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A B S T R A C T   

Background: Australia, although a high income economy, carries a significant burden of rheumatic heart disease 
(RHD). Acute rheumatic fever (ARF) and RHD are endemic in the Indigenous population. Immigrants from low/ 
lower-income countries (‘non-Indigenous high-risk’) are also at increased risk compared with ‘non-Indigenous 
low-risk’ Australians. This study describes the utilisation of surgical and percutaneous procedures for RHD- 
related valve disease among patients aged less than 50 years, from 2002 to 2017. 
Methods: A descriptive study using data from the ‘End RHD in Australia: Study of Epidemiology (ERASE) Project’ 
linking RHD Registers and hospital inpatient data from five states/territories, and two surgical databases. Trends 
across three-year periods were determined and post-procedural all-cause 30-day mortality calculated. 
Results: A total of 3900 valves interventions were undertaken in 3028 procedural episodes among 2487 patients. 
Over 50% of patients were in the 35–49 years group, and 64% were female. Over 60% of procedures for 3-24 
year-olds were for Indigenous patients. There were few significant changes across the study period other than 
downward trends in the number and proportion of procedures for young Indigenous patients (3–24 years) and 
‘non-Indigenous/low risk’ patients aged ≥35 years. Mitral valve procedures predominated, and multi-valve in
terventions increased, including on the tricuspid valve. The majority of replacement prostheses were mechanical, 
although bioprosthetic valve use increased overall, being highest among females <35 years and Indigenous 
Australians. All-cause mortality (n = 42) at 30-days was 1.4% overall (range 1.1–1.7), but 2.0% for Indigenous 
patients. 
Conclusions: The frequency of cardiac valve procedures, and 30-day mortality remained steady across 15 years. 
Some changes in the distribution of procedures in population groups were evident. Replacement procedures, the 
use of bioprosthetic valves, and multiple-valve interventions increased. The challenge for Australian public 
health officials is to reduce the incidence, and improve the early detection and management of ARF/RHD in high- 
risk populations within Australia.   

1. Introduction 

Australia is one of few high-income countries with a significant 
burden of rheumatic heart disease (RHD) among its population. While 
very uncommon in the non-Indigenous population, acute rheumatic 
fever (ARF) and RHD occur at endemic rates among Aboriginal and 

Torres Strait Islander peoples (Indigenous Australians) [1], who 
comprised 3.3% of the 24 million total population in mid-2016 [2]. It is 
also a health issue for immigrants to Australia from populations at 
higher risk, including Māori and Pacific Islanders [3] and immigrants 
from low- and lower-middle-income countries (ILICs) [4]. 

The estimated annual incidence of ARF in Australia rose from 3/ 
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100,000 in 2013 to 6/100,000 in 2017 overall, females being 56%, and 
highest in those aged 5–14 years at diagnosis. For Indigenous Austra
lians the annual incidence of ARF was 85/100,000 while that for new 
diagnoses of RHD was 50/100,000. Of prevalent cases of RHD, 87% 
were among Indigenous people [1]. 

The estimates of incidence and prevalence are derived from infor
mation recorded on ARF/RHD registers in five of the eight Australian 
States and Territories. The registers were established between 1997 and 
2015 in the Northern Territory (NT), Queensland (Qld), Western 
Australia (WA), South Australia (SA), and New South Wales (NSW) and 
include those with the largest Aboriginal populations (NSW and Qld), 
and that with the highest proportion of Aboriginal people (NT). 

There are, however, recognised inconsistencies in the collecting, 
recording and reporting of information for the registers, including that 
on procedures [5]. To overcome this limitation and facilitate epidemi
ological study of ARF and RHD in Australia the ‘End RHD in Australia: 
Study of Epidemiology (ERASE)’ Project was developed. 

There is little information on the use of surgery and catheter-based 
procedures in well-documented populations, with the majority of reports 
coming from single centres. ERASE is the first study to publish population- 
based data using linked information from multiple sources [6]. 

After evaluation and validation, an ERASE ‘analysis cohort’ was 
developed using data from the registers, hospital administrative data 
from each of the five jurisdictions, and two cardiothoracic surgical da
tabases. The additional sources of ARF/RHD cases more than doubled 
the numbers aged <60 years (n = 12, 907) compared to registry data 
alone (5, 049). The majority (91%) were recorded as being Aboriginal or 
Torres Strait Islander people, 5% were Māori or other Pacific Islander 
people or other ILICs, and 4% were non-Indigenous Australians [6]. 

Australia has a well-resourced universal healthcare system with no 
structural limitations to the frequency or type of procedures available to 
those with RHD-related valve disease. An examination of the use of 
procedures in this population-based cohort provides insights into the 
trends in care against which future Australian cohorts, and other juris
dictions, can measure the services that they provide. The aim of this 
study was to describe the use of surgical and percutaneous valvular 
procedures to manage RHD in an Australian population from 2002 to 
2017. 

