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ABSTRACT
Background Between 1964 and 1996, the 10- year 
survival of patients having valve replacement surgery for 
rheumatic heart disease (RHD) in the Northern Territory, 
Australia, was 68%. As medical care has evolved since 
then, this study aimed to determine whether there has 
been a corresponding improvement in survival.
Methods A retrospective study of Aboriginal patients 
with RHD in the Northern Territory, Australia, having their 
first valve surgery between 1997 and 2016. Survival was 
examined using Kaplan- Meier and Cox regression analysis.
Findings The cohort included 281 adults and 61 children. 
The median (IQR) age at first surgery was 31 (18–42) years; 
173/342 (51%) had a valve replacement, 113/342 (33%) had a 
valve repair and 56/342 (16%) had a commissurotomy. There 
were 93/342 (27%) deaths during a median (IQR) follow- up 
of 8 (4–12) years. The overall 10- year survival was 70% 
(95% CI: 64% to 76%). It was 62% (95% CI: 53% to 70%) in 
those having valve replacement. There were 204/281 (73%) 
adults with at least 1 preoperative comorbidity. Preoperative 
comorbidity was associated with earlier death, the risk of death 
increasing with each comorbidity (HR: 1.3 (95% CI: 1.2 to 1.5), 
p<0.001). Preoperative chronic kidney disease (HR 6.5 (95% 
CI: 3.0 to 14.0) p≤0.001)), coronary artery disease (HR 3.3 
(95% CI: 1.3 to 8.4) p=0.012) and pulmonary artery systolic 
pressure>50 mm Hg before surgery (HR 1.9 (95% CI: 1.2 to 
3.1) p=0.007) were independently associated with death.
Interpretation Survival after valve replacement for RHD 
in this region of Australia has not improved. Although the 
patients were young, many had multiple comorbidities, 
which influenced long- term outcomes. The increasing 
prevalence of complex comorbidity in the region is a 
barrier to achieving optimal health outcomes.

INTRODUCTION
Rheumatic heart disease (RHD) is almost 
entirely preventable. Yet, the rate of RHD in 
the Aboriginal (Aboriginal is used throughout 

this paper to be respectful and inclusive of all 
peoples who identify as Aboriginal, Torres 
Strait Islanders, First Nations or Indige-
nous Australians) population in Austral-
ia’s Northern Territory (NT) is as high as 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Aboriginal people with rheumatic heart dis-
ease (RHD) die, on average, 20 years earlier than 
Aboriginal people without RHD and over 30 years 
earlier than non- Aboriginal Australians.

WHAT THIS STUDY ADDS
 ⇒ Despite recent advances in surgical technique, 
perioperative care and the management of medical 
comorbidities in Australia’s universal health system, 
the survival of Aboriginal people requiring RHD valve 
replacement surgery in the region between 1997 
and 2016 has fallen to 62%.

 ⇒ Half of the premature deaths were related to co-
morbidities; the risk of death increased with each 
additional comorbidity.

 ⇒ Although the median age of adults at the time of ini-
tial RHD surgery was only 35, almost three- quarters 
already had significant comorbidity, while 40% had 
multiple comorbidities.

 ⇒ Pulmonary artery systolic pressure≥50 mm Hg was 
one of three factors that were independently associ-
ated with death during long- term follow- up.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The results provide a rationale for integrating RHD 
care into the prevention and longitudinal manage-
ment of the other chronic diseases that are common 
in the Aboriginal population.

 ⇒ The study suggests earlier surgery—before pulmo-
nary artery systolic pressure becomes dangerously 
elevated—may improve long- term outcomes.
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anywhere in the world and more than 50 times higher 
than the general Australian population (figure 1).1 
Aboriginal people with RHD die, on average, 20 years 
earlier than Aboriginal people without RHD and over 30 
years earlier than the non- Aboriginal Australian popula-
tion.2

Aboriginal people with RHD in the NT are commonly 
hospitalised for complications of RHD, and 16% require 
cardiac surgery within 14 years of their RHD diagnosis.3 
For patients in the region with access to surgery, the 
10- year survival of all patients with RHD having valve 
replacement surgery between 1964 and 1996 was 68%. 
Although 13% of the patients in this cohort were not 
Aboriginal, Aboriginal patients accounted for all of the 
cohort’s deaths.4 Since then, the regional health service 
has developed a model of RHD care that has provided 
enhanced disease monitoring and has strived to improve 
adherence to secondary prophylaxis.5 Referral to quater-
nary surgical centres and advances in operative and 
perioperative care have resulted in excellent results for 
selected patients.6

