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FOREWORD

The vascular system is the main
transport system in our body. It
permits blood to circulate and
transport nutrients, oxygen, carbon
dioxide, hormones, and blood cells
to and from the cells in the body to
provide nourishment, to help fight
disease, and to maintain stability of
the body’s metabolism.
The heart valves have a critical role to play in
ensuring the flow of blood through the heart.
A number of age-related factors increase
mechanical stress on the heart valves, and the
same processes that cause abnormalities in the
blood vessels can damage the coverings of the
valves. Complications of heart valve disease
include mortality, heart failure, stroke, blood clots,
and heart rhythm abnormalities.
The incidence and prevalence of aortic and mitral
valve disease both increase with age. Therefore,
it’s not surprising that, as the population ages,
heart valve disease is emerging as a serious and
increasingly common health issue. About half a
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ABBREVIATIONS

million Australians already have valve disease
- aortic valve disease is the most frequent cause of
significant disease - with this figure projected to
grow over the next three decades. Perhaps more
concerning, more than a quarter of a million
Australians have undiagnosed heart valve disease.

AQoL – And indices of Quality of Life

MR – Mitral Regurgitation

AHA - American Heart Assosciation

MS – Mitral Stenosis

AS – Aortic Stenosis

MVD – Mitral Vascular Disease

AVR – Aortic Valve Replacement

MVR – Mitral Valve Replacement

The availability of non-surgical valve replacement
has reduced barriers to interventions in the
elderly. Increasing access will increase the number
of these procedures, with overall higher
healthcare costs. However, it also delivers greater
benefits because earlier diagnosis and treatment
reduces the long-term consequences of these
diseases, and preserves productivity, which
remains important in the elderly. Early
intervention in the form of non-surgical valve
replacement could prevent productivity losses
of up to $117 million in a single year.

BAV – Bicuspid Aortic Valve

PNMA – Productive Non-Market Activities

CVD – Cardiovascular disease

QALY – Quality Adjusted Life Years

ECG – Electrocardiogram

RV - Right Ventricular

GDP – Gross Domestic Product

SAS – Severe Aortic Stenosis

HF – Heart Failure

SD – Standard Deviation

HILDA – Household, Income and Labour
Dynamics in Australia

TAVI – Transcatheter Aortic Valve Implantation

Although heart valve conditions are serious,
they are eminently and increasingly treatable.
That’s why this whitepaper, led by experts from the
Baker Heart and Diabetes Institute together with
specialists from The University of Melbourne,
University of Tasmania and Deakin University,
is so important and timely.

LV – Left Ventricular
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ICER – Incremental Cost Effectiveness Ratio

MAS – Moderate Aortic Stenosis

T2D – Type 2 diabetes
VHD – Valvular Heart Disease
WTP – Willingness To Pay
WW – Worried Well
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EXECUTIVE SUMMARY

When it comes to cardiovascular issues, many
people are familiar with heart attack, stroke,
heart failure, and coronary artery disease.
We appreciate that the heart has an essential
role, including sending blood around our body,
providing tissue with the oxygen and nutrients
they need. Each day, the heart pumps about
7500 litres of blood via a blood vessel system
stretching more than 100,000km.

The mechanics of the circulation
are important to the smooth
operation of this system.
Much like an important part of a machinery that
can break down, the heart can malfunction if all
parts aren’t working well. This includes small but
incredibly important components such as the
valves between the atria and ventricles that make
sure blood flows in one direction through the
heart. Valves are also located at the “exits” or
“doorways” of the heart for this same reason—to
make sure blood flows in one direction. In a
lifetime, these valves will open and close more
than two billion times.
When the large blood vessels are functioning well,
they optimise the efficiency of pumping blood
around the body. However, ageing causes the
blood vessels to progressively lose elasticity and
become stiff, impacting the vascular structure and
function. Arterial damage increases mechanical
stress on the valves, which are also susceptible to
the same threats as the arteries. Heart valve
disease can cause many serious complications,
including heart failure, stroke, blood clots, and
heart rhythm abnormalities.

In the context of a rapidly ageing Australian
population, recent overseas reports of large,
age-related increases in the incidence and
prevalence of aortic and mitral valve disease are
important. In Australia between 1990 and 2017,
increases in the numbers of people, deaths and
disability-adjusted life years from non-rheumatic
valve diseases have ranged from 50-170%.
Valve disease is often unrecognised until it
provokes a crisis.

There are 500-600,000 Australians
living with heart valve disease in 2021;
it is estimated that there are also
254,000 with undiagnosed disease.
This number will grow substantially to 336,000
in 2031 and to 435,000 in 2051. In particular, the
numbers with moderate to severe narrowing of
the aortic valve – arguably the most treatable valve
lesion because of the development of non-surgical
valve replacement - will continue to climb to
200,000 in 2031 and 266,000 in 2051. Moderate
to severe leakage from the mitral valve is present
in about 150,000 Australians in 2021, and will
increase to 200,000 in 2051, but it is currently less
amenable to intervention. Thus, a primary barrier
to addressing this problem is timely recognition,
followed by access to interventions, especially
for the elderly.
Most of us know that high blood pressure and
high cholesterol levels are risk factors for heart
disease but few of us are aware of the importance
of ageing on the cardiovascular system. With an
ageing population in Australia and in many
countries globally, it is critical that we change that.
So what can we do?
Regular physical activity, because it helps to
maintain the elasticity of the arteries, may slow
down vascular ageing. Other lifestyle strategies
such as smoking, controlling blood pressure, and
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poor diet are also important. Nonetheless,
there is no strong evidence that these strategies
prevent valvular heart disease.

However, while we know heart
valve conditions are serious, they
are increasingly treatable.
From a clinical perspective, the most important
thing is to recognise valvular disease so that the
patient doesn’t end up presenting in a crisis. In
addition to a primary care physician or nurse
checking for cardiac symptoms (breathing
problems, chest pain, dizzy spells, blackouts),
a careful physical exam of the cardiovascular
system (including listening with a stethoscope)

should be part of the annual review of patients
over the age of 65 years. Abnormalities can
be evaluated further with echocardiography –
the test of choice for valvular disease.
We also know the social and economic costs
of valvular disease are significant. Offering
transcatheter aortic valve implantation (TAVI)
for people 65 years and above could potentially
prevent the productivity loss of $117 million due to
withdrawal from productive activities in a single
year. Our analyses found exposure to heart
disease was associated with a decline of up to
24% in the likelihood of people participating in any
employment, while earning losses were estimated
to be as high as $19,000 per person, depending
on heart disease severity.

Heart valve disease has flown under the radar for far too long. That’s why we have
examined this issue in detail. Urgent attention is critical, and we recommend:
• Individual and social marketing campaigns
to increase awareness of heart valve disease
and other manifestations of cardiovascular
ageing, particularly amongst GPs, healthcare
and health advocacy groups. A benefit might
be that more patients get heart murmurs
checked.
• Strategies involving primary care. These
might include educational updates and
upskilling. People >65 years should have heart
checks during GP visits for other problems.
For people 65 and older who are not engaged
with primary care, an extension of the current
preventive cardiology item numbers (MBS
699 and 177) to include cardiac auscultation
(listening to heart murmurs) should be
considered.
• Support for emerging technologies.
Development of translational research
streams to more rapidly evaluate novel
technologies for management of structural

heart disease. Investment and clinical
application of AI-supported and hand-held
echo will require adjustments in current
funding arrangements, which preclude these
approaches from reimbursement.
• Health service design, including improving
access to echocardiography. These steps
might involve early detection and out-reach
echocardiography programs in rural areas.
• Policy. Dedicated funding for service level
interventions that improve access and
equity to transcatheter valvular interventions
(minimally-invasive interventions). This will
require planning, training and resourcing,
along with financial incentives to drive
clinical change.
• Guidelines. Development of national
heart valve disease guidelines to facilitate
decision-making.
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Key Findings
The disease burden of degenerative
valve disease far exceeds other
causes of valve disease - despite
the high ongoing prevalence of
rheumatic valve disease in the
Aboriginal community. There were
50-170% increases in the
numbers of people, deaths and
loss of disability adjusted life
years from non-rheumatic valve
disease between 1990 and 2017
in Australia.

Although heart valve conditions
are serious, they are eminently and
increasingly treatable.

Aortic valve disease is the most
frequent cause of severe valvular
heart disease. Its most common
manifestation is aortic stenosis (AS),
which is present in around 3% in
those aged >65 years. There are
currently 150,000 people in
Australia with moderate to severe
aortic stenosis, and this is likely to
climb to 200,000 in 2031 and
266,000 in 2051.
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There are large increases in the
incidence and prevalence of aortic
and mitral valve disease with
increasing age. Therefore, the
magnitude of this problem
will increase with the ageing of
the Australian population.

In 2021, 500-600,000 Australians
were living with heart valve disease.
There are estimated to be
254,000 Australians with
undiagnosed heart valve disease.
This is projected to grow to 336,000
in 2031 and 435,000 in 2051.

Mitral regurgitation (MR) is the most
common specific type of heart valve
disease, and is strongly age-related,
with a prevalence of 1-2% in those
aged <60 years and 9-11% in those
aged >70 years. The 520,000
Australians with MR in 2021 will
increase to 670,000 in 2051, with
30% having moderate to severe
disease.
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Heart valve disease can cause many
complications, including heart
failure, stroke, blood clots, and heart
rhythm abnormalities, so early
detection is critical.

The common symptoms of heart
valve disease – especially exercise
intolerance – are often misattributed
to ‘old age’. Timely diagnosis is
based on awareness and clinical
examination – especially listening
to the heart sounds.

Access to echocardiography is a
vital component in managing
valvular disease in the community.

Primordial prevention of valve
disease (like other forms of
cardiovascular disease) is focused
on healthy living.

The avoidance of cardiac
symptoms (especially heart
failure) is also economically
beneficial in the elderly because of
curtailment of losses in annual value
of earnings from work, as well as
childcare and volunteering activities.

Heart valve interventions involve
replacement, either with an
operation, or – increasingly – using a
catheter procedure, repairing valve
leaflets (usually for regurgitant
valves) or splitting a stenotic valve
with a balloon (valvuloplasty).

The low risk and high tolerability
of TAVI is enabling this intervention
to be undertaken earlier in the
course of disease.

Increasing the proportion of
patients receiving timely TAVI
will result in greater benefits
including more quality of life
(QALY) gained and fewer life years
lost and cases of heart failure, but
with higher healthcare costs
compared to the current approach
of ‘watchful waiting’. The increment
in cost for each year gained at full
QALY is low from a healthcare
system perspective at around
$10,000 per QALY gained.

In the patients in whom valvular
heart disease is recognised before
intervention is required, frequent
medical follow-up is essential.
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CHAPTER ONE

CHAPTER ONE

Valvular heart disease as part of the current burden o
Heart valves – What they are and why they’re there

Valvular heart disease as
part of the current burden
of cardiovascular disease

Heart valves – What
are
Thethey
circulation
takes oxygenated blood from the lungs, di
and why they’re there
body and returns it to the lungs for re-oxygenation. The co

The circulation takes oxygenated
blood from the
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heart valves
are madeEach
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(ventricles)
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process.
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lungs, distributes it to every organ of the body and
the blood vessels - fibrous tissue which is covered
returns it to the lungs for re-oxygenation.
the endothelium.on
A number
processes
the bloodThegoing by
backwards;
the of
left
side may
of the heart, th
contraction of pumping chambers (ventricles)
damage these valves, leading them to become
powers this process. Each ventricle has a valve at
limiting the progression of blood, or
valves, with the narrowed,
pulmonary
and tricuspid valve on the righ
the inlet and the outlet, to stop the blood going
leaky, causing blood to go backwards. In Australia,
backwards; on the left side of the heart, these are
most common causes of heart disease are
filling, the aortic the
and
pulmonary valves are closed, so that
the aortic and mitral valves, with the pulmonary
age-related, and there is evidence of a growing
and tricuspid valve on the right side (Figure 1).
age-related burden of heart valve disease in
without being mixed
with arterial blood from the previous
During ventricular filling, the aortic and pulmonary Australia.
valves are closed, so that blood can enter from the
and
tricuspid
valves
close
so 2017
that Global
blood only goes f
Recent
modelling
by the
atrium without being mixedmitral
with arterial
blood
from the previous contraction. During contraction, Burden of Disease study investigators
backward
into the
atria and 50-170%
veins. increases in
the mitral and tricuspid valves
close so that blood
demonstrated
only goes forwards into the arteries and not
the numbers of people, deaths and
backward into the atria and veins.

disability
adjusted
life years
from
Figure 1. Location
of the
left- and
right-sided
Figure 2.
non-rheumatic valve disease between
endotheliu
heart valves. 1990 and 2017 in Australia (1).
elastic su

FIGURE 1.
Location of the left- and
right-sided heart valves.
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Types and causes of
heart valve disease
There are three potential problems with heart
valves – narrowing, leaking, or less commonly,
absence (atresia).
Narrowing (stenosis) may occur because the valve
is structurally abnormal from birth, the most
frequent manifestation being the bicuspid aortic
valve. The other major driver of valve narrowing is
degenerative, largely age-related damage to the
valve leaflets which produces scarring and
calcification. This is most common in the aortic
valve, where it is identified in 3% of people >65
years (2). Stenosis may less commonly occur
because of an inflammatory process such as
rheumatic fever or connective tissue diseases.
The narrowed or stiffened valve produces an
increased workload on the relevant pumping
chamber of the heart, leading to thickening of the
muscle, scarring, enlargement, and eventually
failure. At some stage, this narrowing process
exhausts the ability of the heart to compensate,
at which stage the amount of blood flow through
the valve is reduced. The most common causes
of heart valve narrowing are bicuspid aortic valve
(BAV) and degenerative aortic valve disease
(calcific aortic stenosis).
Leakage (regurgitation) may occur because the
valve leaflets have stretched or ruptured, or are
too small to close the orifice. When regurgitation
occurs due to a valve leaflet problem, it is
described as primary regurgitation. The most
common manifestation is the stretching of the
valve leaflets or supporting structures, which most
frequently occurs in mitral valve prolapse, a
degenerative disease representing a weakness in

the fibrous tissue of the valve. Leaflets can be too
small to close the valve orifice if they have shrunk
due to scarring, or if the valve annulus has been
stretched, usually because of enlargement of a
connected chamber, typically the ventricle but
also the atria. This mechanism is known as
secondary regurgitation.
The most common sites of valvular disease are
on the aortic and mitral valves, respectively
presenting as stenosis and regurgitation (Table 1).
The most common causes of heart valve disease
in affluent societies are congenital and
degenerative. The most common congenital
heart disease is bicuspid aortic valve, present in
1-2% of the population. The two major causes of
degeneration are age-related changes (often
described as “calcific”, even though calcium is a
consequence of scarring rather than the primary
cause) and myxomatous degeneration (a
weakening of connective tissue in the mitral
valve that affects 2% to 3%).
Secondary mitral regurgitation occurs due to left
ventricular damage from coronary artery disease
or other causes of heart failure, including
hypertension. Secondary tricuspid regurgitation is
due to increased pressure in the pulmonary
circulation, or right heart failure, most commonly
caused by left heart failure. Less common causes
of both stenosis and regurgitation are
inflammatory diseases that cause damage the
heart valve such as infectious endocarditis or the
effects of radiation therapy, or damage of the
annulus including connective tissue diseases
and aortic aneurysms.

