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Abstract

Acute rheumatic fever (ARF) and rheumatic heart disease (RHD) are auto-immune
conditions associated with prior exposure to Group A streptococcus (GAS). ARF is an
acute condition associated with fever and joint, brain, skin and heart inflammation. RHD is
its chronic sequela and is characterised by permanent heart valve damage which can, in
turn, lead to heart failure and an increased risk of endocarditis and stroke. To avoid such

complications interventions may be required to repair or replace damaged valves.

ARF and RHD are preventable diseases rarely encountered in mainstream Australia.
However, Aboriginal Australian and Torres Strait Islander peoples have amongst the
highest reported rates of ARF/RHD in the world with significant morbidity and mortality.

This thesis comprises complementary projects and articles that can inform the community
and health service response to prevention, diagnosis and management of ARF/RHD with a

particular focus on Indigenous Australians.

Prevention: Three systematic reviews are presented that examine strategies to improve
primary and secondary prevention of ARF/RHD. High quality studies are often lacking and
much of the evidence informing strategies to prevent ARF/RHD is limited or absent.
Available evidence indicatggimordial preventiorvia improvements in social, economic

and environmental conditions is key. Whilemary preventiormay be achieved through
improved diagnosis and early treatment of GAS pharyngitis, implementation can be

difficult and research into the development of a GAS vaccine remains crucial.

Effective secondary preventioof ARF/RHD is possible with long-acting benzathine
penicillin (LAB). Nonetheless, delivery of LAB is highly variable and frequently poor.
Further work is needed to enhance health care systems to maximize uptake of LAB and to

identify more effective formulations or delivery devices for administration.

Diagnosis The utility of screening for RHD via echocardiography (heart ultrasound) to
detect early disease is topical as this may facilitate early administration of secondary
prophylaxis thereby limiting disease progression. A review of the feasibility of
implementing RHD screening in Australia is presented and a number of limiting factors are
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highlighted. These include a lack of an agreed case definition and a limited understanding

of the significance, natural history and potential treatment of early and subclinical RHD.
Further, the delivery of secondary prevention is often suboptimal and the impact of

additional cases on health services, and the psychosocial health of patients and families, can

be substantial.

The refinement of a screening-based case definition for RHD, and particularly the
significance of minor heart valve abnormalities, was informed by the Rheumatic Fever
Follow-up Study (RhFFUS). Children with prior Borderline RHD (defined under World
Heart Federation (WHF) criteria) were up to nine times more likely to experience ARF
compared with children with a normal echocardiogram. Their risk of having progressive
valve damage was also significantly greater and 1 in 6 developed Definite RHD. In
contrast, children with less severe valve abnormalities not satisfying criteria for Borderline

RHD were at no greater risk of ARF or echocardiographic progression of valvular lesions.

These results provide cogent evidence that, in some children, valvular changes consistent
with Borderline RHD detected on screening echocardiograms represent the earliest stage of
Definite RHD. Such children may benefit from secondary prophylaxis or enhanced
surveillance through regular echocardiographic monitoring to assess for progression of
disease. Moreover, these results lend support to the validity of WHF criteria that distinguish
Borderline RHD from other minor echocardiographic changes, as it is only in the former
group that there is a greater risk of ARF and valvular lesion progression. Nonetheless, the
fact that individuals with minor echocardiographic changes not satisfying criteria for
Borderline RHD still had an increased risk of developing Definite RHD suggests that such
individuals should be initially monitored with echocardiography to ensure they do not

progress.

Management The final component of this thesis comprises two papers that describe
projects that were undertaken to inform potential improvements in the management of
ARF/RHD. The first compared the quality of care provided to patients in the Kimberley

and far north Queensland where differing models of care were operating. This highlighted
more severe disease in the Kimberley and greater specialist follow-up and prescription and

receipt of secondary prophylaxis in far north Queensland. This supported an association



between far north Queensland’s single-provider model of care and centralised RHD control
programme and improved patient care, potentially fewer cases of severe disease, and
reduced need for surgical and other interventions. Since this study was completed, a
centralized RHD control and management programme has been implemented in the

Kimberley.

The second project related to the use of prophylactic antibiotics to prevent bacteremia, and
potentially infective endocarditis (IE), in patients with RHD undergoing high-risk
procedures. While this is recommended for Indigenous patients with RHD under Australian
guidelines, American guidelines were recently amended to recommend prophylaxis only in
people with prosthetic valves and not in those with “native-valve” RHD. A review of
infective endocarditis cases in northern Australia was undertaken to determine whether
native valve RHD was associated with an increased risk of IE. Results of this study showed
that those with native valve RHD were at increased risk of IE (RR 58) compared to
individuals without native valve RHD. Interestingly, the risk of IE in non-Indigenous
patients with RHD was found to be 3.7 times higher than in Indigenous Australians with
RHD. This study led to recommendations to broaden current Australian guidelines so as to
offer prophylactic antibiotics to all persons with RHD undergoing procedures associated
with a high risk of bacteraemia.

In conclusion, this thesis provides a number of new insights to address existing knowledge
gaps regarding prevention, diagnosis and management of ARF/RHD. It is hoped that
continued work on developing a GAS vaccine will eventually deliver an effective and safe
method of primary prevention. In the interim the continued focus on early and accurate
diagnosis of ARF/RHD and best-practice management (particularly improving uptake of
secondary prophylaxis) should be pursued. Overarching these health initiatives must be a
commitment to improving the socioeconomic and environmental status of Aboriginal
Australian and Torres Strait Islander peoples living in remote communities as a means of

effecting ARF/RHD primordial prevention.
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Chapter 1 — Introduction

A 21 year old Aboriginal man presents to hospital in Alice Springs, Central Australia
complaining of breathlessness and fatigue. Three days later he dies from pulmonary
oedema and heart failure (see Figure 1) as a result of severe mitral regurgitation and mitral
stenosis secondary to rheumatic heart disease. This previously undetected damage to his

mitral valve (see Figure 2) eventually resulted in irreparable damage to his heart. His
family is left wondering how their seemingly fit and healthy son could have passed in such

a fashion... and they have many questions: What is rheumatic heart disease? How did their

son get it? Why weren’t there any warning signs? What could have been done to saye him?

Box 1. Introductory vignette.

Acute rheumatic fever (ARF) and rheumatic heart disease (RHD) remain significant issues
for Aboriginal Australian and Torres Strait Islander peoples despite the fact that they are
now rarely seen in the wider Australian populatidfhe story above (see Box 1), while
fictitious, points to an all too common reality in the north of Australia. With some of the
highest rates of ARF/RHD in the world, the morbidity and mortality associated with these
diseases for Aboriginal and Torres Strait Islander populations remains unacceptably high.
Within this context, the broad aim of this project is to investigate means to inform the
prevention, diagnosis and management of ARF and RHD in Aboriginal Australian and

Torres Strait Islander populations.



Figure 1. Chest X-Ray showing pulmonary oedema sjes# to heart failure.

Figure 2. Image of stenosed mitral valve with thickened mitral valve leaflets resulting
from RHD'

Synopsis

This thesis takes the format of a series of published and submitted papers that have been
grouped together under three main thernpesvention diagnosisandmanagementOf

these three themes, prevention of ARF/RHD is key. Primary prevention remains the

ultimate goal in ARF/RHD research and health service delivery. If successful, primary
prevention obviates the need for diagnosis and management. However, as discussed later in
this thesis, successful primary prevention of ARF/RHD remains elusive and hence
secondary and tertiary prevention strategies are required. Secondary and tertiary prevention
are inherent in both diagnosis and management of ARF/RHD. Accurate diagnosis and high
quality management of ARF/RHD are pivotal in preventing progression of established

disease, reducing symptoms and disability, and preventing premature death.

The section of this thesis devotedPieeventioncomprises three review articles. The first
explores potential mechanisms of primordial and primary prevention of ARF/RHD and

' Used with permission of Graeme Maguire
" Image in public domain provided by Dr. Edwin P. Ewing, Jr. Accessed at
http://phil.cdc.gov/PHIL_Images/02051999/00015/20G0015_lores.jpg on 5/2/14
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discusses the benefits and challenges of implementing primary prevention strategies. The
second paper examines the evidence surrounding secondary prevention programmes, the
mainstay of ARF/RHD management practices, to prevent the development or worsening of
RHD in people who have already had ARF. The third paper comprises a more specific
review of the potential complications of RHD for pregnant women and describes the

measures that are required to minimize the risks to mothers and their babies.

The section of this thesis focusedDiagnosiscommences with a review paper that
examines the feasibility of screening programmes for the early detection of subclinical
RHD. Early detection enables timely implementation of secondary prevention treatment
which can prevent worsening of disease thereby avoiding complications, morbidity and
premature death. Two further papers are then presented that describe a research project that
sought to determine whether minor but non-diagnostic changes to heart valve morphology
and function in children living in regions with high ARF/RHD risk place these children at
greater risk of a recurrence of ARF or progression of valvular damage to RHD. The
importance of this study is that it provided clarity regarding the criteria used for
echocardiographic diagnosis of RHD (i.e. whether subtle changes on echocardiography
represent the earliest changes of RHD or mere variations of normal heart anatomy) and
added to the debate regarding the feasibility and utility of screening programmes for such

minor heart valve abnormalities.

The section of this thesis dedicatedManagementomprises two research papers. The

first compares and contrasts the management and epidemiology of ARF and RHD in two
different regions of tropical northern Australia with a view to determining whether different
jurisdictional approaches to management affect patient outcomes. The second paper
examines the link between RHD and infective endocarditis in Australia with the aim of
determining whether antibiotic prophylaxis is warranted for persons with RHD undergoing

invasive procedures.

Background

The following background section provides a broad introduction to the problems of ARF

and RHD. It aims to be accessible to a wide audience and is thus written for the reader who



may not have a detailed understanding of heart anatomy, ARF or RHD. It commences with
adescription of the conditions followed by a discussion of their causes, pathophysiology
and epidemiology. Issues surrounding the diagnosis of ARF and RHD are also examined
followed by a brief discussion of the prevention and management of these conditions.
Having provided this background, a number of problems relating to the prevention,
diagnosis and management of ARF and RHD will be described which provide a framework

for the literature review and research components of this thesis.

Acute Rheumatic Fever and Rheumatic Heart Disease

ARF is an auto-immune condition resulting from piidection with the bacterium Group-

A streptococcus (GAS) @treptococcus pyogenes. GAS is commonly found in the throat
and on the skiA.Typically, ARF occurs a few weeks after a GAS throat infection
(pharyngitis) although it has been suggested that skin infection with GAS may also cause
ARF 2 *The association between ARF and preceding symptomatic pharyngitis is not
invariable as some studies indicate that only a third of ARF cases report an earlier sore
throat> °

Signs and symptoms of ARF result from localised and generalised auto-immune reactions
and may include high fevers, painful swollen joints, skin rash, and inflammation of the

heart (carditis) and brain (Sydenham’s chorea - involuntary movements of the face, feet and
hands). Patients often require hospitalisation during the acute phase of disease and whilst
the course of ARF can be complicated it is typically self-limifidRF is more common in
children (5-14 years) although it may be diagnosed in susceptible 4teltgle who have

had one episode of ARF are at higher risk of developing a further episode (recurrent ARF)

compared to people without such a history.

Most effects of ARF are transitory in nature. However, carditis associated with ARF may
lead to permanent damage of the heart valves. This condition is known as RHD and
typically is associated with scarring and thickening of the mitral and/or aortic valves (see
Figure 3). Whilst the incidence of ARF is highest in children and adolescents, RHD is most
prevalent in people aged in their twenties and thitiERHD results in significant and

preventable morbidity and avoidable health care utilisation. Patients may experience



reduced quality of life and disability with RHD having the potential to cause premature

death in seemingly healthy children and adults.

While a single episode of ARF can result in permanent damage to the heart valves, it is
more common that RHD develops after recurrent episodes of ARWoreover, recurrent
episodes of ARF in an individual who already has RHD are likely to cause further injury to

already damaged heart valves thereby increasing severity of dis€ase.

Damage to the heart valves associated with RHD typically results in detrimental changes in
valve function. These changes include leaking (regurgitation) or blockage (stenosis) of
blood as it moves between the chambers of the heart or into the aorta. Some of the more

common signs of valvular dysfunction associated with RHD are outlined below:

Arch of aorta

Superior vena cava - 3 Fu|njanary trunk

’ _Leﬂ pulmonary

Ascending aana.________. ~artery

Interatrial

! ~— seplum

~ Left pulmonary
/ veins

A TMitral valve

Pulmonary valve.__

Conus arteriosis .

Aortic valve—____
Tricuspid valve __ _I 4

__Chordae

Papillary muscle ___ L)
) tendineae

Inferior vena cava___
[__Interventricular
septum

—Trabeculae camae

Sectional Anatomy of the Heart

Figure 3. Sectional anatomy of the human heart - note particularly the mitral valve

and aortic valve which are typically those affected by RHD.

Mitral Regurgitation (MR) is the most common functional valve lesion associated

with RHD (see Figure 4). It occurs when the damaged mitral valve does not seal effectively
during heart contraction (systole). This results in blood leaking back through the mitral
valve from the left ventricle to the left atrium rather than being pumped across the aortic

valve into the aorta. This means that the left ventricle does not eject its entire stroke volume

" Image in public domain. By Blausen Medical Communications, Inc.
http://commons.wikimedia.org/wiki/File%3ABlausen 04%¥eart SectionalAnatomy.png
Donated via OTRS, CC-BY-3.0 (http://creativecommons.org/licenses/by/3.0), via Wikimedia Commons.
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(SV) into the aorta with the regurgitant (wasted) SV passing back to the left atrium rather

than into the arterial system.

Figure 4. Mitral regurgitation. The mitral valve s do not completely seal during

systole allowing backflow of blood from the ventricle (1) into the atriunt (2).

MR causes an haemodynamic overload on the heart as the left ventricle and atrium are
required to deal with an increased volume of blood to achieve the same cardiac output.
This volume overload can eventually lead to left ventricular compensatory adaptations and
adjustments including dilation (enlargement) and a decline in systolic contractile furiction.
Carabello describes the pathophysiologic characteristics of MR as being progressive in

nature and outlines three stages of MR which are discussed Betdw.

In acute MR there is a sudden decrease in forward SV with a substantial part of the left
ventricular SV being regurgitated into the left atrium. Left atrial hypertension results as this
regurgitant volume is summed with the volume returning from the pulmonary veins leading
to volume overload. Volume overload also occurs in the left ventricle resulting in stretching
of sarcomeres in the left ventricular wall (increased preload) and increased left atrial
pressure. This increase in sarcomere stretch allows for a modest increase in end-diastolic
volume as well as enabling the ventricle to generate more work and eject a higher SV.
Acute MR also results in a reduction of left ventricular afterload (end-systolic stress) as the

" Image in public domain.
http://upload.wikimedia.org/wikipedia/commons/5/54/MitrRegurgitation_scheme.png
Via Wikimedia Commons.




creation of a new pathway of ejection (through the unsealed mitral valve) reduces
impedance to the emptying of the left ventricle thereby decreasing end-systolic volume. It
should be noted that while these two effects on load act to increase the total SV, the
forward SV is still reduced owing to the regurgitant fraction.

The second stage in the progression of MR is termed “chronic compensatéd MR”.

During this stage left ventricular dilation and eccentric hypertrophy develop. Together these
result in a large increase in end-diastolic volume. Afterload (wall stress) returns to normal
owing to the increased radius of the ventricle, preload remains elevated, and contractile
function remains unchanged. This results in the ejection of a very large total SV which
compensates for the regurgitant volume so that forward SV increases to near normal. In this
stage the left atrium also enlarges thereby accommodating the regurgitant volume and

reducing atrial pressure.

Carabello notes that a patient with chronic compensated MR may be asymptomatic and
remain in this phase for long periods of tifiélowever, in cases of severe volume

overload left ventricular contractile function decreases and the patient enters the third phase
of “chronic decompensated MR”. The reduced contractile function decreases ejection
performance, total SV, and forward SV, while end-systolic volume increases. Additional

left ventricular dilation may occur leading to increased afterload. During this phase
congestive heart failure is likely to develop. Nonetheless, enhanced preload can maintain

ejection fraction in the normal range even during this phase.

Mitral Stenosis (MS)occurs when the opening or orifice of the mitral valve narrows

due to hardening/fibrosis and partial fusion of the two mitral valve leaflets (see Figure 5).

In consequence, the valve does not fully open when the heart relaxes (diastole) resulting in
a decrease in the volume of blood that flows from the left atrium to the left ventricle. This
obstruction to left ventricular filling results in an increased pressure gradient across the
valve — increased blood pressure in the left atrium is required to ensure adequate left
ventricular filling. Over time an elevated pressure gradient can lead to enlargement or
dilation of the left atrium, increased pressure in the blood vessels of the lung (pulmonary

hypertension), and increased strain on, and potential failure of, the right ventricle.



Imtead of opening Fecly in par aile

the mitral vaive leafiets are restricted an
create & amed” configuration
aring dastole

A normal mitral vaive, showing Fee movemg
of the mitral vaive leafets

Figure 5. Mitral stenosis showing restricted opgrohthe mitral valve. (LA = left

atrium, LV = left ventricle, Ao = Aorta).

Aortic Regurgitation (AR) occurs when the damaged aortic valve does not fully close
during diastole. This results in a backflow of blood from the aorta into the left ventricle (i.e.
some of the blood ejected from the left ventricle during systole returns or regurgitates back
from the aorta to the ventricle during diastole (see Figure 6)). Like MR, AR places a

volume load on the left ventricle can lead to left ventricular dilation.

While both aortic and mitral regurgitation create a volume overload on the left ventricle,
Carabello points out that the loading conditions they precipitate are very difféhent.

aortic regurgitation both the regurgitant volume and forward SV are ejected into the aorta in
systole creating a wide pulse pressure and systolic hypertension. This systolic hypertension
results in increased afterload. This may counteract the increased preload that results from
regurgitation back into the ventricle during diastole.

Y Image in public domain.

http://upload.wikimedia.org/wikipedia/commons/5/584tte mitral _stenosis_Ipla_view.svg
By Patrick J. Lynch, medical illustrator.

CC-BY-2.5 (http://creativecommons.org/licenses/by/2.5), via Wikimedia Commons.
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Aortic Regurgitation

Figure 6. Aortic regurgitation. During diastole btbflows from the left atrium into
the left ventricle but because the aortic valve is damaged blood also regurgitates from the

aorta back into the left ventricle.

Aortic Stenosis (AS)results from narrowing of the aortic valve and thus increased
resistance to blood flow. This requires the left ventricle to generate a greater pressure to
eject the same volume of blood during systole. As described previously, to compensate for

this the left ventricle may become thickened or enlarged and eventually fail.

Of the functional abnormalities discussed above, mitral regurgitation is the most common
valvular lesion in RHD* *In an Australian context, one study showed that 40% of
Aboriginal patients with RHD in the Northern Territory had pure mitral regurgitation and
that this proportion increased to 90% in children aged less than terf3/€haesfrequency

of mitral stenosis in RHD patients seems to differ in different populafiomsleveloped
countries mitral stenosis is thought to take decades to manifest after episodes of ARF while
studies from developing countries report more rapid development of mitral st€nosis.

Aortic regurgitation and stenosis are less common valvular lesions irf RHh Indian

study, isolated aortic regurgitation was reported in 4.5% of children and 2.8% of adults

with RHD** Isolated aortic stenosis is very uncommon in RH@any individuals with

¥ Image in public domain. BruceBlaus. Blausen.com staff. "Blausen gallery 2014". Wikiversity Journal of
Medicine. DOI:10.15347/wjm/2014.010. ISSN 20018762. - Own work
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RHD will exhibit combined and multiple valve lesions. For example, evidence from the
Top End of the Northern Territory shows that 47% of RHD patients had damage to two or
more valves with the mitral and aortic valves being the most commonly inv8lved.
Furthermore, it is frequently observed that a single valve exhibits mixed lesions (stenosis

and regurgitation3. *°

RHD patients with more severe damage to their heart valves may experience a number of
complications. These are associated with enlarged heart chambers (atria or ventricles),
inability of the heart to pump a sufficient volume of blood to meet the needs of the body
(heart failure) and increased pressure in the blood vessels in the lung (pulmonary
hypertension). Symptoms can include tiredness and shortness of breath. All patients with
RHD are at an increased risk of infection of the heart (endocarditis) and stroke as damaged
valves and dilated heart chambers become a nidus for infection or blood clots. To avoid
these complications, heart surgery and other interventions may be required. Damaged
valves may be replaced with human/animal derived (bioprosthetic) or mechanical valves;
the latter requires lifelong anticoagulation therapy (warfarin) to reduce the risk of valve
clotting/thrombosis. In some cases it may be possible to repair a mitral valve at surgery
without the need for replacement and suitable stenosed mitral valves may be opened at
operation or by passing a balloon across the valve via a blood vessel (percutaneous balloon

mitral valvuloplasty).

Pathophysiology

A detailed understanding of the exact pathway leaftom GAS infection to ARF and

RHD remains to be elucidated. However, it is clear that ARF and RHD result from an
inappropriate immune response against specific parts or epitopes of the GAS bacterium in
individuals susceptible to the disedse.

It has been postulated that only some strains of the GAS bacterium are “rheumatogenic”
(i.e. able to cause ARF in a susceptible pedfléjThe major virulence factor of GAS
bacteria is the M protein which is attached to the surface of th& &lier 130 types of

GAS M protein have been identifigdand strains lacking M protein are essentially

nonpathogenic. While the relative “rheumatogenicity” of different strains of GAS has been
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ascribed to certain M serotypes, there are believed to be other GAS cell surface factors
important in the pathophysiology of ARF and debate continues around the concept of

rheumatogenicity.

Host susceptibility is also a factor in the development of ARF/RHD. Only 3-5% of people
in any given population have an inherent susceptibility to ARF/RHD with a number of
genetic markers being suggested as associated with the development of di$éase.
Despite this, there remains no single genetic marker which accurately identifies those
individuals who are at risk of ARF/RHD.

As to the mechanism for development of ARF/RHD, there is evidence available to suggest
that molecular mimicry, the sharing of epitopes between GAS and susceptible people, is
pivotal.” ® Of particular interest in this context is the similarity between the M protein on
the cell surface of GAS and a specific heart protein, cardiac my85ift: 2°0Owing to this
similarity it is postulated that ARF occurs when the human immune response against the
GAS M protein “cross reacts” against cardiac myosin resulting in the heart tissue and
valves being attacked by the patient’s own immune system through the mediation of

antibodies and T-celfé,

A second school of thought challenges the view that molecular mimicry is the sole driver
behind rheumatic carditis and the development of RHThere is evidence to show that
rheumatic carditis is associated not only with elevated levels of anti-cardiac-myosin but
also anti-collageR® Cunningham argues that both molecular mimicry of cardiac myosin

and collagen-mediated autoimmunity may be involved in rheumatic carditis and the
development of RHB® Thus Cunningham proposes that initially mimicry of streptococcal
and host antigens allows antibodies to attack the endothelial surface of the valve allowing T
cells to infiltrate. In addition, oedema associated with this attack and stretching of the
chordae tendinae (fibres attaching the valves to the papillary muscles of the heart) lead to
the first stage of rheumatic carditis. Following this initial damage to the valve, antibodies
against collagen, which had been released from the damaged valve or bound to the GAS
bacterium, deposit on the valve and cause inflammation. This results in valve scarring and
neovascularization of the valve which intensifies with each subsequent streptococcal

infection. While pointing to the importance of cardiac myosin and collagen in the
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development of rheumatic carditis and RHD, Cunningham also notes that the mechanisms
of valve damage are not fully elucidated and that multiple autoantigens are likely to be
involved in ARF/RHD.

Environmental and socioeconomic factors also play an important role in the pathogenesis
of ARF and RHD. The distribution of ARF and RHD appears to be associated with
communities characterized by lower socio-economic conditions, poor living conditions,
overcrowding and poor access to health éhhe particular, studies from the 1940s

onwards in the United States of America, United Kingdom and New Zealand have shown
that ARF is associated with household income and overcrowdifig. is likely that
overcrowded living conditions result in more frequent interpersonal contacts that can
contribute to a more rapid spread of virulent GAS strdifirther, there is evidence that
dramatic falls in rates of ARF/RHD have occurred in populations undergoing
improvements in socioeconomic and environmental condifib#islhis has been seen in
Australia, New Zealand and other high income countries over the last 50-156y&ars.

This pattern of reduced burden of ARF/RHD as socioeconomic and environmental
conditions improve indicates that while individual immunological pre-disposition to
ARF/RHD is important in the development of ARF/RHD, providing a healthy environment

can ensure that these diseases remain rare even in susceptible individuals.

Epidemiology— the Australian context

It has been estimated that worldwide there are alB@3000 cases of ARF each year and
that 60% of these cases will develop Rf{The prevalence of RHD has been estimated to
be at least 15-6 million cases, with 282,000 new cases and 233,000 related deaths each

year?®

While there has been a decrease in the incidence and prevalence of ARF and RHD in
industrialized countries during the past 50-150 years, these diseases remain major public
health concerns in developing countri&$° Children and young adults are particularly at
risk in these regions with the result that RHD is the most common form of childhood heart
disease in the world and the most common cause of death from heart disease in children

and young adults.**
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Despite ARF and RHD now being relatively rare in developed countries, there are some
population groups in such countries that remain at risk. This is the case within Australia
where the acquisition of ARF and RHD is almost exclusively restricted to Aboriginal and
Torres Strait Islander populations, particularly those living in rural and remote central and
northern Australid.In these populations, the burden of ARF and RHD is among the highest
documented in the worltf. The annual incidence of ARF in Aboriginal people in the
Northern Territory has been reported as 250-350 per 100 000 per year in the 4-15 age
group, and the prevalence of RHD 1.3-1.7 % (all agésgimilar levels of disease have
been reported from northern Queensland and the Kimberley in the far north of Western
Australia®® **By contrast, ARF in now rare in other Australian populations groups and the
relatively small number of RHD cases seen in these groups occur mostly among the

elderly?
Diagnosis

ARF

Because of the rarity of ARF in mainstream Australia, and most of the developed world, it
Is common that many health practitioners have never seen a case during their working lives.
This highlights the importance of education of health staff newly arrived in regional and
remote Australia where ARF remains a concern. Misdiagnosis of ARF has serious
implications; patients diagnosed with ARF are required to undertake a minimum of ten
years of treatment (including secondary antibiotic prophylaxis in the form of monthly
penicillin injections), primary health and specialist review, and investigations including,
where necessary, echocardiography (heart ultrasound). Such protracted treatment and
follow-up is inconvenient and costly and highlights the importance of not over-diagnosing
ARF. In contrast, if an episode of ARF is missed then the patient may be placed at
increased risk of recurrent attacks of ARF, development of RHD and disability or even

death resulting from heart failure.

The diagnosis of ARF is difficult as there is no single diagnostic laboratory test to confirm
its presence. A diagnosis is therefore based on clinical signs and symptoms as well as

results of a number of investigations including electrocardiogram (ECG),
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echocardiography, throat swab and blood tests assessing inflammation and exposure to
GAS. The first major systematic approach to diagnosing ARF can be traced back to 1944
when the Jones criteria for the diagnosis of ARF were introdiicEtkse criteria

developed by Thomas Duckett Jones divided clinical features of ARF into major and minor
manifestations depending on how strongly they were associated with ARF. These criteria
have been updated periodically and modified for an Australian context. They form the basis

of the Australian guideline for the diagnosis of ARF outlined in TaBle 1.

In response feedback from health providers, the candidate co-developed a flowchart based
on the Australian criteria for the diagnosis of ARF. The aim of this flowchart was to

provide a visual summary of the ARF diagnosis process so as to assist clinicians in making
a determination about a diagnosis of ARF when assessing Aboriginal and Torres Strait
Islander people in high-risk settings. This flowchart has been endorsed and branded by
RHD Australia and is presented in

Figure 7.

The lack of a gold standard diagnostic test for ARF has led to a number of differences in
the diagnostic criteria used in Australia compared to other settings. Notably, the Australian
guideline for the diagnosis of ARF is presumptively more sensitive than others that have
been developed by the American Heart Association (AHA) in the United States of
Americd® and by World Health Organisation (WH&)The driving force behind these
changes were two studies from the Northern Territory that demonstrated that using the
Jones criteria to diagnose ARF would result in a significant under-diagnosis of ARF in this
high-incidence setting’ “®The major difference in the Australian criteria are that

subclincal carditis (evidenced by echocardiography in the absence of murmur detected by
auscultation) is included as a major manifestation while not included in AHA or WHO
guidelines. Furthermore, monoarthritis and polyarthralgia are included in the Australian
guideline as major manifestations of ARF because in high-risk Aboriginal and Torres Strait
Islander populations they are commonly associated with ARF and catditise

retrospective study, monoarthritis was reported as occurring in 17% of confirmed cases of
ARF without chored® In contrast, to improve specificity, neither the AHA nor the WHO
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guidelines recognise monoarthritis and both only include polyarthritis as a minor

manifestation.

The Australian guideline also includes a category of “probable ARF” to reflect recent
Australian evidence from the Northern Territory that 31% of patients with suspected ARF
did not fulfill the Jones Criteri&. This category was also incorporated in part as a response
to the realities of providing health care in rural and remote Australian communities — in
such contexts patients often delay their presentation and it is not always possible to

undertake all recommended investigations that can assist in making a diagnosis®of ARF.

There are a number of other difficulties in the diagnosis of ARF that warrant consideration,
Primarily, many of the clinical manifestations of ARF are non-specific and hence clinicians
must be aware of potential differential diagnoses. Furthermore, whilst evidence of GAS
infection via streptococcal antibody titres is crucial in the absence of a positive GAS
culture, there is some debate surrounding what constitutes the upper limit of normal (ULN)
in plasma ASO and the anti-DNase B titf&3' The ULNs of these tests also vary with age
and so it is preferable when considering a diagnosis of ARF to run sequential streptococcal
antibody titres to determine whether there is a rise in titre over time rather than take a one

off sample. However, this is not always practical.
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High-Risk Groups

All Other Groups

Definite initial episode of
ARF

2 majoror 1 major and 2 minor manifestations

plus

evidence of a preceding GAS infection

Definite recurrent episod
of ARF in a patient with
known past ARF or RHD

82 majoror 1 major and 2 minoor 3 minor manifestations

plus

evidence of a preceding GAS infection

Probable ARF (first
episode or recurrence)

A clinical presentation that falls short by either 1 major or 1 minor

manifestation, or the absence of streptococcal serology results, bu

in which ARF is considered the most likely diagnosis. Such cases
should be further categorised according to the level of confidence
which the diagnosis is made:

Highly-suspected ARF
Uncertain ARF

t one

with

1. Carditis {ncludingsubclinical 1. Carditis gxcluding
evidence of rheumatic valvulitig subclinical evidence of
on echocardiogram) rheumatic valvulitis on

2. Polyarthritis or aseptic echocardiogram)

Major manifestations monoarthritis or polyarthralgia | 2. Polyarthritis

3. Chored 3. Chored

4. Erythema marginatufn 4. Erythema marginatufn

5. Subcutaneous nodules 5. Subcutaneous nodules

1. Monoarthralgia 1. Fevef

2 Fevel 2. Polyarthralgia or aseptic

monoarthritis
. . . 3. ESR =30mm/h or CRP30mg/L
Minor manifestations 3. ESR 330mm/hr or
4. Prolonged P-R interval on CRP>30mg/L
5 ECC® 4. Prolonged P-R interval on

ECG’

Table 1.

Australian criteria for the diagnosis Gt/
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CRP, C-reactive protein;

ECG, electrocardiogram;

ESR, erythrocyte sedimentation rate;

*High-risk groups are those living in communities with high rates of ARF (incidence >30
per 100,000 per year in 5-14 year-olds) or RHD (all-age prevalence >2 per 1,000).
Aboriginal people and Torres Strait Islanders living in rural or remote settings are known to
be at high risk. Data are not available for other populations, but Aboriginal people and
Torres Strait Islanders living in urban settings, Maori and Pacific Islanders, and potentially
immigrants from developing countries may also be at high risk.

tElevated or rising anti-streptolysin O or other streptococcal antibody, or a positive throat
culture or rapid antigen test for GAS.

TA definite history of arthritis is sufficient to satisfy this manifestation. Other causes of
arthritis/arthralgia should be carefully excluded, particularly in the case of mono-arthritis
(e.g. septic arthritis, including disseminated gonococcal infection), infective or reactive
arthritis (e.g. Ross River virus, Barmah Forest virus, influenza, rubella, Mycoplasma,
cytomegalovirus, Epstein—Barr virus, parvovirus, hepatitis and Yersinia), and auto-immune
arthropathy (e.g. juvenile chronic arthritis, inflammatory bowel disease, systemic lupus
erythematosus, systemic vasculitis, sarcoidosis). Note that if polyarthritis is present as a
major manifestation, polyarthralgia or aseptic mono-arthritis cannot be considered an
additional minor manifestation in the same person.

¥Chorea does not require other manifestations or evidence of preceding GAS infection,
provided other causes of chorea are excluded.

8Care should be taken not to label other rashes, particularly non-specific viral exanthemas,
as erythema marginatum.

HOral, tympanic or rectal temperatw®8°C on admission, or a reliably reported fever
documented during the current iliness.

OIf carditis is present as a major manifestation,acdgmged P-R interval cannot be

considered an additional minor manifestation.
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ARF Diagnosis Flowchart (based on the 2012 Australian ARFIRHD Guidelines) el f?‘ E JAMES COOX

dr

' ARE OTHER CAUSES OF CHOREA EXCLUDED? Bl HAS THE PATIENT HAD A PREVIOUS DEFINITE DX OF ARF/ RHD?

2 Major or

ajor + 2 Minor
&
[no

- E_m b ) 1 Major + 1 Minor 1 Major + 1 Minor
1 Major + 2 - :
- g or 3 Minor or 3 Minor
E 1
v 1 Major p 1 Major or_
2 Minor 1 Minor
| :

[ o] i

[wo]

AS INFECTION IS THERE EVIDENCE OF GAS INFECTION
esting)? (including on repeat testing)?

Posmve s

o]

* Differentiating HIGHLY SUSPECTED from
UNCERTAIN ARF in a patient with PROBABLE
ARF resquires an apprecation of the
underlying nisk of disease in a gven indandual.
Factors to consider include: family history of
ARFRHD, residence in a remote community,
aged between § & 14 yrs and recent local
diagnosis of definite ARF.

Dx must state:

“Highly suspected ARF™
or “Uncertain ARF™
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RHD

Traditionally RHD has been diagnosed on the detection of a heart murmur through
auscultation in the setting of a previous episode of ARF. However, a number of studies
have shown that screening for RHD by auscultation lacks both sensitivity and spe¥ificity.
>3 The evolution of more affordable and portable echocardiography as a medical imaging
technique has resulted in this technology becoming the key component in making a
diagnosis of RHG:

Echocardiography is safe and non-invasive (see Figure 8). With appropriately trained staff
it is both sensitive and specific in regard to identifying valve lesions and functional heart
valve abnormalities (regurgitation and stenosis) associated with establishetf BtiBies
indicate that echocardiography results in up to ten times greater case detection than clinical
examination aloré **although these studies have been limited by the earlier lack of
validated criteria for the echocardiographic diagnosis of RHD. In addition,
echocardiography can assist in differentiating RHD from non-rheumatic causes of valvular
dysfunction (e.g. mitral valve prolapse, bicuspid aortic val¥@his leads to increased
specificity in the diagnosis of RHD so that fewer patients are mislabeled as having RHD
and subjected to unnecessary and prolonged medical management. However, expertise in
interpreting echocardiographic images is crucial particularly so as to avoid the over-

interpretation of trivial or physiological valvular regurgitatfon.

