres have joined forces to help each other evaluate and improve 

these still rare, complex and innovative procedures.72 This collaboration has resulted in the 

development of the International Fetal Cardiac Intervention Registry that aims to facilitate sharing of 

experiences, protocols, technical aspects and outcome data for fetal patients with CHD potentially 

amenable to intervention before birth.73 

A multidisciplinary team is involved in every step of the process, from the prenatal assessment and 

counselling, to surgery/intervention and finally to the postnatal care. Team members typically include 

perinatologists; fetal surgeons; fetal cardiologists; anesthesiologists; obstetricians; neonatologists; 

and support staff, such as social workers, bioethicists and spiritual support services. This requires a 

tremendous allocation of resources and expertise, and has led to the development of specialised fetal 

centres of excellence that can provide this care.60 

The purpose of fetal cardiac intervention is to disrupt the natural history of CHDs to prevent their 

progression while in utero. The aim of treatment is to improve haemodynamics, thus preventing 

cardiac damage and transformation of biventricular into univentricular circulation after delivery 74. 

The first procedures in the early 1990s included shunt placement for congenital tumours/aneurysms 

with pericardial effusion as well as valvuloplasties. In the early days, there were high rates of death 

before and after birth, but survival has improved over the past decade.74 

A systematic review of 29 studies published up to August 2015 (11 retrospective cohort and 18 case 

reports) assessed perinatal outcomes and intrauterine complications following fetal intervention for 
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CHD.74 The fetal mortality rate after pericardiocentesis and/or pericardioamniotic shunt placement 

was a mean of 29% across 24 studies and fetal mortality after aortic valvuloplasty was 31% across 3 

studies. Two other procedures were reported in one study each with mortality rates of 25% for 

pulmonary valvuloplasty and 14% for septoplasty. The authors’ conclusions were: ‘Until well-designed 

randomized controlled trials are available, we are unable to ascertain whether fetal cardiac 

interventions provide better, similar, or poorer outcomes than do cardiac procedures performed only 

after delivery.’ 

According to Canadian authors who are performing fetal cardiac interventions in Toronto, the main 

lesions that are potentially amenable to prenatal interventions are: (a) critical valvar aortic stenosis, 

(b) a severely restrictive atrial septum with severe left heart obstruction and (c) valvar pulmonary 

atresia with an intact ventricular septum. The Canadian authors’ treatment is percutaneous and 

carried out under local anaesthesia and intravenous sedation on outpatients. As of 2015, they had 

performed 31 procedures with a mean procedure-related fetal mortality rate of 14%, suggesting that 

‘even challenging interventions may now be performed relatively safely’.71 

3.4.7 Termination of pregnancy 

Once a prenatal diagnosis of CHD is made, counselling sessions could include the option of termination 

of pregnancy if it is appropriate.75 Early detection allows clinicians to counsel women/families and also 

gives them the opportunity to make informed decisions regarding the maintenance of pregnancy. A 

discussion of serious fetal anomalies will touch on pregnancy outcomes such as termination, and if 

this choice is made, early access is ideal for many reasons.76 

Women and their partners have been observed to value a short waiting time from the first suspicion 

of fetal heart disease to confirmation of diagnosis; delays in referral for further evaluation increase 

parental distress and may preclude the option of pregnancy termination.77 Data suggest that 

psychological recovery after termination of pregnancy for fetal malformation is better the earlier the 

diagnosis is made.78 

A study in France explored the prognosis of severe CHD,vi noting that prenatal diagnosis of the 

condition is controversial due to unclear benefits in terms of morbidity and mortality and issues with 

healthcare costs and organisation. The study compared one-year morbidity and mortality between 

prenatal and postnatal diagnosis groups of children with severe CHD. Study details included: 

• Overall, 322 cases of severe CHD were identified; 200 had a prenatal diagnosis and there 

were 97 (49%) terminations of pregnancy. 

• The most common diagnoses were univentricular heart defects (47%), severe valvular 

diseases (24%) and CHD associated with chromosomal anomalies (17%).  

 

In describing the context in France, the authors explained that termination is legally authorised for 

medical reasons until the end of pregnancy. Further, France has promoted fetal diagnosis since the 

early 1980s and has high rates of prenatal diagnosis. However, prenatal diagnosis and access to 

                                                           
vi Severe CHD was defined as defined as lethal cases, cases leading to medical termination of pregnancy, or children requiring 
surgery and/or interventional catheterisation and/or hospitalisation during their first year of life. 
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termination has not significantly modified the neonatal incidence of CHD in France, which remains 

similar to that of most other countries.79 

Women should be fully informed about access to termination of pregnancy, as well as time constraints 

and termination methods available at varying gestational ages, and these vary by jurisdiction.56 In 

Australia, policy around termination of pregnancy varies by state; for example, in New South Wales, 

termination can be carried out up to 22 weeks gestation but the procedure may be performed after 

22 weeks if 2 medical practitioners agree that a termination of pregnancy should be performed.80 

 LITERATURE REVIEW RESULTS 

A Medline search (Section 3.8, Appendix 1) identified 550 potentially relevant references from the 

year 2016 onwards. Of these, 40 references were selected as potentially relevant and reviewed in 

further detail. Additional references came from subsequent PubMed and internet searches and 

selective review of bibliographies of included articles. The NHMRC Levels of Evidence (2009)10 was 

used to assess levels of evidence in this rapid review. 

SUMMARY OF STUDIES – LEVELS OF EVIDENCE 10 * 

STUDY STUDY DETAILS EVIDENCE 

LEVEL 

Marques Carvalho et al (2008)81 Prospective cohort study 

Study of diagnostic yield (no reference standard) 

IV 

Yagel et al (2011)82 Retrospective cohort study 

Study of diagnostic yield (no reference standard) 

IV 

Adriaanse et al (2016)83 Narrative review Not applicable 

Adriaanse et al (2016)83 Narrative review Not applicable 

Dong and Zhu (2016)84 Narrative review Not applicable 

Lloyd et al (2016)85 A study of test accuracy with an independent, 

blinded comparison with a valid reference 

standard, among consecutive patients with a 

defined clinical presentation 

II 

Hutchinson et al (2017)86 Prospective cohort study 

Study of diagnostic yield (no reference standard) 

IV 

Jicinska et al (2017)87 Retrospective cohort study (prognostic data) III-3 

Quarello et al (2017)88 Prospective cohort study 

Study of diagnostic yield (no reference standard) 

IV 

DeVore et al (2017)89 Narrative review Not applicable 

Brown and Holland (2017)90 Retrospective cohort study 

Study of diagnostic yield (no reference standard) 

IV 

Hunter and Seale (2018)55  Narrative review Not applicable 

Gardiner (2018)69 Narrative review Not applicable 

Ebrashy et al (2019)91  Diagnostic case-control study (referenced against 

2nd trimester scans) 

III-3 

McBrien and Hornberger (2019)92 Narrative review Not applicable 
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STUDY STUDY DETAILS EVIDENCE 

LEVEL 

Chambers Gurson (2019)93 Narrative review Not applicable 

Espinoza (2019)94 Comment Not applicable 

Jabak et al (2020)95 Retrospective cohort study 

Study of diagnostic yield (no reference standard) 

IV 

Hu et al (2020)96 Prospective cohort study 

Study of diagnostic yield (no reference standard) 

IV 

Dong et al (2020)97  Retrospective cohort study (prognostic data) III-3 

Bolin et al (2020)98 Retrospective cohort study 

Study of diagnostic yield (no reference standard) 

IV 

*Levels of Evidence classified down to case series; narrative reviews and other reports not graded, and 

systematic and rapid reviews are graded according to the level of evidence of their included studies 

 

3.5.1 Studies of imaging development and innovation 

The focus of this section is on technology advancements and innovations that may allow the diagnosis 

of fetal CHD to occur earlier (first trimester or early second trimester) to enable earlier planning to 

occur, including the option of termination. Currently there can be a very narrow window between a 

CHD diagnosis made via the second trimester anatomical ultrasound at 18 to 22 weeks with follow-up 

fetal echocardiography, and a termination cut-off of 22 weeks in most cases. Also, although CHDs can 

be detected by prenatal imaging, many are missed and present at or following delivery. 

3.5.2 First trimester echocardiographyvii, viii 

There is a natural limitation in determining cardiac anatomy related to development of the heart itself. 

Developmental features such as delamination of valves and growth of the atrioventricular septum 

may make recognition of true pathology difficult before 13 weeks.69 Ultrasound can allow visualisation 

of the four-chamber view and outflow tracts of the heart in most fetuses after this time, whereas at 

11 weeks these structures can be seen in only 20% to 37% of fetuses.81, 99  

A number of catalysts are driving a move to first trimester diagnosis of CHD:86, 91, 92  

• Non-invasive testing such as first trimester nuchal translucency screening and early serum 

screening to assess aneuploidy risk has increased referrals for early imaging. 

• Parents and providers are requesting earlier assessment in cases such as pregnancies resulting 

from assisted fertilisation, those complicated by monochorionic twinning, increasing pregnancies 

among adults with a personal or strong family history of CHD exposure to teratogenic drugs. 

• Early diagnosis can provide reassurance to high-risk mothers with normal scans and can allow 

early counselling of parents about the prognosis of the anomalies detected; that is, it provides 

                                                           
vii The first trimester is considered to span 0 to 13 weeks and 6 day weeks (UCSF Health 202057) 
viii Note that assessing the efficacy of first trimester studies is reduced because termination of pregnancies and spontaneous 
fetal deaths reduce the ability to confirm abnormal first trimester ultrasound findings in later 
pregnancy or after birth (Gardiner 201869). 
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time for parents to come to terms with cardiac and associated extracardiac diagnoses and allows 

them to make informed decisions. 

• If a diagnosis of major fetal CHD is made and pregnancy termination is chosen, the procedure 

may be of less risk to the woman, both emotionally and physically. 

Four primary studies focused specifically on first trimester echocardiography for detailed examination 

of cardiac structures. Brief study details are included in Table 24. The four recent studies (2017 to 

2019) were carried out in Canada, the Czech Republic, France and Egypt.  

• The three prospective studies performed first trimester fetal echocardiography exams (plus colour 

Doppler when indicated) for pregnant women who had not been diagnosed with fetal issues. Study 

populations ranged from 202 women (Hutchinson et al 201786 (from Canada)) to 3,240 women 

(Ebrashy et al 201991 (from Egypt)), and scanning was carried out from 6 weeks gestation to about 

14 weeks. The Canadian and Egyptian studies specifically identified the 13th week as being the 

optimal time within the first trimester for early fetal echocardiography. 

• The retrospective study from the Czech Republic compared outcomes for fetuses diagnosed with 

CHD in the first versus the second trimester.87 Results showed that the proportions of various types 

of CHD differed between trimesters and pregnancy outcomes differed as well; that is, for the first 

trimester group there were more comorbidities, more intrauterine deaths and more terminations. 
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TABLE 24: STUDIES OF FIRST TRIMESTER ECHOCARDIOGRAPHY FOR ASSESSMENT OF THE FETAL HEART 

LEAD AUTHOR (YEAR); COUNTRY STUDY DETAILS POPULATION RESULTS AUTHORS’ CONCLUSIONS 

Hutchinson (2017); 86 

Canada 

Prospective cohort study – diagnostic 

yield - Evidence Level IV 

Prospective. Women scanned at 6–

136 weeks with fetal 

echocardiography plus colour 

Doppler when indicated; also scanned 

in the second trimester to compare 

cardiac results  

n=202 

pregnant 

women (261 

fetuses) 

Gradual improvement in cardiac 

and vessel detail from 8 weeks on, 

optimal at 11–136 weeks 

Fetal echocardiography plus colour 

Doppler can identify detail of the heart 

and great vessels by 11 weeks – ideal 

timing was 11 to 136 weeks 

Jicinska (2017;87  

Czech Republic 

Retrospective cohort study – prognostic 

data - Evidence Level III-3 

Retrospective. Outcomes for 127 

fetuses diagnosed with CHD in the 

first trimester vs 344 diagnosed with 

second trimester, 2007–2013 

n=477 fetuses 

diagnosed with 

CHD, scanned 

first and 

second 

trimester 

Spectrum of CHDs diagnosed in 

the first and second trimesters 

differed significantly, with more 

comorbidities (more 

univentricular), more intrauterine 

deaths and more terminations 

with first trimester scanning 

First trimester echocardiography had a 

significant impact on diagnoses of CHDs 

and pregnancy outcomes 

Early detection of severe forms of CHDs 

and significant comorbidities resulted in 

an increased pregnancy termination rate 

in the first trimester 

Quarello (2017);88  

France 

Prospective cohort study – diagnostic 

yield - Evidence Level IV 

Prospective. Women undergoing 

routine first trimester ultrasound 

with fetuses’ crown-rump length 45 

and 84 mm (approx. 11–14 weeks) 

had fetal cardiac echocardiography 

done as well 

n=597 

pregnant 

women 

Cardiac four-chamber view 

obtained and deemed normal in 

86%, technically infeasible in 7% 

and atypical in 7% (abnormal or 

poor-quality image) 

A trained operator can perform 

simplified fetal echocardiography during 

a routine first trimester ultrasound exam 

in a low-risk population. 

A basic heart exam can reassure parents 

or identify potential problems early 

Ebrashy (2019);91 

Egypt 

Diagnostic case control study - 

Evidence Level III-3 

Prospective. Women scanned at 110–

136 weeks (mean 12.9 weeks) with 

fetal echocardiography plus colour 

Doppler when indicated; also scanned 

in the second trimester to compare 

cardiac results 

n=3,240 

pregnant 

women 

Cardiac findings normal in both 

scans in 96% of pregnancies; of 

132 abnormal, 79 (60%) had same 

findings both scans, 36 (27%) false 

positive early scan, 17 (13%) false 

negative early scan 

The best time to do fetal heart imaging 

during the first trimester is 130–136 

weeks 

‘A high degree of accuracy in the 

identification of CHD can be achieved by 

a first trimester fetal echo.’ (p. 871) 
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3.5.3 3D/4D ultrasound/echocardiographyix 

Real-time two-dimensional ultrasound (2DUS) is the conventionally used tool for fetal 

echocardiography but, although continuous improvements in the hardware and post-processing 

software have resulted in a good image quality even late in the first trimester, 2DUS has limitations. 

These are based in part on operator skill and sophistication of the technology. Image quality also 

depends on fetal position and maternal conditions like obesity.83 

New electronic probes contain rows of elements that can send and receive an ultrasound beam so 

that image acquisition is no longer confined to a 2DUS beam with a certain thickness; rather, a broad 

3D beam captures a stereoscopic volume and allows for more realistic image quality and true live fetal 

heart scanning.69 Four-dimensional ultrasound (4D US) with spatiotemporal image correlation (STIC) 

is an automated volume acquisition, recording a 3D volume through a complete cardiac cycle and 

resulting in a 4D volume.83 

A narrative review of 3D/4D ultrasound for detection of fetal CHDs outlined some of the advantages 

of 3D/4D versus 2DUS;89 that is, 3D/4D allows for: 

• reconstructing anatomical planes not available during in a 2DUS real-time examination 

• rendering the colour/power Doppler volume to evaluate abnormal cardiac anatomy (e.g. 

rendering of blood flow in complex cases) 

• measuring mitral and tricuspid annular systolic excursion 

• quantifying left ventricular size and function. 

A scientific statement on fetal cardiac disease from the American Heart Association noted that the 

acquisition, display and manipulation of 3D and 4D cardiac volumes require specialised transducers, 

sophisticated algorithms and technical expertise.100 These considerations, along with resolution 

concerns and a substantial learning curve, have slowed the widespread clinical application of 3D/4D 

technology to fetal cardiac imaging. 

In terms of primary studies of the technology, it was unclear whether there is much gain to 3D/4D 

ultrasound in a practical sense. A large study from Israel addressed the added value of 3D/4D 

ultrasound versus 2D US in the prenatal diagnosis of CHD.82 x The study included approximately 13,000 

examinations and 181 of the fetuses were diagnosed with CHD. In 6.6%, additional details of the CHD 

that were important for prenatal counselling were detected. The authors noted, ‘Most expert 

practitioners in tertiary referral centers would likely agree that 3D/4D modalities are not indispensable 

for the diagnosis of CHD.’ 

3.5.4 Additional ultrasound/echocardiography innovations 

• A recent development in ultrasound technology is known as superb microvascular imaging (SMI) 

that allows visualisation of low-velocity blood flow. SMI suppresses tissue motion to extract flow 

signals from large to tiny vessels and depicts this information at high frame rates as a colour 

overlay image or as a greyscale map of flow. Visualisation of flow within the heart chambers and 

vessels has the potential to highlight structures that are not clearly visualised on conventional 

                                                           
ix 3D and 4D probes were introduced in 2003 by General Electric and Philips Ultrasound (DeVore et al. 201789) 
x This study was cited in the review by Adriaanse et al. (2016).83 Newer evidence may exist but was not sought. 
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greyscale imaging. Although SMI has shown utility in adults, Jabak et al (2020)95 reported its use 

visualising key cardiac and vascular structures in the first trimester. Their study of 152 fetuses at 

11 to 15 weeks gestation led them to conclude that SMI has the potential to become a useful, 

complementary modality for early fetal echocardiography although further prospective studies 

are needed. 

• Novel fetal echocardiography image processing software (5D Heart: ‘fetal intelligent navigation 

echocardiography’) has shown to improved image quality of key diagnostic elements with low 

operator dependency and good reproducibility. Further, once the 5D Heart datasets are obtained 

and stored, they are convenient and useful for teaching, remote consultation and research.96 

• Also described in a recent publication is a fetal echocardiography innovation called fetal 

intelligent navigation echocardiography (FINE) that automatically generates and displays nine 

standard fetal echocardiography views by applying intelligent navigation technology to STIC 

volume data sets. A case-control study in 150 second- and third-term fetuses (50 with CHD, 100 

controls) reported FINE’s diagnostic performance for the prenatal detection of CHD with 

sensitivity of 98% and specificity of 93%. Among cases with confirmed CHD, the diagnosis with 

use of FINE completely matched the final diagnosis in 74% with minor discrepancies in 12% and 

major discrepancies in 14%.101 

3.5.5 Fetal MRI 

Several articles described fetal cardiovascular MRI as an adjunct to fetal echocardiography.55, 84, 85, 93, 

94, 97 Unlike ultrasound imaging, fetal MRI is not significantly limited by factors that impair US 

visualisation of the fetus such as maternal obesity, oligohydramnios, uterine myoma, twins and fetal 

lie.97 

Although fetal MRI has the potential to complement ultrasound and echocardiography in detecting 

congenital cardiovascular anomalies, current realities make it impractical from the perspective of this 

report. Of primary concern is the fact that the research has been carried out primarily in the third 

trimester; for example, in Lloyd et al (2016)85, the mean gestational age at MRI was 32 weeks (range 

24 to 36 weeks); and in Dong et al (2020)97, the mean gestational age was 24.5 weeks (range 22 to 36 

weeks). Certain fetal heart abnormalities are not consistently identified, such as small ventricular 

septal defects (VSDs) and valvular stenosis84, and MRI is limited by fetal movements and increased 

fetal heart rate.55 United Kingdom authors noted that a practical disadvantage is that use has been 

confined to tertiary centres and research settings, meaning availability and utility as a screening tool 

are not realistic at present.55 

3.5.6 Telemedicine/tele-echocardiography 

Telemedicine is particularly useful if the referring centre is geographically remote from the tertiary 

cardiac centre; referring centres have demonstrated accurate confirmation of normality in 80% of 

referred cases but some CHD findings continue to be a challenge. Supporting referring teams is 

important but challenges arise in providing real-time support of the service, particularly if many 

referral centres are linked to the tertiary centre.55 Several studies were of interest: 

• Brown & Holland (2017):90 A clinical fetal tele-echocardiography service was established at a 

small regional hospital in eastern Kentucky, three hours from the nearest congenital heart 
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surgeon. Two local sonographers performed the tests that were interpreted within 24 hours by 

one of three paediatric cardiologists at the tertiary centre in Louisville. Evaluation of the 

assessment of 75 mother–fetus pairs from 2011–2013 showed sensitivity and specificity of 

100% for identifying complex CHDs. In terms of categories, results showed: correct in 21%, likely 

correct in 56%, major differences in 0% and minor differences in 23%. The mean fetal age was 

26 weeks (range 19–36) and there were no pregnancy terminations. 

• Bolin et al (2020):98 Arkansas authors conducted an evaluation of a statewide, multisite fetal 

tele-echocardiography program (1,148 fetuses at 6 remote clinics from 2009–2018). Most 

exams were performed by a single sonographer with special certification and 20 years of 

experience via monthly fetal echocardiography clinics at each site. Images were transmitted via 

a broadband IP-based network at 100 mb/sec and images were interpreted in real time by a 

trained fetal cardiologist. Results showed that fetal tele-echocardiography identified all types of 

CHD with a sensitivity of 74% and specificity of 97%.xi On the downside, the tele-

echocardiography service did not perform as well in ruling out noncritical CHDs (most were 

VSDs that often close in utero). In conclusion, the telemedicine program allowed the sole 

paediatric cardiology practice in the state to provide service for all fetuses with known CHD. The 

authors noted that future directions could involve technologies that are less operator-

dependent, such as a combination of artificial intelligence and 3D ultrasound. 

3.5.7 Other advanced techniques 

According to a scientific statement from the American Heart Association on the diagnosis and 

treatment of fetal cardiac disease, several advanced techniques have been deemed reasonable to use 

in clinical practice for specific indications although they are currently research tools.100 These include 

tissue Doppler for time interval, and rhythm assessment and fetal magnetocardiography (fMCG) for 

assessment of cardiac conduction and rhythm in fetuses with known or suspected conduction system 

abnormalities. 

 DISCUSSION 

This rapid review report (based on studies mainly of Level IV evidence or lower) explored whether 

advances in prenatal imaging can identify fetuses with CHD sooner than the current testing norm 

where an anatomical ultrasound scan is done at 18 to 22 weeks gestation, followed by a fetal 

echocardiogram soon thereafter if an abnormality is suspected. 

There are several advantages to early detection of abnormalities. In cases where CHDs are detected, 

particularly those defects considered to be moderate or severe, first trimester imaging provides time 

for parents to come to terms with the implications of a diagnosis and it gives them an opportunity to 

make informed decisions. The move to earlier diagnosis of CHDs focuses primarily on: (a) moving fetal 

echocardiogram to the first trimester (i.e. earlier than 14 weeks gestation) and (b) advanced imaging 

technologies such as 3D/4D ultrasound.  

                                                           
xi Women deemed to be at high risk of carrying a fetus with an arrhythmia or structural heart disease were referred directly 
to the tertiary hospital; for example, suspected cardiac abnormality on obstetric ultrasound, hydrops fetalis, severe fetal 
bradycardia and persistent tachycardia. 
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• First trimester echocardiography shows promise with studies suggesting that the 13th week is 

the optimal time.  