TABLE 1. Causes of stenosis and regurgitation at each heart valve. Common causes are shown in bold.

Stenosis

Aortic

Mitral

Pulmonary

Tricuspid

Bicuspid (BAV)

Rheumatic

Congenital

Rare

Bicuspid (BAV)

MVP

Congenital

Secondary

Degenerative AR

Degenerative MVD

Degenerative AS
Regurgitation

Secondary
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The current burden of
cardiovascular disease
in Australia
Cardiovascular disease (CVD) is the
leading cause of death in Australia
and worldwide.
In Australia, CVD accounts for 30% of all
deaths, causing one death every 12 minutes (3).
In 2017-18, it was estimated that 1.2 million (or
5.6%) Australian adults aged 18 years or over had
one or more conditions related to CVD (4). CVD is
Australia’s second largest direct health care cost,
amounting to $10.4 billion annually (5).
The major causes of death and disability due to
CVD include coronary artery disease, stroke and
heart failure. The Australian Burden of Disease
Study (6) found that in 2015 coronary heart
disease was the leading disease in males and
females, accounting for 7% of the total burden
(9% for males and 5% for females). Stroke was the
ninth leading disease, accounting for 3% of total
disease burden. In 2017-18, there were 1.2 million
hospitalisations (or 11%) in Australia where CVD
was recorded as the principal or additional
diagnosis (7). Important risk factors for CVD,
including high blood pressure, obesity and
type 2 diabetes, are highly prevalent in the
Australian population, but modifiable risk
factors remain poorly managed (8).
In general, CVD has a greater impact on males,
the elderly, Indigenous Australians and people
living in remote or socioeconomically
disadvantaged areas. In 2017-18, the prevalence
of CVD was higher among men (7%) than women
(5%) and increased with age – 26% of those aged
75 years had CVD. 7% of those living in the most
socioeconomically disadvantaged areas had CVD
compared to 5% in least disadvantaged areas.
Furthermore, 5% of Indigenous Australians
had CVD in 2017-18, compared to 4% of
non-Indigenous Australians (9).
Heart valve disease is much less common than
other types of cardiovascular disease – it only
reaches the “top ten” for disease burden and
mortality in elderly women (6). However, although
heart valve conditions are serious, they are
eminently and increasingly treatable.

Burden of heart valve disease
- 2021, 2031 and beyond
Diseases of the aortic valve are most prevalent,
followed by those of the mitral and tricuspid valves
(10). Of note, it is common for people to have
disease of more than one heart valve. Sometimes
this is a consequence of the primary culprit for example, secondary mitral regurgitation is a
common consequence of the remodelling of the
cardiac chambers due to aortic valve disease.
Likewise, tricuspid valve problems are present in
10-20% of people with mitral or aortic disease
undergoing valve repair or replacement (11). It is
estimated that there are currently between
500,000 and 600,000 people in Australia with
heart valve disease including narrowing (stenosis)
or leakage (regurgitation) (Figure 2) (12).
Increases in the burden of heart valve disease are
strongly driven by the ageing of our population.

Studies from the US and Europe
demonstrate large increases in the
incidence and prevalence of aortic
and mitral valve disease with
increasing age (10, 13).
The increase in the burden of these diseases with
age likely reflects accumulation of exposure to risk
factors that cause stenosis and regurgitation of
the heart valves (14).
It is important to recognise that many people have
undiagnosed heart valve disease. In the UK-based
OxVALVE study, investigators imaged the hearts
of a representative sample of the older population
to find new heart valve disease (16). They found
that the number of people with undiagnosed
moderate to severe heart valve disease - the
group that may be candidates for heart valve
repair or replacement - overwhelmingly
outnumbered those with diagnosed disease.

It is estimated that there are 254,000
Australians with undiagnosed heart
valve disease in 2021. It is projected
that this number will grow substantially
in 2031 to 336,000 and in 2051 to
435,000 (Figure 3).
As Australians increasingly have greater access
to heart imaging that can diagnose heart valve
disease, there will be a large increase in the
numbers of people eligible for intervention.
11

AORTIC VALVE DISEASE

TOTAL PROJECTED NUMBER AUSTRALIANS WITH ANY HVD (1000s)

FIGURE 2.
Total number of Australians with any form of heart valve disease (15)

Aortic valve disease (encompassing both stenosis
and regurgitation) is the most common cause of
severe valve disease. There is arguably a greater
understanding of its risk factors, epidemiology
and management compared to mitral or tricuspid
valve disease. The burden of aortic valve disease
has increased in Australia - the Global Burden of
Disease (GBD) investigators showed increases in
the age-standardised prevalence of aortic
stenosis or regurgitation in Australian men and
women from 1990 to 2017 (men – 169 to 203 per
100,000 people; women – 118 to 148 per 100,000
people) (1). There were also large increases in the
numbers of years lived with disability due to aortic
valve disease in Australia over that period (men
– 4215 to 7542; women – 2991 to 6115).
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AORTIC STENOSIS
2021

2031

2041

2051

TIME

PROJECTED NUMBER OF AUSTRALIANS WITH HEART VALVE DISEASE (1000s)

FIGURE 3.
Projected number of people with newly and previously diagnosed heart valve disease in Australia using the
OXValve prevalence data. Footnote: The 85+ age group has been truncated at 95 years of age.(17)

2021

125000

2031

2051

75000

As the prevalence of aortic stenosis increases
rapidly with age, there is predicted to be a large
increase in the number of people with aortic
stenosis in Australia over the next 30 years,
particularly among those aged >75 years
(Figure 5).

With an ageing population, the
numbers of people with moderate
to severe aortic stenosis will continue
to climb to 200,000 in 2031 and
266,000 in 2051.

75000

The numbers of patients requiring intervention
will depend on co-morbidities, symptom status,
cardiac function and the progression from
moderate to severe stenosis – but it seems likely
that at least half will require intervention.

50000

25000

0
65-69
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65-69

70-74
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80-84

85+

65-69

70-74
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Newly diagnosed HVD
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Aortic stenosis is strongly associated with ageing
and cardiovascular risk factors (10). The
prevalence of aortic stenosis increases with age
from <0.1% of people aged under 55 years
increasing to around 2% in those aged >75 years
(4). In 2021, it has been estimated that there are
150,000 people in Australia with moderate to
severe aortic stenosis (Figure 4), with even larger
numbers reported internationally (18).

New diagnosed
moderate or severe HVD

OUR HIDDEN AGEING: TIME TO LISTEN TO THE HEART

85+

These projected increases are due to the ageing
of the Australian population but there is also some
evidence of an increase in the incidence of aortic
stenosis over time – due to better recognition,
more disease or both. In Denmark, there was
doubling in the incidence of aortic stenosis over a
15-year period using data on hospitalisations (20),
with similar increases cited in France (21).
Smaller increases in incidence, also based on
hospitalisations, for aortic stenosis were noted in
the United States of America (22) and Canada (21).
In contrast, in Sweden, the incidence of aortic
stenosis based on hospital admissions remained
stable over a 20-year period, which was attributed
to good risk factor control with similar trends in
the incidence of other cardiovascular diseases
also found (23). In addition to changes in the
incidence or hospitalisation for aortic stenosis,
changes in the distribution of disease severity
have been noted. In a single hospital study in
the United States over a 17-year period, records
from over 130,000 people referred for
echocardiography were examined for aortic
stenosis. The investigators found that while
prevalence of aortic stenosis was similar over time
(6.4% in 1995 to 5.5% in 2012), the proportion
of people with severe aortic stenosis increased
from 19.3% to 35.2% (24).These data suggest
that our projections of the numbers of people in
Australia eligible for valve replacement are an
underestimate, with a potential shift towards a
greater proportion of people with severe disease
in years to come.
Fortunately, deaths due to aortic stenosis at the
population-level or among those with diagnosed
disease have decreased in recent years. In the
United States, (17) from 2008 to 2018, there was
an estimated 1% reduction in the age-adjusted
mortality rate from aortic stenosis per year, which
accelerated in more recent years. There have been
similar reductions in in-hospital deaths of patients
hospitalised for aortic valve diseases from 4.5% in
2000 to 3.5% in 2012 (18). The reduction in deaths
from aortic stenosis are largely attributed to the
increased availability of aortic valve replacements
– especially transcatheter replacements. However,
it is important to realise that unrecognised and/or
untreated severe aortic stenosis is a malignant
disease, with an outcome worse than many
metastatic cancers. Indeed, the outcomes of
patients unable to undergo surgery have been
unchanged for five decades, with recent studies
reporting a two-year mortality of 50% (25).

Previously diagnosed HVD

13

While we predict that the numbers of
people with aortic stenosis in Australia
that are eligible for valve replacement
will increase, with adequate resourcing
of our hospital system to provide these
services we should be able to maintain
the trajectory of reduced deaths from
aortic stenosis.

approximately 100,000 Australians with aortic
regurgitation in 2021 (Figure 6).
The number of people in Australia with aortic
regurgitation will increase due to population
ageing alone (Figure 7). The numbers will increase
to 131,000 in 2031 and 160,000 by 2051. These
projections are likely to be an underestimate of
the future burden of aortic regurgitation because
there is evidence of increasing incidence in other
countries. For example, in Denmark, using
national administrative data, the incidence of
aortic regurgitation increased from 22 per
100,000 per year in 2000-2002 to 41 per
100,000 per year in 2015-2017 (12). Aortic
regurgitation may occur as a complication after
valve replacement for aortic stenosis, which could
account for some of the increase in incidence
over time (10). Treatment guidelines recommend
surgical replacement in eligible people with aortic

AORTIC REGURGITATION

MITRAL VALVE DISEASE

Mitral regurgitation (MR) is the most common
specific type of heart valve disease across the
entire population, with a prevalence estimated at
around 2% (12). It is associated with cardiovascular
risk factors (29) with a higher prevalence in men
than women (30). As with other forms of heart
valve disease, it increases in prevalence with age
from 1-2% in those aged <60 years up to 9-11%
in those aged >70 years (12, 31). There are over
400,000 people in Australia with MR, including
mild, moderate and severe disease (Figure 11).
The prevalence of moderate to severe MR is
highly dependent on age – data from the
Framingham study showed that this is <1% below
the age of 50 years, 2-3% between 50 and 69,
and >10% over the age of 70 years (13).Due to its
strong association with age, the numbers of
Australians with mitral regurgitation will increase
overtime (Figure 9).

FIGURE 4.
Total projected number of Australians with moderate to severe aortic stenosis (19)

FIGURE 6.
Projected numbers of Australians with aortic regurgitation (26)
TOTAL PROJECTED NUMBER AUSTRALIANS
WITH AORTIC REGURGITATION (1000s)

Mitral valve diseases (including stenosis and
regurgitation) are also increasing. The GBD
study investigators showed increases in
age-standardised prevalence of moderate to
severe mitral regurgitation in Australia from 1990
to 2017, but decreases in age-standardised death
rates and loss of disability adjusted life years (28).
The GBD study considered degenerative mitral
regurgitation, but may not have captured
ischaemic causes, so this likely underestimates
the total burden of this disease.

MITRAL REGURGITATION

TOTAL PROJECTED NUMBER AUSTRALIANS
WITH MODERATE AORTIC STENOSIS (1000s)

Aortic regurgitation is mostly caused by
cardiovascular risk factors and ageing, as well as
congenital defects (10). As with aortic stenosis
it is strongly associated with age. It has a low
prevalence in younger age groups (e.g. <0.1% in
those aged under 55 years) that rapidly increases
with age to between 2-3% of people aged
>70 years (12, 13). It is more prevalent in men
than women (12). It is estimated that there are

regurgitation (10). However, valve replacement
using transcatheter approaches is feasible and has
been increasing (27). As the field evolves, more
people with aortic regurgitation may be eligible
for interventions using transcatheter approaches.
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FIGURE 7.
Projected numbers of Australians with aortic regurgitation in 2021, 2031 and 2051 (26)
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WITH AORTIC REGURGITATION (1000s)
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FIGURE 5.
Projected number of Australians with moderate to severe aortic stenosis
2021
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It is estimated that there will be
520,000 Australians with mitral
regurgitation in 2021, increasing to
670,000 in 2051, with 30% having
moderate to severe forms of
disease (32) – and many of the latter
group will require valvular intervention.
Unlike other forms of heart valve disease, the
incidence of mitral regurgitation appears to be
stable over time. For example, in Denmark, the
incidence remained at 38 per 100,000 people
per year over a 15 year period (20). The outcomes
of mitral regurgitation are poor (21) – severe
secondary MR has a 50% mortality rate over
5 years, although much of this is attributable to
cardiac dysfunction and co-morbidities. In the
past, few patients with secondary MR received
surgical interventions and two-thirds had hospital
readmissions within 12 months of diagnosis (26).

TRICUSPID VALVE DISEASE

Mitral stenosis is rare with sparse data on its
prevalence or outcomes. Unlike other forms of
heart valve disease, the most common cause of
mitral stenosis is rheumatic fever and it is therefore
more common in low and middle income
countries than high income countries. Clinical
samples suggest that, compared to other forms
of heart valve disease, mitral stenosis is more
common in women than men (10, 33, 34). It has
similar survival after 6 months of follow-up (>95%)
to other forms of heart valve disease (10). There is
evidence that in higher income countries, such as
Korea, the incidence of mitral stenosis has
decreased from around 10 per 100,000 people
per year in 2007 to 3.6 per 100,000 people per
year in 2016 (23). This decrease in prevalence is
likely due to reductions in rheumatic fever. Given
the association with rheumatic fever, the burden
of mitral stenosis among Indigenous Australians
reflects the high incidence of rheumatic fever and
rheumatic heart disease that has not decreased
over time (35, 36).