Chronic health conditions are common in the NT 
population. In response, there has been substantial 
investment in chronic disease management.7 However, 

while Australia has a universal health insurance scheme, 
access is often limited in rural and remote settings, due 
to health worker shortages in these locations and this 
is one of the reasons that the burden of many chronic 
diseases in Aboriginal NT residents is increasing. The 
prevalence of diabetes mellitus is rising annually by 2.5% 
and is now among the highest in the world, while the 
incidence of end- stage kidney disease increased by 67% 
between 1996 and 2014.8 9 There has also been a 24% 
increase in Aboriginal NT residents’ hospitalisation for 
respiratory diseases without an improvement in associ-
ated mortality.10 This growing burden of chronic disease 
is the main contributor to the 15.4 years difference in life 
expectancy between Aboriginal and non- Aboriginal NT 
residents.11

Many Aboriginal people continue to experience 
profound disadvantage, but Government programmes 
to remedy this have had limited success. In the 2022 
Commonwealth Government’s ‘Closing the Gap’ report, 
Australia was on track to achieve its targets in only 4/17 
key socioeconomic and health measures.12 13 The connec-
tion among this disadvantage, chronic disease and poor 
health outcomes is well established. The social deter-
minants of health—the conditions in which people are 

Figure 1 The prevalence of rheumatic heart disease (RHD) surgical patients within Aboriginal regions across the Top End of 
the Northern Territory. The map was constructed using mapping software (MapInfo Professional V 2019, Connecticut, USA) 
using Indigenous Locations data provided by the Australian Bureau of Statistics under Creative Commons Attribution 4.0 
International licence (https://creativecommons.org/licenses/by/4.0/). It includes all surgical patients at the time of the 2016 
census. The regions are presented as they are defined by cardiology services at Royal Darwin Hospital.
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born, grow, work, live and age—account for about half 
of the gap between Aboriginal and non- Aboriginal life 
expectancy.11 RHD and many other chronic health condi-
tions are borne of disadvantage, and many people living 
with RHD have multiple comorbidities. However, there 
are limited data about the impact of these conditions on 
the health outcomes of people with RHD.

This study was conducted to determine whether recent 
advances in medical and surgical care have produced 
a corresponding improvement in the survival of NT 
patients requiring RHD surgery. The study also aimed 
to examine the burden of chronic health conditions in 
people requiring RHD surgery and the impact of these 
comorbidities on long- term outcomes.

METHODS
This retrospective study included Aboriginal residents of 
the Top End of the NT who had their first valve proce-
dure for RHD between 1 January 1997 and 31 July 2016. 
Patients with inaccessible medical records were excluded 
(figures 1 and 2).

Patients were identified using the NT RHD register, a 
database maintained by the NT RHD Control Programme. 
The register gathers data about individuals diagnosed 
with acute rheumatic fever (ARF) and RHD in the NT 
Top End and has been collecting these data since 1997.

Additional data were collected from medical records 
including demographics, cardiac investigations, comor-
bidities and the patients’ clinical course. Children were 
defined as those<16 years at the time of first surgery. 
Patients who were resident in the Darwin and Palmerston 
region were defined as having an urban address; those 

living elsewhere were defined as having a rural or remote 
address. Individuals accessing the NT health system are 
routinely asked whether they identify as an Aboriginal 
Australian.

Researchers reviewed available echocardiography 
studies that had been reported in accordance with the 
American Society of Echocardiography guidelines.14 15 
Left ventricular (LV) ejection fraction (LVEF) was defined 
as normal if it was 52%–72% in males, 54%–74% in 
females or reported as normal during cardiac catheter-
isation. Mild LV dysfunction was defined as an LVEF of 
41%–51% in males and 41%–53% in females, moderate 
dysfunction as an LVEF 30%–40% and severe dysfunc-
tion as an LVEF<30%.15 Recorded complications of RHD 
included severe pulmonary hypertension (defined as 
preoperative pulmonary artery systolic pressure≥50 mm 
Hg measured at cardiac catheterisation or estimated by 
echocardiography), moderate or severe LV dysfunction, 
significant dyspnoea (New York Heart Assessment class 3 
or 4)16 and atrial fibrillation/flutter.

Individual comorbidities were identified, recorded 
and categorised into major subgroups to facilitate 
comparison. Australian guidelines were used to define 
diabetes mellitus and other cardiovascular risk factors 
that included smoking, dyslipidaemia and hyperten-
sion.17 Coronary artery disease was defined as a history 
of myocardial infarction or a coronary angiogram, which 
showed significant disease (>50% stenosis).18 A history of 
a transient ischaemic attack, ischaemic or haemorrhagic 
stroke defined cerebrovascular disease.19 Chronic lung 
disease was defined as the presence of chronic obstructive 
pulmonary disease, bronchiectasis or obstructive sleep 

Figure 2 Consort diagram of rheumatic heart disease surgical patients from the Northern Territory, Australia, having their 
primary surgery between 1997 and 2016. The proportions requiring redo surgery and those who were alive/deceased on 31 
July 2016 are presented.
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apnoea.17 An estimated glomerular filtration rate<60 mL/
min/1.73 m2 defined chronic kidney disease. If a comor-
bidity was not documented in the medical record, it was 
presumed to be absent.