• 3D/4D ultrasound has advocates as it overcomes some of the shortcomings of 2DUS although its 

widespread clinical application to fetal cardiac imaging is limited, perhaps due to factors such as 

a need for specialised transducers, sophisticated algorithms and technical expertise as well as 

resolution concerns and a substantial learning curve. 

Additional innovations such as fetal MRI are also being explored although may not be practical at the 

present time. Also, the growing of use of tele-echocardiography is expanding imaging options for 

pregnant women who have limited access to sophisticated technologies. An issue beyond timing of 

imaging is the failure of current technologies to detect at least 30% of CHDs prenatally, meaning a 

number of abnormalities are detected at birth or after hospital discharge.  

 CONCLUSIONS 

For parents’ decision-making purposes, first trimester diagnosis of fetal CHDs is optimal compared to 

current 18-to-22-week timing. First trimester echocardiography shows promise, as does 3D/4D 

ultrasound, although it is not clear that either has seen widespread adoption.  
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 APPENDIX 1: OVID MEDLINE SEARCH STRATEGY (11 OCT 2020) 

# SEARCHES RESULTS 

1 *Fetal Diseases/ or exp *Fetal Heart/ or *Fetus/ or exp *Infant/ or exp *Infant, Newborn, 
Diseases/ or *Prenatal Care/ or Embryology.fs. 

449,190 

2 (antenatal* or ante-natal* or babies or baby* or birth or embryo* or fetal* or fetus* or 
foetal* or foetus* or infant? or neonat* or neo-nat* or newborn* or new-born* or perinat* 
or peri-nat* or postnat* or post-nat* or prenatal* or pre-natal*).ti,kf. 

810,661 

3 or/1-2 1,022,837 

4 Heart Defects, Congenital/ 53,544 

5 ((congenital* or structural) adj heart adj (defect? or disease?)).tw,kf. 44,464 

6 or/4-5 77,548 

7 *Ultrasonography/ or exp *Ultrasonography, Prenatal/ 66,433 

8 (ultrasonic* or ultra-sonic* or ultrasonograph* or ultra-sonograph* or ultrasound? or 
ultra-sound?).ti,kf. 

181,108 

9 or/7-8 210,374 

10 exp *Echocardiography/ 51,256 

11 (echocardiograph* or echo-cardiograph* or echocardiogram* or echo-cardiogram*).ti,kf. 58,206 

12 or/10-11 74,176 

13 3 and 6 and 9 1,660 

14 3 and 6 and 12 1,442 

15 exp animals/ 23,501,991 

16 exp animal experimentation/ or exp animal experiment/ 9,505 

17 exp models animal/ 574,365 

18 exp vertebrate/ or exp vertebrates/ 22,837,314 

19 or/15-18 23,503,936 

20 exp humans/ 18,759,112 

21 exp human experimentation/ 12,495 

22 or/20-21 18,759,767 

23 19 not 22 4,744,794 

24 13 or 14 2,426 

25 24 not 23 2,406 

26 limit 25 to (english language and yr="2016 -Current") 550 
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 SUMMARY 

OBJECTIVE: This report explores the genetic testing of fetuses for congenital heart disease (CHD) and 

any impact the results of this testing may have on management of a pregnancy and birth. 

METHODS: A Medline search (23 September 2020) identified relevant English-language publications 

from 2016 onwards, and grey literature and internet searches added materials. One author selected 

and assessed relevant articles and prepared the report. The NHMRC Levels of Evidence (2009) was 

used to assess levels of evidence of the included studies.10 Narrative reviews were the primary source 

of information for this rapid review. 

INTRODUCTION: CHDs are the most common birth defects, with a prevalence of about 1% of 

liveborn infants. The basis of CHDs is multifactorial, involving genetic components in up to 30% of 

cases. Inheritance patterns are often complex, mediated by up to 400 genes. Genetic tests are: (a) 

general tests such as karyotyping and chromosomal microarray (CMA) that look broadly to see if a 

genetic mutation is present and (b) targeted tests such as next-generation sequencing (NGS) that look 

for specific mutations.  

FINDINGS: In Australia, many pregnant women have ultrasound screening in the first trimester to 

confirm dates and rule out multiple gestations, and ideally all also have ultrasound assessment for 

fetal structural conditions between 18 and 22 weeks. When potential cardiac abnormalities are found, 

fetal echocardiography is performed to obtain detailed views of the heart and great vessels. If CHDs 

are found on imaging, and/or if there are other risk factors for genetic cardiac disease, women may 

opt for sampling of fetal tissue for genetic testing, generally via chorionic villous sampling or 

amniocentesis. Genetic analysis of the fetal tissue will involve some combination of karyotyping, CMA 

or even NGS, depending on local policies and resources. Early investigation is ideal and access to 

genetic counselling is essential as the objective of these investigations is to enable families to make 

informed decisions. In the case of major CHDs, this may include consideration of termination of 

pregnancy or compassionate care after birth. Newer genetic technologies increasingly identify genetic 

variants whose clinical significance is unknown or not well understood. This raises ethical issues about 

the extent to which this information is shared with families. Additionally, due to the current limitations 

in knowledge regarding genetic diagnosis and the impact that it has on outcomes for patients with 

CHD, Geddes et al (2020)102 has recommended collecting specific genetic information in outcomes 

databases. 

CONCLUSIONS: A genetic basis often underlies the CHDs detected in fetuses via first and second 

trimester imaging. Rapidly advancing genetic technologies mean that parents and their providers can 

get information about fetal health and prognosis, which in turn enables earlier decision-making about 

management of a pregnancy and birth.   
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 REPORT OBJECTIVE 

This report explores the genetic testing of fetuses for congenital heart disease (CHD) and any impact 

the results of this testing may have on management of a pregnancy and birth. 

 METHODS 

An experienced health information specialist designed an Ovid Medline literature search strategy that 

was run on 23 September 2020. The search strategy (Section 4.8, Appendix 1) was limited to English-

language articles published from 2016 onwards in order to identify the most recent information. Grey 

literature and internet searches also captured material. One author reviewed the search results, 

selected relevant material and prepared the report. The NHMRC Levels of Evidence (2009)10 was used 

to assess levels of evidence in this rapid review. 

 INTRODUCTION 

4.4.1 Congenital heart defects/disease 

CHDs are the most common birth defects, with a prevalence of 4 to 12 per 1,000 or about 1% of 

liveborn infants.103 They range from simple to complex and can occur alone or in groups, depending 

on how the heart developed. There are two types based on association with other congenital defects; 

that is, isolated CHDs without other congenital defects and syndromic CHDs associated with other 

malformations.104  

Moderate to severe forms of CHDs account for 20% to 33% of cases and are associated with 

unfavourable prognoses, including high rates of mortality and disability.105 A third of liveborn infants 

with CHD will require surgery within the first year of life and some people require many more surgeries 

throughout adulthood.106 

A Canadian study reported an overall CHD prevalence in 2010 of 13 per 1,000 children and 6 per 1,000 

adults, with prevalence increasing by 11% in children and 57% in adults from 2000 to 2010; by 2010, 

adults accounted for 66% of the CHD population. Successful medical and surgical management has 

contributed to the increased prevalence in older children and adults as more people with severe CHD 

are surviving into their 30s and beyond.107 

4.4.2 Overview of the genetic basis for CHD 

The basis for CHD is multifactorial, involving environmental and genetic components.  

In terms of the former, environmental causes have been identified in 2% of CHD cases.108 The role of 

exposure to environmental teratogens (PCBs, dioxins and pesticides); maternal exposure to various 

risk factors during pregnancy (alcohol consumption, febrile disease during the first trimester and 

antibiotic use); and infectious agents has been established.109  

In terms of the genetic basis for CHD, new molecular testing techniques such as chromosomal 

microarray (CMA) and next-generation sequencing (NGS) have dramatically changed the 

understanding of CHD causes over the past 10 to 15 years. This has allowed for a more accurate 

definition of CHD pathogeneses in patients of all ages, including the fetus.103 Epidemiological studies 
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have suggested that a genetic cause can be identified in 20% to 30% of CHD cases including gross 

chromosomal anomalies/aneuploidy in 8% to 10% (e.g. Down syndrome, Turner syndrome),xii single-

gene disorders in 3% to 5%, and pathogenic copy number variants (CNVs) in 3% to 25% as part of a 

syndrome or 3% to 10% among those with isolated CHD.108 

CHD has a complex inheritance pattern. About 400 genes have been implicated, with mutations in 

genes that encode transcription factors, cell signalling transducers and chromatin modifiers; these 

interfere with the cell development important for heart development. Genetic heterogeneity has led 

to variable expressivity where subjects with the same genetic variants may exhibit different 

phenotypes, or variable penetrance where some individuals with a known pathogenic variant may 

have no disease.108 

4.4.3 Overview of types of genetic tests 

Genetic tests for CHDs are divided into two categories: (a) general tests that look broadly to see if any 

genetic mutation is present and (b) targeted tests that look for specific mutations.105, 110, 111 

• General testing: Karyotype analysis, CMA and whole exome sequencing (WES):  

 Karyotyping is the most basic. It was introduced in the 1960s and requires time-consuming cell 

culture. The main role of karyotyping is to detect aneuploidies (abnormal chromosome 

numbers), balanced or unbalanced translocations and inversions, and large structural 

deletions or duplications.  

 CMA is a more advanced technique used to analyse the entire coding and non-coding regions 

of a patient’s genome for CNV mutations. It detects about 70% of CNV mutations. Compared 

to karyotyping, CMA detects additional clinically relevant genomic abnormalities in 5% to 10% 

of pregnancies with cardiac anomalies on ultrasound and in up to 2% of pregnancies without 

ultrasound abnormalities. 

 WES is the most comprehensive test currently available and evaluates a patient’s entire 
exome for point mutations and sometimes CNV mutations; it may miss up to 5% of specific 
gene mutations but its sensitivity continues to improve with time. 

• Targeted testing: Fluorescence in situ hybridisation (FISH) and targeted sequencing are best suited 

to identifying mutations known to cause specific genetic syndromes with clear phenotypes.  

 FISH is used to identify aneuploidies and CNV mutations by using a fluorescent probe to 

visualise a specific gene or portion of a gene; it does not detect abnormalities other than the 

one a probe is designed to look for. Examples are specific chromosomes such as 21 or regions 

of chromosomes such as 22q11.2. 

 Targeted sequencing of one or more genes evaluates specific genes for point mutations. 

Targeted exome sequencing or targeted genome sequencing (two different technologies) are 

known as types of next-generation (‘next-gen’) sequencing (NGS). 

 

                                                           
xii CHD is observed in 35% to 50% of liveborns with trisomy 21 (Down syndrome), 33% with monosomy X (Turner syndrome) 
and 60% to 80% of liveborns with each of trisomy 13 (Patau syndrome) and trisomy 18 (Edward syndrome) (Zaidi & Brueckner 
2017 103).  
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FIGURE 3: OUTLINE OF GENETIC TESTING FOR PATIENTS WITH CHD103 

 

 

Figure 3 outlines the genetic testing options available to patients.103 CMA is currently the 

recommended primary test for cytogenetic analysis. It has largely replaced karyotyping as it 

overcomes a number of karyotyping limitations; that is, karyotyping can take up to 3 weeks as it relies 

on cell culture and analysis, its resolution is limited, it takes skilled and experienced analysts, and it 

can be subjective and prone to human error.112, 113 However, CMA also adds complexity; for example, 

for some disorders it can reveal highly variable or incompletely penetrant CNVs with accompanying 

challenges in predicting the prognosis for the child.114 This uncertainty leads to ethical considerations; 

that is, how much information should be shared with parents and who decides this?110 

 LITERATURE REVIEW – PRENATAL GENETIC TESTING FOR CHD  

4.5.1 The literature base 

The Medline search identified 801 potentially relevant references; 35 were selected for full-text 

review. Additional references came from subsequent PubMed and internet searches and selective 

review of bibliographies of included articles. The NHMRC Levels of Evidence (2009)10 was used to 

assess levels of evidence in this rapid review. 
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SUMMARY OF STUDIES – LEVELS OF EVIDENCE 10 * 

STUDY   STUDY DETAILS EVIDENCE LEVEL 

Canadian Agency for Drugs and 

Technologies in Health (CADTH) 

(2014)119 

Review report Not applicable 

Blue and Winlaw (2015)106 Narrative review Not applicable 

Bensemlali et al (2016)126 Retrospective cohort study 

(prognostic data) 

III-3 

Oneda and Rauch (2017)117 Narrative review Not applicable 

   

Royal Australian and New Zealand 

College of Obstetricians and 

Gynaecologists (RANZCOG) (2018)56 

Guidance report Not applicable 

Baker et al (2018) 114 Cross-sectional study IV 

Rieder et al (2018)120 Narrative review Not applicable 

Royal Australian and New Zealand 

College of Obstetricians and 

Gynaecologists (RANZCOG) 

(2018)116 

Guidance report Not applicable 

Hu et al (2018)124 Retrospective cohort study 

Study of diagnostic yield 

(no reference standard) 

IV 

Kon (2018)127 Comment Not applicable 

Lytzen et al (2018)128 Retrospective cohort study 

(prognostic data) 

III-3 

Hopkins et al (2019) 115 Narrative review Not applicable 

Petracchi et al (2019)121 Narrative review Not applicable 

Westphal et al (2019)123 Retrospective cohort study 

Study of diagnostic yield 

(no reference standard) 

IV 

Qiao et al (2019)125 Narrative review Not applicable 

Cooper Genomics (2020)118 Website comment Not applicable 

Hopkins et al (2020)122 Narrative review Not applicable 
*Levels of Evidence classified down to case series; narrative reviews and other reports not graded, and 

systematic and rapid reviews are graded according to the level of evidence of their included studies 

4.5.2 Overview of prenatal genetic testing for CHD 

Outlined below are common factors leading to investigation of a fetus for CHD, including those that 

may have a genetic cause.  

Maternal risk factors: Maternal risk factors implicated in development of a fetus with CHD include: a 

family history of CHD; coexisting maternal disease (diabetes mellitus, collagen vascular disease); 

exposure to a teratogen such as lithium; and rubella infection. Other maternal conditions that may 

increase the risk of CHD are maternal age over 35 years, monochorionic twinning, maternal obesity, 

maternal alcohol or cocaine use, and pregnancy conceived via in vitro fertilisation.115 
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Routine fetal imaging: The Royal Australasian and New Zealand College of Obstetricians and 

Gynaecologists (RANZCOG) recommends that women be offered assessment for fetal structural 

conditions in the second trimester between 18 and 22 weeks via an ‘anatomical’ ultrasound scan.56 In 

addition, some women have ultrasound screening in the first trimester (i.e. up to 13 weeks and 6 days 

gestation) for dating and multiple gestations; limited anatomical scanning is possible at that point.56  

Fetal echocardiography: A fetal echo should be obtained, ideally at 18 to 22 weeks, if there is an 

abnormal cardiac screening ultrasound.xiii Various professional groups have issued additional 

indications for fetal echocardiographs. For example, a selection of additional situations where the 

American Institute of Ultrasound in Medicine (AIUM) has recommended fetal echocardiography 

includes.64 

• maternal health conditions: diabetes, phenylketonuria, exposure to teratogenic medication, in 

vitro fertilisation, first degree relative with CHD, and inherited familial cardiac disorders such as 

22q11.2 deletion syndrome  

• fetal indications: abnormal heart rate or rhythm, fetal chromosomal disorder, hydrops, increased 

nuchal translucency, and monochorionic twins.  

 

Obtaining and testing a fetal sample: A fetal sample for genetic testing is generally obtained at 

the time of chorionic villous sampling (CVS) or amniocentesis.110, 114 At experienced centres, these 

invasive procedures have rates of fetal loss in the range of 1 in 700 and 1 in 1,000, respectively.129 

Additional possible fetal tissues are blood, pleural effusion and urine.117 

Brief descriptions of CVS and amniocentesis:118 

• CVS: Under ultrasound guidance between 10 and 13 weeks of gestation, CVS collects a sample 

of cells from the placenta and is performed transvaginally or transabdominally. 

• Amniocentesis: Typically performed at 16 to 22 weeks and under ultrasound guidance, a fine 

needle is inserted through the abdominal and uterine walls and collects a sample of the 

amniotic fluid surrounding the fetus.  

 

Non-invasive prenatal genetic testing: As screening performance has improved, and in an attempt to 

avoid any risks associated with an invasive diagnostic procedure, many women who previously might 

have considered CVS or amniocentesis are now choosing non-invasive screening with CMA analysis.113  

Non-invasive prenatal testing (NIPT) is a molecular approach for assessing fetal aneuploidy using cell-

free DNA (cfDNA) from the plasma of pregnant women starting at 10 weeks gestation, ideally following 

a first trimester ultrasound. cfDNA screening tests offer fetal sex and sex chromosome aneuploidy 

detection in addition to detection of trisomies 21, 18 and 13.116, 119, 120  

In Australia and New Zealand, the test became available in 2013 although it is not publicly funded and 

costs $385 to $1000+. Due to the possibility of false negative results, if aneuploidy is suspected on 

cfDNA-based screening, RANZCOG recommends diagnostic testing with CVS or amniocentesis before 

management decisions are made.116 

                                                           
xiii Although fetal echocardiography is commonly performed at 18 to 22 weeks, some cardiac structures may be better 
visualised before or after this period (AIUM 202064). 
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RANZCOG recommendations for fetal genetic screening: As shown in BOX 2, RANZCOG has issued 

recommendations for prenatal screening for chromosomal and genetic conditions for pregnant 

women and their partners in the general population (there is no specific mention of CHDs).116  

 

BOX 2: SOME OF THE RANZCOG RECOMMENDATIONS RELATED TO PRENATAL TESTS FOR GENETIC 
CONDITIONS (ABBREVIATED) 116 

• All pregnant women should be provided with information and have timely access to screening 

tests for fetal chromosome and genetic conditions, in the first trimester whenever possible. 

• If a screening test result indicates an increased chance of a chromosome or genetic condition, 

the woman should have access to genetic counselling for further information and support. 

• The choice of first-line screening test will depend on local resources, patient demographics and 

individual patient characteristics. Acceptable first-line screening tests for fetal chromosome 

abnormalities in the first trimester include: (a) combined first trimester screening with nuchal 

translucency and serum pregnancy-associated plasma protein A (PAPP-A) and beta human 

chorionic gonadotropin (βHCG) measurements or (b) cfDNA-based screening.  

• Diagnostic testing with CVS or amniocentesis should be recommended prior to definitive 

management decisions (e.g. termination of pregnancy [TOP]) in cases of ‘increased chance’ 

screening results. 

• Some women may prefer to directly access diagnostic testing rather than undergo screening, in 

order to maximise genetic information about their fetus. 

 

4.5.3 Associations between CHDs and chromosome anomalies 

The most common types of CHDs associated with chromosomal anomalies range from atrioventricular 

septal defects at 40% to 67% to transposition of the great arteries with the lowest risk at 4% (Table 

25). (The ranges represent different values from different studies.) 

TABLE 25: DISTRIBUTION OF CHROMOSOME ABNORMALITIES BY CARDIAC ANOMALY121 

CARDIAC ANOMALY % ABNORMAL CHROMOSOMES 

Atrioventricular septal defect 40 to 67 

Interrupted aortic arch 30 to 69 

Truncus arteriosus 35 

Double outlet right ventricle 33 
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CARDIAC ANOMALY % ABNORMAL CHROMOSOMES 

Tetralogy of Fallot 30 

Transposition of the great arteries 4 

 

4.5.4 Next-generation/exome sequencing: an emerging technology  

NGS can be targeted (exome sequencing [ES] and disease-specific gene panels) or non-targeted (whole 

genome sequencing).106 xiv ES is described as it appears to be the most clinically relevant.  

ES involves high-throughput sequencing to determine the nucleotide sequence of the exomes (or 

protein-coding) of the genome. ES technology may identify genetic aetiologies in about 60% of cases 

where imaging abnormalities are seen but karyotyping and CMA are negative. Sequencing is ideally 

performed on ‘trios’ (the fetus as well as both biological parents), which requires knowledge of 

paternity and collection of blood or sputum samples from both parents.122 A study from Germany 

retrospectively analysed the diagnostic yield of ES as well as non-conclusive and incidental findings in 

30 cases with prenatally diagnosed CHDs, mostly as parent–child trios.123 A genetic diagnosis was 

established in 20%, non-conclusive results in 13% and incidental findings in 10%. There was a 

phenotypic discrepancy between reported prenatal and postnatal extracardiac findings in 40%, 

although none of these additional postnatal findings altered the genetic diagnosis.  

Current practical considerations related to ES include: identification of variants of uncertain 

significance;xv a requirement for trained and skilled genetics staff and data review; a long turnaround 

time (minimum several weeks, possibly months);xvi and lack of coverage by many health insurers. At 

this point, ES is not recommended for first-line testing. However, as the technology continues to 

advance and costs fall, it will take on a greater role in prenatal genetic diagnosis.122, 124, 125 

4.5.5 Issues related to decision-making and ethics 

Informed decision-making: Via questionnaire, Canadian researchers assessed women’s level of 

informed decision-making related to prenatal CMA, recruiting pregnant study participants from the 

amniocentesis and CVS procedure waiting room at a tertiary hospital as they awaited CMA testing.114 

Data analysis for 106 participants (mean age 36) showed that just 49% were deemed to have made 

informed decisions as defined by the researchers; that is, they met all three criteria related to 

knowledge, deliberation and value-consistency, even though 93% were college graduates and 85% 

had seen a genetics counsellor. Noting the large number of women who did not make what was 

                                                           
xiv Whole genome sequencing sequences the complete DNA – in a human this corresponds to about three billion base pairs. 
Whole genome sequencing entails sequencing all coding (exons) and noncoding (intron) nuclear DNA as well as mitochondrial 
DNA. In contrast, the exome makes up only 1.5% of the whole human genome, and scientists who use sequencing 
technologies for diagnostic purposes start with an analysis of the exome less time and cost) (Rare Genomics Institute 2019 
130). 
xv Blue & Winlaw (2015)106 from Australia noted that sequencing an individual’s entire coding genome means that in some 
cases variants associated with a disease other than the one in question may be identified. For this reason, lengthy discussions 
about this possibility need to be conducted with patients to ensure their preferences are met should an ‘incidental finding’ 
be identified.  
xvi Blue & Winlaw (2015)106 also commented on lengthy data analyses and issues with data storage for ES, particularly 
regarding resources required and cost, and the impact these realities have on moving ES into clinical settings. 
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considered to be an informed decision about accepting CMA, the researchers concluded that efforts 

should focus on developing educational approaches and counselling strategies. Regardless of their 

degree of informed decision-making, study participants indicated their desire to receive maximal 

information. 

