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Abstract 

Background 

Rheumatic heart disease (RHD) is an important cause of heart disease globally. In Australia 

it particularly affects older non-Indigenous Australians and Aboriginal Australian and Torres 

Strait Islander peoples. RHD primarily affects heart valves and, in advanced disease, can 

require surgery to repair or replace affected valves. Factors associated with the timing and 

choice of treatment for advanced RHD in adults and those influencing outcome following 

surgery for RHD remain variable and poorly understood. 

Methods 

The Australian and New Zealand Society of Cardiac and Thoracic Surgeons cardiac surgery 

registry was analysed. Demographics, co-morbidities, preoperative status and valve(s) 

affected were collated and associations with management and outcomes following RHD and 

non-RHD valve surgery evaluated. Associations between preoperative atrial fibrillation and 

surgical site and surgeon case load and complications and survival were determined. 

Results  

Surgical management of 1594 RHD and 19029 non-RHD adult valve procedures at 25 

surgical sites and by 93 surgeons was analysed. RHD patients were younger, more likely to 

be female and Indigenous Australian, to have AF and previous percutaneous balloon 

valvuloplasty. There was a significant increase in the use of mitral bioprosthetic valves over 

time. 

Following surgery, RHD patients required longer ventilation, experienced fewer strokes and 

had more hospital readmissions and anticoagulant complications. Those with preoperative 

AF had a longer hospital stay and reoperation was more likely. Mortality following RHD 

surgery at 30 days was 3.1% (95% CI 2.2 – 4.3), 5 years 15.3% (11.7 – 19.5) and 10 years 

25.0% (10.7 – 44.9). Factors independently associated with poorer longer term survival 

included older age (OR1.03/additional year, 1.01 – 1.05), concomitant diabetes (1.7, 1.1 – 

2.5) and chronic kidney disease (1.9, 1.2 – 2.9), longer ventilation time (OR 1.7 if greater 

than median, 1.1– 2.9) and prolonged hospital stay (1.02/additional day, 1.01 – 1.03). 

Survival in Indigenous Australians was comparable to non-Indigenous Australians.  

Increasing site and surgeon case load in adjusted analysis was associated with longer 

ventilation, less reoperation and more anticoagulant complications. Increasing surgeon case  
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load was also associated with less acute kidney injury. There was no consistent relationship 

between increasing site case load and survival.  

Conclusions  

Given RHD valve surgery is more common in young, female and Indigenous patients, the 

choice of valve surgery and need for anticoagulation has implications for future management 

of RHD and related morbidity, pregnancy and lifestyle plans. Bioprosthetic valve use in RHD 

is increasing. Survival following RHD valve surgery in Australia is comparable to earlier 

studies.  

The adjusted association between surgeon and site case load was not simple or consis tent. 

Mandating a particular site case load for valve surgery or minimum procedure load for 

individual surgeons, in Australia, cannot be supported. 

A system of enhanced surveillance utilising standardised definitions for assessment of 

severity of disease, co-morbidities, intervention and health service data linkage to assess 

non-lethal outcomes will be an extension of this project and will assist in further informing the 

management of advanced RHD. 
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Chapter 1 

Introduction 

Rheumatic Fever (RF) occurs as a consequence of an inappropriate host immune response 

to group A streptococci bacterial infection (2, 3). A particular target of the associated 

inflammation is the heart valves which can become inflamed. Rheumatic Heart Disease 

(RHD) arises as a consequence of RF with this earlier heart valve inflammation leading to 

scarring and abnormal valve functioning. RHD is a condition of global health importance 

affecting between 15.6 and 19.6 million people. Most (almost 80%) reside in low and middle-

income countries (LMICs), where the estimated population prevalence is 2.5 - 3.2 cases per 

1 000 (4). It is estimated that 1% to 5% of people with RHD will die each year with the total 

number of RHD-related deaths estimated at 233 000 to 294 000 per year, 23 877 in high 

income countries (HICs) and 468 164 in LMICs (4). 

Whilst RHD is now rare in HICs (2), it remains an important cause of preventable heart 

disease in some Indigenous populations including Canadian First Nations people (5), New 

Zealand Māori (6) and Australian Aboriginal and Torres Strait Islander peoples (7) who are 

often subject to a combination of educational, economic and environmental disadvantage, 

often with limited access to primary and specialist health care (3). In 2010 the prevalence of 

RHD amongst Australia’s Aboriginal and Torres Strait Islander people was estimated to be 

6.45 per 1 000 or 26 times that of 

non-Indigenous Australians (8). A 

recent survey of more than 5 000 

Indigenous and non-Indigenous 

Australian children found 8.6 per  

1 000 (95% CI 6.0-12.0) of 

Indigenous Australian children aged 

5-14 years had echocardiographic 

evidence of RHD with none 

detected in non-Indigenous children 

(9, 10). RHD also continues to affect 

older non-Indigenous Australians, 

presumably relating to RF decades 

earlier. 

 
 
 

Figure 1 Human heart anatomy (1) 
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According to the Australian Institute of Health and Welfare (8), between 2007 and 2009, 

there were 12 deaths in Australia where ARF was the underlying (main) cause of death and 

897 (1.3 per 100,000 population) with RHD as the underlying cause of death. 

The most common heart valves affected by RHD are the mitral and aortic valves, less 

commonly the tricuspid and rarely the pulmonary valve (see Figure 1). Damage to these 

valves can alter their function in two ways. RHD commonly leads to regurgitation (10, 11) 

where blood moves backwards across a normally closed valve and/or, less commonly, 

valves may become stenosed (12) whereby the normal forward flow of blood across the 

valve is limited due to incomplete opening. Such valve damage is associated with an 

increased risk of heart failure, stroke and endocarditis (13).  

The natural history of RHD-related valve damage is variable but in many cases the damage 

may progress as a result of further episodes of RF, through a process of chronic and 

progressive fibrosis, or as a consequence of ensuing heart failure or endocarditis. 

Fortunately the majority of RHD patients are only mildly affected (4) and only a minority have 

disease or complications requiring intervention (13). Such intervention can include 

percutaneous procedures to open stenosed valves and heart surgery to repair or replace 

damaged valves. 

In some populations at elevated risk of RHD, such as Aboriginal Australian and Torres Strait 

Islander peoples, outcomes following cardiac surgery have been reported as being inferior 

(14, 15) despite these people being younger at time of surgery (14). This has been assumed 

to be related to factors including comorbidities (3, 14, 15), barriers to primary and specialist 

health care and the inability to achieve safe anticoagulation during long-term follow-up (11), 

a treatment required in patients with mechanical valve replacement or the heart arrhythmia 

atrial fibrillation (AF). 

Management of RHD involves a combination of regular primary and specialist health care 

review, monitoring echocardiography and secondary antibiotic prophylaxis to prevent further 

episodes of RF. In selected patients medication may be used and interventions, including 

catheter and surgical-based approaches, may be required in those with more advanced 

disease. From a patient and clinician perspective, the aim in managing advanced RHD is to 

intervene to prevent progression and the development of complications and irreversible 

heart damage and at a time that ensures the lowest possible risk of complications with the 

best short and long-term outcome.   
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There are a paucity of published data on the choice and timing of intervention for advanced 

RHD. Many studies are single centre case series with associated methodologic limitations 

and the broad range of settings where patients with RHD live makes generalisation between 

studies difficult. Clinician preferences and experience and limited evidence regarding the 

outcome of different treatment options has led to a lack of consistency in the timing and 

choice of interventions for the management of advanced RHD (16). There is also a lack of 

evidence regarding the choice of interventions (11) and a need for greater consistency in 

management that takes into account the needs and aspirations of patients, their families and 

local health care providers. Randomised controlled trials of different interventions used in the 

management of advanced RHD are rarely possible. Many existing recommendations are 

based on the still relatively limited evidence pertaining to studies that have a focus on non-

RHD related valvular heart disease. The broad range of settings where RHD occurs ranging 

from LMICs to HICs also means recommendations must be cognisant of local health care 

systems and resourcing for implementing management and follow-up. 

Whilst existing national Australian guidelines (3) for RHD management acknowledge that 

outcomes may be affected by treatment choice, valve replacement type and timing of referral 

for intervention, there is limited information provided regarding how these factors interact 

and how they might be anticipated to influence outcomes and treatment recommendations. 