Primary disease of the tricuspid valve is
uncommon, although tricuspid regurgitation
secondary to other illnesses (eg heart failure,
mitral valve disease) is increasing. In the
Framingham Heart Study, the prevalence of
mild tricuspid regurgitation identified on
echocardiography increased with age from 13% in
those aged 26 to 39 years up to 26% in those aged
70 to 83 years. Moderate to severe TR may affect
3-5% of adults over the age of 75 years. Women
appear more affected than men, particularly in
terms of moderate or severe tricuspid disease (13).
It is estimated that in Australia there are around
6,000 people with tricuspid disease in 2021
(Figure 10) – the increment of this over time will
occur mostly in women (due to the increasing
prevalence of tricuspid regurgitation with age and
the greater life expectancy of women). Significant
tricuspid regurgitation is associated with adverse
outcomes, independent of the causative
pathology, but how best to treat this at acceptable
levels of risk is still being defined.
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PULMONARY VALVE DISEASE

Although important in children, pulmonary
stenosis is uncommon in adults. Pulmonary
regurgitation is also uncommon on a
population-wide basis, although it is an important
consequence of some surgery for some
congenital valve disease, especially Tetralogy
of Fallot.
CONCLUSION

There is a considerable burden of
heart valve diseases in Australia
with this projected to grow over
the next three decades.

FIGURE 10.
Projected numbers of Australians with tricuspid valve regurgitation to 2051(31)
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FIGURE 9.
Projected numbers of Australians with mitral regurgitation by age in 2021, 2031 and 2051

TOTAL PROJECTED NUMBER AUSTRALIANS
WITH MITRAL REGURGITATION (1000s)

(0.08 per 100,000 people per year), but then
experienced a 25% increase from 2013 to 2018 (26).
The very low prevalence may make estimates of
change unreliable, and may reflect increasing
recognition. The 5-year survival of people with
patients with functional tricuspid regurgitation
(secondary to other cardiac or valvular diseases) is
79% (37). The risk of death among people with
tricuspid valve disease is greater among older
people, African Americans, those with comorbidities (e.g. diabetes, kidney disease, heart
and lung disease) (37). In the United States, there
has been an increase in the number of repairs and
replacements of the tricuspid valve over time (38).

Deaths from tricuspid valve disease also give some
indication of the burden of this disease, although
these are likely to represent severe disease and
therefore underestimate its true burden. In the
United States, the age adjusted mortality rate per
100,000 people was relatively stable from 2008
(0.08 per 100,000 people per year) to 2013
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FIGURE 8.
Number of Australians with mitral regurgitation (12)
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CHAPTER TWO

Clinical aspects of heart
valve disease

Signs and Symptoms

There is very limited awareness of valvular heart
disease in the community. A 2019 European Heart
Health survey of people aged over 60 across
11 European countries found only a quarter were
familiar with VHD (39).

This is not helped by the fact that
common symptoms of heart valve
disease – especially exercise
intolerance – are often misattributed
to ‘old age’.
Timely diagnosis is based on awareness and
clinical examination – especially listening to
the heart sounds.
The signs and symptoms of valvular heart disease
are not specific to these entities, and reflect the
consequences of valve disease on cardiac output,

maintaining normal cardiac and circulatory
pressure, or the consequences of increased
workload (Table 2).
Symptoms due to reduced cardiac output,
including dizziness, blackouts and fatigue, are
most commonly seen with aortic stenosis, but
may occur with other advanced valvular diseases
where the forward stroke volume is compromised
because compensatory mechanisms have been
exhausted.
The most common symptom due to congestion
is shortness of breath, particularly during or
immediately after activity or when lying down,
which reflects pulmonary congestion. While this
may be a direct consequence of stenosis or
regurgitation involving the mitral valve (which is
directly connected with the pulmonary
circulation), this may occur with any left-sided

TABLE 2. Signs and symptoms of valvular heart disease.
Symptom

Cause

Valve lesion

Fatigue

Inadequate cardiac output

Stenosis

Congestion

Regurgitation

Dizziness, blackouts
Shortness of breath, cough

Heart failure

Swelling of ankles and feet
Abdominal swelling
Chest pain

Increased workload

Aortic stenosis

Palpitations

Enlargement of heart chambers

Regurgitation (esp. mitral)
Mitral stenosis

Stroke
18
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Blood clots

Mitral
19

heart disease because of increased workload on
the left ventricle. On the right side of the heart,
congestion is manifest by swelling of the ankles
and feet, or abdominal swelling, reflecting
congestion of the liver and fluid within the
abdominal cavity.
Chest pain occurs when the workload on the
heart exceeds the delivery of blood through
the coronary arteries. While this may be due to
narrowing of the coronaries (atherosclerotic
cardiovascular disease is also disease of the
elderly), it often reflects increased workload of the
left ventricle, and/or changes in the ventricular
pressure that compromises blood supply to the
heart muscle.

Heart valve disease can cause many
complications (including heart failure,
stroke, blood clots, and heart rhythm
abnormalities) and mortality.
Some symptoms of valvular heart disease
arise from these complications. For example,
enlargement of the left atrium may lead to an
irregular heartbeat (atrial fibrillation) which the
patient may experience as palpitations. Atrial
fibrillation and left atrial enlargement may also
lead to the development of blood clots within
the heart.

Clinical signs are features identifiable
by a clinician doing a physical
examination. Each of the heart valve
lesions has a characteristic murmur
that can be heard with a stethoscope
or digital stethoscope.
They can be characterised by their timing during
the cardiac cycle, their location of the chest, and
the pitch of the sound. In addition, evidence of
enlargement of different cardiac chambers and
congestion of the lungs or body are also markers
the presence and severity of these valve lesions.
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Diagnosis
The physical examination is the
cornerstone of detecting heart
valve disease.
Symptoms such as chest pain and shortness
of breath should be reported to a primary care
physician, and in this instance, a physical
examination should be performed. More
problematic are patients who develop significant
heart valve disease in the absence of symptoms.
This may occur either because the patient is very
inactive, or because there is adequate
compensation of cardiac function, but this is
especially the case in a significant number of
patients with regurgitant valve lesions, which
are well tolerated until late in the course.

Therefore, more effective surveillance
of heart valve disease in the community
is linked very closely to vulnerable
patients, particularly the elderly, having
a complete physical examination.
Unfortunately, the process of delivering this
step is more complicated than it might seem.
Adequate physical examination requires a
significant degree of undressing of the patient,
and may especially pose a barrier in women –
in the setting of a busy primary care practice,
an adequate examination is hard to achieve in a
short consultation. The environment for adequate
examination is also important. Significant
extraneous noise from a busy primary care clinic
is incompatible with recognition of abnormal
heart sounds of murmurs, which may be subtle.
Various technical developments such as the
electronic stethoscope and handheld ultrasound
could compensate for some of these problems,
but their uptake has been limited and slow.
Finally, physical examination skills have attenuated
over the last few decades, and there is widespread
recognition that physical signs are insensitive
and non‑specific. The use of investigations is
therefore important in screening.
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An electrocardiogram (ECG) shows the electrical
activity of the heart. While the primary use of this
test is used to check for abnormal heart rhythms,
the nature of ECG waveforms changes as a
particular cardiac chambers enlarge or show signs
of increased workload. In the absence of other
causes such as high blood pressure, ECG
abnormalities can be a warning sign to the
presence of a heart valve lesion.
The chest X-ray provides useful information
about the size and configuration of the heart,
the presence of valvular calcification, and
congestion of the lung fields. For this reason, it is a
simple and inexpensive addition to the physical
examination which can provide clues about
valvular heart disease. Unfortunately, many of
these changes are seen in the setting of advanced
valve disease and therefore perhaps less useful
for screening for asymptomatic disease.
Echocardiography is an ultrasound test that is
used to image the heart valves and chambers
and to measure flow within the heart. It is the most
commonly performed test for the assessment
and follow-up of valvular heart disease.

Stress tests may be very useful to identify the
association of symptoms with activity, and to
define the functional, as opposed to an anatomic
severity of valve lesions. Stress testing is
particularly useful in conjunction with
echocardiography, and probably underutilised
in the follow-up of heart palpitations.
Cardiac catheterization is an invasive test where
catheters are used to measure pressure and
flow of blood within the heart, as well as inject
dye to image the coronary arteries and cardiac
chambers. These imaging steps are often being
undertaken with cardiac computed tomography,
but invasive catheterisation remains helpful for
physiologic assessment.
Cardiac magnetic resonance imaging provides
imaging structure and function analogous to
echocardiography, but consistently of high quality,
whereas ultrasound may be compromised by
overlying lung tissue or fat. The unique aspect
of MRI is its ability to characterise tissue and
recognise fibrosis, which impacts on the likelihood
of responsiveness to valvular interventions.

Access to echocardiography is a vital
component in managing valvular
disease in the community, and current
efforts to use artificial intelligence
to better acquire, measure and analyse
these images will be of value.
At the moment, the main focus of
echocardiography is in patients with symptoms
or clinically-suspected disease, but there may
be a time where a routine echocardiogram is used
for screening people at the age of 70 or 75 years,
for example.
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CHAPTER THREE

Cardiovascular ageing
and valvular disease

Valves

Aortic stenosis prevents blood from being
pumped effectively, creating a pressure gradient
between the aorta and the left ventricle. To
compensate, the left ventricle walls thicken
(a process called myocardial hypertrophy) to
maintain adequate systolic function.
Age-related valvular changes predominantly
include degeneration and scarring (i.e. valvular
sclerosis). Aortic valve sclerosis is evident in
approximately 30–80% of elderly individuals (40).
While aortic valve sclerosis does not obstruct
blood flow, it can progress to aortic stenosis when
severe thickening, stiffening and calcification of
the leaflet obstruct the aortic valve. Increased
leaflet calcification and decreased leaflet mobility
may be early warning signs of progression to
aortic stenosis. Individuals with left ventricular
hypertrophy, hypertension, hyperlipidaemia,
end-stage renal disease, congenital bicuspid
aortic valves or smokers are at an increased risk
of progression of aortic valve sclerosis to aortic
stenosis (41). Furthermore, those with aortic valve
sclerosis have an increased risk of cardiovascular
events and mortality (42, 43) .
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Aortic regurgitation most commonly arises from
degeneration, thickening and retraction of valve
cusps in the 7th and 8th decade (44), or from
the same processes occurring at an earlier age
(5th and 6th decade) in congenitally abnormal
(most commonly bicuspid) valves. Other causes
include destruction of valve leaflets by infection,
or enlargement of the aortic annulus or aortic
root. Aortic regurgitation means that the aortic
valve does not close properly and the flow of
backwards blood from the aorta to the left
ventricle in diastole results in increased work
for the left ventricle and an increase in size.
Mitral valve regurgitation results when the
mitral valve fails to seal completely resulting in a
backwards flow of blood into the left ventricle and
inadequate supply of blood to the rest of the body.
Mitral annular calcification involves fibrosis of the
annulus of the mitral value and is associated with
ageing. It commonly occurs alongside aortic valve
sclerosis, given their overlapping pathology (45).
Hypertension, end-stage renal disease, aortic
stenosis and mitral valve prolapse are risk factors
for mitral annular calcification. Those with mitral
annular calcification are at an increased risk of
mitral stenosis and regurgitation, heart failure,
atrial fibrillation, conduction system diseases,
stroke, coronary and vascular diseases,
cardiovascular events and mortality (40).
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Heart muscle
It is very important to consider valvular heart
disease as an entity that often involves both the
valves and heart muscle (myocardium).

Myocardial dysfunction and heart
failure may arise as a consequence
of either pressure or volume loading
due to valvular disease.
Regurgitation at the atrio-ventricular valves may
occur secondary to myocardial disease leading to
ventricular enlargement and restriction of leaflets,
causing them to fail to close and therefore leak.
These heart muscle diseases (cardiomyopathies)
can be classified into three types (dilated,
hypertrophic and restrictive) based on anatomical
appearance and abnormal physiology (46).
In dilated cardiomyopathy, enlargement of all four
cardiac chambers is typical, but sometimes the
dilation and/or reduced contraction can be limited
to the left or right side of the heart. An increase in
thickness of the ventricular walls may occur but
chamber dilation is generally out of proportion
to any hypertrophy. Myocyte damage due to
genetic, inflammatory, toxic and metabolic causes
contribute to the development of this
cardiomyopathy (46). Ventricular stroke volume
and cardiac output decline due to impaired
myocyte contractility. To compensate, ventricular
diastolic volume increases thereby subsequently
increasing stroke volume and sympathetic
nervous activity increases resulting in an increase
in heart rate, buffering any decline in cardiac
output. Dilated cardiomyopathy is primarily
associated with secondary (or functional) mitral
or tricuspid regurgitation.
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Mitral regurgitation in hypertrophic
cardiomyopathy is associated with functional
influences on the mitral valve (due to obstruction
of systolic outflow), associated structural
abnormalities of the mitral valve apparatus, or
enlargement of the left atrium, which can stretch
the valve annulus. Hypertrophic cardiomyopathy
is a familial disease in which inheritance follows
an autosomal dominant pattern (46).
Restrictive cardiomyopathy is an uncommon
disease, characterised by abnormally rigid
myocardium due to fibrosis or infiltration. The
reduced compliance of the ventricles leads to
abnormally high filling pressure, atrial stretch
and mitral regurgitation. The most recognised
cause of restrictive cardiomyopathy is amyloidosis
(46) – although often seen as a problem
associated with haematologic malignancy,
one of the forms of amyloidosis is associated
with ageing and aortic stenosis.
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Vasculature
Vascular ageing refers to the
deterioration in vascular structure
and function over time, which
ultimately leads to end-organ damage
in the heart, brain and kidney.
Vascular ageing commences in early life and
is a normal ageing phenomenon. However,
pathological vascular ageing, as evident in
conditions such as hypertension, results in
accelerated changes related to atherosclerosis.
Exposure to adverse environmental and genetic
factors as early as during childhood or even
during foetal life promotes the development and
accumulation of subclinical vascular changes that
may be an important contributor to early vascular
ageing (47). Vascular age encompasses the
cumulative effect of all cardiovascular risk factors
on the arterial wall over the life course. This
contrasts with more classical risk factors (such as
BP) which may vary with time (48), so vascular age
may help to identify those at elevated CVD risk.
Vascular ageing involves both arteriosclerosis
and atherosclerosis (49). Arteriosclerosis is the
thickening, hardening, and loss of elasticity of the
arterial walls. While the process of atherosclerosis
principally takes place in inner lining (intima), the
ageing process affects the entire arterial wall.
This process includes dysfunction of the inner
lining (endothelium), decrease in nitric oxide
(NO) production and local inflammation in the
intima (50). There is a reduction of elastic tissue
and a scarring process (evidenced by a relative
increase in collagen content) in the middle of the
vessel (media) (51). In the adventitia (outer
covering), there is impairment of nerve control, a
loss of function of the blood vessels that supply

the artery wall (52) and development of fat
deposits that may increase local inflammation and
adversely impact vasodilation (53). This leads to
structural changes in the arterial wall (54-57),
accompanied by lumen enlargement (55-57) and
increased stiffness in the large, proximal elastic
arteries (58) but not in distal muscular arteries.
Importantly, the vascular ageing process involves
the entire vascular system including remodelling
of the small arteries. The valves are involved
because the same pathologic processes occur
in valve tissue, and because arterial damage
increases mechanical stress on the valves.
In a healthy cardiovascular system, the compliant
properties of the large arteries ensure that
pulsations in pressure and flow generated by
cyclic left ventricular contraction are dampened
at the aorta into a continuous pressure (and flow)
downstream at the smaller vessels. This allows for
steady blood flow to the organs and protects the
small vessels from the damaging effects of
pulsatile pressure (59). However, in response to
ageing (60, 61), high blood pressure and other
disease states such as type 2 diabetes (T2D)
(62-64), arterial stiffening limits the buffering
capacity of the elastic arteries, which has a
number of adverse consequences for
cardiovascular health.
Alterations in vascular structure and function
have been observed in patients with prediabetes
or impaired fasting glucose (65, 66) and in patients
with overt T2D (67, 68) or CVD (69), while
hypertension is related to increased stiffness of
the aorta for any given level of BP (70). This
suggests that the presence of CVD risk factors
progressively worsens vascular health.
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CHAPTER FOUR