Impact of test results on outcomes, including terminations: Several publications assessed 

parental decisions in the face of information about fetal diagnoses of CHD. 

Studies: 

• Bensemlali et al (2016):126 French researchers assessed the effect of CHD cytogenetic anomalies 

and/or extracardiac malformations (ECM) associated with CHD on parental decisions to choose 

pregnancy outcomes, including TOP or compassionate care. From 2002 to 2011 there were 

2,036 consecutive cases of fetal CHD at a tertiary hospital in Paris. Parents chose TOP in 798 

cases (39%) and chose compassionate care for 59 (5%) of the remaining 1,238 babies who were 

born alive. Overall, prenatal diagnosis of a known cytogenetic anomaly or major ECM was found 

to strongly influence parental decision to choose TOP or postnatal compassionate care.  

• van Nisselrooij et al (2020): 105 Researchers studied Dutch registry data (2012–2016) for fetuses 

who had been diagnosed with severe CHD. In terms of decision-making, parents opted for TOP 

significantly more often when a CHD was accompanied by a genetic diagnosis compared to 

those without a genetic diagnosis (37% vs 24%; p = 0.01). The detection of variants of ‘uncertain 

significance’ did not lead to an increase in TOPs. 

 

Reviews/opinions: 

• Oneda & Rausch 2017:117 Swiss medical geneticists reviewed the pros and cons of the use of 

CMA in prenatal genetic diagnosis. As noted above, advantages over karyotyping include 

superior sensitivity and faster turnaround times. However, with CMA there is a greater chance 

of revealing variants of unknown significance that can cause counselling problems, parental 

distress and unwarranted TOPs. They noted, ‘several professional societiesxvii do not encourage 

replacing prenatal karyotyping with CMA but recommend it as an adjunct test in specific cases 

only.’ The authors emphasised that when a CHD is detected on imaging, thorough evaluation 

for associated anomalies is recommended to aid in diagnosis, as well as counselling about 

prognosis and recurrence risk since a CHD associated with a genetic syndrome or a major ECM 

strongly influences parental decision to choose TOP or postnatal compassionate care. 

• Kon 2018:127 A Californian paediatric bioethicist discussed the ethical implications of prenatal 

screening for CHD, particularly with respect to the parents’ access to healthcare; that is, universal 

access (e.g. Denmark) versus unequal access (e.g. USA). In particular: 

 Where prenatal screening services are covered (e.g. Denmark): With a prenatal diagnosis of 

CHD, some families may choose to continue a pregnancy with a plan of postnatal comfort 

care, and prenatal screening allows greater time for decision-making and palliative care 

planning. Some families may choose TOP; for example, in a primary study cited by the 

                                                           
xvii American College of Medical Genetics, American College of Obstetricians and Gynecologists, Canadian College of Medical 
Genetics, and Italian Society of Human Genetics. 
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author,128 39% of major CHD pregnancies were terminated, reaching 85% when the 

diagnosis was hypoplastic left heart syndrome, the most severe defect. Conversely, where 

healthcare is funded by society and since care of children with major CHD is extremely 

expensive, there may be pressure to choose TOP to minimise costly treatments. Parents who 

continue a pregnancy may experience judgement by providers who consider TOP more 

beneficial from the perspective of overall healthcare cost. Race and ethnicity also affect 

care; that is, patients of minority status may experience greater pressure for TOP.  

 Where access to prenatal screening services is unequal (e.g. USA): The disparity between 

those of higher socioeconomic status (SES) who can access high quality care and those of 

lower SES who lack access may have a pronounced impact on morbidity and mortality 

among affected infants. Further, given that a large number of individuals choose TOP in the 

case of major CHD, and given that TOP is an option only for individuals who obtain prenatal 

screening and have access to TOP services, those of lower SES are less likely to have the 

option to choose TOP. Caring for a child with CHD may increase absences from work, which 

may have further financial implications and further widen the SES gap. 

• Geddes et al (2020):102 reviewed the current knowledge on the effect of genetics and genetic 

diagnoses on surgical outcomes for patients with CHD. Although there have been many 

advances in the field of genetics there is still limited understanding of the impact of some 

genetic changes for such patients. To gain a better understanding they recommended a 

standardised assessment of patients and inclusion of such results into outcomes databases. 

The Belgian approach and its ethical implications: CMA technology is complicated by ethical 

issues related to variant interpretation and reporting. The higher resolution of CMA (versus 

karyotyping) increases the chances of revealing genetic variants causing late-onset disorders, variants 

with variable phenotypes and variants for which there is no information on possible consequences. 

Professionals counselling patients must balance their clients’ right to know with the reality of scientific 

uncertainty. For example, when results are shared prenatally, parents may choose TOP despite a lack 

of clear evidence that the baby will be affected.110 

Guidance for managing prenatal CMA findings was established in Belgium by the country’s eight 

genetic centres. Geneticists: (a) agreed on use of CMA at a certain resolution (400 kb) for all indications 

of invasive prenatal testing, (b) established interpretation guidelines and (c) developed a shared 

database. The Belgian approach has sparked worldwide discussion. It has the advantage of preventing 

inconsistencies among genetic centres within the same country and avoids parental anxiety and 

needless TOPs, but it has also been viewed as paternalistic with failure to accommodate individualised 

situations.110 

 DISCUSSION 

This report explores the genetic testing of fetuses for the presence of CHD and any impact this testing 

and its results may have on management of pregnancy and birth. Early investigation is ideal and access 

to genetic counselling is essential. 

In Australia, many pregnant women have ultrasound screening in the first trimester (before 14 weeks 

gestation) to confirm dates and rule out multiple gestations, and ideally all have ultrasound 
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assessment for fetal structural conditions in the second trimester between 18 and 22 weeks. When 

cardiac abnormalities are found in any investigations, fetal echocardiography is performed to obtain 

detailed views of the heart and great vessels. If CHDs are found on imaging, and/or if women have 

other risk factors for genetic cardiac disease (such as family history or environmental exposures), 

women may opt to have fetal tissue obtained for genetic testing, generally via CVS or amniocentesis.  

Genetic analysis of the fetal tissue will involve some combination of karyotyping, CMA or even NGS, 

depending on local policies and resources. Guidance from RANZCOG in early 2019 noted that where 

CHDs are detected on ultrasound scan, CMA detects significantly more pathogenic aneuploidies 

(abnormal number of chromosomes) than conventional karyotyping and is therefore recommended 

as the ‘first tier’ chromosome test. For first trimester testing, cfDNA is acceptable, though only as an 

adjunct to invasive testing. New genomic sequencingxviii techniques are mentioned in the guidance but 

no detail is provided.116 Similarly, 320-page 2019 pregnancy care clinical practice guidelines from the 

Australia Government Department of Health discuss testing for genetic conditions but do not mention 

next-generation sequencing.59    

The objective of prenatal genetic investigations is to enable families to make informed decisions going 

forward. In the case of major CHDs, this may include consideration of TOP or compassionate care of 

the neonate following birth, and studies have shown that TOP is a decision often reached with major 

cardiac defects, particularly when these are part of a genetic syndrome. Newer genetic technologies 

such as various types of NGS, although faster and more accurate than older technologies such as 

karyotyping, also involve more ethical issues as they can identify genetic variants whose clinical 

significance is unknown or not well understood.  

 CONCLUSIONS 

A genetic basis often underlies CHDs detected in fetuses via first and second trimester imaging. Rapidly 

advancing genetic technologies mean parents and their providers can get information about fetal 

health and prognosis, which in turn enables earlier decision-making about management going 

forward.  Narrative reviews were the primary source of information for this rapid review. 

  

                                                           
xviii Next generation sequencing appears to be available in Australia through private, patient-pay laboratories; for example, 
Victorian Clinical Genetics Services at the Royal Children’s Hospital in Parkville, Victoria. 
https://www.vcgs.org.au/tests#reproductive-genetic-testing 

https://www.vcgs.org.au/tests#reproductive-genetic-testing
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 APPENDIX 1: OVID MEDLINE SEARCH STRATEGY (23 Sept 2020) 

# SEARCHES RESULTS 

1 *Aborted Fetus/ or *Fetal Diseases/ or exp *Fetal Heart/ or *Fetus/ or exp *Infant/ 
or *Prenatal Care/ or *Pregnancy/ or *Pregnancy Outcome/ 

185158 

2 (antenatal* or ante-natal* or babies or baby* or birth or embryo* or fetal* or 
fetus* or foetal* or foetus* or infant? or neonat* or neo-nat* or newborn* or 
new-born* or perinat* or peri-nat* or pregnancy or pregnancies or pregnant* or 
prenatal* or pre-natal*).ti. 

886291 

3 (child* or paediatric* or pediatric*).ia,in,jw. 1411851 

4 or/1-3 2137397 

5 exp *Heart Diseases/ or Heart Defects, Congenital/ 974821 

6 ((cardiac* or heart*) adj2 (defect? or disease? or disorder?)).ti. 74936 

7 ((congenital* or structural) adj heart adj (defect? or disease?)).ti,ab,kw. 38484 

8 or/5-7 991685 

9 *Genetic Testing/ or exp *Prenatal Diagnosis/ or *Noninvasive Prenatal Testing/ 62310 

10 ((antenatal* or ante-natal* or fetal* or fetus* or foetal* or foetus* or genetic* or 
intrauterine or intra-uterine or maternal* or prenatal* or pre-natal*) adj2 
(diagnos* or screen* or test*)).ti. 

33046 

11 ((cardiac* or heart*) adj2 (screen* or test*)).ti. 1453 

12 or/9-11 76195 

13 exp animals/ 23452072 

14 exp animal experimentation/ or exp animal experiment/ 9485 

15 exp models animal/ 572680 

16 exp vertebrate/ or exp vertebrates/ 22788428 

17 or/13-16 23454016 

18 exp humans/ 18715707 

19 exp human experimentation/ 12485 

20 or/18-19 18716362 

21 17 not 20 4738279 

22 4 and 8 and 12 3924 

23 22 not 21 3900 

24 limit 23 to (english language and yr="2016 -Current") 801 
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 SUMMARY 

OBJECTIVE: This rapid review report explores the determination of planned delivery sites for 

pregnant women carrying fetuses diagnosed prenatally with congenital heart disease (CHD).  

METHODS: A Medline search (26 September 2020) identified relevant English language 

publications from 2011 onwards (past 10 years), and grey literature and internet searches added 

further information. One author assessed the relevant articles and prepared the report. The Level of 

Evidence for included studies was assessed using those published by the NHMRC (2009).10 

BACKGROUND: Accounting for about one-quarter of birth defects, CHD is the most common 

cause of death in the first year of life. Severity of the conditions ranges from mild to critical with the 

latter requiring surgical intervention in the first month of life. Ideally, diagnosis of a fetal CHD is made 

prenatally via fetal echocardiography after suspicious findings on a mid-term ultrasound or when 

investigated due to various risk factors. If a cardiac anomaly is identified, a management plan can 

include the delivery location. However, quite a few infants with CHD are not diagnosed until after 

birth, so planning and determination of delivery location are not possible. Also, prenatal diagnoses 

may not be accurate and this can impact not only on planned interventions but also the need for 

transfers of pregnant women to access cardiac surgical centres (CSCs). 

FINDINGS: The level of evidence of included studies in this rapid review was mostly Level III-3 or 

lower, and also included one-third narrative reviews. Several evidence reviews noted that, depending 

on the diagnosis and its prognosis, many neonates with CHD do not require specialised care in the 

perinatal period. For mild CHD, the delivery plan can be routine and then followed by paediatric 

outpatient cardiology care. At the other extreme, for newborns identified as being at risk of more 

severe CHD, delivery at or near a CSC is required. Determining factors are the risk of haemodynamic 

instability anticipated, the medical resources available, the availability and distance of transportation 

to a CSC, and any obstetric or maternal complications. Recommendations for levels of care have been 

published by several authors.  

Six recent (2014 to 2019) relevant primary studies were located from Canada, France and the USA. In 

general, triaging of care was successful in terms of outcomes and was also seen as the most efficient 

use of the very specialised and costly services of a CSC. Where risk of instability was deemed to be low 

(e.g. mild valve disease), no specialised care was needed in the delivery room; in contrast, where risk 

of instability was very high there was a need for extensive planning and expertise from the delivery 

room onward.  

CONCLUSIONS: Neonatal CHDs show wide-ranging degrees of severity and potential for instability 

but, with expert guidance, triaging of delivery locations appears to be practical and feasible. It appears 

that a number of women can deliver in regional facilities with competent planning and expertise, with 

transfer to highly specialised care if necessary. Delay to transportation may also be important in 

addition to the time and distance of the transfer.  
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 REPORT OBJECTIVE 

The population of interest in this report is pregnant women carrying fetuses diagnosed prenatally with 

CHD. The point explored is determination of planned delivery sites to enable urgent access to 

paediatric cardiac surgery when this is required.xix         

 METHODS 

An experienced health information specialist designed an Ovid Medline literature search strategy that 

was run on 26 September 2020. The search strategy (Section 5.8, Appendix 1) was limited to English 

language articles published from 2011 forward. Grey literature and internet searches also captured 

information, as did additional PubMed searches identified under ‘Similar articles’. One author 

reviewed the search results, selected relevant studies and prepared the report. The NHMRC Levels of 

Evidence (2009)10 was used to assess levels of evidence of included studies in this rapid review. 

 INTRODUCTION 

5.4.1 Congenital heart defects/disease 

CHD is the most common birth defect with a reported prevalence ranging between 4 to 12 per 1,000 

liveborn infants; the rate in Europe was reported as 8 per 1,000.53, 131 Accounting for about one-quarter 

of birth defects, CHD remains the most important cause of death in the first year of life.132 Defects can 

range from simple to complex, depending on how the heart has developed.17 Examples of CHDs see 

BOX 1 page 41.   

5.4.2  ‘Critical’ and ‘major’ CHD 

Critical CHD: With an incidence of about 1.2 per 1,000 live births, critical CHDs are severe forms that 

require intervention or result in death within the first month of life53, 133. Although definitions vary, 

critical heart defects can include tetralogy of Fallot, transposition of the great arteries (TGA), 

coarctation of the aorta, pulmonary or tricuspid atresia, truncus arteriosus, critical left heart 

obstruction with ductal-dependent circulation including aortic and subaortic stenosis, and hypoplastic 

heart syndrome.134, 135 

Major CHD: Again, definitions vary but major CHDs have been described as cases where a structural 

cardiac abnormality either requires surgery within the first six months of life, is diagnosed at perinatal 

postmortem examination, or is diagnosed in the prenatal period resulting in referral to a paediatric 

cardiologist, or culminates in intrauterine death or termination of pregnancy.131 

In contrast, non-critical or ‘mild’ CHDs can include isolated atrial septal defects, ventricular septal 

defects, non-critical pulmonary stenosis and patent ductus arteriosus.132 

                                                           
xix This generally excluded location of care for babies born with CHD that was undiagnosed during pregnancy; that is, where 
no specific planning was possible. 



CHAPTER 5 

 

 

NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES      94 

5.4.3 Prenatal diagnosis of CHD 

Generally, if the ‘anatomical’ mid-term ultrasound (performed routinely at 18 to 20 weeks gestation) 

detects a possible cardiac abnormality, fetal echocardiography, performed by a fetal medicine 

specialist, is requested as soon as possible. The echocardiogram is ideally done before 22 weeks 

gestation, partly in case pregnancy termination is a consideration.136, xx When a cardiac anomaly is 

identified on the fetal echocardiogram, a perinatal management plan for those at a risk of postnatal 

hemodynamic instability from CHD can be created; that is, prenatal diagnosis of CHDs allows delivery 

to be planned, involving an experienced perinatal team to institute early stabilisation.66, xxi In contrast, 

infants with CHD diagnosed postnatally are at risk of deterioration and collapse before the diagnosis 

of CHD is suspected. 132 Some CHDs are not diagnosed at birth or until after a neonate is discharged; 

factors that can contribute to a late diagnosis of CHD include absence of a murmur, mild hypoxemia, 

inadequate training of staff and early postnatal discharge.133 

Prenatal detection of CHD (generally via fetal echocardiography) has been associated with decreased 

neonatal morbidity and improved outcomes, especially when defects are complex. Having a process 

to determine the location of delivery of a baby with CHD is essential as emergency transport of 

neonates entails risks that include hypoglycaemia, temperature instability and hypo- or hypercapnia. 

In addition, emergency transport of a sick child is extremely stressful for the parents.136 

Prenatal screening for major CHD has evolved from targeted screening of those with a known risk 

factor (such as an affected relative of the fetus) to general population-based screening due to the 

absence of parental risk factors in most cases.131 Prenatal diagnosis has increased following the 

widespread introduction of routine fetal ultrasound screening; however, despite screening, a 

proportion of infants with CHD are not diagnosed until after birth.  

For example: 

• Gupta et al (2014):132 In a 2007 to 2011 study at Royal Children's Hospital, Melbourne, of 320 

infants with complex CHDxxii who met the study’s inclusion criteria (those with extra-cardiac 

anomalies were excluded), 62% were diagnosed before and 38% after birth.  

• Eckersley et al (2016)133 and Cloete et al (2019):53 A New Zealand study of infants born from 2006 

to 2010 reported that critical CHD was more likely to be diagnosed prenatally than non-critical 

CHD (46% vs 22%, respectively); however, 20% of infants with critical CHD vs 51% of those with 

non-critical CHD were diagnosed post-discharge.133 xxiii Another New Zealand study of patients 

from 2008 to 2014 reported that 47% of infants with critical CHD were diagnosed prenatally and 

53% after birth.53 

                                                           
xx In Australia, policy around termination of pregnancy is defined state by state. For New South Wales, termination can be 
carried out up to 22 weeks gestation. The procedure may be performed after 22 weeks if two medical practitioners agree 
that the termination of pregnancy should be performed (NSW Health 201980). 
xxi Donofrio (201866) from the USA noted that management of newborns with a prenatal diagnosis of CHD requires a 
multidisciplinary team composed of fetal and paediatric cardiologists, obstetricians, maternal–fetal specialists, 
neonatologists and surgical specialists. 
xxii The most common diagnoses: HLHS, TGA, coarctation of the aorta and pulmonary atresia (Gupta et al 2014132). 
xxiii In New Zealand, those with antenatally diagnosed critical CHD are delivered at the CSC except in the rare 
case of unanticipated premature delivery (Eckersley et al 2015133). 
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• NICOR 2019 137: The UK National Institute for Cardiovascular Outcomes Research (NICOR) 

reported in 2019 that 50% of children needing a procedure for CHD before age one year were 

diagnosed prenatally; for specific conditions this increased, for example, to 76% for hypoplastic 

heart syndrome and 93% for TGA with intact ventricular septum. 

NOTE: The foregoing information shows wide disparities in proportions of CHDs diagnosed prenatally 

and postnatally, perhaps due to factors such as evolving technology, the CHDs included in the study 

and differing populations. The purpose of this information is to indicate that, unfortunately, many 

neonates are not diagnosed until after birth and therefore location of birth cannot be pre-planned to 

ensure optimal neonatal care.   

5.4.4 Discordance between prenatal and postnatal diagnoses 

This topic is of significance as our report was primarily interested in the outcomes for women with 

prenatal diagnoses of fetal CHD. The discordance between prenatal and postnatal diagnoses was 

explored by several studies; examples and their findings are below.  

• Bensemlali et al (2016):138 At a tertiary centre in Paris, over a 10-year period, prenatal 

echocardiogram and final diagnoses were compared for 1,258 live births with a prenatally 

diagnosed CHD as well as 189 fetopsies. For live births, 368 (29% of the 1,258) showed 

discordances in diagnosis. The authors highlighted the fact that in 10.6% of cases, the differences 

between pre- and postnatal diagnoses led to incorrect prediction of potential neonatal 

intervention as well as long-term care management strategies changing in about 7% of cases. 

They noted that this impacts not only the planned interventions but also the need for transfer of 

pregnant women. 

• Van Velzen et al (2016):139 In the Netherlands, at the fetal medicine units of three tertiary care 

centres that closely collaborate in the care of children with CHD, researchers examined the 

accuracy of fetal echocardiogram in diagnosing CHD. The study included 708 cases for which pre- 

and postnatal findings were available from 2002 to 2012. The authors noted that accurate 

prenatal diagnosis is ideal for a number of reasons: (a) to determine the location and timing of 

delivery, (b) to determine the requirement for immediate postnatal treatment, (c) to predict the 

course of (surgical) treatment, (d) to assess prognosis and (e) to enable parents to make an 

informed decision if they are considering termination. 

Degree of agreement in the study was classified in three ways: 

- Correct (anatomy correct and the postnatal diagnosis led to a similar outcome as expected): 
82% 

- Discrepant (prenatal and postnatal diagnoses differed but, although a different surgical 
procedure was performed, the severity of the defect and long-term prognosis were the 
same as expected prenatally): 10% 

- No similarity (pre- and postnatal diagnoses differed completely): 8% (in many cases, trisomy 
21, extracardiac anomaly or a high maternal body mass index was present) 

• Pasierb et al (2018):140 American researchers reported on the discordance between pre- and 

postnatal diagnoses of CHD. In their experience at Seattle Children’s Hospital Prenatal Program 
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over 7 years (2008 to 2015), the rate of major discrepancies pre- versus postnatal was 31% with 

minor discrepancies in 7%. They compared their findings to those of others via a review of the 

literature (five references published from 2007 to 2016). The review revealed that fetal 

echocardiography diagnoses in the hands of specialised fetal cardiologists practising at tertiary care 

centres resulted in major discrepancies in 8.1% to 10.6% of cases and minor discrepancies in 18.7%. 

 LITERATURE REVIEW RESULTS 

5.5.1 The literature base 

The Medline search (strategy reported in Section 5.8, Appendix) identified 60 references from the year 

2011 onwards, of which 19 were selected as potentially relevant and reviewed in full text. Additional 

references came from subsequent PubMed and internet searches and selective review of 

bibliographies of included articles. Of interest were studies reporting on women carrying fetuses 

diagnosed prenatally with CHD and details related to their deliveries; for example, the extent of 

planned delivery at, or transfer to, centres with cardiac surgery capability. The NHMRC Levels of 

Evidence (2009)10 was used to assess levels of evidence in this rapid review. 