Figure 8. Echocardiography (heart ultrasound) is tigechage the morphology and

function of the heart valves and is a crucial tool in the diagnosis of fRHD.

Y Photo used with permission of Graeme Maguire.
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Echocardiography is also useful in the management of established RHD where it is utilized
to assess the severity of RHD and to determine the size of the left ventricle and systolic
function? Over time, serial echocardiograms can indicate whether the damage to heart
valves is progressive and whether heart surgery or other interventions are warranted in the

management of RHD.

While echocardiography is a critical component in the diagnosis of RHD, until recently
there have been no broadly accepted evidence-based criteria for diagnosing RHD. To
address this issue, in 2012 the World Heart Federation (WHF) developed criteria for
echocardiographic diagnosis of RHBPThese guidelines were designed to enable diagnosis
of RHD in patients without a history of ARF. Indeed, the authors state that in individuals
“with a history of definite ARFany structural and functional abnormality of the valves

must be considered to represent RHD until proven otherwis®fe further aim of these
criteria was to address the concern that echocardiography might be overly sensitive leading
to some children with normal variation in valvular structure and function being diagnosed
with RHD. Hence a category of “borderline” RHD was introduced to cater for patients
with minor echocardiographic lesions that do not meet criteria for definite RHD. The

echocardiographic criteria for the diagnosis of RHD are outlined in Box 2.
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Echocardiographic criteria for RHD in individuals aged <20 years

Definite RHD (either A, B, C, or D):

A) Pathological MR and at least two morphological features of RHD of the MV

B) MS mean gradiert4 mmHg

C) Pathological AR and at least two morphological features of RHD of the AV

D) Borderline disease of both the AV and MV

Borderline RHD (either A, B, or C):

A) At least two morphological features of RHD of the MV without pathological MR or MS

B) Pathological MR

C) Pathological AR

Normal echocardiographic findings (all of A, B, C, and D):

A) MR that does not meet all four Doppler echocardiographic criteria (physiological MR)

B) AR that does not meet all four Doppler echocardiographic criteria (physiological AR)

C) An isolated morphological feature of RHD of the MV (for example, valvular thickening) without any
associated pathological stenosis or regurgitation

D) Morphological feature of RHD of the AV (for example, valvular thickening) without any associated
pathological stenosis or regurgitation

Echocardiographic criteria for RHD in individuals aged >20 years

Definite RHD (either A, B, C, or D):

A) Pathological MR and at least two morphological features of RHD of the MV
B) MS mean gradiert4 mmHg

C) Pathological AR and at least two morphological features of RHD of the AV, only in individuals aged <3% years
D) Pathological AR and at least two morphological features of RHD of the MV

Echocardiographic criteria for pathological regurgitation
Pathological mitral regurgitation

= Seen in two views

= In at least one view, jet lengt®? cm

= Velocity >3 m/s for one complete envelope
= Pan-systolic jet in at least one envelope
Pathological aortic regurgitation

= Seenin two views

*= |n at least one view, jet lengti cm

» Velocity>3 m/s in early diastole

= Pan-diastolic jet in at least one envelope

Morphological features of RHD

Features in the MV

= AMVL thickening>3 mm (age-specific)
=  Chordal thickening

» Restricted leaflet motion

= Excessive leaflet tip motion during systole
Features in the AV

= Irregular or focal thickening

= Coaptation defect

» Restricted leaflet motion

= Prolapse

Box 2. 2012 WHEF criteria for the echocardiographegtosis of RHD. AR, aortic
regurgitation; AV, aortic valve; MR, mitral regurgitation; MS, mitral

stenosis; MV, mitral valve.
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Prevention

Prevention of ARF and RHD remains both the ‘holy Btai eradicate these conditions and

the cornerstone of current management. To understand this statement first requires an
appreciation of the different approaches to prevention. The prevention of any disease can be
undertaken at a number of different levels. Primordial and primary prevention aim to stop a
disease occurring in the first place, while secondary and tertiary prevention aim to limit the
progression and reduce the consequences of established disease. The means by which these
different levels of prevention are undertaken in relation to ARF/RHD are outlined below in

Box 3.

PREVENTION IN THE CONTEXT OF ARF/RHD

Primordial prevention — broad social, economic and environmental initiatives to prevent

or limit the impact of GAS infection in a population.

Primary prevention — initiatives undertaken to prevent the development of ARF in

individuals.

Secondary prevention— early detection of disease and interventions in individuals with
ARF or RHD to prevent progression of disease.

Tertiary prevention — intervention in individuals with RHD to reduce symptoms and

disability and prevent premature death.

Box 3. Prevention in the context of ARF/RHD.

The majority of the research, knowledge and health initiatives associated with ARF/RHD
prevention relate to secondary prevention focusing on limiting the more serious
consequences of ARF/RHD through early diagnosis and treatment, and tertiary prevention
targeted at reducing the impact and complications of established dis¢asetheless,

initiatives to effect the primordial and primary prevention of ARF/RHD are key to the
eradication of these diseases. Such initiatives include addressing environmental and social
disadvantage associated with GAS infection and ARfeveloping a GAS vaccinéand

early treatment of GAS infection (pharyngitis) to lessen the post-infectious immune

response that may lead to the development of ARE.
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Management

The development, and refinement, of national Austre§uidelines for ARF and RHD
diagnosis and managemefit have facilitated the standardisation of ARF/RHD care across
Australian state health departments. These national guidelines have been utilized to inform
local management protocds®

Management of an acute episode of ARF generally entails hospitalisation or outpatient
treatment, medication for the relief of acute symptoms, and baseline investigations so that
the diagnosis of ARF can be confirnfeBchocardiography to assess for acute carditis or

the pre-existence of RHD, review by a paediatrician or physician, and education are also
recommended. During hospitalisation, treatment can be commenced including secondary

antibiotic prophylaxis.

Management of RHD is aimed at preventing further attacks of ARF which can worsen the
severity of RHD, preventing and managing complications such as infection of heart valves
(endocarditis), stroke and heart failure, and assessing the need for, and timing of, surgery or
other interventions for valve dised8d=ollow-up includes regular echocardiography and
cardiologist/physician/paediatrician review, dental check-ups, and treatment and secondary

prophylaxis to prevent further episodes of ARF.

Management of ARF and RHD is complex and requires a multidisciplinary approach.

Within an Australian context where ARF/RHD is most often seen in Aboriginal Australian
and Torres Strait Islander people residing in regional and remote centres, the delivery of
required health services is shared between visiting and local specialists, primary health care
providers and tertiary referral centres. In order to better coordinate ARF/RHD care in
Australia, register-based control programmes have been implemented in Northern

Territory, Queensland and the Kimberley region of Western Australia. Such coordinated
programmes are believed to be effective in improving uptake of secondary prophylaxis,
increasing clinical follow-up (including specialist review and echocardiography) and
coordinating care for those with ARF/RHD.

24



Scope of this Thesis

The overall aim of this project is to inform the prevention, diagnosis and management of
ARF and RHD in Aboriginal Australian and Torres Strait Islander populations. Prevention
is the key theme throughout this thesis. Thus, while prevention in terms of eradicating
ARF/RHD remains the ultimate goal in ARF/RHD research, prevention also remains a
cornerstone of current diagnosis and management practices - early diagnosis of ARF/RHD
and appropriate, timely management aim to halt disease progression and prevent

complications associated with ARF/RHD.

The key issues explored within each these facets of ARF/RHD care are introduced below

together with a brief review of how these issues are tackled within this project.

Section 1— Informing the Prevention of ARF/RHD

The first section of this thesis focuses on the preere of ARF/RHD. This section consists
of three review articles that examine primary prevention, secondary prevention and

prevention during pregnancy.

Primary Prevention

At its broadest definition, the prevention of disease refers not only to stopping a disease
occurring but also to measures which aim to limit progression and reduce the consequences
of disease once it is established. Currently, the major emphasis in ARF/RHD prevention, as
evidenced by current management practidesecondary and tertiary prevention through
secondary prophylaxis regimes, regular medical review and, where needed, surgical
intervention . Such interventions aim to prevent the development, or progression, of RHD
and to reduce symptoms and disability and prevent premature death. Nonetheless, ARF and
RHD are entirely preventable diseases and the ultimate aim in ARF/RHD care must remain
the eradication of these diseases. The question should not be whether this is possible but

rather how this can be achieved.

The first review article in this thesis focuses on the evidence supporting initiatives which
aim to stop ARF occurring and hence prevent the subsequent development of RHD. The
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major concept that underlies these initiatives is primary prevention. The purpose of primary

prevention is to limit the incidence of disease by controlling causes and risk factors.

This review of primary prevention of ARF/RHD was published as a chapter in the
Australian guideline for prevention, diagnosis and management of acute rheumatic fever

and rheumatic heart disease (2nd editfon).

Secondary Prevention

Owing to the difficulties in implementing effective primary prevention strategies, current
ARF/RHD management focuses on secondary prevention in the form of three to four-
weekly long-acting intramuscular benzathine penicillin injectfoffs®’ Secondary

prevention aims to protect individuals who have previously had ARF, or already have

RHD, against GAS infection and recurrent ARF so as to prevent the development or
worsening of heart valve lesions. While the effectiveness of secondary prevention has been
demonstrated, implementation is difficult® ®® ARF/RHD patients not receiving adequate

secondary prophylaxis are at risk of avoidable and progressive heart damage.

This review evaluates the evidence pertaining to improving uptake of ARF/RHD secondary
antibiotic prophylaxis within the framewaork of the Chronic Care Model (CCM) developed
by Ed Wagner and colleagu€st has been accepted for publication in the journal

Cardiology in Review.

Prevention during Pregnancy

Women are at higher risk of developing RHD than men despite similar rates df ARF.

While the onset of RHD usually occurs in childhood and adolescence, it can often be first
detected in women of child bearing age and can potentially complicate pregnancy and
labour’* This is because the normal changes associated with pregnancy (increased blood
volume and heart rate, reduced resistance of the arterial circulation, and an associated
increase in cardiac output) tend to worsen pre-existing heart valve problems including those

associated with RHD.

This review examines factors which are important in ensuring a good outcome for both

mother and child where the mother has RHD. It was published in the O&G magazine, the
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official publication of The Royal Australian and New Zealand College of Obstetricians and
Gynaecologists (RANZCOGY

Section 2— Informing the Diagnosis of ARF/RHD

The second section of this thesis explores issuasnglto the diagnosis of RHD. Given

that secondary antibiotic prophylaxis is an effective means of preventing the worsening of
heart valve damage associated with RHD, it is vital that prompt and accurate diagnosis of
RHD be made in order to commence treatment as early as possible. Such early intervention
can reduce morbidity, mortality, and health care utilisation. However, this quest for early
diagnosis and treatment must be balanced against the need to ensure that RHD is not over-
diagnosed, particularly as management practices are long-term, inconvenient to patient and
their families, and resource-intensive. This section of the thesis comprises a review article

and a research project reported in two separate papers.

Screening for Rheumatic Heart Disease in Aboriginal and Torres Strait

| slander Children

Many people with RHD in Australia first present with advanced valve diséasee
mechanism to prevent advanced RHD is to identify those with milder disease and offer
them secondary antibiotic prophylaffsTo this end, there has been increasing research
regarding the utility of echocardiographic screening for the early detection of RHD in
Australia and elsewhere as it may enable identification of those at-risk before symptoms
develop>® % ™ "™Concurrently there has been increased discussion in Australia regarding
whether screening for RHD should become part of routine healtff taréhose at

increased risk including Aboriginal and Torres Strait Island chiltizespite ongoing

research, uncertainty remains regarding the potential benefits and risks of such a strategy.

This review article uses the framework of the Australian criteria for the assessment of
population screening to examine the feasibility of echocardiographic screening fof RHD.

It was published in the Journal of Paediatrics and Child HFalth.
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Rheumatic Fever Follow-Up Study (RhFFUS)

The major research component of this thesis is the rheumatic fever follow-up study
(RhFFUS) which aimed to investigate the significance of minor non-diagnostic heart valve

abnormalities in Aboriginal Australian and Torres Strait Islander children.

The increasing availability of more portable and affordable echocardiography to assess
heart valve morphology and function has resulted in significant debate regarding the
diagnosis of RHD on echocardiography alone. In an attempt to address this issue, in 2012
the World Heart Federation (WHF) released criteria for the diagnosis of RHD based on
both morphological and functional findings on echocardiograpfyie WHF criteria

include a category of “Borderline” RHD, recognizing potential abnormalities on

echocardiography that are of uncertain significance.

The importance of such minor abnormalities was highlighted by an Australian RHD
prevalence and echocardiography validation study. The geCHO (getting Every Child’'s
Heart Okay) Study undertook echocardiographic screening of 3978 high risk (Aboriginal
Australian and/or Torres Strait Islander) and 1267 low risk (non-Indigenous Australian)
children across northern and central Australia. Preliminary results revealed a number of
children with mild potential abnormalities of doubtful significance (personal
communication, Graeme Maguire). If these abnormalities are representative of the earliest
changes of RHD then offering such children regular secondary prophylaxis may prevent

disease progression.

RhFFUS aimed to clarify the significance of minor echocardiographic abnormalities
detected in children and adolescents at high risk of ARF/RHD. More specifically, it aimed
to clarify whether children with minor echocardiographic abnormalities were at increased
risk of ARF or of progression of heart valve changes consistent with RHD. Answering this
question would give clinicians a better understanding of whether such minor
echocardiographic abnormalities merely represent a variation of normal or whether they
may be the earliest signs of RHD. RhFFUS also aimed to inform the ongoing debate
regarding the potential role of screening echocardiography in an Indigenous Australian

setting.

28



This research was published in two separate papers. A “methods paper” was published in

BMC Cardiovascular Disordéefswhile a “results paper” has been submitted to Circulation.

Section 3 — Informing the Management of ARF/RHD

One of the major foci in the management of ARF andRs$1isecondary antibiotic

prophylaxis to prevent further episodes of ARF which can in turn increase the likelihood of
the development of RHD or worsen pre-existent RHlanagement practices also include
regular monitoring of patients for the development of symptoms and signs of heart failure
and echocardiographic review to assess heart valve morphology and function to determine
whether further intervention is required. Secondary and tertiary prevention are implicit in
the management of ARF/RHD and this final section of the thesis describes two research
projects aimed at improving the management of ARF/RHD so as to achieve better

outcomes for patients.

Variability in Disease Burden and Management of ARF/RHD in
Australia

Previous studies of ARF/RHD in the north of Australia have demonstrated suboptimal care:
secondary prophylaxis coverage is inadequate, survival following heart valve surgery is
low, and monitoring of anticoagulation following heart valve replacement is vafidble.

This earlier work, and the demonstrated high burden of disease, has provided a focus for
local initiatives which aim to improve access to, and quality of, care. In order to explore
optimal models of care for people with ARF/RHD living in the north of Australia, a project
was undertaken to assess two differing systems: the first in the Kimberley region of
Western Australia and the second in far north Queensland. The aim of this project was to
assess the locally recognised burden of disease, audit the care received by patients, and

benchmark care against local management guidelines.
Results from this study were published in the Internal Medicine Jotirnal.

Infective Endocarditis and Rheumatic Heart Disease in Australia

One of the complications that can result from RHD is the risk of developing infective

endocarditis (IE) particularly during invasive procedures. In developed countries the
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importance of RHD as a risk factor for IE is warfngut in many developing countries

RHD remains the most frequent predisposing condfti@@urrent Australian guidelins
recommend providing prophylactic antibiotics to people viewed as being at an increased
risk of IE prior to procedures which may cause bacteremia. This includes Indigenous
Australians with RHD undergoing high-risk dental, respiratory, genitourinary and
gastrointestinal procedures. However there has been debate over whether Australian
recommendations should be amended to reflect the American Heart Association’s
guideline&® under which prophylaxis is recommended for patients with RHD only if they
have prosthetic valves or prosthetic material in cardiac valve repairs. Patients with “native
valve” RHD are not included. In addition, the American guidelines do not recommend

providing prophylaxis for procedures involving the gastrointestinal and genitourinary tract.

In order to inform Australian recommendations for antibiotic prophylaxis to prevent IE in
patients with RHD an audit of IE cases was undertaken to ascertain whether altering
Australian recommendations to bring them in line with American Heart Association
recommendations may expose Aboriginal and Torres Strait Islander people with RHD to an

increased risk of IE.

This paper was published in the journal Heart, Lung and Circul®tion.
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Chapter 2 — Informing the Prevention of
Acute Rheumatic Fever and Rheumatic

Heart Disease

2.1 Primordial and Primary prevention of ARF/RHD

Background

In 2012, a review was undertaken of the National Heaundation of Australia and the

Cardiac Society of Australia and New Zealand’s guiddliagnosis and management of

acute rheumatic fever and rheumatic heart disease in Ausffaiabsequent to this

review, the organising committee decided to include a chapter on the primary prevention of
ARF and RHD. In collaboration with Professor Graeme Maguire, the candidate completed
a review of the evidence surrounding primordial and primary prevention of ARF/RHD.

This review was incorporated into the updated 2nd edition dktiséralian guideline for
prevention, diagnosis and management of acute rheumatic fever and rheumatic heart

diseasé€ The guideline can be accessed at:

www.rhdaustralia.org.au/resources/arf-rhd-guideline

The importance of ARF/RHD prevention was highlighted by specialist clinicians, health
service providers, researchers, and other stakeholders during a workshop at the 2011
CSANZ (The Cardiac Society of Australia and New Zealand) Indigenous Cardiovascular
Health Conference held in Alice Springs, Northern Terrif8tgowever, it was discussed

that despite much anecdotal evidence about the potential benefits of successfully
implemented primary prevention programmes, there was no evidence-based review
available to more formally assess such programmes. Against this background, the following
chapter was conceptualised and written.
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Introduction

The prevention of disease may be undertaken at a ewofldifferent levels (see Box 4).
Primordial and primary prevention aim to stop a disease occurring in the first place, while
secondary and tertiary prevention aim to limit the progression and reduce the

consequences of established disease. Most of the research, knowledge and health initiatives
associated with ARF/RHD prevention relate to the latter: secondary prevention focusing on
limiting the more serious consequences of ARF/RHD through early diagnosis and

treatment, and tertiary prevention targeted at reducing the impact and complications of
established disease.

PREVENTION IN THE CONTEXT OF ARF/RHD

Primordial prevention — broad social, economic and environmental initiatives undertaken

to prevent or limit the impact of Group A streptococcus (GAS) infection in a populatign.

Primary prevention — reducing GAS transmission, acquisition, colonisation and carriage

or treating GAS infection effectively to prevent the development of ARF in individuals.

Secondary prevention— administering regular prophylactic antibiotics to individuals who
have already had an episode of ARF to prevent the development of RHD or who have

established RHD in order to prevent progression of disease.

Tertiary prevention — intervention in individuals with RHD to reduce symptoms and

disability and prevent premature death.

Box 4. Prevention in the context of acute rheumatic fever and rheumatic heart

disease.

Because of the challenges and costs involved in implementing effective secondary and
tertiary prevention programmes, the ultimate goal in ARF/RHD prevention must remain the
elimination of disease. Changing disease patterns in many high income populations where
ARF and RHD are now rarely seen attest that the near elimination of ARF and RHD
outside rare and isolated outbreaks is pos&iléie question is therefore not whether
ARF/RHD elimination can be achieved but rather:

32



« What aspects of environment pre-dispose individuals and populations to an
increased risk of ARF and RHD?
* What evidence is there that specific interventions can make a difference?

* Are such interventions an appropriate use of finite health and community resources?

This chapter will review the evidence supporting initiatives which aim to stop ARF
occurring and hence prevent the subsequent development of RHD. The major concept that
underlies such initiatives is primary prevention. The purpose of primary prevention is to
limit the incidence of disease by controlling causes and risk factors. Primary prevention can
either focus on an entire population (e.g. in the case of Australia this may be all Aboriginal
Australians, Torres Strait Islanders, Pacific Islanders and perhaps immigrants from other
regions with high rates of ARF/RHD) or can focus on individuals within that population

who are at elevated risk (e.g. people with Group A streptococcal (GAS) infection).

An extension of the concept of primary prevention termed “primordial prevention” will
also be examined here. This term was first proposed by Strasser who argued that the
prevention of disease should go beyond primary prevention to include activities that
prevent the penetration of risk factors into a populdtion.

In the context of ARF (a non-suppurative complication of GAS infe&inprimordial

and primary prevention would therefore involve:

1. Eliminating the risk factors associated with GAS infection — primordial
prevention
2. Preventing infection, and perhaps colonisation, with GAS and the subsequent

development of ARF primary prevention

This chapter will examine both these concepts and conclude by providing suggested
strategies for how available evidence may be utilised in conceptualising, advocating and

implementing primordial and primary prevention initiatives for ARF/RHD in our region.

Primordial prevention

Primordial prevention aims to stop the developmémisi factors for a disease in a

population. In the case of ARF/RHD, primordial prevention means preventing the

33



acquisition of GAS infection through implementing “actions and measures that target
environmental, economic, social and behavioural conditions, cultural patterns of living...

that are known to increase the risk of [GAS infectiofi].”

Whilst socioeconomic and environmental disadvantage, in association to household
overcrowding and limited access to infrastructure to maintain hygiene, are frequently
posited as the predominant drivers of ARF/RHD, the evidence supporting this supposition
remains limited” **Nonetheless, studies from the 1940s onwards in the USA, United
Kingdom and New Zealand have shown that ARF is associated with household income and
overcrowding>*3Further, there is evidence that dramatic falls in rates of ARF/RHD have
occurred in populations undergoing improvements in socioeconomic and environmental
conditions®*>® This has been seen in Australia, New Zealand and other high income
countries over the last 50-150 yeafs® This reduction in disease burden now means that

in most developed countries, ARF is no longer endemic and is restricted to rare, sporadic
cases and defined outbredkSuch developments make a persuasive case that
demographic, socioeconomic and environmental factors are important drivers of
ARF/RHD.

Exactly what component of increasing affluence (housing quantity and quality, health care
access and quality, education, economic advantage etc.) has played a role in the reduction
of rates of ARF/RHD is unknown. However, Holmes and Rubbo in a review of ARF in
Melbourne between 1938 and 1948 did find that the incidence of rheumatic fever was three
times greater in low than in high rental distrit&urthermore, in a systematic review
identifying potential risk factors for ARF and possible interventions for its prevention,
Kerdemelidiset al. found that overall evidence suggests that the incidence of ARF may be
reduced by measures that alleviate poverty and crow@iflieviating household

overcrowding has biological plausibility given the potential for increased risk of GAS
transmission when living in close living conditions such as has been described in studies of
outbreaks of GAS infection and ARF in the US milit&t{lhe association between

crowding and transmission of GAS is not invariable with Danehial.’s prospective

Australian study reporting no association between risk of GAS-positive sore throat and

socioeconomic disadvantage or household crowtfitpnetheless, this study did
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demonstrate high levels of GAS transmission even in uncrowded households. Kerdemelidis
et al. further argue that health knowledge, health literacy and access to healthcare are
important aspects of primordial prevention for AREogically, as the authors state, “...if
people do not consider sore throats important or have the knowledge that they can lead to
permanent heart damage, they will not seek medical help, creating a barrier in RF
prevention.” The issue of access to healthcare was explored by Gordis in Baltimore (USA)
in the 1960’s when comprehensive primary care programmes were implemented in some
parts of the city” While not a randomised control trial, results did show a 60% reduction in
ARF from 1960 to 1970 in those parts of the city where comprehensive primary care

programmes were introduced compared with no improvement at otheY sites.

Given the uncertainties regarding specific causes, advocating for the primordial prevention
of ARF/RHD based on one or another specific environmental or social strategy cannpt be

supported by the available evidence. Nonetheless, consistent data demonstrating an
association between overcrowding and ARF risk across multiple countries would indicate
this particular factor is worthy of further study. The broader context of alleviation of
poverty and social and environmental disadvantage, along with improved housing,
education, health care access, and appropriate standards and quality of care, are likely to be

key in addressing ARF/RHD as well as many other health issues in our region.

Despite the lack of evidence to support specific environmental or social interventions to
address the acquisition of risk factors for ARF/RHD, this uncertainty should not dissuade
action. The broader context of equity, poverty alleviation and justice in association with
the empirical link observed between improved socioeconomic and environmental factors
and reduced ARF incidence should be sufficient to drive advocacy and change. Such
change, as Ursoniu notes, “...rests mainly on public education, the media, legislation and
government policy, and is very dependent on the commitment and determination of

individual governments™

Primary prevention

Primary prevention assumes that the risk factoAfeF/RHD, namely the presence of

GAS (particularly in the pharynx) is present in a given population. In reality this
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assumption is borne out as GAS is present in all populations, both rich and poor, and those
with and without high rates of ARF/RHD. Furthermore, GAS has been shown to be
associated with up to 37% of sore throats infeétiand 82% of skin infectiof1.>* Whether

other streptococci such as Group C (GCS) and Group G (GGS) Streptococci play a similar

role in the pathogenesis of ARF/RHD is unclear.

Before further discussing the primary prevention of ARF/RHD it is necessary to have a

clear and consistent definition of a number of terms (see B8R 5):

Colonisation — organisms are present but cause no host response. This implies assdciated

transmission and acquisition.

Carriage — organisms remain in an individual after a clinical infection but cause no

symptoms; an immunological response may remain.

Infection — the deposition and multiplication of organisms in tissue or on body surfaces
which usually cause adverse effects; this is typically associated with an immunological
response.

Pharyngitis — a clinical syndrome associated with infection/irritation of the pharynx and/or

tonsils.

Box 5. Useful definitions in the context of discussing primary prevention.

Primary prevention of ARF/RHD through addressing GAS should prioritise identifiable
populations at elevated risk of ARF/RHD. In Australia such populations include Aboriginal
and Torres Strait Islander peoples, Pacific Islanders and perhaps immigrants from other
countries with high rates of ARF/RHD™* °?However, this may also extend to other
groups in the setting of a temporally-defined outbreak of ARF in a specific population
which has previously had a low risk of ARF (e.g. as has been described in military
recruits”?).

The existing understanding of the pathophysiology of ARF/RHD highlights the importance
of preceding GAS-associated pharyngitis 2-3 weeks prior to the development 6f°ARF.

However, it is apparent that GAS infection without co-existent pharyngitis can precipitate
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ARF. In a well-described outbreak of ARF in the intermountain area of the United States
centred around Salt Lake City, Utah, a recent history of pharyngitis was frequently®absent.

® One study reported that only 1/3 of patients had a clear-cut history of sore throat in the
three months preceding the onset of ARFfollow-up study reported that over an 8 year

period only 28% of children with confirmed ARF reported a history of a sore throat that
parents considered serious enough to seek medical care. Only 17% sought medical attention

and received antibiotic prescriptiohs.

In some settings, particularly Australia, it has been suggested GAS-associated skin
infection (impetigo) may play a similar roléVhilst the evidence supporting such a link
remains limited and contentious, it has provided an additional focus for primary prevention,

particularly in Australia, and will be addressed here.

Primary prevention of GAS in the throat

There is a clear understanding regarding the primacy of pharyngeal GAS in the
pathophysiology of ARE® In a temporal sequence, an individual is exposed to GAS, the
organism attaches to and colonises the pharyngeal mucosa, a process of infection
incorporating an immune response is initiated, and, as part of this immune response, an
episode of ARF occurs. This process is of course not inevitable. Exposure may not lead to
colonisation, colonisation may not lead to infection, and the host immune response may not
lead to ARF. Whilst it is not within the scope of this chapter to review the factors which
may alter this process, such factors are likely to include the burden, type and diversity of
GAS in a given population (see primordial prevention above), the inoculating dose, specific
organism factors (e.g. the concept of rheumatogenic/ARF-causing strains BP)GAGst

factors which may encourage colonisation and infection, and host factors which may
predispose to ARF once GAS infection is established. A framework outlining potential
targets for the primary prevention of ARF due to GAS and their relationship to primordial,
secondary and tertiary prevention is outlined in Figlge®! Reference source not

found..
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Primordial

Population at risk of
ARF/RHD

GAS colonisation —
‘m antibiotics or vaccine
— GAS colonisation leading to infection
(+- pharyngits) -
surveillance and antibiotics
early treatment of GAS pharyngitis —
w antibiotics

Figure 9. Outline of structure for preventive strategies for GAS pharyngeal

colonisation and pharyngitis

Preventing GAS colonisation

There are at least two possible approaches which may be deployed to potentially pre-empt
the acquisition of GAS in the pharynx: prophylactic antibiotics and vaccination. A third
possibility, the use of probiotics in the primary prevention of GAS, has been raised but

research in this area remains at the exploratory gfas®

Prophylactic antibiotics to prevent the acquisition of GAS employ the same rationale that
is used in the secondary prevention of ARF/RIB®' The most compelling evidence for

the effectiveness of this approach comes from the United States military where recruit
camps have historically seen high rates of GAS and ARF infefiéviter a significant

rise in GAS infections and ARF during World War 1l, GAS prevention programmes based
on intramuscular benzathine penicillin prophylaxis were implemented within United States
Navy and Marine Corps recruit cami3s.’®Large scale mass prophylaxis campaigns in

military training centre¥® *'saw the incidence of ARF in the U.S. military falling
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dramatically through the 1960s and 19%¥844owever, in the 1980s when routine

prophylaxis in some military centres was replaced by prevention programmes designed on
the basis of local surveillance for GAS infection, further ARF outbreaks were reprted.

To combat this “re-emergence” of ARF, prophylaxis with benzathine penicillin, given as a
single dose at the beginning of each training cycle, was re-implemented in 1987 at naval
recruit training centres and was in turn associated with a reduction if?ARFone study,

Navy recruits were studied to determine the prevalence of GAS pharyngeal colonisation
cultures before and two, four, and seven weeks after receiving benzathine penicillin
prophylaxist®” The prevalence of GAS carriage fell by 75% at four weeks but by seven

weeks had returned to pre-prophylaxis levels.

Whilst the evidence is restricted to cohort studies, antibiotic prophylaxis does appear to be
effective in reducing GAS pharyngeal colonisation and associated ARF. Nonetheless the

benefits of a single dose of benzathine penicillin are not sustained beyond four weeks.
Furthermore, the use of regular prophylactic antibiotics to prevent GAS colonisation in
otherwise healthy individuals is unlikely to be sustainable or cost-effective except in small,
defined, static populations who are temporarily at elevated risk of ARF/RHD. Such a
strategy would also entail risks for the individual receiving prophylaxis and the potential

for antibiotic resistance.

Vaccination against GAS presents an ideal solution for the primary prevention of
ARF/RHD. An effective vaccine would provide ongoing protection against GAS

colonisation and infection as opposed to the four week protection afforded by a single dose
of benzathine penicillin. Vaccines have been in development since early last Céitutry
anumber of scientific and regulatory obstacles have hindered the realisation of a GAS
vaccine reaching market, including concerns regarding potentially cross-reactive

epitopes.” * °0Only one vaccine has entered clinical trials in the last 30 years. However,
there has been increasing international interest in development of GAS vaccines in the past
decadé&'®including the World Health OrganizatidH.

Modern vaccines can be categorized into two groups: those that focus on the M protein (the
major GAS virulence determinant) and those that focus on non-M protein antigens.

Although non-M protein vaccines such as streptococcal C5a peptidase, GAS carbohydrate,
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and fibronectin binding proteins have progressed well in preclinical studies, none has

progressed to clinical trials.

The most advanced vaccine candidate is a multivalent vaccine based on the amino terminus
region of the M protein. It has undergone phase | and Il clinical trials in adults, with good
evidence of safety and immunogenicits.**°It is estimated that this 26-valent vaccine

would provide protection against 80-90% of invasive GAS and pharynagitis isolates in

North Americat?°

However, there are many circulating types of GAS in developing
countries and in northern Australia that would not be covered by this vaccine, as described
in a recent review?! Reformulation of this vaccine into a 30-valent vaccine may

circumvent these problent&* A second M protein vaccine (the “J8” vaccine), based on the
conserved region of the M protein and developed in Queensland, Australia, may potentially
provide protection against all GAS straii.***Clinical trials of this candidate are

currently in preparation.

Whilst the development of a safe and effective GAS vaccine to prevent ARF/RHD is yet to

be realised it should remain a priority in ARF/RHD prevention.

Eradication of GAS colonisation

A number of health programmes have sought to identify and eradicate pharyngeal GAS
colonisation in high risk populations to prevent ARF/REDIn the 1950s, as a prelude to
mass antibiotic prophylaxis programmes in the US military, benzathine penicillin was
administered to 624 asymptomatic recruits with positive throat cultures for 8 ABis

single dose resulted in negative cultures for at least one month in 96% of these recruits.
While there was no control group, ARF did not occur in any recruit who had received
antibiotics. In Australia, one primary prevention programme in a remote Aboriginal
community in far north Queensland involved tri-annual throat swabbing of 4-16 year olds
and treatment for those with GAS carridgeWhilst ARF surveillance suggested that this
programme coincided with a reduction in the incidence of ARF, the lack of a control group

rendered it difficult to determine the true efficacy of the intervention.

Another study investigated the impact of a three year streptococcal disease control

programme among the Navajo Indians in north Amért this programme, throat
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specimens for culture were taken from school children at the beginning of the school year.
Asymptomatic children were then swabbed periodically (usually monthly) while any child
who presented to the school clinic with a sore throat was swabbed immediately. If GAS
was identified, the child was treated with penicillin or erythromycin. A quasi-control group
was included as schools in only five of the eight Indian Health Service Units that made up
the Navajo reservation took part in the programme. In “covered” areas that participated in
the surveillance programme, the rate of ARF was 39% lower during the programme (falling
from 13.5 to 8.2 cases per 100,000 per year), while the rates in “uncovered” areas which
did not participate in the programme showed little change. Nonetheless “covered” areas
initially had substantially higher ARF rates compared with “uncovered” ones and the

programme was adopted at different times with many sites participating only intermittently.

A recent prospective school-based study into the control of GAS upper respiratory tract
infections in southern China has shown that asymptomatic children with positive throat
cultures who are treated with penicillin/ferythromycin therapy at school had significantly
lower prevalence and incidence of GAS pharyngitis than children at the same school who
sought medical care from their regular health providféré/hile the incidence of ARF was

not reported, this study does provide evidence that controlling GAS colonisation can reduce

the incidence of GAS pharyngitis.

Whilst the presence of GAS in the nasopharynx indicates GAS load, there is debate over
whether the presence of GAS without symptoms is associated with an elevated risk of ARF.
The American Academy of Pediatrics’ Red Book: Report of the Committee on Infectious
Disease argues that carriage is not a risk to an individual or to spread in the poptflation.
However, as Kaplan notes, the significance of the immunological difference between acute
streptococcal upper respiratory tract infection and the relatively harmless streptococcal
carrier state is not understobd.
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Given the limited evidence it is difficult to advocate for the identification and eradication of
GAS colonisation as a mechanism for reducing ARF incidence. Even if such an apprpach
were effective in reducing ARF rates, the use of regular antibiotics to eradicate GAS
colonisation in otherwise healthy individuals with no history of ARF/RHD poses issues
associated with cost, client inconvenience and risk, and the development of antibioti¢

resistance.