This thesis therefore aims to address deficits in current knowledge regarding the timing, 

choice of intervention and broader health care service structures for managing advanced 

RHD, by analysing data from a large multi-site cardiac surgery enhanced surveillance 

register, The Australia and New Zealand Society of Cardiac and Thoracic Surgeons 

(ANZSCTS) National Cardiac Surgery Database. This is an Australia-wide prospective 

registry for the collection and analysis of adult cardiac surgical procedures. The Database 

commenced in 2001 with six surgical centres and currently encompasses 28 Australian 

sites. This thesis focuses on specific elements of surgical management of RHD that have 

been contentious in the broader clinical practice and policy context.  

In particular, papers summarised in the thesis plan and presented in detail in subsequent 

chapters will first review existing knowledge regarding the medical management of RHD. 

They then describe the patient population requiring surgery and overall outcomes before 

focusing on how patient factors, surgical choice, and surgeon and site-specific case load 

influence short-term morbidity and mortality and longer term survival. In addition, these 

papers provide associated reviews on the existing state of knowledge regarding the surgical  
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management of advanced RHD specifically and valvular disease more generally. Finally this 

thesis concludes by providing a protocol for future research in this area.  

While the ultimate aim in addressing RF and RHD in Australia will remain its eradication, the 

nature of this condition will mean there will remain people living with RHD in HICs and 

LMICs for some time yet. This thesis provides a suite of linked studies that will be important 

in informing the national Australian and global response to the management of advanced 

RHD and will serve as a resource for informing the future health care response both at an 

individual and health service level. 
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Thesis plan  

The work underlying this thesis is presented in seven chapters that address specific 

elements of advanced RHD care. Each is accompanied by a paper that has been published 

or submitted to a peer review journal 

Chapter 2 Medical management of rheumatic heart disease: a systematic 

review of the evidence 

While this thesis focuses on the surgical management of RHD, it is cognisant that many 

patients with this condition may also benefit from medical management. Despite its 

importance there is limited evidence to inform the medical non-procedural management of 

RHD. This chapter outlines the existing evidence regarding such medical management 

including symptom control, left ventricular dysfunction, rate control in mitral stenosis (MS), 

atrial fibrillation (AF) and anticoagulation. It provides an perspective on when to treat, the 

outcomes associated with different treatment choices and, where possible, how treatment 

choice can take account of health service resourcing.  

This chapter includes the following paper submitted for peer review and publication: 

Russell EA, Walsh WF, Brown A, Reid CM, Tran L, Baker RA, Bennetts JS, Tam R, Maguire 

GP. Medical management of rheumatic heart disease: a systematic review of the evidence. 

Cardiology in Review (Submitted) 

Chapter 3 Valve surgery for rheumatic heart disease in Australia 

There have been no Australian multi-centre studies of RHD valve surgery published and 

limited data available regarding factors that might affect the choice of surgery in patients with 

RHD. This chapter examines the Australian patient population requiring valve surgery for 

RHD and reviews the pre-operative factors that are associated with surgical choice. 

This chapter includes the following peer-reviewed and published report:  

Russell EA, Tran L, Baker RA, Bennetts JS, Brown A, Reid CM, Tam R, Walsh WF, Maguire 

GP. A review of valve surgery for rheumatic heart disease in Australia. BMC Cardiovascular 

Disorders 2014 Oct 2;14:134. doi: 10.1186/1471-2261-14-134. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tran%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bennetts%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tam%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tran%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bennetts%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tam%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maguire%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maguire%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/26399240
http://www.ncbi.nlm.nih.gov/pubmed/26399240
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Chapter 4 Outcome following valve surgery for rheumatic heart disease in 

Australia  

This chapter expands on the areas highlighted in Chapter 3 and extends this to an 

examination of the factors associated with RHD and non-RHD surgery outcome. Significant 

independent predictors of short or long term outcome overall and for Indigenous Australians 

specifically are addressed, both alone and in association with procedure type. 

This chapter includes the following peer-reviewed and published report:  

Russell EA, Tran L, Baker RA, Bennetts JS, Brown A, Reid CM, Tam R, Walsh WF, Maguire 

GP. A review of outcome following valve surgery for rheumatic heart disease in Australia. 

BMC Cardiovascular Disorders 2015 Sep 23;15(1):103. doi: 10.1186/s12872-015-0094-1. 

Chapter 5 Outcomes after mitral valve surgery for rheumatic heart disease 

The most common heart valve affected by RHD is the mitral valve. Mitral valve replacement 

is generally associated with poorer survival compared with mitral repair. This chapter 

examines the Australian patient population having mitral valve surgery for RHD and non-

RHD related valve disease and reviews the factors associated with the choice of surgical 

management and with short and long-term outcome following valve surgery. 

This chapter includes the following peer-reviewed and published report:  

Russell EA, Walsh WF, Reid CM, Tran L, Brown A, Bennetts JS, Baker RA, Tam R, Maguire 

GP. Outcomes after mitral valve surgery for rheumatic heart disease. Heart Asia. 2017;9:1-

7. doi: 10.1136/heartasia-2017-010916 

Chapter 6 The burden and implications of preoperative atrial fibrillation in 

Australian heart valve surgery patients 

Atrial fibrillation (AF) is the most common preoperative cardiac surgery arrhythmia and, as 

highlighted in Chapter 2, particularly prevalent in patients with valvular disease due to RHD. 

In the setting of RHD, AF often requires consideration of anticoagulation, a treatment that 

can be particularly difficult to provide in a remote Indigenous Australian setting. This chapter 

describes the burden and assesses the impact of AF on valve surgery, early post-operative 

complications and short and long term survival, overall and with particular reference to RHD 

and Indigenous Australians. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tran%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bennetts%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tam%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maguire%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maguire%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/26399240
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This chapter includes the following peer-reviewed and published report: 

Russell EA, Walsh WF, Tran L, Tam R, Reid CM, Brown A, Bennetts JS, Baker RA, Maguire 

GP. The burden and implications of preoperative atrial fibrillation in Australian heart valve 

surgery patients. International Journal of Cardiology. 2017; 227:100-105.  

doi: 10.1016/j.ijcard.2016.11.070. 

Chapter 7 Valve surgery outcome and case load in Australia 

In Australia there are a significant number of centres that undertake valve surgery and it has 

been suggested that heart valve surgery in general and that for RHD specifically, should be 

consolidated in a small number of higher volume centres as a mechanism for enhancing 

treatment choice and short and longer term outcome. Whilst multiple cardiac surgical units 

may be argued to enhance access (particularly for residents of regional and remote centres) 

and reduce waiting times, for more specialised valve surgery, including for RHD, a smaller 

number of specialised units may be preferable. This chapter examines the independent 

association between site and/or surgeon-specific average annual case load and short and 

long-term outcome following valve surgery.  

This chapter includes the following peer-reviewed and published report: 

Russell EA, Baker RA, Bennetts JS, Brown A, Reid CM, Tam R, Tran L, Walsh WF, Maguire 

GP. Case load and valve surgery outcome in Australia. International Journal of Cardiology. 

2016;221:144-151. doi: 10.1016/j.ijcard.2016.06.179 

Chapter 8 Outcome following valve surgery for rheumatic heart disease in 

Australia: development of an enhanced database module 

The seventh and final paper presented in this thesis outlines a protocol for a study that will 

further inform the management of advanced RHD. This study will involve the development of 

a multicentre, enhanced baseline assessment and data linkage surveillance system to better 

understand short and longer term non-lethal outcomes associated with surgical management 

of RHD. It will collect and incorporate more detailed information regarding pre and 

postoperative factors at four Australian cardiothoracic surgical sites caring for patients with 

both RHD and non-RHD related valvular heart disease and link this to hospital separation 

and other registry data sources.   
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This chapter includes the following peer-reviewed and published report: 

Russell EA, Reid CM, Walsh WF, Brown A, Maguire GP. Outcome following valve surgery in 

Australia: development of an enhanced database module. BMC Health Services Research 

2017:17:43 doi 10.1186/s12913-017-2002-0 

Chapter 9 Discussion 

The implications of the findings of the studies and publications comprising this thesis and 

how they may inform systems and protocols for management of RHD in the future are 

highlighted here. This includes the results of pre-operative factors associated with the choice 

of surgical management and how patient, disease (AF) and system factors (case load) may 

influence short and long term outcome. 