SUMMARY OF STUDIES – LEVELS OF EVIDENCE 10 * 

STUDY STUDY DETAILS EVIDENCE LEVEL 

Hishitani et al (2014)142 Narrative review Not applicable 

Morris et al (2014)143 Retrospective cohort study (prognostic data) III-3 

Donofrio et al (2015)75 Retrospective cohort study (prognostic data) III-3 

Lara et al (2016)144 Retrospective cohort study (prognostic data) III-3 

Sanapo et al (2017)141 Narrative review Not applicable 

Swartz et al (2017)145 Retrospective cohort study (prognostic data) III-3 

Bensemlali et al (2017)146 Retrospective cohort study (prognostic data) III-3 

Donofrio (2018)66 Narrative review Not applicable 

Pasierb et al (2018)140 Comparison with reference standard that does 

not meet criteria required for Level II and III-I 

Retrospective review with comparison 

III-2 

*Levels of Evidence classified down to case series; narrative reviews and other reports not graded, and 

systematic and rapid reviews are graded according to the level of evidence of their included studies 

 

5.5.2 Delivery location – overview from reviews 

As general guidance, Donofrio (2018)66 from the USA noted that most neonates with CHD do not 

require specialised care in the perinatal period.  

The delivery plan can be determined by maternal care needs with routine neonatal care 

and pediatric outpatient cardiology care. In contrast, for newborns at a risk of 

compromise, delivery at a cardiac center or in close proximity may improve outcome … 

Care is determined by the risk of hemodynamic instability anticipated, the medical 
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resources available, the availability and distance of transportation to the cardiac center, 

and any obstetric or maternal complications. When highly specialized care is needed, 

strategies to avoid delays in treatment are essential.66 

Donofrio developed recommendations for the level of care required in the delivery room according to 

the anticipated risk (Table 26), perhaps drawing from guidance issued by the American Heart 

Association where she was the lead author.100 The information in Table 2666 suggests that, of predicted 

risk of delivery room instability (four levels), Levels 1 and 2 of risk (i.e. low to minimal) would allow 

delivery in a centre without paediatric cardiac services. In an earlier article that discusses the 

development of a delivery room risk system, Donofrio also noted that for fetuses with CHD with little 

or no likelihood of a need for specialised delivery room care, delivery at the local hospital was 

recommended. Only when specialised care or intervention is likely required is delivery at a tertiary 

care hospital necessary.147This position was also supported by a study published by Donofrio et al in 

2015.75  
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TABLE 26: RISK-STRATIFIED CLASSIFICATION OF DELIVERY ROOM CARE OF NEWBORNS WITH CHD66 * 

PREDICTED RISK OF 

DELIVERY ROOM 

INSTABILITY 

LEVEL OF 

POSTNATAL 

CARE 

OBSTETRIC 

RECOMMENDATIONS 

NEONATAL 

RECOMMENDATIONS 

CHD CONDITIONS 

Low/not expected 1 Mode and time of 

delivery based on level of 

maternal care 

No specialised care in 

the delivery room – 

cardiology consultation 

with outpatient follow-

up 

Shunt lesions (VSD, ASD, 

AVSD) 

Mild valve disease 

Benign arrhythmias 

Minimal 2 Mode and time of 

delivery based on level of 

maternal care 

Planned delivery >39 

weeks can be considered 

to coordinate services 

Neonatologist in the 

delivery room 

PGE1 if indicated 

Transport to the cardiac 

centre for 

intervention/surgery 

Ductal-dependent 

lesions including HLHS, 

PA/IVS, severe TOF 

Non-sustained or 

controlled tachy-

arrhythmias or 

bradyarrhythmias with 

adequate ventricular 

rate 

High 3 Mode and time of 

delivery usually planned 

with delivery at 38–39 

weeks to coordinate 

services 

Neonatologist and 

cardiologist in the 

delivery room 

Plan for urgent 

intervention/catheterisat

ion or urgent transport if 

indicated 

HLHS at a risk of RAS 

TGA at a risk of RAS 

CHD or arrhythmia with 

decreased heart function 

High 4 Mode and time of 

delivery usually planned 

with delivery (possible 

c/s) at 38–39 weeks (or 

earlier if fetal cardiac 

dysfunction or hydrops, 

and gestational age 

appropriate) at the CSC  

Neonatologist, 

cardiologist and surgery 

team (if indicated) in the 

delivery room 

Plan for intervention/ 

catheterisation, surgery 

or ECMO 

HLHS with RAS or IAS 

TGA with RAS or IAS, 

abnormal DA 

Obstructed TAPVR 

Tachyarrhythmia or 

bradyarrhythmia with 

hydrops 

Severe Ebstein’s anomaly 

or TOF/APV with hydrops 

Notes: 

* Note that other authors have also proposed levels of care as outlined in Sanapo et al 2017.141 
APV = absent pulmonary valve, ASD = atrial septal defect, AVSD = atrioventricular septal defect, CHD = congenital heart 
disease, c/s = caesarean section, CSC = cardiac surgical centre, DA = ductus arteriosus, ECMO = extracorporeal membrane 
oxygenation, HLHS = hypoplastic left heart syndrome, IAS = intact atrial septum, PA/IVS = pulmonary atresia with intact 
ventricular septum, PGE1= prostaglandin E1, RAS = restrictive atrial septum, TAPVR = total pulmonary venous return, TGA = 
transposition of the great arteries, TOF = tetralogy of Fallot, VSD = ventricular septal defect. 

A review article by experts from the USA and Poland also described optimal delivery location according 

to the level of risk posed by the fetus’s condition as determined by prenatal fetal echocardiogram.141 

At the outset, they noted that:  

The majority of children with prenatal diagnosis of CHD are stable at birth and do not 

require any specialized care in the perinatal period. In these cases, the delivery plan can be 

determined by the level of maternal care needs and care of the newborn by the pediatrician. 

Oftentimes, the postnatal diagnosis can be confirmed by telemedicine or cardiology 
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consultation and the baby followed as an outpatient. In contrast, for newborns at risk of 

compromise, delivery at the cardiac center or in close proximity may improve neonatal and 

surgical outcomes in select groups of infants with prenatally diagnosed high-risk CHD.141 

Further, when highly specialised care is needed in the delivery room, a potential strategy includes 

maternal-fetal transport to an adult hospital closest to the paediatric CSC, with planned delivery 

(ideally near term) and then rapid transportation of the newborn. The advantages of in utero 

transportation vs postnatal transportation of infants with CHD, including maternal and neonatal safety 

and costs, vary according to the obstetric and paediatric resources of a specific region, so location of 

delivery should be discussed with the parents and the cardiology care team such that delivery planning 

ensures appropriate postnatal care. 

In brief, the risk stratification and delivery outlined by Sanapo et al (2017)141 include: 

• Minimal risk CHD: Structural defects with severe pulmonary or systemic outflow tract obstruction 

that requires administration of PGE1 to maintain patency of the ductus arteriosus after birth to 

sustain the pulmonary or systemic circulation.  

Plan: Neonatologist present, administration of PGE1 if required, establishment of intravenous (IV) 

access and transport to a CSC to evaluate the need for catheterisation or surgery. 

• High-risk CHD: Includes cardiovascular defects that require immediate stabilisation in the delivery 

room, including lifesaving procedures and urgent cardiac intervention within the first hours of 

life; for example, cardiac catheterisation, cardioversion, ECMO or surgery.  

Plan: Delivery should be planned at a tertiary hospital with availability of neonatology and 

cardiology services in the delivery room or stabilisation and urgent transportation to a nearby 

CSC; mode and timing of delivery is determined by the multidisciplinary care team. 

Finally, in terms of remote diagnosis, a 3-year Japanese study of transmission of ultrasound and fetal 

echocardiogram images from maternity hospitals to experts at the tertiary paediatric centre from 

2009 to 2012 also supported a delivery model that allows women with mildly affected fetuses to be 

born without transfer to the higher level of care. In their study, severe cases were referred to the 

perinatal care centre, emergent transports after birth were reduced and mild cases born at local 

hospitals freed up beds at the tertiary centre for more severe cases.142   

5.5.3 Delivery location – individual studies 

Five individual studies relevant to the delivery location for fetuses with CHD are described in Table 27. 

Published from 2014 to 2019, four studies were from the USA and one was from Canada. Section 5.5.4 

includes an additional study from France that is described in more detail to enable the authors’ 

recommendations to be included.  



 

 

NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES           100 

TABLE 27: STUDIES OF DELIVERY LOCATION 

LEAD (YEAR); 

LOCATION 

STUDY OBJECTIVE PATIENT POPULATION  OUTCOMES NOTES AUTHOR CONCLUSIONS 

Berndl (2014):136 

Canada (Ontario) 

Retrospective cohort 

study – prognostic 

data  

Evidence Level III-3 

To assess the 

effectiveness of 

their institutions’ 

triaging of 

pregnancies with 

fetuses with CHD – 

tertiary site with 

NICU or 

quaternary CSC  

n=120 fetuses were diagnosed 

with CHD on prenatal 

echocardiogram with 22 

different diagnoses 

The most common prenatal 

diagnoses: HLHS (28%), VSD 

(14%), AVSD (14%), double 

outlet right ventricle (7%), TGA 

(6%) 

Women were triaged based on anticipated need for 

neonatal cardiac surgery:  

Of 89 live births:  

− 57 pregnant women were triaged to deliver at 

the tertiary centre; of these deliveries, 5 

babies were ultimately transferred to 

quaternary centre (2 emergency [both initially 

triaged to deliver at quaternary centre], 3 non-

urgent)  

− 32 pregnant women were triaged to deliver at 

the quaternary centre; 20 babies had surgery  

Delivery was at a tertiary 

care site with a NICU in 

Hamilton or transfer to a 

quaternary site 71 km 

away in Toronto; the 

decision about location 

depended on surgical plan 

– if neonatal surgery was 

expected, the woman was 

to deliver at the 

quaternary site 

Fetal echocardiography 

was associated with 

optimised delivery 

location and led to 

efficient use of paediatric 

cardiac services  

Morris (2014):143 

USA (Texas) 

Retrospective cohort 

study – prognostic 

data  

Evidence Level III-3 

For neonates with 

HLHS, to 

investigate the link 

between distance 

from delivery 

location to CSC and 

death  

n=463 neonates with HLHS 

born at various distances 

(driving time) from a CSC from 

1999-2007; infants with 

extracardiac birth defects or 

genetic disorders were 

excluded 

 

Drive time to one of nine CSCs was divided into: <10 

min, 10 to 90 min, and >90 min 

45% were born <10 min away, 32% were 10–90 min, 

23% were >90 min  

Neonatal mortality if born <10 min from CSC was 

21%, 10–90 min 25%, >90 min 40%; p for trend <0.001 

Most mortality occurred pre-transport in the >90 min 

group or pre-surgery in the 10–90 min group 

Prenatal diagnosis alone was not associated with 

improved survival (p=0.14) 

In this setting, all 

deliveries occurred 

outside the CSC with 

neonates transferred into 

the CSC 

Prenatal diagnosis of 

HLHS and delivery near a 

large volume CSC may 

significantly improve 

survival in neonates with 

HLHS 

Lara (2016):144  

USA (Texas) 

Retrospective cohort 

study – prognostic 

data  

Evidence Level III-3 

For neonates with 

TGA, to assess the 

link between 

distance from 

delivery location to 

CSC and death  

n=468 neonates born with TGA 

(10.3% diagnosed prenatally) 

from 1999 to 2007 (data from 

the state database) 

Drive time to one of 11 CSCs was divided into: <10 

min, 10 to 90 min, and >90 min 

35% were born <10 min away; 41% were 10–90 min, 

27% were >90 min (median 141 min; range 91–598 

min)  

Univariable analysis showed that closer proximity to a 

CSC at birth was not associated with lower mortality: 

(<10 min: 8.3%, 10–90 min: 12.5%, >90 min: 8.3%; 

p=1.00) (although lower CSC TGA volume was highly 

associated with higher neonatal mortality so choice of 

CSC could be important) 

Local care involved 

delivery at a hospital 

without a CSC and transfer 

to a CSC after birth if 

indicated  

Neither prenatal 

diagnosis nor close 

proximity to a CSC at birth 

was associated with 

decreased mortality 



 

 

NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES           101 

LEAD (YEAR); 

LOCATION 

STUDY OBJECTIVE PATIENT POPULATION  OUTCOMES NOTES AUTHOR CONCLUSIONS 

Swartz (2017):145 

USA (upstate New 

York) 

Retrospective cohort 

study – prognostic 

data  

Evidence Level III-3 

 

To assess the 

potential impact of 

on-site delivery at 

a hospital with a 

CSC vs postnatal 

transfer from 

outside hospitals  

n=381 neonates with critical 

CHD who underwent cardiac 

surgery at a CSC 2005–2014 

Prenatal diagnosis of CHD: CSC 

92%; transfer 29%; p<0.001 

113 were born at the hospital 

with the CSC; 268 were born 

elsewhere and transferred, 

with 40% of these born at 

perinatal centres  

All births were at hospitals with 

NICUs: 65% Level III, 8% Level 

II, 28% Level I 

70% had 1 transfer, 30% had 2 

transfers; median transport 

distance 91 miles 

Mean age at transfer 4 days (range 1–7) 

Mean age at surgery: CSC 5 days, transfer 8 days; 

p<0.001 (possibly due to logistics of arranging 

transfer)  

30-day survival post-surgery: similar between groups 

(CSC 89% vs transfer 90%); NSD between those 

travelling 11–90 miles vs >90 miles 

Mechanical ventilation: CSC 3%, transfer 64%; 

p=0.003 

Overall hospital LOS was NSD 

All transfers were carried 

out by a CSC transport 

team 

Local policy for prenatal 

diagnosis of ductal-

dependent CHDs: mother 

admitted to CSC at 38–39 

weeks and delivery 

scheduled 

NSD in 30-day survival if 

born at or transferred to a 

CSC – supports the use of 

a regionalised network of 

hospitals for the care of 

children with CHD 

Pasierb (2018):140 

USA (Washington 

State) 

Comparison with ref 

standard not 

meeting III-1/II 

Evidence Level III-2 

To demonstrate 

the utility of using 

general paediatric 

cardiologists as 

first line in regional 

prenatal cardiac 

screening 

n=699 fetuses evaluated via 

fetal echocardiography at 

regional sites distant from 

Seattle in Alaska, eastern and 

southern WA, 2008–2015 

48 (7%) were referred to quaternary care in Seattle 

for delivery 

Need for relocation was confirmed in 31 of 48 (65%) 

The cases referred in delivered near the quaternary 

care centre with 25 requiring cardiac intervention 

within 30 days of life  

8 others were referred back to regional care from the 

quaternary site, of which 2 required cardiac 

intervention  

Of those not referred to quaternary care (n=5643, 

92%), none required neonatal cardiac intervention 

This model offered 100% 

sensitivity and 98.9% 

specificity for identifying 

critical CHD 

Specialty cardiology 

resources were used for 

those who truly required it 

while saving many families 

from travel and expense 

Using regional paediatric 

cardiologists as first line 

may improve access to 

care and outcomes in 

neonates with critical 

CHD while improving 

resource utilisation 

Notes: 

AVSD = atrioventricular septal defect, CHD = congenital heart disease, CSC = cardiac surgical centre, HLHS = hypoplastic left heart syndrome, LOS = length of stay, NICU = neonatal 
intensive care unit, NSD = no significant difference, TGA = transposition of the great arteries, VSD = ventricular septal defect, WA = Washington
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5.5.4 Do all women carrying fetuses with CHD need to deliver at/near a 

CSC? 

When a fetus is prenatally diagnosed with a CHD and delivery is arranged at a hospital with or near a 

CSC, what is the likelihood that sophisticated care is required? 

French authors addressed this question in a study at one Paris hospital where the experiences of 1,080 

newborns born at the institution and prenatally diagnosed with CHD between 2002 and 2011 were 

reviewed.146, xxiv  

Diagnosis was made via fetal echocardiography resulting from suspicion on a mid-term ultrasound in 

84% of cases and risk factors (fetal, maternal or familial) in the remaining 16%. In total, 47% of infants 

needed an intervention in the first 48 hours of life and 55% needed an intervention before discharge 

(34% PGE1 and 21% urgent catheter-based or surgical interventions). 

Upon analysis of their experience, the report authors recommended in utero transfer for all CHDs 

except very low risk conditions (VSDs and AVSDs). However, if this is too resource intensive, the 

following in utero transfer guidelines were suggested: 

• Mandatory transfer: TGA, hypoplastic heart syndrome with restrictive foramen ovule, total 

anomalous pulmonary venous connection, and CHD with AV block with heart rate <50 bpm 

• Highly recommended transfer: TGA with VSD, double outlet right ventricle with sub-pulmonary 

VSD, CHD with AV block with heart rate >50 bpm and no hydrops, all ductal-dependant lesions 

for systemic or pulmonary flow, and potentially ductal-dependant lesion for systemic flow  

• Recommended transfer: potentially ductal-dependant lesion for pulmonary flow  

• Not recommended: CHD with a priori no risk  

The authors acknowledged that errors in prenatal diagnosis can lead to unplanned interventions. To 

reduce this risk, priorities should be improving diagnosis concordance by training fetal 

echocardiographers, and developing new imaging tools should be a priority.  

                                                           
xxiv The flow of patient numbers was as follows: 2,464 fetal heart defects referred for expertise, of which there were 1,592 
live births, 799 terminations of pregnancy and 73 in utero fetal deaths. Of the 1,592 live births, 334 were born outside the 
centre, 120 had nonstructural heart defects and 58 received compassionate care at birth. This narrowed the study population 
to 1,080 newborns delivered alive at the facility. 
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 DISCUSSION 

Babies can have a wide spectrum of CHDs, from those requiring care that is not required urgently (i.e. 

specialty care is not required at or soon after birth) to those with critical CHD diagnoses who need 

immediate life support and corrective surgery. This report focused on cases where prenatal imaging 

(fetal echocardiography) diagnosed a CHD in the second trimester, ideally by 22 weeks gestation, 

which then generated consideration of the optimal delivery location to ensure the services of a CSC 

when urgent surgery was necessary.  

Where the presence of critical CHD is known prenatally and planning is possible, delivery at or very 

near a CSCxxv may be optimal, although last-minute complications arise in cases of unexpected or 

premature labour, lack of an antenatal diagnosis and/or geography (remote location). In such cases, 

an effective transfer system is of paramount importance.145 

Triaging of care is possible to ensure the most efficient use of the specialised and costly services of a 

CSC, as illustrated by several primary studies presented in this report. For example, for Berndl et al 

(2014)136 from Canada, outcomes supported their delivery model where most women were triaged to 

deliver locally (at tertiary centres with a NICU) and a minority were triaged to deliver at a distant 

tertiary centre adjacent to a CSC. Reviews have supported a triaging approach and have set out risk 

levels to determine delivery locations and conditions according to the type of CHD involved.66, 141 For 

example, where risk of instability is deemed to be low (e.g. VSD, ASD, mild valve disease), no 

specialised care is needed in the delivery room; in contrast, where risk of instability is very high there 

is a need for extensive planning and expertise from the delivery room onward.66, 141 

Regionalising of surgical care describes a process whereby surgery is centralised to larger units to 

improve outcomes. It has been successfully implemented in a number of areas. For example, two 

primary studies reported earlier described regional referral systems – centred in Rochester and 

serving upstate New York145, and centred in Seattle and serving Washington State and Alaska.140 An 

additional example is described here from Sweden.148 

• Lundstrom et al 2000 (Sweden): 148 In 1993, after a long and difficult process covering a decade, 

paediatric cardiac surgery was downsized from four to two centres.xxvi The centres were chosen 

after tracking of 30-day surgical mortality, with those with the lowest rates being selected. A two-

centre (versus one) model was justified to encourage competition and to minimise risks such as 

nosocomial infections or the unexpected lack of availability of key surgeons. The overall 30-day 

mortality for open heart surgery on infants and children of 9.5% before centralisation (1988–1991) 

dropped to 1.9% in 1995–1997, although a direct parallel with centralisation could not be drawn 

due to factors such as changing case mix and advancing technology: for example, interventional 

catheterisation and increasing surgical sophistication.  

                                                           
xxv It appears that few hospitals with a CSC (i.e. generally paediatric facilities) also provide obstetrical care. The more common 
model involves close proximity between paediatric and obstetrical facilities.   
xxvi A small number of less-complex operations continue to be performed at a third hospital. 
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 CONCLUSIONS 

Based on the included studies (mostly level III-3 evidence) it appears the triaging of delivery locations 

is practical and feasible with expert guidance, particularly for the most severe and unstable cases. 

Where there is a prenatal diagnosis of CHD, a number of women can deliver in regional facilities with 

competent planning and transfer to highly specialised care for neonatal CHD if necessary. A minority 

require the services of a CSC on site or in an adjacent facility.  
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 APPENDIX 1: OVID MEDLINE SEARCH STRATEGY (26 SEPT 2020) 

# SEARCHES RESULTS 

1 *Fetal Diseases/ or exp *Fetal Heart/ or *Fetus/ or exp *Infant/ or *Maternal Health 
Services/ or *Prenatal Care/ or *Pregnancy/ or *Pregnancy Outcome/ or exp 
*Perinatal Care/ 

198,631 

2 (antenatal* or ante-natal* or babies or baby* or birth or childbirth* or child-birth* or 
embryo* or fetal* or fetus* or foetal* or foetus* or infant? or maternal* or neonat* 
or neo-nat* or newborn* or new-born* or perinat* or peri-nat* or pregnancy or 
pregnancies or pregnant* or prenatal* or pre-natal*).ti. 

932,300 

3 (child* or paediatric* or pediatric*).ia,in,jw. 1,412,434 

4 1 or 2 or 3 2,180,297 

5 Heart Defects, Congenital/ 53,464 

6 ((congenital* or structural*) adj2 heart* adj2 (defect? or disease?)).ti,ab,kw. 38,963 

7 5 or 6 72,445 

8 Cardiac Care Facilities/ 1,099 

9 ((cardiac* or heart* or speciali* or specialt*) adj2 (centre? or center? or facilit* or 
hospital?)).ti,ab,kw. 

31,432 

10 (speciali* or specialt* or centre? or center? or facilit* or hospital?).ti. 512,023 

11 8 or 9 or 10 533,188 

12 (move? or moving or relocat* or re-locat* or shift* or transfer* or transition*).mp. 1,721,929 

13 4 and 7 and 11 and 12 92 

14 limit 13 to (english language and yr="2011 -Current") 60 
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 SUMMARY 

OBJECTIVE: This report presents information on the role of extracorporeal membrane oxygenation 

(ECMO) in providing a bridge to cardiac surgery for congenital heart disease (CHD) for neonates who 

are severely compromised.  

METHODS: A Medline search (26 September 2020) identified relevant English-language publications 

from 2016 onwards, and grey literature and internet searches added materials. One author selected 

and assessed relevant articles and prepared the report. The NHMRC Levels of Evidence (2009)10 was 

used to assess levels of evidence of included studies. 