Management of valvular
heart disease

Prevention

HEALTHY LIVING

We increasingly understand the role of ‘traditional’
risk factors for cardiovascular diseases such as
smoking, hypertension, diabetes and obesity
(71-73). Population level changes in these risk
factors may impact the incidence and outcomes
of heart valve diseases. While healthy living is
critical to the primordial prevention of heart
disease, the extent to which this is specifically
protective against degenerative valve changes is
undefined, and probably mediated by effects on
risk factors. Hypertension is associated with an
increased risk of MR; for every 20mmHg increase
in systolic BP, there is a 26% increased risk of MR
(74). Obesity, which is present in 41% of adults
aged 65-74 years (75) is associated with increased
CVD risk (76), including aortic stenosis (77).
Likewise, despite the generic effects of healthy
diets on CVD (78-80), their protective effect on
degenerative valve lesions has only been shown in
experimental models. Low to moderate alcohol
consumption is associated with lower odds of
having aortic valve sclerosis (81). Smoking
cessation has well-established benefits on CVD
mortality (82), but little evidence of benefit for
valvular disease. Low cardiorespiratory fitness is
one of the strongest and most important risk
factors for CVD morbidity and mortality (83, 84),
including in people with valvular heart disease.
Whether fitness influences the development or
progression of valve disease is unknown.
PREVENTION OF RHEUMATIC
FEVER AND ENDOCARDITIS

The heart valves may be damaged specifically by
infections and inflammatory diseases. Rheumatic
valve disease occurs as a result of an immune
response to Streptococcal infection of the throat
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or skin, leading to valve scarring and leakage.
There has been a reduction of rheumatic fever in
Australia due to improvements in hygiene and
availability of antibiotics. However, there is an
ongoing high burden of rheumatic heart disease
in Indigenous Australians, with a consequent
major large burden of heart valve disease (14) that
is probably the highest in the developed world.
Rheumatic valve disease is a relatively small
contributor to the burden of valvular heart disease
in Australia because the at-risk population is small,
but should attain more attention because it is
preventable.
Endocarditis describes direct infection of the
heart valves - generally by bacteria – that causes
destruction of valve tissue and therefore valvular
regurgitation. The most common portals for
bacterial entry are dental, surgical and related to
intravenous drug use. Although an uncommon
disease, its high mortality (>10% acutely and about
30% within a year) has defied advances in medical
and surgical management. The best opportunity
for prevention is antibiotic cover (generally
penicillin) for dental procedures, but this
necessitates treatment of large numbers of
people – with consequent antibiotic side-effects
and antibiotic resistance. For these reasons,
guidelines for prophylaxis were made more
restrictive over a decade ago. A study in the UK
showed a reduction of about 8000 prescriptions/
month was temporally associated with an
increment of endocarditis of about 35 per month
(85). While these data do not establish a causal
association, they emphasise the ongoing
opportunity for prevention of a subgroup of
valvular heart disease.
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Early detection – Putting heart
valve disease on the agenda

Established disease
and intervention

Some patients with heart disease remain
asymptomatic, or are symptomatic but the valve
disease is unrecognised, until a crisis occurs often heart failure or atrial fibrillation - and urgent
intervention is required. This particularly occurs in
the elderly, and other individuals where functional
capacity is restricted, and insufficient exercise is
undertaken to generate symptoms. As acute
presentations with heart failure or atrial fibrillation
incur cost and risk, it would certainly be preferable
if patients were recognised at an earlier stage
in the disease, at which stage they may be
asymptomatic or minimally symptomatic.
In rheumatic heart disease, early detection
permits the initiation of antibiotic therapy to
prevent recurrent Streptococcal infections.

Some patients with valvular heart
disease are recognised before
intervention is required.

Detection of asymptomatic valvular disease
requires routine physical examination (discussed
in Chapter 2) or screening echocardiography.
While echocardiographic screening is a
cornerstone of detecting early rheumatic heart
disease in at-risk communities (86), its use for
detecting advanced degenerative valvular heart
disease in the broader population is controversial.
Once clinical evidence of valve disease is
detected, then a full echocardiogram should
be obtained to confirm the diagnosis, estimate
the severity of the valuation, and evaluate the
level of cardiac reserve.

In these individuals, frequent medical follow-up
is essential, the frequency of which will vary
according to severity of the valve lesion and
comorbidities. In general, mild lesions may be
followed in primary care every 2-3 years, but as
the lesion moves to moderate or severe, follow-up
evaluations may need to occur with a cardiologist,
annually or more frequently. During this phase,
standard risk factor control is important, including
weight control and following a healthy diet.
As always, smoking cessation is important,
particularly so if operative intervention will be
required. Recent changes to the Medical Benefits
Scheme, based on AHA recommendations,
stipulate different follow-up for different levels
of disease severity. For mild to moderate disease,
a repeat echocardiogram is justified every
3–5 years for mild disease and 1–2 years for
moderate disease. Severe disease can be
monitored in line with the guidelines.
At present, no medications have been shown
to alter the natural history of either stenotic
or regurgitant lesions. Nonetheless, in the
pre-intervention stage, diuretics may be used
to reduce fluid retention, and vasodilators and
ACE inhibitors may be used to improve cardiac
loading conditions - these are particularly
beneficial in secondary mitral regurgitation.
Digoxin or beta blockers may be prescribed in
patients with atrial fibrillation or heart failure.

In general, heart valve interventions
involve splitting a stenotic valve with
a balloon (valvuloplasty), repairing
valve leaflets (usually for regurgitant
valves) or replacement.

Replacements of the mitral (MVR) or aortic valve
(AVR) may be made of biological tissue (animal,
cadaveric, or autotransplanted), or mechanical.
Mechanical valves are highly durable and have
been reported to last for 2-3 decades, but they
require anticoagulation with warfarin.
Over the last decade, there has been an
increasing trend to perform transcatheter aortic
valve implantation (TAVI) for degenerative aortic
stenosis. In fact, there is an increasing approach,
especially overseas, for the use of TAVI to exceed
that or surgical valve replacement (Table 3). Our
current estimate is that Australia has a TAVI rate of
128/million (varying from 100-150 by State).
Decisions about timing of intervention are based
on the balance of risk and benefit. As all
interventions carry risk, and no valve replacement
is perfect, procedures are often delayed until the
valve lesion is severe, symptomatic or both
(Table 3). In stenotic valve lesions, the

TABLE 3. Surgical AVR and TAVI in European nations in 2020
Country

Population

Pop 65+

AVR

TAVI

TAVI/AVR

AVR/
million

TAVI/
million

83,166,711

18,090,682

41,069

24,188

37%

494

291

Switzerland

8,606,033

1,605,800

3,379

1,900

36%

393

221

France

67,320,216

13,740,658

26,293

13,779

34%

391

205

Austria

8,901,064

1,693,627

3,200

1,578

33%

360

177

Italy

59,641,488

13,859,090

19,136

7,603

28%

321

127

Benelux

28,930,025

5,597,197

9,112

3,509

28%

315

121

Europe

517,563,670

104,991,382

146,452

72,558

33%

283

140

Nordics

28,950,899

5,785,861

8,074

4,484

36%

279

155

Ireland

4,964,440

716,214

1,112

450

29%

224

91

67,173,341

12,666,739

13,864

5,930

30%

206

88

Iberia

57,628,523

11,547,740

10,784

4,457

29%

187

77

Greece

10,718,565

2,386,200

1,647

706

30%

154

66

Germany

UK
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conventional approach is to perform valve
interventions when symptoms develop.
The replacement of surgical with transcatheter
interventions is changing this approach.
As TAVI is currently the most feasible approach,
most of this discussion has pertained to the
management of AS. Current recommendations
for AVR rely on the demonstration of a severe
stenosis (based on echocardiographic peak aortic
velocity (Vmax), mean transvalvular gradient,
and aortic valve area) together with symptoms
(dyspnoea, angina or syncope) (87). There is
increasing awareness that this may be too
conservative, as the main determinants of survival
in aortic stenosis relate not to valvular indices,
but rather to markers of myocardial function,
thickening and scarring (88). Interventions that
are delayed too long may lead to ongoing
sequelae of cardiac dysfunction (89).
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In regurgitant valve lesions, because a volume
load is placed upon the relevant ventricle,
asymptomatic patients are quite commonly sent
for an intervention, to try to avoid irreversible
ventricular damage. These judgements are made
based on the size and function of the relevant
ventricle.

Recovery after intervention
Following an intervention and treatment for
heart valve disease, the patient will then enter
a phase of recovery and follow-up care. This
should be commenced early (90) and include
cardiac rehabilitation (91, 92) and psychological
support (93).

Cardiac rehabilitation after valve
surgery leads to improved
cardiorespiratory fitness, counteracts
depression and anxiety and improved
overall health related quality of life.
It may be particularly important for elderly people
to maintain physical function and independence.
Rehabilitation is also important to young people,
but work and family commitments are frequently
barriers to attending classes, and an online
strategy is truly needed to overcome low rates of
attendance. There are few studies that have
evaluated the effect of exercise training in valvular

heart disease patients post-surgery. Those that
have, demonstrate promising results and an
increase in exercise capacity ranging from 25% to
38% (92, 94-96). As per all cardiac rehabilitation
programs, exercise should be tailored to meet the
individual patient’s needs. Cardiac rehabilitation
for heart failure or following coronary
revascularisation is considered cost-effective,
however the cost-effectiveness for cardiac
rehabilitation after valve surgery has not been
confirmed (97).
Post heart valve surgery, patients are at risk of
developing depression, anxiety or post-traumatic
stress disorder. Patients can feel different with
their disease which may lead to lifelong fragility
(98). After discharge and once returning home,
patients may feel vulnerable and worry about
transition phases or missing information (99).
Thus, it is important to plan for proper after care
of patients to prevent morbidity, readmissions to
hospital and to improve the overall quality of life
of the patient (93).
Regular monitoring after the intervention should
also occur to check for potential deterioration of
prosthetic valves and to enable early detection of
disease in any other valve. Patients should have
regular echocardiograms to monitor the health
of the valves.

TABLE 4. Features leading to decision to proceed to intervention in valve disease
Valve

Stenosis

Regurgitation

Aortic

Symptoms – increasing interest in
asymptomatic patients.

Symptomatic, or asymptomatic with LV enlargement/
impairment

Mitral

Symptoms

Symptomatic, or asymptomatic with LV enlargement/
impairment. Caution with secondary MR (LV
dysfunction).

Pulmonary

Symptoms

Symptomatic, or asymptomatic with RV enlargement/
impairment

Tricuspid

Symptoms

Symptomatic, or asymptomatic with LV enlargement/
impairment. Caution with secondary TR (RV
dysfunction).
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CHAPTER FIVE