2. Methods 

This is a descriptive, cross-sectional study to identify trends over 
time in the use of valve-related interventions for RHD. It was confined to 
those aged <50 years to limit the risk for inclusion of cases whose 
diagnosis of RHD-related valve disease, based on hospital morbidity 
data alone, was less certain [7]. Procedures recorded among patients 
diagnosed with RHD before, or at the time of intervention, in five ju
risdictions in Australia (NSW, Qld, SA, WA and the NT) between July 1, 
2002 and June 30, 2017 were included. These five jurisdictions carry the 
greatest burden of ARF/RHD, and are home to 86% of Aboriginal and 
Torres Strait Islander peoples (at June 30, 2016) [2]. 

2.1. Data sources 

2.1.1. The ERASE database 
Details of the ERASE database have been published elsewhere [6]. In 

summary, this database comprises a cohort drawn from ARF/RHD reg
isters, in-patient RHD-coded hospital admission/discharge data, and 
RHD-coded death records. Records from these sources, and the surgi
cal/procedural data, were probabilistically linked, providing a 
de-identified data set including encrypted unique person identifiers 
(Appendix Table A). 

The ERASE database was used to identify patient characteristics, 
including date of birth, sex, date of first recorded diagnosis of RHD, 
population status (defined below), and, where appropriate, date of 
death. 

Identification as a RHD case was based on (1) a record of a confirmed 
RHD diagnosis in the ARF/RHD register AND/OR (2) RHD recorded on a 
surgical database AND/OR (3) a diagnosis of RHD in hospital inpatient 
data by a statistical prediction model developed to address shortcomings 
in ICD codes for RHD [7] that risk high false positive rates [8]. Cases 
with congenital heart disease as the principal diagnosis were excluded. 

2.1.2. Valvular intervention dataset 
Data on valvular procedures for the RHD cohort were obtained from, 

and harmonised across, four sources:  

1. The Australian and New Zealand Society of Cardio-thoracic Surgeons 
(ANZCTS) National Cardiac Surgery Database provides detailed 
surgical information but does not include percutaneous procedures, 
nor do all hospitals performing cardiac surgery contribute to the 
database [9].  

2. The paediatric surgery dataset from the Royal Children’s Hospital in 
Melbourne, Victoria. This provided surgical information for cases 
transferred from SA and NT (no paediatric cardiothoracic surgery 
service available).  

3. Inpatient hospital data; the most comprehensive source of data 
regarding surgical and non-surgical procedures, with common vari
ables and standardised diagnostic and procedure codes using the 
International Classification of Diseases and related Health Problems, 
Tenth Revision, Australian Modification (ICD-10-AM) and the 
Australian Classification of Health Interventions (ICD-10 ACHI). The 
ICD-10 codes used to identify valvular procedures are listed Ap
pendix Table B.  

4. RHD registers provided basic data about the procedures. 

2.2. Study variables 

To allow for variations in the recorded procedure date across the 
integrated databases, any procedure performed within the same 14-day 
period for a patient was considered part of a single ‘procedural episode’. 

The following information was collected: demographic data, type of 
surgical or percutaneous procedure, valve(s) treated, number of pro
cedures per patient, type of prosthetic valve implanted (bioprosthesis, 
mechanical, homograft), concomitant coronary artery bypass graft, and 
death within 30 days from a procedure. 

The cohort was grouped according to population/risk as developed 
for ERASE; ‘Indigenous Australian’ (Aboriginal and Torres Strait 
Islander peoples), ‘non-Indigenous/high-risk’ (ILICs, immigrants from 
New Zealand), and ‘non-Indigenous/low-risk’ (non-Indigenous Austra
lians, being the majority, and immigrants from high-income countries) 
[6]. Population category was assigned from the RHD registers, if avail
able, or from country of birth recorded in the hospital data. 

Procedures were classified as either surgical valve repair or valve 
replacement, or percutaneous balloon valvuloplasty (PBV). Only one 
trans-catheter aortic valve implantation (TAVI) was coded in this young 
population. Procedures were classified as ‘other’ if assigned specific ICD- 
10 procedure codes (i.e. 38456-05 ‘Other intrathoracic procedure on mitral 
valve with cardiopulmonary bypass’) and there was a small number with 
an ‘unknown’ procedure where the registry entry lacked sufficient detail 
and was not matched with an admission (probably cross-jurisdictional). 
Newer catheter-based and trans-apical procedures, if used, could not be 
identified, as specific ICD-10 codes were not established at the time. The 
number and types of procedures for each ‘procedural episode’, the type 
of prosthetic valve(s) and concomitant coronary artery bypass graft 
(CABG) surgery were identified for each episode. If multiple valves were 
repaired and/or replaced during an episode, we collected information 
for each procedure. 