The study’s primary endpoint was all- cause mortality. 
Where possible, the date and cause of death was deter-
mined from medical records. Deaths were defined as 
perioperative if they occurred within 30 days of surgery 
or prior to hospital discharge. All deaths due to cardiac 
causes and cerebrovascular accidents were attributed to 
RHD unless another diagnosis was stated on the death 
certificate as the primary cause of death. All sudden, 
unexplained deaths (where patients were found dead in 
the community) were said to have an unknown cause of 
death.

Statistics
Data were entered into an electronic database (Micro-
soft Access V.16.0, Microsoft, Redmond, Washington, 
USA) and analysed using statistical software (STATA V.15 
STATA Corp LP, Texas, USA). Trends over time were 
determined using an extension of the Wilcoxon rank- sum 
test. Baseline characteristics of the patients at the time 
of their surgery were determined and are presented as 
an absolute number (%) for categorical variables, and as 
a median (IQR) for continuous variables, as many had 
a non- parametric distribution. Groups were compared 
using Fisher’s exact test and the χ2 test, where appro-
priate. If data were missing, the patients were excluded 
from analyses of those variables. Unadjusted survival was 
estimated using Kaplan- Meier curves, with differences 
between strata tested using the log- rank test. A multivar-
iable Cox proportional hazards model adjusted for age 
at first surgery (<16 years and ≥16 years) and sex (binary 
and defined by health workers) was developed to iden-
tify independent risk factors associated with death, using 
a backwards stepwise approach. This was performed 
initially for the entire cohort and subsequently excluding 
those who died in the perioperative period. Variables 
with a p value<0.1 in univariate analysis were selected for 
the multivariable model and only those with a p value of 
<0.05 were retained. Incidence rate ratios were used to 
compare cohorts.

Patient and public involvement
Neither the patients nor the public were involved in the 
conceptualisation, design, conduct, reporting or dissemi-
nation of this study as it was a retrospective audit.

RESULTS
Of the 376 individuals identified, 342 satisfied inclusion 
criteria and were included in the analysis (figure 2). Of 
the 34 excluded, 22 were not Aboriginal, 6 had valvular 
surgery unrelated to RHD and 4 had their initial surgery 
prior to 1 January 1997. Only two were excluded due to 
incomplete data. There were 281 (82%) adults and 61 
(18%) children; 217 (63%) were female. The median 
(IQR) age at the time of RHD diagnosis in the 342 

patients was 23 (13–35) years. The median (IQR) age 
at first surgery in children was 11 (9–14) years, in adults 
it was 35 (26–44) years. The median (IQR) duration of 
follow- up in the cohort after first surgery was 8 (4–12) 
years.

The patients’ first surgery involved a single valve on 282 
(82%) occasions and multiple valves on 60 (18%) occa-
sions. These 342 surgeries involved procedures on a total 
of 406 valves; this was the mitral valve in 294/406 (72%), 
the aortic valve in 96/406 (24%) and the tricuspid valve 
in 16/406 (4%). The number of surgeries increased 
annually over the study period (p for trend=0.02). The 
number of annual multivalve procedures also increased 
during the study (p for trend=0.02) (online supplemental 
figure 1).

Of the 294 mitral valve procedures, 115 (39%) were 
repairs, 67 (23%) were mechanical valve replacements, 
56 (19%) were bioprosthetic valve replacements and 56 
(19%) were percutaneous balloon commissurotomies 
(PCBV). Of the 96 aortic valve procedures, 42 (44%) 
were bioprosthetic valve replacements, 38 (39%) were 
mechanical valve replacements and 16 (17%) were 
repairs. Overall, 173/342 (51%) had mitral and/or aortic 
valve replacement surgery as their first procedure.

Complications of RHD at the time of first surgery
Complications of RHD were present in 165/281 (59%) 
adults; 84/281 (30%) had more than 2 complications 
(table 1). Severe pulmonary hypertension was the most 
common, followed by atrial fibrillation/flutter, in 99/281 
(35%) and 86/281 (31%), respectively.