Economic and societal
costs of heart valve disease
in the elderly

Introduction

The epidemiology of valve disease points towards
this as an epidemic of the elderly. An influential
Productivity Commission (2013) report estimated
that expenditures on pensions, healthcare and old
age care in Australia will rise to an additional 5.7%
of gross domestic product (GDP) over the next
50 years (100-103), with no major corresponding
benefits for GDP. A tacit conclusion might be that
additional healthcare expenditure to address
valvular heart disease might not be justified on
the basis of economic benefit. A key driver is the
implicitly held view that the elderly contribute
relatively little to the economy given their low
participation rates in paid work. This view,
specifically, neglects the participation of the
elderly to society through other means, including
volunteer work, childcare and informal provision
of adult care.
Recent estimates suggest that unpaid work
accounts for about 10% to 40% of GDP in
Organization for Economic Cooperation and
Development (OECD) countries, including
significant contributions by the elderly (104). Data
from the Australian Bureau of Statistics’ Survey of
Disability, Ageing and Carers (SDAC) suggest that
individuals 55 years and over account for about
45% of all providers of informal adult care (with
individuals 65 years and over comprising onequarter of all informal care providers) (105).
Studies also show that grandparents are a major
provider of support for younger children in
Australia (106). Estimates from de Vaus et al (107)
suggest that the unpaid contributions of
individuals over 55 years of age, in the form of
childcare, household support and adult care,
contributed more than 12% of Australia’s GDP
(7% of GDP in the case of Australians 65 years
and over).
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A recognition of the value of unpaid services
provided to society by the elderly also implies
that policy evaluations should extend assessments
to go beyond traditional indicators to include their
contribution to non-market activities. In the
context of interventions to improve health,
this would mean extending measures of
cost-effectiveness and cost-benefit ratios to go
beyond traditional approaches that focus on
outcomes such as beneficiaries’ quality of life,
or their paid work contributions.
This chapter highlights the above issues by
exploring the potential consequences of heart
disease for the economic value of elderly
contributions in Australia – as workers and as
providers of unpaid services, or productive
non-market activities (PNMA). Our primary
motivation for analysing the impact of heart
disease was to assess how aortic stenosis could
influence the social value (in terms of work
(market) activities and PNMA) produced, thereby
providing some insight into the potential social
gains from interventions such as heart valve
replacement. As is well understood, AS is
associated with a significant worsening of the
quality of life, including physical functioning,
and high mortality risk (108-110). Because most
datasets on time use, work status and other
characteristics of individuals do not have the level
of detail required to identify patients with aortic
stenosis, our strategy was to infer the potential
impact of aortic stenosis from analyses that
assessed the association of heart disease (as
self-reported by survey respondents) of varying
levels of severity with the monetary value of
elderly contributions to market-based activities
and PNMA.
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Data and Approach
Two main datasets provided most of the
information used for the analysis that were
carried out. The Household, Income and Labour
Dynamics in Australia (HILDA) Survey is a
household-level, nationally representative,
longitudinal survey that gathers information from
the same individuals annually through interviews
and self-completion questionnaires, periodically
adding new individuals to the survey. The analysis
reported here used longitudinal data from a
sample of individuals aged 55 years and over
from wave 13 (2013) – the baseline survey, and
wave 17 (2017) to capture changes in heart disease
status of individuals over time. After dropping
observations with missing data, excluding
individuals who reported heart disease in wave 13,
and non-working individuals, a balanced panel of
1,539 individuals was used for the final analysis.
The Australian Longitudinal Study on Women’s
Health (ALSWH) is a longitudinal populationbased survey which collects information on social,
behavioural, and economic factors affecting
choices related to lifestyle, family, and workforce
participation. Launched in 1996, ALSWH surveys
women in three age groups (18-23 years (born
1973-78); 45-50 years (born 1946-51); and
70-75 years (born 1921-26) to represent women
at different life stages. Data from two rounds –
2007 and 2016 – were used for a cohort of women
who were of retirement age, 64-70 years, at the
time of the 2016 survey. In our analysis, only those
survey participants who were employed at the
time of the 2007 (baseline) survey and who did
not have heart disease at that time were included,
resulting in a balanced panel of 5,227 individuals.
Both HILDA and the ALSWH included information
on socio-economic status and demographic
characteristics (e.g. marital status, education level,
location, country of origin); health status
(presence of heart disease, self-rated health, and
SF-36 scores, an internationally recognized scale
that assesses physical functioning); paid
employment (e.g. hours worked, wages earned)
and whether participating in self-employment;
and productive, non-market activities (e.g. caring
for grand/children or sick, frail, and disabled
adults; other voluntary work). While information
included was similar across both datasets, the
‘core data’ release for ALSWH lacked information
on Aboriginal status, rural location, and number
of hours spent on particular non-market activities,
including caring for grand/children, domestic
tasks, and other voluntary work. This limited its
usefulness in calculating an aggregate monetary
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measure of PNMA, while permitting assessments
of some components of it.
Monetary values per unit time were assigned for
work (whether undertaken for wages, or as
self-employed), and to productive non-market
activities (PNMA). The latter specifically referred
to time spent caring for adults, childcare and
voluntary work. Appendix Table 6 summarizes
the methods used to assign monetary values per
hour for paid work, self-employment and PNMA.
Valuation of PNMA was based on methods used
in Bloom et al (111).
Self-oriented household activities (e.g., cooking,
cleaning) were excluded from this valuation.
Information on self-reported heart disease from
the two sets of surveys was combined with data
on self-reported health and measures of physical
functioning based on responses to SF-36
questionnaires administered to respondents in
the two surveys to generate indicators of severity
of heart disease.
Associations between indicators of heart disease
and four types of outcomes were assessed, using
methods described in Box 1: (a) the monetary
values of work and PNMA; (b) whether
participating in work; and (c) whether participating
in PNMA; and (d) the hours devoted to work or
PNMA. The analyses were limited to individuals
who reported working in the baseline round of
each longitudinal survey, provided they did not
also report heart disease. Employed individuals
were considered, because non-participation in
work at baseline could be driven by a range of
factors not necessarily captured by the surveys.
Table 5 summarises the socioeconomic and
demographic composition of the HILDA and
ALSWH respondents from the most recent waves
of the two datasets, along with the proportion of
respondents reporting heart disease. The data for
HILDA respondents corresponds to those aged
55 years and over, and for ALSWH for ages 65 and
over. Reflecting the urban concentration of
Australia’s population, the sample is dominated by
respondents living in urban areas, although the
ALSWH does oversample from rural populations.
The proportion of respondents reporting heart
disease is rising in age, and the proportion is also
higher among Indigenous Australians, among
men, and urban residents. The data also suggest
that indicators of poor health (using either the
physical functioning criterion from SF-36
responses, or self-reported health indicators) are
positively correlated with self-reported heart
disease.
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Measuring the Association between Heart Disease, Work and PNMA:
Estimation Strategy
Associations of two types were estimated:
(a) between aggregate monetary values of
work (PNMA) and their components (e.g.,
value of adult-care, the value of childcare, or
value of paid (unpaid) work) and heart disease;
and (b) between participation in work or its
components (PNMA and its components) and
the natural log of hours spent in work or its
components (PNMA or its components) and
heart disease. Paid work or self -employment
and the term “market activities” will be used
interchangeably.
ASSOCIATION BETWEEN MONETARY VALUE
OF WORK AND PNMA WITH HEART DISEASE

The monetary contribution of the elderly to
market activities (whether from paid
employment, or self-employment) and
PNMA was obtained by separately estimating
two sets of equations (one for market activities,
and one for PNMA), with the monetary value of
the individual’s contribution as the dependent
variable and a range of socioeconomic,
locational and demographic explanatory
variables, an indicator for heart disease
(by varying levels of severity) and a baseline
indicator of health status. A baseline indicator
of health status was used as a control to
account for pre-existing differences in health
that could account for differential earnings
from work or value of PNMA. A similar strategy
was used to estimate the association of the
value of time spent on components of work
(e.g., paid or as self-employed), and
components of PNMA (e.g., childcare,
adult-care, volunteering), with indicators of
heart disease.
ASSOCIATION BETWEEN PARTICIPATION
IN WORK (PNMA) WITH HEART DISEASE

The main weakness of the approach measuring
the association between monetary value of
work (PNMA) and heart disease is its inability
to provide much information on whether the
direction of association is being driven by
participation or changes in hours, conditional
on participation. For example, ill health can
lead an individual to exit the labour market, or

to work fewer hours. Either can lower the value
of market-based activities, provided earnings
per hour are unchanged. Similarly, the value of
PNMA is determined by whether an individual
decides to pursue a particular activity, and the
number of hours they devote to it. To explore
this issue further, two-part models were
estimated with outcomes being participation,
and separately, the natural log of hours of
participation (conditional on participating),
for each of five activities: paid work or
self-employment, paid work only, childcare,
adult-care, and voluntary work. As under the
first method, explanatory variables included
a set of socioeconomic, locational, and
demographic explanatory variables, an
indicator for heart disease (by varying levels of
severity) and a baseline indicator of health
status. A baseline indicator of health status was
used as a control to account for pre-existing
differences in health (that could account for
differential participation rates in activities and
in hours devoted to activities.
REGRESSION MODEL AND
INTERPRETATION OF COEFFICIENTS

For HILDA data, the association was estimated
using a multilevel model version of longitudinal
data analysis with three levels, with the first
level being the survey wave-specific
observation of the individual, the second level
being the individual, and the third-level being
the primary sampling unit (census district),
with sample weighting. For ALSWH data,
the longitudinal data analysis permitted a
two-level multi-level model estimation, with
sample weighting, the first level being the
survey wave-specific observation of the
individual, the second level being the
individual themselves.
Technical Note: For regression models using a
semi-log specification (e.g., equation with log
of hours of work as the dependent variable),
the coefficient ßβ on the heart disease variable
was translated into a percentage change
measure (denoted by g), where g=exp(βß)-1.
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TABLE 5. Summary Statistics
HILDA (wave 17, 2017)
Heart disease

ALSWH (Wave 8, 2016)

Non-heart disease

Total

Heart disease

Non-heart disease

Total

N

%

N

%

N

N

%

N

%

N

700

(11.9)

5201

(88.1)

5901

552

(6.5)

8004

(93.6)

8556

55-59

60

(4.35)

1320

(95.7)

1380

-

-

-

-

-

60-64

97

(8.0)

1112

(92.0)

1209

-

-

-

-

-

65-69

121

(11.4)

939

(88.6)

1060

-

-

-

-

-

70+

422

(18.7)

1830

(81.3)

2252

-

-

-

-

-

Male

409

(15.1)

2295

(84.9)

2704

-

-

-

-

-

Female

291

(9.1)

2906

(90.9)

3197

-

-

-

-

-

Urban

612

(12.2)

4387

(87.8)

4999

-

-

-

-

-

Rural

88

(9.8)

814

(90.2)

612

-

-

-

-

-

New South Wales

226

(12.5)

1583

(87.5)

1809

168

(6.6)

2390

(93.4)

2558

Victoria

154

(10.8)

1277

(89.2)

1431

131

(6.6)

1875

(93.5)

2006

Queensland

147

(12.3)

1044

(87.7)

1191

126

(6.5)

1808

(93.5)

1934

South Australia

79

(13.6)

504

(86.5)

583

48

(5.7)

791

(94.3)

839

Western Australia

64

(11.4)

499

(88.6)

563

51

(6.2)

768

(93.8)

819

Tasmania

15

(8.1)

171

(91.9)

186

25

(6.7)

349

(93.3)

374

Northern Territory

1

(3.7)

26

(96.3)

27

-

-

-

-

-

Australian Capital Territory

14

(12.6)

97

(87.4)

111

-

-

-

-

-

Australia

474

(11.3)

3707

(88.7)

4181

428

(6.6)

6076

(93.4)

6504

English speaking countries

114

(13.7)

721

(86.4)

835

89

(5.6)

1501

(94.4)

1590

Other

112

(12.7)

773

(87.3)

885

23

(7.0)

312

(93.0)

335

Indigenous

13

(15.9)

69

(84.2)

5819

-

-

-

-

-

Non-Indigenous

687

(11.8)

5132

(88.2)

82

-

-

-

-

-

Married/de facto

438

(88.9)

3512

(11.1)

3950

190

(8.0)

2172

(92.0)

2362

Others

262

(86.6)

1689

(13.4)

1951

355

(5.8)

5758

(94.2)

6113

Household size (mean)

2.0

2.1

1.2

Total sample
Age group

Sex

Residential location

State

Country of birth

Indigenous status

Marital status

2.1

1.2

1.2

Self-reported general health
Poor/fair/good

360

(24.2)

1129

(75.8)

1489

421

(9.3)

4097

(90.7)

4518

Very good/excellent

303

(7.3)

3846

(92.7)

4149

129

(3.2)

3872

(96.8)

4001

Low (score ≤52.9)

80

(15.8)

428

(84.3)

508

191

(15.1)

1076

(84.9)

1267

High (score >52.9)

355

(8.4)

3854

(91.6)

4209

357

(4.9)

6893

(95.1)

7250

Physical functioning score
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FIGURE 12.
HILDA (2017) and ALSWH (2016): Participation in employment and non-market activities by older women
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HILDA: Activity and Hours Spent on Each in HILDA (2017)
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In both the HILDA and ALSWH surveys, the
share of women who reported participating in
household work exceeded 90% (Figure 12).
Although hours of participation in household work
was unavailable in the ALSWH data, in the HILDA
dataset women reported participating in
household work for about 17 hours per week. The
share of women reporting paid employment in the
HILDA survey (and the hours per week employed
for pay) are higher than in ALSWH, reflecting the
larger share of rural respondents in the latter
survey. However, the shares of respondents
participating in childcare and adult care activities
in ALSWH were larger than in HILDA.

PEOPLE SPENT TIME ON ACTIVITY (%)

Figure 16 reports on the market (employment)
and non-market activities of respondents 55 years
and over in the 2017 wave of the HILDA survey.
Significant shares of respondents reported
performing each of the activities – paid
employment, childcare, adult care, and
volunteering - with more than 90% reporting
participating in household work, such as cooking,
cleaning, etc., on an average for about 13 hours
per week. Although the proportion reporting
working for wages was lower- about one-third of
the respondents, most appeared to be employed
full-time, at 35 hours or more per week. Almost
one-tenth of the respondents also reported
providing adult care, on an average of 20 hours
or more per week, suggesting a significant
caregiving burden among Australians 55 years
and older.

Heart disease is negatively associated with
participation in employment. Heart disease was
associated with a 3-27% decline in the likelihood of
participating in any employment (i.e., as wage earner
or as self-employed) in the HILDA dataset, and a
1-19% decrement in the ALSWH dataset. Specifically,
for wage employment, there was a 4-22% decline in
the HILDA data and a 3-18% reduction in ALSWH.
For those participating in paid work, there was a
consistent negative association of heart disease
severity with work hours, albeit not reaching
statistical significance in either dataset.
PRODUCTIVE NON-MARKET ACTIVITIES

In the HILDA data, there was overall a negative
association of PNMA participation with heart
disease, with the strength of the association the
smallest for childcare (negligible with small
associations) and highest for adult care and

volunteering activities (3-13%). The coefficients
for hours devoted to various activities were mostly
negative suggesting declines of 14-57% for
childcare, declines of 14-32% for voluntary work,
and a range of +16% to a decline of 82% for adult
care. Overall, given the signs of coefficients and
their magnitude, and that only the negative
coefficients reach statistical significance, the
evidence is suggestive of a decline in hours
devoted to each activity.
The ALSWH data showed no evidence of an effect
on participation in childcare, but participation adult
care activities declined, from 5% to 9%. Strikingly,
there was a large negative association between
hours of work devoted to adult care (corresponding
data for childcare were unavailable) and heart
disease, with potential declines in hours of work
ranging from 20-48% among persons with heart
disease, albeit with wide confidence intervals.
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TABLE 6A. Estimated Annual Losses in Yearly Earnings (HILDA data) (in AU$ 2017)

Heart disease
Heart disease x self-reported health
Heart disease x physical functioning score

Model (1)

Model (2)

Annual Earnings from
Wage Employment

Annual Earnings from Wage +
Self Employment

-5,218

(-19,256, 8,819)

4,069

(-13,293, 21,430)

-18,596**

(-36,994, -197)

-19,441*

(-41,974, 3,092)

-11,697

(-27,305, 3,910)

-11,195

(-27,007, 4,616)

*Significant at the 10% level; **significant at the 5% level; 95% confidence intervals are reported in parentheses. Estimates are
based on multi-level models that account for survey design and sample weights.