2.3. Data analysis 

The mid-2002 to mid-2017 study period was divided into five three- 
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year periods from mid-year. Age group at procedure was 3–14 years, 
15–24 years, 25–34 years or 35–49 years. With low numbers, children, 
adolescents and young adults were compressed into one group (3–24 
years) for most analyses. As patients may have undergone multiple 
procedures within a period, or in more than one period, patient char
acteristics were recorded at the first procedure-related admission in the 
period. 

Trends in the frequency of procedures on the mitral valve (MV), 
aortic valve (AV) and tricuspid valve (TV) (when numbers were suffi
cient), by age group, sex and population category were examined. 

All-cause mortality within 30 days of a procedure was calculated 
from the last recorded procedure, to exclude double counting. Descrip
tive results are presented as means with 95% confidence interval (CI), 
median plus interquartile range (IQR), or proportions (%). Quantitative 
data were compared using ANOVA or the Kruskal-Wallis test, and cat
egorical variables were compared using the chi-square test. Temporal 
trends of proportions within groups were examined using the Cochran- 
Armitage trend test. All data manipulations and statistical analyses were 
conducted using SAS version 9.4 (SAS institute, Cary, North Carolina, U. 
S.). A statistical significance level was set at 0.05. 

2.4. Ethics 

The ERASE Project has been approved by Human Research Ethics 
Committees of the Health Departments in the relevant states and terri
tories, the Aboriginal Ethics Committees in WA, SA, NT and NSW and, 
and from supporting institutions [6]. The ERASE study is registered with 
the Australian New Zealand Clinical Trials Registry and has been re
ported in line with the STROCSS criteria [10]. The ERASE data are not 
publicly available due to privacy and ethical restrictions. 

3. Results 

There were 3028 procedural episodes among 2487 patients during 
the study period, representing 33.6% of all RHD cases aged <50 years 
identified for the ERASE analysis cohort in the study period (n = 7, 403). 

The majority of patients had a prior diagnosis of RHD (or ARF), but 
for 566 patients (23%), RHD was first recorded at the index procedure. 

The median age was 37.2 years (IQR 26.7–44.8), with >50% of cases 
aged 35–49 years. Females were 64% overall, with a median age of 37.3 
years (IQR 27.4–44.8); males (36.9 years, IQR 24.0–44.8). 

Indigenous Australians were 38% of all cases and were younger, with 
a median age of 31.3 years (IQR 20.4–40.6), than non-Indigenous/low 
risk (38.5, 28.6–45.2 years) and non-Indigenous/high-risk Australians 

(40.8, 32.4–46.5 years). 
Other than a significant decrease in the number and proportion of 

non-Indigenous/low risk patients aged 35–49 years, there was little 
change in the characteristics of patients across the study period 
(Table 1). 

In the young age group (3–24 years) 63% of procedures were among 
the Indigenous population. The decrease in the number and proportion 
of procedures for young non-Indigenous high-risk patients, and increase 
for non-Indigenous/high-risk patients, were not statistically significant 
(Table 2). 

Among adults (25–34years) 46% of procedures were in the Indige
nous group. Trends to decreasing incidence in the non-Indigenous low- 
risk group and to higher incidence in the non-Indigenous high-risk 
group, did not reach statistical significance. 

In the older adult group (35–49 years) less than 30% of procedures 
were among Indigenous patients, with over 45% in the non-Indigenous 
low-risk group. This pattern may have been changing; with a trend to 
decreasing numbers of procedures among non-Indigenous low-risk pa
tients, while the last time period showing a 37% increase in procedures 
for Indigenous patients. 

The mean number of procedures per person across the study period 
was 1.22 overall (Table 1). It was highest among the younger patients, 
being 1.45 for those aged 3–14 years and 1.40 for those 15–24 years, 
falling to 1.13 for those aged 35–49 years. Among those <15 years 23% 
had more than one procedure as a child, and 38% had more than pro
cedure in the study period. For patients aged 35–49 years 15% had >1 
procedure in the study period, but may have undergone valve in
terventions prior to the study period. 

3.1. Valve procedures 

Of the 3, 900 valves treated, MV procedures were the most frequent 
(65.6%). Isolated MV surgery decreased proportionally over the study 
period as procedures on multiple valves increased significantly; MV +
AV being most frequent (Table 3). AV procedures, 23.2% overall, 
increased significantly, surgical replacement being the most frequent 
procedure, ≈90% throughout. TV procedures, mostly repairs, rose from 
6% to 14.5% of total procedures, and were performed in 52% of the 
multiple valve procedures performed in 2014–2017. The small numbers 
of isolated procedures and replacements over the 15-year period indi
cate the low incidence of organic TV disease. 