Characteristics of the patients at the time of their first 
surgery
A total of 204/281 adults (73%) had at least one comor-
bidity at the time of their first surgery, with smoking 
(164/281 (58%)) and hypertension (82/281 (29%)) 
the most common (online supplemental table 1). A high 
proportion (112/281 (40%)) had multiple comorbid-
ities (table 2), particularly adults with chronic kidney 
disease who had a median (IQR) of 5 (4–6) comorbidi-
ties (online supplemental table 2).

Development of comorbidity after the first surgery in the 
patients having reoperation
Reoperation was required in 74/342 (22%) during the 
study period (figure 2). Of 55/74 (74%) with a recorded 
comorbidity at the latest surgery, 42/55 (76%) had devel-
oped a new comorbidity during the median (IQR) of 8 
(6–10) years since their first surgery; indeed, these 42 
patients had developed a median (IQR) of 2 (1–3) new 
comorbidities.

Cause of death
There were 86 (31%) deaths in the 281 adults. Death 
occurred at a median (IQR) of 6 (3–9) years after the 
first surgery at a median (IQR) age of 47 (38–54) 
years. A cause of death could be determined in 73/86 
(85%), with RHD the primary cause in 40/73 (55%). 
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RHD- related deaths occurred at a median (IQR) age of 
49 (36–53) years, 7 (3–10) years after first surgery. Of the 
40 RHD- related deaths, 8 (20%) occurred in the periop-
erative period, 5/281 (1.8%) at the first surgery and 3/51 
(5.9%) at the second.

Of the 33/73 (45%) non- RHD- related deaths, 12 were 
due to pneumonia, 7 to malignancy (4 lung cancer, 1 
head and neck carcinoma, 1 synovial sarcoma, 1 cancer 
of unknown primary), 4 to kidney failure, 4 to ischaemic 
heart disease, 2 to abdominal sepsis, 1 to skin sepsis, 1 to 
suicide, 1 to trauma and 1 to primary pulmonary hyper-
tension. Non- RHD adult deaths occurred at a median 

Table 1 Characteristics of the patients at the time of their 
first surgery

Children, n=61
Adults, 
n=281

Female* 39 (64%) 178 (63%)

Median age at surgery 
(years)

11 (9–14) 35 (26–44)

Age of RHD diagnosis 
(years)

10 (7–13) 31 (23–40)

Any complication of RHD† 19 (31%) 165 (59%)

Severe pulmonary 
hypertension‡

9 (15%) 99 (35%)

Moderate or greater LV 
dysfunction

0 8 (3%)

NYHA class 3/4 12 (20%) 76 (27%)

Atrial fibrillation or flutter 0 86 (31%)

Cardiovascular risk 
factors§

8 (13%) 193 (69%)

Coronary artery disease¶ 0 37 (13%)

Cerebrovascular disease** 0 19 (7%)

Chronic lung disease†† 0 41 (15%)

Diabetes mellitus 1 (2%) 42 (15%)

Chronic kidney disease‡‡ 0 18 (6%)

All numbers are presented as n (%) or as median (IQR). Moderate 
LV dysfunction: LVEF 30–40%.15

*Sex is binary and defined by health workers.
†Any of severe pulmonary hypertension (defined as pulmonary 
artery systolic pressure≥50 mm Hg measured at cardiac 
catheterisation or estimated at echocardiography), moderate 
or severe LV dysfunction, significant dyspnoea (New York Heart 
Assessment (NYHA) class 3 or 416 and atrial fibrillation or flutter.
‡Pulmonary hypertension≥50 mm Hg (at cardiac catheterisation or 
estimated at echocardiography).
§Hypercholesterolaemia, hypertension or who was a current or 
previous tobacco smoker.
¶Myocardial infarction or a coronary angiogram which 
showed>50% stenosis.
**Transient ischaemic attack, ischaemic or haemorrhagic stroke.
††Chronic obstructive pulmonary disease, bronchiectasis or 
obstructive sleep apnoea.
‡‡Estimated glomerular filtration rate<60 mL/min/1.73m2.
LV, left ventricular; NYHA, New York Heart Assessment; RHD, 
rheumatic heart disease.
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(IQR) age of 47 (40–56) years, 5 (2–8) years after the 
first surgery.

There were 7 (11%) deaths in the 61 children. Deaths 
occurred at a median (IQR) of 8 (6–9) years after the 
first surgery at a median (IQR) age of 20 (IQR 20–21) 
years. Of the 7 deaths, 6/7 were RHD- related; there were 
no deaths in the perioperative period of the first surgery, 
2/23 (8.7%) children died in the perioperative period of 
the second surgery. The one non- RHD death was due to 
pneumonia.

Of the 10 perioperative deaths in adults and children, 
7/10 had pulmonary pressure recorded, and 5/7 had 
severe pulmonary hypertension preoperatively.