Early Treatment of GAS pharyngitis

Given the limited evidence, and the level of resources that would be required, for
preventing or eradicating GAS colonisation through the use of prophylactic antibiotics, and
the current lack of an effective vaccine, the next possible focus in ARF primary prevention
is the early identification and treatment of symptomatic GAS pharyngitis. In this case the
aim is to identify symptomatic GAS pharyngitis in those individuals most at risk of ARF
(typically children aged 5-14 years) and to eradicate the bacterium through the use of
effective antibiotic treatment before it can precipitate the cascade of immune-mediated
events which lead to the development of ARF. Studies have reported that GAS can be
eliminated from the upper respiratory tratt-** **This, in turn, may prevent ARF if
treatment is commenced within nine days of symptoms appeariig***Nonetheless,

the question remains whether focused ‘sore throat’ programmes result in a reduction in the

risk of ARF in high risk populations.
There are three possible approaches to the early treatment of GAS pharynagitis.

1. Standardised antibiotic treatment of sore throats.

The management of pharyngitis as a mechanism for preventing ARF/RHD is complicated
by the fact that only a minority of sore throats are caused by GAS. Whilst it is possible to
treat all cases of pharyngitis with antibiotics this would expose a significant proportion of
patients to unnecessary treatment as only 20-40% of pharyngitis episodes are associated
with GAS infectiort®* the remainder are caused by viruses or by bacteria for which
antibiotic treatment is not recommended. Moreover, such an approach would require
substantial resources and expose clients to unwarranted inconvenience and risk while

increasing the possibility of antibiotic resistance. Nonetheless, some treatment guidelines
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do suggest that people identified as being from populations at high risk of ARF, or who

have established RHD but are not currently receiving secondary antibiotic prophylaxis,
should be treated with antibiotics if they develop pharyngitis irrespective of other clinical
features and before confirmatory testing for GAS is avaif&iMhilst empirically

atractive there is no clear evidence such an approach is a safe or cost effective approach to
reducing ARF incidence.

2. Antibiotic treatment of those with clinical features suggestive of GAS infection.
Research from the 1950s involving the United States armed services indicated that
antibiotic treatment of those with clinical features suggestive of GAS infection may be
effective in preventing ARF in isolated, at-risk groups. In one seminal study, Denny et al.
conducted a clinical trial of the effectiveness of crystalline procaine penicillin G in
preventing ARF following GAS infectiorf This trial involved 1602 serviceman admitted

to hospital for respiratory tract disease who exhibited exudates on the tonsils or the
pharyngeal wall. Penicillin treatment was provided to 798 patients while a control group of
804 patients received no treatment. Blinded follow-up was undertaken 3-4 weeks after the
initial infection. In the treated group only 2 patients developed definite ARF and 2 patients
developed probable ARF. In contrast, in the control group 17 patients (RR 8.4 times higher
than treated group) developed definite ARF and 6 (RR 3.0) developed probable ARF. This
represented a significant reduction in the attack rate of ARF in the treated group. The effect
of penicillin treatment on the presence of GAS in throat cultures was also examined. In the
treated group, the number of patients with a positive throat swab for GAS fell from 78.3%
on admission to 18.1% at time of follow-up. The untreated group saw a reduction of 81.7%
to 52.7%. Finally, results indicated the development of antistreptolysin O in the two groups
was different with 51% of the treated group showing a rise in titre of 2 or more tubes, while
73% of the untreated group exhibited such a rise. In summary, this study showed that
penicillin treatment of previous GAS pharyngitis significantly reduced the attack rate of

ARF, eradicated GAS from most patients and decreased the antibody response to GAS.

In a later study it was shown that even when penicillin treatment was delayed until 9 days
after the onset of iliness, at a time when acute symptoms had subsided and when near

maximal antibody response had occurred, it was still effective in preventing*ARRhis
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study rates of ARF were comparable in the control and treatment groups prior to treatment
but then dropped significantly in the treatment group over the five weeks following delayed

antibiotic treatment.

It should be noted that all these United States armed services studies involved very specific
conditions and populations. The servicemen were housed in cramped living conditions and
the GAS strains circulating appear to have been highly virulent and rheumatogenic.

Whether the results seen in these studies are generalisable to broader populations is
questionable. Nonetheless, the success of these interventions and the inclusion of control
groups in each study provide strong evidence that such approaches may be successful in the

primary prevention of ARF.

It has been argued that enhanced pharyngitis surveillance and treatment programmes may
be effective in a broader context than the military situations described above. For example,
Karthikeyan and Mayosi point to the reduced incidence and prevalence of ARF and RHD
in Costa Ric&® and Cub&® as evidence that primary prevention strategies are efféélive.

In Costa Rica a programme was introduced in the 1970s under which all people with
clinical signs of GAS pharyngitis were treated with benzathine penicillin without the need
for throat culturé>® This was associated with a sharp decline in the incidence of ARF
(70/100,000 in the early 1970s down to 1/100,000 in 1990). However, this dramatic fall in
ARF incidence preceded an increased uptake in the use of benzathine penicillin suggesting
other factors were responsible for this decline in ARF incidence. A substantial decline in
the occurrence and severity of ARF and RHD was also reported from Cuba after a 10 year
prevention strategy was introduced in the province of Pinar deéf'Réosimilar

multidimensional strategy in the French Caribbean islands of Martinique and Guadeloupe
focused on the development of a registry and recall system for patients with ARF/RHD and
enhanced education, detection and treatment of GAS-associated phat$/igitis.was
associated with a decline in ARF incidence of 74-78% over a ten year period. Whilst these
findings are encouraging they shared a number of methodological limitations which should
caution interpretation. These included the fact that these programmes involved elements in
addition to primary prevention (e.g. secondary prevention of ARF/RHD, training of

personnel, health education, dissemination of information, community involvement,
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epidemiological surveillance, and the implementation of a national health care plan) and the
lack of a comparable control group with outcomes being assessed using historic and

surveillance data®

3. Antibiotic treatment of those in whom testing confirms the presence of GAS.

Targeting only those people with confirmed GAS pharyngitis would be an effective means
of limiting antibiotic use in primary prevention. If such an approach is taken then the rapid
identification of GAS in people presenting with pharyngitis is necessary to allow institution
of therapy within nine days of symptom onset. Such detection may rely on clinical features,

antigen detection or the gold standard of bacterial culture.

A number of clinical scoring methods for predicting the presence of GAS, and thus the
requirement for antibiotics, have been suggested. Typically, these methods stratify patients
according to an algorithm whereby points are allocated based on factors such as patient
demographics, season, and a number of specific signs and symptoms (e.g. elevated
temperature, absence of cough, tender anterior cervical adenopathy, tonsillar swelling or
exudate, absence of upper respiratory symptoffis?Patients with higher scores are
classified as being at greater risk of GAS infection and are therefore recommended to have
a throat swab culture and/or be treated with antibiotics. Validation studies of such scoring
systems have demonstrated relatively low positive and negative predictive value for the
subsequent isolation of GAS on throat sW&b"**For example, in Mclssaat al.’s study of

the validation of the modified Centor score (which incorporates temperature, absence of
cough, swollen/tender anterior cervical lymph nodes, tonsillar swelling or exudate, and age)
the pre-test probability of GAS isolation in patients with a sore throat aged 3-17 years was
34%2° |n this setting a positive clinical score prompted unnecessary treatment for GAS in
1/3 of children and a negative clinical score left 1/4 of children with GAS without

treatment. Hence the utility of such clinical scoring systems in differentiating GAS and
non-GAS pharyngitis in populations at higher risk of ARF, where the potential

consequences of missed GAS infection are higher, would appear limited.

Given the difficulty in differentiating GAS from non-GAS pharyngitis on clinical features
alone, microbiological laboratory testing to confirm the presence of GAS is recommended

if feasible** Bacterial culture from a throat swab is often viewed as the gold standard for
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the diagnosis of GAS pharyngiti&. Unfortunately, this necessitates a time delay of 2-3
days. More rapid diagnostic tools including rapid antigen detection tests (RADTS) for GAS
have shown promise but while most have a high specificity, their sensitivity can be
variable**’ The American Heart Association argues that there have been no definitive
studies to determine the relative sensitivities of different RADTs and whether they are
suitable for routine use in the diagnosis of children without confirming negative tests via
throat culture*’ Nonetheless, the evaluation of RADTSs in low-resource settings which may
be more analogous to remote Indigenous Australian communities have shown promise. In
Rimoin et al.’s study of the utility of RADTs in detecting GAS pharyngitis in children aged
2-12 years presenting with a sore throat in a low-resource setting (Brazil, Egypt, Croatia
and Latvia), they found a pre-test probability of GAS-culture positive pharyngitis of
29%2*8 n this setting a positive RADT (STREP A OIA MAX [Thermo Biostar/Inverness
Medical Professional Diagnostics, Princeton, NJ, USA]) prompted unnecessary treatment
for GAS in 1/5 children and a negative RADT missed only 8% of children with GAS
pharyngitis.

A further complicating factor in the use of throat cultures and RADTSs is that a positive
result does not indicate whether an individual is truly infected with GAS (with an
immunologic response to GAS) or is merely a carrier of GAS in the pharynx with a
concomitant viral infection*” Whilst elevated or rising antistreptococcal antibody titres

(e.g. antistreptolysin O and antideoxyribonuclease B) can provide evidence of recent GAS
infection, such antibody responses are delayed, require the pain and inconvenience of
venipuncture and provide little assistance in the immediate identification and treatment of
GAS pharyngitis-*’

It would appear therefore that in high risk populations, and particularly for Aboriginal and
Torres Strait Islander people, the utility of either clinical scoring systems or RADTSs to
rapidly identify GAS as a cause of pharyngitis is uncertain. Whilst a combination of clinical
scoring system, RADT and bacterial culture may be both sensitive and sf2dfis

unclear whether this provides any additional benefits to undertaking bacterial culture in all
children with symptomatic pharyngitis. The validity and utility of clinical scoring systems,

RADTSs and other rapid diagnostic techniques in facilitating the rapid detection and
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treatment of GAS pharyngitis in Aboriginal and Torres Strait Islander people as a
mechanism for the primary prevention of ARF/RHD should be a priority for further study.

If pharyngitis is to be targeted in populations at high risk of ARF then only treating those
with confirmed GAS on throat swab may be advocated. Two recent systematic reviews
have suggested that a benefit may be gained from such interventfSwever the

studies included in these reviews were acknowledged by the authors to be variable and
generally poor quality. More recently, a large, high quality study in New Zealand
investigated the effectiveness of a targeted school-based sore throat pro§tifiye.

three schools (with approximately 22,000 students) were randomised into two groups: a
control group that received routine general practice care and a treatment group that
comprised a school-based sore throat clinic programme with nurse-observed oral penicillin
treatment of those students with culture-confirmed GAS pharyngitis. While results revealed
a 21-28% reduction in ARF episodes in schools assigned to the sore throat clinic
programme, this finding was not statistically significant. The authors argued that this lack
of statistically significant effect on ARF may have in part been related to a lack of
household contact tracing and treatment. In this context it is worth considering the work of
Gordis whose analyses of the impact of providing increased access to healthcare through
publicly funded primary care clinics over a decade in Baltimore showed an associated
reduction of 60% in cases of ARF in a high-risk US civilian commufiHowever, this

was not a targeted sore throat programme and was not a randomised control study. Whilst
the treatment of GAS pharyngitis may confer a small reduction in the duration of
pharyngitis symptonté’ there remains no convincing evidence that specific ‘sore throat’
programmes for GAS pharyngitis treatment outside of comprehensive primary health care
can provide additional benefit in reducing ARF incidence even in high risk populations.

Overall there is currently no convincing argument or consistent evidence to suggest
structured programmes focusing on the early treatment of GAS pharyngitis are likely to be
effective in the primary prevention of ARF in high risk populations. Nonetheless, the lack

of good evidence should not dissuade action in providing appropriate, accessible and high
guality early management of pharyngitis as part of comprehensive primary health care. The

impact of improved clinical scoring and rapid diagnostic tests in facilitating programmes
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for the early treatment of GAS pharyngitis requires further study. As the Cuban, Costa
Rican and French Caribbean experiences suggest, prioritising ARF/RHD as part of broader,
multidimensional health service capacity building is likely to translate to improved
outcomes. Nonetheless, even if primary antibiotic prophylaxis for the prevention of ARF
and RHD is found to be effective in some settings, the expense and logistical difficulties in

undertaking such initiatives must still be considéf&d.

In high risk populations where clinical follow-up may be difficult, the empiric management
of pharyngitis with antibiotics in those at greatest risk of ARF (e.g. 5-14 years of age or
pre-existing RHD) may be warranted. Where possible, confirmatory testing with throat
swab culture should be undertaken and, if feasible, any decision to use antibiotic treatment
should be based on culture results. The utility of clinical scoring systems, RADTs and other
rapid diagnostic tests in predicting the presence of GAS versus non-GAS pharyngitis
should be evaluated in Australia, particularly in Aboriginal and Torres Strait Islander
communities. Focused programmes of early GAS pharyngitis diagnosis and management in
populations at high risk of ARF have not yet been shown to translate to a significant

reduction in ARF incidence.

Primary prevention of ARF through addressing GAS-associated skin
infection

Whether GAS-associated skin infection plays a role in the development of ARF is dnclear.
% It has been suggested that the low prevalence of GAS pharyngeal carriage and infection,
high rates of pyoderma and rarity of rheumatogenic GAS M serotypes seen in some
Aboriginal communities with high documented rates of ARF/RHD indicates that GAS-
associated skin disease may be an important cause of 8Rfilar patterns of disease,

GAS carriage, M serotyping and ARF/RHD have been reported in Ethiopia, Jamaica and
Fiji.>* 1*°It has also been noted that in some Aboriginal populations there is a greater
association between confirmed ARF and elevated anti-DNase B titres (which correlate
with both throat and skin infectiot) rather than elevated ASO titres which are strongly

associated with throat infection and less so with skin infeéflon.
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McDonaldet al., in the largest prospective study of skin and throat infections and carriage
in three remote Aboriginal communities in the north of Australia where ARF rates are high,
noted high rates of pyoderma and low rates of symptomatic pharyhigitibis study,

4.5% of all throat swabs isolated GAS and 19.5% of children had GAS isolated from their
throats at least once during the two year study and 2 of the 9 people (22%) who complained
of a sore throat during the study had GAS isolated. It is not clear if this amount of exposure
to GAS in the throat may be sufficient to explain the extremely high rates of ARF in this
population, regardless of the much higher levels of exposure to GAS skin infection. While
37.7% of children had pyoderma at least once during the study, only 29.2% of pyoderma
swabs were positive for GAS, although it should be acknowledged that the methodology
used in this study may have underestimated the association between GAS and pyoderma,
given that other studies in the north of Australia have found GAS in 70-90% of skin
swabs:>* The authors’ conclusion that skin disease rather than pharyngitis is associated
with ARF differed from their findings in a later, smaller study involving Aboriginal
Australians living in the arid central region of the Northern Territdty¥Dne other study
demonstrated high rates of nasopharygeal carriage in an Aboriginal and Torres Strait

Islander community?

Although rheumatogenic GAS M protein serotypes appear to be rare in some Aboriginal
populations with high rates of ARF, M non-typable (MNT) GAS serotypes with genetic
similarities @mmpatterns) with classic rheumatogenic strains are often foidhis
suggests that M protein serotyping may not identify all potentially rheumatogenic strains
and that MNT GAS may play a significant role in ARF. Moreover there remains debate
regarding the exact role of M protein subtypes of GAS in the pathogenesis of ARF (i.e.
whether the concept of rheumatogenicity is sodrid).

Despite the theoretical underpinnings of the possibility of a link between skin infection and
ARF, there has only ever been one clearly documented case of this occurrence and that case
was reported over 30 years dgdNonetheless, given the high prevalence of skin disease

in many Aboriginal and Torres Strait Islander commuriitie& would be difficult to

demonstrate such a causative link. Further research is needed to clarify the association
between GAS pyoderma and ARF/RHD.
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Whether early treatment of skin disease more generally may be an effective mechanism for
preventing ARF remains to be seen. One study of a multidimensional community-based
intervention to improve skin health in northern Australia was successful in reducing the
prevalence of both pyoderma and scabies infections in Aboriginal chiffidowever, the
impact of reducing skin disease on ARF and post-streptococcal glomerulonephritis could
not be investigated. Another study provides limited evidence to suggest that the installation
of swimming pools in remote Aboriginal communities may reduce the prevalence of both
skin and throat infection'S? Further work is required to validate these findings and monitor

any association with ARF/ RHD.

There is currently insufficient evidence regarding the impact of skin health interventians on
ARF and RHD to warrant recommending such programmes for the primary preventign for

ARF/RHD >® **"However, improved skin health is likely to have broader health impacts,
and studies documenting the association of reduced rates of GAS skin infections with
changes in ARF incidence will provide important information for future primary prevention
programmes.

The role of non-Group A streptococci

Although GAS is the major factor associated with the pathogenesis of ARF there is debate
around whether other strains of streptococcus can cause ARF. In particular, Group C and
Group G beta-haemolytic streptococci (GCS and GGS) have been discussed in this context
3 as they, like GAS, may be associated with pharyngitis, polyarthritis, invasive disease and,
in the case of GCS, acute poststreptococcal glomerulonepfffifidHaidan et al. have

also shown that antibodies raised against GCS and GGS isolated from throat swabs can
react with human cardiac myositf.McDonald et af point out that carriage of GCS and

GGS can be up to 20% higher than GAS in Aboriginal populations in the Northern
Territory*®® and that similar results have been found in Trinidad, Saudi Arabia and

Egypt.'®® 1% 8w hether this association extends to a role for GCS and GGS in the
pathogenesis of ARF remains unclear. However, given that infections with these organisms
can be associated with raised ASO and antiDNase-B'fitr&their potential role in the
pathogenesis of ARF in patients where GAS is not isolated is worthy of further

investigation.
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Recommendations regarding primordial and primary
prevention of ARF/RHD

Primordial Prevention:

Whilst there is only limited evidence to support the effectiveness of specific initiatives in

the primordial prevention of ARF/RHD, ecologic data would suggest that the risk of
ARF/RHD is linked to poverty and disadvantage. Housing and overcrowding would appear
to be one important factor. However, given the uncertainties regarding specific causes,
advocating for the primordial prevention of ARF/RHD based on one or another specific
environmental or social strategy cannot be supported. The broader context of equity,
poverty alleviation and justice, in association with the empirical link observed between
improved socioeconomic and environmental factors and reduced ARF incidence, as well as

many other health conditions, should be sufficient to drive advocacy and change.

Primary Prevention:

Primary prevention measures aimed at preventing ARF/RHD through the prevention or
eradication of pharyngeal GAS colonisation or the early identification and treatment of
GAS pharyngitis are of uncertain effectiveness. Whilst programmes aimed at preventing
GAS colonisation through antibiotic use may be effective in the short term, any long-term
implementation is likely to be unsustainable due to prohibitive costs, client inconvenience
and the risk of antibiotic resistance. A GAS vaccine offers the possibility of a longer-term
solution. Whilst significant hurdles remain in the development of a safe, effective and
affordable vaccine that can be provided to populations at highest risk of ARF/RHD this

should remain a priority.

Although some programmes aimed at the identification and treatment of GAS colonisation
have shown promise, the evidence supporting such an approach remains poor. In line with
preventing GAS colonisation such initiatives are also likely to be unsustainable due to cost,
client inconvenience and the risk of antibiotic resistance. While the cost of managing
established RHD is high, the number needed to treat to prevent RHD through such primary

prevention programmes would be high.
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While the early treatment of GAS pharyngitis in highly controlled environments (e.g.

military camps) can prevent the subsequent development of ARF there is no evidence that
community-based programmes which focus on the early treatment of GAS pharyngitis are
effective in reducing the risk of ARF. The treatment of pharyngitis as part of

comprehensive and accessible primary health care remains important. In this context,
education of patients, carers, schools and communities is crucial to ensure that the detection

of symptomatic pharyngitis prompts primary health care attendance.

The utility of clinical scoring systems or RADTSs is variable in differentiating GAS and
non-GAS pharyngitis. The development and validation of these and newer rapid diagnostic
tests in the setting of Aboriginal and Torres Strait Islander populations at risk of ARF/RHD
should be a priority. Empiric treatment of all cases of pharyngitis in those at high risk of
ARF or throat swab-directed treatment should remain the priority in populations at high
risk of ARF. The lack of a clear episode of symptomatic pharyngitis in all people
presenting with ARF will mean there is an inherent failure rate in even the most

comprehensive GAS pharyngitis treatment programmes.

The link between skin-related GAS infection and the pathogenesis of ARF/RHD remains
contentious. The role of the treatment of GAS skin infection in the primary prevention of
ARF/RHD remains unproven and is likely to be unsustainable without addressing the
underlying drivers of skin disease (see primordial prevention above). Nonetheless, as with
pharyngitis, the management of skin disease should remain a component of high quality,
comprehensive and accessible primary health care for all populations irrespective of
ARF/RHD risk.

Conclusion

Primordial and primary prevention of ARF/RHD througdccination or the eradication or
treatment of GAS remains elusive. Despite sound theoretical underpinnings for the
effectiveness of such prevention measures, high quality evidence is lacking and successful
health programmes are limited in number. To date the most effective measures in the
control of ARF/RHD appear to be secondary prophylaxis to prevent recurrent episodes of

ARF in persons previously affected by ARF or who have already developed RHD.
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Nonetheless, given the decreasing incidence and prevalence of ARF and RHD in most
developed counties, it is apparent that ARF/RHD can be prevented.

» Primordial prevention of ARF/RHD is likely to remain key. Despite uncertainties
around which specific primordial factors impact on the incidence of ARF/RHD,
ecologic data suggests overall improvements in social and environmental conditions
will reduce disease prevalence.

* Ongoing research towards the development of a GAS vaccine should be a priority.
Despite the technical and practical issues associated with vaccine development and
delivery it is likely to be the most sustainable primary prevention strategy in the control
of ARF/RHD.

» Evidence supporting primary prevention through the use of antibiotics to prevent pr
eradicate GAS colonisation or pharyngitis is limited and such initiatives are likely fo be
unsustainable. The development and validation of clinical scores and rapid diagnpstic
tests to rapidly identify those with GAS may enhance the efficacy and sustainability of
such programmes in an Aboriginal and Torres Strait Islander setting.

Postscript - Limitations and Recent Developments

As this paper was conceived and developed to fortopéine Australian guideline for
prevention, diagnosis and management of ARF and RFte(tionY a focused and

practical strategy, as opposed to a broad systematic review, was implemented to review the
available literature relating to primordial and primary prevention of ARF/RHD. This

strategy accorded with the broader search strategy adopted for the entire Guideline. While
this approach may be perceived as limiting the academic rigour of the paper it was
necessary given word limitations and the multiple areas of primordial and primary

prevention that were required to be addressed.

Since the publication of this paper a number of recent papers relating to the primary
prevention of ARF/RHD have been published that are of importance. Of particular interest
is the work being undertaken by Irlam et al. in South Africa regarding the cost-
effectiveness of primary prevention stratedf@s'’°Working with children presenting to

primary care clinics in a RHD study area in Cape Town, the researchers undertook a cost-
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effectiveness analysis of a number of primary prevention strategies including: observation
only (“Treat None”), empirical treatment with intramuscular penicillin (“Treat All”),
treatment based on positive throat culture for GAS (“Culture All), and a number of
treatment strategies based on a simple modified World Health Organization clinical
decision rule (CDR). Results indicated that the most affordable and simple strategies were
the Treat All and the CDR strategy with the CDR strategy being the most cost-effective.
Culturing all children was the most costly strategy. These findings are promising and the
authors argue that a strategy for primary prevention of ARF/RHD in urban South Africa
should be adopted to complement primordial and secondary prevention programmes.
Indeed, Mayosi nominates primary prevention of ARF, through syndromic treatment with
penicillin of sore throat in children, as one of the 10 best buys in combatting heart disease
in Africa.*”* These findings lend support for the view that local research is warranted to
investigate whether empirical or CDR-based antibiotic treatment of sore throats in

Indigenous Australian communities is feasible and cost-effective.

The review of the literature relating to primary prevention of ARF revealed a number of
studies that reported significant reductions in ARF incidence rates due to prevention
programmes. Nonetheless, it is argued that there is insufficient evidence to support the
implementation of specific primary prevention initiatives in remote Indigenous Australian
communities. More specifically, the reports of successful ARF reduction programmes from
the French Caribbe&H, Costa Ric&® and Cub&® suffered from methodological issues

such that it was not possible to identify which components of multidimensional
interventions were likely to be successful. Further, the studies involving the US military
were in highly selected and controlled settings very dissimilar to the Aboriginal and Torres
Strait Islander setting” **°It should also be noted that the most comprehensive randomised
study of a community-based sore throat intervention undertaken in New Zealand failed to
show a significant beneficial effect of active surveillance and treatthBesspite these
critiques, it must be stressed that these limitations in published evidence are not presented
to support an argument that such interventions will not be effective (i.e. that a lack of
evidence equates to a lack of effect). Rather, the thesis presented in this paper is that there
simply is insufficient evidence of high quality to recommend specific primary prevention

interventions in an Australian setting. It is suggested that a cautious approach needs to be
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taken which may entail implementing action or translational research programmes with
control groups and clear evaluation strategies. Such research activities should shed light on
which previously reported primary prevention strategies are generalisable to Aboriginal and

Torres Strait Islander settings.

It was argued above that programmes aimed at preventing or treating GAS colonisation or
treating pharyngitis are likely to be unsustainable due to cost, client risk and inconvenience,
and the risk of antibiotic resistance. The cost-effectiveness analysis by Irlam et al
discussed previously indicates that empiric treatment of sore throats or CDR-based
management of purported GAS pharyngitis may be economically fe&Siblenetheless,

while Australia is a relatively wealthy country and hence would seem ideally placed to
afford sore throat primary prevention programmes, it is important to remain cognisant of
“opportunity costs” rather than solely focusing on the cost of LAB or oral antibiotics. That
is, the use of resources in one area of health (in this case providing enhanced surveillance
for sore throats and follow-up with administration of LAB) will necessarily entail the

removal of resources from other health or government services, particularly in remote
communities where such services are often over-stretched and under-staffed. Furthermore,
with regard to the statement of risk associated with the use of LAB to treat all sore throats,
it should be noted that the risks of anaphyfd&iand sciatic nerve injuty? associated with
intramuscular LAB injections are low but, given the potential consequences, important.
Finally, with regard to the statement that widespread use of LAB may impact on drug
resistance it is important to clarify that available evidence suggests that GAS remains
universally susceptible to penicillfi.However, the indiscriminate use of LAB to treat sore
throats in remote Aboriginal and Torres Strait Islander settings could be a catalyst for
increased flactam resistance in other bacteriaThese factors must be weighed up against
the potential benefit to be gained from universal treatment of sore throats with penicillin.
And even if the risks of lost opportunity costs, adverse penicillin reactions, and potential
increased drug resistance are found to be acceptable, it should not be forgotten that the lack
of a clear episode of symptomatic pharyngitis in all people presenting with ARF will mean
there is an inherent failure rate in even the most comprehensive GAS pharyngitis treatment

programme.
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2.2 Rheumatic heart disease: women and pregnancy

Background

Owing to the increased blood volume associated wiglgmancy and the demand this

places on the heart, pregnant women with RHD are at high risk of exacerbated

complications resulting from the pre-existing damage to their heart valves. The following
article was an invited review for the O&G Magazine published by the The Royal Australian
and New Zealand College of Obstetricians and Gynaecologists. In it the risks associated

with RHD in pregnancy and the preventative measures that are recommended to ensure best
outcomes for mother and child are discussed. The article has been edited to remove

portions that are redundant in the context of this thesis.

Abstract

Rheumatic heart disease (RHD) is a consequencel@rgaroup A streptococcal infection

and associated acute rheumatic fever (ARF). In Australia RHD is particularly seen in
Aboriginal and Torres Strait Islander peopldé$owever, with immigration of people from
countries with a higher risk of RHD (Africa, South America and &¥iacan also be seen

in young, non-Indigenous Australians. Generally the onset of RHD occurs in childhood and
adolescence and it affects more women than men. It can often be first detected in women of
child bearing age and can potentially complicate pregnancy and labour. While the presence
of RHD rarely means women cannot become pregnant, there are a number of factors which
are important in ensuring a good outcome for both mother and child (see Box 6).
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1. Detect EARLY and exclude RHD
a. In populations at high risk of RHD all women who have a heart murmur require
an early echocardiogram.
b. If there is a history of ARF the result of a recent echocardiogram should be
reviewed.
2. Assess and treat BEFORE pregnancy
a. Refer anyone with RHD for specialist physician/cardiologist review.
b. Discuss fertility planning and contraception with women with RHD.
c. Ensure fertility planning informs discussions regarding management in all
women in whom surgery is planned.
3. Ensure a COORDINATED AND MULTIDISCIPLINARY CARE TEAM
is in place early — pregnant women with RHD require a team approach linking primary

health care, obstetric services, anaesthetics and specialist physicians/cardiologists.

Box 6. Important factors in the early detection and management of RHD in women
who are planning to become pregnant or who are pregnant.

RHD and Women

Women are at higher risk of developing RHD compar#él men despite similar rates of

ARF. A prospective surveillance programme of ARF and RHD in Fiji between 2005 and
2007 revealed that the relative risk of admission for RHD for females compared with males
was 2.5 (95% CI 1.6 — 3.8§ A recent audit of the management of ARF and RHD in the
Kimberley region of WA and far north Queensland revealed a similar disparity in disease
(see Figure 10). Of the 301 people with RHD 216 (71.8%, 95% CI| 66.3 — 76.8) were
women. Overall the odds of having RHD in women was 2.2 (95% CI 1.6 — 3.1) compared

with men.

The reasons for this far greater risk of RHD in women remain poorly understood. While it
may be explained by a greater exposure to GAS in women caring for children, this would
fail to explain the lack of a similar gender disparity in ARF incidence in younger people. It
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may also be, at least in part, attributable to women having a greater opportunity for
diagnosis of RHD by accessing health care more frequently than men or a gender-related

predisposition to autoimmune disedse.
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Figure 10. Over-representation of women with RHDha Kimberley (Western

Australia) and far north Queensland.

RHD in Pregnancy

Pregnancy places an increased demand on the heainestherwise well women.

Changes associated with pregnancy include an increase in blood volume and heart rate, a
reduction in the resistance of the arterial circulation and an associated increase in cardiac
output. These normal changes tend to worsen pre-existing heart valve problems including
those associated with RHD. For this reason it is not uncommon that RHD can sometime be
first diagnosed in pregnancy through finding a heart murmur or the onset of heart failure.
Unexplained shortness of breath in pregnancy and during and after delivery in patients at

risk of RHD should always raise the suspicion of RHD and heart failure.

The National Heart Foundation of Australia and Cardiac Society of Australia and New
Zealand’s Diagnosis and management of acute rheumatic fever and rheumatic heart

disease in Australia: An evidence-based ref4nighlights five maternal risk factors
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associated with RHD during pregnancy. These are (1) reduced left ventricular function, (2)
significant aortic or mitral stenosis, (3) moderate or severe pulmonary hypertension, (4) a

history of heart failure, and (5) symptomatic valvular disease before pregnancy.

Health providers caring for pregnant women with RHD should refer to these guidelines for
detailed advice. In general regurgitant valve lesions are much better tolerated in pregnancy
compared with stenotic lesions. Mitral and aortic stenosis should therefore raise particular
concern. The importance of identifying RHD in women before they become pregnant is
reinforced by the high risk of foetal loss associated with valve surgery during pregnancy.
The key to management of RHD in pregnancy remains early and regular monitoring by a
multidisciplinary team. An outline of the management of specific valve lesions and
prosthetic valves in pregnancy is outlined in Box 7. Management of labour and delivery in
women with RHD and mechanical valves is complicated and is outlined in the review by

Sartain*’®
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Mitral Regurgitation : Generally tolerated well during pregnancy. Heart failure may

require diuretics and vasodilators (hydralazine, nitrates, dihydropyridine calcium channel

blockers). Vaginal delivery is usually possible when heart failure is controlled.

Mitral Stenosis: If moderate or severe often causes heart failure. If symptoms are not

severe, medical therapy with diuretics, digoxin and/or beta-blockers to slow heart rate is

indicated. If symptoms remain there is significant risk to both mother and foetus and
of mitral stenosis is usually required. Percutaneous balloon valvuloplasty is preferred
the high risk of foetal loss with surgery. Vaginal delivery is the usual approach althou

relief
given

gh

caesarean section should be considered in cases of severe disease with severe pulmonary

hypertension.

Aortic Stenosis If mild or moderate can usually be safely followed during pregnancy.

Severe disease involves significant risk of adverse outcomes and percutaneous ballpon

aortic valvuloplasty may be required.

Prosthetic Heart Valves Choice of valve prosthesis in the childbearing age group is
complicated by the fact that while tissue valves have the advantage of not requiring
anticoagulation most will require later replacement. Most patients with prosthetic valv

and few symptoms tolerate pregnancy well.

Mechanical Prosthetic Valves and AnticoagulationMechanical valves are a high-risk
group as all anticoagulation options pose maternal and/or foetal risks. Patients taking
warfarin need early counselling and specialist advice before becoming pregnant. Wo

warfarin who can become pregnant require reliable contraception.

es

)
men on

Box 7. Specific recommendation for management of RHD and prosthetic heart

valves in pregnancy (See Diagnosis and management of acute rheumatic

fever and rheumatic heart disease in Australia: An evidence-based®fevi

for more details)
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Conclusion

RHD has been “all but forgotten” in mainstream AusiraHowever, Aboriginal and

Torres Strait Islander people, particularly those living in regional and remote Australia,
have amongst the highest rates of ARF/RHD in the world. This burden is
disproportionately borne by women. The normal cardiovascular changes associated with
pregnancy exacerbate problems associated with pre-existing RHD and pregnant women
with RHD must be managed according to the severity of their valve lesion and symptoms.
Women with mechanical prosthetic valves who require anticoagulation are particularly at
risk. The key to RHD management in pregnancy is detection and management before
women become pregnant and early and regular multidisciplinary care in pregnancy
including primary health care providers, obstetricians, anaesthetists and specialist
physicians/cardiologists. If managed early and proactively most women with RHD can
become pregnant with a positive outcome for mother and child.
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2.3 Approaches to Improving Adherence to Secondary
Prophylaxis for Rheumatic Fever and Rheumatic Heart

Disease: a Literature Review with a Global Perspective

Background

While primordial and primary prevention of ARF/RHDegrossible, as discussed

previously, implementation of such prevention strategies has proved difficult and evidence
regarding the success of such initiatives is yet to be adequately tested in an Australian
Aboriginal and Torres Strait Islander setting. For this reason, secondary prophylaxis in the
form of regular long-term intramuscular-injections of long-acting benzathine penicillin has
become the mainstay of most ARF/RHD management strategies. Nonetheless evidence
from a number of Australian studies indicates that many individuals living with ARF/RHD

do not receive adequate secondary prophylaxis:

* Minchim et al reported that in the Kimberley region of Western Australia less than
one-fifth of patients having benzathine penicillin injections had a median injection
interval of 3.5 — 4.5 weeKs.