BACKGROUND: A form of life support, ECMO allows bypass of the heart and lungs until the passage 

of time or additional procedures reverse the problem. It is an invasive and costly technology. Now 

used to support patients of all ages with severe respiratory and/or cardiac failure, ECMO is required 

by about 20% of all neonates with cardiac disease. Current data from the Extracorporeal Life Support 

Organization (ELSO, an international non-profit consortium of healthcare institutions) show a 

cumulative total over several decades of about 9,000 courses or ‘runs’ of ECMO for neonates with 

cardiac indications internationally (7% of all runs of ECMO). For this group, 69% survived ECMO and 

43% survived to discharge or transfer. 

FINDINGS: ECMO has proven useful for neonates after repair of CHDs, as well as bridging care for 

neonates awaiting heart transplantation. The level of evidence of included studies in this rapid review 

is equally proportioned from level III-3 evidence or narrative reviews/policy documents. 

Only two publications (from 2009 and 2015) reported on ECMO to bridge paediatric patients 

(neonates and infants) with failing cardiorespiratory function up to the time of cardiac surgery. Both 

studies were retrospective database reviews (one small single centre [n=26]; one larger study with 

data from 43 hospitals [n=494]). Survival rates to hospital discharge were 62% (53% for neonates) and 

71% (neonates not separately reported but median age was 53 days), respectively. Both publications 

concluded that ECMO can be used successfully to bridge infants to cardiac surgery. In addition, several 

reports of mobile ECMO to transport compromised neonates to tertiary centres for care have reported 

success with no transport-related mortality. This suggests that mobile ECMO transport can be useful 

between centres where such skills are present or where fly-in teams are available for more remote 

patients. In NSW, a Model of Care for ECMO retrieval services is being developed to guide best practice 

for the early identification and management of deteriorating patients. 

CONCLUSIONS: ECMO appears to be a safe and useful form of treatment as a bridge to cardiac 

surgery for neonates with CHD who are severely compromised, but there is a paucity of evidence.  
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 REPORT OBJECTIVE 

This rapid review report presents information on the role of extracorporeal membrane oxygenation 

(ECMO) in providing a bridge to cardiac surgery for congenital heart disease (CHD) in neonates (i.e. 

infants up to age 28 days) who are severely compromised.        

 METHODS 

An experienced health information specialist designed an Ovid Medline literature search strategy that 

was run on 26 September 2020. The search strategy (Appendix 1) was limited to English-language 

articles published from 2016 onwards to identify the most recent references. Grey literature, pearling 

of retrieved studies and internet searches captured additional material. One author reviewed the 

search results, selected relevant material and prepared the report. The NHMRC Levels of Evidence 

(2009)10 was used to assess the level of evidence of included studies in this rapid review. 

 BACKGROUND 

6.4.1 Congenital heart defects/disease 

Paediatric cardiac surgery is generally performed for CHDs; that is, defects of the heart, heart valves 

or central blood vessels that are present at birth.16 Defects can range from simple to complex and can 

occur alone or as a group of defects, depending on how the heart has developed.17  Examples of CHDs 

see BOX 1 page 41.  

6.4.2 What is ECMO? 

ECMO has been described as a complex, invasive, high risk and costly technology that should only be 

conducted in centres with sufficient experience, knowledge and expertise in the field.149 It is a form of 

extracorporeal life support (ECLS) where the functions of the heart and oxygenation of the blood 

involve an external mechanical pump. Like a heart-lung bypass machine, ECMO works by pumping a 

patient’s blood through an artificial lung called a membrane oxygenator that exchanges oxygen and 

carbon dioxide. After warming of the blood via a heat exchanger, the blood is returned to the patient. 

The pressure and flow created by the pump help to circulate blood in the body, thus supporting cardiac 

function. ECMO is not a treatment or cure; rather, it substitutes for the work of the heart and lungs 

by allowing them to be bypassed until the passage of time or additional procedures assist in reversing 

the problem that is causing reliance on ECMO.150, 151 ECMO is currently used to support patients of all 

ages with severe respiratory and/or cardiac failure unresponsive to conventional medical 

interventions, although its original use about 45 years ago started in newborns with respiratory 

failure.152  

6.4.3 Types of ECMO 

The main types of ECMO are veno-venous (VV) and veno-arterial (VA) (Figure 4). Both provide 

respiratory support, but only VA ECMO provides haemodynamic support.153 In the USA, over the past 

decade, about 48% of all paediatric ECMO cases were VV-ECMO, primarily for respiratory failure, with 
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the remaining 52% being VA-ECMO for cardiac or circulatory failure.151 CHD is the most common VA-

ECMO indication for children with cardiac failure, with left-to-right shunts being seen most often.154 

FIGURE 4: VA-ECMO CIRCUIT155 

 

6.4.4 Indications for ECMO in neonates 

The use of ECMO as a life-saving procedure in paediatrics now extends to various types of CHD as well 

as non-cardiac diseases. A study of a decade of USA records of ECMO use in neonates from 2002 to 

2011 reported that about 20% of all cases using ECMO were attributed to cardiac causes with the most 

common diagnoses overall being respiratory distress syndrome (34%) and congenital diaphragmatic 

hernia (22%).156 In terms of neonatal cardiac disease, CHD represents about 80% of cases; for example, 

hypoplastic left heart syndrome, cyanotic defects with compromised pulmonary flow (total anomalous 

pulmonary venous return), septal defects or left and right ventricular outflow obstruction.151 

Up to 5% of children undergoing corrective or palliative cardiac surgery require mechanical cardiac 

support with ECMO in the perioperative or postoperative period, although it is not commonly used 
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preoperatively.156, 157 Valencia et al (2020)154 provided a list of 13 neonatal cardiac indications, 

including ECMO as a bridge to a decision regarding heart transplantation or a ventricular assist device 

(VAD). 

6.4.5 Contraindications to ECMO in neonates 

ECMO has contraindications in neonates:151, 155, 158 

• Contraindications to ECMO use in neonates: end-stage primary disease with poor prognosis and 

no therapeutic options (the exception is bridge to heart transplant); severe neurologic injury (e.g. 

significant intracranial haemorrhage); extremes of prematurity (<30 weeks gestational age) or 

low birth weight (<1 kg); potentially lethal chromosomal anomalies (trisomy 13 or 18); and 

uncontrollable bleeding or coagulopathy 

• Relative contraindications to ECMO use in neonates: less severe intracranial haemorrhage; <32 to 

34 weeks gestation; low birth weight (<1 to 2 kg); and mechanical ventilation >10 to 14 days 

6.4.6 Implementing ECMO in neonates  

Neonates should undergo a thorough assessment as soon as ECMO is considered a treatment option, 

including a complete physical examination with a focus on neurological assessment; laboratory tests 

including arterial pH and blood gases, coagulation tests, complete blood count with platelets, and 

electrolytes; imaging including chest radiograph, cranial ultrasound and echocardiogram; and 

consideration for genetics consultation if dysmorphic features are present. Once cannulated and 

initiated on ECMO, device settings are adjusted to maintain adequate blood pressure, oxygenation 

and acid–base status. Anticoagulation is required to prevent clotting of the ECMO circuit. In general, 

infants are sedated but not paralysed to allow for adequate serial neurologic assessment. ECMO 

requires constant monitoring and laboratory assessment. 151 

6.4.7 Sample ECMO costs in neonates 

ECMO is costly treatment.  

• In a USA database review of neonatal ECMO for all clinical indications in 2,129 neonates from 

1997 to 2012, the mean cost of ECMO treatment was about USD175,000 (AUD243,000) for 

survivors and USD191,000 (AUD266,000) for non-survivors, with cost ranges across groups of 

about USD110,000 to USD320,000 (AUD153,000 to AUD430,000). Patients were mainly cared for 

in large urban teaching hospitals, and 22% had a principal cardiac diagnosis.159   

• Canadian authors reported on their experience with use of paediatric ECMO for all clinical 

indications from 1999 to 2013. Included were 342 children (mean age 2.9 years) of whom 30% 

were neonates. Cardiac failure was the pre-treatment diagnosis for 49%. For neonates who 

received ECMO, the survival rate at hospital discharge was 53%. Of those who survived to 

hospital discharge, 60% were alive at 30 days, 48% at 1 year, and 43% at 5 years. Total mean cost 

up to a year post treatment per neonate treated with ECMO was CAD141,000 (AUD148,000).160 
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6.4.8 The Extracorporeal Life Support Organization 

Established in 1989 and headquartered in Michigan, the Extracorporeal Life Support Organization 

(ELSO) is an international organisation that maintains a registry of ECMO and related therapies. ELSO 

is a non-profit consortium of healthcare institutions and individuals in 60 countries that provides 

support to institutions delivering ECLS through continuing education, guidelines development, original 

research, publications and maintenance of a comprehensive registry of patient data.149, 152 

International ELSO data show a cumulative total over time (all ages and indications) of 133,321 runs 

of ECMO, with 8,993 (7%) occurring in neonates for cardiac indications. Of these, 69% survived the 

run of ECMO and 43% survived to discharge or transfer. Services to all patient populations were 

delivered at a rate of about 16,000 runs per year at 453 centres across the world.161 

In terms of neonates with cardiac disease, in the last decade, 400 to 500 neonates have been 

supported with ECMO each year in centres reporting to the ELSO (Figure 5). Hospital survival is about 

40%, which has not really changed since 1987 despite increased experience, better equipment and 

enforced education and team training, attributed to a constant widening of indications and increasing 

levels of complexity and acuity.162  

 

FIGURE 5: RUNS OF ECMO FOR CARDIAC DISEASE IN NEONATES – ELSO DATA 2018 162 

 

 

The proportion of ECMO runs delivered to neonates versus all age groups has decreased dramatically 

over time from 82% in 1990 to 8% in 2016 due to increasing use of ECMO in non-neonatal age groups 

as well as declining use in neonates with respiratory failure because of less invasive treatment 

alternatives.163 

ELSO has issued clinical care guidelines including Guidelines for ECMO Transport, aimed at designing 

and establishing an inter-facility ECMO transport program (for all age groups and indications) by 
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centres already performing in-house ECMO.164 ELSO guidelines for paediatric cardiac failure are also 

available.165 

 LITERATURE REVIEW RESULTS 

6.5.1 The literature base 

The Medline search (strategy reported in Appendix 1) identified 217 potentially relevant references 

from the year 2016 onwards. Additional references came from the grey literature, the internet and 

selective review of bibliographies of included articles. The NHMRC Levels of Evidence (2009)10 was 

used to assess levels of evidence in this rapid review. 

SUMMARY OF STUDIES – LEVELS OF EVIDENCE 10 * 

STUDY STUDY DETAILS EVIDENCE LEVEL 

Coppola et al (2008)166 Retrospective cohort study III-3 

Bautista-Hernandez et al (2009)167 Retrospective cohort study III-3 

Clement et al (2010)168 Retrospective cohort study III-3 

Combes and Lebreton (2014)169 Narrative review Not applicable 

Canberra Hospital and Health 

Services (2014)170 

Policy documents Not applicable 

Stiller and Fleck (2016)171 Editorial Not applicable 

McKenzie et al (2017)172 Retrospective cohort study III-3 

Shah (2017)173 Comment Not applicable 

Mendes et al (2017)174 Retrospective cohort study and systematic 

review of level II-IV studies 

III-3 

Khorsandi et al (2018)175 Retrospective cohort study III-3 

Allen et al (2018)176 Narrative review Not applicable 

Agency for Clinical Innovation, NSW 

Health (2018)177 

Policy documents Not applicable 

Roeleveld and Mendonca (2019)162 Narrative review Not applicable 

Erdil et al (2019)178 Narrative review Not applicable 

Broman (2019)179 Perspective Not applicable 

New South Wales (NSW) Agency for 

Clinical Innovation (2020)153 

Guidance report Not applicable 

Soreze et al (2020)180 Retrospective cohort study III-3 

Safer Care Victoria (2020)181 Guidance report Not applicable 

New South Wales (NSW) Agency for 

Clinical Innovation (2020)182 

Rapid review report of level II-IV studies  Not applicable 

*Levels of Evidence classified down to case series; narrative reviews and other reports not graded, and 

systematic and rapid reviews are graded according to the level of evidence of their included studies 
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6.5.2 Studies of ECMO as a bridge to CHD surgery in neonates 

ECMO has proven useful for neonatal cardiopulmonary support after repair of CHDs, as well as 

bridging neonates to heart transplantation. However, little information is available regarding ECMO 

support for failing cardiorespiratory function in neonates and infants with unrepaired CHD to bridge 

them to the time of surgery. Most neonatal cardiac ECMO is used post procedure.176  

For example, in a Scottish database review of 66 paediatric patients age <16 years (26 were neonates 

[39%]) who received ECMO linked with cardiac surgery. All patients were placed on ECMO after 

surgery, divided into three distinct phases: (a) in-theatre ECMO for patients unable to effectively wean 

from cardiopulmonary bypass, (b) ECMO for cardiopulmonary resuscitation, and (c) intensive care unit 

ECMO for failing maximal medial therapy following cardiac surgery.175  

A similar review of ECLS (ECMO or VAD) cardiac cases from the Royal Children’s Hospital in Melbourne 

(2005 to 2014) reported on 110 neonates (10.5% of all neonates undergoing cardiac surgery) who 

required ECMO after cardiac surgery. Indications were failure to separate from cardiopulmonary 

bypass in 36%, extracorporeal cardiopulmonary resuscitation in 44%, progressive low cardiac output 

in 14% and other reasons in 6%.172 

In a recent review of neonatal cardiac ECMO, the emphasis was on use of ECMO from surgery 

onwards. The authors noted, ‘ECMO can be utilized for pre-operative stabilization, e.g., transposition 

of the great arteries with pulmonary hypertension,’ although the statement is not referenced and no 

further information is provided.162 

Only two clinical studies were identified that focused on ECMO specific to preoperative use in 

neonates (Table 28).157, 167 Both sets of authors reported that their studies were the largest to date on 

this patient population. In addition, German experts noted the utility of ECMO use to bridge neonates 

to cardiac transplant, including transport to a suitable paediatric transplant centre.171 If waiting time 

for suitable organs is an issue for these patients, one to two weeks of ECMO can be followed by use 

of a VAD as a bridge for medium- or long-term support while waiting for a donor. This indication was 

echoed by Allen et al (2018)176 from the USA, Erdil et al (2019)178 from Switzerland, and Fernando et 

al (2020)160 from Canada, although the Canadian study noted that use of ECMO is decreasing for this 

indication in favour of VADs where better outcomes are reported. 

6.5.3 Additional detail from the studies of bridging ECMO to time of surgery 

6.5.3.1 Bautista-Hernandez et al (2009)167 study 

• Authors’ background comment: ‘Surgical experience indicates that emergently operating on a 

moribund patient is likely to yield an unfavorable outcome while stabilization with ECMO allows 

for a period of cardiopulmonary recovery, as well as recovery of other end-organ functions before 

proceeding to repair, potentially improving patient outcomes.’  

• A 24/7 in-house ECMO team was responsible for all ECMO runs in the study. 

• Excluded were patients supported with ECMO after an index cardiac surgical procedure and those 

who had a subsequent surgical operation during ECMO support, as well as those who used ECMO 

as a bridge to cardiac transplantation. 

• Median time on ECMO before surgery was 3 days (range 0 to 13 days). 
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• Procedures performed: arterial switch operation for D-transposition of the great arteries (n=8), 

staged palliation of single-ventricle lesions including hypoplastic left heart syndrome and other 

anatomic variants, Norwood operation (n=3), bidirectional Glenn (n=3), aortopulmonary shunt 

(n=1) and bilateral pulmonary artery bands (n=1). 

• Complications: 21 patients (81%) had one or more complications on ECMO. The most frequent 

were central nervous system injury (n=10; 38%); blood stream infection (n=6; 23%); renal injury 

(n=3; 11.5%); and infection (n=3; 11.5%). 

6.5.3.2 Gupta et al (2015)157 study 

• The most common indications for ECMO use in children undergoing cardiac surgery were low 

cardiac output syndrome, inability to wean from cardiopulmonary bypass, refractory arrhythmias, 

pulmonary hypertension, inotrope-refractory cardiogenic shock, bridge to heart transplant and 

extracorporeal cardiopulmonary resuscitation. 

• The most common complications (those occurring in >10% of patients) were sepsis, renal 

insufficiency, pneumonia, cardiopulmonary arrest, urinary tract infection and brain ischaemia. 

• There were no significant differences between pre-surgery versus post-surgery ECMO groups in 

ECMO duration, length of hospital stay or hospital charges. 
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TABLE 28: STUDIES OF ECMO AS A BRIDGE TO CHD SURGERY IN PAEDIATRIC CASES 

LEAD AUTHOR (YEAR); 

LOCATION 

STUDY 

DESIGN 

PATIENTS SURVIVAL RATES CONCLUSIONS STUDY LIMITATIONS 

Bautista-Hernandez et 

al (2009);167 USA 

Study at Boston 

Children’s Hospital 

Retrospective cohort 

study Evidencel Level 

III-3 

Retrospective 

review of the 

ECMO database 

at one hospital 

(1996–2008) 

n=26 (69% male); mean age 3.6 

days (range 0–5800 days [16 

years]);17 were neonates 

Mean weight 4 kg (range 1.8 to 67 

kg) 

ECMO was provided only up to the 

time of surgery  

ECMO indications: severe 

hypoxemia, cardiogenic shock or 

cardiopulmonary resuscitation 

Survival to discharge 

= 62% (53% for 

neonates) 

All alive at a median 

of 4 years follow-up 

post-discharge (range 

2 months – 12 years) 

ECMO can be used as a 

bridge to surgery to 

rescue children with 

failing circulations and 

unrepaired CHDs 

Small number of patients, 

retrospective study design, 

single institution, long 

timespan 

Gupta et al (2015);157 

USA 

Data from the 

Pediatric Health 

Information System 

(PHIS) –43 US 

paediatric hospitalsxxvii 

Retrospective cohort 

study Evidence Level 

III-3 

Retrospective 

review of the 

PHIS database 

for 43 hospitals 

(2004–2013) – 

compared 

outcomes for 

ECMO pre-

surgery to 

ECMO post-

surgery 

n=total of 3498 patients from 42 

hospitals qualified for inclusion: 494 

in pre-surgery group (14% of total), 

3,004 in post-surgery group  

Median age 53 days for pre-surgery 

group, 4 days for post-surgery 

group 

Pre-surgery group: 65% required 

ECMO only to the time of surgery 

and 35% also required ECMO post-

surgery 

Survival to discharge: 

pre-surgery ECMO 

71.4%; post-surgery 

ECMO 55.2%  

Mortality odds ratio 

(adjusted data) was 

significantly lower in 

pre-surgery vs post-

surgery ECMO groups 

(OR: 0.46, 95% CI: 

0.36–0.59, p<0.0001) 

ECMO can be used with 

satisfactory outcomes 

prior to heart surgery in 

children with CHD 

Limitations of observational 

analyses (e.g. selection bias 

and residual confounding), 

use of administrative data 

(e.g. coding errors), no 

insight into ECMO decision-

making, and inability to 

adjust for severity of illness  

                                                           
xxvii These make up 20% of tertiary paediatric hospitals in the USA. 
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6.5.4 Mobile ECMO services 

Mechanical support teams are increasingly organising and structuring ECMO transport services where 

a hub ECMO centre team goes out to another hospital (or even a non-hospital setting) and brings a 

patient back for continuing ECMO and treatment or they treat at the distant facility.173 Most mobile 

ECMO services appear to be for adults and outcomes are good, as illustrated by a literature review of 

38 publications up to 2012.174 

A Swedish publication that reported on mobile ECMO for neonates asserted that, although ECMO 

transports are usually high risk and complex, regionalisation to high-volume ECMO centres allows for 

optimal utilisation of resources, reduction in costs, morbidity and mortality.179 

Mobile ECMO services including neonates have been reported from France and the USA: 

• Soreze et al (2020)180 (France): A review of a single centre experience from 2014 to 2019 reported 

that the centre’s ECMO team transported 80 children, of which 25% were neonates. The median 

duration of transport was eight hours and mean distance was approximately 200 km. Transport 

was by air and then ground vehicles for 50% and by ground only for the rest. Survival rate six 

months after intensive care unit (ICU) discharge was 46%. There were minor adverse events in 39% 

of the transports but no mortality. 

• Clement et al (2010)168 (USA): A retrospective review of 18 years of mobile ECMO experience (1990 

to 2008) for 112 children was reported by paediatricians from an Arkansas tertiary hospital. 

Transport was by helicopter (75%), ground vehicles (12.5%) and fixed-wing aircraft (12.5%). 

Indications for ECMO were cardiac or respiratory failure. No patient died during transport and 

overall survival to hospital discharge was 60%, which was consistent by clinical category with 

international data. 

• Coppola et al (2008)166 (USA): Researchers from Texas reported on 22 years of experience (1985 to 

2007) with mobile ECMO services for children. A total of 68 children were transported, with 56 

(82%) moving into their facility and 12 (18%) moving from one outside location to another. Ground 

vehicles and fixed-wing aircraft were used. Distance transported was a mean of 2,220 km (range 

13 to 12,070 km). No child died during transport, and survival to discharge after transport ECMO 

was 65%. 

According to policy documents for Canberra Hospital170 and the state of NSW,177 Australia has mobile 

ECMO services involving a coordinated response by the referring and receiving hospitals, ECMO teams, 

ambulances and the medical retrieval services. However, from the materials available, it is unclear 

whether mobile ECMO services in Australia are currently limited to adult patients; for example, mobile 

ECMO in the state of Victoria is restricted to adult indications.181 

Currently in New South Wales (NSW),  neonatal and paediatric ECMO retrieval  is organised 

on a case by care basis in consultation with the Newborn and Paediatric Emergency Transport 

Services NSW (NETS), and the expert ECMO specialists at the SCHN.153  

NSW Health has produced a rapid review report on ECMO for neonatal and paediatric patients,182 

although it expands beyond cardiac indications to include all clinical indications for ECMO transport. 

The report answers the question ‘What components of organisational models for neonatal and 
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paediatric extracorporeal membrane oxygenation retrieval services are associated with improved 

outcomes?’. Seven elements were identified: structure of ECMO services, patient selection, pre-

retrieval management, retrieval team, transport mode, equipment, and training and education. In 

addition, outcomes from the literature were reported as were themes developed from a survey.  

A recent companion document on model of care for ECMO retrieval services for neonatal and 

paediatric patients was informed by the rapid review and consultation with the NSW clinical 

community.182 The model of care incorporates three main elements: (a) an ECMO-compatible site (i.e. 

tertiary referral network across two sites); a retrieval service (NETS); and (c) the referral sites around 

NSW. The document notes several practical considerations and challenges related to potential 

implementation. 