Chapter 10 Conclusion 

This thesis concludes by outlining the original contributions this project has made to the 

knowledge and understanding of factors associated with RHD surgical management and 

outcomes. The major conclusions from the research are presented and recommendations 

made regarding future research priorities. 
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Chapter 2  

Medical management of rheumatic heart disease:  

a systematic review of the evidence 

While this thesis focuses on the surgical management of RHD it is cognisant that many 

patients with this condition may also benefit from medical management. Despite its 

importance there is limited evidence to inform the medical non-procedural management of 

RHD. This chapter outlines the existing evidence regarding such medical management 

including symptom control, left ventricular dysfunction, rate control in mitral stenosis (MS), 

atrial fibrillation (AF) and anticoagulation. It provides a perspective on when to treat, the 

outcomes associated with different treatment choices and, where possible, how treatment 

choice can take account of health service resourcing.  

The criteria for the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) were applied in undertaking the literature search. All studies which reported on 

the stated criteria were included so there were no excluded studies. They were reported on 

as to their contribution to evidence for current medical management of RHD, with differences 

acknowledged when there was a range of outcomes reported. There were not enough 

studies in any one area to complete a meta-analysis.  

Follow up in the studies ranged from one day to 12 months with on average 90.2% (75% to 

100%) of the study participants being followed for the stated time period. Sub-studies using 

data from larger studies did not always fit with pre-defined criteria, participant selection and 

definitions. Studies where data was obtained only from medical record review or self-

reporting were also associated with incompleteness of data. Finally generalisability was 

compromised by studies that were from single centres or which had restrictive inclusion 

criteria, short follow-up, or small sample sizes. 

This chapter includes the following submitted paper submitted for peer review and 

publication: 

Russell EA, Walsh WF, Brown A, Reid CM, Tran L, Baker RA, Bennetts JS, Tam R, Maguire 

GP. Medical management of advanced rheumatic heart disease: a systematic review of the 

evidence. Cardiology in Review (Submitted)  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tran%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bennetts%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tam%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25274483
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Medical management of rheumatic heart disease: a systematic 

review of the evidence 

Authors: 

E. Anne Russell, Warren F. Walsh, Ben Costello, Alex JA McLellan, Alex Brown, Christopher 

M. Reid, Lavinia Tran, Graeme P. Maguire.  

ABSTRACT  

Background Rheumatic heart disease (RHD) is an important cause of heart disease 

globally. Management can encompass medical and procedural (catheter and surgical) 

interventions.  

Methods Literature pertaining to medical management of RHD from PubMed 1990-2016 

and via article reference reviews. Areas included symptoms, left ventricular (LV) dysfunction, 

rate control in mitral stenosis (MS), atrial fibrillation (AF) and anticoagulation.  

Results Diuretics, angiotensin blockade and beta blockers for LV dysfunction, and beta 

blockers and If  inhibitors for rate control in MS reduced symptoms and improved LV function 

but did not alter disease progression. Rhythm control for AF was preferred and where this 

was not possible rate control with beta blockers was recommended. Anticoagulation was 

indicated where there was a history of cardioembolism, AF, spontaneous left atrial contrast 

and mechanical prosthetic valves. While warfarin remained the agent of choice for 

mechanical valve replacement, non-vitamin K antagonist oral anticoagulants (NOACs) may 

have a role in RHD-related AF, particularly with valvular regurgitation. Evidence for 

anticoagulation following bioprosthetic valve replacement or mitral valve repair was limited.  

Conclusions In RHD medical management of LV dysfunction and rate control in MS 

improves symptoms. There is limited evidence rhythm control of AF may be preferable to 

rate control and emerging evidence that NOACs have a role in patients at high risk of 

cardioembolic complications. Warfarin remains the mainstay of anticoagulation in 

mechanical valve replacements and, to a lessor extent, in MS. There is little evidence to 

support anticoagulation in patients in sinus rhythm following bioprosthetic valve replacement 

or repair.  
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INTRODUCTION  

Rheumatic heart disease (RHD) occurs after one or more episodes of rheumatic fever (RF), 

a condition associated with an inappropriate host immune response to infection with group A 

streptococci (1-3). RHD is a condition of global health importance that is estimated to affect 

15.6 to 19.6 million people, most in middle and low-income countries (LMIC) (4). Of those 

people with RHD, 1% to 5% are estimated to die each year with the total number of RHD-

related deaths estimated at 233-294 000 per year, with the majority (468 164) in LMIC (4). 

While RHD is now rare in high income countries  (1), it remains an important cause of 

preventable heart disease in some Indigenous populations including Canadian First Nations 

people (5), New Zealand Māori (6) and Australian Aboriginal and Torres Strait Islander 

peoples (7) who are often subject to environmental disadvantage and variable access to 

primary and specialist health care (2). A recent echocardiographic screening study of 

Indigenous Australian children aged 5-14 years, found a prevalence of RHD (8) of 0.9% with 

none detected in a comparably aged non-Indigenous cohort (9). Nonetheless, older non-

Indigenous residents are also affected by RHD, presumably relating to RF decades earlier. 

Thus, in an Australian review of RHD surgery outcome, 87% of patients requiring surgery for 

RHD-related valve disease were non-Indigenous (10). 

The most common heart valves affected by RHD are the mitral and aortic valves, less 

commonly the tricuspid and rarely the pulmonary valve (10). Valve regurgitation and stenosis 

may occur in isolation or together. Such valve damage is associated with an increased risk 

of heart failure, stroke and endocarditis (11). The natural history of RHD-related valve 

disease is variable but in many cases valve damage and dysfunction can progress as a 

result of further episodes of RF, through a process of chronic and progressive scarring 

and/or as a consequence of ensuing heart failure or endocarditis. The majority of RHD 

patients are only mildly affected (4) and only a small minority have more severe disease or 

complications requiring intervention (11). 

Management of RHD involves a combination of regular primary and specialist health care 

review, monitoring echocardiography and secondary antibiotic prophylaxis to prevent further 

episodes of RF. In the small but important group with more severe valvular disease, 

medications and other interventions, including catheter and surgical-based approaches, may 

be required. From a patient and clinician perspective, the aim in managing advanced RHD is 

therefore to intervene to prevent progression and the development of complications and  
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irreversible heart damage at a time that ensures the lowest possible risk of complications 

with the best short and long-term outcome.  

Despite its importance, there is limited evidence to inform the medical non-procedural 

management of RHD. Many existing recommendations are based on the relatively limited 

evidence pertaining to studies that have a focus on non-RHD related valvular heart disease. 

The broad range of settings where RHD occurs ranging from LMIC to high income countries 

also means recommendations must be cognisant of local health care systems and 

resourcing. 

This review will therefore aim to outline the existing evidence regarding the medical 

management of RHD-related valvular disease. Specific areas of interest will include 

management of symptoms, left ventricular dysfunction, rate control in mitral stenosis (MS), 

atrial fibrillation (AF) and anticoagulation. It will provide an emphasis on when to treat, the 

outcomes associated with different treatment choices and, where possible, how treatment 

choice can take account of health service resourcing.  

METHODS  

The criteria for the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) were applied in undertaking this review (12). Published evidence regarding the 

medical management of RHD was identified by performing a PubMed (13) search for English 

language articles, published between 1990 and 2016. The reference lists of retrieved articles 

were also searched. The search strategy included a combination of “rheumatic heart 

disease”, “management of rheumatic heart disease”, “rheumatic valve intervention”, and 

“rheumatic valve surgery”. After review, any sources that did not specify that the primary 

focus was RHD-related valve disease, were restricted to very young children, only included 

patients having re-operation or which were review articles were eliminated. Studies were 

included if they reported on data for type and timing of intervention, assessment of severity, 

medical management, or assessment of outcome. Sample size, duration of follow-up, 

subject demographics and country of origin were recorded.  
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RESULTS 

The results of the search strategy are outlined in Figure 1 below. Of the 42 included studies 

18 were randomised clinical trials, 10 other prospective and 14 retrospective case series of 

interventions with follow-up ranged from initial hospital discharge to 24 years. 