Survival
The overall 1- year, 5- year and 10- year survival in the 
cohort was 96%, 89% and 70%, respectively. For adults, 
the 1- year, 5- year and 10- year survival was 96%, 88% and 
67%, respectively. For children, the 1- year, 5- year and 
10- year survival was 100%, 98% and 85%, respectively.

The overall 1- year, 5- year and 10- year survival among 
individuals having valve replacement surgery in the 
cohort was 95%, 85% and 62%, respectively. For adults, 
it was 94%, 86% and 62%. Only 4/61 (7%) children had 
valve replacement surgery, 2/4 died at 5 and 9 years, 
respectively, after their first surgery (figure 3).

The overall 1- year, 5- year and 10- year survival among 
individuals having valve repair surgery in the cohort was 
98%, 92% and 77%, respectively. For adults, it was 96%, 
85% and 65% (figure 3). For children having valve repair 
surgery, the 1- year, 5- year and 10- year survival was 100%, 
100% and 91%, respectively. The overall 1- year, 5- year 
and 10- year survival among adults having PCBV in the 
cohort was 98%, 96 and 84%, respectively (figure 3). 
Only 2/71 children had a PCBV, 1 died 8.6 years after 
their first procedure.

There was no difference in overall survival between 
females and males HR 1.1 (95% CI: 0.7 to 1.6) p=0.8. Nor 
was there any difference in survival between females and 

Figure 3 Survival curve comparing patients having any mechanical or bioprosthetic valve replacement and those having 
valve repair or percutaneous balloon valvuloplasty. One intraoperative death was excluded. Percutaneous balloon valvuloplasty 
included 56/342 (16%) procedures; 53 PCMC, 3 PCMC+PCTV. Valve repair included 113/342 (33%) procedures; 95 MVRep, 
2 AVRep, 12 MVRep+AVRep, 3 MVRep+TVRep, 1 MVRep+AVRep+TVRep. Valve replacement included 173/342 (51%) 
procedures; 45 bMVR, 41 mMVR, 31 bAVR, 15 mAVR, 23 mMVR+mAVR, 5 bMVR+bAVR, 3MVRep+bAVR, 1 bMVR+AVRep, 3 
bMVR+TVRep, 3 mMVR+TVRep, 1 MVRep+bAVR+TVRep, 1 bMVR+bAVR+TVRep, 1 bMVR+bAVR+bTVR. AVRep; aortic valve 
repair, bAVR; bioprosthetic aortic valve replacement, bMVR; bioprosthetic mitral valve replacement, mAVR; mechanical aortic 
valve replacement, mMVR; mechanical mitral valve replacement, MVRep; mitral valve repair, PCBV; percutaneous balloon 
valvuloplasty, PCMC; percutaneous balloon mitral commissurotomy, PCTV; percutaneous balloon tricuspid commissurotomy, 
TVRep; tricuspid valve repair.
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males after valve replacement HR 1.5 (95% CI: 0.9 to 2.5) 
p=0.1 or valve repair HR 0.6 (95% CI: 0.2 to 1.5) p=0.3 
Similarly, there was no difference between females and 
males in the proportion requiring redo surgery (48/217 
(22%%) vs 26/125 (21%%), p=0.9) (online supple-
mental figure 2A–D).

Contribution of comorbidity to all-cause mortality
Individuals with comorbidity were more likely to die than 
those without comorbidity (HR 1.7 (95% CI: 1.1 to 2.6) 
p=0.02). The risk of death increased with each additional 
comorbidity, HR 1.3 (95% CI: 1.2 to 1.5) p<0.001. The 
1- year, 5- year and 10- year survival for patients with no 
comorbidities was 98%, 94% and 74%, respectively, it was 
95%, 88% and 73%, respectively, for patients with 1–2 
comorbidities, and 96%, 82% and 56%, respectively, for 
patients with ≥3 comorbidities (figure 4).

Factors independently associated with death
In a multivariable analysis that controlled for age at first 
surgery and sex, the presence of chronic kidney disease 
(HR 6.5 (95% CI: 3.0 to 14.0) p=<0.001), coronary artery 
disease (HR 3.3 (95% CI: 1.3 to 8.4) p=0.012) and severe 
pulmonary hypertension (HR 1.9 (95% CI: 1.2 to 3.1) 
p=0.007) were independently associated with subsequent 
death (table 3). For patients surviving the perioperative 
period, chronic kidney disease (HR 6.4 (95% CI: 2.9 to 

14.3) p=<0.001) and severe pulmonary hypertension (HR 
1.9 (95% CI: 1.1 to 3.1) p=0.01) were independently asso-
ciated with subsequent death; the association between 
death and coronary artery disease failed to reach statis-
tical significance (HR 2.7 (95% CI: 1.0 to 7.6) p=0.06) 
(online supplemental table 3).