According to an article by French experts Combes and Lebreton (2014)169 a mobile ECMO team should 

be available 24/7 and employ experienced personnel trained in the transport of critically ill patients 

and insertion of ECMO cannulas, as well as circuit and patient management. All the equipment 

required for cannulation, circuit set-up and transportation should be pre-packed and immediately 

available. The team will usually include a mix of physicians, transport specialists, nurses, perfusionists 

or other ECMO specialists. A clinician trained in echocardiography would be an asset for some 

transfers, as would portable ultrasound equipment. 

In NSW, a Model of Care for ECMO retrieval services153 is being developed to guide best practice for 

the early identification and management of deteriorating patients. This describes three key elements: 

an ECMO capable site, a retrieval service and referral sites from across NSW, noting that in neonatal 

and paediatric care ECMO is a low volume specialist service.  

 DISCUSSION 

This report explored the evidence related to the use of ECMO in neonates as a bridge to cardiac 

surgery. Although ECMO is used in a small proportion of cases for neonates before they undergo 

cardiac surgery (5% or less), most use begins in the operating room or is postoperative.  

Only two studies reported on preoperative use, both from the USA: Bautista-Hernandez et al (2009)167 

reported on 26 children (17 neonates) treated in Boston over 12 years, and Gupta et al (2015)157 used 

a 43-hospital database to report on 494 children over 9 years (note that in the latter study children 

were a median of 53 days old). Both publications supported use of ECMO preoperatively when 

necessary, based on patient clinical status.  

Of interest, information from France and the USA on mobile ECMO services used for neonate transport 

to tertiary centres was supportive of the technology and, although clinical conditions varied, there 

was no mortality reported during the transport step.  

 CONCLUSIONS 

From the included studies (mainly Level III-3 evidence) ECMO appears to be a safe and useful form of 

treatment as a bridge to cardiac surgery for neonates with CHD who are severely compromised, but 

there is a paucity of evidence to base any conclusions on.   
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 APPENDIX 1: OVID MEDLINE SEARCH STRATEGY (26 SEPT 2020) 

# SEARCHES RESULTS 

1 *Fetal Diseases/ or exp *Fetal Heart/ or *Fetus/ or exp *Infant/ or exp *Infant, 
Newborn, Diseases/ or *Prenatal Care/ 

268,207 

2 (antenatal* or ante-natal* or babies or baby* or birth or embryo* or fetal* or 
fetus* or foetal* or foetus* or infant? or neonat* or neo-nat* or newborn* or 
new-born* or perinat* or peri-nat* or postnat* or post-nat* or prenatal* or pre-
natal*).ti. 

705,409 

3 *Extracorporeal Membrane Oxygenation/ or (ecls or ecmo or extracorporeal life 
support? or extra-corporeal life support? or extracorporeal membrane 
oxygenation? or extra-corporeal membrane oxygenation?).ti. 

10,848 

4 exp *Specialties, Surgical/ or exp *Surgical Procedures, Operative/ or (operation? 
or operative* or preoperat* or pre-operat* or perioperat* or perio-operat* or 
surgeries or surgery or surgical*).ti. 

2,534,852 

5 (1 or 2) and 3 and 4 1,278 

6 exp animals/ 23,468,804 

7 exp animal experimentation/ or exp animal experiment/ 9,487 

8 exp models animal/ 573,274 

9 exp vertebrate/ or exp vertebrates/ 22,804,861 

10 or/6-9 23,470,748 

11 exp humans/ 18,730,340 

12 exp human experimentation/ 12,487 

13 or/11-12 18,730,995 

14 10 not 13 4,740,378 

15 5 not 14 1,231 

16 limit 15 to (English language and yr="2016 - Current") 217 

 

Grey literature: The Grey Matters Checklist, developed by the Canadian Agency for Drugs and 

Technologies in Health (CADTH), was used to perform a limited grey literature search on 28 September 

2020. Grey literature search terms used: (babies OR baby OR child OR infant OR neonate OR newborn 

OR new-born OR pediatric OR paediatric OR postnatal OR post-natal OR premature OR congenital 

heart disease OR cardiac) (ecmo OR extracorporeal life support OR extra-corporeal life support OR 

extracorporeal membrane oxygenation OR extra-corporeal membrane oxygenation)
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 SUMMARY  

OBJECTIVE: The aim of this rapid review is to answer the following questions relating to paediatric 

cardiology services in NSW: 

1. Is there a trend in paediatric cardiology to move from surgical to interventional procedures?  

2. If so, which paediatric cardiac surgical and interventional procedures does this apply to, 
current and future? 

3. What is the estimated potential impact of this trend toward interventional procedures on the 
expected volume of surgical cases? 

METHODS: A search of the Medline database identified 563 potentially relevant articles published 

from 2016 to 4 October 2020. Additional grey literature and internet searches were conducted as 

required with no date restriction and the reference lists of retrieved full-text articles were screened 

for relevant articles. One author selected and assessed the relevant articles and narratively 

synthesised the findings.  The NHMRC Levels of Evidence (2009)10 was used to assess levels of evidence 

of included studies. 

BACKGROUND: Paediatric or childhood heart disease encompasses different conditions that affect 

the normal function of the heart in children and is categorised as congenital or acquired. Mild heart 

defects can often be treated with medications, but some conditions require catheter-based 

(interventional) procedures or corrective surgery. The increasing shift toward the use of interventional 

procedures in patients with paediatric cardiac disease may have significant implications for the 

provision of cardiac surgery services in this population over the next decade. 

FINDINGS: A meta-analysis found that the mean global prevalence of congenital heart defects (CHD) 

has risen steadily from 4.6 per 1,000 live births in the 1970–1974 period to 9.4 per 1,000 in the 2010–

2017 period, mainly due to an increase in the prevalence of patent ductus arteriosus and ventricular 

and atrial septal defects (i.e. ‘mild’ lesions). The prevalence of left ventricular outflow tract 

obstruction, which includes severe lesions such as aortic atresia and hypoplastic left heart syndrome, 

decreased by one-third from the mid-1990s. 

The level of evidence of included studies in this rapid review was Level III-3 evidence and 

reports/guidance documents. Unpublished data indicated a 14% compound increase in interventional 

paediatric cardiac catheter caseload in one of the two major paediatric centres in NSW over the last 

decade, whereas the total paediatric surgery caseload increased by 1% over the same period. The 

yearly surgical caseload at the other major centre has declined significantly since 2017. While the 

annual number of surgical procedures requiring cardiopulmonary bypass (CPB) has remained relative 

stable (1% compound change), the number of STAT Category 5 cases experienced a 7% compound 

increase. The number of neonatal cardiac catheter procedures also burgeoned, with a compound 

increase of 19% over the last decade. 

CONCLUSIONS: Current trends in disease prevalence, interventional and surgical service provision 

and innovations in paediatric cardiology suggest that the number of paediatric cases involving 

interventional treatment for atrial and ventricular septal defect closure and patent ductus arteriosus 

occlusion is likely to increase over the next decade in NSW. While the number of paediatric cardiac 

surgery cases will likely remain relatively stable in the face of increasing CHD prevalence, the spectrum 
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of cardiac surgery is likely to shift to the treatment of more complex conditions, particularly in low-

birth-weight babies.  

 REPORT OBJECTIVE 

The aim of this rapid review is to synthesise information to answer the following questions in relation 

to paediatric cardiology services in NSW: 

1. Is there a trend in paediatric cardiology to move from surgical to interventional procedures?  

2. If so, which paediatric cardiac surgical and interventional procedures does this apply to, 
current and future? 

3. What is the estimated potential impact of this trend toward interventional procedures on the 
expected volume of surgical cases? 

 METHODS 

A rapid review methodology183 was used to identify and synthesise the published literature on the 

research questions above. An information specialist conducted searches of the Medline database 

(including Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) Daily) 

to identify English-language articles of any type published from 2016 to 23 October 2020 (Section 7.8, 

Appendix 1). Additional ad hoc searches for grey literature, information on prevalence and incidence 

and other information as required were conducted in Google with no date restriction. The reference 

lists of any full-text articles retrieved were also screened for relevant articles. One author reviewed 

the search results, selected relevant material according to the criteria listed in Table 29 and narratively 

synthesised the findings from the included articles. The NHMRC Levels of Evidence (2009)10 was used 

to assess levels of evidence of included studies. 

TABLE 29: GENERAL ARTICLE SELECTION CRITERIA 

INFORMATION REQUIRED ARTICLE TYPE 

Currently used interventional 
techniques in paediatric cardiac 
disease 

Clinical practice guidelines published in Australia (preferentially), north America or 
Europe. Guidelines published by a multinational organisation/society that spanned an 
entire region were preferentially included. 

If more than one guideline was identified from a region, only the most recent guideline 
was included to ensure that recommendations reflected the most recent advances in 
therapy. 

Systematic reviews/HTAs or guidelines that reported pooled data for procedure 
effectiveness or safety to update guideline information. 

Trends in patient populations, 
treatments or service provision 
pertaining to paediatric cardiac 
disease 

Articles or data of any type on the prevalence of paediatric cardiac diseases and trends 
or innovations in paediatric cardiology or surgery. 

New interventional techniques for 
treating paediatric cardiac disease 

Published articles on the use of new interventional procedures or expanded indications 
for existing procedures. 

Notes: 
HTA = health technology assessment 

For the purposes of this report, an interventional cardiac procedure was defined as any catheter-based 

treatment for heart disease. 
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An unpublished rapid review184 on surgical and non-surgical treatments for paediatric cardiac diseases 

was also used to provide data for this report. The report included a comprehensive search for and 

summary of clinical practice guidelines on treatments for cardiac disease in children younger than 18 

years. 

 INTRODUCTION 

Paediatric or childhood heart disease is a general term used to describe various conditions that affect 

the normal function of the heart in children, from newborns through to teenagers. There are two 

major groups of cardiac disorders in children: those that are present from birth (congenital) and those 

that develop during childhood (acquired).  

7.4.1 Congenital heart disease 

Congenital heart disease (CHD) is a universal term for any defect of the heart, heart valves or central 

blood vessels that is present at birth.16, 185 In Australia, CHD is a leading cause of hospitalisations and 

death among Australian babies and is the most common cause of death in the first year of life.186 An 

estimated 2,400 babies are born with CHD each year, with half of them requiring surgery or a catheter-

based intervention.16, 187 In 2017, CHD was the underlying cause of 152 deaths (0.1% of all deaths) in 

Australia, with 46% of these deaths occurring among infants younger than one year. Nine out of every 

1,000 babies are diagnosed with CHD worldwide and it is considered a rapidly emerging global 

problem in child health.16 

The physiologic consequences of congenital heart anomalies range from a heart murmur or 

discrepancy in pulses in an asymptomatic child to severe cyanosis, heart failure or circulatory collapse. 

CHD is classified as cyanotic or acyanotic depending on the amount of deoxygenated haemoglobin in 

the systemic circulation. Cyanotic CHD is a heterogenous group of abnormalities in which 

deoxygenated blood bypasses the lungs (right to left shunt) and enters the systemic circulation, 

causing low oxygen saturation and cyanosis. Cyanotic heart anomalies include tetralogy of Fallot, 

transposition of the great arteries, total anomalous pulmonary connection and hypoplastic left heart 

syndrome.188  

In acyanotic CHD, there is a defect in the partition between the left and right structures of the heart 

that results in oxygenated blood being shunted from left to right. Symptoms are dependent on the 

extent of the malformation and cardiac dysfunction. Infants may be asymptomatic or may exhibit 

exercise intolerance, failure to thrive and symptoms of heart failure. Acyanotic conditions include 

atrial and ventricular septal defects, patent ductus arteriosus (PDA), aortic and pulmonary stenosis, 

and coarctation of the aorta.189 

7.4.2 Acquired heart disease 

Childhood acquired heart conditions appear after birth and usually result from damage to cardiac 

tissues by a disease, virus or bacteria that impairs cardiac function. Acquired heart disease is less 

common in children than in adults. The most common acquired heart conditions among children are 

Kawasaki disease, myocarditis, cardiomyopathy and rheumatic heart disease.186, 190 Symptoms of 

acquired heart disease in children vary depending on the disease aetiology and extent of cardiac 
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damage. As most acquired paediatric heart diseases are treated with medications, these conditions 

are not a prime focus of this report. 

7.4.3 Interventional and surgical treatment 

Heart defects can occur alone or in groups and can range from simple to complex, as follows:191 

• Less complex: PDA, coarctation of the aorta, atrial septal defect (ASD), ventricular septal 
defect (VSD) and aortic and pulmonary valve disease; 

• Complex: atrioventricular septal defect, tetralogy of Fallot, transposition of the great vessels, 
pulmonary atresia and single ventricle pathology. 

Second trimester ultrasound assessments that scan for CHDs are routine practice in Australia. This 

allows for early detection of cardiac anomalies and provides time to prepare a potential in utero 

intervention or a post-birth treatment plan.16 Mild heart defects can often be treated with 

medications, but some conditions require catheter-based (interventional) procedures or corrective 

surgery. That latter is often undertaken in the first year of life and is usually reserved for more complex 

heart conditions. Heart transplantation is a last resort option for severe heart disease.16  

7.4.4 Interventional and surgical services in Sydney, NSW 

In June 2010 the Sydney Children’s Hospital Network (SCHN) was created to coordinate paediatric 

service planning and delivery at the Children’s Hospital at Westmead (CHW) and the Sydney Children’s 

Hospital (SCH), Randwick with other paediatric services in NSW.191, 192 The CHW is the largest paediatric 

centre in NSW and is located in the Greater Western Sydney Region where one-third of the state’s 

population of children aged 0 to 15 years live. This population is projected to increase by 44% over the 

next 20 years, from 472,340 in 2016 to 590,620 in 2026, and to 678,490 in 2036.192 

 LITERATURE REVIEW RESULTS 

7.5.1 The literature base and approach to evidence synthesis 

The Medline search identified 563 potentially relevant articles published from 2016 onward. 

Additional references were sourced from ad hoc searches of PubMed, the internet and the reference 

lists of retrieved articles. The NHMRC Levels of Evidence (2009)10 was used to assess levels of evidence 

in this rapid review. 
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SUMMARY OF STUDIES – LEVELS OF EVIDENCE 10 * 

STUDY STUDY DETAILS EVIDENCE LEVEL 

Feltes et al (2011)193 Clinical practice guidelines Not applicable 

Heart Foundation of New 
Zealand (2014)194 

Guidance report Not applicable 

Freud et al (2014)195 Retrospective cohort study III-3 

Suradi and Hijazi (2015)196 Narrative review Not applicable 

Moon-Grady et al (2015)197 Retrospective cohort study III-3 

Omelchenko et al (2016)198 Retrospective cohort study III-3 

Wyss et al (2016)199 Retrospective cohort study III-3 

Sosnowski et al (2016)200 Retrospective cohort study III-3 

Dodge-Khatami et al (2016)201 Comment Not applicable 

Promphan and Qureshi 
(2016)202 

Narrative review Not applicable 

Narin et al (2017)203 Retrospective cohort study III-3 

Gupta et al (2017)204 Retrospective cohort study III-3 

Frigiola et al (2017)205 Retrospective cohort study III-3 

Haas et al (2017)206 Guidelines Not applicable 

Narin et al (2018)207 Retrospective cohort study III-3 

Liu et al (2018)208 Randomised controlled trial II 

Houeijeh et al (2018)209 Retrospective cohort study III-3 

Knop et al (2018)210 Retrospective cohort study III-3 

Stegeman et al (2018)211 Retrospective cohort study III-3 

Martin et al (2018)212 Retrospective cohort study III-3 

Friedman et al (2018)213 Retrospective cohort study III-3 

Friedman and Tworetzky 
(2020)214 

Narrative review Not applicable 

Liu et al (2019)215 Meta-analysis of 260 studies for practice 
guideline 

Not applicable 

Pillai et al (2019)216 Retrospective cohort study III-3 

Agrawal et al (2019)217 Narrative review Not applicable 

Almeida-Jones et al (2019)218 Narrative review Not applicable 

Batlivala and Goldstein 
(2019)219 

Narrative review Not applicable 

Quandt et al (2019)220 Case series IV 

Sydney Children’s Hospitals 
Network (2020)221 

Unpublished data from SCHN Not applicable 

Australian Government 
(2020)222 

Government report Not applicable 

*Levels of Evidence classified down to case series; narrative reviews and other reports not graded, and 

systematic and rapid reviews are graded according to the level of evidence of their included studies 
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The three objectives of the report were addressed by analysing the collated information as follows. 

• Questions 1 and 2: Trends in paediatric cardiology 

- An inventory of currently recommended interventional techniques was compiled 

based on current clinical practice guidelines and recently published secondary 

analyses (systematic reviews and health technology assessments) 

- Information was gathered on trends in patient populations, treatments and service 

provision  

- Information was gathered from recently published articles on the use of existing 

procedures for expanded indications or new interventional procedures 

• Question 3: Estimated impact of trends in paediatric cardiology on surgical caseload 

- The information from questions 1 and 2 above was used to estimate the potential 
impact of any observed trends on the expected volume of surgical cases 

7.5.2 Trends in the treatment of paediatric cardiac disease 

7.5.2.1 Current use of interventional procedures 

An inventory of current interventional procedures used in patients with paediatric cardiac disease was 

compiled from the most recently published, comprehensive clinical practice guidelines (Table 30).193, 

194 A more detailed listing of the recommendations is provided in Section 7.9, along with annotations 

regarding potential areas of innovation or expansion of indications. Since most of the 

recommendations were derived from the American Heart Association guideline, which was published 

nearly a decade ago, the information has been supplemented with data from more recently published 

systematic reviews, where possible. 
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TABLE 30: RECOMMENDED INTERVENTIONAL PROCEDURES FOR PAEDIATRIC CARDIAC INDICATIONS 
THAT ARE SURGICALLY MANAGED 

 Transcatheter  

Indication  Device 

Closure 

Balloon 

Dilation 

Stent 

Placement 

Vascular 

Occlusion 

Valve 

Replacement 

Hybrid 

Procedures 

Atrial septal defect 

(ostium secundum) 

      

Ventricular septal defect 

(muscular) 

      

Patent ductus arteriosus       

Coarctation of the aorta       

Aortic valve stenosis       

Pulmonary valve 

stenosis 

      

Mitral valve stenosis       

Pulmonary valve 

regurgitation 

      

Pulmonary artery 

stenosis 

      

Systemic venous 

stenosis or occlusion 

      

Pulmonary vein stenosis       

Aortopulmonary 

collateral vessels 

      

Coronary and 

pulmonary 

arteriovenous fistulas 

      

Hypoplastic left heart 

syndrome 

      

Stenotic lesions       

 

7.5.2.2 Trends in the prevalence of paediatric cardiac disease 

A meta-analysis of 260 studies found that the mean global prevalence of congenital heart defects has 

risen steadily from 4.6 per 1,000 live births in the 1970–1974 period to 9.4 per 1,000 in the 2010–2017 

period (p<0.001).215 Ventricular and atrial septal defects and PDA (i.e. ‘mild’ lesions) were the three 

most frequent subtypes, contributing 61% to the total burden of disease. Over the period from 1970 

to 2017, changes in the prevalence of these three disorders were the reason for 93% of the increase 

in total prevalence of CHD. The biggest change occurred in ASDs, which showed a sixfold increase in 

prevalence from 1970 to 2017. There was also a progressive increase in right ventricular outflow tract 

obstruction (including infundibular, pulmonary valvar, supravalvular and pulmonary arterial defects), 
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which doubled over the review period. In contrast, the prevalence of left ventricular outflow tract 

obstruction, which includes severe lesions such as aortic atresia and hypoplastic left heart syndrome, 

decreased by one-third from the mid-1990s. The decrease in the frequency of severe lesions is most 

likely due to increased prenatal diagnosis and subsequent pregnancy termination.215 

In Australia, national rates of CHD are not routinely reported. However, data for NSW mirrored global 

trends, with PDA and ventricular and atrial septal defects being the most reported congenital cardiac 

anomalies in 2015 (Table 31). 

TABLE 31: PREVALENCE OF SELECTED CONGENITAL HEART DEFECTS 

Condition Global mean prevalence 

per 1,000 live births 

(% of CHD subtypes) 215 

Global prevalence trend Reported number of cases 

 in NSW in 2015 

(Prevalence per 1,000 births 

in NSW) 16 

CHD 9.4 in 2010–2017 period ↑ by 10% in 2010–2017 

period (p=0.031)215 

1,070 (11.1) 

Ventricular septal 

defect 

3.1 (35.6%) ↑ in 2010–2017 

period215 

206 (2.1) 

Atrial septal defect 1.4 (15.4%) ↑ in 2010–2017 

period215 

208 (2.2) 

Patent ductus 

arteriosus 

1.0 (10.2%) Stable in 2010–2017 

period215 

86 (0.9) 

Pulmonary valve 

stenosis 

0.55 (6.2%) Stable in 2010–2017 

period215 

- 

Coarctation of the 

aorta 

0.29 (3.6%) Stable in 2000–2009 

period223 

48 (0.5) 

Aortic valve 

stenosis 

0.19 (2.3%) Stable in 2000–2009 

period223 

- 

Hypoplastic left 

heart syndrome 

0.18 (2.6%) ↓ in 2010–2017 

period215 

71 (0.7) 

Mitral valve 

stenosis 

0.08 (1%) - - 

Notes:  

CHD = congenital heart disease 

 

In 2015 there were approximately 700 babies born with CHD in NSW. Current projections estimate 

that this number will increase to over 900 by 2031. The cohort of NSW residents born since 2000 who 

have been diagnosed with CHD is currently approaching 10,000. One of the more rare and complex 

CHDs, hypoplastic left heart syndrome, is diagnosed in 17 to 20 infants annually in NSW and may 

increase to approximately 22 in 2031.192 

7.5.2.3 Trends in surgical and interventional service utilisation in NSW 

Data from Chapter 1 of this report (Table 3) indicate that the total paediatric surgery caseload at the 

CHW remained relatively stable over the period from 2007 to 2019 (mean 404 procedures annually). 

The number of procedures (mean 313 per year over the last five years) requiring cardiopulmonary 
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bypass (CPB) was also stable over the 13-year period (1% compound change), whereas the number of 

STAT Category 5 cases increased by 7% (mean 14 per year over the last five years). This suggests that 

while the overall requirement for paediatric cardiac surgery was stable, the complexity of the surgeries 

increased (see Sections 7.10 to 7.12 for common methods used to rate the complexity of congenital 

heart surgeries).  

According to data from Chapter 1 of this report (Table 4), an average of 72 paediatric surgery 

procedures were performed annually at the SCH from 2007 to 2017. Both the number of procedures 

and the number of admissions requiring CPB declined slightly over this period (5% compound change 

for both). The yearly caseload dropped from 49 procedures in 2017 to 15 procedures in 2018; there 

were no paediatric surgical procedures performed in 2019. The complexity of the 15 procedures 

performed in 2018 was classified as either STAT Category 1 or 2, and 12 required CPB.  