» Eissa et alreported that in an Aboriginal community with high ARF incidence only
42% of people receiving antibiotic prophylaxis had received 80% or more of the
recommended doses in the previous Vear.

» Stewart et alinvestigated adherence with secondary preventative treatment in five
Indigenous communities in the Katherine region of the Northern Territory and found
that mean adherence with prophylaxis over a two year period was 56% of prescribed
doses.””

e Harrington et alconducted a quantitative and qualitative study of secondary
prophylaxis use in a remote Aboriginal community in North East Arnhem Land and
found that over a 21 month period only 59% of patients received >75% of prescribed
injections’’®

* Ralph et al undertook an ARF/RHD CQlI initiative in primary health clinics in regional

and remote Aboriginal communities in the Top End and Centre of the Northern
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Territory. At baseline, five of the seven sites included in the study had less than 30% of
their ARF/RHD clients receiving >80% of scheduled benzathine penicillin injections.
Despite subsequent interventions as part of the CQI initiative, there was no significant
improvement in uptake over the two year duration of the stiidy.

* Rémond et alaudited the management 407 individuals with ARF or RHD living in the
Kimberley (Western Australia) or far north Queensland. Of the 293 individuals
prescribed benzathine penicillin only 17.7% had received >80% of scheduled doses in
the preceding 12 months with the median number of doses b&ing 6.

The reasons for poor uptake of secondary antibiotic prophylaxis are complex and varied. It
is not uncommon to hear anecdotal evidence of the success of new initiatives to solve this
issue. However, high quality evidence around such initiatives is lacking. Within this
context, the following review article was prepared with a view to examining the evidence
around improving uptake of secondary prevention and providing recommendations for

future initiatives and research.

This paper has been accepted for publication in the journal “Cardiology in Review”.

Abstract

We used the Chronic Care Model as a framework t@veinitiatives to enhance the

delivery of secondary antibiotic prophylaxis for acute rheumatic fever and rheumatic heart
disease. The limited evidence available suggests the following elements may improve
uptake of secondary antibiotic prophylaxis: registers and recall systems, strong staff-patient
relationships, dedicated teams to deliver secondary prophylaxis, education, and community
linkages (particularly between health services and schools).

The difficulty in translating an efficacious treatment, such as secondary antibiotic
prophylaxis, into an effective programme that reduces the burden of acute rheumatic fever
and rheumatic heart disease demonstrates the importance of on-going work in developing

and evaluating research translation initiatives.
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Introduction

The prevention of acute rheumatic fever (ARF) andinh&tic heart disease (RHD) can be
approached at a number of levels. On the broadest scale, primordial prevention involves
addressing environmental and social disadvantage associated with Group A streptococcal
(GAS) infection and ARE® However, public health initiatives alone cannot readily address
such broad issues. Research into the development of a GAS vaccine is fidmingas

been hampered by the potential for cross-reactive epitopes and the risk that potential
vaccines may stimulate the immune response that triggers RiRFthe absence of an
effective vaccine, primary prevention initiatives have focused on antibiotic treatment of
GAS pharyngitis. In highly controlled populations, such as American military recruits,
early treatment of GAS pharyngitis has been demonstrated to reduce ARHiskever,
there is little convincing evidence that specific “sore throat” programmes in broader
populations at high risk of ARF/RHD are effectri&*

Owing to the difficulties in implementing effective primary prevention strategies, a core
component of ARF/RHD management is secondary prevention of which one aspect is
secondary antibiotic prophylaxis in the form of three to four-weekly long-acting
intramuscular benzathine penicillin injecticn& °’Secondary prevention aims to protect
individuals who have previously had ARF, or already have RHD, against GAS, recurrent
ARF, and development or progression of RHD.

While the effectiveness of secondary prevention has been demorfStiatptementation

is difficult. ARF/RHD patients not receiving adequate secondary prophylaxis are at risk of
avoidable and progressive heart damage. Even when prescribed, low uptake has been
highlighted in numerous countries including Austf&li&gypt?’, Taiwart®, Brazil*®® and
South Africa®* Reasons suggested for this include longevity (up to 10-20 years) and
inconvenience of treatment, pain of injections, poor community engagement, inadequate

patient education, cost, and distance from health cefitrés.

Addressing this issue is an ongoing public health pribtiihe aim of this review is to
evaluate the evidence pertaining to improving uptake of ARF/RHD secondary prophylaxis

within the framework of the Chronic Care Model (CCM) developed by Ed Wagner and
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colleagues® Given the longevity of secondary prophylaxis required for ARF/RHD
patients, suboptimal uptake of treatment, and the reality that delivery of health care in this
context is far broader than individual interactions between patients and clinicians, it is

timely to examine ARF/RHD secondary prophylaxis within a CCM framework.

Chronic Care Model for ARF/RHD

There are a broad range of models of care that Ibesm developed and utilised in chronic
disease manageméfit:*¥Many of these focus on specific chronic diseHSe's®

particular elements of treatment or the health care sy3tesefined providers? or the

client themselved? *30Others are based on Wagner’s original CCM and encompass a
broader, whole-of-system approach incorporating patient, provider and system-level
interventions. The CCM has been utilised in this review as it provides a generic framework
that is recognised and utilised internationally and for a broad range of communicable and

non-communicable chronic diseasgs!®’

The CCM is a whole-of-system framework developed for improving chronic disease care.
It highlights that effective chronic disease care results from positive relationships between
empowered patients and proactive care teams. Wagner argues that delivering effective
chronic disease care is best achieved through redesigning delivery systems within the
context of three core domains: community resources, health care organisation, and clinical

practice (see Figure 11).
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Figure 11. Diagrammatic representation of the Chronic Care Mbdel.

While the CCM has been associated with improvements in chronic dised8e'®aré’it

has not been utilised specifically in relation to ARF/RHD. Furthermore, the model has

limitations including the fact that there are few data relating to its cost-effectiveness and the

potential difficulties in applying a model of system redesign shown to be effective in well-

resourced urban centres to regional and remote settings where many clients with ARF/RHD

live. Nonetheless, given the broad nature of the CCM framework, this was considered the

most suitable framework to use when examining potential strategies to improve the

delivery of secondary antibiotic prophylaxis for ARF/RHD.

Search Strategy

A PubMed search of English language articles was undertaken to identify literature relating

to activities undertaken to improve uptake of secondary antibiotic prophylaxis for

ARF/RHD. Published conference abstracts were included. The reference lists of retrieved

articles were also searched. The search strategy included a combination of the following

search terms: “secondary prophylaxis OR antibiotic prophylaxis OR benzathine penicillin

OR preventive therapy”, “rheumatic fever OR rheumatic heart disease”, and “adherence
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OR compliance”. A grey literature search was also undertaken examining the first ten pages
of both Google and Google Scholar for the following search terms (used in combination)
"secondary", "antibiotic”, "prophylaxis”, "penicillin”, "rheumatic”, "adherence”,

"compliance". The criteria for the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) were applied.

In total 104 articles were reviewed. Articles which did not report adherence data for
secondary prophylaxis or which did not describe interventions to improve uptake were
excluded. Sixteen articles satisfied all selection criteria and were included. Given this low
number, other potential strategies for improving uptake of secondary prophylaxis were

discussed based on evidence from studies in other areas of health care.

Review of Interventions to Improve Uptake of Secondy

Antibiotic Prophylaxis within a CCM Framework

1. Community Resources

The CCM recognizes that while care takes place within a health care system, this system is
embedded within the wider community. By mobilising “community resources” to meet the

needs of patients, better outcomes may be expétted.

Mobilizing community resources to improve delivery of ARF/RHD secondary prophylaxis
may involve such actions as increasing health access through community-control or clinical
outreach, developing linkages between health services and community-based agencies (e.g.
schools, sports bodies, stores, churches, and welfare agencies), and promoting secondary
prophylaxis through community events and cultural activities. A thorough understanding of
local community dynamics is likely to be integral to identifying potential community

partners.

Within an Indigenous context, research focused on Canada’s First Nations peoples has
shown that community control of health services, self-governance, control of traditional
lands, and community-controlled schooling can improve health outcBfn&S.

Nonetheless this research was specifically related to youth suicide and may not be

generalisable to chronic disease care in general and ARF/RHD specifically.
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Local events organised by identified partners, such as concerts and cultural gatherings, may
provide a particularly useful forum for engaging young populations at particular risk of

ARF who may not access structured health care. Whilst their role in encouraging the uptake
of ARF/RHD prophylaxis is unknown, there is evidence that such support can influence

health-related behaviour including reducing tobacco consumgjfion.

Developing linkages between health care and education systems can be particularly
effective in improving uptake of secondary prophylaxis by children and adolescents. One
secondary prophylaxis programme in Auckland, New Zealand, focused on delivering
injections at schools by community nurses. This resulted in full compliance (percentage of
clients receiving all scheduled injections over a 12 month period) ranging from 79.9% to
100% over nine different nursing office¥.

There is some evidence that a ‘whole of community’ response to ARF/RHD prevention can
be effectivet®® 14! 2925ch an approach was undertaken in the Cuban province of Pinar del
Rio between 1986 and 199% Five years later the occurrence of ARF and RHD had
declined by up to 90%, and a progressive increase in uptake of secondary prophylaxis was
reported. Community involvement and the utilisation of public media were key components
of this programme. Similar success with ‘whole of community’ interventions has been
reported in Costa Ri¢¥ and the Caribbeaf! Unfortunately it is difficult to identify the

exact elements which contribute to the success of such broad-scale programmes.

2. Health care organisation

The CCM highlights that to improve chronic disease care it is necessary to improve the
quality and safety of the culture, systems and practices of health care organiSattus.

role of clinician leadership and advocacy from service providers, patients, community
leaders and clinical and consumer organisations would seem to be key to this process but

the available evidence is limited to uncontrolled evaluations from Central Am&titd:
202

One mechanism that is often used to facilitate the ongoing refinement of health systems,
and which falls under the remit of “health care organisation” improvement, and particularly

“delivery system design” (see figure 12), is continual quality improvement (CQI). CQI

68



refers to a structured organisational process to plan and implement a continuous suite of
interventions to improve the quality of health care provided by an organig&tion.

involves examining and reworking existing health care processes in light of best-practice,
evidence-based knowledge and scientific methodold@iashile systematic reviews have
demonstrated that CQI can be effective in improving other areas of health care, the
evidence is limited® ?°>The effects are generally small to moderate with most positive
results seen when baseline adherence to recommended practice is low and intensity of audit
and feedback is higt!® CQI programmes may be difficult to implement if they are

complex, time-consuming and resource-intensive. These problems may be exacerbated in

low resource, Indigenous, and remote setfitigshere ARF/RHD are most prevalent.

There are currently only limited published data reporting on the efficacy of CQI initiatives
in ARF/RHD care. One study from the Northern Territory in Australia suggested that CQI
activities did improve some aspects of ARF/RHD care but had no impact on the proportion
of patients receiving >80% of their scheduled LAB injectiighus, it remains unclear
whether formal CQI initiatives are superior to other organisational strategies including
those that encourage reflective and responsive health care at an individual provider level.

Providing incentives to health care providers may be another potential mechanism to
improve patient care. In the context of ARF/RHD secondary prophylaxis, providers could
be rewarded for each dose delivered or when uptake targets are met. While there is no
published literature in relation to such ‘pay-for-performance’ (P4P) strategies for secondary
prophylaxis, there is evidence relating to other elements of health care. Unfortunately,
systematic reviews have reported that the quality of research relating to P4P strategies in
health care settings is poor and that the effects of such interventions are highly ¢&fiable.
210 1n these three systematic reviews the number of studies was limited, ranging from 5 to 9.
In de Bruirf®® and Scott’$™ reviews, the authors found that there were small improvements
in the quality of care but that most studies included significant methodological limitations
and no assessment of cost effectiveness. Witters’ review of interventions in low to middle
income countries found little to support the use of P4P in such séttifgsthermore, it

has been argued that the complexity and design of P4P initiatives can make it difficult to

generalise apparently successful initiatives to other seftthimnetheless, the success of
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some P4P schemes suggests that well designed incentive systems with clear evaluation
strategies are worthy of further investigation as a mechanism to enhance ARF/RHD

secondary prevention.
3. Clinical Practice

3(i) Self-Management Support
The CCM recognises that a central component to improving chronic disease care is

providing patients with the knowledge, skills, motivation and support to manage their own
health’®

An uncontrolled evaluation of a secondary prophylaxis programme in Barbados
demonstrated that supporting ARF/RHD patients to self-manage through the use of patient-
carried cards to record injection dates may have improved uptake with adherence up to 97%
of possible doses of therafy: **The use of such cards was reported to have eased the
administration of the ARF/RHD programme, involved the patient in the keeping of records
of injections, and allowed for immediate assessment of adherence to propfiylaxis.

However, the specific impact of such cards as opposed to the concurrent implementation of
an ARF/RHD service and registration system meant that the individual impact of such
cards could not be determined. In addition, there is a lack of information regarding the use
and efficacy of hand-held records in other settings. Whilst such a system may be useful for
patients who are mobile and access health care at various sites, there is little published

evidence to support this.

Another mechanism that may support self-management is the use of mobile telephone-
based short message service (SMS) reminders. One review of SMS reminders found that
they substantially increased the likelihood of patients attending clinic appointiteFits.
increasing use of mobile telephones in low resource and remote settings means the use of
SMS-based reminders may be a viable option to enhance ARF/RHD care across a broad
range of setting-> ***Nonetheless, at present there is no evidence to support this in
ARF/RHD and their use is, therefore, best limited to settings where they can be associated

with a clear evaluation strategy.
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Whenever considering self-management it is important to be cognizant of the extent to
which individuals and communities may wish to take on such a role. Evidence based on the
experience of some Aboriginal Australians suggests self-management may not be a
priority. In one ARF/RHD prophylaxis study in a remote Aboriginal community, a patient’s
sense of taking responsibility for their own health was not clearly related to dftake.

Rather, patients felt that the role of the health service was not only to provide medical care
but also to perform a pastoral role in terms of home visits, engaging families, encouraging
patients and caring for them emotionally. Another Australian study reported that the uptake
of secondary prophylaxis was closely linked with positive patient — staff interattions.

These studies imply that in a remote Aboriginal context, self-management for ARF/RHD
may play a secondary role to the quality of relationships between health staff and
patients/families. Nonetheless, generalising these findings to other settings should be

interpreted within a local cultural context.

A key component of chronic disease self-management is patient, family and community
education. ARF/RHD education has been associated with an improvement in the uptake of
secondary prophylaxis in Costa Riteand the Caribbealt! Furthermore, an Egyptian

study showed that inadequate education of parents regarding ARF/RHD and secondary
prophylaxis was the main factor jeopardising quality of care for their chitdten.

Nonetheless, the Costa Rican and Caribbean studies were uncontrolled, multi-dimensional
interventions and so the isolated effects of education initiatives remain difficult to

determine.

The use of patient/carer incentives to improve uptake of ARF/RHD secondary prophylaxis
has been suggest&iTwo recent Cochrane reviews of the effectiveness of incentives in
limiting tobacco consumptiét ?*°and a systematic review investigating the use of
financial incentives for the treatment for obe&ftyound that such schemes were not
generally successful. Nonetheless, a review of eleven randomized controlled trials
investigating the effect of financial incentives on compliance with medication, medical
advice, or medical appointments did find a positive associ&tiaxs evidence of the

effectiveness of patient incentives is unclear, and given there is no evidence relating to their
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use in ARF/RHD prophylaxis, further research is required before recommendations can be

made.

3(ii) Delivery System Design
Improvement in chronic disease outcomes requires the delivery of clinical care that is

effective and efficient?

It is often suggested that a key element in the successful delivery of secondary prophylaxis
is having systems of patient registration and recall that are up-to-date, accessible and
clear’*! Such systems are particularly effective in ensuring appropriate response to follow-
up, including missed injectiorfs?Nonetheless, the evidence supporting their

effectiveness in enhancing secondary antibiotic prophylaxis is, at best, limited to
uncontrolled audits whereby changes in prophylaxis uptake may have been influenced by

other undefined factor3: %% %%

Successful delivery of secondary prophylaxis also requires clarity regarding roles and
responsibilities of clinical and non-clinical health staff. For example, high uptake rates
were reported for a New Zealand secondary prophylaxis programme that involved
community-based nurses working with ethnically appropriate health workers who provided
education, support and transpGftOther studies have confirmed that uptake of secondary
prophylaxis improves where clear responsibility is placed upon a particular staff member to

actively follow-up clients who miss injectioY.

One study in central Australia investigated the novel concept of delivering secondary
prophylaxis at times of the full modf> While uptake increased significantly, the improved
uptake did not occur at the time of the full moon. Such findings reinforce the need to
critically evaluate claims that any specific initiative has enhanced ARF/RHD secondary
prophylaxis uptake when often confounders and other uncontrolled factors may not have

been adequately addressed or controlled for.

3(iii) Decision Support
The CCM recognises that clinical care provided to patients with chronic diseases must be

based on current evidence while at the same time taking account of patient preférences.
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In respect of ARF/RHD care, evidence-based best-practice guidelines are available for a
number of settings including South Africa, Asia, North America, New Zealand, Australia
and globally, via the World Health Organisatfofi- " #26?*The CCM acknowledges the
importance of incorporating these guidelines into existing care and register/recall systems.
Nonetheless, we have highlighted above that the evidence in relation to secondary
antibiotic prophylaxis implementation, and that is often cited to support guideline

recommendations, is limited.

A number of specific issues are particularly pertinent in relation to decision-support
regarding ARF/RHD secondary prophylaxis. First, there must be clarity and consistency in
relation to timing of delivery and period of coverage required. Unfortunately, even in high
income countries such as Australia, adherence to national guidelines is V&r&dxend,
support systems are required for local health providers to deal with more complicated
management issues not adequately addressed by local guidelines. Such systems may
include facilitating access to specialist or more experienced primary health care providers
through telemedicine or outreach clinics. While there is no published evidence relating
specifically to the use of telemedicine in secondary prophylaxis, one report noted that the
use of telemedicine in the Pacific Islands enabled more efficient and effective evaluation
and follow up of RHD patients requiring surgical intervenfiGhrhird, as the severity of

RHD dictates the frequency of health care review, and the longevity of prophylaxis
required, routine review of patients and their medical records is required to ensure that
decision support systems are correctly applied. Such review can ensure that secondary
prophylaxis is ceased when appropriate thereby preventing unnecessary use of health

resources and patient inconvenience.

3(iv) Clinical I nformation Systems

Effective clinical information systems provide easy access to up-to-date patient and
population data thereby allowing health practitioners to make well-informed decisions
about patient care. A preferred system for facilitating the uptake of ARF/RHD prophylaxis
is one that integrates patient information, decision support and recall and folfoWhap.
structure of any such system will be dependent upon available resources. In higher income

settings this may include electronic patient medical records which interface with centralised
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ARF/RHD register/recall systems and electronic decision support. In other settings these
may be paper-based records, registers and protocols or hand held records. The role of such

register/recall systems has been highlighted above.

Conclusion

The CCM provides a framework within to plan, implemand evaluate initiatives to
improve chronic disease services. With evidence suggesting that the uptake of ARF/RHD
secondary prophylaxis is often inadequate, we used the CCM framework to review

interventions to improve service delivery.

There is limited published evidence pertinent to improving the delivery of ARF/RHD
secondary prophylaxis. That which is available suggests that register/recall systems,
dedicated teams for prophylaxis delivery, ARF/RHD education, linkages with the
community (particularly schools), and staff-patient relationships may be important.
However, it is difficult to generalise findings from individual studies to other settings, and

high quality studies are lacking.

While the CCM concentrates on a broad based response to chronic disease care, the limited
existing evidence relating to ARF/RHD recommendations has a particular focus on delivery
system design and CQI (see 3.ii), decision support and guidelines (3.iii), and clinical
information and recall systems (see 3.iv). Although evidence to inform self-management
support (3.i) is lacking, initiatives in other settings would suggest a combination of patient
reminders (e.g. SMS messaging), incentives, and self-managed medical records (whether

electronic or hand held) are worthy of future investigation and evaluation.

The problem of uptake of ARF/RHD secondary prophylaxis remains vexed. The solution to
preventing ARF/RHD is likely to lie in understanding and addressing the role of poverty,
developing an effective GAS vaccine, and researching new systems of delivery of
secondary prophylaxis that do not necessitate monthly injections over decades. In the
interim the focus should be on evaluating initiatives that translate an efficacious treatment
(secondary antibiotic prophylaxis) into effective programmes that reduce the burden of

ARF/RHD. A current Australian multicentre community-based clinical trial evaluating a
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multidimensional primary health care based intervention to enhance secondary prophylaxis

delivery may inform this proce<g’

Key Points

1.

Current management of ARF and RHD includes the use of secondary antibiotic

prophylaxis but uptake of this in many settings remains low.

. There is very limited high-quality evidence to inform initiatives to enhance the delivery

of secondary prophylaxis

There is limited evidence to suggest that the following elements may improve uptake of
secondary antibiotic prophylaxis: use of registers and recall systems, development of
strong staff-patient relationships, creation of dedicated teams for the delivery of
secondary prophylaxis, education programmes, and implementation of initiatives to
improve community linkages (especially with schools).

The difficulty in translating an efficacious treatment, such as secondary antibiotic
prophylaxis, into an effective programme that reduces the burden of ARF and RHD
demonstrates the importance of on-going work in developing and evaluating research
translation initiatives that reflect the practical realities of where people with ARF/RHD

live.
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Chapter 3 — Informing the Diagnosis of

Rheumatic Heart Disease

3.1 Screening for Rheumatic Heart Disease in Aboriginal

and Torres Strait Islander children

Background

The role of screening in the prevention and managénfeheumatic heart disease (RHD)
has become topical due to the increased availability of affordable and portable
echocardiography machines. One of the first reported studies of echocardiographic
screening was undertaken by Marijon and colleagues in Cambodia and Mozambique
commencing in 20032 Prior to this study, RHD screening programmes relied on clinical
screening via auscultation followed by echocardiographic confirmation of diagnosis if a
murmur suggestive of RHD was detected. However, the existence of subclinical valve
disease raised debate as to whether such protocols significantly underestimated RHD
prevalencé>! The results obtained by Marijon and colleagues supported this notion in
finding that systematic screening with portable echocardiography detected almost 10 times
as many children with RHD compared with clinical screeffrince this study, numerous
further echocardiographic prevalence studies have been undertaken in a wide variety of
countries including Australfa® Indig?®*, New Zealan®, New Caledoni&>, Nicaragu&™,

Senegal’’, and Ugandd® and have been systematically reviewed by Rothenbuhlef%&t al.

The question of the role of screening in the prevention and management of rheumatic heart
disease (RHD) has been highlighted as a priority for research in AuSti@iigen the high

rates of RHD already reported in Australian Indigenous populations it is arguable that
screening should be undertaken in high risk settings so as to identify those with early
disease, provide them with treatment, and prevent the worsening of damage to their heart
valves. However, a number of significant questions around the feasibility of RHD

screening programmes exist. The following review article explores these issues and, in
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particular, provides a rationale for the research regarding echocardiographic diagnosis of
RHD presented later in this chapter.

Abstract

RHD is preventable but causes significant morbidity mortality in Aboriginal Australian

and Torres Strait Islander populations. Screening echocardiography has the potential to
detect early RHD thereby enabling timely commencement of treatment (secondary
prophylaxis) to halt disease progression. However, a number of issues prevent
echocardiographic screening for rheumatic heart disease satisfying the Australian criteria
for acceptable screening programmes. Primarily, it is unclear what criteria should be used
to define a positive screening result as questions remain regarding the significance, natural
history and potential treatment of early and subclinical RHD. Further, at present the
delivery of secondary prophylaxis in Australia remains suboptimal such that the potential
benefits of screening would be limited. Finally, the impact of echocardiographic screening
for RHD on local health services and the psychosocial health of patients and families are

yet to be ascertained.

Introduction

Many people with RHD in Australia first present witivanced valve diseas&One

mechanism to prevent advanced RHD is to identify those with milder disease and offer
them secondary antibiotic prophylaffsTo this end, there has been increasing research
regarding the utility of echocardiographic screening for the early detection of RHD in
Australia and elsewhere as it may enable identification of those at-risk before symptoms
develop>® >3 ™ "™Concurrently there has been increased discussion in Australia regarding
whether screening for RHD should become part of routine healtff éaréhose at

increased risk including Aboriginal and Torres Strait Island chiltizespite ongoing

research, uncertainty remains regarding the potential benefits and risks of such a strategy.

Before discussing the role of RHD screening in Australia it is necessary to define “health-
related screening” and to provide a structured approach to assessing whether such screening
is appropriate. Disease screening is the systematic application of rapidly applied tests or

examinations to identify asymptomatic individuals at risk of a specific disorder. Its aim is
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to identify disease early so that intervention and management can be established to reduce
disease incidence, morbidity and mortafity.

While the benefits of detecting disease early are widely acknowledged, all screening tests
have risks, costs and harAt8 Any screening programme must achieve a balance between
bringing effective treatment to those with previously undetected disease and avoiding harm
to those not in need of treatméftDue to the complexity in achieving this balance, a

variety of thematic structures have been developed to assist decision makers when
considering potential screening programrffe§’ >In this review, we examine the

suitability of echocardiographic RHD screening based on the Australian criteria for the
assessment of population screeffrigee Box 8) which closely follow those of the World
Health Organisation and the Council of Euréffe®*

The Condition must be an important health problem, with a recognisable latent or eafly

symptomatic stage, and the natural history of the disease must be adequately understood.

The Test must be highly sensitive and specific, validated and safe. It must have relatively
high positive and negative predictive values and be acceptable to the target populatipn.

There must be established criteria for what constitutes positive and negative test results.

Assessment Systems should be in place for evidbased followup assessment of all

people with a positive screening test.

Treatment and Management The treatment must be effective, available, easily accessible
and acceptable to all patients with the recognised disease or condition. There must he

management protocols for those with the condition or at risk of developing the condition.

The Screening Programmemust be evidenebased, be adequately resourced for
screening and follow-up, have effective recall and management databases, be cost effective,

and ensure that overall benefits of screening outweigh the harm.

Box 8. Australian criteria for the assessment of population-based screening.
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The Condition

The condition must be an important health problenth wirecognisable latent or early

symptomatic stage, and the natural history of the disease must be adequately understood.

RHD is an important health problem, accounting for the highest percentage of adolescent
cardiac disease in the world toddyCurrent global estimates indicate that more than 15.6
million people have RHD, with 470,000 new cases and 230,000 deaths eatHlyear.
highest documented rates of acute rheumatic fever (ARF) and RHD in the world are found
in Australian Aboriginal and Torres Strait Islander populatférighese groups have an 8-

fold hospitalisation rate for ARF/RHD compared with non-Indigenous Australians and are
30-times more likely to die from complicatiofi$.

RHD causes significant cost to affected individuals, families, communities and society
generally. The greatest impact is seen in young adults in their most socially and
economically productive yeafs> This, coupled with excessive heath care costs and loss of
social capital, contributes to an extensive national economic béfdestudy investigating
100 low-income patients affected by ARF/RHD over one year, identified 1,657 medical
consultations, 22 hospital admissions, a 22% school failure rate, and that 22% of parents

exhibited work absenteeism, 5% of whom lost their f8Bs.

The natural history of RHD is well understodd RHD usually develops after recurrent
episodes of ARF. Once RHD is established further episodes of ARF are likely to cause
additional valve damage thereby increasing disease severity. Although associated with
ARF, a third of patients with established RHD do not have a history of’ARypically,
people with mild RHD exhibit no symptoms. Only with more severe disease do

complications occur including heart failure, stroke and endocatditis.

Whilst valve disease is classically associated with a heart murmur on auscultation this is
not invariable. “Subclinical” RHD can exist whereby cardiac auscultation is normal but
valve disease is evident on echocardiograpfly®’Such subclinical RHD has been shown

to persist*® and progress to significant valvular disease over li®ereening-based

detection of subclinical RHD may allow the commencement of secondary prophylaxis at an

earlier stage, thus preventing the development of more severe disease.
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The Test

The test must be highly sensitive and specific, &tdaiand safe. It must have relatively
high positive and negative predictive values and be acceptable to the target population.

There must be established criteria for what constitutes positive and negative test results.

Echocardiography is safe and non-invasive. It is both sensitive and specific in regards to
identifying morphological and functional heart valve abnormalities associated with
established clinical RHE! However, there is substantial debate regarding criteria for a

positive and negative result in any potential screening programme.

Traditionally, programmes to detect RHD in children have relied on auscultatory
assessment followed by echocardiographic confirmation if a murmur was détected.
However, the existence of subclinical valve disease raises the possibility that such protocols
may result in cases of RHD remaining undiagndethdeed, investigations of

auscultation by highly trained clinicians concluded that the clinical diagnosis of murmurs is
often inaccuraté? In contrast, echocardiography is a highly sensitive method for

diagnosing and characterising valve lest8msd can result in a case detection rate for
echocardiographically-defined RHD that is 10-fold that achieved by auscultation®alone.

With less expensive and more portable systems, echocardiography has been increasingly
utilised for RHD screening in developing countries and remote retfiois>>°A study by
Marijon et al of schoolchildren in Cambodia and Mozambique revealed that approximately
90% of echocardiographically-defined RHD cases were clinically silent leading the authors
to suggest that echocardiographic screening may be an ideal means of optimising case
identification*® A similar study conducted in Tonga concluded that 54% of the lesions
determined to be definite RHD on echocardiography were either not discovered on

auscultation, or were defined as ‘innocent’.

Nonetheless, there is a lack of evidence relating to the natural history of such subclinical
RHD and whether its natural history and response to secondary prevention parallels
classically diagnosed disease. If this were not the case then any RHD screening programme
that assumes subclinical RHD is equivalent to RHD diagnosed in the setting of earlier ARF

or a murmur could lead to inappropriate management. Conversely, if subclinical RHD does
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represent true RHD then such screening criteria would potentially enable a significant
proportion of RHD to be prevented through early intervention. There is therefore a clear
need for further research to determine whether subclinical RHD has a natural history and
response to secondary prevention that is equivalent to RHD diagnosed on the basis of a
murmur or history of ARF. In addition, accepted and validated criteria for what constitutes
a positive and negative RHD echocardiographic screening test are required to avoid
potential over-diagnosis. Whilst international evidence-based criteria for the diagnosis of
RHD in high-risk populations have been develdpgtie significance of minor

abnormalities remains unclear.

Assessment

Systems should be in place for evidence based fopaagsessment of all people with a

positive screening test.

Until the uncertainties regarding echocardiographic screening criteria for RHD and the
significance of subclinical RHD are clarified, it will not be possible to develop evidence-
based systems for the follow up of a positive screening test. Nonetheless, where it has been
assessed, the existing primary health care, specialist and echocardiographic follow-up of
Australian patients with a history of ARF and RHD is suboptith&fA study in the

Kimberley reported that of patients recommended visiting specialist or echocardiographic
review, 78% and 64% attended respectivélgimilarly, in the Northern Territory only half
the patients with moderate and mild RHD were adequately investigated and/or followed
up® It is unlikely existing systems for RHD clinical follow-up would be able to meet the
increased workload associated with echocardiographic screening, including follow-up of
people with positive screening tests, without additional investment and/or service

realignment extending from primary to specialist health care.

Treatment and Management

The treatment must be effective, available, easitgsaible and acceptable to all patients
with the recognised disease or condition. There must be management protocols for those

with the condition or at risk of developing the condition.
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In Australia there are national guidelines for ARF and RHD diagnosis and manafement
which are utilized to inform local management guidelines for State and Territory
jurisdictions®* ®>One key element in the management of RHD outlined in these guidelines
is secondary prophylaxis through regular intramuscular injections with long-acting
benzathine penicillin. This has been shown to prevent infection with Group A streptococcus
(GAS)" and the development of recurrent attacks of ARF which can result in progressive
RHD.*! Successful secondary prophylaxis in people with mild RHD can retard progression
and even reverse existing dam&evith an attendant reduced need for surdetit is

currently the only evidence-based and cost-effective strategy for the control of ARE/RHD.

While secondary prophylaxis for ARF/RHD is available in Australia, its delivery remains
suboptimal. A number of Australian studies have demonstrated that relatively few
Aboriginal and Torres Strait Islander patients with ARF/RHD achieve adequate ‘dptake
178 resulting in high rates of recurrent AR The development of strategies to redress this

is an ongoing public health isst/&.

The unique cultural and demographic mix of high-risk areas for RHD in Australia
(including the Northern Territory, and regional and remote Western Australia, South
Australia and Queensland) coupled with geographic isolation and low population density
has considerable implications for health care delivery, including the delivery of secondary
prophylaxis. Further, numerous anecdotal factors are proffered to explain why existing
systems for the delivery of secondary prophylaxis are inadequate (e.g. pain of injections,
patient mobility, longevity and inconvenience of treatment, inadequate patient education).
However, there remains no clear evidence regarding how best to respond to this service
gap. Without such evidence, and the implementation of effective strategies to improve
secondary prophylaxis uptake in high-risk Australian populations, delivery will remain
poor and the potential benefits of screening will be limited.

The Screening Programme

The screening programme must be evidence-basedlieb@ately resourced for screening
and follow-up, have effective recall and management databases, be cost effective, and

ensure that overall benefits of screening outweigh the harm.

82



Currently there are ARF/RHD register and recall systems in Western Australia, the
Northern Territory and Queensland. In these jurisdictions ARF is also a notifiable disease.
Substantial evidence surrounds the importance of such centralised registers and organised
recall systems for patients with ARF/RHIThey improve case detectf3h increase

adherence to secondary prophyl&Xisand decrease hospitalisatidfisProgrammes that
include active follow-up and recall beyond individual community boundaries and which are

able to deal with patient mobility are most effecfite.

Despite these systems, it remains to be seen how any echocardiography-based RHD
screening programme in Australia may be delivered. Such a programme would, of
necessity, involve Aboriginal and Torres Strait Islander children living in rural and remote
settings. In such settings health service delivery is complicated by factors such as
geographical isolation, seasonal weather patterns that impact on transportation, difficulty in
staffing, and patient mobility. Given these issues, healthcare staff in remote Australian
communities may have difficulty absorbing the additional workload associated with
screening and/or follow-up of potentially abnormal findings, particularly as RHD requires
complicated and intensive managerm@nt:?Any potential screening programme would

therefore require additional funding and staffing to cover this additional activity.

The economic impact of screening considerably affects health services. Screening tests are
expensive, and divert money from other healthcare areas. Nonetheless, there is evidence to
show that secondary prophylaxis is cost-effective in the prevention of RHD. Michaud et al.
estimated that secondary prophylaxis costs $142 for every disability-adjusted life year
(DALY) gained and $5,520 for every death ave&d\Vhile our knowledge of the true

economic impact of ARF/RHD remains limitEdthis is nonetheless extremely good value

for money compared with other health interventions in this and other settings. For example,
one study in the Northern Territory found that the average annual cost of providing dialysis

and other treatment to Aborigines with end-stage kidney disease was at least $71,000.