MV procedures also predominated in each age group, with MV 
replacement increasing with age as repair procedures fell (Table 4). PBV 
of the MV (PBMV) use declined across the study period in each age 

Table 1 
Characteristics of patients undergoing a RHD-related cardiac valve procedure by 3-year period, 2002–2017.   

2002–2005 2005–2008 2008–2011 2011–2014 2014–2017 Total 2002-17 ‘p’ 

Procedural episodes N 596 601 640 600 591 3028 0.89 
Patients N 556 557 588 551 552 2487 0.82 
Mean episodes/patient 1.07 1.08 1.09 1.09 1.07 1.22  
Single episode in period 519 (93.3) 514 (92.3) 540 (91.8) 506 (91.8) 515 (93.3) 2, 042 0.88 
≥2 episodes in period 37 (6.7) 43 (7.7) 48 (8.2) 45 (8.2) 37 (6.7) 445  
Median age (IQR) 37.6 (25.4–45.4) 37.1 (26.7–44.3) 37.3 (26.5–44.6) 35.1 (25.6–43.8) 36.7 (26.6–44.4) 37.2 (26.7–44.8) 0.46 
Female* n (%) 363 (65.4) 349 (62.7) 373 (63.7) 357 (65.0) 353 (65.1) 1581 (64.0) 0.74 
Age group at first episode in study period n (%) 
3–14 years 32 (5.8) 40 (7.2) 36 (6.1) 49 (8.9) 42 (7.6) 183 (7.4) 0.12 
15–24 102 (18.3) 85 (15.3) 101 (17.2) 86 (15.6) 79 (14.3) 374 (15.0) 0.12 
25–34 119 (21.4) 111 (19.9) 107 (18.2) 134 (24.3) 133 (24.1) 525 (21.1) 0.08 
35–49 303 (54.5) 321 (57.6) 344 (58.5) 282 (51.2) 298 (54.0) 1405 (56.5) 0.27 
Population group **n (%) 
Indigenous 215 (38.7) 209 (37.5) 232 (39.5) 210 (38.1) 240 (43.5) 934 (37.9) 0.10 
Non-Indigenous/high-risk 122 (21.9) 128 (23.0) 119 (20.2) 141 (25.6) 129 (23.4) 598 (24.3) 0.30 
Non-Indigenous/low-risk 211 (37.9) 220 (39.5) 235 (40.0) 198 (35.9) 172 (31.2) 932 (37.8) 0.01 

NB. Patients may be counted more than once in a period, and in more than one period *Information on gender missing for 15 patients **Information on population 
group missing for 23 patients. 

P.J. Bradshaw et al.                                                                                                                                                                                                                            



Annals of Medicine and Surgery 60 (2020) 557–565

560

group. Surgical AV repair (with or without additional procedures) was 
most frequent in younger patients, being 47% among those aged 8–14 
years and 27% for 15–24 years of the total of 70 procedures. TV repairs 
increased in all age groups. 

Among 2, 313 AV and MV replacements with a known prosthesis 
type, mechanical prostheses (n = 1623, 70.1%) were more frequent than 
bioprostheses (n = 690, 29.8%). 

Mechanical replacements declined across the study period, while 
bioprosthetic valves became more frequent, notably in the older age- 
groups (Fig. 1). Bioprosthetic valves were implanted more frequently 
in girls and women aged less than 35 years, being over 40%, but <20% 
in older women and <30% for males overall (Fig. 2). Bioprosthetic valve 
replacements were higher among the Indigenous population in each age 
group, especially in the 3–24 years age group (Fig. 3). For MV replace
ment bioprostheses were 47% for Indigenous children and young adults 
versus <30% for both other risk groups. For AV replacement, however, 
the proportion of bioprosthetic replacements exceeded 40% for both 
Indigenous and non-Indigenous low-risk young Australians. 

3.1.1. 30-Day mortality 
There were 42 deaths within 30 days of the 3028 procedures (1.7%) 

with no significant difference across the study period (range 1.4–2.1, χ2 
0.85, p = 0.93). Mortality was higher among Indigenous patients (2.0%, 
n = 25) than in the non-Indigenous/high-risk (0.7%, n = 5) and non- 
Indigenous low-risk groups (1.1%, 5 patients) (χ2 6.6, p = 0.04), but 
did not differ significantly by age group. Mortality among those un
dergoing a single procedure in the study period (n = 21) was 1.1%, 2.2% 
for those undergoing a second procedure (n = 16) and 2.1% for those 
having ≥3 procedures (n = 5) (χ2 5.9, p = 0.52). 

4. Discussion 

While Australia is a high-income country with a universal health care 
system, away from the major cities and larger regional centres access is 
poorer, and there is less infrastructure for primary care, and reduced 
access to specialist services [11]. The cases on the RHD registers are 
from the largest states, with widely dispersed populations but 

Table 2 
Number of cardiac valve procedures in each 3-year period by population group and age group, 2002–2017.   