Outcome measures reported differed between studies with 23 including survival, 18 

bleeding, 19 thromboembolic events and eight, New York Heart Association (NYHA) 

functional status.  

 
Figure 1 Search strategy 

Principles of medical management 

Medical management of all patients with RHD may include regular review by primary and 

specialist health care incorporating evaluation of severity of disease based on symptom 

history and imaging (typically echocardiography) and antibiotic prophylaxis to reduce the risk 

of RF and infective endocarditis. The focus here will be on additional elements of 

management in the subset of patients with more advanced disease as evidenced by the   
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onset of symptoms (typically exercise limitation or dyspnoea) or imaging suggestive of 

severe valvular dysfunction, AF or those at high risk of complications including stroke. While 

surgical or other invasive interventions in addition to medical management may be more 

accessible in high-income countries, in LMICs this is not necessarily the case. Indeed in a 

study of 551 Ugandan RHD patients the majority of patients (91.1%) were found to have 

received medical management for RHD without proceeding to surgery or other interventions 

(14). 

The medical management of advanced RHD may include non-medication and medication 

based interventions. Non-medication based interventions in other forms of heart disease 

may include exercise training/rehabilitation and implantable devices including biventricular-

pacing/cardiac resynchronisation. No studies relating to the efficacy of such non-medication 

medical management in advanced RHD were identified.  

Potential targets for the medication-based medical management of advanced RHD are 

summarised in the box below.  

 diuretics for fluid overload  

 beta blockers and angiotensin blockade (angiotensin converting enzyme inhibitors (ACE 

inhibitors) and/or angiotensin receptor blockers) for left ventricular dysfunction 

 heart rate lowering in mitral stenosis 

 rate and rhythm control for AF  

 anticoagulation to reduce cardioembolic events and valve thrombosis following surgery 

Fluid overload 

A particular marker of severe RHD is exercise limitation and dyspnoea either on exertion or 

at rest. Diuretics such as the loop diuretic frusemide are often used to reduce symptoms of 

acute or chronic dyspnoea. The evidence for their use in RHD is limited with no evidence 

from formal trials (15) but recommendation only for symptom relief from pulmonary 

congestion or pulmonary oedema with mitral stenosis or heart failure with tricuspid 

regurgitation or stenosis (2, 15, 16). 
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Left ventricular dysfunction 

In RHD, left ventricular (LV) dysfunction may relate to LV dilation or hypertrophy with or 

without a reduction in systolic function. Angiotensin blockade is often recommended for both 

these issues. LV dilation tends to occur earlier in the setting of relative volume overload 

associated with regurgitant lesions of the aortic or mitral valve (2). While there is no 

evidence of the effectiveness of angiotensin blockage in RHD-related aortic regurgitation 

(AR), evidence for its use in non-RHD AR would indicate no significant effect on LV size or 

function or delay in the need for aortic valve replacement (17, 18). In patients with RHD-

related mitral regurgitation (MR), ACE inhibitors have been shown to significantly reduce LV 

size and MR volume (19) although this was not universally shown to be the case (20, 21) 

and there is no evidence to suggest their use delays the eventual need for surgery. 

In the setting of RHD-related MR and associated LV dysfunction, beta blockers have also 

been shown to reduce LV size and end-systolic stress as compared with placebo (22). 

Heart rate lowering 

In mitral stenosis (MS) impaired LV filling and elevated left atrial pressure are both 

exacerbated by a rapid heart rate. In this setting a reduction in heart rate, even in patients in 

sinus rhythm (SR), may reduce symptoms. Classically this has been achieved by using beta 

blockers which have demonstrated an association with significantly improved symptoms 

(23). Ivabradine, a newer agent used in heart failure that targets the lowering of the resting 

heart rate through its effect on the cardiac pacemaker If  current inhibitor (24), has 

demonstrated similar efficacy to metoprolol in MS with an improvement in haemodynamics, 

exercise performance and dyspnoea (25). As such, ivabradine may be a useful adjunct in 

symptom management of MS, particularly when beta blockers are contra-indicated or not 

tolerated or where an adequate reduction in heart rate cannot be achieved with beta 

blockers alone. 

In summary all these agents may reduce symptoms while awaiting other interventions, but 

there is no evidence to suggest they alter the natural history of disease or need for surgery. 

Nonetheless, in a patient in whom other interventions are refused or contraindicated or 

where resources are not available there is evidence in RHD-related AR, MR and MS that the 

tailored use of diuretics, angiotensin blockade, beta blockers and If  inhibitors may be useful 

for symptom control.  
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Atrial Fibrillation 

Atrial fibrillation (AF) is both common and its management challenging in the setting of RHD. 

The incidence of the onset of new AF in RHD is 3.5%/year overall and 6.0%/year in patients 

with an enlarged left atrium (LA) (≥47 mm) (26). Its prevalence is particularly high in patients 

with advanced valvular disease (10, 27) with 40% of RHD patients undergoing valve surgery 

having AF compared to only 17% of non-RHD patients (28). This is further added to by one 

third of the remaining 60% of RHD patients developing AF following surgery (29, 30).  

Medical management of AF targets one of two elements: either rate control with a focus on 

reducing ventricular rate in the setting of continuing AF or rhythm control with an emphasis 

on reversion to SR. Existing international guidelines outlining recommendations for the 

management of AF provide limited assistance when deciding how to manage AF in the 

setting of RHD. While such guidelines highlight that all trials that have compared rhythm 

control and rate control to rate control alone have resulted in a lack of evidence regarding 

superiority of one approach over another, it should be remembered such guidelines have 

focused on non-RHD related AF (31, 32). The evidence supporting equivalence of outcome 

in rate versus rhythm control for AF may therefore not necessarily apply in RHD. Indeed in a 

prospective double-blind trial of AF in RHD patients comparing rate control with rhythm 

control with electrical cardioversion +/- amiodarone, patients who achieved persisting 

reversion to SR at one year (52%) had improved exercise tolerance, symptoms, quality-of-

life and possibly survival (33). While a discussion regarding the utility of pulmonary vein 

isolation via ablation is outside this discussion of medical management there is evidence that 

would suggest this can be a superior form of rhythm control in non-valvular AF. 

Rate control 

Despite poorer outcomes associated with persisting AF in RHD patients there will remain a 

need for rate control with beta blockers, digoxin or calcium channel blockers (34, 35) in 

patients in whom reversion to SR cannot be achieved. This may be particularly the case in 

patients with a long-standing persistent AF, severe MS, and significant LA enlargement (36). 

Whilst all these agents are effective in reducing ventricular response beta blockers may, if 

tolerated, be preferred in the setting of LV dysfunction or MS where beta blockers may 

provide benefit in addition to their rate control effects.  
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Rhythm control 

The non-invasive medical management of rhythm control can involve medication, electrical 

cardioversion or a combination of both.  Whilst a range of medications can be used for 

rhythm control of AF, specific evidence in RHD has largely focused on amiodarone. In 

studies of Indian and South African RHD patients, amiodarone taken for 9 months (37) to 17 

months (38) resulted in reversion to SR in 55% (38) to 87% (37) of patients. In the unstable 

patient or those resistant to medical cardioversion, electrical cardioversion (with preceding 

anticoagulation and/or transoesophageal echocardiography to assess for LA thrombus) 

associated with the ongoing use of amiodarone can be an additional management option 

(39). When reversion to SR cannot be achieved by electrical cardioversion, further attempts 

at three months, even in the setting of co-administered amiodarone, do not provide 

additional benefit (40). 

Perioperative AF 

Treating RHD-related AF in the perioperative period can also be associated with successful 

reversion to SR with a single dose of intraoperative intravenous amiodarone and intra-

operative electrical cardioversion being superior to electrical cardioversion alone (41). Even 

in post-operative patients with persisting AF, reversion to SR is possible with ongoing 

amiodarone and delayed electrical cardioversion for those in persisting AF at three months. 

While a longer duration of AF (more than two years) and an LA diameter greater than 60mm 

reduces the possibility of reversion to SR even in these patients more than 60% achieved 

reversion to SR (40). The co-administration of irbesartan with amiodarone is associated with 

an even greater chance of successful maintenance of SR (42).  