The ultimate benefit of screening programmes is to increase quality and longevity of life
while avoiding medical and psychological costs associated with late-stage intervétitions.
These benefits are most apparent in populations with the highest disease risk/prévalence.

Given the high prevalence of RHD in Aboriginal Australians and Torres Strait Islanders
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and its impact on affected individuals, their families and communities, a strong case may be
made that the benefits of a successful programme would more than balance the costs,
lengthening the productive life of the population at risk, and limiting tertiary health care

expendituré*®

In regard to harm or risk, while echocardiography presents no physical risk to those being
screened it does expose participants to the potential behavioural and psychosocial risks
associated with false positive, false negative, and incidental finthihgsudies

investigating the utility of mammography screening for breast cancer have demonstrated
that for each screening-prevented death approximately 200 false-positive results are
given®” Women who received false-positive results exhibited increased anXigith 5%
describing their erroneous result as “the worst thing they had ever experiéficed”.
Demonstrated effects on mood and behaviour do not immediately resolve, even if further
investigations show no disea$8 Thus, 18% of parents who had children with false-

positive results on neonatal screening tests expressed great concerns after repeat tests
revealed no abnormalitié8' The economic costs of false-positive tests may also prove to
be substantial® It is estimated that receiving a false-positive result during prostate, lung or
colorectal cancer screening, averages US$1,171 in additional medical costs, compared with
having a negative screening t&%tin contrast to false-positives, false-negative results may
cause diagnostic delays (possibly increasing morbidity and/or mortality) and extensive,
costly treatments associated with more advanced di$€asléthese risks must be

weighed against the potential positive outcomes that may be associated with the early

detection of RHD through echocardiographic screeffifig.

Conclusion

RHD is a preventable disease that continues to cagrsiécant morbidity and mortality in
Aboriginal Australian and Torres Strait Islander populations. The ability to detect early
RHD through screening echocardiography appears highly desirable as it would enable
timely commencement of effective secondary prophylaxis to halt progression, or cause
regression, of existing disease. However, a number of issues must be resolved before
echocardiographic screening for RHD would satisfy criteria for an acceptable screening

programme. While echocardiography is a sensitive and relatively specific tool for detecting
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advanced valve disease, it is unclear what criteria should be used to define a positive
screening result, particularly as questions remain regarding the significance, natural history
and potential treatment of early and subclinical RHD. Further, while an effective
“treatment” for RHD is available (secondary antibiotic prophylaxis), current delivery to
Aboriginal and Torres Strait Islander peoples with a history of ARF/RHD is suboptimal.
Finally, the impact that echocardiographic screening for RHD would have on local health
services and the psychosocial health of patients and families is yet to be ascertained, while
the cost-effectiveness and most appropriate age and frequency of screening also remains
unclear. In light of these factors it is not yet time to advocate for echocardiographic
screening for RHD for high risk populations including Aboriginal and Torres Strait Islander

peoples living in regional and remote Australia.

Key Points

1. Aboriginal Australian and Torres Strait Islan@epulations have amongst the highest
documented prevalence of rheumatic heart disease in the world resulting in significant

morbidity and mortality.

2. Screening echocardiography has the potential to detect early rheumatic heart disease so
that timely commencement of treatment (secondary prophylaxis) can be implemented to

halt disease progression

3. Itis premature to advocate for echocardiographic screening for rheumatic heart disease
in Australia for a number of reasons: it is unclear what criteria should be used to define a
positive screening result, delivery systems for secondary prophylaxis remain inadequate,
and the potential impact of any such programme on local health services, patients and their

families is unknown.
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3.2 RhFFUS — Rheumatic Fever Follow-up Study

Background

One of the issues surrounding the feasibility of eaneg for early RHD is that, until

recently, there have been no agreed criteria for the diagnosis of RHD based on
echocardiographic findings alone. Many of the more recent RHD screening studies have
used conflicting and/or unclear criteria for assessing whether the echocardiograms of study
participants are normal or abnormal. In an attempt to address this problem and standardise
RHD diagnosis, in 2012 the World Heart Federation published a guideline for the
echocardiographic diagnosis of RADThis guideline provides clear diagnostic criteria

based on the morphology and function of the mitral and aortic valves. Furthermore, it
includes a category of “Borderline RHD” which encompasses those individuals with
morphological or functional abnormalities of their heart valves that do not satisfy criteria

for Definite RHD but which are of potential significance. The Rheumatic Fever Follow-up
Study (RhFFUS) was, in part, undertaken to address this question of the significance of a
diagnosis of Borderline RHD based on echocardiography. If clarity can be obtained about
the significance of non-diagnostic heart valve lesions, that is whether such lesions are the
earliest signs of Definite RHD, then one of the main issues regarding the feasibility of RHD
screening programmes discussed above would be addressed (that is, what should constitute
a positive or negative screening test). Furthermore, in the context of “prevention”,

clinicians presented with an echocardiogram report that describes minor heart valve
abnormalities would have the evidence to decide whether or not to commence secondary

antibiotic prophylaxis or undertake other clinical follow-up.

The following two papers report the RhFFUS project. The first paper outlines in detail the
study methodology. The second paper examines whether individuals with non-diagnostic
heart valve anomalies in a setting of high rates of ARF/RHD are at greater risk of ARF or

progressive heart valve damage and development of Definite RHD.
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3.2.1 Rheumatic Fever Follow-Up Study (RhFFUS)
protocol: a cohort study investigating the significance of
minor echocardiographic abnormalities in Aboriginal

Australian and Torres Strait Islander children.

Abstract

Background:In Australia, rheumatic heart disease (RHD) is almost exclusively restricted to
Aboriginal Australian and Torres Strait Islander people with children being at highest risk.
International criteria for echocardiographic diagnosis of RHD have been developed but the
significance of minor abnormalities which do not reach these criteria remains unclear. The
Rheumatic Fever Follow-Up Study (RhFFUS) aims to clarify this question in children and
adolescents at high risk of RHD.

Methods/Design: RhFFUS is a cohort study of Aboriginal and/or Torres Strait Islander
children and adolescents aged 8-17 years residing in 32 remote Australian communities.
Cases are people with non-specific heart valve abnormalities detected on prior screening
echocardiography. Controls (two per case) are age, gender, community and ethnicity-
matched to cases and had a prior normal screening echocardiogram. Participants will have
echocardiography about 3 years after initial screening echocardiogram and enhanced
surveillance for any history suggestive of acute rheumatic fever (ARF). It will then be
determined if cases are at higher risk of (1) ARF or (2) developing progressive

echocardiography-detected valve changes consistent with RHD.

The occurrence and timing of episodes of ARF will be assessed retrospectively for 5 years
from the time of the RhFFUS echocardiogram. Episodes of ARF will be identified through
regional surveillance and notification databases, carer/subject interviews, primary

healthcare history reviews, and hospital separation diagnoses.

Progression of valvular abnormalities will be assessed prospectively using transthoracic
echocardiography and standardised operating and reporting procedures. Progression of

valve lesions will be determined by specialist cardiologist readers who will assess the initial
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screening and subsequent RhFFUS screening echocardiogram for each participant. The
readers will be blinded to the initial assessment and temporal order of the two

echocardiograms.

Discussion: RhFFUS will determine if subtle changes on echocardiography represent the
earliest changes of RHD or mere variations of normal heart anatomy. In turn it will inform
criteria to be used in determining whether secondary antibiotic prophylaxis should be
utilized in individuals with no clear history of ARF and minor abnormalities on
echocardiography. RhFFUS will also inform the ongoing debate regarding the potential

role of screening echocardiography for the detection of RHD in this setting.

Introduction

Whilst the long-term priority for addressing ARF aRidD remains identifying effective

targets for primary prevention, to date these have proven efugielence, the current
emphasis remains the secondary prevention of Group A streptococcal (GAS) infection with
prophylactic antibiotics in people with a history of ARF or known Ri.2°"This has

been demonstrated to prevent recurrent ARF and progression of RIST7°’

Central to the delivery of ARF/RHD secondary prevention programmes is the diagnosis of
ARF and RHD. A diagnosis of ARF is classically made in accordance with the Jones
criteria based on a combination of major and minor symptoms, signs and investigation
results” *> ®Nonetheless given the variable manifestations of ARF, cases can be
missed®® In high-risk populations in Australia, the Jones criteria have been modified with

the aim of improving their sensitivity.

Prior to the introduction of echocardiography (heart ultrasound), diagnosis of RHD

required an experienced clinician with the requisite skill to identify and correctly interpret
findings detected on auscultation of the heart. Nonetheless, it has been shown auscultation
alone is neither sensitiVenor specific® The increasing availability of more portable and
affordable echocardiography to assess heart valve morphology and function (stenosis or
regurgitation) has resulted in significant debate regarding the diagnosis of RHD on
echocardiography alone. This particularly relates to the ability of echocardiography to

confirm or refute a diagnosis of RHD. In an attempt to address this issue, the World Heart
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Federation (WHF) recently released critetiar the diagnosis of RHD based on both
morphological and functional findings on echocardiography. The WHF criteria include a
category of “Borderline” RHD, recognising potential abnormalities on echocardiography of

uncertain significance.

The importance of such minor abnormalities was highlighted by a recent Australian RHD
prevalence and echocardiography validation study. The geCHO (getting Every Child’s
Heart Okay) Study undertook echocardiographic screening of 3978 high risk (Aboriginal
Australian and/or Torres Strait Islander) and 1267 low risk (non-Indigenous Australian)
children across northern and central Australia. Preliminary results revealed a number of
children with mild potential abnormalities of doubtful significance (personal
communication, Graeme Maguire). If these abnormalities are representative of the earliest
changes of RHD then offering such children regular secondary prophylaxis may prevent
disease progression. This question has been identified as a priority for future

investigation®® 2°

The Rheumatic Fever Follow-Up Study (RhFFUS) aims to clarify the significance of minor
echocardiographic abnormalities in children and adolescents at high risk of ARF/RHD.
More specifically, it aims to determine if Aboriginal and Torres Strait Islander children and
adolescents aged 8-17 years with a previous potentially abnormal but non-diagnostic
screening echocardiogram are at higher risk of (1) contracting ARF or (2) progressive

echocardiography-detected changes consistent with RHD.

Hypothesis

Children from a population at increased risk of ARF and RHD who have minor and non-

specific heart valve abnormalities on screening echocardiography are more likely to:

* have subsequent episodes of ARF and/or

» develop progressive echocardiographic changes consistent with RHD

than age, gender, ethnicity and community-matched children who had a previously normal

echocardiogram.
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Methods/Design

Study Design

RhFFUS is a cohort study of children with non-specific mitral and/or aortic valve
abnormalities detected on prior screening echocardiography. Children will be assessed
prospectively for the development of progressive valve abnormalities and retrospectively
for the incidence of ARF. The comparator will be age, gender, community and ethnicity-
matched controls who have previously had a normal screening echocardiogram (see Figure
12).

Study Populations

Participants in this study will comprise a subset of children who had an echocardiogram as
part of the earlier gCHO screening study. These participants reside in 32 remote

communities across northern and central Australia (see Figure 13).

Inclusion criteria

Children who participated in the gECHO study will be eligible for inclusion in RhFFUS if
they identify as Aboriginal Australian and/or Torres Strait Islander and live in a remote

location.

Exclusion criteria

Children who participated in the gECHO study will not be eligible for inclusion in RhFFUS
if they identify as non-Indigenous Australians, live in urban locations, had a diagnosis of
definite RHD based on geCHO screening, or had a diagnosis of congenital valvular heart
disease that may generate morphologic or functional abnormalities similar to RHD

(bicuspid aortic valve, dilated aortic root, mitral valve prolapse).
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Participants from geCHO
3 years prior
(5245)

Individuals Residing in Rural Individuals Residing in Urban
Locations Locations - excluded
(4158) (1087)

Potential Participants who satisfy RhnFFUS Non-Indigenous, Definite RHD, CHD, or failed to satisfy

inclusion criteria criteria to be Case or Control - excluded
(3734) (424)

Potential Cases Potential Controls
(237) (3597)

RhFFUS CASES RhFFUS MATCHED
All potential cases will be CONTROLS
followed-up (2 per case)
(137) (274)

Figure 12. Protocol for selection of participants for RhFFUS. “Rural locations”
comprise those communities involved in the geCHO that are outside of the
cities of Cairns and Darwin. “Urban locations” comprise communities
involved in the gECHO study that are within the cities of Cairns and
Darwin. “RhFFUS inclusion criteria” are outlined in the text. “Non-
Indigenous” refers to subjects enrolled in the geCHO project who self-
reported as not being Aboriginal and/or Torres Strait Islander. “Definite
RHD" as defined by WHF criteri& “CHD” refers to a diagnosis of
congenital valvular heart disease that may generate morphologic or
functional abnormalities similar to RHD (bicuspid aortic valve, dilated
aortic root, mitral valve prolapse). “Case or Control” criteria are defined in
the text.
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1000 kilometers

Figure 13. The 32 RhFFUS sites from Western Australia, the Northern Territory, and
far north Queensland.
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Case/control definition

Cases will be children with non-specific findings on their ggCHO screening
echocardiogram. More specifically, their screening echocardiogram from geCHO must not
fulfill WHF echocardiography criteria for definite RHDand must meet one of the
echocardiographic criteria outlined in Box 1. Given the uncertainty of interpretation of
minor echocardiographic abnormalities, criteria for cases are more sensitive than WHF
criteria for borderline RHEB:; 47 of the 137 cases included in RhFFUS satisfy the criteria
for borderline RHD. Controls will be children who had a normal echocardiogram as

defined in Box 9.

CASES:
1. One or more morphologic changes of mitral valve (MV)* and/or aortic valve (AV)*

without pathologic mitral regurgitation (MR)* or aortic regurgitation (AR)*; or

=

2. Pathologic MR* with no or one morphologic feature of RHD* or pathologic AR* wit
no or one morphologic feature of RHD* (not both); or

3. Multiple MR jets and/or multiple AR jets (in at least two views) that do not fulfil critg¢ria
for pathologic MR* or AR*

CONTROLS:

1. No morphologic features of RHD of the AV or MV; and
2. MR <1 cm; and

3. No AR; and

4. No other acquired or congenital valvular heart disease

Box 9. Echocardiographic case and control criteria for RhFFUS study. *Criteria for
morphologic changes of MV and AV, and pathologic AR and MR as
described by WHF criteriZ.

It should be noted that the collection of echocardiograms during the geCHO study was
completed before publication of the WHF critefiddowever, reading and reporting of

these echocardiograms continued subsequent to the WHF criteria. The classification of
participants in RhFFUS is based on the information contained in, and reporting of, gCHO
echocardiograms at the time of the geCHO study. Even though gECHO baseline
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echocardiograms will be reread during the RhFFUS study this will not be for the purposes
of retrospectively reclassifying participants as cases or controls.

The matching process will involve stratifying all eligible geCHO patrticipants by
community, gender and age. For each identified case, the closest age-matched control from
the same community and of the same gender will then be selected and assigned to the case.

This process will be repeated so that two matched controls are assigned to each case.

Sample Size

Sample size estimations are based on projected rates of ARF based on the annual incidence
of ARF in people with known RHD (2.5%) and the background annual incidence of ARF in
5 to 14 year old Aboriginal and Torres Strait Islander children in the Northern Territory
(0.27%) (personal communication, Northern Territory ARF/RHD register) over a five year
period. Based on an assumed alpha of 0.05 and beta of 0.1 (power of 90%) detecting a
difference of one or more episodes of ARF in 12.5% of cases and 1.35% of controls over
five years of follow-up, and using a ratio of cases to controls of 1:2, would require a sample
size of 83 cases and 165 controls or a total number of 248 reviews. While it is apparent that
carditis in the acute setting of ARF may resolve in up to half of Zdsksre are no clear

data to inform the powering of progression of non-specific echocardiographic changes.
Nonetheless, if it is assumed at most 5% of controls will develop morphologic and function
valvular changes on echocardiography compared with 20% of those with pre-existing non-
specific changes then it would require the follow-up of 77 cases and 154 controls to detect
such a difference with the tolerances above, a number of enrolments well within the

projected subject numbers.

I nformed Consent

Parents, carers or guardians of all identified subjects will be informed regarding the study
using local Indigenous research staff and local language translators as required. Written
informed consent will be obtained. In addition written assent will be obtained from subjects
who are 14 years and older. Subjects who are 16 years and older, who fulfill the criteria for
mature minorS* and who are not living with the people who would normally be identified

as parents, carers or guardians will be able to provide their own consent.
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Enrolling Participants

Potential participants will be approached with the assistance of local research assistants and
the local primary health care centre. In addition, RhFFUS staff will visit the homes of
potential participants in the company of a local health care staff member or a community-
based Indigenous Australian research assistant in order to contact and enroll potential
participants. If potential cases have moved to another location since the geCHO project,
attempts will be made to ascertain their most recent address and, if feasible, to contact and

follow them up there.

Data Collection and Outcomes

Outcome data for cases and controls will include ARF incidence and the development or

progression of mitral and/or aortic valve abnormalities.

(a) ARF Incidence

The occurrence and timing of episodes of ARF will be assessed retrospectively for 5 years
from the time of the RhFFUS screening echocardiography. Anecdotal evidence suggests
that in the setting where RhFFUS is being conducted, episodes of ARF may be missed or
not recorded owing to insufficient diagnostic information being collected at time of
presentation to primary health care sites. Thus, in order to increase the power of RhFFUS to
detect differences between case and controls, four categories of ARF will be used as

outcome variables (see Table 2).

In order to gain a comprehensive overview of ARF episodes a number of sources of data
will be examined. These comprise: regional surveillance and notification databases;
carer/subject interviews; primary healthcare history reviews; and hospital separation

diagnoses.

At time of enrolment an interview of the participants and/or their carers/family will be
undertaken. Data collected will comprise: demographics, knowledge of ARF or RHD
diagnoses, episodes suggestive of ARF (arthritis/arthralgia), whether the participant is

receiving secondary prophylaxis, household crowding and socioeconomic data.
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A primary health care and hospital history review will also be undertaken in a
representative subset of participants. Data collected during this review will comprise
information about potential episodes of ARF, arthritis/arthralgia, chorea and diagnoses of
RHD. Clinical data regarding each potential episode of ARF, based on the Australian
modified Jones criterfawill be collected. These data will be used to validate the accuracy
of existing register-based ARF notifications.

Diagnosis Criteria

Australian modified Jones criteria for high risk populations
Definite ARF (includes echocardiographic evidence of carditis and monoarthritis
as major criterig)

* Arthritis/arthralgia; and

« One or more of: temperature >°88 C-reactive protein > 30

mg/L, erythrocyte sedimentation rate > 30 mm/h, prolonged P-
Probable ARF
R interval on ECG*; and
* GAS infection**; and
+ No other diagnosfé
* Atrthritis/arthralgia; and
Possible ARF * GAS infection*; and
* No other diagnosis
_ » Arthritis/arthralgia; and
Potential ARF
* No other diagnosis
Table 2. Criteria for ARF — definite, probable, possible, potential. *Upper limits of

normal of P-R interval are: 3-12 years, 0.16s; 12-16 years, 0.18s; 17+ years,
0.20s% **GAS infection is defined as throat swab positive for GAS on

culture or serology consistent with recent GAS infection including elevated
antistreptolysin O titre and antideoxyribonuclease B antibodies as outlined
in the Australian guideline for prevention, diagnosis and management of

acute rheumatic fever and rheumatic heart disease (2nd edition).
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(b) Progression of valvular abnormalities

Progression of valvular abnormalities will be assessed prospectively using transthoracic
echocardiography and standardised operating and reporting procedures already developed
and refined for the geCHO study. Briefly the echocardiogram will be undertaken using a
Vivid i/e portable cardiac ultrasound machine (GE Healthcare) with a standardised machine

setup as outlined in Box 10.

» Highest frequency transducer that gives adequate penetration,
e Colour gain set by gradually increasing until static background noise barely appegrs,
* No electrocardiography (ECG) for screening studies,

» ECG for comprehensive studies,

* At least 2 second video acquisition of each view with longer periods for detailed

sweeping of potentially abnormal valves

Box 10. Standardised echocardiogram machine setup.

Studies will initially involve a screening echocardiogram which will proceed to a
comprehensive study if there is one or more of: mitral regurgitation > 10mm; any aortic
regurgitation; any other abnormal mitral or aortic valve findings; or any other pathology
present (e.g. abnormal morphology, thickening, multiple regurgitant jets etc.). Screening

echocardiograms will incorporate the views and assessments outlined in Table 3.

Comprehensive echocardiograms, if required, will incorporate more detailed information
based on the abnormalities detected on the screening study and will be undertaken using the
views and assessments outlined in Table 4. All echocardiograms will be carried out by

trained, accredited and practicing echocardiographers.
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Echocardiographic

view

Assessment

Parasternal long axis
(PLAX)
2 dimensional (2D)

Mitral and aortic valves to assess the morphology of these val
Anterior mitral valve leaflet (AMVL) and posterior mitral valve
leaflet (PMVL) thickness

AMVL — ensure view is on axis and measure the thickest point
AMVL in late diastole when AMVL parallel with the IVS
PMVL — ensure view is on axis and measure the thickest point

the PMVL mid diastole, exclude chordae from the measureme

VesS

of

of

nts.

PLAX colour
Doppler

Colour Doppler to view the mitral and aortic valves for evidenc

regurgitation, include lateral and inferior sweeps

e of

Parasternal short axis
(PSAX) 2D

5 View of the mitral and aortic valves to assess morphology

PSAX colour Doppler

Colour Doppler to view the mitral and aortic valves for evidenc

regurgitation, include lateral and inferior sweeps

e of

Apical 2D

Apical 4/5 chamber view of mitral and aortic valves for
morphology

Apical colour

Doppler

Colour Doppler to view the mitral and aortic valves for evidenc

regurgitation

e of

Table 3.
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Potential abnormality View and Assessment

All comprehensive PLAX 2D assessment of:
studies - left ventricular chamber dimensions at the level of the mitral
valve leaflet tips (interventricular septum thickness, left
ventricular end-diastolic & systolic dimensions, left ventricular
posterior wall thickness)

- aorta and left atrium diameter at the aortic cusp level

Dependent on the standardised additional studies including routine acquisition| of
presence of potential | colour, continuous and pulse wave Doppler measurements

mitral or aortic valve

disease
Any other pathology as per routine clinical protocols
Table 4. Requirement, view and assessments required for RhnFFUS comprehensive

echocardiogram.

Determination of progression of a valve lesion will be based on WHF ctitarid will be

defined as one or more of:

1. development of any morphologic or function abnormality in a control subject
» thatis, development of pathologic AR or MR, or development of at least two
morphologic features of RHD of the MY
2. development of a new functional or morphologic abnormality in a case
» thatis, if case was previously classified as Borderline RHD because of the
presence of pathologic regurgitation of one of the left-sided cardiac valves then
development of pathologic regurgitation in the other left-sided cardiac valve; or
» if case was previously classified as Borderline RHD due to the presence of 2
morphologic features of RHD of the MV then the development of pathologic
MR or AR>>;
3. progression of severity of a functional valve lesion (regurgitation/stenosis) based on
standard severity criteria of the American Society of Echocardiography Guid&ines

24 (i.e. mild to moderate, or moderate to severe) or development of new mitral stenosis.
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Progression of valve lesions will be determined by specialist cardiologist readers who will
be provided with the initial gECHO screening and subsequent RhFFUS screening
echocardiogram for each participant. Studies will be read and assessed individually and
then in pairs. The readers will be blinded to the initial geCHO assessment and temporal

order of the two echocardiograms. Reporting will use a standardised reporting template.

Blinding

In order to limit any potential for information bias in this study only the study coordinator
at each site will know whether a participant is a case or control. Thus the sonographer
carrying out the echocardiogram, the researchers involved in reviewing each participant’s
medical history and the cardiologist assessing the echocardiogram will be blinded to the
participant’s status as case or control.

Data Management

All data collected on paper-based forms (participant/carer/family interviews and medical
history reviews) will be stored under numerical code in a locked filing cabinet in the
RhFFUS study coordinator’s office. Only research personnel will have access to these

records.

Reports from the echocardiogram readers will be received in electronic format and will be
saved in a password-protected folder on the study coordinator’s computer.

Research staff will transfer the information from both paper forms and electronic
echocardiogram reports to an Access database (Microsoft Office Access 2007, Microsoft
Corporation, Redmond, Washington, USA) that will be password-protected. De-identified
data will be analysed using STATA version 12 (StataCorp, College Station, Tex, USA).

Any information collected will be strictly confidential and no identifying information will
be published or disseminated upon completion of the study. Data will be stored for at least
5 years as per Australian National Health and Medical Research Council guif€lines.

Statistical Analysis
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The primary analysis will be based on univariate analysis comparing cases and matched
controls. This will include & analysis comparing the number of children with an episode

of ARF (stratified by definite, probable, possible and potential (see Table 2)) during the
period of follow-up and those who have demonstrated progression of a valve lesion (see
above). More detailed analysis will include survival analysis comparing the timing of first
episode of ARF to address potential loss of follow-up and Poisson regression for the rate of
ARF to address the potential occurrence of more than one episode of ARF occurring in any
one individual and a variable period of follow-up. Multivariate techniques (logistic
regression and Cox proportional hazard) will be utilised if the matching of cases and
controls is not successful and to address subsequently identified covariates including the

possibility of concomitant prophylactic antibiotics.

Ethics

RhFFUS has been approved by human ethics research committees in each of the
jurisdictions where it will be undertaken. Approval has been granted by the following
committees: Darling Downs — West Moreton (Toowoomba and Darling Downs) Health
Service District Human Research Ethics Committee (Queensland)(HREC/11/QTDD/10),
James Cook University Human Research Ethics Committee (Queensland)(H4136), Central
Australian Human Research Ethics Committee (Northern Territory)(HREC-12-35), the
Human Research Ethics Committee of Northern Territory department of Health and
Menzies School of Health Research (Northern Territory)(HREC-2011-1564), the WA
Country Health Service Research Ethics Committee (Western Australia)(2011:31), the
Western Australian Aboriginal Health Ethics Committee (Western Australia)(371-10/11),
the University of Western Australia Human Research Ethics Committee (Western
Australia)(RA/4/1/5313).

Funding

The RhFFUS project is funded by the Australian Government through a grant from the
National Health and Medical Research Council (NHMRC Project Grant Application
1005951).
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Discussion

The results of RhnFFUS will be integral in informirgetfuture response to ARF and RHD

in Australia. In particular, RhFFUS will clarify the criteria to be used in determining

whether secondary antibiotic prophylaxis should be prescribed in individuals with no clear
history of ARF but minor potential abnormalities detected on echocardiography suggestive,
but not diagnostic, of RHD. RhFFUS will also help inform the ongoing debate regarding
the potential role of screening echocardiography in this setting. In particular, it will allow
clinicians to understand the significance of subtle changes on echocardiography and to
determine whether these represent the earliest changes of RHD or are merely variations of

normal heart anatomy.

At present, minor non-diagnostic changes of heart morphology are the commonest silent
findings when echocardiography is undertaken in otherwise well children. Whether such
changes indicate a large burden of minor and undiagnosed RHD that would benefit from
secondary prophylaxis or incidental normal variants will be essential in providing an
evidence-based rationale for echocardiographic screening in populations at elevated risk of
RHD.

Finally this project will continue to support the development of research capacity in
northern and remote Australia and of Aboriginal and Torres Strait Islander people. It will
enable us to ask and answer health-related questions which are relevant and a priority in
informing the response to addressing the disparity in disease burden and health outcome

between Indigenous and non-Indigenous Australians.
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3.2.2 Are minor echocardiographic changes associated
with an increased risk of acute rheumatic fever or

progression to rheumatic heart disease?

Abstract

Background: Citeria for echocardiographic diagnosis of rheumatic heart disease (RHD)
have been developed but the significance of minor heart valve abnormalities, including
Borderline RHD, in predicting the risk of acute rheumatic fever (ARF) or RHD remains

unclear.

Methods and Result# prospective cohort study of Aboriginal and Torres Strait Islander
children aged 8 t018 years in 32 remote Australian communities. Cases were children with
Borderline RHD or other minor non-specific valvular abnormalities (NSVAs) detected on
prior screening echocardiography. Controls were children with a prior normal screening
echocardiogram. Participants underwent a follow-up echocardiogram to assess for
progression of valvular changes and development of Definite RHD. Interval diagnoses of

ARF were also ascertained.

442 individuals were enrolled. Borderline RHD Cases were at significantly greater risk of
ARF (incidence rate ratio 8.8, 95% CI 1.4 — 53.8) and any echocardiographic progression
of valve lesions (relative risk 8.2, 95% CI 2.4 — 27.5) than their matched Controls.
Borderline RHD Cases were at increased risk of progression to Definite RHD (1 in 6

progressed) as were, to a lesser extent, NSVA Cases (1 in 10 progressed).

Conclusions: Children with Borderline RHD had an increased risk of ARF, progression of
valvular lesions, and development of Definite RHD while children with NSVAs were at a
lesser increased risk of progression to Definite RHD. These findings provide support for
considering secondary antibiotic prophylaxis or ongoing surveillance echocardiography in
high-risk children with Borderline RHD or NSVAs. Further work is needed to identify

features of children with Borderline RHD or NSVAs who are at greatest risk.
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Background

Prior to the introduction of echocardiography, diagismf RHD was primarily based on
findings detected on auscultation. However, it has been shown that auscultation alone is
neither sensitiv& nor specific:> 2’°The increasing availability of more portable, affordable
and high-quality echocardiography to assess heart valve morphology and function has
resulted in significant debate regarding the diagnosis of RHD on echocardiography alone.
This debate has intensified owing to the publication of a number of RHD
echocardiographic screening studies that have utilised differing diagnostic cfiteri4: °

In an attempt to address this issue, in 2012 the World Heart Federation (WHF) published
criteria for the diagnosis of RHD based on both morphological and functional findings on
echocardiography in the absence of a previous diagnosis of ARfe WHF criteria

include a category of “Borderline” RHD, recognising potential minor heart valve
abnormalities on echocardiography that are of uncertain significance, but which may be

early signs of developing RHD.

The importance of such minor heart valve abnormalities in a setting of high RHD risk was
highlighted by a recent Australian RHD prevalence and echocardiography validation study.
The gECHO (getting Every Child’s Heart Okay) Study undertook echocardiographic
screening of 3946 high risk (Aboriginal Australian and/or Torres Strait Islander) and 1053
low risk (non-Indigenous Australian) children across northern and central Austtalia.

Within the high-risk Aboriginal and/or Torres Strait Islander children, 34 (0.9%) met the
WHEF criteria for Definite RHD and 66 (1.7%) met criteria for Borderline RHD. In
comparison, none of the low risk children met criteria for Definite RHD while 5 (0.5%) met
criteria for Borderline RHD. Furthermore, in high risk children some degree of mitral
regurgitation was detected in 22.1%, while 4.4% had aortic regurgitation. Morphological
abnormalities of the mitral valve were reported in 2.9% of these children and abnormalities

of the aortic valve in 0.9%.

The clinical significance of a diagnosis of Borderline RHD and/or other non-diagnostic
valvular abnormalities in individuals without a known past history of ARF remains unclear.
If these abnormalities represent the earliest changes of RHD then offering such children

regular secondary prophylaxis may prevent disease progression. If, in contrast, they are
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simply a variant of normal echocardiographic findings then a decision not to treat would
avoid the pain, inconvenience and cost to the patient and health system of 10 or more years
of 4-weekly intramuscular penicillin injections. The issue of the significance of Borderline
RHD and non-diagnostic valvular abnormalities in high-risk ARF/RHD settings has thus

been identified as a priority for future investigatf6rf®®

The Rheumatic Fever Follow-Up Study (RhFFUS) aimed to clarify the significance of

minor echocardiographic changes in children and adolescents at high risk of ARF/RHD.
More specifically, it aimed to determine if Aboriginal and Torres Strait Islander children

and adolescents aged 8 to18 years with a previous potentially abnormal but non-diagnostic
screening echocardiogram were at higher risk of ARF and/or progressive heart damage
consistent with the development of Definite RHD than those with a prior normal

echocardiogram.

Methods

The methodology of the RhFFUS study has been desicelisewheré® Briefly, RhnFFUS

was a prospective cohort study of Aboriginal and/or Torres Strait Islander children and
adolescents aged 8 t018 years residing in 32 remote Australian communities across central
and northern Australia. Participants constituted a subset of children who had an
echocardiogram as part of the earlier geCHO echocardiographic screening study between
September 2008 and November 26%IThey were enrolled in RANFFUS between 2.5 and 5

years after their initial gCHO echocardiogram.

Cases were those children with non-specific changes of the mitral and/or aortic valves
detected on their geCHO screening echocardiogram. This included Cases with Borderline
RHD on WHF criteria and additional Cases with minor non-specific valvular abnormalities
(NSVASs) not meeting the Borderline RHD definition. It was decided to make the criteria
for Cases more sensitive than WHF criteria for Borderline RHD as there remains
uncertainty regarding the interpretation and significance of minor echocardiographic
abnormalities (see Box 11). Children with Definite RHD or congenital valvular
abnormalities detected on their gCHO echocardiogram were excluded from this study.
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Controls (two per Case) were selected who were age, gender, community and ethnicity-
matched to Cases and had a prior normal geCHO screening echocardiogram.

ARF Outcome

For each participant, the occurrence and timing of episodes of ARF were assessed between
the initial gECHO screening study and the subsequent RhFFUS study. Any participants
found to have had a diagnosed episode of ARF before their geCHO echocardiogram were

excluded.

Data relating to ARF were sourced from jurisdictional ARF/RHD notification databases in
Western Australia, Queensland and the Northern Territory. In each, notification of an
episode of ARF is a legislated requirement. In Western Australia the notification database
was not established until February 2010 and hence prior to this date other local ARF
registration sources were also used. Note that in the initial study protocol we envisaged
collecting data about episodes of ARF from other sources including from carer/subject
interviews and medical history reviews. However, during data collection it became
apparent that carer/subject interviews were not furnishing objective data about episodes of
ARF. Furthermore, reviews of medical histories provided very little information relating to
ARF episodes. Many medical records were very difficult to navigate, devoid of relevant
data, and only providing recent rather than more long-term information (particularly where
paper records had been incompletely uploaded to electronic health management systems or
where electronic systems had been updated or replaced by different software). For these

reasons, only ARF data obtained from notification databases was utilised.

As use of secondary antibiotic prophylaxis in the form of long-acting benzathine penicillin
was a potential confounder of ARF risk, data relating to dates of injections for participants
receiving such prophylaxis were obtained from regional ARF/RHD databases. Based on
timing of these injections, and on the assumption that a single dose provides 28 days of
protection from Group A streptococcal infection and possible ARF, we calculated the “days
at risk of ARF” for each participant during the period between their initial ggCHO and
subsequent RhFFUS echocardiograms.
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CASES

Echocardiogram from the earlier geCHO study that did not fulfill WHF criteria for Def

RHD®® but which met one of the following:
Borderline RHD under WHF criteria™

A. At least two morphological features of RHD of the mitral valve (MV)* without
pathological mitral regurgitation* (MR) or mitral stenosis; or

B. Pathological MR with no or one morphological feature of RHD of the MV; or

C. Pathological aortic regurgitation* (AR) with no or one morphological feature of RH
of the AV*; or

Non-specific valvular abnormalities (NSVAS)

* One morphologic feature of RHD of the MV and/or one or more feature of RHD of
AV without pathological MR or AR; or

* Multiple MR jets and/or multiple AR jets (in at least two views) that do not fulfil WH
criteria for pathological MR or AR; or

* MR >2cm or AR > 1cm (that does not fulfil WHF criteria for pathological
regurgitation) with no morphological features of RHD of the MV or AV.