2002–2005 2005–2008 2008–2011 2011–2014 2014–2017 Total 2002-17 

Age 3–24 years - N 153 145 155 151 128 732 
Indigenous n (%) 102 (66.7) 95 (65.5) 98 (63.0) 88 (58.3) 78 (60.9) 461 (63.0) 
Non-indigenous – high-risk 21 (13.7) 26 (17.4) 26 (16.9) 36 (23.8) 29 (22.7) 138 (18.9) 
Non-indigenous – low-risk 30 (19.6) 24 (16.6) 31 (20.0) 27 (17.9) 21 (16.4) 133 (18.2) 
Age 25–34 years - N 125 117 120 141 135 638 
Indigenous n (%) 63 (50.4) 42 (35.9) 60 (50.0) 63 (44.7) 65 (48.1) 293 (45.9) 
Non-indigenous - high-risk 22 (17.6) 30 (25.6) 22 (18.3) 33 (23.4) 38 (28.1) 145 (22.7) 
Non-indigenous - low-risk 40 (32.0) 45 (38.5) 38 (31.7) 45 (31.9) 32 (23.7) 200 (31.3) 
Age 35–49 years - N 309 339 363 306 317 1, 634 
Indigenous n (%) 77 (24.9) 96 (28.3) 103 (28.4) 84 (27.5) 114 (36.0) 474 (29.0) 
Non-indigenous - high-risk 82 (26.5) 83 (24.5) 81 (22.3) 82 (26.8) 76 (24.0) 404 (24.7) 
Non-indigenous - low-risk 150 (48.5) 160 (47.2) 179 (49.3) 140 (45.8) 127 (40.1) 756 (46.3)* 

Notes: N of procedures = 3004 (‘population group’ information missing for 24 procedures). Cases may have multiple procedures within a period or within the study 
period. * trend p < 0.05. 

Table 3 
Surgical and percutaneous procedures undertaken for RHD-related cardiac valve disease by 3-year period. Valve not specified in 4 cases *Including isolated and 
multiple valve procedures.   

2002–2005 2005–2008 2008–2011 2011–2014 2014–2017 Total 2002-17 ‘p’ trend 

Total procedural episodes 596 601 640 600 591 3, 028  
Total valves treated* 720 747 817 794 822 3, 900  
Valve treated n (% of all valves treated) 
Mitral 500 (69.4) 501 (67.1) 549 (67.2) 505 (63.6) 502 (61.1) 2557 (65.6) 0.54 
Aortic 171 (23.8) 169 (22.6) 178 (21.8) 190 (23.9) 198 (24.1) 906 (23.2) 0.03 
Tricuspid 46 (6.4) 75 (10.0) 88 (10.8) 98 (12.3) 119 (14.5) 426 (10.9) <0.001 
Pulmonary <5 (0.4) <5 (0.3) <5 (0.2) <5 (0.1) <5 (0.4) 11 (0.3) – 
Type of procedure n (%) 
MV - Surgical replacement 278 (55.6) 267 (53.3) 332 (60.5) 305 (60.4) 330 (65.7) 1512 (59.1) <0.001 
Surgical repair 109 (21.8) 137 (27.3) 109 (21.7) 109 (21.6) 96 (19.1) 560 (21.9) 0.04 
PBMV 111 (22.2) 94 (18.8) 97 (19.3) 79 (15.6) 68 (13.5) 449 (17.6) <0.001 
Other** <5 (0.4) <5 (0.2) 8 (1.6) 12 (2.4) 8 (1.6) 31 (1.1) – 
Unknown 0 <5 (0.4) <5 (0.6) 0 0 5 (0.2) – 
AV - Surgical replacement 152 (88.9) 151 (89.3) 159 (89.3) 175 (92.1) 175 (88.4) 812 (89.6) 0.83 
Surgical repair 13 (7.6) 15 (8.9) 15 (8.4) 12 (6.3) 15 (7.6) 70 (7.7) 0.68 
Percutaneous and ‘other’** 6 (3.5) <5 (1.8) <5 (2.2) <5 (1.6) 8 (4.0) 24 (2.7) – 
TV - Surgical replacement <5 (8.7) 15 (20.0) 8 (9.1) 18 (18.4) 18 (15.1) 63 (14.8) – 
Surgical repair 41 (89.1) 58 (77.3) 79 (89.8) 78 (79.6) 98 (82.4) 354 (83.1) 0.54 
Other** <5 (2.2) <5 (2.7) <5 (1.1) <5 (2.0) <5 (2.5) 9 (2.1) – 
Combinations of valves n (%) 
MV isolated 393 (65.9) 379 (63.2) 396 (62.1) 339 (56.5) 313 (56.5) 1820 (60.2) <0.001 
AV isolated 83 (13.9) 76 (12.7) 68 (10.7) 74 (12.3) 66 (11.2) 367 (12.1) 0.17 
AV + MV 71 (11.9) 69 (11.5) 84 (13.2) 88 (14.7) 90 (15.3) 402 (13.3) 0.03 
MV + TV 22 (3.7) 35 (5.8) 46 (7.2) 51 (8.5) 63 (10.7) 217 (7.2) <0.001 
AV + MV + TV 14 (2.3) 18 (3.0) 23 (3.6) 26 (4.3) 35 (5.9) 116 (3.8) <0.01 
TV isolated 8 (1.3) 15 (2.5) 16 (2.5) 19 (3.2) 15 (2.5) 73 (2.4) 0.12 
Other** 5 (0.8) 8 (1.3) 5 (0.8) <5 (0.5) 8 (1.4) 29 (2.4) 0.88 
Concomitant CABG 26 (4.4) 20 (3.3) 18 (2.8) 27 (4.5) 29 (4.9) 120 (4.0) 0.37 