Prevention of the development of new AF in association with cardiac surgery has also been 

investigated in non-RHD related valve disease. Studies from Finland (43) and Jordan (44) 

have found corticosteroid administered in association with surgery lowered the incidence of 

new AF (24% (44) to 30% (43)) compared with placebo (46% (44) to 48% (43)). Similar 

evidence for RHD is however currently lacking. 

In summary, the emphasis of medical management of AF in the setting of RHD should be 

rhythm control with a focus on achieving and maintaining SR with appropriate 

anticoagulation (see below). In the acute setting or when rhythm control has been 

unsuccessful, rate control can be considered with a beta blocker providing potentially 

additional benefit in RHD patients with LV dysfunction and MS. Where feasible, a plan for  
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achieving and maintaining SR with a combination of amiodarone and electrical conversion 

should be considered. This must nonetheless be balanced against the potential side-effects 

associated with long-term amiodarone use, with at least 10% of patients being unable to 

tolerate this (45-47). The onset of AF should also prompt reassessment regarding the need 

for more invasive interventions for valve disease management. If surgery is undertaken in 

the setting of persisting AF, the use of intra-operative intravenous amiodarone and electrical 

conversion should be undertaken and, if not successful, this should be followed by ongoing 

amiodarone and a further attempt at electrical conversion at three months if AF persists. 

Where SR is achieved, the co-administration of irbesartan reduces the risk of reversion to 

AF (48). While it may be possible to prevent the development of AF in association with 

surgery with corticosteroid therapy, the evidence for RHD-related valve disease specifically 

is currently lacking.  

Anticoagulation 

Anticoagulation can be a key intervention in patients with RHD-related valvular disease to 

reduce the risk of cardioembolic events, most particularly stroke. Nonetheless, 

anticoagulation can be difficult to provide in the remote and LMIC settings where many 

people living with RHD reside. RHD is associated with a significant risk of stroke, particularly 

in people with associated MS. The risk of cardioembolic complications is even higher when 

RHD-related valvular disease is associated with AF. In addition, anticoagulation is often 

used in the perioperative period following bioprosthetic valve replacement and valve repair 

and routinely required in patients who have a mechanical valve replacement. 

In the medical management of RHD key clinical questions are therefore when to consider 

anticoagulation, which agent to use and issues relating to monitoring and safety. The 

evidence informing each of these issues will be outlined below.  

Indications for anticoagulation 

In general, patients with RHD are at an increased risk of stroke. It is reasonable to assume 

that any RHD patient with a history of stroke or another cardioembolic complication (e.g. limb 

ischaemia due to arterial obstruction) will be at elevated risk of further episodes and should 

be anticoagulated. In addition RHD patients with evidence of LA low-velocity blood flow or 

AF, irrespective of their underlying thromboembolism risk score (49), should also be  
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anticoagulated. This is supported by a case control study of Indian RHD patients that 

demonstrated a significant independent association between stroke and evidence of left 

atrial spontaneous contrast on echocardiography (odds ratio (OR) = 39.9) or AF (OR 3.2)  

(50).  

Anticoagulation is also utilised either as short or longer term management following 

interventions for RHD especially in the perioperative period following bioprosthetic valve 

replacement and valve repair and in the long term management of mechanical valve 

replacements. Following mechanical valve replacement, warfarin remains the therapy of 

choice to prevent valve thrombosis and thromboembolic complications. A single randomised 

open label study comparing the non-Vitamin K antagonist oral anticoagulant (NOAC, also 

described as direct oral anticoagulant or DOAC) dabigatran with warfarin following 

mechanical valve replacement was prematurely terminated at median follow-up of six 

months due to a higher risk of thromboembolic complications in patients allocated to 

dabigatran (5%) compared to those receiving warfarin (0%) (51). 

Patients with RHD will often proceed to surgery with either valve replacement with a 

mechanical or bioprosthetic valve or mitral valve repair. While short term anticoagulation or 

antiplatelet therapy is often recommended following bioprosthetic valve replacement, the 

evidence to support this is limited. An observational study of post-operative warfarin use 

following bioprosthetic aortic valve replacement in 861 patients in SR (133 warfarin and 728 

no anticoagulation with 53% in both groups receiving concomitant aspirin) demonstrated no 

overall difference in the early 90-day risk of thromboembolism, with this occurring in 5% of 

both those who received and did not receive warfarin. Multivariate analysis did however 

demonstrate concomitant use of warfarin or aspirin was associated with a reduced risk of 

thromboembolism in women, those with small prosthetic aortic valves (19mm) and if 

significant symptoms were present (New York Heart Association III/IV).(52) Another 

observational study of aspirin versus no aspirin following aortic valve bioprosthesis in 288 

patients in SR without any other need for aspirin, all of whom received low molecular weight 

(LMW) heparin for 14 days following surgery, showed no difference in mortality or stroke risk 

at one year. (53) An open label randomised controlled trial of warfarin versus aspirin in 370 

patients following aortic valve bioprosthesis without coronary artery grafting also 

demonstrated no difference in thromboembolic complications or mortality at 90 days 

following surgery, but with a higher risk of major bleeding in those receiving warfarin. (54)  
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Given the higher risk of thromboembolism associated with mitral valve disease and surgery, 

there is typically a greater concern and preference for the use of anticoagulation following 

mitral bioprosthesis or valve repair surgery. In patients in SR following mitral valve 

bioprothesis insertion, the evidence to support any particular anticoagulation strategy in the 

early post-operative period is largely lacking. An observational study of 99 patients receiving 

warfarin, aspirin or no treatment demonstrated no significant difference in stroke or bleeding 

risk, but the number of participants was small (55). In a 19 centre observational study of 

1882 patients following mitral valve repair, no difference was seen in thromboembolic or 

bleeding risk at six months between patients receiving warfarin or aspirin, but this did not 

include any patient who did not receive either agent (56). 

A summary of indications where anticoagulation for RHD may be warranted is listed in the 

box below.  

 history of cardioembolic complications including ischaemic stroke 

 atrial fibrillation 

 left atrial spontaneous contrast or left atrial thrombus on echocardiography 

 mechanical valve replacement 

 short-term following post-operative valve repair or bioprosthetic replacement in selected 

patients 

Choice of agent 

Anticoagulation/antiplatelet options in the setting of RHD include those outlined in the box 

below.  

 vitamin K antagonists (usually warfarin).  

 antiplatelet agents (e.g. aspirin) 

 non-vitamin K antagonist oral anticoagulants (NOACs) 

 unfractionated and low molecular weight heparin 

Key considerations regarding which agent to choose encompass efficacy, risk/safety 

(particularly of bleeding), reversibility and suitability for use in pregnancy, an important 

consideration when managing RHD patients who are more likely to be young and female. In 

general the mainstay of anticoagulation in RHD remains warfarin, relating mainly to limited 

evidence of equivalent efficacy of the other agents listed above. In the post-operative setting  
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following valve prosthesis or mitral valve repair surgery in the patient in SR it has been 

highlighted already that the evidence to support the use of any anticoagulant is limited. The 

evidence that is available would suggest that if an anticoagulant is used, aspirin may be a 

reasonable alternative to warfarin.  

The availability of NOACs has prompted their consideration as an alternate agent to warfarin 

in valvular heart disease in general and RHD specifically. This relates in part to not requiring 

regular monitoring to determine adequate dosing as in the case with warfarin. This might 

make these agents specifically useful for patients in marginalised areas where the 

infrastructure for warfarin monitoring does not exist. Nonetheless, such agents remain more 

expensive than warfarin. While recommendations relating to NOACs and AF have been 

largely limited to non-valvular AF, it should be highlighted this definition originally related to 

excluding patients with MS and has subsequently been expanded to include prosthetic heart 

valves and mitral valve repair (57). The similar efficacy of NOACs in reducing 

thromboembolic events in patients with other forms of native valvular heart disease has been 

demonstrated by sub-group analyses of many clinical trials of NOACs including the RE-LY 

(dabigatran) (58), ROCKET AF (rivaroxaban) (59), and ARISTOTLE (apixaban) (60) studies. 

Nonetheless, in the ROCKET AF (59) study there was a greater risk of bleeding in patients 

with native valvular heart disease and associated AF receiving a NOAC compared with 

warfarin.  