CONTROLS:

Normal screening echocardiogram from geCHO defined as:
* No morphological features of RHD of the AV or MV; and
e No MR >1cm; and

* No AR; and

* No other acquired or congenital valvular heart disease

inite

iD

the

F

Box 12. Criteria used to assess status of participants recruited to RhFFUS and

criteria for the diagnosis of Borderline RHP*Criteria for morphologic

WHF

changes of MV and AV, and pathologic AR and MR as described by WHF

criteria (see Box 2)°
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Progression of Valve Lesions Outcome

Progression of valvular abnormalities was assessed prospectively using transthoracic
echocardiography and standardised operating and reporting procedures. Briefly,
participants had a follow-up echocardiogram between 2.5 and 5 years after their baseline
echocardiogram. A Vivide portable cardiac ultrasound machine (GE Healthcare,

Freiburg, Germany) was used with a standardised machine’8éttigtudies involved an
initial screening echocardiogram that incorporated pre-defined views and assessments. A
more detailed comprehensive echocardiogram was undertaken if the screening study
revealed a potential abnormality. All echocardiograms were performed by trained,
accredited and practicing echocardiographers who were blinded to participant status as

Case or Control.

Progression of valve lesions was determined by a single specialist paediatric cardiologist
who reviewed the baseline geCHO and subsequent RhFFUS echocardiograms for each
participant. Studies were read and assessed individually and then in pairs. The reader was
blinded to the initial report for the baseline echocardiogram and to the status of participants
as Cases or Controls. Reporting was based on a standardised reporting template. The
assessment of differences between the two echocardiograms took into account limitations
in the discriminatory ability/resolution of echocardiography to detect such potential

differences.
“Progression of any valve lesion”, was defined as the echocardiographically significant:
« development of any significant morphologic or functional abnormiaiitya Control;

o thatis, development of pathologic AR or MR, or development of at least two

morphologic features of RHD of the MV;
« development of a new functional or morphologic abnorntalitya Case;

o thatis, if case was previously classified as Borderline RHD because of the
presence of pathologic regurgitation of one of the left-sided cardiac valves then
development of pathologic regurgitation in the other left-sided cardiac valve; or
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o if case was previously classified as Borderline RHD due to the presence of 2
morphologic features of RHD of the MV then the development of pathologic
MR or AR;

e progression of severity of a functional valve lesion (regurgitation/stenosis) based on
standard severity critei%?"*(i.e. mild to moderate, or moderate to severe) or

development of new mitral stenosis.
An additional outcome measure was a diagnosis of Definite RHD.

Inter-observer variability could be assessed as each participant’s baseline echocardiogram
was read twice (once during the initial gECHO study and subsequently during the RhFFUS
study). To control for any bias introduced by inter-observer variability, progression of

valve lesions was assessed in relation to the initial classification of participants as Cases
and Controls based on the initial gECHO evaluation and then based on the subsequent

RhFFUS study assessment.
Statistical Analysis

Statistical analysis was performed using Stata™ statistical package version 12.1
(StataCorp, Texas, USA) and SPSS version 20 (IBM Corp., Armonk, NY). Efficacy of
matching of Cases and Controls was determined ugingalysis for categorical measures
and Mann-Whitney U tests for non-parametric numerical measures. Analysis of outcome
measures was based on bivariate analysis comparing Cases and Controls, and subgroup
analysis of Borderline Cases with their Matched Controls and NSVA Cases and their
Matched Controls. A p-value less than 0.05 was taken to indicate statistical significance

and all tests were two-sided.

ARF incidence rates were calculated both for “total time” between baseline
echocardiograms and follow-up RhFFUS echocardiograms and for the “days-at-risk”
between these dates taking into account the protection against ARF afforded by use of
secondary antibiotic prophylaxis. Incidence rates and incidence rate ratios (IRRs) were
calculated for Cases and Controls. An IRR with a 95% confidence interval (CI) not

including one was taken to be statistically significant.
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Risk of progression of valve lesions and risk of progression leading to Definite RHD was
calculated for all groups. When comparing matched groups, absolute difference in risk
between groups and relative risk (RR) between groups was determined with 95% Cls.

Where the 95% CI of a RR did not include one statistical significance was inferred.

Logistic regression models were developed to identify independent factors associated with
progression of valve lesions and progression to Definite RHD. These were developed using
all factors associated with a particular outcome using bivariate analysis with a p-value <
0.1. These comprised: age, gender, days between echocardiograms, being in receipt of
secondary antibiotic prophylaxis, and status as Borderline RHD of the mitral valve
(Borderline RHD category A orB) or Borderline RHD of the aortic valve (Borderline

RHD category &) or NSVA.

Inter-rater reliability was assessed using the linearly weighted Kappa statistic to determine
concordance between initial reporting of baseline gECHO echocardiograms and subsequent

rereads of these baseline echocardiograms during RhFFUS analysis.
Ethics

RhFFUS was approved by human ethics research committees in each of the jurisdictions

where it was undertak&hand written informed consent was obtained from all participants.

Results

The study enrolled 447 individuals. Five participai2€ases and 3 Controls) were
subsequently excluded as examination of ARF notification registers revealed that they had

had a notified episode of ARF prior to their initial gCHO screening study.

Of the 171 potential Cases identified from the gECHO study, 119 (70%) were successfully
enrolled. There were no significant differences in the age, gender or ethnicity of enrolled
and non-enrolled Cases. For non-enrolled Cases median age at time of geCHO
echocardiogram was 10.4 yrs (95% CI 8.5 — 12.3) [compared to 10.0 yrs (95% CI1 8.1 —
11.9) for enrolled Cases], 50.0% (95% CI 37.1 — 62.9) were female, 88.9% (95% CI 77.8 —
94.8) were Aboriginal, 5.6% (95% CI 1.9 — 15.1) were Torres Strait Islander, and 5.6%
(95% CI 1.9 — 15.1) were both Aboriginal and Torres Strait Islander.
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While the RhFFUS research methodology prescribed two Matched Controls per Case, there
was an excess of Controls enrolled. This was due to the study team being unable to locate
and enroll some Cases after their matched Controls had already been enrolled. These
“unmatched” Controls were included in the analysis in order to increase the power of the
study and because their inclusion did not lead to any significant differences in the
demographics of the Case and Control groups (see Table 5).

Cases Controls P value

Total Number 117 325 n/a

Age
J , 13.7 (11.9 - 15.7) 13.7 (11.8 — 15.5) 0.733
(median years, IQR*)

Gender

59.0 (49.5 -67.0) 57.2 (51.6 — 62.7) 0.787
(% female, 95% CI)
Ethnicity

0.965

(%, 95% CI)
Aboriginal 83.8 (75.8 — 90.0) 84.3 (79.9 — 88.1)
Torres Strait Islander 6.8 (3.0 -13.0) 7.1(4.5-10.4)

Aboriginal and Torres Strait
9.4 (4.8-16.2) 8.6 (5.8-12.2)
Islander
Prescribed secondary
prophylaxis 18.8 (12.2 -27.1) 25(1.1-4.8) <0.001
(%, 95% CI)
Time between gECHO
echocardiogram and RhFFUS
1346 (1171 -1478) 1310 (1170 -1440) 0.455
enrolment

(median days, IQR)

Table 5 Demographic data, use of secondary prophylaxis, and time to follow-up for

participants. *IQR = Interquartile range.

Based on the original reporting of baseline geCHO echocardiograms, 55 (47%) Cases met
WHF criteria for Borderline RHE and the remaining 62 (53%) had NSVAs. Of the 55
Borderline RHD Cases, 13 (24%) were subcategory A (morphological features of RHD of
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the MV), 21 (38%) were subcategory B (pathological MR) and 21 (38%) were subcategory
C (pathological ARY> The most common NSVA was isolated mitral or aortic regurgitation
without morphologic changes of RHD (30/62, 46%). The remaining NSVAs (32, 54%)
were morphologic features of RHD alone or multiple non-significant regurgitant jets. A
comparison of Borderline and NSVA Cases did not show any significant differences in the
factors listed in Table 5 apart from prescription of secondary antibiotic prophylaxis;
Borderline RHD Cases were more likely to be prescribed regular antibiotic prophylaxis
compared with NSVA Cases (34.6% (95% ClI, 23.4-47.8%) vs. 4.8% (95% CI, 1.7-13.3%),
p<0.001).

ARF Outcome

There were 9 reported episodes of ARF in the cohort during the observation period: 4 in
Cases and 5 in Controls. All met the Australian criteria for Definite ARIfe IR of ARF

was higher in Cases (4/117, 9.2 episodes of ARF/1000 person-years (95% CI, 2.5 — 23.5))
than Controls (5/325, 4.2/1000 person-years (95%ClI, 1.4 — 9.7)), although this difference
was not statistically significant (IRR 2.2 (95% CI, 0.6 — 7.9)).

Given that a significantly greater proportion of Cases were receiving secondary antibiotic
prophylaxis during the study period (see Table 5) and this may have affected their risk of
ARF, we reanalyzed ARF outcome data in the context of “days at risk” of GAS infection
and ARF. The IR of ARF (adjusting for days at risk) was unchanged in Controls but
increased in Cases to 9.9 episodes of ARF/1000 person-years-at-risk (95% ClI, 2.7 — 25.4).
This corresponded to an IRR of 2.3 (95% CI, 0.7 — 8.4) and again was not statistically
significant.

All four Cases with a notified episode of ARF had Borderline RHD. The incidence rate of
ARF in Borderline RHD Cases was 19.6/1000 person-years (95% ClI, 5.3 — 50.3) and rose
to 22.9/1000 person-years-at-risk (95% CI, 6.3 — 58.7) when controlling for secondary
antibiotic prophylaxis use. In comparison with their matched Controls, Borderline RHD
Cases were at a statistically significant increased risk of ARF (unadjusted IRR = 7.5 (95%
Cl, 1.2 — 48.3), IRR adjusted for use of secondary antibiotic prophylaxis = 8.8 (95% ClI, 1.4
—53.8)).

112



Progression of Valvular Lesions Outcome

Forty-two (9.5%, 95% ClI, 7.1 — 12.6%) participants exhibited echocardiographically
significant progression of valvular lesions on the later RhFFUS echocardiogram compared
to their earlier geCHO echocardiogram. The majority of participants with progression (25,
60%) exhibited isolated increases in severity of valvular regurgitation, while 13 (31%)
exhibited concomitant worsening of valvular regurgitation and morphology, and 4 (9%)

exhibited isolated changes in valve morphology.

An episode of ARF was more likely in those with echocardiographic progression (RR 5.2,
95% ClI, 2.3 — 11.2), with four of the 42 participants with echocardiographic progression
(9.5%, 95% ClI, 2.7 — 22) having an episode of ARF compared with five episodes in the
remaining 400 participants (1.3%, 95% CI, 0.4 — 2.9) who did not exhibit progression
(p=0.006).

Cases were at significantly greater risk of echocardiographic progression than Controls and
this was predominantly due to an increased risk in the subgroup of Borderline RHD Cases
(see Table 6). Of the Borderline RHD Cases, 4/13 (31%, 95% CI, 9 — 61) of Subcategory
A, 6/21 (29%, 95% ClI, 11 — 52) of Subcategory B, and 3/21 (14%, 95% CI, 3 — 36) of
Subcategory C progressed. NSVA Cases were not at increased risk of progression (see
Table 6).
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Borderline
All All Matched| NSVA | Matched
All RHD
Cases | Controls Controls| Cases | Controls
Cases
Number 442 117 325 55 104 62 122
Progression
42 23 19 13 3 10 13
of valve
N 9.5% | 19.7% 5.9% 23.6% 2.9% 16.1% | 10.7%
abnormalities
(71-| (135-| (3.8- (14.4 - (1.0 - (9.0 - (6.3 -
(n, %, 95%
e 12.6%)| 27.8%) | 9.0%) 36.4%) 8.1%) | 27.2%) | 17.4%)

Absolute risk

. 13.8% 20.8% 5.5%
difference n/a
(6.9 — 22.2%) (10.1 — 33.6%) (4.3 -17.4%)
(%, 95% CI)
Relative risk / 3.36 8.19 1.51
n/a
(95% CI) (1.90 — 5.94%) (2.43 — 27.53%) (0.70 — 3.25%)
Table 6 Progression of valvular lesions on follow-up echocardiography.

Seventeen (40.5%) of the 42 participants who had progression of valvular lesions were
diagnosed with Definite RHE The majority of these diagnoses (13/17, 76%) had isolated
MYV disease (Definite RHD A, pathological MR and at least two morphological features of
RHD of the MV?®). Two (12%) involved MV and AV disease (Definite RHD’Pand two
(12%) involved isolated AV disease (Definite RHEIC

An episode of ARF was more likely in those who developed Definite RHD (RR 10.3, 95%
Cl, 3.6 — 29.7), with three of the 17 participants with progression to Definite RHD (17.7%,
95% Cl, 3.6 — 29.7) having an episode of ARF compared with six episodes in the remaining
425 participants (1.4%, 95% CI, 0.7 — 3.0) who did not exhibit progression (p=0.004).

Of the 17 individuals who progressed to Definite RHD, 9 (53%) had been initially

classified as Borderline RHD Cases, 6 (35%) as NSVA Cases and 2 (12%) as Controls
based on their baseline gCHO echocardiogram reports. Of the Borderline RHD Cases,
2/13 (15%, 95% ClI, 4 — 42) of Subcategory A, 5/21(24%, 95% CI, 11 — 45) of Subcategory
B, and 2/21 (10%, 95% ClI, 3 — 29) of Subcategory C progressed to Definite RHD.
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Cases were at significantly greater risk of progression to Definite RHD than Controls as
was the subgroup of NSVA Cases and their Matched Controls (see Table 7). Borderline
RHD Cases had an increased risk of progression compared to their Matched Controls
(p<0.001, Fisher’'s exact test) but a relative risk could not be determined as none of their

Matched Controls progressed to Definite RHD.

Borderline
All All Matched | NSVA | Matched
All RHD
Cases | Controls Controls | Cases | Controls
Cases

Number 442 117 325 55 104 62 122
Progression

17 15 2 9 6 2
to Definite
RHD 3.9% | 12.8% 0.6% 16.4% 0 9.7% 1.6%

24-] (7.9- (0.2 - (8.9 - 0% (4.5- (0.5 -

(n, %, 95%

6.1) 20.1) 2.2) 28.3) 19.6) 5.8)
Cl)
Absolute risk

_ 12.2% 16.4% 8.1%
difference n/a
(7.1 -19.5) (8.1 —28.3) (1.4 -18.0)

(%, 95% CI)
Relative risk | 20.8 Could not be 59

n/a
(95% CI) (4.8 -89.7) determined. (1.2 -28.4)
Table 7 Progression to Definite RHD.

Logistic regression modelling revealed three common factors that were independently
associated with progression of valve lesions and development of Definite RHD (see Table
8). Both functional and morphologic changes of the mitral valve were independently
associated with progression and Definite RHD (data not shown) and were therefore
combined. In addition, Borderline RHD of the aortic valve was found to confer a
significant increase in the chance of development of Definite RHD but this was less than

that seen with Borderline RHD of the mitral valve.
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Progression of Valvular Progression to Definite
Lesions RHD
Borderline RHD of the
_ 4.6 30.0
Mitral Valve
(1.8-12.1) (5.4 -167.3)
(OR*, 95% CI)
NSVA 3.0 16.0
(OR, 95% CI) (1.3-6.8) (3.1 -81.8)
In receipt of secondary
o _ 4.2 4.0
antibiotic prophylaxis
(1.5-11.7) (1.1 -15.3)
(OR, 95% CI)
Nagelkerke R 14.7% 29.8%

Table 8 Factors that were independently associated with progression of valvular
lesions and progression to Definite RHD in logistic regression models. Note:
“Borderline RHD of the Mitral Valve” encompasses Borderline RHD

category A and B under WHF critea*OR = odds ratio.

We stratified Cases into two subgroups based on the presence or absence of MR and
compared these two groups in relation to progression outcome data. Cases with MR were
not at a significantly increased risk of any progression of valvular lesions (RR 1.2, 95% ClI,
0.6 - 2.5) or progression to definite RHD (RR 1.5, 95% CI, 0.5 — 4.1) compared to those
Cases without MR.
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I nter-Observer Variability

Data outlining the different classifications assigned to each participant based on the original
gECHO report of participants’ baseline echocardiogram and subsequent re-report of that

same echocardiogram as part of the RhFFUS study is presented in Table 9.

Classification based on original reading
of baseline echocardiogram
Borderline
Normal NSVA Total
RHD
279
Normal 18 2 299
(85.8%)

Classification 33

NSVA 41 7 81
based upon (53.2%)

t

subsequen Borderline 4 8 39 51
reread of

RHD (70.9%)
baseline —

Definite
echocardiogram 1 3 7 11

RHD

Total 325 62 55 442
Table 9 Inter-Observer variability in reading of geCHO baseline echocardiograms.

The inter-rater reliability for reading of the baseline echocardiogram using linear weighted
Kappa was 0.656 (p<0.001, 95% CI, 0.592 — 0.721) and consistent with substantial

agreement’’

In order to control for potential bias due to discordant reporting of baseline
echocardiograms (see Table 9), Cases or Controls were reclassified based on the
subsequent rereading of baseline echocardiograms. Any participants reread as Definite
RHD on their baseline echocardiogram (and their Matched Controls) were excluded from
this analysis. Following this reclassification, Cases remained at a higher, but non-
significant, risk of ARF compared with controls (IRR 3.9, 95% CI, 0.8 — 25.3).

Furthermore, Cases remained at significantly greater risk of any progression of valvular
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lesions (RR 3.17, 95% CI, 1.69 — 5.94) and progression to Definite RHD (RR 24.9, 95%
Cl, 3.2 -190.7) than Controls.

Discussion

We have shown, for the first time, that a diagnosiBarderline RHD identifies a child

who is at increased risk of both an ARF recurrence and progression of cardiac valvular
lesions, including the potential to progress to a diagnosis of Definite RHD by WHF
criteria®® It is therefore clear that at least some children with Borderline RHD have true
RHD and require secondary antibiotic prophylaxis. We have also provided some insights
into the features that place a child with Borderline RHD at particularly high risk of
progression of valve disease, namely an initial diagnosis based on abnormalities of the

mitral, rather than aortic, valve.

As in most high-income countries, ARF is rarely diagnosed in Australia. Nonetheless,
disadvantaged groups within Australia, specifically Aboriginal and Torres Strait Islander
populations, continue to experience some of the highest reported incidence rates in the
world.! Our reported incidence of ARF in Controls (4.2/1000 person-years) was
comparable to existing data in Aboriginal Australians in this setting (2.5 — 3.5/1000 person-
years): *? Against this already high background risk of ARF, the children with Borderline
RHD had a significantly increased risk of ARF (19.6 — 22.9/1000 person-years).

While the rates of progression of valvular damage seen in this study were greater than those
reported in previous studies, this may in part be explained by our longer period of follow-

up. An Indian study that followed up 100 children with subclinical RHD found that 4%
progressed over a mean follow-up time 1.3 yé&r$his is similar to, but lower than, the

current study (16% over 3.6 years). However, the criteria used to define “subclinical RHD”,
and the case definition, in that study were different to those used in the currenf #udy.
second study from Uganda used the WHF criteria as the basis for assessing the outcome for
children diagnosed with Borderline RHD two years from the time of their initial
echocardiograrfi’® It found that of 43 children with an initial diagnosis of Borderline RHD,

4 (10%) progressed to Definite RHD. Given the shorter follow-up time period in that study

this is again similar to the findings in the current study.
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This study examines the utility of existing WHF criteria for the echocardiographic
diagnosis of RHD in individuals without a known history of ARF:.he gECHO study

showed that Borderline RHD is nearly twice as likely to be found on echocardiogram as
Definite RHD during population-based RHD screefifichowever the relevance of the
Borderline RHD criteria and the risk of subsequent ARF/RHD had not been determined.
This was an important follow-up question highlighted in the WHF guidetthssults

from this study lend support to the criteria used by the WHF for Borderline RHD by
demonstrating an increased risk of ARF, progression of valvular damage, and progression
to Definite RHD in individuals previously diagnosed with Borderline RHD. In addition, we
have demonstrated that children with other NSVAs may also be at some increased risk of
progression to RHD. These findings highlight that both functional and
structural/morphologic changes on echocardiography form a continuum. While the current
Borderline RHD category reflects an increased risk of ARF and echocardiographic
progression, NSVA should also be viewed as part of this continuum as it confers a greater
than background risk for progression to Definite RHD. Only with a larger cohort with
longer-term follow-up will it be possible to determine exactly where, on this continuum, the
cutoff between ‘normal’ and ‘abnormal’ should lie to more accurately inform health care

management and follow-up.

The increased risk of ARF and progression to Definite RHD in children with Borderline
RHD suggests there may be a role for secondary antibiotic prophylaxis in such children.
However, caution should be exercised for at least two reasons. The first relates to how we
may more accurately identify the subset of individuals at risk of ARF and progression.
There were too few episodes of ARF recorded in this study to provide sufficient power to
undertake a subgroup analysis of the risk of ARF in those with Borderline RHD
subcategory A, B or C. However, the logistic regression analyses we performed in relation
to echocardiographic progression did provide some limited insight. These models reveal
that those individuals with Borderline disease of the mitral valve (Borderline RHD
subcategories A and B under WHF critefjavere at greatest risk of deterioration of valve
lesions and progression to Definite RHD. Nonetheless, children with Borderline disease of
the aortic valve (Borderline RHD subcategory C) still had an increased chance of

development of Definite RHD. Furthermore, utilizing MR as a predictor of progression or
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development of Definite RHD was not useful even though previously it has been suggested
that MR alone may have potential utility as a screening tool for RHD in high-risk
populations’’® Overall, these results suggest that a combination of functional and/or
morphologic features of the mitral valve is important in detecting those at greatest chance

of progression but that aortic valve changes cannot be ignored.

The second issue regarding ongoing management of Borderline RHD and NSVAs relates to
the efficacy of secondary preventive initiatives in the context of this study. Whilst it may be
reasonable to alert patients and their families with this condition to the risk of ARF and
valvular progression, we have previously shown any intervention in this setting may be
associated with reduced quality of I[ff€.It also remains to be seen if this variant of sub-

clinical RHD is equally responsive to secondary antibiotic prophylaxis. Doubt remains
whether RHD, or its variants, demonstrated on echocardiography without preceding ARF

can be assumed to be equivalently responsive to secondary antibiotic prophylaxis as disease

detected in association with ARF or when an incidental murmur is noted.

Our findings also contribute to the ongoing debate regarding the relevance and feasibility of
echocardiographic screening for RHD in high-risk populati§ased on results from the
earlier gCHO stud§?®, the follow-up of Borderline RHD would triple the number of
additional patients who would potentially require management by local primary health care
and specialist services. Previously it has been shown that even limited RHD screening
activities can have a significant adverse impact on local health services with suboptimal
follow-up and reduced patient quality of I#&.In addition we have previously shown that

even in the relatively well resourced health care environment of Australia the uptake of
secondary antibiotic prophylaxis for ARF/RHD is often pdbespite these issues, if
managing Borderline RHD cases can be supported by local health services then the results
of this study may provide an additional rationale for supporting on-going

echocardiographic screening in this setting.

One in three Borderline RHD Cases included in this study were prescribed secondary
antibiotic prophylaxis. This was at the discretion of treating clinical staff rather than
dictated, or even recommended, by the earlier geCHO study. This was presumably due to

clinicians interpreting the relatively non-specific earlier echocardiographic findings as
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being commensurate with Definite RHD. It was likely that such secondary antibiotic
prophylaxis had a confounding influence on the subsequent risk of ARF. Unsurprisingly,
when we controlled for this potential confounder, the risk of ARF in those with Borderline
RHD was increased. The influence of secondary antibiotic prophylaxis on
echocardiographic progression was less clear. Logistic regression modelling suggested that
the use of prophylaxis was associated with a greater risk of progression. It is unlikely that
secondary antibiotic prophylaxis was conferring such an increased risk. Rather, it was more
likely that this was an incidental finding resulting from the fact that, based on geCHO
screening results, clinicians were identifying individuals at greatest risk of progression and

prescribing prophylaxis to them.

Whilst researchers involved in this project were blinded to the results of the initial ggCHO
echocardiogram, this was not necessarily the case for local clinicians and other health
service staff. Given this fact, it was possible that clinicians caring for patients with previous
non-specific echocardiographic findings may have increased their surveillance of such
individuals and had a lower index for diagnosing and notifying ARF. Nonetheless, the
increase in ARF was restricted to cases who met WHF criteria for Borderline RHD while
no episodes of ARF were notified in the remaining NSVA Cases. If such bias was present,
we would also have expected to see an increased rate of ARF notification in the NSVA

Cases.

A further potential source of bias was inter-observer variability in reading

echocardiograms. We demonstrated substantial agreement between the original reading of
baselines echocardiograms and subsequent re-reading of these echocardiograms as part of
the RhFFUS study. Further, when we reclassified participants as Cases or Controls based
on the subsequent re-reading of their baseline gECHO echocardiograms, this did not alter
findings regarding the risk of ARF, progression of valvular lesions, or progression to

Definite RHD.

In conclusion, the results of this study support the contention that in high-risk children
some diagnoses of Borderline RHD based on WHF criteria and other non-specific valvular
abnormalities appear to represent the earliest changes of RHD or, at least, indicate a group

at increased risk of subsequent progression of valvular lesions and development of Definite
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RHD. In either case, our findings provide a rationale for considering enhanced clinical
follow-up of high-risk children with Borderline RHD and, to a lesser extent, other NSVAs.
Whether this means patient, family and health provider education regarding the symptoms
and signs of ARF, ongoing regular echocardiographic surveillance or the institution of
secondary antibiotic prophylaxis will remain a clinical judgment that will be informed by
available resources and the likelihood of successful follow-up. These results may also add
to the ongoing debate regarding RHD echocardiographic screening in this setting and
whether such screening is feasible and necessary in the overall health service response to

preventing and managing ARF/RHD.

Key Points

1. Criteria for echocardiographic diagnosis RHD have been developed by the WHF but
the significance of minor heart valve abnormalities, particularly Borderline RHD, in
predicting the risk of ARF or RHD remained unclear.

2. Children with Borderline RHD were shown to have an increased risk of ARF,
progression of valvular lesions, and development of Definite RHD. Children with less
severe NSVAs were at a lower increased risk of progression to Definite RHD.

3. These findings show that at least some children with Borderline RHD have true RHD.
These findings also provide support for considering secondary antibiotic prophylaxis or
ongoing surveillance echocardiography in high-risk children with Borderline RHD or
NSVAs. Further work is needed to identify features of children with Borderline RHD or
NSVAs who are at greatest risk of ARF or progression to RHD.
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3.2.3 Further discussion regarding the significance and
limitations of the RhFFUS study

There were a number of limitations regarding the RhFFUS study that were highlighted in
the previous paper. However, owing to word restrictions in the journal to which this paper
was submitted these limitations were only briefly addressed and hence a more

comprehensive discussion is provided here.

Participant numbers and analysis

There was a discrepancy between the number of pedj@articipants outlined in the

RhFFUS Methods pap@rand the number of participants subsequently enrolled in the
RhFFUS study as described in the RhFFUS Results paper. The reason for this was that at
the time of writing and publishing the RhFFUS Methods paper researchers involved in the
gECHO study (from which RhFFUS participants were drawn) were still undertaking data
analysis. More specifically, some comprehensive echocardiograms for geCHO patrticipants
were still to be read by cardiologists. When these comprehensive echocardiograms were
read this resulted in a number of changes in the classification of geCHO participants as
potential Cases (Borderline RHD or NSVASs) or Controls for the RhFFUS study. In
particular, the number of potential Cases identified from the gECHO study increased from
137 to 171 individuals following this cardiologist review of comprehensive

echocardiograms.

The sample size calculation reported in the RhFFUS Methods paper indicated that only 77
Cases and 154 Controls were needed to detect any significant differences in outcome
measures between the two groups. Nonetheless, in undertaking the RhFFUS study we
aimed to enroll all 171 possible Cases and their 342 Matched Controls. The reasons for this
were twofold. Primarily, the researcher team involved in the RhFFUS study judged that we
were ethically enjoined to offer follow-up echocardiography to any individual identified

with potential heart valve abnormalities during the gECHO screening study especially

given the uncertainty surrounding the significance of such findings. Secondly, owing to the
inherent uncertainty associated with the effect size utilised for power analysis it was

decided to enroll more participants subject to time and resourcing constraints.
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The subgroup analysis reported in the RhFFUS Results paper (i.e. Borderline RHD Cases
vs. Matched Controls, and NSVAs vs. Matched Controls) was not explicitly mentioned in
the RhFFUS Methodology paper. Rather, the Methodology paper simply explained that
individuals with minor non-specific valvular changes on baseline echocardiography would
be enrolled as Cases in addition to individuals identified with Borderline RHD from

gECHO owing to uncertainties regarding where the cut-off point between “normal” and
“abnormal” studies should be. Given this oversight the reader may be justified in
interpreting the subgroup analysis as post hoc in nature. Nonetheless, the initial intention
was to undertake such analysis and it was only once all participants had been enrolled and
data collected that it became clear that there were sufficient numbers to undertake such

subgroup analysis.

ARF outcome

Results from the RhFFUS study revealed that BomeeFRHD Cases were at greater risk of

ARF than their Matched Controls (IRR = 8.8, 95% CI 1.4 — 53.8). However, it is important

to note that the number of events (episodes of ARF) in this context was small — 9 events in
total, 4 in the Borderline RHD Case group — and that the confidence interval for the
incidence rate ratio was broad. Hence caution needs to be exercised in interpreting this
result and any attempts to generalise these findings to other contexts. Nonetheless, it should
also be noted that this analysis was undertaken to test an a priori hypothesis regarding the
risk of ARF in individuals with non-specific heart valve abnormalities detected on RHD
screening echocardiogram and that, despite the small number of events, this finding was

statistically significant.

A secondary issue regarding the ARF outcome data relates to the difficulty in diagnosis of
ARF previously discussed in the Introduction to this thesis. The fact that there is no
diagnostic laboratory test for ARF and that many of the criteria for making a diagnosis of
ARF are non-specific may raise concerns about the accuracy of reported episodes of ARF
included in this study. However, it is important to note that the episodes of ARF counted in
this study only comprised those which were reported to regional ARF/RHD registers and

which had documented evidence satisfying Australian criteria for the diagnosis 6f ARF.
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A further issue regarding ARF outcome data is that it is possible that participants did have
episodes of ARF during the study that were never diagnosed or reported. Under-diagnosis
is a well recognised issue in Australia with findings from the Northern Territory indicating
that approximately 40% of newly-diagnosed cases of RHD do not have a previously
reported diagnosis of ARE.In an attempt to address this issue the medical records of
approximately 50% of RhFFUS participants were reviewed to investigate whether they
contained evidence of potential episodes of ARF that may have been overlooked.
Unfortunately, reviews of medical histories provided very little information relating to ARF
episodes as many were difficult to navigate, devoid of relevant data, and not up-to-date. For
these reasons, only ARF data obtained from notification databases were utilised.

Inter-observer variability

The nature of echocardiography and the readingudfest utilizing WHF criteria are such

that minor differences in operator settings and reader interpretation of images may affect
the final diagnosis of an individual. As noted by the European Society of Cardiology and
the European Association for Cardio-Thoracic Surgery, all quantitative evaluations based
on echocardiography have potential limitations; they combine a number of measurements
and are highly sensitive to errors of measurement, and are highly operator-deff&ndent.

The RhFFUS paper reports inter-observer variability analysis based on classification of
participants whose baseline echocardiograms were read first during the geCHO study and
subsequently during the RhFFUS study. Linear Kappa analysis revealed substantial
agreement between these readings. Furthermore, sensitivity analysis revealed that any
differences between these baseline readings did not have significant effects on outcome
findings relating to risk of ARF, progression of valvular lesions, or progression to Definite
RHD. Nonetheless, limitations still remain regarding the reading of echocardiograms
obtained during the RhFFUS study. It would have been desirable to undertake inter-
observer analysis in reference to determination of progression of valvular lesions (i.e.
cardiologist interpretation of the difference between each individual’'s ggCHO and
RhFFUS echocardiogram) and progression to Definite RHD (i.e. WHF criteria diagnosis
based on an individual's RhFFUS echocardiogram). Unfortunately there was insufficient

time and financial resources to undertake such analysis. Nonetheless, it is important to note
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that all echocardiography reading undertaken for the RhFFUS study was carried out by a
highly experienced paediatric cardiologist who was a lead author for the WHF criteria for
the echocardiographic diagnosis of RPfDt should also be noted that during enrolment

for the RhFFUS study participants were given the opportunity to consent to their
echocardiograms being used in future research. Given that most participants did consent to
this possibility it is hoped that in future an inter-observer variability study addressing the

questions raised above may be undertaken using these echocardiograms.

RhFFUS and feasibility of echocardiographic screenmfor
RHD

The primary rationale for undertaking the RhFFUS gtwds to investigate whether non-
diagnostic valvular changes detected on RHD screening echocardiography are the earliest
signs of RHD. This question has significance in the context of implementing any RHD
screening programme. As outlined at the beginning of this chapter, for a screening test to
feasible the test used must be highly sensitive and specific, validated and safe. While WHF
criteria for the echocardiographic diagnosis of RHD had been published, there is no
internationally accepted standardised definition of what constitutes a positive screening

echocardiogram in the context of a potential RHD screening programme.

Results of the RhFFUS study indicate that one in six children previously diagnosed with
Borderline RHD on screening echocardiogram, and one in ten children with less severe
non-specific valvular abnormalities, progressed to WHF-defined Definite RHD within 2.5
to 5 years. While this is an important finding that indicates that a proportion of these
children did have the early stages of RHD when first screened, the fact that 83% of children
with Borderline RHD and 90% of children with NSVAs did not progress to Definite RHD

is equally important. The limitation of these findings lies in the fact that since only a
relatively small proportion of RhFFUS Cases developed RHD it remains unclear where the
cutoff between a normal and abnormal echocardiographic screening study should lie. That
is, the results of RhFFUS do little to resolve the issue of what degree of valvular
abnormality should be classified as a positive test when undertaking echocardiographic

screening for RHD. If results of this study had been more conclusive, for example if many

126



more children with Borderline RHD had progressed to Definite RHD while fewer children
with NSVAs had progressed, then this would have provided stronger evidence around using
the WHF-defined criteria of Borderline RHD as a cutoff point for positive studies. The

reality is that results of the RhFFUS study are too equivocal and so, as argued above,
further research is required to identify which particular valvular lesions place children at
greatest risk of developing RHD. This will require greater participant numbers than were

enrolled in RhFFUS as well as a longer follow-up period.
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Chapter 4 — Informing the Management
of Acute Rheumatic Fever and

Rheumatic Heart Disease

Background

Given that ARF and RHD are preventable, it is vital that ARF/RHD research continues to
focus, at least in part, on improvements in primordial and primary prevention rather than
being restricted to early detection, diagnosis, and treatment. Nonetheless, as argued in the
previous two sections of this thesis, there remain significant hurdles to the development and
implementation of primary prevention and screening programmes. It is for this reason that
the central components of current ARF/RHD care focus on disease management,
particularly in the form of secondary antibiotic prophylaxis, regular primary health and
specialist review to monitor any disease progression or development of complications, and,

where necessary, surgical intervention to repair or replace damaged heart valves.