Comparison with historical cohorts
The 10- year survival of the 173 patients who had valve 
replacement between 1997 and 2016 was compared with 
that of the 81 patients from the region who had valve 
replacements between 1964 and 1996 (70/80 (87%) of 
whom were Aboriginal) (table 4). The 10- year survival 
of patients in the current series was no different to the 
previous series (62% (95% CI: 53 to 70) vs 68% (95% CI: 
54 to 79), incidence rate ratio 0.9 (95% CI: 0.6 to 1.5) 
p=0.6).

DISCUSSION
Advances in surgical technique, perioperative care and 
the management of medical comorbidities have not 
translated into significant improvement in the long- term 
outcomes of Aboriginal people requiring RHD surgery in 
this region of Australia. The 10- year survival of the entire 
cohort requiring valve replacement surgery was only 
62%, no better than a figure of 68% between 1964 and 

Figure 4 Impact of the increasing burden of comorbidity on survival after initial surgery. One intraoperative death was 
excluded.
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1996. The overall 10- year survival of adults in the cohort 
was 67% with deaths occurring at a median age of only 
47. However, importantly, almost half of the deaths were 
due to comorbid illness, rather than RHD. Although the 
median age of adults at the time of initial surgery was 
only 35, significant comorbidity was already present in 
almost three- quarters, while 40% had multiple comorbid-
ities. It was also notable that the majority of patients who 
required reoperation had developed new comorbidities 
between surgeries.

RHD is the archetypal disease of disadvantage. However, 
this disadvantage also makes a significant contribution to 
the burden of comorbidity that many Aboriginal Austra-
lians continue to experience, particularly those living in 
remote communities.20 The ten most disadvantaged local 
government areas in Australia are all remote Aboriginal 
communities, with two of the three most disadvantaged 
communities in the Top End of the NT, the location of 
this study.21 Current Australian guidelines acknowledge 
the impact of the social determinants of health on the 
incidence and course of RHD,5 however, the actual RHD 
programmes that are delivered to the community have a 
strong biomedical focus, emphasising disease monitoring 
and secondary prophylaxis.22 These programmes have 

had a limited impact on the incidence of ARF and prev-
alence of RHD across Northern and Central Australia in 
the last two decades.23 24 There is also limited integration 
of this RHD care into the prevention and longitudinal 
management of the comorbidities that—this cohort 
shows—are common in this population.

Other Australian studies to examine outcomes after 
RHD surgery have identified similar patterns. A national 
study comparing outcomes of valve surgery for RHD 
of 174 Aboriginal and 1210 non- Aboriginal Australians 
between 2001 and 2012 reported that Aboriginal patients 
died at a much younger age than non- Aboriginal patients 
(at a median of 37 vs 65 years), with individuals with 
diabetes and chronic kidney disease at higher risk of 
death.25 Meanwhile, between 1992 and 2004, the 10- year 
valve- related mortality of 30 Aboriginal individuals from 
Northern Queensland having RHD surgery was 48% 
despite a median age at surgery of only 38.26

Australia has a universal healthcare system and offers 
free and open access to surgery for all Australians. In the 
21st century, the Australians requiring RHD surgery are 
almost always Aboriginal people. However, these cohort 
studies suggest that until there is a fundamental shift in 
the way the health system cares for Aboriginal people 

Table 3 Crude and adjusted hazard ratios for mortality in 342 Aboriginal RHD surgical patients

Preoperative characteristics

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age at first surgery≥16 years 2.9 (1.3 to 6.3) 0.006 2.0 (0.8 to 4.7) 0.1

Female* 1.1 (0.7 to 1.6) 0.8 1.1 (0.7 to 1.8) 0.7

Severe pulmonary hypertension† 2.3 (1.5 to 3.7) <0.001 1.9 (1.2 to 3.1) 0.007

NYHA class 3 and 4 1.7 (1.1 to 2.7) 0.02 1.0 (0.6 to 1.9) 0.9

Atrial fibrillation or flutter 1.1 (0.7 to 1.8) 0.63

Moderate or greater LV dysfunction 2.4 (0.8 to 7.7) 0.13

Diabetes mellitus 2.3 (1.4 to 4.0) 0.002 1.0 (0.4 to 2.4) 0.9

Smoking history‡ 1.8 (1.1 to 2.9) 0.012 1.1 (0.6 to 2.1) 0.8

Hypercholesterolaemia 1.7 (1.0 to 3.0) 0.045 1.4 (0.8 to 2.7) 0.2

Hypertension 1.7 (1.1 to 2.7) 0.02 0.9 (0.5 to 1.9) 0.9

Severity of coronary artery disease§ 5.0 (2.3 to 10.9) <0.001 3.3 (1.3 to 8.4) 0.012