**ICD-10 coded as ‘Other’ e.g. ICD-10 procedure code 38,456–16 ‘Other intrathoracic procedure on mitral valve without cardiopulmonary bypass’ See Appendix Table B. 
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Table 4 
Surgical valve replacement and repair and percutaneous procedures by 3-year period and age group.  

Procedure 2002–2005 2005–2008 2008–2011 2011–2014 2014–2017 Total ‘p’ trend 

3–24 years n (%) 
Total valves 190 184 201 204 183 962  
MV replacement 59 (31.0) 50 (27.2) 75 (37.3) 58 (28.4) 50 (27.3) 292 (30.4) 0.66 
MV repair 58 (30.5) 61 (33.2) 43 (21.4) 58 (28.4) 49 (26.8) 269 (28.0) 0.82 
MV ‘PBMV’ 14 (7.4) 14 (7.6) 14 (7.0) 10 (4.9) 7 (3.8) 59 (6.1) 0.16 
AV replacement 33 (17.4) 33 (17.9) 34 (16.9) 50 (24.5) 48 (26.2) 198 (20.6) <0.01 
AV repair 13 (6.8) 11 (6.0) 12 (6.0) 8 (3.9) 8 (4.4) 52 (5.4) 0.06 
TV repair 11 (5.8) 13 (7.1) 19 (9.4) 18 (8.8) 18 (9.8) 79 (8.2) 0.04 
TV replacement <5 (1.0) <5 (1.1) <5 (2.0) <5 (0.1) <5 (1.6) 13 (1.4) – 
25–34 years n (%) 
Total valves 145 139 142 175 185 789*  
MV replacement 53 (36.6) 40 (28.8) 59 (41.5) 65 (37.1) 81 (43.8) 298 (37.8) <0.01 
MV repair 17 (11.7) 29 (20.9) 15 (10.6) 22 (12.6) 11 (5.9) 94 (11.9) 0.03 
MV ‘PBMV’ 35 (24.1) 25 (18.0) 29 (20.4) 29 (16.6) 25 (13.5) 143 (18.1) 0.06 
AV replacement 30 (20.7) 26 (18.7) 28 (19.7) 35 (20.0) 43 (23.2) 162 (20.5) 0.19 
TV repair 8 (5.5) 14 (10.1) 9 (6.3) 20 (11.4) 22 (11.9) 73 (9.2) 0.02 
TV replacement <5 (1.4) 5 (3.6) <5 (1.4) <5 (2.3) <5 (1.6) 16 (2.0) – 
35–49 years n (%) 
Total valves 373 410 453 393 425 2, 069**  
MV replacement 166 (44.5) 177 (43.2) 198 (43.7) 182 (46.3) 199 (46.8) 922 (44.6) <0.01 
MV repair 34 (9.1) 47 (11.5) 51 (11.3) 29 (7.4) 36 (8.5) 197 (9.5) 0.54 
MV ‘PBMV’ 62 (16.6) 55 (13.4) 54 (11.9) 40 (10.2) 36 (8.5) 247 (11.9) <0.01 
AV replacement 89 (23.9) 92 (22.4) 97 (21.4) 90 (22.9) 84 (19.8) 452 (21.8) 0.81 
TV repair 22 (6.0) 31 (7.6) 51 (11.3) 40 (10.2) 58 (13.6) 202 (9.8) <0.001 
TV replacement – 8 (2.0) <5 (<1.0) 12 (3.0) 12 (2.8) 34 (1.7) – 

Note: Excluding those with ‘unknown’ procedures, pulmonary valves (n = 11) *Total includes AV repair n = 3 **AV repair n = 15 (<1.0%). 