The final section of this thesis focuses on the management of ARF/RHD. In particular, it
presents two research projects aimed at improving current management practices for those
already living with these diseases; those for whom it is too late to contemplate primary

prevention and for whom screening initiatives are redundant.
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4.1 Variability in Disease Burden and Management of
Rheumatic Fever and Rheumatic Heart Disease in Two

Regions of Tropical Australia

Background

While Australian national guidelines for the diagscsnd management of ARF and RHD

have been in place since 2006, the models of care used in different jurisdictions to manage
patients living with ARF/RHD are variable. Anecdotal evidence suggested that many
patients were not receiving the standard of care recommended in the Australian guidelines.
With a view to clarifying this question and providing recommendations around improving
ARF/RHD management in northern Australia, a quality improvement initiative was
undertaken in the Kimberley (Western Australia) and far north Queensland. This study took
the form of a clinical audit and enabled us to compare the relative strengths of different
management strategies as well as examine differences in disease burden between

jurisdictions.

Abstract

Background: Acute rheumatic fever (ARF) and rheumatic heart disease (RHD) contribute
to Aboriginal Australian and Torres Strait Islander health disadvantage. At the time of this
study, specialist ARF/RHD care in the Kimberley region of Western Australia was
delivered by a broad range of providers while in far north Queensland (FNQ) a single
provider model was used as part of a coordinated RHD control programme.

Aims: To review ARF/RHD management in the Kimberley and FNQ to ascertain whether
differing models of service delivery are associated with different disease burden and patient

care.

Methods: An audit of ARF/RHD management in the Kimberley and FNQ from 2007 to
2009. Classification and clinical management data were abstracted from health records,
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specialist letters, echocardiograms and local and regional registers and recall databases
using a standardised data collection tool.

Results: 407 patients were identified with 99% being Aboriginal and/or Torres Strait
Islanders. ARF without RHD was seen in 0.4% of Aboriginal and/or Torres Strait Islander
residents and RHD in 1.1%. The prevalence of RHD was similar in both regions but with
more severe disease in the Kimberley. More FNQ RHD patients had specialist review
within recommended timeframes (67% versus 4%%p<0.001). Of patients

recommended benzathine penicillin secondary prophylaxis, only 17.7% rec8¥#dof
sdheduled doses in the preceding 12 months. Prescription and delivery of secondary
prophylaxis was greater in FNQ.

Conclusions:FNQ'’s single-provider model of specialist care and centralised RHD control
programme were associated with improved patient care and may partly account for the
fewer cases of severe disease and reduced surgical and other interventions observed in this

region.
Introduction

The development of national Australian guidelinesABF and RHD diagnosis and
managemefit have facilitated the standardisation of ARF/RHD care between Australian
state health departments and they have been utilized to inform local management
guidelines®®®> Management of ARF and RHD encompasses secondary antibiotic
prophylaxis in the form of 3-4 weekly long-acting benzathine penicillin (BP) injections to
prevent GAS infection and recurrent ARF, regular local primary healthcare review,
echocardiography, specialist review and educafidianagement of RHD also involves
preventing and managing complications such as endocarditis, cardioembolism and heart
failure, and assessing the need for valve related surgical proc&dures.

Previous studies of ARF/RHD in the north of Australia have demonstrated suboptimal care:
secondary prophylaxis coverage is inadequate, survival following heart valve surgery is

low, and monitoring of anticoagulation is variabl& This earlier work, and the
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demonstrated high burden of disease, has provided a focus for local initiatives which aim to

improve access to, and quality of, care.

The processes and models of local service delivery for comprehensive ARF/RHD care
remain variable. This is in part due to historic models of service delivery, geography, and
population and health workforce distribution. The Kimberley region of Western Australia
(WA) and Cape York and Torres Strait regions of far north Queensland (FNQ) (see Figure

14) illustrate such variability, with significantly different models of service delivery.

At the time of this review, ARF/RHD care in the Kimberley was based on a “multi-
provider model” centred on primary health care with support and follow-up provided by
community-based and outreach specialist service providers. These services included local
regional physicians and paediatricians who visited large and small communities, and
visiting cardiologists (paediatric and adult) and echocardiographers in larger centres. This
involved public and private service providers from a number of different organisations with
any required surgery being undertaken in one of three Perth hospitals. Individual primary
health care sites maintained a variety of paper-based and electronic registers and recall

systems with no single regional system.

In FNQ, ARF/RHD care was similarly centred on primary health care but with support and
follow-up provided by a “multi-skilled single-provider model”. This consisted of a single
specialist outreach service of physicians (who also performed echocardiography) and
paediatricians, with adult or paediatric cardiology review generally only provided when
surgery was planned at regional referral centres (Cairns or Townsville). Registration and
recall of ARF/RHD patients was provided from a regional database supported and

coordinated by a centralised ARF/RHD programme.

In order to explore optimal models of care for people with ARF/RHD living in the north of
Australia we undertook an assessment of these two differing systems. This included an
assessment of the locally recognised burden of disease, an audit of the care received by
patients, and benchmarking care against local management guidelines. This process focused
on the performance and coordination of care across each region rather than on individual
providers.
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Materials and Methods

We reviewed the management of ARF/RHD patients witbetaessed primary and
specialist health care services in the Kimberley region of northern WA and in the Cape
York and Torres Strait regions of FNQ (see Figure 14). In the Kimberley, these services
were provided by Aboriginal community-controlled health services and/or health
department primary health care clinics and hospitals. In FNQ they were predominantly

provided by health department primary health care clinics and hospitals.

Inclusion criteria were a clinician-recorded diagnosis of either (1) ARF and/or (2) RHD in
patients considered by the local health service to be “regular” clients. A diagnosis of ARF
required health record documentation of ARF (irrespective of time of diagnosis and
whether ARF was actively managed at the time of audit) or the use of an ARF care plan
and, where available, no evidence of RHD on the most recent echocardiogram report. A
diagnosis of RHD required documentation of RHD by the local health service with an
associated abnormal echocardiogram, or a history of prosthetic valve replacement/valve
repair/valvuloplasty, or an echocardiogram report consistent with RHD. Consistent
echocardiography findings included: mitral stenosis, mitral regurgitation with thickening
and/or distortion of the valve leaflets, or mitral valve and aortic valve regurgitation or

stenosis.

Eligible patients were identified at local health services through interrogation of health
information management systems (i.e. searching for clients assigned to an ARF/RHD “care
plan”, or generating ARF/RHD “problem” lists), accessing benzathine penicillin recall lists,
and through questioning of local health service staff. In FNQ the regional ARF/RHD
register was also accessed to identify potential clients for inclusion. Finally, electronic
copies of specialist letters and echocardiography reports were searched for terms that may
indicate the client had ARF/RHD (e.g. rheumatic, mitral, aortic, valve, regurgitation,
stenosis) and the health records of clients identified through these methods checked for

diagnoses.
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Figure 14 Study sites in the Kimberley (Western Australia) and far north Queensland.
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Data were collected in the Kimberley between August and November 2007 at 17 primary
health care sites and in FNQ between November 2008 and March 2009 at 12 sites (Figure
14). Data on clinical management were abstracted from local health records (paper-based
and electronic), specialist letters, echocardiogram reports, and local and regional registers
and recall databases. A standardised data collection tool was utilised with a manual
providing standardised definitions for patient selection and service delivery.

Data collected and quality measures assessed included: patient demographics;
echocardiogram timeliness and results; severity of ARF/RHD based on the classification
system proposed by the national guidelfi¢see Table 10); prescription and uptake of
secondary prophylaxis in the 12 months prior to audit; timeliness of specialist review
(cardiologist, physician, paediatrician); uptake of immunisations (influenza vaccination
within past 12 months, pneumococcal vaccination within last 5 years); and appropriateness
of anticoagulation. The delivery of health services was benchmarked against local standards
of care as outlined in the Kimberley chronic disease protcasl Queensland chronic
disease guidelin3(see Table 11). For those clients receiving secondary prophylaxis, the
proportion achieving >=80% of scheduled doses in the 12 months prior to audit was
calculated and any episodes of recurrent ARF for that period recorded.

Classification Criteria

ARF with no evidence of RHD:; or trivial to mild valvular

Mild .
disease.
Any moderate valve lesion in the absence of symptoms and with
Moderate . . . _
normal left ventricular function; or mechanical prosthetic valves.
Severe valvular disease; or moderate to severe valvular lesions
Severe with symptoms — shortness of breath, tiredness, oedema, angina
or syncope; or tissue prosthetic valves and valve repairs.
Table 10 Protocol-based classification of severity of acute rheumatic fever and

rheumatic heart diseae.
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Priority Low Moderate High

Kimb FNQ Kimb  FNQ Kimb  FNQ

Specialist review 2vyears 2years LlYyear ~ 6months 6 months 3 months

Echocardiograph 2 years 1 year 1 year 1 year 1 year 6 months
y review

Dental review 2years lyear lyear 1 year 1 year 1 year
Table 11 Recommended timeframe for delivery of health services to clients with

ARF/RHD based on local standards of care as outlined in the Kimberley

chronic disease protoc8fsand Queensland chronic disease guidefifes.

Population denominators were based on 2006 Australian Bureau of Statistics census
data®® Disease prevalence in the Kimberley was based on the entire Aboriginal and Torres
Strait Islander population of the region as clients from all possible health care sites were
included. Disease prevalence in FNQ was based on population statistics for Local
Government Areas associated with those sites audited. Data from Thursday Island were

excluded, as accurate population denominator data were not available.

Data were analysed using SPSS (v15.0 for Windows, SPSS Inc., Chicago, IL, USA) and
Intercooled Stata 12 (Stata Corporation, Texas, USA). All statistical tests were two-sided

with a p-value < 0.05 taken to indicate statistical significance.

This project was approved as a clinical audit by the Western Australian Aboriginal Health
Information and Ethics Committee (WAAHIEC), the Western Australia Country Health
Service Board Research Ethics Committee, and the Human Research Ethics Committee of

the Cairns and Hinterland Health Service District, Queensland Health.
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Results

407 patients were included in the study. Patient dgamhics, disease prevalence and

severity, and valve surgery/procedures are presented in Table 12. There were no significant
differences in the demographics of Kimberley and FNQ patients. The prevalence of a
previous diagnosis of ARF (with no progression to RHD) and RHD was similar in the two
study areas but with more severe disease in the Kimberley. Significantly more RHD

patients in the Kimberley had undergone valve surgery or associated procedures.

A history of ARF without associated RHD was seen in 24.5% (52/212) of Kimberley
patients and 27.7% (54/195) of FNQ patients. Median age was 22.4 years (IQR 17.2 — 32.4)
and women were overrepresented, accounting for 60.2% of patients. There was no

significant difference in age or gender between Kimberley and FNQ ARF patients.

In people with a history of ARF it is recommended that an echocardiogram be performed at
the time of diagnosis (to assess for carditis and pre-existent RHD) and prior to ceasing
prophylaxis. FNQ ARF patients were more likely to have had any echocardiogram
performed with 96% (52/54) having a record of an echocardiogram compared with 85%
(44/52) of Kimberley patients fxp < 0.05).

Evidence of RHD was seen in 75.5% (160/212) of Kimberley and 72.3% (141/195) of FNQ
participants. Median age was 30 years (IQR 20 — 43) and women were again
overrepresented, accounting for 71.8% of patients.

Overall 55.1% (166/301) of RHD patients had had a specialist review by a paediatrician,
physician or cardiologist in concordance with timeframes recommended in local
management guidelines. Timely specialist review was more likely for FNQ RHD patients
(66.7%, 94/141) compared with Kimberley patients (45.0%, 72/16010(:0.001).
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All patients Kimberley FNQ
(n =407) (n=212) (n =195)
29.1 29.4 27.4
Age, median years (IQR
(18.7-40.2) (19.2-41.0) (18.3 — 39.5)

Female n (%) 280 (68.8%)

Aboriginal and/or Torres

0,
Strait Islander, n (%) 403 (99.0%)

Disease prevalence in
Aboriginal and/or Torres
Strait Islander population, %

ARF (no progression to RHD) 0.36%
RHD 1.07%
Disease severit, n (%)
ARF / Mild RHD 237 (58.2%)
Moderate RHD 66 (16.2%)
Severe RHL 104 (25.6%)
Valve surgery or procedures,
n (% RHD patients)
Any valve surgery/procedu 67 (22.3%)
Mechanical valve 36 (12%)
Bioprosthetic valve 13 (4.3%)

Valvuloplasty/repair 18 (6%)

141 (66.5%)

211 (99.5%)

0.33%

1.02%

101 (47.6%)
38 (17.9%)

73 (34.4%)

44, (27.5%)
24 (15%)
9 (5.6%)

11 (6.9%)

139 (71.3%)

192 (98.5%)

0.41%

1.14%

136 (69.7%)
28 (14.4%)

31 (15.9%)

23 (16.3%)
12 (8.5%)
4 (2.8%)

7 (5.0%)

Table 12

surgery/procedure in patients included in this study. T Inter-quartile range,

X2, p<0.0001," x? p<0.05
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Echocardiography was delivered to 60.5% (182/301) of RHD patients within recommended
timeframes with no overall difference between regions. However, RHD patients in the
Kimberley who had a history of valve surgery or other procedures were more likely to have

received a timely echocardiogram than comparable patients in FNQ (31/44 (70.5%) versus

9/23 (39.1%), % p<0.001).

The delivery of secondary antibiotic prophylaxis to ARF/RHD patients is outlined in Table
13. Ten patients in FNQ and two in the Kimberley with a recommendation for benzathine
penicillin prophylaxis had an episode of recurrent ARF in the 12 months prior to the study
(Fisher’s exact test, p<0.05). All of these cases were preventable with no patient receiving
adequate secondary antibiotic prophylaxis in the 2 months prior to their episode of

recurrent ARF.

All patients  Kimberley FNQ

(n =407) (n=212) (n=195)

Recommendation or prescription for BF 293 136 157*

n (%) (72.0%) (64.2%) (80.5%)

> 80% doses BP given 52/293 20/136 32/157

n (% of those recommended BP) (17.7%) (14.7%) (20.4%)
Number of doses of BP 6 4 ~

median (IQR) (2-8) (1.5-8) (4-9)
Recommendation for oral antibiotics 21/407 0 21/195***

n (%) (5.2%) (0%) (10.8%)
Table 13 Recommendation for, and delivery of, secondary antibiotic prophylaxis in

the 12 months prior to reviewy* p<0.001; **Wilcoxan Mann-Whittney
test, p < 0.0001; *** Fisher’'s exact test, p<0.0004erzathine penicillin
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One in five RHD patients was receiving warfarin anticoagulation (see Table 14). Based on

arecommended frequency of international normalized ratio (INR) monitoring of six

weekly?®3 36.7% of these had inadequate monitoring. Of all recorded INR results 65.1%

were outside the recommended raffgeo significant differences were observed between

FNQ and the Kimberley.

(n:301) (n=160) (n:141)
RHD patients on warfarin, n (%) 60/301 (19.9%) 37/160 (23.1%) 23/141(16.3%)

Primary indication for warfarin , n (%)
Mechanical valve 35/60 (58.3%)
Atrial fibrillation 19/60 (31.7%)
Mitral valve disease 6/60 (10.0%)
Target INR, n (%)
Documented in medical record29/60 (81.7%)
Concordant with national guidelinds?19/49 (38.8%)
INR tests in previous 12 months
Number, median (IQR) 11 (5 -21.5)

Adequate testirfgn (%) 38/60 (63.3%)

24/37 (64.9%)

10/37 (27.0%)

3/37 (8.1%)

29/37 (78.4%)

8/29 (27.6%)

15 (5 — 26)

23/37 (62.2%)

11/23 (47.8%)

9/23 (39.1%)

3/23 (13.1%)

20/23 (87.0%)

11/20 (55.0%)

9 (6.5 12)

15/23 (65.2%)

Results above recommended range, n (®@)/758 (23.7%) 129/517 (25.0%)51/241 (21.2%)

Results below recommended range, n 3a4/758 (41.4%) 232/517 (44.9%)82/241 (34.0%)

Table 14 Anti-coagulation therapy and RHD in the Kimberley and EN&tional

guideline INR recommendatio®fs atrial fibrillation without mechanical

valve replacement 2 to 3; mechanical mitral valve 2.5 to 3.5; mechanical

aortic valve 2 to 3'Based on a minimum recommended monitoring interval

of 6 weeks?®®
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Influenza and pneumococcal vaccinations were recommended for all patients with
ARF/RHD. Influenza and pneumococcal vaccination was more likely to be up-to-date in
FNQ patients (influenza 54.4%, pneumococcal 47.7%) compared with Kimberley patients
(38.6%, 37.3%) (3 p<0.01 and p<0.05 respectively).

Discussion

This study is the first to highlight differencestire nature and burden of ARF/RHD, and

the quality of care received by ARF/RHD patients in different northern Australian regions.

Results from this study confirm that in northern Australia ARF/RHD remains almost
exclusively a disease of Aboriginal and Torres Strait Islander people with 99% of identified
ARF/RHD patients being of Aboriginal and/or Torres Strait Islander ethnicity). The
observed prevalence of RHD in Aboriginal and Torres Strait Islander people in the
Kimberley (1.02%) and FNQ (1.14%) was comparable to earlier studies of Aboriginal
Australian and low income country population¥: ** ?®*This is in contrast to the waning
burden of disease among other Australians (0.2% in the Top End of the Northern Territory
and less than 0.1% in Central Austrdiiahd most other high income natidn&.2%*

The relatively young median age of RHD patients in this study is presumably related to
premature mortality of people with RHD in this setting. This is supported by evidence from
the Northern Territory where the mean age at death of Aboriginal people with RHD is 35.7
years compared to 67.3 years in non-Aboriginal RHD patféhts.

The predominance of female patients has been noted previotfalyhilst the cause of this
remains unclear it has been suggested that a greater exposure to GAS associated with the
care of children, enhanced diagnosis accompanying more frequent health care utilisation

and a gender-related propensity to autoimmune disease may all coritribute.

While the overall prevalence of ARF/RHD was similar in both regions we demonstrated a
greater proportion of severe RHD and higher levels of valve related procedures in the

Kimberley. This difference may be explained by regional differences in the pattern of
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ARF/RHD, differences in diagnosis and monitoring, and uptake of secondary antibiotic
prophylaxis.

ARF/RHD is associated with economic and environmental disadvahtégead incidence

of infection with GAS®. The available data do not suggest differences in housing,
employment, degree of remoteness or income between the Kimberley af’ BN@Qthere

IS no obvious reason to suspect that the natural history of ARF/RHD differs between the

two regions.

It is possible that cases of ARF and/or mild RHD were not as readily identified in the
Kimberley as in FNQ. In FNQ we observed a significantly greater proportion of ARF/mild
RHD which may indicate that cases were being identified earlier here. Earlier identification
would enable earlier intervention, including delivery of secondary prophylaxis to prevent
the development or worsening of RHD, thereby ensuring that fewer patients progress to
severe disease or require heart surgery. In Queensland there was a centralised RHD control
programme and a regional ARF/RHD database in place at the time of this study. This
programme incorporated an ARF notification system, a centralised coordination unit,
regular reminders to health providers about individuals requiring BP prophylaxis and
specialist follow-up, and ongoing training and support for health staff in relation to the
management of ARF/RHD. In contrast, at the time there was no such programme or
regional ARF/RHD database in the Kimberley. This difference in the coordination of care
may be associated with the differences in observed service delivery and disease severity
between the two regions. An ARF/RHD enhanced surveillance system similar to the one in

place in FNQ has since been implemented in the Kimberley.

While we did demonstrate lower levels of echocardiography in ARF patients without RHD
in the Kimberley, the use of echocardiography (and thus diagnosis and monitoring of
severity) in those with RHD was comparable between regions. Differences in monitoring of

disease severity alone do not explain the differences in disease severity observed.

More severe disease was associated with less delivery of secondary antibiotic prophylaxis
and less specialist review in the Kimberley compared to FNQ. Even if the greater use of

less effective oral antibiotic secondary prophyl2iis FNQ was excluded, 16% more
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patients were prescribed BP prophylaxis and the median number of BP doses delivered was
75% greater in FNQ. Greater delivery of secondary antibiotic prophylaxis in FNQ would be
expected to have led to fewer episodes of recurrent ARF and hence less disease
progression. The recorded rate of recurrent ARF was, however, significantly higher in

FNQ. At the time, ARF was a notifiable disease in FNQ but not in the Kimberley

suggesting that episodes of recurrent ARF were more likely to be reported in FNQ and that

significant under-reporting and perhaps under-recognition was occurring in the Kimberley.

The delivery of specialist services observed in both the Kimberley and FNQ was less than
optimal with only 55.1% of RHD patients being reviewed within recommended timeframes
and 60.5% receiving a timely echocardiogram. An earlier study in the Kimberley reported
that of those patients recommended visiting specialist or echocardiographic review, 78%
and 64% attended respectivéhSimilarly, in the Northern Territory, while RHD patients

with severe disease were usually receiving follow-up, approximately half the people with
moderate and mild disease had been inadequately investigated and/or had not received

follow-up &

RHD patients in FNQ were more likely to have been seen by a specialist within
recommended timeframes. This was confined to patients with RHD who had not undergone
heart valve surgery (data not shown). More frequent specialist review in FNQ may have
enhanced the uptake of secondary antibiotic prophylaxis and thus impeded the progression
of disease, but it is not possible to confirm this. Despite more frequent specialist review in
FNQ, by a workforce who provided contemporaneous echocardiography, and a centralised
recall system, there was no difference in the delivery of echocardiography services to RHD
patients in the Kimberley and FNQ. Indeed Kimberley RHD patients with a history of valve
surgery or other procedures were more likely to have received a timely echocardiogram
compared with FNQ patients. Specialist-provided echocardiography in FNQ, while
apparently more frequently available, may have been deferred in busy clinics with other
clinical priorities. A dedicated echocardiography service such as that used in the Kimberley
IS not subject to similar distraction and appears to have ensured those with more advanced

disease had echocardiography performed as scheduled.
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Many patients with advanced RHD, in particular those who have a mechanical valve in
Situ, require anticoagulation. Delivery of anticoagulation therapy to RHD patients was
suboptimal. The lack of concordance between INR targets recommended by national
guideline§? and those recorded in patient notes is concerning, as is the finding that 1/3 of
patients on warfarin did not receive adequate monitoring and that almost 2/3 of recorded
INR results were outside recommended targets. A study in non-remote Australia found
therapeutic anticoagulation in 57.6% of tests compared with 34.9% seéfi ieievital

that initiatives be developed to address this issue in these remote Australian settings. Newer
oral anticoagulants which do not require INR monitoring have been developed, however
evidence of their effectiveness in RHD, atrial fibrillation related to valvular disease, and
mechanical valves is lackirf§’ Given the difficulties associated with anticoagulation and
INR monitoring demonstrated here, balloon valvuloplasty, valve repair or bioprosthetic
valve replacement are clearly preferable (where they are an option) for patients living in

remote northern Australia.

While the differences in delivery of health services observed in this study, particularly the
higher rates of BP prescription and delivery and the higher rates of timely specialist review
observed in FNQ, may be associated with the differing models of service delivery in the

two regions, it is important to note that data was collected in the Kimberley in 2007 while
data was collected in FNQ in 2008-2009. The national Australian guidelines for ARF and
RHD diagnosis and managem®&mere published in 2006 and it is possible that one reason
for improved concordance in FNQ was that the extra time between publication and audit in
FNQ may have enabled the implementation of awareness programmes, education initiatives

and system changes to align more closely with the guidelines.
Conclusion

This study has documented the nature, burden andgeareat of ARF/RHD in two

regions of northern Australia. We have demonstrated differences in disease severity that
may, at least in part, be explained by differing levels of secondary prophylaxis uptake,
differing specialist access and the presence or absence of a centralised ARF/RHD control

programme. In both regions specialist and echocardiography services, secondary
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prophylaxis and the management of anticoagulation have changed little over the last
decad€e’® ®° Coordinated systems for ARF/RHD management supported by centralised
database and recall systems and a consolidated specialist health care team were associated
with improved patient care and may partly account for fewer cases of severe disease and a

reduced number of surgical and other interventions observed in FNQ.

Key Points

1. Different models of service delivery for ARF/RHD care were operating in the
Kimberley and FNQ. Specialist ARF/RHD care in the Kimberley was delivered by a
broad range of providers while in FNQ a single provider model was used as part of a
coordinated RHD control programme. This study aimed to review whether these
different models were associated with different disease burden and patient care.

2. More severe disease was found in the Kimberley. More FNQ RHD patients had
specialist review within recommended timeframes and prescription and delivery of
secondary prophylaxis was greater in FNQ. However, only 1 in 5 patients
recommended benzathine penicillin secondary prophylaxis rece888d af scheduled
doses in the preceding 12 months.

3. FNQ's single-provider model of specialist care and centralised RHD control
programme were associated with improved patient care and may partly account for the
fewer cases of severe disease and reduced surgical and other interventions observed in

this region.
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4.2 Infective Endocarditis and Rheumatic Heart Disease

in the North of Australia

Abstract

Background: To prevent infective endocarditis (IE), Australian guidelines recommend
providing prophylactic antibiotics to Indigenous patients with rheumatic heart disease
(RHD) prior to procedures which may cause bacteremia. In northern Australia RHD
remains prevalent. We aimed to determine whether RHD is associated with an increased
risk of IE, which risk factors are associated with IE, and the incidence and aetiology of IE.

Methods: A retrospective review of IE patients who fulfilled modified Duke criteria at

two tertiary centres in northern Australia.

Results 89 patients were reviewed. The rate of IE was 6.5/100 000 person-years. |E was
more common in people with RHD (relative risk (RR) 58), Indigenous Australians (RR 2.0)
and men (RR 1.7). RHD-associated IE was not confined to Indigenous Australians with
42% being non-Indigenous. The commonest risk factors for IE were intracardiac prosthetic
material, injecting drug use and previous IE. One in five patients died.

Conclusions In northern Australia the principle risk factor for IE is not RHD. While RHD
increased the risk of IE it was not restricted to Indigenous Australians. Current Australian
recommendations of providing prophylactic antibiotics to Indigenous patients with RHD
prior to procedures which may cause bacteremia may need to be broadened to include non-
Indigenous patients.

Introduction

While infective endocarditis (IE) is rare, its coggences can be significant including
prolonged hospitalisation, valve replacement, stroke and tfelattidence data for IE in
Australia are limited. A recent review of adult IE in New South Wales reported an
incidence of 4.7 per 100,088 and a study in regional Victoria a rate of 3.0 per 100800.
This was comparable to rates in the USA and Western Europe (1.7 — 7.0 per 185;8660).

IE incidence in developed countries is higher in particular risk groups including injecting
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drug users (IDU) (150 — 2000 per 100,G8bandindividuals with preexisting valve
abnormalities, most notably mitral valve prolapse (100 per 100°80®)developed

countries the importance of rheumatic heart disease (RHD) as a risk factor for IE is
waningd” but in many developing countries RHD remains the most frequent predisposing
condition® The reducing importance of RHD is not universal in high income countries,
especially where discrete populations remain at increased risk of RHD. This is the case in
northern Australia where the prevalence of RHD in Aboriginal and Torres Strait Islander
populations remains high (1.25%7%.The incidence and nature of IE in this setting has not

previously been described.

Current Australian guidelinBsrecommend providing prophylactic antibiotics to people
viewed as being at an increased risk of IE prior to procedures which may cause bacteremia.
This includes Indigenous Australians with RHD undergoing high-risk dental, respiratory,
genitourinary and gastrointestinal procedures. It has been suggested that Australian
recommendations be amended to reflect the American Heart Association’s gufdelines
under which prophylaxis is recommended for patients with RHD only if they have

prosthetic valves or prosthetic material in cardiac valve repairs. Patients with “native valve”
RHD are not included. In addition, the American guidelines do not recommend providing

prophylaxis for procedures involving the gastrointestinal and genitourinary tract.

Despite the lack of evidence, there is concern that altering Australian recommendations to
bring them in line with American Heart Association recommendations may expose

Aboriginal and Torres Strait Islander people with RHD to an increased risk of IE.

In order to inform Australian recommendations for antibiotic prophylaxis to prevent IE in

patients with RHD we undertook an audit of IE cases to ascertain:

1. whether RHD without a prosthetic valve or material is associated with an increased risk
of IE;

2. which potential risk behaviours or procedures are temporally associated with IE in
northern Australia; and

3. the local incidence and aetiology of IE.
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Patients and Methods

A retrospective review of IE cases was undertakeramh€Base Hospital and Royal

Darwin Hospital (see Figure 15). Medical records of individuals who fulfilled the selection
criteria at each site were reviewed from December 2003 to December 2007 (4 yrs.) at Royal
Darwin Hospital and from February 2002 to December 2007 (5.8yrs) at Cairns Base
Hospital. Where an individual had multiple IE hospital separations only the most recent
was included. Selection criteria for Cairns subjects included any individual (all ages) with a
primary or secondary International Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD 10) separation diagnosis of |E or other valve dfb¢t{zD

codes - 101.1; 102.0; 105.8-9; 106.8-9; 107.8; 108.0-3; 108.8-9; 109.1; 109.8; 133.0; 133.9;

134.8; 135.8; 136.8; 137.8; 138; 139.1; 139.3; 139.8; 142.3; 142.4; T82.6; Z95) AND who

fulfilled modified Duke IE criteria for a definite or possible diagng3isf hospital

separation was coded as IE (ICD 133.0) but modified Duke criteria were not met, then the
subject was excluded. Potential subjects in Darwin were identified through the infectious
diseases service database as ICD-10 separation data were deemed insufficiently specific
and sensitive to identify possible IE patients. Similar inclusion criteria requiring a definite

or possible diagnosis of IE based on the modified Duke criteria were used.

DARWIN

Northern
Territory

Queensland

Figure 15 Geographic catchment of northern Australian centers included in this study -

Cairns (Cairns Base Hospital) and Darwin (Royal Darwin Hospital).
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Data collected included: demographics; IE diagnostic criteria; echocardiography, blood
cultures and serology results; risk factors — both putative behavioural risk factors (e.g. IDU)
and underlying heart disease; preceding medical and dental procedures; use of antibiotic
prophylaxis; and outcome (length of stay, inter-hospital transfer, survival at the time of

discharge from hospital, the need for cardiac surgery).

Data were collated with Microsoft Excel (2000) and analysis undertaken with SPSS (v17.0
for Windows; SPSS, Chicago, IL, USA) and Intercooled Stata 9.2 (Stata Corporation,
College Station, TX, USA). Continuous data are presented as medians with interquartile
range, proportions with binomial 95% confidence intervals (95% CI) and incidence as
incidence density (person-years) with Poisson 95% CI. Australian Bureau of Statistics
population estimates for 2004 and 2006 were used for population denominators for the
total, Indigenous and non-Indigenous populations for the Cairns and Darwin hospital
catchment$® Estimates of the prevalence of RHD were determined using data from
existing registers maintained by the Northern Territory Department of H&alth.
Comparisons of continuous variables between groups used the Mann-Whitney U tést and x
for categorical variables. All reported P-values are two sided, and P-values less than 0.05
were considered to indicate statistical significance.

Approval to undertake this study was obtained from the Cairns and Hinterland Health
Service District Human Research Ethics Committee and the Human Research Ethics
Committee of the NT Department of Health and Families and Menzies School of Health

Research.

Results

Of the 89 patients included in this audit 60 (67%%SClI, 57 — 76) satisfied criteria for a
‘definite’ diagnosis of IE*®® Sixteen had pathologic criteria present, 33 had two major
criteria, and 11 had one major and three minor criteria. The remaining 29 (33%, 95% ClI,
24 — 43) patients fulfilled the definition of ‘possible’ IE: 26 had one major and one minor

criterion, while 3 had three minor criteria.

Demographic and incidence data for IE patients are presented in Table 15. The rates of IE

standardised to the 2004 Australian population for Darwin and Cairns were 6.5
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cases/100,000 person-years for males, 3.9 for females and 5.2 overall. Darwin patients were
more likely to be of Aboriginal and/or Torres Strait Islander origin. Men were more likely

to have IE (RR 1.7, 95% Cl, 1.1 — 2.6,p<0.05). IE was rare in children; only 4/89 (4.5%,
95% ClI, 1.8 — 11.0) cases occurred in patients younger than 18 years. Aboriginal and
Torres Strait Islander adults were at greater risk of IE (RR 2.0, 95% CI, 1.3 23.1,
p<0.01). This was confined to the NT (RR 2.7, 95% ClI, 1.4-%5<.01) and was not

seen in FNQ (RR 1.1, 95% Cl, 0.4 — 2.4,not significant). Twelve IE patients (14%, 95%

Cl, 8 — 22) had native valve RHD. The IE incidence in patients with native valve RHD was
290 (95% ClI, 150 — 506) per 100,000 person-years. This corresponded to a relative risk of
58 (95% Cl, 32 — 107,%p<0.0001) in comparison with individuals without native valve
RHD. Further, in patients with native valve RHD, the risk of IE was greater in non-
Indigenous Australians compared to Aboriginal and Torres Strait Islander Australians (RR
3.7, 95% Cl, 1.2 — 11.%?p<0.05).

The prevalence of risk factors associated with IE are presented in Table 16. Cairns patients
were more likely to have congenital heart disease or a valve abnormality without prosthetic
material in situand to have had a previous episode of IE compared with Darwin patients.