Previous myocardial infarction 1.4 (0.6 to 3.5) 0.47

Transient ischaemic attack 1.7 (0.4 to 7.2) 0.43

Embolic stroke 1.3 (0.4 to 4.2) 0.64

Haemorrhagic stroke – –

Bronchiectasis 2.4 (1.0 to 5.4) 0.04 1.9 (0.8 to 4.6) 0.1

Chronic obstructive pulmonary disease 2.4 (1.4 to 4.2) 0.002 1.0 (0.4 to 2.3) 0.9

Obstructive sleep apnoea 2.4 (0.6 to 9.7) 0.23

Chronic kidney disease¶ 8.3 (4.1 to 16.8) <0.001 6.5 (3.0 to 14.0) <0.001

*Binary (defined by health workers).
†Pulmonary hypertension≥50 mmHg (at cardiac catheterisation or estimated at echocardiography).
‡Current or previous tobacco smoker.
§Moderate to severe and severe stenosis on coronary angiogram prefirst surgery.
¶Estimated glomerular filtration rate<60 mL/min/1.73 m2.
LV, left ventricle; NYHA, New York Heart Assessment; RHD, rheumatic heart disease.
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living with—and at risk of—RHD, progress is likely to be 
limited. Australia ranks fifth on the global Human Devel-
opment Index; however, this cohort’s long- term survival 
is worse than the post- RHD surgery survival of the 99th 
country on this index.27

There is a recognition in the RHD Australia’s ‘RHD 
Endgame Strategy’ that evolution of the current 

Australian model of RHD care is necessary, although 
the crucial elements of a model that improves long- term 
outcomes remain uncertain.28–30 The RHD Endgame 
Strategy proposes that Aboriginal leadership of 
community- based, locally relevant and culturally appro-
priate programmes is overdue. The strategy argues that 
these programmes should be holistic and understand 

Table 4 Study comparison of RHD surgical outcomes across the Top End of the NT between 1964–1996 and 1997–2016

Carapetis et al4 1964–1996 Present study 1997–2016

Number of patients 81 consecutive patients 173 consecutive patients

Prior surgeries (PCMC or MVRep.) 10/81 (12%) 0

Procedures other than pure MVR or AVR at the time 
of the replacement

7 (7%) 12

Excluded from further analysis
(perioperative/intraoperative mortality)

1 0

Median (IQR, range) age at first surgery (years) 30 (24–38, 12–68) 37 (27–46, 14–73)

Children* 3 5

Female† 44/80 (55%) 95 (55%)

Aboriginal 70/80 (87%) 173 (100%)

Remote residence 54/80 (67%)

Entry point First RHD valve replacement First RHD surgery

Median follow- up time (years) 5 7

Total patient- years 561 1318

Mitral valve replacement
Aortic valve replacement
Double valve replacement

49
11
21

86
46
38

Documented valve procedure 64 mMVR,
4 bMVR,
27 mAVR,
2 bAVR

41 mMVR, 45 bMVR, 15 mAVR,
31 bAVR, 23 mMVR+mAVR, 5 
bMVR+bAVR, 3 MVRep+bAVR,
1 bMVR+AVRep, 3 bMVR+TVRep,
3 mMVR+TVRep,
1 MVRep+bAVR+TVRep
1 bMVR+bAVR+TVRep
1 bMVR+bAVR+bTVR

Preoperative Cardiac function
Pulmonary artery systolic pressure (mm Hg)‡
Severely elevated if ≥50 mm Hg
Left ventricular function.
Impaired

57
34 (55%)
23/60 (38%)§

53 (95% CI: 39 to 63)
66 (58%)
36/167 (22%)¶

Total number of deaths 29/80 (37%) 62/173 (36%)

Survival (10- year survival) 68% (54–79)** 62% (52–70)

Overall linearised incidence rates (per 100 person- 
years) 95% CI death due to all causes

5.3 4.6 (3.6–5.9)