At the SCH, up to three interventional procedures were performed annually over the period 

from July 2012 to July 2018 (personal communication SCHN, Dec 2020). In contrast, 

unpublished data from the CHW indicated a 14% compound increase in the interventional 

paediatric cardiac catheter caseload (excluding balloon atrial septostomy) from 43 to 237 

procedures annually over the period from July 2007 to July 2020 (Figure 6).221196 The number 

of neonatal cardiac catheter procedures also burgeoned (mean 35 per year over the last five 

years), experiencing a compound increase of 19% over the review period (Figure 7).  

 

FIGURE 6:  FREQUENCY OF THE TOP FIVE CARDIAC CATHETER INTERVENTIONS CONDUCTED AT THE 

CHW (JULY 2007 TO JULY 2020)221 
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FIGURE 7:  FREQUENCY OF NEONATAL (≤30 DAYS) CARDIAC INTERVENTIONAL PROCEDURES 
CONDUCTED AT THE CHW (JULY 2007 TO JULY 2020)221 

 

 

In the last five years, an average of 213 interventional procedures were performed annually at the 

CHW, with 237 being performed in the 2020 financial year. The most commonly performed 

procedures were PDA occlusion, stent placement and valvuloplasty, whereas the procedures 

exhibiting the greatest increase in frequency were stent placement, embolisations, PDA closure and 

angioplasties (Table 32). In addition, the number of neonatal cases (≤30 days of age) have increased 

steadily over the last decade, from five cases in the 2007 financial year to just under 50 in 2020. 

TABLE 32:  DATA FOR HIGH ACTIVITY CARDIAC CATHETER INTERVENTIONS (JULY 2007 TO JULY 2020) 
CONDUCTED AT THE CHW221 

Intervention Compound Change  

(July 2007 to July 2020) 

Mean Number Performed 

(July 2015-July 2020) 

Total Number Performed  

(July 2019-to July 2020) 

PDA occlusion 15.3% 52 57 

Stent placement 35.4% 37 56 

Valvuloplasty  2.2% 34 32 

ASD closure 12.1% 31 31 

Angioplasty  14.8% 16 12 

Embolisation 

device 

15.3% 7 11 

Percutaneous 

valve  

-4.0% 7 4 

Notes:   

ASD: atrial septal defect; PDA: patent ductus arteriosus 
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As data from the Australian Institute of Health and Welfare was not sufficiently detailed for 

reporting of interventional procedures, Medicare data has been used; however, this only reflects 

privately insured patients. Medicare Item claims for NSW for interventional ASD, VSD and PDA 

procedures in children younger than 15 years of age have remained relatively stable over the last 

five years (mean of 6, 1 and 11 claims per year, respectively) (see Figure 8-11).222 In contrast, the 

corresponding surgical interventions billed for VSD and PDA declined by 40% over the same period 

(mean of 30 and 40 claims per year, respectively). The claims for surgical procedures related to ASD 

repair were relatively stable (mean 48 per year). The number of valvuloplasty procedures billed to 

Medicare for children younger than 15 years of age declined by 40% over the last five years, from 17 

to 10 (mean 12 claims per year) ( 

Figure 11).222 A similar decline was observed in surgical valve repair and replacement procedures over 

the same period (from 30 to 20; mean 29 claims per year). 

FIGURE 8:  MEDICARE CLAIMS IN NSW FOR ASD IN CHILDREN YOUNGER THAN 15 YEARS (JULY 2015 
TO JULY 2020)222 

 

FIGURE 9:  MEDICARE CLAIMS IN NSW FOR VSD IN CHILDREN YOUNGER THAN 15 YEARS (JULY 2015 
TO JULY 2020)222 
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FIGURE 10: MEDICARE CLAIMS IN NSW FOR PDA IN CHILDREN YOUNGER THAN 15 YEARS  
(JULY 2015 TO JULY 2020)222 

 

 

FIGURE 11:   MEDICARE CLAIMS IN NSW FOR CARDIAC VALVE (TYPE UNSPECIFIED) REPAIR OR  
REPLACEMENT IN CHILDREN YOUNGER THAN 15 YEARS (JULY 2015 TO JULY 2020)222 

 

  

0

10

20

30

40

50

60

2015/2016 2016/2017 2017/2018 2018/2019 2019/2020

N
u

m
b

er
 o

f 
Se

rv
ic

es

Time Period

Interventional Item (38273) Surgical Items (38700, 38703)

0

5

10

15

20

25

30

35

40

45

2015/2016 2016/2017 2017/2018 2018/2019 2019/2020

N
u

m
b

er
 o

f 
Se

rv
ic

es

Time Period

Interventional Item (38270)

Surgical Items (38480, 38481, 38487, 38488, 38489)



 

 
NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES      132 

7.5.3 New interventional procedures or new indications for existing 

procedures 

Recently published studies have reported the successful off-label use of interventional procedures for 

the following conditions (Table 33): 

• Ventricular septal defect: transcatheter closure in children younger than one year198, 207 and 

children with perimembranous defects who are younger than five years 208 or who weigh no 

more than 10 kg216 

• Atrial septal defect: transcatheter closure of a large defect in children weighing no more than 

10 kg 199 or less than 20 kg209, 210 

• Patent ductus arteriosus: transcatheter occlusion in premature infants weighing less than 2 

kg;203 stent placement in extremely low birth weight neonates217, 218 

• Coarctation of the aorta: use of primary stent implantation as a bridging therapy to surgery in 

very low birth weight infants211 

• Pulmonary valve replacement: use of the Melody™ transcatheter pulmonary valve 

(Medtronic, Inc., USA) in a hybrid procedure without CPB200 and in children weighing less than 

20 kg;204 percutaneous implantation of a Melody valve in children weighing less than 20 kg212 

• Mitral valve dysplasia: use of the Melody transcatheter pulmonary valve for mitral valve 

replacement205 

 

In addition, advances in bioresorbable stents, growth stents and dilatable stents will likely allow the 

expansion of stenting procedures to younger children, including infants and neonates, by overcoming 

the problem of stent redilation in growing children.196, 219, 220 

Advances in fetal diagnostic imaging and interventional procedures have also led to the use of these 

techniques in utero, particularly in fetuses with aortic valve stenosis, hypoplasia or atresia and variants 

of hypoplastic left heart syndrome. Fetal aortic balloon valvuloplasty for fetal aortic stenosis with 

evolving hypoplastic left heart syndrome is the most commonly performed fetal cardiac 

intervention.195, 197, 213, 214  However, these fetal cardiac interventions are only performed in a few 

highly specialised centres.201 
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TABLE 33:  INTERVENTIONAL PROCEDURES WITH DOCUMENTED POTENTIAL FOR AN EXPANSION OF 
INDICATION 

 Transcatheter  

Indication  Device 

closure 

Balloon 

dilation 

Stent 

placement 

Vascular 

occlusion 

Valve 

replacement 

Hybrid 

procedures 

Atrial septal defect 

(ostium secundum) 
       

Ventricular septal 

defect 
      

Patent ductus 

arteriosus 
       

Coarctation of the 

aorta 
       

Aortic valve stenosis       

Pulmonary valve 

stenosis 
      

Mitral valve stenosis       

Pulmonary valve 

regurgitation 
      

Pulmonary artery 

stenosis 
      

Systemic venous 

stenosis or occlusion 
      

Pulmonary vein 

stenosis 
      

Aortopulmonary 

collateral vessels 
      

Coronary and 

pulmonary 

arteriovenous 

fistulas 

      

Hypoplastic left 

heart syndrome 
      

Stenotic lesions       

Notes: 
 Recommended interventional option for a condition that is surgically managed. 193, 206 
Dark grey shading represents interventional procedures currently recommended as the treatment of choice for the particular 
condition. 
Light grey shading represents documented potential for movement from surgical to interventional treatment. 
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7.5.4 Estimated impact of trends in paediatric cardiology on surgical 

caseload 

Based on current trends in disease prevalence, interventional and surgical service provision and 

innovations in paediatric cardiology, the interventional procedures that are most likely to increase in 

volume in NSW in the next decade are PDA occlusion, ASD closure and stent implantation (Table 34). 

Currently, catheter-based closure of VSD (the most common form of CHD) is only recommended in 

the muscular subtype. 193 However, recent studies indicate that transcatheter closure can be 

successfully performed in perimembranous VSDs, which comprises 80% of all VSDs. If this potential is 

realised in Australia in the next decade, this will lead to a substantial shift of paediatric cases from 

surgery to cardiology (Table 34). While the number of paediatric cases requiring stent implantation 

has increased dramatically over the previous decade, this trend is likely to taper off given that most of 

the conditions that require stenting comprise a relatively small proportion of CHDs. 

TABLE 34:  PAEDIATRIC CONDITIONS IN WHICH INDICATIONS FOR INTERVENTIONAL PROCEDURES 
ARE MOST LIKELY TO EXPAND  

Indication  Prevalence 

Trend 

Proportion 

of Total 

CHD 

Interventional 

Procedure 

Trend in NSW 

Interventional Procedure 

Expansion Potential 

Atrial septal 

defect  

Increasing 15% Increasing Expansion of patient indication 

Ventricular septal 

defect 

Increasing 36% Low volume Expansion to smaller patients 

and perimembranous defects 

Patent ductus 

arteriosus 

Increasing 10% Increasing Expansion to smaller patients 

Coarctation of 

the aorta 

Stable 4% Likely increasing 

(stent 

implantation) 

Expansion to milder forms and 

children younger than 6 months 

Notes: 
CHD = congenital heart disease 

Recent trends in paediatric cardiac surgery in NSW suggest that the number of cases will likely remain 

relatively stable in the face of increasing CHD prevalence as more patients with less complex heart 

defects are managed with interventional techniques. However, the spectrum of cardiac surgery is 

likely to shift with the advent of hybrid techniques, which provide a foundation for further subspecialty 

collaboration in other complex structural heart defects, and as innovations in cardiac surgery enable 

the treatment of even more complex conditions in low birth weight babies.202  

 DISCUSSION 

The trends noted in this report mirror those seen in large series of paediatric cardiac operations in 

which the average age at first cardiac surgery has decreased markedly over the last several decades, 

while the proportion of operations performed for more complex defects has increased. This is 
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primarily because patients with increasingly complex forms of heart disease can now be managed 

surgically much earlier in life.224, 225 In addition, interventional procedures have become increasingly 

complex with the shift from open surgical procedures to transcatheter procedures.226, 227 The 

development of hybrid procedures also fuels this shift as they help overcome the limitations inherent 

to percutaneous access and the dangers of surgery and CPB, particularly in very small infants with 

complex conditions.228 

Recent, and even not so recent, innovations in paediatric cardiology are often not reflected in 

rigorously developed clinical practice guidelines because of the paucity of randomised controlled trials 

in the field. This is mostly due to the heterogeneity of paediatric cardiac conditions, the relatively small 

patient populations and difficulty in identifying a control group, the lengthy follow up required and 

the expense of multicentre clinical trials.227, 228 This is evidenced by the fact that the American Heart 

Association guideline published in 2011 is still considered the most comprehensive guidance on the 

use of interventional procedures in paediatric cardiac conditions, despite the fact that it is outdated 

by internationally recognised guideline development standards.229, 230 Consequently, the transition of 

novel off-label interventions to standard of care is relatively slow in paediatric cardiology, and 

guideline recommendations are often based on the off-label use of devices initially developed for the 

management of adult diseases. 227 This makes tracking current standards of care and forecasting 

changes in practice problematic. 

Various factors have affected the prevalence of congenital cardiac disease over the last two decades. 

Increasing maternal age, particularly in association with the use of assisted conception, has resulted 

in a higher risk of multiple births, prematurity and congenital abnormalities.192, 223 For example, the 

prevalence of PDA varies inversely with birth weight.217, 218 The survival of children with CHD has 

improved markedly due to early antenatal detection and innovations in interventional and surgical 

treatments.191 Consequently, the proportion of adults with CHD is steadily increasing and their 

offspring are at an increased risk of having a congenital abnormality, in turn perpetuating the rising 

prevalence of CHD.223, 231 The types of CHD present in the population are changing, with a trend toward 

higher numbers of less complex forms and a decline in the more severe conditions, most likely due to 

improved detection and consequent pregnancy termination.215 

The effect of case volume and mix on patient outcomes should be considered in any decision regarding 

surgical service provision and forecasting. It has been noted that there is an inverse association 

between paediatric surgical volume and mortality that becomes increasingly important as case 

complexity increases.27, 191 Although a recent rapid review indicated that this relationship is neither 

simple nor directly causal, it is nonetheless strong for single high risk, complex conditions and 

procedures.15 

 CONCLUSIONS 

Current trends in disease prevalence, interventional and surgical service provision and innovations in 

paediatric cardiology suggest that the number of paediatric cases involving interventional treatment 

for PDA, ASD and VSD is likely to increase over the next decade in NSW. While the number of paediatric 

cardiac surgery cases will likely remain relatively stable in the face of increasing CHD prevalence, the 

spectrum of cardiac surgery is likely to shift to the treatment of more complex conditions, particularly 
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in low birth weight babies. These conclusions are mainly based on evidence from peer reviewed 

articles (Level III-3) and reports/guidance documents, as well as SCHN datasets. 

 APPENDIX 1: OVID MEDLINE SEARCH STRATEGY  

# Searches Results 

(4 Oct 2020) 

1 exp *Child/ OR *Hospitals, Pediatric/ OR exp *Pediatrics/ OR *Fetal Diseases/ OR exp 

*Fetal Heart/ OR *Fetus/ OR exp *Infant/ OR exp *Infant, Newborn, Diseases/ OR exp 

*Perinatal Care/ OR *Prenatal Care/ OR (*Adolescent/ NOT exp *Adult/) OR 

(adolescen* OR antenatal* OR ante-natal* OR babies OR baby* OR birth OR child* OR 

((elementary OR pre-school* OR preschool* OR school*) adj5 (age? OR student?)) OR 

fetal* OR fetus* OR foetal* OR foetus* OR infant? OR infanc* OR juvenile* OR minor* 

OR neonat* OR neo-nat* OR newborn* OR new-born* OR paediatric* OR pediatric* OR 

peri-nat* OR perinat* OR postnat* OR post-nat* OR premature* OR pre-mature* OR 

prenatal* OR pre-natal* OR preterm* OR pre-term* OR pubescen* OR teen* OR 

toddler*).ti,kf. 

1928520 

2 (exp *Cardiovascular Diseases/ OR exp *Fetal Heart/ OR exp *Heart Murmurs/ OR exp 

*Heart Valves/ OR Partial atrioventricular canal.mp. OR Complete atrioventricular 

septal defect.mp. OR Atrioventricular Septal Defect.mp.) AND exp *Surgical 

Procedures, Operative/ 

297520 

3 ((((aorta? OR aortic) adj3 (coarctation? OR stenoses OR stenosis)) OR ((atrial OR 

atrioventricular OR atrio-ventricular OR ventricular) adj septal defect?) OR (AVSD OR 

AVC defect?) OR (critical* adj cardiac disease?) OR ((cardiac* OR congenital* OR heart?) 

adj (abnormalit* OR disease? OR defect? OR malformation?)) OR ((cardiac* OR heart* 

OR mitral) adj valve?) OR ((cardiac* OR diastolic OR heart* OR innocent) adj murmur?) 

OR (endocardial cushion? OR atrioventricular canal? OR atrio-ventricular canal?) OR 

((great arter* OR great vessel?) adj2 transposition?) OR hypoplastic left heart 

syndrome? OR (kawasaki syndrome? OR mucocutaneous lymph node syndrome? OR 

kawasaki disease?) OR ((mitral OR pulmonary OR pulmonic OR tricuspid) adj2 (stenoses 

OR stenosis)) OR (mitral adj2 (incompetenc* OR insufficienc* OR regurgitat*)) OR 

(rheumatic heart disease? OR (bouillaud* adj disease?)) OR (scimitar anomal* OR 

scimitar syndrome? OR anomalous pulmonary venous return OR pulmonary venous 

return anomal* OR TAPVR*) OR (tetralogy adj2 fallot*) OR ((tricuspid adj2 atresia?) OR 

absent right atrioventricular connection? OR absent right atrio-ventricular 

connection?) OR (vascular ring? OR double aortic arch* OR right aortic arch*)) adj5 

(annuloplast* OR operat* OR surgeon? OR surgeries OR surgery OR surgical*)).ti,kf. 

15759 

4 exp *Cardiac Surgical Procedures/ OR *Thoracic Surgery/ OR exp *Cardiovascular 

Diseases/su OR exp *Fetal Heart/su OR exp *Heart Murmurs/su OR exp *Heart 

Valves/su OR ((cardiac* OR cardio-thoracic* OR cardiothoracic* OR heart*) adj2 

(annuloplast* OR operat* OR surgeon? OR surgeries OR surgery OR surgical*)).ti,kf. 

354463 

5 2 OR 3 OR 4 471759 

6 Minimally Invasive Surgical Procedures/ OR (minimal* adj invasive adj5 (intervention* 

OR operat* OR procedure? OR surgeon? OR surgeries OR surgery OR surgical* OR 

technique?)).tw,kf. 

57733 



 

 
NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES      137 

# Searches Results 

(4 Oct 2020) 

7 exp Cardiac Catheterization/ OR ((cardiac* OR heart* OR pulmonary arter* OR 

pulmonary valve?) adj2 (catheterisation? OR catheterization?)).tw,kf. OR 

(transcatheter pulmonary valve replac* OR TPVR).tw,kf. OR ((Ductus Arteriosus/ OR 

Ductus Arteriosus, Patent/ OR Pulmonary Artery/) AND Stents/) OR ((patent ductus 

arteriosus OR pulmonary arter*) adj2 stent?).tw,kf. OR Melody Valve.mp. 

65952 

8 6 OR 7 123111 

9 1 AND 5 AND 8 1924 

10 limit 9 to (English language AND yr="2016 -Current") 422 
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 APPENDIX 2: CURRENT RECOMMENDED USE OF INTERVENTIONAL PROCEDURES FOR PAEDIATRIC 

CARDIAC INDICATIONS 

Interventional 

procedure/condition 

Recommended indications Comments and additional information 

Transcatheter device closure of septal defects 

Atrial septal defect (ASD) Transcatheter device closure  

Indicated for haemodynamically significant secundum ASD with 

suitable anatomic features 

Reasonable for patients with secundum ASD and:  

- transient right-to-left shunting at the atrial level who have 

experienced sequelae of paradoxical emboli such as stroke or 

recurrent transient ischemic attack 

- transient right-to-left shunting at the atrial level who are 

symptomatic because of cyanosis and who do not require such a 

communication to maintain adequate cardiac output 

May be considered for patients with a small secundum ASD who are 

believed to be at risk of thromboembolic events  

Evidence source: American Heart Association guideline 193; German 

Society of Paediatric Cardiology guideline 206 

Surgery is recommended for:  

- closure of sinus venosus, primum, or coronary sinus ASDs 193, 232 

- patients with large ASDs or patients with contraindications for 

transcatheter procedures 232 

When conditions are favourable, transcatheter secundum ASD closure is 

the treatment of choice rather than surgery 193, 206, 233 

Several studies have shown outcomes from transcatheter device closure 

of secundum ASD to be comparable to surgical outcomes in carefully 

selected patients 193, 234; however, surgical closure still has an important 

role in ASD closure, especially in patients with anatomies that may not be 

favourable for transcatheter closure 234 

Currently, there are no transcatheter devices designed for closure of sinus 

venosus, primum, or coronary sinus ASDs 193 

Ventricular septal defect 

(VSD) 

Transcatheter device closure  

Muscular VSD:  

Reasonable for infants weighing >5kg, children and adolescents with 

haemodynamically significant (left ventricular or left atrial volume 

overload or pulmonary-to-systemic blood flow ratio >2:1) muscular 

VSD  

Evidence source: American Heart Association guideline 193; German 

Society of Paediatric Cardiology guideline 206 

Surgical repair has been regarded as the criterion standard for treatment 

of perimembranous VSD for many years and remains the main treatment 

option for large and non-restrictive perimembranous VSDs 233, 235, 236 

Recent systematic review evidence suggests that transcatheter device 

closure is safe and as effective as surgical closure in patients with 

perimembranous VSDs 236, 237; however, its use in children with low body 

weight remains a challenge 236 

Transcatheter VSD closure is typically performed outside of the neonatal 

period when there is evidence of a haemodynamically significant shunt 235 

The evolution of lower-profile delivery systems and softer devices and the 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

off-label use of additional devices continue to make transcatheter device 

closure safer and more effective 235 

 Hybrid perventricular closure  

May be considered for neonates, infants weighing <5kg and children 

with haemodynamically significant (left ventricular or left atrial 

volume overload or pulmonary-to-systemic blood flow ratio >2:1) 

muscular VSD and associated cardiac defects requiring 

cardiopulmonary bypass 

Follow with surgical repair of the remaining defects or device 

placement during cardiopulmonary bypass 

Evidence source: American Heart Association guideline 193; German 

Society of Paediatric Cardiology guideline 206 

Since there are inherent limitations to both surgical and transcatheter 

device closure of muscular VSDs in small babies, hybrid perventricular 

closure is particularly helpful in small babies with large muscular VSDs 

who have a higher prevalence of adverse events after transcatheter 

device closure 233 

With the development of low-profile delivery systems, small devices, and 

hybrid approaches to vascular access, smaller patients are able to 

undergo transcatheter device closure 235 

Transcatheter balloon dilation of cardiac valves 

Pulmonary stenosis Pulmonary valvuloplasty  

Indicated for patient with critical valvar pulmonary stenosis, valvar 

pulmonic stenosis, and peak-to-peak catheter gradient or 

echocardiographic peak instantaneous gradient of >40 mm Hg or 

clinically significant pulmonary valvar obstruction in the presence of 

right ventricle dysfunction 

Reasonable for:  

- patients with valvar pulmonic stenosis who meet the above 

criteria in the setting of a dysplastic pulmonary valve 

- newborns with pulmonary valve atresia and intact ventricular 

septum who have favourable anatomy that includes exclusion of 

right-ventricle-dependent coronary circulation 

May be considered as palliative procedure in patients with complex 

cyanotic CHD 

Evidence source: American Heart Association guideline 193; German 

Society of Paediatric Cardiology guideline 206 

The interventional technique is the treatment of choice for valvar 

pulmonary stenosis 193, 233 

Valvotomy is indicated if balloon valvuloplasty is ineffective 206 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

Aortic stenosis (AS) Aortic valvuloplasty  

Indicated for: 