TABLE 6B. Estimated Annual Losses in Yearly Earnings (ALSHW data) (in AU$ 2017)

Heart disease
Heart disease x self-reported health
Heart disease x physical functioning score

Model (1)

Model (2)

Annual Earnings from
Wage Employment

Annual Earnings from Wage +
Self Employment

-4,945

(-15,130, 5,240)

-1,651

(-8,068, 4765)

-15,045***

(-23,417, -6,673)

-5,847*

(-12,240, 546)

-10,961**

(-21,873, -50)

-7,929*

(-16,379, 521)

HEART DISEASE AND THE
MONETARY VALUE OF ACTIVITIES

With declines in participation in market- and
non-market activities and in some cases, hours
devoted to these activities, it can be expected that
heart disease would be negatively associated with
the monetary value of time devoted to work and
PNMA. Tables 6a and 6b summarize our findings on
the association between heart disease and the value
of time devoted to work, with varying levels of
severity. Our estimates of earnings losses (from paid
work) range from $5,218-$18,596 when using HILDA
data, with impacts rising in heart disease severity.
When accounting for both wage employment and
self-employment, our estimates of earnings impacts
range from an increase of $4,069 to a decline of
$19,441, with the negative effects becoming more
salient with heart disease severity. The
corresponding estimates of earnings losses, when
using ALSWH data, range from $4,945-$15,045
for paid employment; and $1,651-$7,929 for any
employment (paid or self-employment).

Table 10 reports our estimates of PNMA losses
associated with heart disease, by levels of severity,
using HILDA and ALSWH data. Corresponding
estimates for ALSWH for voluntary work could not
be estimated, owing to missing information on
volunteer work.
Overall, the consistency in the associations
support the conclusion that heart disease is
associated with potentially large declines in the
annual value of time devoted to PNMA, ranging
from $2,394-$4,837, with losses occurring across
childcare, adult care, and volunteering in HILDA
data. Results for PNMA from analyses based on
ALSWH data did not account for volunteering
activities (as data were unavailable), but they were
very similar to results obtained from analyses of
HILDA data in the aggregate, ranging from losses
of $2,470-$3,774.

*Significant at the 10% level; **significant at the 5% level; 95% confidence intervals are reported in parentheses. Estimates are
based on multi-level models that account for survey design and sample weights.

CONCLUSIONS
TABLE 7. Estimated Annual Losses of PNMA from Heart Disease (in AU$ 2017)
HILDA

ALSWH

Yearly Value (AU$)
Coefficient (95%CI)

Yearly Value (AU$)
Coefficient (95%CI)

381 (-991, 1,753)

197 (-235, 630)

-1,423* (-2,889, 44)

35 (-410, 482)

-1,054 (-3,512, 1,403)

8 (-938, 954)

-2,113*** (-3,193, -1,033)

-3,966** (-7,080, -852)

Heart disease x Self-reported health

-1,886* (-3,819, 46)

-3,399** (-6,649, -149)

Heart disease x Physical Functioning score

-1,147 (-3,067, 774)

-2,470 (-8,784, 3,845)

-1,266* (-2,572, 40)

NA

-1,745*** (-2,687, 803)

NA

-2,313* (-4,810, 183)

NA

-2,394** (-4,550, -239)

-3,774** (-6,940, -407)

-4,837*** (-7,379, -2,296)

-3,359** (-6,592, -126)

-4,371* (-8,784, 43)

-2,470 (-8,815, 3,875)

Childcare
Heart disease
Heart disease x Self-reported health
Heart disease x Physical Functioning score
Adult care
Heart disease

Our findings suggest heart disease losses in
annual value of earnings from work in ranges
very similar to Bloom et al (2020) (121) for
Europe. We also find evidence of losses in the
value of elderly contributions to PNMA, and
these too, are in the range of estimates
obtained by Bloom et al (2020) (121) for
Europe. As in any such analysis, there are
limitations in the analytical approaches used.
For instance, the negative association of heart
disease severity with the value of work and
PNMA could have resulted from the impact of
other health conditions that emerged between

the baseline and the second wave of the
survey and are inadequately unaccounted for.
Nor do our indicators of severe heart disease
map into aortic stenosis in any direct way. It
should also be noted that the impact of illness
need not be the same as the impact of the
intervention to address that illness. Limitations
notwithstanding, our analysis underlines the
importance of estimating the multidimensional social contributions of the elderly,
and of including these contributions in
assessing interventions that affect them.

Volunteering/Charity work
Heart disease
Heart disease x Self-reported health
Heart disease x Physical Functioning score
PNMA
Heart disease
Heart disease x Self-reported health
Heart disease x Physical Functioning score

*** p<0.01, ** p<0.05, * p<0.10; 95% confidence intervals are reported in parentheses. Estimates are based on multi-level models
that account for survey design and sample weights. Estimates for PNMA for the ALSWH sample are based on childcare and
adult-care activities alone, as information on voluntary work was unavailable.
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CHAPTER SIX

Cost-effectiveness of interventions
for heart valve disease

Background

The increasing availability of transcatheter aortic
valve replacement (TAVI) has changed the
management of AS over the last decade. TAVI was
initially offered as an alternative to surgical AVR in
severe AS patients who have high surgical risk.

Evidence of safety and efficacy has
led to increasing adoption of TAVI in a
wider group of patients who are younger
and have lower surgical risk (112).
The cost-effectiveness of TAVI as an alternative to
both medical management and surgical AVR in
this setting has been shown in both international
(113) and Australian studies (114).
The indications for TAVI continue to shift to lower
risk patients and those with earlier stages of AS.
There are a number of attractions to earlier
intervention, including the avoidance of LV
dysfunction from pressure loading, as well as
concern that hospital systems lack the ability to
respond rapidly when patients develop symptoms.
However, broader use of TAVI will necessitate a
number of preparatory steps, including training,
infrastructure (access to computed tomography
and catheter laboratories) and resourcing.
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Previous cost-effectiveness analyses in this
setting were influenced by the risk and morbidity
of surgical AVR. For these reasons, we have
explored the cost-effectiveness of TAVI in
comparison with current clinical management
for patients with asymptomatic pre-severe
(stage B or stage C) AS (illustrated in Figure 13).
We used moderate aortic stenosis (MAS) and
its associated subgroups MAS 1 and MAS 2
(Figure 14) interchangeably with progressive
AS (PAS) and its subgroups (i.e., stage C1
(progressive asymptomatic AS) and C2
(severe AS (SAS)) as outlined in Table 8.

Methodology of
cost-effectiveness analysis
A decision analytic model was used to evaluate
the cost-effectiveness of early TAVI procedure for
patients with MAS aged 65 years and over who
have no abnormal anatomical heart disease
(Figure 15). The comparator was watchful waiting
for TAVI treatment while following standard
medical management in accordance with current
treatment guidelines (116).

43

FIGURE 13.
Current clinical management for patients with stage B or C aortic stenosis

POPULATION

STAGE

Moderate AS stage B
patient who AVA>1,V =
3-3.9m/s or MG=20–39
mm Hg, regardless
hypertension status.

PROGRESSION

Annual rate of
progression is an
increase in velocity
0.3 m/s, increase
mean pressure
gradient 7 mmHg,
and decrease in
valve area 0.1 cm2, *

AS patients who have no
valve and vascular
anatomy issues/infection,
life expectancy >1.

Asymptomatic stage C1
patient AVA<=1 cm2 , V>=4
m/s or MG>=40 mm Hg

FIGURE 14.
Proposed management pathway for MAS subgroups

TREATMENT
INDICATIVE
Current practice: medical
management (hypertension
should be treated according
to standard GDMT and/or
statin therapy)*,** + Periodic
monitoring 6-12 months
interval transthoracic
echocardiography
(echocardiogram),**

POPULATION SUBGROUP

MAS 1: develop AVA= 1-2 cm2, LVEF
no/small change >55, V=2-4 m/s,
MG>20, <40 mmHg

Base-case population:
MAS patients

MAS 2: develop indicative AVA <= 1-2
cm2, LVEF <=55, V>= 4m/s, MG >=
40mmHg

AVR (TAVI) might be
considered when other open
cardiac surgery is planned

Current practice: medical
management (hypertension
should be treated according
to standard GDMT and/or
statin therapy) + Periodic
monitoring at least 6 months
interval ( exercise testing
transthoracic
echocardiography
(echocardiogram),**
symptom onset is
insidious and may
not be recognized by
the patient, within
1 to 2 years *

POPULATION

AVR (TAVI) is offered when
exercise intolerance and/or
SBP fall < 10 mmHg from
baseline to peak AND/OR
serum BNP level high but not
over 3 times normal LVEF at
low end of normal range
(50%-60%)

Note: MAS2 is more advanced than MAS1 in terms of AS stages.

TABLE 8. Characteristics of progressive aortic stenosis patients in on-going RCTs
AS stage

Definition

Population

Valve Hemodynamic

LVEF

Surgical risk

B

progressive
moderate AS

Adults over
18-year-old (n=1)

AVA =1-1.5 cm2 or
AVAi>0.6cm2/m2)

<50%

low

>50% (n=2)

low

Aortic Vmax 3.0–3.9 m/s
MG 20–39 mm Hg

*, ACC/AHA Guideline;
**, EACTS guideline; Statin therapy is not use to prevent hemodynamic severity, but lower
Abbreviations: AVR: Aortic Valve Replacement; TAVI: Transcatheter Aortic Valve Implantation; AS: Aortic Stenosis; AVA: Aortic
Valve Area; AVAi: Aortic Valve Area index; V: Velocity, Mean Gradient: MG; LVEF: Left Ventricular Ejection Fraction; GDMT:
Guideline Directed Medical Therapy; BNP= B-type natriuretic peptide; ACC/AHA: American College of Cardiology/American
Heart Association (87); EACTS: European Association of Cardiothoracic Surgery. (115)

C1

progressive,
asymptomatic
severe AS

Adults over
18-year-old
(n=5)
65+ year old
(n=1)

Aortic Vmax >=4 m/s or
MG >= 40 mm Hg
indicative AVA =< 1.0 cm2 (or
AVAi < 0.6 cm2/m2)

not reported
(n=4)

Abbreviations: AS; Aortic Stenosis, LVEF: AVA: Aortic Valve Area; AVAi, V: Velocity; Mean Gradient: MG, ; LVEF: Left Ventricular
Ejection Fraction, RCT: Randomised Controlled Trial (112).
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A Markov microsimulation model (Tree Age Pro
2020, Tree Age, Williamtown, MA) was developed
to simulate a hypothetical cohort of 10,000
patients over a 15 year time horizon (Figure 15z).
The model structure was adapted from a similar
decision analytic model used by Gada et al. as it
was the most comprehensive model that
compared immediate aortic valve replacement
(AVR) versus watchful waiting (117).

Death

Patients start in the model with either early TAVI
or no early TAVI (i.e., receive medical treatment),
and may have late TAVI (upon progressing into
more severe AS stage). The model contains four
health states for the early TAVI (develop CVD
complication (including stroke) following TAVI, no
AS progression and no HF, develop HF, and death)
and three health states for the watchful waiting
medical treatment, having no early TAVI (no AS
progression and no HF, develop HF, and death).
Early or late TAVI patients have a probability of
experiencing short term complications post TAVI
(e.g., stroke); however, all patients will face similar
transitions regardless of early TAVI or not (no AS
progression and no HF, developed HF, and death).

Receiving
Late TAVI

Death

Clone 1: Watchful waiting

MAS progress more
severe AS
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Medica
treatment, no
early TAVI
(AVA <= 1-2
cm2,change in LVEF
and/or V and/or MG
-LVEF<=55%;V>=4;
MG>=40)

~
MAS 2

Medical
treatment, no
early TAVI
(AVA= 1-2 cm2,
no/small change
in LVEF and/or V
and/or MGLVEF>55%; V<4;
MG<40)
Watchful
Waiting

Moderate
Aortic
Stenosis
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We examined five scenarios for patients who may
be eligible for early TAVI under the proposed
setting (10%, 25%, 50%, 75% and 90% of patients
who will be offered TAVI)

1

~
MAS 1

AVA <= 1-2 cm2,change
in LVEF and/or V and/
or MG -LVEF<=55%;
V>=4; MG>=40)

offering
(Five scenarios:
10%, 25%, 50%,
75% or 90%)

Early TAVI

5

MAS 2

(AVA= 1-2 cm2,
no/small change
in LVEF and/or V
and/or MGLVEF>55%; V<4;
MG<40)

3

MAS 1

~

Remain unchanged,
continue medical treatment

Clone 1: Watchful waiting
No early TAVI,
stay on medical
treatment, having
late TAVI

Receive early TAVI

Receive early TAVI

No early TAVI, stay on
medical treatment,
having late TAVI

M2

Clone 2: early TAVI

Clone 1: Watchful waiting

Death

HF

No HF

M2

Stroke/CVD complication

Post operation (short term 30 days)

M4

HF

No HF

Die

Die

Survive

M2

Die

Clone 2: TAVI

HF
Survive

HF

Death
Die

Remain no HF

Develop HF

No HF

DESIGN

Stroke/CVD complication, post
operation (short term 30 days)

Death

HF

Death

No HF
HF
Cont. survive, free of SVD
Develop HF

Manage complication, survive

Die from complication
Required surgical for valve replacement
Survive
(Structural Valve Deterioration (SVD))

Death

No HF

FIGURE 15.
Markov microsimulation model structure

These proposed scenarios assume
that healthcare resources would
become increasingly available for
this cohort, and therefore modelled
increasing numbers of patients
undertaking TAVI in this setting,
without anticipating a risk-guided
process to select patients (Figure 13).
MODEL INPUTS

A comprehensive literature search was conducted
in PubMed, Embase, The Cochrane library of
systematic reviews, Google and Google Scholar
using search string of TAVI, aortic valve
replacement (AVR), medical therapy,
complication, stroke, heart failure, cardiovascular
complication, management, mortality, frequency,
rate, utility*, quality of life, effect*, cost,
productivity, burden, and Australia to identify
model inputs.

All transitional probabilities for the base case
were identified from the literature using
web-based software WebPlotDigitizer to calibrate
the survival data from identified Kaplan Meier
(KM) survival curve. Survival data by time were
then used to calculate the transitional
probabilities (Appendix Table 1).
COSTS

Based on a societal perspective, all costs
(i.e., healthcare and productivity loss) incurred
due to living with AS were included. The costs
included were management costs (screening/
monitoring for AS progression), treatment cost
(pharmaceutical therapy, medical treatment),
TAVI repeated procedure due to structural valve
deterioration (SVD), and productivity loss. Costs
were inflated to 2021 Australian dollars, using the
Australian health price index (118). (Table 9)
PRODUCTIVITY COST

Productivity loss was calculated for all MAS patients
until they reached the age of 76 years (105).