Further insight can be gained from a large retrospective study of administrative clinical data 

in the US of 20 158 non-vitamin K antagonist oral anticoagulant (NOAC)-treated patients 

with valvular heart disease (including a smaller number of patients with RHD (n=74) and 

non-RHD related (n=654) mitral stenosis, bioprosthetic valve replacement (n=24) and mitral 

valve repair (n=55)) and AF (61). While the sample sizes were limited, no patients with prior 

valve repair or bioprosthetic heart valves on NOACs were documented to have 

thromboembolic complications and in patients with mitral stenosis, either RHD or non- RHD 

related, there were no differences in the rates of stroke or bleeding. In the far greater 

number of patients with aortic stenosis, AR or MR, the risks of thromboembolism and 

bleeding were both significantly lower with NOACs compared to warfarin.  

Thus, while the use of NOACs in valvular heart disease should be approached with caution, 

it would appear that they have equivalent efficacy to warfarin in preventing thromboembolic 

complications associated with AF in aortic stenosis, AR and MR. The evidence supporting 

their use in MS is limited, but would suggest they may be an alternative in patients in whom  
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warfarin is not a safe option. Their use following bioprosthetic valve replacement or mitral 

valve repair should be tempered by the limited evidence that any agent is of benefit in these 

settings. The use of NOACs in valvular heart disease in general and RHD specifically should 

also take account of local licencing restrictions which may limit their use in some settings. 

The use of unfractionated (UF) or low molecular weight (LMW) heparin is largely restricted to 

patients who require anticoagulation in pregnancy or when rapid reversibility may be needed 

in the perioperative period or the setting of bleeding. Whilst this review does not specifically 

aim to outline the evidence regarding management of RHD in pregnancy, the evidence 

relating to anticoagulation management that is available is limited and restricted to 

observational studies. Nonetheless, available data support the efficacy and safety of LMW 

heparin with anti-Xa level monitoring (62, 63). Whilst warfarin has been associated to 

embryopathy, this tends to be particularly at doses greater than 5 mg per day and warfarin 

use may be considered following the first-trimester and ceased prior to expected delivery 

with bridging heparin therapy (64). In the operative setting an observational study of UF 

versus LMW heparin in 901 patients demonstrated similar bleeding and thromboembolic risk 

with the risk of bleeding largely related to type of surgery and the presence of patient 

comorbidities as demonstrated by a Charlson comorbidity score greater than one. 

Monitoring and safety 

Warfarin remains the mainstay of anticoagulation following mechanical valve replacements 

and is still often preferred in RHD-related valve disease associated with AF or a history of 

thromboembolism. The difficulty of achieving safe and adequate INR monitoring in RHD 

patients receiving warfarin should not be understated. Two large multi-national studies of 

warfarin in RHD patients found less than half (44%) participants were in the therapeutic 

range over the first 12 weeks of therapy (65) and only 8% of the patients were fully compliant 

with one third taking less than 80% of doses (66). An Indian study similarly found only 30% 

of INRs were within the target range and 37% of patients did not monitor INRs regularly (67), 

highlighting the additional challenges in LMIC settings. In remote settings in high income 

countries adequate and safe anticoagulation can be even harder to achieve (68-70). While 

point of care (POC) monitoring in patients receiving warfarin is often assumed to improve 

control, this has not been clearly demonstrated and indeed in a rural and predominantly non-

Indigenous Australian setting a randomised trial of such POC monitoring was not associated 

with an improvement in control (71). 
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DISCUSSION 

This review has outlined the existing evidence regarding the medical management of RHD-

related valvular disease with a specific focus on symptoms, LV dysfunction, rate control in 

MS, AF and anticoagulation. It has highlighted that the tailored use of diuretics, angiotensin 

blockade, beta blockers and If  inhibitors may all be useful for symptom control, LV 

dysfunction and rate control in MS. In contrast to non-valvular AF, there is limited evidence 

to suggest AF in RHD may benefit from a focus on rhythm control. Nonetheless, in many 

RHD patients with AF it may not be possible to achieve or maintain SR and the most 

frequently studied pharmacotherapy, amiodarone, is not tolerated long-term in a significant 

proportion of patients. In such patients beta blockers may, where tolerated, be preferred 

especially in the setting of concomitant LV dysfunction or MS.  

Anticoagulation remains a difficult issue for RHD patients. All patients with a history of 

cardioembolism, AF, spontaneous LA contrast and mechanical prosthetic heart valves 

should be anticoagulated. While warfarin remains the agent of choice in the setting of a 

mechanical valve replacement, there is increasing evidence that NOACs may have a role in 

RHD patients with AF, particularly AR and MR and possibly in MS. Nonetheless, this must 

be balanced against some evidence to suggest a higher risk of bleeding associated with 

NOACs in some patient groups and their greater cost, key factors particularly in remote and 

LMIC settings. Available evidence would suggest anticoagulation following bioprosthetic 

valve replacement or mitral valve repair may not be required and if necessary aspirin alone 

is sufficient. Nonetheless, this and the efficacy of NOACs in RHD-related AF should be a 

focus of future research. The lack of agreement and limited evidence regarding the optimal 

timing of surgery in asymptomatic patients with RHD also suggests the importance of 

studying early intervention to prevent atrial and ventricular remodelling in RHD leading to 

heart failure and AF.  
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Chapter 3  

Valve surgery for rheumatic heart disease in Australia 

There have been no Australian multi-centre studies of RHD valve surgery published and 

limited data available, regarding factors that might affect the choice of surgery in patients 

with RHD. This chapter provides an introduction to RHD surgery in Australia by first 

examining the Australian patient population requiring valve surgery and reviews the pre-

operative factors that are associated with surgical choice. 

This chapter includes the following peer-reviewed and published report:  

Russell EA, Tran L, Baker RA, Bennetts JS, Brown A, Reid CM, Tam R, Walsh WF, Maguire 

GP. A review of valve surgery for rheumatic heart disease in Australia. BMC Cardiovasc. 

Disord. 2014 Oct 2;14:134. doi: 10.1186/1471-2261-14-134. 
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Chapter 4  

Outcome following valve surgery for  

rheumatic heart disease in Australia 

This chapter expands on the areas highlighted in Chapter 3 and extends this to an 

examination of the factors associated with RHD and non-RHD surgery outcome. Significant 

independent predictors of short or long term outcome overall and for Indigenous Australians 

specifically are addressed, both alone and in association with procedure type. 

This chapter includes the following peer-reviewed and published report:  

Russell EA, Tran L, Baker RA, Bennetts JS, Brown A, Reid CM, Tam R, Walsh WF, Maguire 

GP. A review of outcome following valve surgery for rheumatic heart disease in Australia. 

BMC Cardiovasc. Disord.2015 Sep 23;15(1):103. doi:10.1186/s12872-015-0094-1. 

  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tran%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bennetts%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tam%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maguire%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maguire%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=26399240
http://www.ncbi.nlm.nih.gov/pubmed/26399240


Page | 55  
 

Chapter 4: RHD valve surgery outcome 

 



Page | 56  
 

Chapter 4: RHD valve surgery outcome 

  



Page | 57  
 

Chapter 4: RHD valve surgery outcome 

  



Page | 58  
 

Chapter 4: RHD valve surgery outcome 

  



Page | 59  
 

Chapter 4: RHD valve surgery outcome 

 



Page | 60  
 

Chapter 4: RHD valve surgery outcome 

   



Page | 61  
 

Chapter 4: RHD valve surgery outcome 

 
  



Page | 62  
 

Chapter 4: RHD valve surgery outcome 

 
  



Page | 63  
 

Chapter 4: RHD valve surgery outcome 

 



Page | 64  
 

Chapter 4: RHD valve surgery outcome 

 
  



Page | 65  
 

Chapter 4: RHD valve surgery outcome 

 



Page | 66  
 

Chapter 4: RHD valve surgery outcome 

  



Page | 67  
 

Chapter 5: Mitral valve surgery type outcomes 

Chapter 5  

Outcomes after mitral valve surgery for rheumatic heart disease 

The most common heart valve affected by rheumatic heart disease (RHD) is the mitral valve. 