- newborns with isolated critical valvar AS who are ductal 

dependent or in children with isolated valvar AS who have 

depressed left ventricular systolic function 

- children with isolated valvar AS and a resting peak systolic valve 

gradient (by catheter) of >50 mm Hg 

- children with isolated valvar AS who have a resting peak systolic 

valve gradient (by catheter) of >40 mm Hg or symptoms of angina 

or syncope or ischaemic ST-T-wave changes on 

electrocardiography at rest or with exercise 

 

May be considered for: 

- children or adolescents with a resting peak systolic valve gradient 

(by catheter) of >40 mm Hg but without symptoms or ST-T-wave 

changes if they desire to become pregnant or participate in 

strenuous competitive sports 

- asymptomatic patients with catheter-obtained peak systolic 

gradient of <50 mm Hg when the patient is heavily sedated or 

anaesthetised if a non-sedated Doppler study finds mean valve 

gradient to be >50 mm Hg 

Evidence source: American Heart Association guideline 193 

 

Valvuloplasty is the treatment of choice for palliation of valvar aortic 

stenosis 193, 233 

A recent systematic review found no statistically significant differences 

between valvuloplasty and valvotomy in hospital mortality rate or 

frequency of moderate aortic regurgitation at discharge; however, the 

rate of reintervention was higher in the valvuloplasty group 238 

 

Mitral stenosis 

(rheumatic or congenital) 

Mitral valvuloplasty  

Rheumatic:  

Indicated for symptomatic patients with moderate to severe isolated 

rheumatic mitral stenosis or asymptomatic patients with moderate to 

severe rheumatic mitral valve stenosis/restenosis associated with 

pulmonary hypertension 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

 

Evidence source: American Heart Association guideline 193; Heart 

Foundation of New Zealand guideline 194 

Congenital VSD:  

Reasonable for symptomatic children >5 years of age with congenital 

mitral stenosis or restenosis and favourable mitral valve morphology 

May be considered for the management of infants and young children 

<5 years of age with moderate to severe congenital mitral valve 

stenosis who would otherwise undergo mitral valve replacement or 

when mitral valve replacement is thought to be problematic 

May be considered as a palliative measure for patients with moderate 

to severe congenital mitral valve stenosis 

May rarely be considered at centres of expertise for patients who are 

<5 years of age with congenital mitral valve stenosis with moderate to 

severe residual stenosis or with valve restenosis who have already 

undergone surgical valvuloplasty 

Evidence source: American Heart Association guideline 193 

Transcatheter balloon angioplasty or stent placement  

Coarctation of the aorta Balloon angioplasty 

Indicated: 

- when associated with a transcatheter systolic coarctation 

gradient of >20 mm Hg and suitable anatomy, irrespective of 

patient age 

- for recoarctation when associated with a transcatheter systolic 

coarctation gradient of <20 mm Hg and in the presence of 

significant collateral vessels and suitable angiographic anatomy, 

irrespective of patient age, as well as in patients with 

univentricular heart or with significant ventricular dysfunction 

 

Surgery is still considered the gold standard for managing coarctation of 

the aorta in neonates and infants younger than 6 months of age 193, 196, 239; 

children older than 6 months with discrete native coarctation should be 

treated with balloon angioplasty since the results are generally good at 

this age 233 

A recent systematic review found no clear evidence that balloon 

angioplasty is superior to surgery 240 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

Reasonable for native coarctation as a palliative measure to stabilise a 

patient irrespective of age when extenuating circumstances are 

present  

May be reasonable for native coarctation in patients beyond 4 to 6 

months of age when associated with a transcatheter systolic 

coarctation gradient >20 mm Hg and suitable anatomy 

Might be considered for native or recurrent coarctation on a case-by-

case basis in patients with complex coarctation anatomy or systemic 

conditions such as connective tissue disease or Turner syndrome 

Evidence source: American Heart Association guideline 193 

 Stent placement 

Indicated for patients with recurrent coarctation who are of sufficient 

size for safe stent placement, in whom the stent can be expanded to 

an adult size, and who have a transcatheter systolic coarctation 

gradient >20 mm Hg 

Reasonable to consider placement of a stent that can be expanded to 

an adult size for initial treatment of native or recurrent coarctation in 

patients: 

- with transcatheter systolic coarctation gradient of >20 mm Hg  

- with transcatheter systolic coarctation gradient of 

- <20 mm Hg but with systemic hypertension associated with an 

anatomic narrowing that explains the hypertension  

- with long-segment coarctation with a transcatheter systolic 

coarctation gradient >20 mm Hg 

- in whom balloon angioplasty has failed 

 

Possibly reasonable for infants and neonates when complex aortic 

arch obstruction exists despite surgical or catheter-mediated attempts 

to relieve the obstruction and when further surgery is regarded as 

Although some clinicians attempt angioplasty first, sent implantation is 

currently regarded as the standard of care for older children and 

adolescents 219, 233 

Two recent systematic reviews found a high success rate with a small 

complication rate with stent implantations for native coarctation of the 

aorta; however, the lack of long-term complications and durability of 

outcomes was noted 241, 242; an additional systematic review found that 

stenting was safer and more effective than balloon dilatation in relieving 

the pressure gradient 243 

Stent placement is not recommended in patients weighing less than 25 kg 

due to small aortic size and potential injury to the femoral artery 196 

Stent implantation is usually limited to large children and adolescents to 

avoid the need for aortic stent redilation as the child grows; bioresorbable 

stents, growth stents and dilatable stents are being trialled to potentially 

overcome this problem and may soon be available in small sizes (and 

delivery profiles) capable of being used to treat neonatal and infantile 

coarctation 196, 219 

Stent implantation may soon be considered in milder forms of coarctation 

that have not warranted surgery in the past 219 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

high risk 

Possibly reasonable to consider placement of a stent that can be 

expanded to adult size for initial treatment of native or recurrent 

coarctation of the aorta in patients with: 

- transcoarctation gradient of <20 mm Hg but with an elevated left 

ventricular end-diastolic pressure and an anatomic narrowing  

- transcoarctation gradient of <20 mm Hg but in whom significant 

aortic collaterals exist 

Evidence source: American Heart Association guideline 193 

Pulmonary artery 

stenosis (congenital and 

acquired) 

Balloon angioplasty 

Indicated for significant peripheral branch pulmonary artery stenosis 

or for pulmonary artery stenosis in very small patients in whom 

primary stent implantation is not an option 

Reasonable for significant distal arterial stenosis or for stenosis in 

larger, more proximal branch pulmonary arteries that are not 

amenable to primary stent implantation 

May be considered for significant main pulmonary artery stenosis that 

results in an elevation of pressure to more than two thirds of systemic 

pressure in the proximal pulmonary artery segment or in the right 

ventricle (in the absence of pulmonary valve stenosis) 

Evidence source: American Heart Association guideline 193 

 

 Stent placement 

Indicated for significant proximal or distal branch pulmonary artery 

stenosis when the vessel/patient is large enough to accommodate a 

stent that is capable of being dilated to the adult diameter of that 

vessel 

Reasonable for: 

- critically ill postoperative cardiac patients when significant branch 

pulmonary artery stenosis is resulting in a definite haemodynamic 

 



 

 
NSW HEALTH REVIEW OF PAEDIATRIC CARDIAC SERVICES           144 

Interventional 

procedure/condition 

Recommended indications Comments and additional information 

compromise in a patient/vessel of any size, particularly if balloon 

dilation is unsuccessful  

- significant stenosis of the main pulmonary artery segment that 

results in elevation of the right ventricle pressure, provided that 

the stent will not compromise a functioning pulmonary valve and 

will not impinge on the pulmonary artery bifurcation 

 

May be reasonable to implant small pulmonary artery stents that lack 

the potential to achieve adult size in small children as part of a 

cooperative surgical strategy to palliate severe branch pulmonary 

artery stenosis 

Evidence source: American Heart Association guideline 193 

Systemic venous stenosis 

or occlusion 

Balloon angioplasty 

Reasonable for peripheral venous obstruction or ‘complex’ venous 

stenosis in cases in which no viable alternative therapy exists 

May be reasonable for central venous obstruction, but its usefulness 

as a definitive therapy has not been established 

Evidence source: American Heart Association guideline 193 

 

 Stent placement 

Indicated for the relief of significant systemic venous obstruction 

inferior to the clavicles and above the inguinal ligaments 

Evidence source: American Heart Association guideline 193 

 

Pulmonary vein stenosis 

(congenital and 

acquired) 

Indicated for acquired significant pulmonary vein stenosis after 

radiofrequency ablation procedures or lung transplantation, or for 

external compression due to tumours in older children and 

adolescents 

May be considered for: 

- isolated congenital pulmonary vein stenosis 

- acquired pulmonary vein stenosis after lung transplantation or 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

for external compression due to tumours in infants and young 

children 

 

Balloon angioplasty is reasonable for pulmonary vein stenosis after 

surgical repair for anomalous pulmonary vein connections  

Stenting may be considered for postoperative pulmonary vein stenosis 

after surgical repair for anomalous pulmonary vein connections 

Evidence source: American Heart Association guideline 193 

Patent ductus arteriosus 

(PDA) 

Stent placement to augment pulmonary blood flow 

Reasonable to stent an anatomically suitable ductus arteriosus in an 

infant with cyanotic CHD who has >1 source of pulmonary blood flow 

but requires additional pulmonary blood flow from the stented ductus 

for a relatively short period of time (3 to 6 months)  

Might be reasonable to stent an anatomically suitable ductus 

arteriosus in an infant with cyanotic CHD whose sole source of 

pulmonary blood flow is the ductus 

Evidence source: American Heart Association guideline 193 

Surgery is used for limited indications, such as premature babies and to 

address complications of transcatheter occlusion, very large PDAs deemed 

unsuitable for transcatheter occlusion, and during concurrent cardiac 

surgical procedures 233 

Transcatheter closure is considered standard of care in patients weighing 

more than 5 kg 217 

A recent systematic review found that ductal stenting is a reasonable 

alternative that may provide some advantages in select patients with 

ductal-dependent pulmonary blood flow 244 

With advances in transcatheter devices, stent placement can be 

performed in extremely low-birth-weight neonates with high rates of 

ductal occlusion and a low risk of complications 217, 218 

With more expertise being accumulated and increases in the volume of 

cases, more widespread adoption of initial palliation with stenting as an 

alternative to the modified Blalock-Taussig shunt is likely, even in patients 

with highly tortuous PDAs with challenging anatomy 245, 246. 

Transcatheter vascular occlusion 

Patent ductus arteriosus  Indicated for moderate-sized or large PDA with left-to-right shunt that 

results in congestive heart failure, failure to thrive, pulmonary over-

circulation (with or without pulmonary hypertension) or an enlarged 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

left atrium or left ventricle, provided that the anatomy and patient 

size are suitable 

Reasonable in the presence of a small left-to-right shunt with normal-

sized heart chambers when the PDA is audible by standard 

auscultation techniques 

May be considered for: 

- a bidirectional PDA shunt due to pulmonary hypertension and 

obstructive pulmonary vascular disease but reversible to pure 

left-to-right shunting with pulmonary vasodilator therapy 

- a PDA associated with a small left-to-right shunt with normal 

heart size and inaudible murmur 

Evidence source: American Heart Association guideline 193 

Aortopulmonary 

collateral vessels (ACV) 

Indicated for ACV with large left-to-right shunting in biventricular or 

single ventricle physiology that results in congestive heart failure, 

pulmonary overcirculation and respiratory compromise, or 

development of pleural effusion or protein-losing enteropathy 

May be considered: 

- for moderate-sized collaterals found in asymptomatic single-

ventricle patients undergoing routine pre- Glenn or pre-Fontan 

cardiac catheterisation 

- in association with surgical consultation in patients with 

pulmonary atresia and ACV that have adequate dual supply from 

native pulmonary arteries 

Evidence source: American Heart Association guideline 193 

 

Coronary and pulmonary 

arteriovenous fistulas 

Indicated for: 

- closure of discrete pulmonary arteriovenous malformations in 

patients who have significant cyanosis or for patients at risk for or 

with a documented history of a systemic embolic event  

- patients with symptomatic coronary artery fistulae 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

Reasonable for moderate or large coronary artery fistulae without 

clinical symptoms 

Evidence source: American Heart Association guideline 193 

Transcatheter pulmonary valve replacement  

Pulmonary regurgitation 

or stenosis 

Reasonable for a patient with a right ventricle-to-pulmonary artery 

conduit with associated moderate to severe pulmonary regurgitation 

or stenosis provided the patient meets inclusion/exclusion criteria for 

the available valve (Melody transcatheter pulmonary valve) 

Evidence source: American Heart Association guideline 193 

Transcatheter pulmonary valve replacement (TPVR) is emerging as an 

interventional alternative to surgical pulmonary valve replacement in 

patients ≥12 years with pulmonary regurgitation or stenosis. A recent 

systematic review found that TPVR is associated with significantly lower 

rates of mortality, 30-day readmission and recurrent pulmonary 

regurgitation and shorter length of hospital stay than surgical 

replacement 247 

A present, because of its size, the Melody valve can only be used in 

approximately 15%–20% of patients because the right ventricular outflow 

tract (RVOT) is often too large for the valve 227, 248; however, recent 

successful efforts to percutaneously reduce the RVOT diameter prior to 

TPVR have been reported 248 

A hybrid procedure involving open pulmonary artery plication followed by 

TPVR was performed in patients without the need for cardiopulmonary 

bypass 200; this may help expand the indications to individuals at high 

operative risk for whom TPVR is otherwise not possible 227, 248 

 

Hybrid procedures 

Hypoplastic left heart 

syndrome (HLHS) and 

complex single ventricle 

Reasonable to perform hybrid stage I palliation by combining 

transcatheter and surgical techniques without cardiopulmonary 

bypass as an alternative to conventional surgery in neonates with 

HLHS or complex single ventricle, in high-risk surgical candidates and 

as a bridge to heart transplantation 

Evidence source: American Heart Association guideline 193 German 

Society of Paediatric Cardiology guideline 206 

The Norwood surgical operation is the standard of care for neonates 

diagnosed with HLHS 193 
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Interventional 

procedure/condition 

Recommended indications Comments and additional information 

Muscular VSD Reasonable to perform hybrid perventricular device closure small 

infants to avoid the cardiopulmonary bypass required in surgical 

closure and minimising the adverse events associated with 

transcatheter device delivery. 

May be considered if there are concomitant surgical procedures that 

have additional risks or if the defect location might be better 

approached by this technique 

Evidence source: American Heart Association guideline 193 

 

 

 

Reasonable to perform hybrid stent implantation when a patient is 

undergoing an open cardiac surgical procedure and a stenotic lesion 

has been identified, either preoperatively or intraoperatively, that 

could be treated concomitantly with stent implantation 

Evidence source: American Heart Association guideline 193 

 

Unique Catheter/Interventional Care 

Postoperative patients, 

including those on 

extracorporeal 

membrane oxygenation 

(ECMO) 

Cardiac catheterisation with the potential for intervention 

Indicated early in the postoperative period in:  

- critically ill patients when there is a high index of suspicion for the 

presence of a residual structural lesion(s) but non-invasive 

diagnostics fail to identify a cause for haemodynamic and/or 

clinical compromise 

- any patient who requires mechanical cardiopulmonary support 

without a clear cause  

Reasonable to perform early in the postoperative period in patients 

who are not pursuing a typical postoperative course and in whom non-

invasive diagnostic testing does not determine a reason for this course 

Evidence source: American Heart Association guideline 193 

Various studies have demonstrated successful diagnostic and 

interventional cardiac catheterisation in paediatric patients on ECMO249-

252 

Notes: 

ACV = aortopulmonary collateral vessels, AS = aortic stenosis, ASD = atrial septal defect, CHD =, ECMO = extracorporeal membrane oxygenation, HLHS = hypoplastic left heart syndrome, PDA = 

patent ductus arteriosus, RVOT = right ventricular outflow tract, TPVR = transcatheter pulmonary valve replacement, VSD = ventricular septal defect 
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 APPENDIX 3: ARISTOTLE SCORE FOR RATING THE COMPLEXITY OF 

CARDIAC SURGICAL PROCEDURES 

The Aristotle score was developed by a panel of 50 paediatric surgeons from 23 countries representing 

the 4 major international societies of pediatric cardiac surgery: the Society for Thoracic Surgeons, the 

European Congenital Heart Surgeons Association, the European Association of Cardio-Thoracic 

Surgery and the Congenital Heart Surgeons’ Society 253, 254. 

The scoring of complexity is based on primary procedures rather than on diagnoses and incorporates 

the following three factors: 

1. Hospital mortality potential  

2. Postoperative morbidity potential, defined as the length of intensive care unit stay 

3. Technical difficulty, defined as the anticipated level of surgical expertise required to perform 

a given procedure 

Each of the three components is scored on a scale of 0.5 to 5 points. The aggregate score for all three 

components gives the overall Aristotle Basic Complexity (ABC) score, which ranges from 1.5 to 15 

points, with larger scores indicating greater overall complexity (Table 35). 

TABLE 35: ARISTOTLE BASIC COMPLEXITY SCORE CALCULATION253 

 

A Comprehensive score can also be calculated that accounts for patient-adjusted complexity by 

incorporating the following (each factor is scored for its contribution to mortality, morbidity and 

difficulty): 

• Procedure-dependent factors: anatomical factors (n=76), associated procedures (n=85) and 

patient age (n=6 groups) 

• Procedure-independent factors: general factors (n=3), clinical factors (n=31), extra-cardiac 

factors (n=39) and surgical factors (n=8) 

THE ABC SCORES WERE CALCULATED FOR 145 CONGENITAL HEART SURGERY PROCEDURES ( 

Table 36). 
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TABLE 36:  ARISTOTLE BASIC COMPLEXITY SCORES FOR VARIOUS CONGENITAL HEART SURGERY 
PROCEDURES 253 
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 APPENDIX 4: RACHS-1 SCORE FOR RATING THE COMPLEXITY OF 

CARDIAC SURGICAL PROCEDURES 

The Risk Adjustment for Congenital Heart Surgery 1 (RACHS-1) tool was developed by an 11-member 

panel of pediatric cardiologists and cardiac surgeons.255 The tool rates surgical procedures according 

to six risk categories, the higher number indicating greater overall complexity (Table 37). 

TABLE 37: RACHS-1 SCORE RANKINGS FOR VARIOUS CONGENITAL HEART SURGERY PROCEDURES255 
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 APPENDIX 5: STS–EACTS SCORE FOR RATING THE COMPLEXITY OF 

CARDIAC SURGICAL PROCEDURES 

The Society of Thoracic Surgeons - European Association for Cardiothoracic Surgery (STS–EACTS) 

Congenital Heart Surgery Mortality Score is an empirically based index that groups procedures into 

risk categories based on procedure-specific mortality rate estimates calculated using a Bayesian 

model.3 Each procedure is assigned a numeric score ranging from 0.1 to 5.0 based on the estimated 

mortality rate and ranked according to five risk categories, the higher number indicating a greater 

mortality risk (Table 38). 
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TABLE 38: STS–EACTS SCORE RANKINGS FOR VARIOUS CONGENITAL HEART SURGERY PROCEDURES 3 
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LIST OF SHORTENED FORMS 

2D US  two-dimensional ultrasound 

4D US  four-dimensional ultrasound 

ABC  Aristotle Basic Complexity 

ACV  aortopulmonary collateral vessels  

AE  adverse event 

AIUM  American Institute of Ultrasound in Medicine 

AMA  American Medical Association 

AMSTAR assessment of multiple systematic reviews (tool) 

ANZPIC  Australian and New Zealand Paediatric Intensive Care dataset 

aOR  adjusted odds ratio 

APV  absent pulmonary valve 

AS  aortic stenosis 

ASD  atrial septal defect 

ASO  arterial switch operation 

ASUM  Australasian Society for Ultrasound in Medicine  

AVSD  atrioventricular septal defect 

BMI  body mass index 

CCCU  children’s critical care unit 

cfDNA  cell-free DNA 

CHD  congenital heart defect/disease 

CHSD  STS Congenital Heart Surgery Database  

CHU-SJ  CHU Sainte-Justine 

CHW  The Children’s Hospital at Westmead 

CI  confidence interval 

CMA  chromosomal microarray 

CNV  copy number variant 

CPB  cardiopulmonary bypass 

c/s  caesarean section 

CSC  cardiac surgical centre 

CV  cardiovascular 

CVS  chorionic villus sampling 

DA  ductus arteriosus 

ECLS  extracorporeal life support 

ECM  extracardiac malformation 

ECMO  extracorporeal membrane oxygenation 

ELSO  Extracorporeal Life Support Organization 

ES  exome sequencing  

FINE  fetal intelligent navigation echocardiography 

FISH  fluorescence in situ hybridisation 
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fMCG  fetal magnetocardiography 

HLHS  hypoplastic left heart syndrome 

HR  hazard ratio 

HTA  health technology assessment 

IAS  intact atrial septum 

ICU  intensive care unit 

IQR  interquartile range 

IV  intravenous 

LOS  length of stay 

LR  likelihood ratio 

MCH  Montreal Children’s Hospital 

MRI  magnetic resonance imaging 

NETS  Newborn and Paediatric Emergency Transport Services 

NGS  next-generation sequencing 

NICU  neonatal intensive care unit 

NIPT  non-invasive prenatal testing 

non-CPB non-cardiopulmonary bypass 

NSD  not significantly different 

NSW  New South Wales 

NT  nuchal translucency 

OPTN  Organ Procurement and Transplantation Network 

OR  odds ratio 

PA/IVS  pulmonary atresia with intact ventricular septum 

PDA  patent ductus arteriosus 

PGE1  prostaglandin E1 

PICO  population, intervention, comparator, outcomes 

PICU  paediatric intensive care unit 

RACHS-1 Risk Adjustment for Congenital Heart Surgery 1 

RACS  Royal Australasian College of Surgeons 

RANZCOG Royal Australian and NZ College of Obstetricians and Gynaecologists 

RAS  restrictive atrial septum 

RVOT  right ventricular outflow tract 

SCH  Sydney Children's Hospital 

SCHN  Sydney Children’s Hospitals Network 

SES  socioeconomic status 

SMI  superb microvascular imaging 

STAT  Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery score 

STC  Society of Thoracic Surgeons 

SR  systematic review 

STIC  spatiotemporal image correlation  

STS  Society of Thoracic Surgeons 

STS–EACTS Society of Thoracic Surgeons – European Association for Cardiothoracic Surgery  
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TGA  transposition of the great arteries 

TOF  tetralogy of Fallot 

TOP  termination of pregnancy 

TAPVR  total anomalous pulmonary venous return 

TPVR  transcatheter pulmonary valve replacement  

uOR  unadjusted odds ratio 

VA  veno-arterial 

VAD  ventricular assist device 

VSD  ventricular septal defect 

VV  veno-venous  

WA  Washington state 

WES   whole exome sequencing 
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