Fig. 1. Type of prosthesis used in the replacement of 2, 347 cardiac valves (mitral and aortic) by 3-year period and age group. 
**p < 0.01 Includes isolated and multiple valves replaced in one or more episodes within the study period, and within 3-year periods. Not shown: TV n = 63 (55% 
bioprosthetic, and pulmonary valves n = 8, 5 homograft). 
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centralised tertiary health services, and home to the majority of 
Aboriginal and Torres Strait Islander peoples. It is in this setting that 
surgical services are delivered. The capacity to provide more accurate 
estimates of the incidence and prevalence of RHD in Australia using 
linked data has only recently been realised. 

The procedures undertaken between 2002 and 2017 are related to 
interactions between population group, age, and time period. While 
Indigenous people (3.3% of the Australian population) were 56% of the 
12,097 ARF/RHD cases aged <60 years identified for the ERASE project 
[6], they represented 38% of surgical cases aged <50 years. This rela
tively small proportion is related to the unequal distribution of cases 
within age groups. The proportion from the Indigenous population was 
highest in those aged <15 years (63%) the 183 cases in that age group 
making up 7.4% of total cases. Conversely the proportion of Indigenous 
cases was lowest (29%) in those aged 35–49 years (n = 1405.56.5% of 
total cases). 

The greater need for surgery among young Indigenous people is 
underpinned by the persistently high incidence of ARF/RHD in this 
population group, contrasting with the near-eradication of RHD among 
non-Indigenous children since the mid-20th century [12]. The relatively 
poor management of ARF/RHD among Indigenous children, while 
showing some improvement over previous decades [13], probably 
drives the steady need for procedures in surviving older people. The 
reduction in procedures in the later periods among older non-Indigenous 
low-risk patients may represent the tail end of the waning ARF epidemic 
among non-Indigenous Australians [12]. 

How population growth and the management of ARF/RHD have 
contributed to the steady numbers of procedures across the study period 
is difficult to unravel. There has been relative growth in the Indigenous 
population, with the growth rate more than doubling compared with 

that for Australia overall since the mid-20th century [14,15]. This 
relative growth, however, is not easy to quantify as the Australian Bu
reau of Statistics reports that approximately 30% of the changes in 
population numbers from one census to the next cannot be explained 
[16]. The changing definition of ‘Aboriginality’ over time is but one 
factor that may affect the decision to identify as Aboriginal [15,16]. 
Furthermore, the growth in the Indigenous population is mostly in the 
larger cities [16] while the majority of Indigenous cases are from 
regional and remote areas of northern Australia [2]. 

Better diagnosis and follow-up of RHD with the introduction of RHD 
Registers and the associated increases in hospital admissions is a likely 
driver of the ongoing need for surgical and catheter-based procedures, 
while better treatment and management of ARF may contribute to 
reduced need over time. Overall, possible trends, such as to fewer pro
cedures among the young Indigenous population aged <25 years, and an 
increase for non-Indigenous high-risk Australians, cannot be confirmed 
as the low numbers provide insufficient statistical power. 

The divergent trends in the number of procedures across the popu
lation groups resulted in little change over time to the median age at 
intervention, and to sex distribution. 

The low numbers of procedures among some population and age 
groups may have also obscured changes in the surgical management of 
RHD. Significant procedural trends included a reduction in the propor
tion of MV repair in favour of replacement. The relationship between 
age and type of procedure was evident, with MV repair most frequent in 
those aged <25 years, less so among 25-34 years-old and least in those 
aged 35–49 years. Initial surgical repair of the MV is associated with 
better long-term outcomes for children and young adults [17,18] and is 
recommended where technically feasible [19]. This approach was 
evident in this study. Increasing use of MV replacement and reduction in 

Fig. 2. Type of prosthesis used in the replacement of 2, 328 cardiac valves (mitral and aortic) by sex and age group. 
*p < 0.05 **p < 0.01 Patient sex missing for 19 procedures. 
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PBMV may be related to changing preferences in the timing and type of 
intervention [20] and to the demographics of the cohort, the majority of 
patients being aged 25–49 years at the first recorded procedure. Isolated 
MV surgery also fell as interventions on multiple valves increased. 

Mechanical MV replacement was the procedure of choice for adults 
<50 years, with, as expected, bioprosthetic valve predominant for girls 
and women of child-bearing age [21]. 

While mechanical prostheses were more frequent than bioprostheses 
overall, accounting for 70% of MV and 66% of AV replacements, the 
relatively greater proportion of bioprosthetic replacements in the 
Indigenous population (32–49%) probably reflects concerns regarding 
patients being lost to follow-up, and inadequate management of anti- 
coagulation in regional and remote areas [22], as well as the risks for 
young women who become pregnant while on anticoagulants [23]. This 
greater use of bioprosthetic valves was also evident in the ANZSCTS data 
for a slightly earlier period [24]. 