Mitral valve replacement is generally associated with poorer survival compared with mitral 

repair. This chapter examines the Australian patient population having mitral valve surgery 

for RHD and non-RHD related valve disease and reviews the factors associated with the 

choice of surgical management and with short and long-term outcome following valve 

surgery. 

This chapter includes the following peer-reviewed and published report: 

Russell EA, Walsh WF, Reid CM, Tran L, Brown A, Bennetts JS, Baker RA, Tam R, Maguire 

GP. Outcomes after mitral valve surgery for rheumatic heart disease. Heart Asia. 2017;9:1-

7. doi: 10.1136/heartasia-2017-010916. 

 

  



Page | 68  
 

Chapter 5: Mitral valve surgery type outcomes 

 
  



Page | 69  
 

Chapter 5: Mitral valve surgery type outcomes 

  



Page | 70  
 

Chapter 5: Mitral valve surgery type outcomes 

  



Page | 71  
 

Chapter 5: Mitral valve surgery type outcomes 

  



Page | 72  
 

Chapter 5: Mitral valve surgery type outcomes 

  



Page | 73  
 

Chapter 5: Mitral valve surgery type outcomes 

  



Page | 74  
 

Chapter 5: Mitral valve surgery type outcomes 

 
  



Page | 75  
 

Chapter 6: Preoperative AF 

Chapter 6  

The burden and implications of  

preoperative atrial fibrillation  

in Australian heart valve surgery patients 

Atrial fibrillation (AF) is the most common preoperative cardiac surgery arrhythmia and, as 

highlighted in Chapter 2, particularly prevalent in patients with valvular disease due to RHD. 

In the setting of RHD AF often requires consideration of anticoagulation, a treatment that can 

be particularly difficult to provide in a remote Indigenous Australian setting. This chapter 

describes the burden and assesses the impact of AF on valve surgery, early post-operative 

complications and short and long term survival, overall and with particular reference to RHD 

and Indigenous Australians. 

This chapter includes the following peer-reviewed and published report: 

Russell EA, Walsh WF, Tran L, Tam R, Reid CM, Brown A, Bennetts JS, Baker RA, Maguire 

GP. The burden and implications of preoperative atrial fibrillation in Australian heart valve 

surgery patients. Int. J. Cardiol. 2017;227:100-105. doi: 10.1016/j.ijcard.2016.11.070.  
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Chapter 7  

Valve surgery outcome and 

case load in Australia 

In Australia there are a significant number of centres that undertake valve surgery and it has 

been suggested that heart valve surgery in general and that for RHD specifically, should be 

consolidated in a small number of higher volume centres as a mechanism for enhancing 

treatment choice and short and longer term outcome. Whilst multiple cardiac surgical units 

may be argued to enhance access (particularly for residents of regional and remote centres) 

and reduce waiting times, for more specialised valve surgery, including for RHD, a smaller 

number of specialised units may be preferable. This chapter examines the independent 

association between site and/ or surgeon-specific average annual case load and short and 

long-term outcome following valve surgery.  

This chapter includes the following peer-reviewed and published report: 

Russell EA, Baker RA, Bennetts JS, Brown A, Reid CM, Tam R, Tran L, Walsh WF, Maguire 

GP. Case load and valve surgery outcome in Australia, Int. J. Cardiol. 2016;221:144-151. 

doi: 10.1016/j.ijcard.2016.06.179. 
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Chapter 8  

Outcome following valve surgery in Australia:  

development of an enhanced database module 

The seventh and final paper presented in this thesis outlines a protocol for a study that will 

further inform the management of advanced RHD. This study will involve the development of 

a multicentre, enhanced baseline assessment and data linkage surveillance system to better 

understand short and longer term non-lethal outcomes associated with surgical management 

of RHD. It will collect and incorporate more detailed information regarding pre and 

postoperative factors at four Australian cardiothoracic surgical sites caring for patients with 

both RHD and non-RHD related valvular heart disease and link this to hospital separation 

and other registry data sources 

This chapter includes the following peer-reviewed and published report: 

Russell EA, Reid CM, Walsh WF, Brown A, Maguire GP. Outcome following valve surgery in 

Australia: development of an enhanced database module. BMC Health Serv. Res. 2017 

17:43. doi: 10.1186/s12913-017-2002-0. 
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Chapter 9 

Discussion 

This is the first detailed description of Australian RHD valve surgery and includes analyses 

of short and longer-term outcome, the burden and implications of preoperative atrial 

fibrillation and the relationship between outcome and case load. There has been limited 

evidence and consistency in the timing and choice of interventions for the management of 

advanced RHD, with management based largely on clinician preferences and experience.  

We found RHD valve surgery patients were younger and more likely to be female and 

Indigenous Australian than non-RHD valve surgery patients. This has implications for 

treatment choice, particularly given the potential difficulty in ensuring safe and effective 

anticoagulation in association with mechanical valve replacements and its implications for 

future pregnancies and activities associated with an increased risk of trauma. AF was also 

more common in those having RHD-related compared to non-RHD-related valve surgery. 

Given AF is frequently, in itself, an indication for anticoagulation, RHD mitral valve surgery 

prior to the onset of AF would appear to provide greater therapeutic choice, as both 

bioprosthetic valve replacement and valve repair do not typically require ongoing 

anticoagulation in the absence of AF. Mechanical valves which have longer term durability 

providing therapeutic anticoagulation can be achieved, were preferred in younger patients 

irrespective of whether they were Indigenous or not.  

Survival following valve surgery in the short (30 days) and longer term was equivalent in 

RHD and non-RHD patients and, in contrast to some earlier studies, neither short nor long 

term survival was significantly related to Indigenous status. Although RHD valve surgery 

patients, compared to those having non-RHD valve surgery, were more than twice as 

likely to have pre-operative AF, this was not an independent predictor of survival. It was 

not possible to confirm if this related to achievement of therapeutic anticoagulation as 

information regarding the adequacy of long-term post-operative anticoagulation was not 

available for this cohort. RHD valve surgery patients were however more likely, 

compared with non-RHD patients, to develop an anticoagulant complication, in 

particular bleeding complications which suggest monitoring and titration of 

anticoagulation, rather than medication adherence, was a more important contributor to 

early post-operative complications in our RHD patients.   
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For RHD-related mitral valve disease both short term and longer term unadjusted and 

adjusted survival for mitral valve repair is equivalent to mitral valve replacement. While non-

RHD-related mitral valve disease repair is associated with superior unadjusted survival, this 

is also equivalent once controlling for covariates. Patients undergoing both RHD and non-

RHD mitral repair surgery were younger and male, suggesting young male patients were 

referred either at a sufficiently early phase of their disease and/or to a surgical centre with a 

greater interest and capacity to undertake mitral valve repair reducing their need for post-

operative anticoagulation. 

There were more short term complications in patients with non-RHD related valve disease 

and preoperative AF than with RHD related valve disease and preoperative AF, although 

these did not include stroke. This may be due to the absence of data relating to pre-surgery 

anticoagulation which may alter the risk of stroke in the setting of AF associated with valvular 

heart disease. Only post-procedure length of hospital stay and reoperation for non-valve 

dysfunction were worse in patients with RHD related valve disease and preoperative AF, 

perhaps related to the amplifying effect of AF on other factors that contribute to outcome in 

valve surgery patients. Unadjusted 30-day mortality was worse in non-RHD valve disease 

patients with AF than without AF but not in RHD patients, although this difference did not 

persist when adjusted. Longer term (up to 10 years) mortality was significantly related to 

preoperative AF following non-RHD but not RHD-related cardiac surgery, which may have 

been explained by a shared association between AF and other drivers of poorer outcome, 

including a greater burden of hypertension and severe left ventricular dysfunction.  

Increasing site and surgeon case load was associated with a longer period of ventilation 

(shorter for RHD-specific valve surgery patients) and more anticoagulation complications. In 

contrast, higher volume centres and surgeons had an associated lower need for reoperation 

due to non-valve indications. Adjusted 30-day survival was not related to site or surgeon 

case load and it was the lowest volume sites that demonstrated the best long-term survival. 