Estimated annual costs of $4,834
in the 2021 reference year ($4,371
in the 2017 reference year) were
employed to calculate the productivity
loss attributable to the productive
non-market activities (PNMA) for
MAS patients who developed heart
failure (See Chapter Five).
QUALITY OF LIFE

Utility weights were applied in the model at
baseline (health state with MAS) and post
treatment (either TAVI or medical treatment) with
no HF, and post-HF. The utility decrement for
people experiencing TAVI-related short term
CVD complications was applied to account for the
temporary reduction in the quality of life (Table 10).
ANALYSIS

The cost-effectiveness analysis adopted
both a healthcare system and a limited societal
perspective. All future costs and outcomes were
discounted at 5% per year (128).Incremental cost
effectiveness ratios were reported as cost per
quality-adjusted life year (QALY) gained (and
productivity loss saved). A willingness to pay
threshold of $50 000 per QALY was adopted to
gauge the cost-effectiveness of early TAVI (129).
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SENSITIVITY ANALYSIS

TABLE 9. Unit costs of resource use applied in the Markov microsimulation model
Resource

Occasions of
resource use

Cost Item

Cost per patient
(AU$)

Source

Medication cost for
WW group

annual

Statin

$1397

(119)

$9664

(114, 120-122)

$499

(114, 120-122)

Diuretics
ACE inhibitors

Screening cost
pre treatment

annual

Echocardiogram
ECG
Xray
Angiogram
Healthcare
professional(s)

Management cost no TAVI

annual

Echocardiogram
ECG

Results

Xray
Healthcare
professional(s)

COST-EFFECTIVENESS ANALYSIS

Management cost in
post TAVI

annual

Healthcare
professional(s)
follow up

$191

(114, 120-122)

TAVI procedure

one time

TAVI

$34569

(114, 120-122)

Operation theatre
ICU
Wards stay
TAVI complications
management cost

Within 30 days

Stroke as main CVD
complication

$11461

(123)

HF management

annual

Hospital cost

$28738

(124)

Community cost
HF specific cost
Abbreviations: ACE inhibitors: Angiotensin converting enzyme inhibitors, ECG: electrocardiogram, HF: Heart Failure, CVD:
Cardiovascular Disease, AU$: Australian Dollars WW: watchful waiting, ICU: intensive care unit, TAVI: transcatheter aortic valve
implantation.

TABLE 10. Utility weights applied in the Markov microsimulation model
Utility

Definition

Value

Measure

Reference

Mean (SD) or
[range]
early TAVI

Baseline, MAS, NYHA score 1-3

0.74 (0.20)

EQ-5D-3L

(125)

One year post TAVI, MAS, NYHA score 1-3

0.79 (0.21)

EQ-5D-3L

(126)

Baseline, SAS- NYHA score 3-4

0.66

EQ-5D-3L

(125)

One year post TAVI, SAS- NYHA score 3-4

0.75 [0.71-0.78]

EQ-5D-3L

(126)

HF patients

0.72(0.24)

EQ-5D-5L

(124)

HF baseline

0.69 (0.20)

EQ-5D-5L

(124)

Complication Stroke patients
(stroke)

0.47(0.36)

AQoL-4D

(127)

NO TAVI

0.69(0.27)

EQ-5D-3L

(125)

One-year medical management, MAS, NYHA score 1-3 0.62(0.34)

EQ-5D-3L

(125)

late TAVI

HF

Baseline, MAS, NYHA score 1-3

Deterministic sensitivity analyses were used to
explore the impact of variation of parameters
around expected confidence intervals.
Probabilistic sensitivity analyses were used to
assess the impact of parameter uncertainty,
based on anticipated distributions. The range and
distribution of the key model inputs were tested.
A tornado diagram was used to show the results
from the deterministic sensitivity analysis, while an
incremental cost-effectiveness plane was used to
present the results from probabilistic sensitivity
analysis. Relevant distribution reported in
Appendix Table 2.

Increasing the proportion of patients
receiving early TAVI resulted in both
higher healthcare costs and greater
benefits (more QALYs and life years
(LY) gained and fewer cases of heart
failure) compared to the watchful
waiting group.

Results were extrapolated to the national level,
assuming a population of 111,478 people who are
aged 65+ years with MAS in Australia in 2021,
using the prevalence rate extracted from the
Olmsted longitudinal study (131).Total QALYs and
costs to society were highest when offering early
TAVI to 90% of population with MAS. Early TAVI
90% scenario was the most cost-effective
treatment strategy due to its potential to prevent
productivity losses of up to $117 million and
provide over 384,000 QALY gains in a single year
(i.e.,2021) (Table 11, Appendix Table 3).
SENSITIVITY ANALYSES

The base-case results were sensitive to the
relative risk of developing heart failure in the early
TAVI group, utility in MAS 1 patients who have
early TAVI, and the utility score of MAS patients
who having no early TAVI. The sensitivity analysis
indicated that the early TAVI intervention
remained cost-effective when key model
parameters were varied (Figure 16).
Probabilistic sensitivity analysis indicated that
the proposed scenario had a 100% probability
being cost-effective from a healthcare system
perspective (Figure 17).

In all five scenarios of early TAVI thresholds,
intervention was associated with lower
productivity costs due to the reduced probability
of developing heart failure - a condition that is
associated with high unemployment in the
workforce (130). The Incremental Cost
Effectiveness Ratio, (ICER) from a healthcare
system perspective was between $10,000 and
$11,000 per QALY gained; it reduced to between
$9,000 and $10,000 when a societal perspective
was adopted (Table 11). The results indicated a
lower productivity loss when early TAVI was
offered for MAS patients who were capable of
providing volunteer work and unpaid care to
children/adults in need (i.e., productive
non-market activities (PNMA); see Chapter 5
for details).

Abbreviations: early TAVI: early transcatheter aortic valve implantation; late TAVI: late transcatheter aortic valve implantation;
NYHA: New York Heart Association; TAVI: transcatheter aortic valve implantation; HF: heart failure; MAS: moderate aortic
stenosis; SAS: severe aortic stenosis; SD: standard deviation. EQ-5D, EQ-3D, AQoL and indices of quality of life.
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RR_TAVl_devHF (0 to 1)

Total costs to the
society at
population level

ICER (societal)

Incremental Cost
(Societal)

Total QALYs gains
at population level

FIGURE 16.
Tornado diagram of offering 10% early TAVI vs Watchful waiting with no early TAVI*

Total societal cost
(AU$)

ICER (healthcare)

Incr Effect

QALY

Incremental Cost
(Health care)

Total Cost (AU$)

TABLE 11. Results of base case cost-effectiveness analysis

u_TAVI_MASl (1 to 1)
u_nTAVI (0 to 1)
c_TAVI (31,778 to 37,404)
u_nTAVl_baseline (0 to 1)
u_TAVI_MAS2 (1 to 1)
c_mgmt_HF (30,175 to 27,301)
c_mgmt_complications (10,888 to 12,034)

Proposed scenario: WW, no early TAVI
$49,488

-

2.67

-

u_HF_baseline (0 to 1)

-

$51,572

-

-

-

u_HF_treatment (0 to 1)

-

u_TAVI_MASl_baseline (1 to 1)
u_complication (0 to 1)

Proposed scenario: early TAVI=10%
$53,737

$4,249

3.05

0.39

u_TAVI_MAS2_baseline (1 to 1)

$10,989

$55,719

$4,148

$10,727

43,105

$462,399,499

c_mgmt_MAS (1,466 to 1,327)
c_screening (474 to 524)
c_mgmt_postTAVI (181 to 200)

Proposed scenario: early TAVI=25%

c_mgmt_nTAVI (524 to 474)

EV: 10,102.91

$59,944

$10,456

3.65

0.99

$10,590

$61,762

$10,190

$10,320

110,070

$1,135,974,865
7,500

8,000

8,500

9,000

9,500

10,000 10,500

Proposed scenario: early TAVI=50%

5.54

2.87

$10,362

$71,211

$19,639

$10,212

$80,000 $28,428

$10,173

$85,617

$10,087

217,055

$2,189,348,118

$9,903

320,028 $3,169,136,246

Proposed scenario: early TAVI=90%
$84,590

$35,102

6.12

3.45

14,000

14,500

15,000

$34,046 $9,867

384,662 $3,795,366,515

Productivity cost was estimated for patients who participate to unpaid services, or productive non-market activities (PNMA)
until reaching older age (e.g. 76 years ) (132, 133). This is based on the large proportion of Australian elderly who did not enter
Australian Home Care Packets (HCP) Programs and still provide unpaid services, or productive non-market activities (PNMA)
(105) (See Chapter 5 for more information).

Abbreviations/definition: c_mgmt_HF: HF management cost; u_TAVI_MAS1: Utility of moderate aortic stenosis (MAS) patients
who have early TAVI; RR_TAVI_devHF: Risk developing HF in moderate aortic stenosis patients who have early TAVI; u_nTAVI:
Utility score or MAS patients who have no early TAVI, u_nTAVI_baseline: Utility score or MAS patients who have no early TAVI at
baseline; c_TAVI: TAVI cost; c_mgmt_complications: CVD complication management cost; u_TAVI_MAS2: utility post TAVI of
MAS 2 patients; u_HF_baseline: utility HF at baseline; u_HF_treatment: utility HF post treatment; u_TAVI_MAS1_baseline: utility
at baseline of MAS1 patients; c_mgmt_MAS: cost of managing (medication) for MAS patient in watchfulwaiting group; u_
complication: utility complication (stroke); u_TAVI_MAS2_baseline: utility at baseline of MAS2 patients; c_mgmt_nTAVI: cost of
magening/screening for MAS patient in watchfulwaiting period; c_screening: cost of ongoing screening per 6 months ; c_mgmt_
postTAVI: cost of managing for patients post TAVI procedure.

FIGURE 17.
Probabilistic Sensitivity Analysis (PSA) of offering early TAVI (10%) vs Watchful waiting with no early TAVI

INCREMENTAL COST (AU$)

Abbreviations: early TAVI: early transcatheter aortic valve implantation; WW: Watchful Waiting; Incr Eff: Incremental
Effectiveness, ICER: Incremental Cost Effectiveness Ratio, QALY: Quality Adjusted Life Years, $: AU$: Australian Dollars.

*Note: Red bar means the value of the variable increases from the base-case and blue bar indicates that the value of the
variable decreases from the base-case.

6,200
6,000
5,800
5,600
5,400
5,200
5,000
4,800
4,600
4,400
4,200
4,000
3,800
3,600
3,400
3,200
3,000
2,800
2,600
2,400
2,200
2,000
1,800

0.0

$29,315

13,500

ICER (AU$)

Proposed scenario: early TAVI=75%
$78,803

13,000

00

1.95

12,500

50

4.61

12,000

P=

$20,176

11,500

WT

$69,664

11,000

0.02 0.04 0.06 0.08

0.10

0.12

0.14

0.16

0.18

0.20 0.22

0.24

0.26

0.28 0.30 0.32

0.34

0.36

0.38 0.40 0.42

0.44 0.46 0.48

INCREMENTAL EFFECTIVENESS (QALY)

Note: PSA based on 10,000 iterations indicated that proposed scenario had a 100% probability being cost-effective from a
healthcare system perspective with a willingness to pay of $50,000 (100% of results were below the WTP threshold)
Abbreviations/definition: AU$: Australian dollars, QALY: Quality Adjusted Life Year, WTP: Willingness to pay
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CHAPTER SEVEN

Phil Holmes
Head of Insurance at O’Brien Glass
Industries, Phil Holmes, 71, has a busy
job that prior to COVID-19 involved
travel every week.

Case studies

He also works out five days a week at the gym.
However, in 2019 when he started to feel a bit
tired while undertaking a work fundraiser
which required him to perform a certain
number of push-ups in a month, he didn’t think
for one minute it might be heart-related.
“I thought it was just age and fatigue,” he says.
He did, however, do one of the best things that
he could. He promptly sought advice from his
GP and a cardiologist and it turns out that
quick action could well have saved him from
a potentially fatal heart attack.

Phil was diagnosed with aortic stenosis,
requiring an aortic valve replacement.
He was advised he had the option of the
gold standard, open heart surgery (which
would require several months of recovery),
or the newer and minimally-invasive procedure
known as Transcatheter Aortic Valve
replacement (TAVI). Given his active lifestyle
and that he still works full time, he elected
to have the TAVI procedure. And he hasn’t
looked back.
Within a few days the father of three and
grandfather of five was back at work in
Melbourne, and three weeks later he returned
to the gym and cycling.

Gerlinde Binning
Professional weaver, mother and
grandmother, Gerlinde Binning, 77,
enjoys an active lifestyle, walking and
bike riding daily with her friends.
In March 2019, during her annual health
check-up, Gerlinde’s GP identified a heart
murmur, and subsequently advised her to
undergo a heart health check every six months.
Later that year, on Boxing Day, she
experienced difficulty breathing, and
was rushed to hospital in Melbourne.
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After spending time in the Intensive Care Unit,
Gerlinde was referred to a heart specialist,
who diagnosed her with heart valve disease.
Selecting a minimally invasive medical
treatment option, Gerlinde opted to undergo a
Transcatheter Aortic Valve Implantation (TAVI)
procedure – where an artificial aortic valve is
placed in the heart – in July 2020. Four days
later, she had a pacemaker fitted to help
maintain a healthy heart.
Following her procedure, Gerlinde took part in
a cardiac health support program led by allied
health professionals, involving education,
exercise and rehabilitation. She is now back
enjoying her active lifestyle again.
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CHAPTER EIGHT

Conclusion and
Recommendation

This whitepaper provides an overview of the
cardiac anatomy, function and problems relating
to heart valves, as well as the scientific evidence
relating to the pathophysiology of valvular heart
disease in Australia. It aims to provide a
comprehensive picture of this growing issue including diagnosed and undiagnosed cases, and
emerging trends - which add to the overall burden
of cardiovascular disease. Importantly, this paper
highlights the critical and timely opportunity to
raise awareness and to drive action, given the
significant impact of valvular heart disease on
individuals, our communities and the Australian
healthcare system.
We know that more than half a million Australians
are already living with valvular heart disease, and
more than a quarter of a million Australians have
undiagnosed heart valve disease. It is projected
that these numbers will grow substantially in the
coming three decades. Recent modelling has also
demonstrated climbing rates of valvular heart
disease nationally, with 50-170% increases in the
numbers of people, deaths and loss of disability
adjusted life years from non-rheumatic aortic or
mitral valve disease between 1990 and 2017.
This, coupled with growing evidence globally
showing that incidence and prevalence of
valvular heart disease is increasing with age,
is significant cause for concern given the
country’s ageing population.
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This paper examines the clinical impact of
valvular heart disease, including the complications
it can cause such as heart failure, stroke, blood
clots, and heart rhythm abnormalities. However,
it is not all bad news. While we know heart valve
conditions are serious, they are increasingly
treatable. The common symptoms of heart valve
disease – especially exercise intolerance – are
often misattributed to ‘old age’. Timely diagnosis
is based on awareness and clinical examination –
especially listening to the heart sounds, and
greater GP awareness and support of these issues
could enhance diagnosis and intervention. Access
to echocardiography is also a vital component in
managing valvular disease in the community, and
current efforts to use artificial intelligence to
better acquire, measure and analyse these images
will be of value. More research in this area is
important in order to leverage technology to
enhance diagnosis and treatment.
The economic impact of valvular heart disease is
also examined. We know increasing intervention
to address valvular heart disease could save both
lives and money. For example, increasing the
proportion of people over 65 years receiving
transvalvular aortic valve replacement could
potentially save the Australian economy
$117 million in a single year. It would also reduce
the likelihood of people developing serious CVD
complications, which is already one of the biggest
burdens on the Australian healthcare budget.
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We know many people are worried about the
health impacts of ageing but little is known in the
wider community about vascular ageing. In many
respects, vascular ageing is far more important
than chronological age and is emerging as an
important marker of cardiovascular disease risk.
Vascular ageing refers to the deterioration in
vascular structure and function over time, which

ultimately leads to end-organ damage in the
heart, brain and kidney. Vascular ageing involves
both arteriosclerosis and atherosclerosis.
Arteriosclerosis is the thickening, hardening, and
loss of elasticity of the arterial walls. While the
process of atherosclerosis principally takes place
in inner lining (intima), the ageing process affects
the entire arterial wall. Given that a measure of

vascular age encompasses the cumulative effect
of all cardiovascular risk factors on the arterial wall
over the life course, compared to more classical
risk factors, such as blood pressure which may
vary with time, a measure of vascular age may help
to identify those at elevated risk of cardiovascular
disease.