The increasing use of bioprostheses (MV 18%–34% and AV 16%– 
39%), mainly among patients older than 25 years, reflects a trend 
worldwide for all valve replacements, as confidence grows in the 
longevity of bioprostheses [25]. Bioprosthetic replacements also 
increased among older patients, some of whom may have undergone 
valve repair or PBV prior to the study period. 

The preponderance of AV replacement reflects the difficulty of repair 
of this valve (8% of AV procedures), the majority among those <25 years 
of age. The increasing use of bioprosthetic valves was also evident for 
the AV. Percutaneous procedures were rare, but TAVI for RHD-related 
AV disease is being explored [26]. 

While only 14% of procedures involved the TV overall, the signifi
cant increase of TV repair in combination with other valve surgery re
flects a shift in the management of valve diseases; with concomitant TV 
repair to maintain function associated with improved clinical outcomes 
and acceptable results for otherwise incurable RHD-related valve dis
ease [27,28]. 

4.1.4 Mortality within 30 days of a procedure was low and did not 
significantly change, being around 1.4% in this young population, 
compared to 3.8% at 30-days among all-comers on the ANZSCTS data
base, whose mean age was 59.7 years [29]. While early mortality among 
Aboriginal and Torres Strait Islander people was higher than for 
non-Indigenous patients, the number of deaths was small; two previous 
studies did not find Indigenous status to be associated with early death 
post valve surgery for RHD [29,30]. 

The estimate of the proportion of patients with RHD undergoing a 
procedure (33.6%) was based on the accumulated cases on the ERASE 
database. As the majority of RHD cases in the ERASE cohort were 
garnered from hospital data, the overall risk for surgery for those with 
RHD is probably over-estimated. The ERASE patients likely represent 
those with moderate to severe disease requiring hospital admission. 
Among young Indigenous people from the NT with an initial diagnosis of 
severe RHD (1999–2012), the risk for surgery within two years of 
diagnosis of severe RHD was 50%, and that proportion persisted with for 
those progressing to severe disease [31]. The capacity to provide more 
accurate estimates of the incidence and prevalence of RHD in Australia 
using linked data has only recently been realised [32]. With the burden 
greater than previously estimated, and falling disproportionately among 
Indigenous Australians, urgent government action has been called for to 
address the evident health inequality and support a RHD elimination 
strategy [33]. 

4.1. Strengths 

The use of state population-based administrative data (hospital 
inpatient records) and ARF/RHD registries, combined with the available 
surgical databases, provides the largest and most complete study of the 
use of invasive procedures to manage RHD-related valve disorders in 
Australia. We were able to examine the use of percutaneous valve in
terventions in addition to surgical procedures, adding to the information 

Fig. 3. Type of prosthesis used in the replacement of 2, 320 cardiac valves (mitral and aortic) by population and age group. 
**p < 0.01 Non-Indigenous HR = high risk, LR = low risk. Population status missing for 27 procedures. 
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available from the surgical databases. 

4.2. Limitations 

The hospital morbidity records for states, other than WA, have 
insufficient years of lookback to obtain the patients’ medical and sur
gical history. This limited the estimation of risk for mortality at 30-days, 
as contributing factors such as prior surgery could not be adjusted for. 

As the State and Territory registers commenced recording cases at 
intervals across 18 years, using information from varying sources, they 
cannot provide a reliable denominator of RHD cases. The hospital 
administrative data and surgical databases are the more reliable source 
of surgical and percutaneous interventions, but only capture those 
admitted for treatment. Lacking reliable denominators no attempt was 
made to estimate the rates of valve procedures among Australians with 
RHD. Without data from Victoria, Tasmania and the Australian Capital 
Territory our findings are not a complete representation of procedures 
for RHD in Australia. 

5. Conclusions 

The frequency of heart valve procedures, and 30-day mortality post- 
procedure remained steady between 2002 and 2017. The use of pro
cedures reflects current surgical practice in developed countries, pro
cedural mortality was low. There are indications that the volume of 
RHD-related valve surgery is decreasing, rather than increasing, in the 
young Indigenous population, perhaps reflecting improvements in early 
detection and treatment. 

The burden of RHD falls disproportionately on Indigenous Austra
lians; only by diligent multidisciplinary efforts in prevention, early 
diagnosis, effective management and ongoing care can this imbalance be 
reduced. These efforts also should be extended to those who have come 
to Australia from high-risk countries. 

While high quality surgical care for prevalent cases of RHD is 
available within a publicly-funded health service, the challenge for 
Australian public health officials is to reduce the incidence of ARF in the 
high-risk populations within Australia, and to effectively intervene to 
stop the progression to RHD. 
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