In the RHD-related valve disease and particularly in Indigenous Australians with RHD, there 

was no difference in adjusted short or long-term survival between low and high volume sites 

and surgeons. Long-term survival is likely to be influenced by issues associated with health 

care follow-up, including primary and specialist health care access and quality and the 

adequacy of anticoagulation and monitoring, in addition to those of the cardiac surgical unit 

and surgeon. 
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The characteristics of the catchment population and their risk of particular causes of valve 

disease (e.g. Indigenous Australians and RHD) should be taken into account when 

assessing outcomes at individual cardiac surgical sites. Whilst similarities may exist between 

cardiac surgical practices in high income countries, Australia also provides care to a 

significant group of patients with RHD including younger and often remote residing 

Indigenous Australians. The fact that lower volume sites had superior long-term outcomes is 

encouraging and is likely to reflect the importance, quality and access to ongoing primary 

and specialist management in such patients in Australia. While centralisation may potentially 

reduce cost, it does not appear to enhance outcome and may also reduce patient access, 

particularly in a geographically large country such as Australia.  

Better understanding of long term outcomes following valve surgery will require more 

comprehensive follow-up of patients with incorporation of not only survival, but also cardiac 

and anticoagulation-related morbidity and capture of long-term health care access and 

quality. The development of a multicentre, enhanced surveillance system to collect short and 

longer term outcome data will assist in predicting outcomes and providing further evidence to 

inform the development of guidelines to facilitate consistent and optimal practice. Added to 

the existing national cardiac surgery database (Australian and New Zealand Society of 

Cardiac and Thoracic Surgeons (ANZSCTS)) these data will provide further assistance in 

deciding the most appropriate choice and timing of surgery. The addition of medications, 

echocardiography results and monitoring of longer-term non-lethal complications will 

strengthen the understanding of long term outcomes beyond survival alone and it is hoped 

will improve patient outcomes. 
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Chapter 10 

Conclusion  

This thesis has outlined findings relating to one of the largest prospective cohort studies of 

patients undergoing valve surgery for RHD. Short and long term outcome data relating to  

20 623 surgical procedures required for the management of patients with advanced RHD 

and non-RHD related valve disease were presented. 

Our Australian valve surgery patients had short and long-term survival that was comparable 

to international cohort studies, although longer term survival in RHD patients, out to 10 

years, was at the upper end of that reported in earlier studies. Survival, equivalent in RHD 

and non-RHD patients, was also found in studies from Malaysia and the USA. Nonetheless 

longer term survival reported in our study was also at the upper limit reported by studies 

from Brazil, Malaysia and the USA. The lack of difference between surgical type and 

outcome seen here was in line with earlier studies from South Korea and Taiwan. 

Independent predictors of longer term mortality following RHD-related valve surgery were 

co-existent diabetes and chronic kidney disease and length of ventilation and hospital stay 

following surgery. Of note being an Aboriginal Australian and/or Torres Strait Island person, 

pre-existing AF, a greater functional impairment as assessed by NYHA functional class and 

poorer pre-operative LVEF were not independently associated with outcome. Mechanical 

valves were more likely to be used in younger patients, but a greater use of bioprosthetic 

valves and valve repair, whilst having a greater risk of reoperation, may be more suitable in 

such patients, particularly in younger, remote and Aboriginal and Torres Strait Islander 

peoples. Whilst we demonstrated that those having bioprosthetic valve replacements had 

poorer long term survival, this was possibly related to factors for which we have not 

assessed or controlled.  

Survival following RHD mitral valve repair surgery in Australia was demonstrated to be 

equivalent to replacement surgery in line with some but not all earlier studies. Unadjusted 

survival for non-RHD valve disease out to five years appeared superior to replacement, but 

this did not persist when adjusting for other factors associated with early mortality. Whether 

mitral repair compared with replacement is associated with a difference in non-lethal 

complications including long term morbidity, health care utilisation and cost should remain a 

priority for future research. 
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AF is a common arrhythmia in RHD and non-RHD patients requiring valve surgery and 

patients with valve disease and preoperative AF were found to carry a higher burden of 

comorbidities. Whilst adjusted 30-day survival was no different in patients with AF, short 

term complications were greater especially in those with non-RHD related valve disease.  

Adjusted long term survival was inferior in patients with non-RHD valve disease and AF but 

not RHD-related disease in general or for Indigenous Australian with RHD specifically.  

Earlier intervention (prior to the onset of AF) or more aggressive management of AF to 

facilitate reversion to sinus rhythm should be investigated as mechanisms for enhancing 

postoperative outcomes in non-RHD valve surgery patients. In addition greater 

understanding of the differential effect of AF in RHD and non-RHD surgical outcome may 

identify further targets for intervention.  

Short-term survival following valve surgery in Australia was not related to site or surgeon 

case load. We did not demonstrate the same associations between site case load and short 

term outcome as have been seen in some American studies where short-term outcomes 

were superior in larger volume centres. Nonetheless our findings support those from Britain 

where there was no significant association found between site or surgeon case load for in-

hospital deaths after cardiac surgery in general. In this Australian study, long-term survival 

appeared to be superior in lower volume sites and surgeons. This suggests long-term 

outcome may be more related to the broader community-based health care environment to 

which patients return or that higher volume sites may be faced with a potential diseconomy 

of scale particularly for surgeons who undertake the highest average annual number of valve 

surgical procedures. Our study is one of few to examine long-term survival and the 

population catchment of cardiac surgical centres in other high income settings such as the 

UK and USA vary markedly compared with Australia’s large geographic area and relatively 

small population associated with relatively small case loads. Whether our findings would be 

replicated in sites with far larger case loads than those seen in Australia remains to be seen. 

Nonetheless our findings have clear relevance to surgical practice in Australia and other 

countries with similar geography and health service structures. Mandating a particular site 

case load level for valve surgery or a minimum number of procedures for individual surgeons 

in Australia cannot be supported by these findings either overall or for RHD specifically. 

The methodology of a future project that aims to collect and incorporate more detailed 

information regarding pre and postoperative factors at four Australian sites that undertake a   
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significant proportion of RHD and non-RHD surgery completes this project. Information 

demonstrated to be important and relevant has been included in this ANZSCTS Database 

enhanced surveillance module to assist in predicting outcomes and providing evidence to 

inform the development of national and international guidelines to facilitate consistent and 

evidencebased practice in the management of RHD. These more detailed data will be used 

to provide additional insights into treatment choice, timing and outcome and be used to 

inform on-going development of existing jurisdictional ARF/RHD register and recall systems. 

This project began with the ambitious aim of attempting to reduce the health disparity 

between Aboriginal and Torres Strait Islander peoples and non-Indigenous Australians and 

facilitating ‘Closing the Gap’ in life expectancy. It intended to do this by informing the on-

going development of rational and evidence-based recommendations for the management of 

advanced RHD in Aboriginal and Torres Strait Islander peoples that reflect the realities of 

patients’ lives, especially those resident in remote Australia. Existing national guidelines for 

RHD management acknowledge that outcomes may be affected by timing of referral for 

intervention, treatment choice, prosthetic valve type, need and adequacy of monitoring of 

anticoagulation therapy and access to ongoing specialist follow-up and echocardiography 

monitoring. Nonetheless existing evidence regarding the relative role of factors that are 

important in determining such timing of treatment and treatment choice remained limited. 

The studies and papers presented in this thesis provide an important addition to existing 

knowledge in this area. It is now possible to better identify those patients who are at risk of 

complications and poorer survival and to accordingly counsel them and their families prior to 

surgery. In addition, reassurance has been provided regarding the comparable outcome 

following valve surgery in Indigenous versus non-Indigenous Australians and in mitral valve 

replacement in comparison with repair. Important differences between RHD and non-RHD 

valve disease including the far greater burden of AF in the former provides a tantalising 

focus for future research to better understand both the underlying pathophysiology and 

management of this condition as it relates specifically to RHD. Finally, while there have been 

a number of position statements and advocacy to develop national centres for RHD 

management specifically and valve surgery more generally, it has been demonstrated there 

is little evidence in Australia to support such an approach.  

The findings from this project will not only inform the management and health service 

response to RHD in Australia. This is a global health issue whose impact is felt most in low 

and middle-income countries. The evidence we have been so fortunate to summarise in  
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Australia, thanks to a well-developed surgical registry, will also provide the opportunity to 

inform advanced RHD management in other settings including in our region of Oceania and 

in other populations faced with similar social and environmental factors and an increased 

burden of RHD. 
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