The hidden toll of valvular heart disease and the
potential role of vascular ageing in identifying
cardiovascular disease are critical health issues
that warrant more attention, exposure and action.

CALLS TO ACTION
Urgent attention to valvular heart disease is needed. The increasing burden of valvular heart
disease should prompt consideration of a number of steps:

Individual and social marketing campaigns
To increase awareness of heart valve disease and other
manifestations of cardiovascular ageing, particularly amongst
GPs, healthcare and health advocacy groups. A benefit might
be that more patients get heart murmurs checked.

Strategies involving primary care
These might include educational updates and upskilling. People
>65 years should have heart checks during GP visits for other
problems. For people 65 and older who are not engaged with
primary care, an extension of the current preventive cardiology
item numbers (MBS 699 and 177) to include cardiac auscultation
(listening to heart murmurs) should be considered.

Guidelines
Development of national heart valve disease guidelines to
facilitate decision-making.
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Support for emerging technologies
Development of translational research streams to more rapidly
evaluate novel technologies for management of structural heart
disease. Investment and clinical application of AI-supported
and hand-held echo will require adjustments in current funding
arrangements, which preclude these approaches from
reimbursement.

Health service design
This includes improving access to echocardiography. These steps
might encompass early detection and out-reach echocardiography
programs in rural areas.

Policy
Dedicated funding for service level interventions that improve
access and equity to transcatheter valvular interventions
(minimally-invasive interventions). This will require planning,
training and resourcing, along with financial incentives to
drive clinical change.
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APPENDIX

1

0.033014

0.118935

0.009574

0.009574

0.034491

0.034491

2

0.041828

0.104538

0.01213

0.01213

0.030316

0.030316

3

0.013339

0.018944

0.003868

0.003868

0.005494

0.005494

4

0.02273

0.049208

0.006592

0.006592

0.01427

0.01427

5

0.052877

0.083027

0.015334

0.015334

0.024078

0.024078

6

0.045331

-

0.013146

0.013146

-

-

Progression
from MAS to
SAS*

74%

74%

74%

74%

74%

74%

Proportion
of patients
with MAS1

35%

65%

35%

65%

35%

65%

1

0.100

0.100

0.100

0.100

0.100

0.100

2

0.047

0.047

0.047

0.047

0.047

0.047

3

0.022

0.022

0.022

0.022

0.022

0.022

4

0.017

0.017

0.017

0.017

0.017

0.017

Develop HF
(RR)

APPENDIX TABLE 1. Transition probabilities applied in the Markov model
WW_no early TAVI

early TAVI

late TAVI

(138)

Probability

Years since
diagnosis

MAS1

MAS2

MAS1

MAS2

MAS1

MAS2

CVD
mortality
due to TAVI

-

-

-

0.011

0.0335

0.021

0.186

1

0.101

0.188

0.016

0.053

0.264

0.0538

2

0.097

-

0.042

-

0.079

0.026

3

0.119

-

0.023

-

-

0.0555

5

0.010

0.010

0.010

0.010

0.010

0.010

4

0.09

-

0.035

-

-

0.074

6

0.050

0.050

0.050

0.050

0.050

0.050

5

0.099

-

0.062

-

-

0.0588

7

0.005

0.005

0.005

0.005

0.005

0.005

6

0.242

-

0.034

-

-

0.0499

8

0.130

0.130

0.130

0.130

0.130

0.130

7

0.138

-

0.031

-

-

-

8

0.215

-

0.006

-

-

-

Non-HF
mortality

HF mortality
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1

0.258359

0.258359

0.093

0.093

0.093

0.093

2

0.115002

0.115002

0.051

0.051

0.051

0.051

3

0.114035

0.114035

0.103

0.103

0.103

0.103

4

0.119732

0.119732

0.182

0.182

0.182

0.182

5

0.119016

0.119016

0.091

0.091

0.091

0.091

6

0.108076

0.108076

0.047

0.047

0.047

0.047

7

0.125499

0.125499

0.142

0.142

0.142

0.142

8

0.094023

0.094023

-

-

-

9

0.136554

0.136554

-

-

10

0.12652

0.12652

-

11

0.086907

0.086907

12

0.1507

13

0.130746

Reference
(25, 134,
135)
(25, 134,
135)

Valve
durable

(138)

(139)

(140)

*over 15 years’ follow up. The yearly transition probability was derived from the cumulative incidence accordingly.
(136, 137)

Abbreviations: WW_no early TAVI: watchful waiting and having no early TAVI; early TAVI: early Transcatheter Aortic Valve
Implantation; late TAVI: late Transcatheter Aortic Valve Implantation, HF: Heart Failure; RR: Relative Risk, MAS: Moderate Aortic
Stenosis, SAS: Severe Aortic Stenosis.

APPENDIX TABLE 2. Distributions used in PSA
Distribution name

Parameter 1

Parameter 2/3

-

Cost management HF

Alpha

100

Lambda

0.00

-

-

Utility of MAS1, early TAVI

Alpha

20.21

Param 2 = beta; Param 3 = Integer/Real;

5.37

-

-

-

Risk developing HF, early TAVI

Alpha

70.71

Param 2 = beta; Param 3 = Integer/Real;

173.12

-

-

-

-

Alpha

37.38

Param 2 = beta; Param 3 = Integer/Real;

22.91

0.1507

-

-

-

-

Utility score or MAS, having no early
TAVI

0.130746

-

-

-

-

Utility score of MAS at baseline,
having no early TAVI

Alpha

30.31

Param 2 = beta; Param 3 = Integer/Real;

13.62

14

0.11818

0.11818

-

-

-

-

TAVI cost

Alpha

100

Lambda

0.00

15

0.146202

0.146202

-

-

-

-

CVD complication management cost

Alpha

100

Lambda

0.01

16

0.02854

0.02854

-

-

-

-

17

0.14689

0.14689

-

-

-

-
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Abbreviations: early TAVI: early transcatheter aortic valve implantation; HF: Heart Failure, MAS: Moderate Aortic Stenosis, CVD:
Cardiovascular Disease
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APPENDIX TABLE 3. Results of base case cost-effectiveness analysis using heart failure as outcome
Productivity loss that attributes to PNMA

Entire cohort
Proposed scenarios

APPENDIX TABLE 6. Estimation of Monetary Value of Work and Productive Non-Market Activities
(PNMA)

(MAS patients <76 years)

Number of
cases of HF

Life year
gains

Productivity
loss

Total saving for
productivity loss at
population level

WW, no early TAVI

0.28

3.25

$2,084

$0

early TAVI=10%

0.27

3.78

$1,983

-$11,278,505

early TAVI=25%

0.26

4.61

$1,818

-$29,629,647

early TAVI=50%

0.24

5.94

$1,547

-$59,860,440

early TAVI=75%

0.22

7.23

$1,197

-$98,831,392

early TAVI=90%

0.21

8.04

$1,028

-$117,761,282

Variable

Estimates of Hourly Value
of Time (A)

Estimates of Hours
spent in activity (B)

Monetary value of activity
performed (V)

Monetary value of
paid work

Pre-tax value of hourly
earnings as reported in
HILDA (for analyses using
HILDA data), and ALSWH (for
analyses using ALSWH data)

Hours spent in paid work
from HILDA and ALSWH
data

Obtained by multiplying A
and B (i.e., V = A x B)

Monetary value of
work as self-employed

Pre-tax hourly earnings from Hours spent in selfself-employment were
employment from HILDA and
imputed, based on Poisson
ALSWH data
regressions of hourly pre-tax
earnings (among wage
employees) on education,
location, age, and other
demographic and
socioeconomic characteristic
of individuals, from the
HILDA and ALSWH datasets.

Obtained by multiplying A
and B (i.e., V = A x B)

Monetary value of
time in adult-care

Pre-tax hourly rate for
adult-care workers (based on
data from Australian Bureau
of Statistics)

Hours spent on adult-care
activity (from HILDA and
ALSWH surveys)

Obtained by multiplying A
and B (i.e., V = A x B)

Monetary value of
time for childcare

Pre-tax hourly rate for
childcare providers and
babysitters (based on data
from Australian Bureau of
Statistics)

Information on hours spent
on childcare (from HILDA);
for ALSWH survey analysis,
data was imputed from
HILDA using regression
models for hours of work

Obtained by multiplying A
and B (i.e., V = A x B)

Monetary value of time
in voluntary activities

Average of pre-tax hourly
earnings for basic (unskilled)
occupations in Australia from
the Australian Bureau of
Statistics and a measure of
the hourly opportunity cost
of time, measured by an
individual’s hourly earnings
from work (if employed for
wage), or imputed hourly
earnings (if self-employed or
not working).

Information on hours spent
on voluntary activity available
only in HILDA data

Obtained by multiplying A
and B (i.e., V = A x B)

Abbreviations: early TAVI: early transcatheter aortic valve implantation; WW: Watchful Waiting; HF: Heart Failure, PNMA:
productive non-market activities

APPENDIX TABLE 4. Results of one-way sensitivity analysis_10% early TAVI vs Watchful waiting
Variable Name

Variable

ICER

Low value

Base Value

High Value

Low value ($

Base Value
($)

High Value
($)

Risk developing HF, early TAVI

13%

29%

64%

$7,832

$10,103

$14,830

Utility score of MAS1, early TAVI

58%

79%

100%

$8,685

$10,103

$12,075

Utility score of MAS, having no
early TAVI

32%

62%

92%

$9,214

$10,103

$11,181

TAVI cost

$31,778

$34,569

$34,569

$9,199

$10,103

$11,021

Utility score of MAS at baseline,
having no early TAVI

49%

69%

89%

$9,521

$10,103

$10,760

Utility score of MAS2, early TAVI

71%

75%

78%

$9,784

$10,103

$10,562

HF management cost

$27,301

$28,738

$30,175

$9,884

$10,103

$10,322

Abbreviations/definition: MAS: moderate aortic stenosis patients, HF: Heart Failure, TAVI: early transcatheter aortic valve
implantation, ICER: Incremental Cost Effectiveness Ratio; HF: Heart Failure

APPENDIX TABLE 5. Variation in percentage change of ICER from the one-way sensitivity analysis_10%
early TAVI vs Watchful waiting
Variable Name

Max value
decrease

Max value
increase

Max ICER
decrease

Max ICER
increase

Impact on
ICER

Risk developing HF, early TAVI

55%

121%

22%

47%

Increase

Utility score of MAS1, early TAVI

27%

27%

14%

20%

Decrease

Utility score of MAS, having no early TAVI

48%

48%

9%

11%

Increase

TAVI cost

8%

8%

9%

9%

Increase

Utility score of MAS at baseline, having no early
TAVI

29%

29%

6%

7%

Increase

Utility score of MAS2, early TAVI

5%

4%

3%

5%

Decrease

HF management cost

5%

5%

2%

2%

Decrease

Abbreviations/definition: MAS: moderate aortic stenosis patients, HF: Heart Failure, TAVI: early transcatheter aortic valve
implantation, ICER: Incremental Cost Effectiveness Ratio; HF: Heart Failure
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TECHNICAL NOTES – CHAPTER 1

Projections for Figures 2 to 10 were modelled
within R.

required to be collapsed for some types of
disease.

The Australian Bureau of Statistics medium
projection series was used for projections of the
numbers of Australians with heart valve disease
out to 2051 in Figures 2 to 10. For all projections
we truncated the oldest age group at 95 years
because people over this age group are unlikely to
be treated and there are large projected increases
in people aged over 100 years that greatly affect
projections, particularly at 2051.

The total projected numbers of people with
valvular heart disease types does vary between
projections based on available data. The different
definitions and samples used between studies
affects the comparability of numbers. In particular,
clinical cohorts tend to report higher prevalence
than community or population-based cohorts.

Projections were done using age and sex specific
prevalence data when available but due to sparse
data for some conditions, categories were

Projections in Figure 10 from the Framingham
Heart Study do not include people over the age of
83 years. They are therefore likely to be an
underestimate of the true burden of tricuspid
valve disease in the population.

MELBOURNE
75 Commercial Road
Melbourne
VIC 3004 Australia
T +61 3 8532 1111
F +61 3 8532 1100
PO Box 6492,
Melbourne
VIC 3004 Australia

ALICE SPRINGS
Baker Institute Central Australia
W&E Rubuntja Research and
Medical Education Building
Alice Springs Hospital Campus
Gap Road, Alice Springs
NT 0870 Australia
T +61 8 8959 0111
F +61 8 8952 1557
PO Box 1294, Alice Springs
NT 0871 Australia

baker.edu.au

This whitepaper was made possible thanks
to an unrestricted educational grant from
Edwards Lifesciences.