Rate ratio (death due to all causes) 0.9 (95% CI: 0.6 to 1.5) p=0.6

*Children were defined as those <16 years at the time of first surgery.
†Binary (defined by health workers).
‡Pulmonary artery systolic pressure (mean mm Hg CI) measured at cardiac catheterisation or estimated by echocardiography in 62 vs 113 
patients.
§Fractional shortening was less than 30% at echocardiography or reported as impaired at cardiac catheterisation.
¶LVEF≤51% in males and ≤53% in females or reported as normal during cardiac catheterisation.
**Does not include two non- RHD deaths.
AVRep, aortic valve repair; bAVR, bioprosthetic aortic valve replacement; bMVR, bioprosthetic mitral valve replacement; mAVR, mechanical 
aortic valve replacement ; ; mMVR, mechanical mitral valve replacement; MVRep, mitral valve repair; PCMC, percutaneous balloon mitral 
commissurotomy; RHD, rheumatic heart disease; TN, Northern Territory; TVRep, tricuspid valve repair; .
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Aboriginal concepts of comprehensive healthcare, 
emphasising that Aboriginal health workers and primary 
care providers are best placed to deliver this care.30–32 
Certainly, community- based approaches that recognise 
the value of Aboriginal Health workers are effective in 
the management of chronic diseases, including RHD, 
in remote NT communities.33 34 The burden of RHD is 
borne disproportionately by women and it will be essen-
tial that the new model of care recognises this. Lessons 
might be learnt from successful programmes that have 
had a focus on the health and well- being of Aboriginal 
women: the ‘Healthy Mums, Healthy Bubs’ programme, 
for instance, is on target to increase the proportion of 
Aboriginal babies with a healthy birth weight to 91% by 
2031.35 36

However, although Australia has a universal health system, 
it can be challenging for NT residents—particularly Aborig-
inal Australians living in rural and remote communities—to 
access this care. NT residents receive 30% less per- capita 
health funding than the national average with many Aborig-
inal residents receiving even less.37 Acknowledging that 
current programmes are failing to achieve optimal outcomes, 
the Australian Government has committed US$18 million 
to the National Aboriginal Community Controlled Health 
Organisation to support the development and imple-
mentation of a new model for RHD care. It is hoped that 
this funding will assist in identifying the key elements of a 
programme that delivers improved long- term outcomes for 
people living with RHD.

It should also be noted that almost 20% of the RHD- 
related deaths in this cohort occurred in the periopera-
tive period, with perioperative deaths more common in 
patients with a pulmonary artery systolic pressure≥50 mm 
Hg. Pulmonary artery systolic pressure≥50 mm Hg was 
also one of only three factors independently associated 
with long- term outcome. There were similar findings in a 
North Queensland study, where all the patients who had 
valve related deaths and had pulmonary artery systolic 
pressure recorded had a value>45 mm Hg.26 These 
studies suggest that earlier surgery, before pulmonary 
artery systolic pressure becomes dangerously elevated, 
may reduce RHD- related death. However, this hypothesis 
would need to be examined prospectively.

Our study has many limitations. Its retrospective 
design precluded comprehensive data collection. Several 
important chronic health conditions including mental 
health disorders, substance use and liver disease were not 
recorded but are likely to have an impact on long- term 
outcomes.20 More importantly, information regarding the 
social determinants of health—which we hypothesise to 
explain our findings—was also not captured. Other poten-
tial health service and system level factors that might have 
affected outcomes were not recorded including individ-
uals’ access to primary care, to Aboriginal Health workers 
and to health information in Aboriginal languages; the 
cultural competence of primary and tertiary care services 
was also not assessed. Aboriginal people are presented 
in the cohort as a single homogeneous population but 

there is a remarkable diversity of individuals and cultural 
groups across the region and their circumstances differ 
substantially. Although the study period spanned over 
two decades, the relatively small sample size could have 
produced type 2 errors, which may explain the absence 
of an independent association between diabetes mellitus, 
heart failure, chronic lung disease and death. Different 
surgeons performed the procedures at several hospitals 
over almost two decades; our analysis does not account 
for differences in surgical approaches and perioperative 
care. It is also important to consider that the evolution 
of surgical and perioperative care may have resulted 
in surgery being offered to patients between 1997 and 
2016 who would have been considered too high risk for 
surgery in the earlier period.

While acknowledging these caveats, it is sobering to see 
that the overall 10- year survival in this 1997–2016 cohort 
is no better than those having surgery between 1964 and 
1996. It is essential to design a model of care—in part-
nership with Aboriginal communities—that recognises 
that RHD does not occur in isolation, and integrates its 
care into the longitudinal, comprehensive management 
of other comorbidities.

CONCLUSION
The 10- year survival of Aboriginal patients having RHD 
surgery in this region of Australia has not improved despite 
significant advances in cardiothoracic surgery and peri-
operative care and improvements in the management of 
comorbidities. The heavy burden of comorbidities makes 
a substantial contribution to the premature mortality and 
this needs to be recognised and incorporated into models 
of RHD care. However, major improvements in the long- 
term health outcomes in Aboriginal patients having RHD 
surgery are only likely to occur when the social determinants 
of health—that drive the incidence of both RHD and these 
comorbidities—are also addressed.
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