A potential triggering event was identified in 24/89 (27%, 95% CI, 20 — 37) patients.
Cairns patients were less likely to have an identified triggering event compared with
Darwin patients (9/50, 18%, 95% CI, 9 — 31 versus 15/39, 38%, 95% CI, 23 % 55, x
p=0.03). The commonest event was a recent intravascular device in 13/24 (54%, 95% ClI,
33 — 74) patients. Recent dental procedures were noted in only two patients. In those with
an identified triggering event, 6/24 (25%) had received prophylactic antibiotics, 12/24
(50%) had not, and the use of prophylactic antibiotics could not be determined in 6/24
(25%) cases. The use of prophylactic antibiotics was no different between sites (data not
shown). A triggering event was noted in 2/12 (17%, 95% CI, 2 — 48) RHD patients and
22177 (29%, 95% ClI, 19 — 40pn-RHD patients (Fisher’s exact test, not significant).
Neither of these two RHD patients would have been recommended prophylactic antibiotics
under existing Australian guidelin@sSimilarly, the majority of all patients with a

triggering event (21/24, 88%, 95% CI, 68 — 97) would not have been recommended
antibiotic prophylaxis.
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All patients Cairns Darwin

Number 89 50 39

Incidence
IE cases per 100,000 person-years
(95% CI)

All patients 4.5 (3.6 —5.5) 3.6 (2.7—4.8) 6.3 (4.5—8.6)
All adults (>18yrs) 59 (4.7-7.3) 47(3.4-6.2) 87(6.1-11.9)
Non-Indigenous adults (>18yrs}#.9 (3.8-6.4) 4.6(3.3-6.2) 5.9(3.6-9.3)

Age (median years) 45 52 42

(IQR" (36 — 61) (36 — 68) (36 — 50)

Gender (number female) 33 19 14

(% female, 95% ClI) 37 (28-47) 38(26-52) 36 (23-52)

Aboriginal and/or Torres Strait

I'slander (number) 29 9 207

(%, 95% CI) 33(24-43) 18(10-31) 51 (36— 66)
Table 15 Demographic and incidence data for Cairns and Darwin |E pai@ints.

confidence interval'lQR — interquartile rangéy?, p<0.01
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Number All patients Cairns Darwin
(% patients, 95% C) N =89 N =50 N =39
57 35 22

One or more risk factors

RHD' (native)

Prosthetic heart valve/material

Congenital heart disease/valve
abnormality (without prosthetic
material in sity

Previous infective endocarditis

Intravenous drug use

(64.0, 53.7 — 73.2Y70.0, 56.2 — 80.9)56.4, 40.9 — 70.7)
12 4 8

(13.5,7.9-22.1) (8.0, 3.3 - 18.9) (20.5, 10.8 — 35.6)
17 11 6

(19.1, 12.3 — 22.1Y22.0, 12.8 — 35.3)(15.4, 7.3 — 29.8)
8 8 0

(9.0,4.7-16.8) (16.0,8.4—28.6) (0.0,0.0—8.8)
13 11 2°

(14.6, 8.8 — 23.4)(22.0, 12.8 — 35.3) (5.1, 1.6 — 16.9)
15 9 6

(16.9, 10.5 — 26.0)(18.0, 9.8 — 30.9) (15.4, 7.3 — 29.8)

7 4 3
Other®
(7.9,3.9-15.4) (8.0,3.3-18.9) (7.7,2.8—20.4)
Table 16 The prevalence of risk factors associated witt@Eher” risk factors

comprised: mitral valve prolapse, non-RHD mitral valve regurgitation, non-

RHD aortic valve regurgitation and stenosis, left ventricular dilat®h-

confidence intervallRHD — rheumatic heart disea&e?, p<0.05

151



A causative organism was identified in 82 patients (92%, 95% CI, 85 — 96) (Table 17).
There were no significant differences in aetiology between the two sites, or between
Indigenous and non-Indigenous patients, or patients with or without native RHD (data not
shown). Patients with a history of IDU were more likely to have Staphylococcus aureus
isolated (73% (11/15) versus 43% (39/89)px0.02).

The mitral valve was involved in 44 patients (49%, 95% CI, 39 — 60), the aortic valve in 25
patients (28%, 95% CI, 20 — 38), and the tricuspid valve in 16 patients (18%, 95% CI, 11—
27). Seven patients (7.9%, 95% CI, 4.0 — 15) had more than one heart valve affected.

Outcome data are presented in Table 18. Cairns patients were less likely to undergo valve
replacement or surgery than Darwin patients (odds ratio (OR) 0.31, 95% CI, 0.10 — 0.91).
This persisted after controlling for patient demographics and risk factors (see Table 15 and
Table 16). Additionally, the length of stay for Cairns patients and for those who were
transferred was significantly shorter. Logistic regression modeling demonstrated that the
only independent predictor of in-hospital mortality was age (surviving admission OR
0.95/year of age, 95% CI, 0.92 — 0.98) with 91% (20/22) of patients in the youngest age
quartile (<36 years) surviving compared with 55% (12/22) of those in the oldest (>61
years) (Fisher’s exact test, p<0.05).

The utility of specific endocarditis coding (ICD 133.0) or broader separation coding (see
ICD codes above) to detect patients who met modified Duke criteria was explored in
Cairns. Of the 75 episodes identified as endocarditis (ICD 133.0) only 41 (55%) met
modified Duke criteria. Using broader separation coding increased the cases requiring
review by 564 and resulted in the identification of an additional 9 IE cases that did not have
an ICD 133.0 separation diagnosis. A separation diagnosis of endocarditis (ICD 133.0) had
a sensitivity of 82% and specificity of 94% for identifying cases which met modified Duke

criteria.
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Number All patients Cairns Darwin

(% patients, 95% C) (N=89) (N=50) (N=39)

Staphylococcus aureus 39 24 15
(43.8, 34.0 — 54.2)48.0, 34.8 — 61.5)38.5, 24.9 — 51.2)

Methicillin susceptible 32 21 11
(36.0, 26.8 — 46.3Y42.0, 29.3 — 55.8)28.2, 16.6 — 43.9)

Methicillin resistant 7 3 4
(7.9,3.9-15.4) (6.0,2.2-16.2) (10.3,4.2-23.7)

Streptococci and related speci¢' 21 11 10
(23.6, 16.0 — 33.4)Y22.0, 12.8 — 35.3)25.6, 14.6 — 41.2)

Enterococcus faecalis 10 5 5
(11.2, 6.3 -19.5) (10.0, 4.4 - 21.4) (12.8,5.7 — 26.8)

Other gram positive bacteric* 7 2 5
(7.9,3.9-15.4) (4.0,1.2-13.5) (12.8,5.7 — 26.8)

Gram negative bacterié 5 3 2

(5.6,2.5—-12.5) (6.0,2.2-16.2) (5.1, 1.6 — 16.9)

No causative organism identified 7 5 2

(7.9,3.9-15.4) (10.0,4.4-21.4) (5.1, 1.6 — 16.9)

Table 17 Etiologic organisms identified in |E patiefitscluding Streptococcus
agalacticae, bovis, gordonii, mitis, mutans, oralis, pasteurianus, pneumoniae,
pyogenes, salivarius and Gemella morbillorum, Abiotrophic defective,
Granulicatella spp’ including Corynebacterium, Staphylococcus
epidermidis, Propionobactermium acngimcluding Actinobacillus
actinomycetemcomitans, Klebsiella pneumonia, Salmonella typhimurium,

Bartonella henselaeCl — confidence interval
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Cairns Darwin
All patients (89)

(50) (39)
Died during admission 18 11 7
(n, % patients, 95% CI) (20.2, 13.2 — 29.8)22.0, 12.8 — 35.3)(17.9, 9.1 — 32.8)
Transferred 34 15 19
(n, % patients, 95% CI) (38.2, 28.8 — 48.6)30.0, 19.1 — 43.8)48.7, 33.8 — 63.9)
Valve Replacement/Surgery 18 6 12
(n, % patients, 95% CI) (20.2, 13.2 — 29.8)(12.0, 5.7 — 23.0)(30.8, 18.6 — 46.5)
LOS 20 15 25
(median days, IQR) (10-32) (9-31) (15-34)
Table 18 |E patient outcome&OS — length of stay, defined as time from admission

to discharge, death or transf&¢, p<0.05."Mann-Whitney U, p<0.05

Discussion

This is the first study to comprehensively desctibén a northern Australian setting. The
rate of IE was comparable to that seen in other Australian, American and European
studies’®® 297288, 290, 291Gen that the risk of IE increases with age in other populdfions
27 it is likely the younger age of patients in this study (median 45 years versus greater than
60 years in other studi&s?®) served to mask a greater risk of IE in northern Australia.

This was reflected in the increased rate of IE seen in our northern Australian cohort when

age standardised to the overall Australian population.

IE risk in our northern Australian population was greater in Aboriginal and Torres Strait
Islander peoples (RR 2.0). Whilst it is possible this is related to the high prevalence of
RHD in the Indigenous Australian populatidhonly 7/12 (58%, 95% CI 28 — 85) of the
RHD-associated IE cases occurred in Indigenous Australians suggesting that factors apart
from RHD were involved. Why the greater risk of IE in Indigenous Australians was more
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marked in the NT than in FNQ is unclear. It may in part be explained by the higher
proportion of the Darwin catchment residing in remote and very remote communities
(Darwin 20.7% compared with Cairns 10.78%§)Any such association between IE risk and
remoteness may be attributable to the environmental and social disadvantage which

characterises many remote Indigenous Australian commufiities.

RHD was associated with a far greater risk of IE. This association between RHD and
increased risk of IE is well documented in the developing wdrfd> ***but is no longer
seen in many higher income countrfédn the latter context, RHD-associated IE has
become less important as the prevalence of RHD has reQuaretirates of IDU have

risen%?

The association between RHD and IE in this study was not limited to Indigenous
Australians. Non-Indigenous Australians accounted for 5/12 (42%, 95% CI 15 — 72) cases
of RHD-associated IE and non-Indigenous Australians with RHD were at greater risk of IE
than Indigenous Australians with RHD (RR 3.7). Current Australian guid&lines
recommend providing prophylactic antibiotics only to Indigenous Australians with RHD
undergoing high-risk dental, respiratory, genitourinary and gastrointestinal procedures.
Non-Indigenous Australians with RHD are not covered by this recommendation. Our
findings suggest that restricting the use of antibiotic prophylaxis on the basis of ethnicity

may place some non-Indigenous people with RHD at unwarranted risk.

Under the American Heart Association’s guidelffiesrophylaxis against IE is

recommended for patients with RHD only if they have prosthetic valves or prosthetic
material in cardiac valve repairs. Patients with “native valve” RHD are not included. The
high prevalence of RHD in northern Australia and the increased risk of IE in people with
native valve RHD demonstrated in this study suggest that it would be unwise to adopt the
American guidelines in this setting. Altering Australian recommendations to reflect
American standards may expose both Aboriginal and Torres Strait Islander people and non-
Indigenous people with RHD to an increased risk of IE.

Men were at greater risk of IE. This is concordant with previous reviews of IE but reasons

remain uncleaf>® **It may be in part explained by the greater prevalence of IDU in men
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which in turn confers an increased risk of fEThe association between IDU and males
was reflected in our study with 10/15 (67%, 95% CI, 41 — 84) of IE patients with a recent
history of IDU being men.

A temporally associated triggering event was noted in 27% of patients. The most common
was recent healthcare-related intravenous access. Such nosocomial IE is a recognised
significant contributor to |E cases, accounting for up to 30% of infectf8rfS’ Of note

was the low number of triggering events seen in RHD-associated IE. It was not possible to
ascertain whether this was due to the use of prophylactic antibiotics to prevent IE in RHD
patients or the possibility that IE in patients with RHD tends to largely occur without a

clear triggering event.

The microbiologic etiology of IE in our study was comparable to that seen in other
Australian and international studiég’ 3°% 394.3%n Jine with previous studies, IDU-

associated IE was more likely to be cause®tphylococcus aured®’

The outcome for IE patients in northern Australia reflects the significant mortality and
health care utilization associated with IE. One in five patients admitted to hospital with a
definite or possible diagnosis of IE died. The association between advancing age and a
greater risk of death from IE noted here has been seen elséitizespite the younger

age of our cohort, the mortality seen in this series was comparable to that seen in earlier
studies’* 2°’Whilst Indigenous Australians are subject to well described health
disadvantag®”’, there was no increased risk of in-hospital mortality compared with non-
Indigenous Australians. The shorter hospital length of stay compared with the previous
Australian study (20 versus 30 dag)was in part explained by the significant proportion
of IE patients who were transferred to other hospitals for ongoing management owing to

the absence of local cardiothoracic surgical services.

Our investigation into the accuracy of ICD coding at Cairns raised a number of issues.
Using IE separation coding (ICD 133.0) alone to identify cases as opposed to a broader
search strategy (see ICD codes in Methods) would have missed nearly 20% of modified
Duke criteria IE cases. Furthermore, 45% of patients with an ICD 133.0 coding did not

satisfy modified Duke criteria for IE. Overall, IE separation coding (ICD 133.0)
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underestimated the true prevalence of IE by 15%. This reflects Sy’s earlier Australian
study?®’ where separation coding of IE in tertiary referral hospitals was accurate in 79% of
cases. Whilst IE separation coding may be the easiest method for investigating IE we have
shown it to be neither sensitive nor specific. Given the infrequent occurrence of IE and the
substantial impact it has on health care and patients, alternate systems for correctly
identifying cases of IE should be considered as part of ongoing surveillance.

Conclusion

This is the first study to assess IE in a northeustralian population. It has demonstrated
parallels with IE in less remote Australian and other high income settings despite the
remoteness of many patients and significant Aboriginal and Torres Strait Islander
population. Even here the presence of prosthetic cardiac material, IDU and previous IE are
the principle factors associated with IE. Whilst RHD markedly elevates the risk of IE, even
in this northern Australian population it is not restricted to Indigenous Australians.
Providing antibiotic prophylaxis to Indigenous Australians with RHD is thus unlikely to
address the major drivers of IE and would exclude many non-Indigenous patients with
RHD. For patients with RHD, current Australian recommendations of providing
prophylactic antibiotics only if they are Indigenous may need to be broadened to include

non-Indigenous RHD patients.

Key Points

1. To prevent infective endocarditis (IE) Australian guidelines recommend providing
prophylactic antibiotics to Indigenous patients with rheumatic heart disease (RHD)
prior to procedures which may cause bacteraemia. American guidelines were recently
updated to recommend that prophylactic antibiotics be given to RHD patients prior to
such procedures only if they have prosthetic valves or prosthetic material in cardiac
valve repairs rather than “native valve” RHD. We aimed to determine whether RHD is
associated with an increased risk of IE, which risk factors are associated with IE, and

the incidence and aetiology of IE in northern Australia.
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2.

IE was more common in people with RHD (relative risk (RR) 58), Indigenous
Australians (RR 2.0) and men (RR 1.7). RHD-associated IE was not confined to
Indigenous Australians with 42% being non-Indigenous.

In northern Australia RHD increased the risk of IE but it was not restricted to
Indigenous Australians. Current Australian recommendations of providing prophylactic
antibiotics to Indigenous patients with RHD prior to procedures which may cause

bacteraemia may need to be broadened to include non-Indigenous patients.
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Chapter 5 — Discussion and Conclusions

The papers and projects that comprise this thesis provide a number of new insights into the
prevention, diagnosis and management of ARF and RHD. Systematic reviews of existing
evidence and new findings associated with a number of research projects are presented.
These papers and projects will inform and complement existing research findings, policies
and protocols whilst at the same time providing new insights to refine and expand the
health service response to ARF and RHD.

The review papers included herein provide a synthesis of the current evidence pertaining to
a number of areas relevant to the prevention of ARF and RHD whilst also providing a
critique of deficits in the current state of knowledge. In addition, they suggest how future
research to improve the response to ARF and RHD can be targeted to address gaps in
existing knowledge with a particular focus on areas that are likely to have an early and

substantial impact on disease prevention.

The research papers focus more specifically on mechanisms to improve the diagnosis and
management of ARF and RHD through the critical evaluation of management practices in
the north of Australia, quantification of the risk of endocarditis in people with RHD to
inform a more rational use of prophylactic antibiotics, and clarification of diagnostic issues
pertaining to the significance of non-specific changes in heart valve morphology and

function detected by screening echocardiography.
Briefly the insights provided by this body of work are:

1. Primordial and primary prevention strategies, while desirable and seemingly successful

in some contexts, have not yet been shown to be effective in an Australian Aboriginal and
Torres Strait Islander context. Limitations of reported studies are outlined and it is argued
that no specific programmes can be endorsed at this time. Translational research is required
to investigate whether particular primary prevention strategies may prove effective in

Australia.

2. There is a need to improve the uptake of secondary antibiotic prophylaxis for ARF/RHD

in Australia. The review incorporated in this thesis demonstrates that there is little good
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quality evidence to recommend implementation of any specific strategies to achieve this.
Again, translational research is required.

3. Echocardiographic screening for RHD is desirable in that it offers the possibility of early
detection and treatment. However, issues regarding what criteria should constitute a
positive screening test, suboptimal delivery of secondary prophylaxis, and the potential
impact of any such screening programme on local health services and communities are
demonstrated and it is argued that further work is required before such a programme could

be considered to be feasible in an Australian context.

4. The significance of minor heart valve abnormalities, including Borderline RHD, in
predicting the risk of ARF and RHD was explored and partially clarified. Children with
Borderline RHD are at an increased risk of ARF, progression of valvular lesions, and
development of Definite RHD while children with NSVAs have a lesser increased risk of
progression to Definite RHD. These findings provide support for considering secondary
antibiotic prophylaxis or ongoing surveillance echocardiography in high-risk children with
Borderline RHD or NSVAs. In addition, they highlight that the pool of children requiring
ongoing follow-up in association with any RHD screening programme will be at least three
times larger than if restricted to Definite RHD alone.

5. A single-provider model of delivery of ARF/RHD care was associated with improved
patient care, fewer cases of severe disease, and reduced surgical and other interventions

compared to a model of care incorporating a broad range of local and visiting specialists.

6. RHD is a significant risk factor for IE in northern Australia. Current Australian
recommendations of providing prophylactic antibiotics to Indigenous patients with RHD
prior to procedures which may cause bacteremia should be retained despite American
guidelines no longer recommending prophylaxis in those with native RHD undergoing such
procedures. Furthermore, Australian guidelines may need to be broadened to include non-

Indigenous patients with RHD.

The following discussion explores these findings in more detail within the framework of

the three major themes of this thesis: prevention, diagnosis and management.
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Primordial, Primary and Secondary Prevention of
ARF/RHD

Primordial and primary prevention aim to prevent disease occurring. In the publication
“Primordial and Primary Prevention of ARF/RHDOhe candidate undertook a systematic
review of the published evidence pertaining to programmes and strategies used to limit the
transmission and burden of GAS or the development of ARF once GAS infection has
occurred. The effectivenessmimordial prevention is perhaps best illustrated by the
decreasing prevalence of ARF and RHD in “affluent” countries with higher socio-economic
indices, access to uncrowded shelter, and easily accessible health care systems. Whilst the
concept of ‘affluence’ or ‘advantage’ may be easily understood, it is nonetheless unclear
exactly what components of such improved living standards are associated with the
primordial prevention of ARF and RHD. However, this should not dissuade advocates,
whether health care providers, politicians, community leaders or anyone advocating for
social and health justice, from exploring mechanisms to alleviate poverty and social and
environmental disadvantage, improve housing and education, and increase access to
appropriate and effective health care. All these factors are likely to be crucial in addressing
ARF/RHD, as well as many other health issues, in remote Australian communities. Given
the lack of a defined target there should not be a limited focus on the primordial prevention
of ARF/RHD within the health care system. Indeed, it is surely beyond the scope of any
health care system to effect such change. Rather, primordial prevention should be
encompassed in a broader emphasis on social justice and equity. The evidence pertaining to
the primordial prevention of ARF/RHD highlights how the benefits of social and
environmental policy may require a substantial and prolonged commitment, well beyond

that of any short-term evaluation strategy.

The literature review gbrimary prevention strategies revealed a number of studies
reporting significant reductions in incidence rates of ARF and RHD. However, there were
limitations regarding these studies that suggest caution should be exercised in any attempt
to generalise specific findings to an Australian context. More specifically, the studies from
the French Caribbedf, Costa Ric&® and Cub&® reporting significant success in

reducing ARF/RHD all suffered from methodological issues such that it was not possible to
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identify which components of multidimensional interventions were likely to be successful.
The tightly controlled studies involving the US militaty***were more rigorous and yet

were undertaken in highly selected and controlled settings very dissimilar to the Aboriginal
and Torres Strait Islander setting. Finally, it is important to note that the most
comprehensive RCT of a community-based sore throat intervention undertaken in New
Zealand failed to show a significant beneficial effect of active surveilfdnce.

It is clear that the use of prophylactic antibiotics can reduce GAS colonisation of the
pharynx and the associated risk of ARF. Indeed, such prophylaxis is one of the major foci
of secondary prevention strategies for individuals with a previous diagnosis of ARF or
RHD. Nonetheless, the widespread use of antibiotics as a primary prevention strategy in
high-risk populations may require the diversion of substantial health resources from other
areas of care and place otherwise healthy individuals at unnecessary risk while potentially
increasing the likelihood of reduced antibiotic susceptibility in other bacteria. These factors
are also relevant when deciding whether or not to treat individuals with sore throats prior to
the identification of the causative organism. There is always a necessary balancing of the
potential benefits of early treatment of those with GAS pharyngitis and unnecessary

treatment of individuals with pharyngitis not related to GAS.

Despite there being insufficient high quality evidence to support specific primary
prevention strategies in Australia it is important not to make the assumption that any such
interventions will not work. That is, lack of evidence of effect does not equate to evidence
of no effect. Indeed many of the primary prevention studies discussed in this thesis do
provide evidence of effect. Nonetheless, it is important to exercise caution in generalising
results from these studies to an Australian context involving Aboriginal Australians and

Torres Strait Islanders living in remote communities.

The ideal solution to effect primary prevention of ARF/RHD is likely to remain the
development of a GAS vaccine. While there are encouraging signs on this front with
clinical trials underway, when a safe and effective vaccine may become available remains
speculative. A particular hurdle in this instance is the underlying pathophysiology of ARF
which involves cross-reactivity between GAS, and thus potentially vaccine, epitopes and

cardiac tissue markers. Ensuring effective GAS vaccines reduce the risk of GAS infection
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without also being associated with inadvertent autoimmune-mediated carditis will therefore
be key. Further challenges include the great number of GAS strains that may be associated
with ARF that would need to be covered by a vaccine and the limited commercial viability

of any such vaccin®.

Whilst development of a GAS vaccine must remain a priority in the primary prevention of
ARF/RHD prevention, in the interim it will be important for people comprising or working
with high-risk populations to remain vigilant to the importance of seeking and providing
appropriate health care when pharyngitis occurs. Further research into the utility of clinical
scoring systems and rapid diagnostic tests in identifying GAS-associated pharyngitis should
be evaluated in Australia, particularly in Aboriginal and Torres Strait Islander communities.
Furthermore, in those at highest risk of ARF, and in situations where clinical follow-up of
individuals may be difficult, empiric antibiotic management of pharyngitis, even when the

aetiology has not been confirmed, is likely to remain necessary.

Secondary preventionrelates to interventions that take place once a disease has been
diagnosed. Secondary prevention aims to either cure or limit progression with the ultimate
aim of ensuring a reduced impact in affected individuals. With respect to ARF/RHD,
secondary prevention in the form of regular 3-4 weekly injections with long-acting
benzathine penicillin is one of the mainstays of disease treatment. It has shown to be
effective in preventing GAS infection and hence recurrent ARF and possibly development
of, or worsening of, RHD. While it is an effective treatment, the implementation of
effective secondary antibiotic prophylaxis programmes for ARF/RHD has proved difficult
with many individuals not receiving adequate coverage against®&a&gestions as to

why delivery of secondary antibiotic prophylaxis is often suboptimal are numerous with
many favouring factors such as longevity of treatment (minimum ten years), pain of
injection, mobility of patients and culturally inappropriate health delivery systems.
However, most evidence relating to improving the delivery of secondary prophylaxis

appears to be anecdotal in nature.

In the review “Enhancing secondary prophylaxis for rheumatic fever and rheumatic heart
disease” (submitted) the candidate undertook an evaluation of the published evidence

pertaining to improving uptake of secondary antibiotic prophylaxis for ARF/RHD and
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explored potential options for further research. This review highlighted the limited
published evidence that is available to inform initiatives to enhance the delivery of
secondary antibiotic prophylaxis. Nonetheless a number of elements where identified which
are likely to be important in improving uptake: use of registers and recall systems;
development of strong staff-patient relationships; creation of dedicated teams for the
delivery of secondary prophylaxis; education programmes; and implementation of
initiatives to improve community linkages (especially with schools). Despite these findings
it may still be difficult to generalise findings from individual studies to other settings, and
additional high quality studies in this field are still needed. Given these limitations a
particular focus should be the evaluation of initiatives that translate what is an efficacious
treatment (secondary antibiotic prophylaxis) into effective programmes that reduce the
burden of ARF/RHD. Only by undertaking rigorous high-quality health services research
will it be possible to obtain solid evidence, rather than what are currently often anecdotal
views, regarding what can be done to better protect individuals with a prior history of ARF
or RHD from disease progression. Alongside such research a longer-term aim should be to
look beyond traditional forms of delivery of secondary antibiotic prophylaxis via regular
intramuscular injections of benzathine penicillin to identify less painful and more

convenient mechanisms of delivery.

Screening for RHD and Informing Echocardiographic
Diagnosis.

The traditional pathway to a diagnosis of RHD relied on the detection of a heart murmur
through auscultation, typically in the setting of a previous episode of ARF. More recently
echocardiography has become the main focus of RHD diagnosis, enabling the non-invasive
examination of both morphology and function of heart valves. As echocardiography
equipment has become more affordable and portable it has been increasingly utilised for
RHD screening in low and middle-income countries and in Indigenous population at

increased risk of ARF/RHD in high-income countries (e.g. New Zealand and Australia).

Screening echocardiography has the potential to detect early RHD thereby enabling timely
commencement of treatment (secondary antibiotic prophylaxis) to limit disease
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progression. Despite its appeal and apparent simplicity, before deciding whether or not to
implement an echocardiographically-based RHD screening programme it is necessary to
examine the need for, potential feasibility and overall benefit of such screening. In the
review article entitled “Screening for RHD in Aboriginal and Torres Strait Islander
Children™’ The candidate examined the feasibility of such programmes within the

framework of the Australian criteria for the assessment of population-based screening.

This review concluded that a number of issues prevent potential initiatives for
echocardiographic screening for RHD from satisfying the Australian criteria for acceptable
screening programmes. Primarily, it is unclear what criteria should be used to define a
positive screening result as questions remain regarding the significance, natural history and
potential treatment of early and subclinical RHD (echocardiographic changes in the
absence of a pathological murmur). Further, as discussed above, at present the delivery of
secondary antibiotic prophylaxis in many areas of Australia remains suboptimal such that
the potential benefits of screening in facilitating early treatment to impede or reverse
disease progression would be limited. Finally, the impact of echocardiographic screening
for RHD on local health services and the psychosocial health of patients and families are

yet to be fully ascertained.

These findings suggest that unless and until these issues can be addressed, it is premature to
suggest that routine screening for RHD should be undertaken in Aboriginal and Torres

Strait Islander children. Such a screening programme would suffer from unclear diagnostic
criteria, potential ineffective follow-up of, and delivery of secondary antibiotic prophylaxis

to, those who screen positive, and potential negative impacts on local health providers,

health service sustainability and the psychosocial health of patients and their families.

The debate over what constitutes a positive echocardiographic screening result for RHD has
intensified over recent years owing to the publication of a number of RHD
echocardiographic screening studies that have utilised differing diagnostic criteria. In order
to address this issue, the World Heart Federation developed a set of diagnostic criteria for
the echocardiographic diagnosis of RHD in the absence of a prior history of ARF. This set

of criteria outlines three categories: Definite RHD, Borderline RHD, and Normal. The

category of Borderline RHD recognises some people will demonstrate minor heart valve
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abnormalities of uncertain significance on echocardiography. Whether Borderline RHD is
an early variant of the Definite RHD category or the Normal category remains unclear and
the clinical significance and natural history of Borderline RHD is therefore of particular

importance if echocardiographic screening is to be considered.

RhFFUS (Rheumatic Fever Follow-Up Study) was designed to clarify the significance of
minor heart valve findings on screening echocardiogrdpResults from this study were

the first to address the questions of whether individuals with Borderline RHD are at greater
risk of ARF or progression of valvular lesions to Definite RHD. RhFFUS demonstrated that
children with Borderline RHD on prior echocardiogram are at a seven to nine times greater
risk of ARF than children with a prior normal echocardiogram. It also showed that they are
at eight times higher risk of progression of valvular lesions, and significantly greater risk of
progressing to Definite RHD (one in six progressed to Definite RHD). In contrast, children
with less severe valve abnormalities that do not meet criteria for Borderline RHD (non-
specific valvular abnormalities — NSVAS) were at no greater risk of ARF and a lesser risk

of progression with one in ten developing Definite RHD.

These results, for the first time, provide cogent evidence that at least some children with
Borderline RHD, and to a lesser extent other NSVAs, on screening echocardiogram
actually have the earliest stages of definite RHD and may benefit from secondary
prophylaxis and/or enhanced surveillance through regular echocardiographic monitoring to
assess for progression of disease. Moreover, these results lend particular support to the
criteria used by the WHF to distinguish Borderline RHD from other minor
echocardiographic changes. It was the Borderline RHD subgroup that had an increased risk
of ARF and greater risk of progression of valvular lesions and development of definite
RHD. Nonetheless, the fact that individuals with minor echocardiographic changes that did
not meet criteria for Borderline RHD still had an increased risk of progression, including to
Definite RHD, suggests that the criteria for Borderline RHD may need to be broadened and
that such individuals should also be monitored. General recommendations for treatment or
follow-up are offered with caution, however, as an assessment of local risk of ARF and
RHD and the ability to deliver secondary antibiotic prophylaxis and other clinical follow-

up will influence any such decision. In reality, it is the clinician, working in partnership
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with patients, families and communities, who must use their clinical judgment in

determining how individuals with Borderline RHD or other non-specific changes identified

on echocardiographic screening should be managed.

The findings from RhFFUS pose a number of questions that are likely to be important in

informing policy and practice in this area.

The period of follow-up for the study was on average 3.5 years. Whilst we
demonstrated a significantly increased risk of ARF and echocardiographic progression
in those with Borderline RHD, and to a lesser extent NSVAs, a longer period of follow-
up period (e.g. to 10 years) would have provided a more detailed perspective of risk,
and potentially provided a greater insight regarding which aspects of Borderline RHD
and NSVAs conferred the greatest risk. Following up this cohort in another five years
should therefore be considered.

The numbers of Borderline RHD and NSVA individuals included in the study was
limited thereby decreasing the power of the study. Presently there are a number of
international screening studies being undertaken. A multi-national collaborative
research project pooling data from these disparate projects will provide a far more
powerful insight into the natural history of Borderline RHD and NSVAs and provide
generalisability of our findings outside the Australian setting.

Results of logistic regression analysis suggest that Borderline disease of the mitral
valve (subcategories A and B) is associated with a particularly increased risk of
progression, including to Definite RHD, in comparison to those with Borderline RHD
involving the aortic valve (subcategory C). A combined study with greater participant
numbers should enable confirmation and further refinement of this association.

A number of individuals with Borderline RHD demonstrated improvement in their
echocardiographic changes over the course of follow-up between the geCHO and
RhFFUS studies. Future studies incorporating a longer follow-up period or a larger
multi-national collaboration could provide insights into how to identify those most
likely to spontaneously regress and who could thus be reassured and avoid further

follow-up or intervention.
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* The benefit of secondary antibiotic prophylaxis in people with Borderline RHD or
NSVAs on progression of valve lesions and development of Definite RHD requires
confirmation. Ideally, this question should be answered by a clinical trial whereby
individuals with Borderline RHD or NSVAs are randomly assigned to regular four-
weekly benzathine penicillin or a comparable placebo with up to ten years of follow-up.
Any such study would face a number of ethical and feasibility issues. Nonetheless
without this evidence there will remain ongoing doubt regarding the utility of secondary
antibiotic prophylaxis in what might be viewed as the earliest stage of sub-clinical
RHD.

RhFFUS provides valuable insights into the significance of minor echocardiographic
abnormalities on screening echocardiography in populations at increased risk of RHD, and
hence provides relevant information regarding what criteria should be used to determine a
positive screening test if RHD screening is undertaken. Nonetheless, RhFFUS does not
necessarily provide an irrefutable rationale for RHD screening as a component of regular
health care delivery. Any such decision will require further knowledge as regards the longer
term outcome of Borderline RHD and other non-specific valvular abnormalities and the
benefits, sustainability and cost-effectiveness of enhanced surveillance and/or secondary
antibiotic prophylaxis. If indeed screening is not pursued in Australia then, by extension,
additional individuals with Borderline RHD will not be identified (except perhaps as an
incidental finding when children are investigated for some unrelated cardiac condition). In
this case the significance of Borderline RHD and NSVAs and the WHF criteria for
screening-based diagnosis of RHD would become moot. Even if screening is pursued then
any diagnosis of Definite or Borderline RHD will only be of use if there are effective,
functional and sustainable systems for follow-up and secondary prevention in place. In light
of these considerations the priorities in ARF/RHD care are likely, at this stage, to remain
identification/diagnosis of ARF, effective delivery of secondary prophylaxis, and clinical

follow-up and management of complicated valve disease.
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Management

The final component of this thesis focused on elements pertinent to the management of
ARF and established RHD. Management of these conditions includes secondary antibiotic
prophylaxis to prevent GAS infection and recurrent ARF, regular local primary healthcare
review, surveillance echocardiography, specialist medical and surgical review, education,
and the prevention and management of complications resulting from heart valve damage

and associated abnormal function.

In “Variability in Disease Burden and Management of Rheumatic Fever and Rheumatic
Heart Disease in Two Regions of Tropical Austréfiahe candidate investigated the

quality of care provided to ARF and RHD patients in the Kimberley region of Western
Australia and far north Queensland to ascertain whether differing models of service
delivery were associated with differing disease burden and/or quality of patient care. In the
Kimberley, specialist care was delivered by a broad range of visiting and local providers
while in far north Queensland a single provider model was used as part of a coordinated
RHD control programme that included a regional ARF/RHD register. Results indicated that
there was more severe disease in the Kimberley and that patients in far north Queensland
were more likely to receive specialist review, to be prescribed secondary prophylaxis, and
to receive secondary prophylaxis than those in the Kimberley. These results indicated that
far north Queensland’s single-provider model of care and centralised ARF/RHD control
programme were associated with improved patient care, potentially few cases of severe

disease, and a reduced requirement for surgical and other interventions.

Studies such as this that can identify gaps in health service delivery are a crucial first step
in any programme of continuous quality improvement and, where some aspects of care are
clearly suboptimal, provide impetus for health system refinement and improvement.
Interestingly, since the time of this study an ARF/RHD enhanced surveillance system and
regional ARF/RHD database has been implemented in the Kimberley along similar lines to
that seen in far north Queensland. A logical next step in any quality assurance initiative
would be to repeat the study in the Kimberley at some future date to determine whether
markers of service delivery, including delivery of secondary prophylaxis and specialist

review, have changed since the model of care changed. It would be illuminating also to
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assess disease severity to determine whether this change in the model of care has been
associated with improved outcomes for ARF/RHD patients in the Kimberley.

Another aspect of the management of RHD is to provide prophylactic antibiotics to
individuals with RHD prior to procedures that may cause bacteremia as a potential
mechanism for preventing infection of damaged heart valves, a condition called infective
endocarditis (IE). Australian guidelines recommend such treatment for Indigenous
Australians with RHD undergoing high-risk dental, respiratory, genitourinary and
gastrointestinal procedures. However, the American Heart Association guidelines have
suggested such prophylaxis be limited to only RHD patients who have prosthetic valves or
other cardiac prosthetic material in séd not for those with “native valve” RHD. Given
ongoing debate in Australian regarding whether a similar position should be adopted it was
timely to undertake a review of IE cases in northern Australia to determine whether native
valve RHD was associated with an increased risk of IE. The results of this study were
published in “Infective Endocarditis and Rheumatic Heart Disease in the north of
Australia”®® Native valve RHD was shown to be associated with a far greater risk of IE
(RR 58 compared to individuals without native valve RHD). Interestingly, however, this
association was not limited to Indigenous Australians with the risk of IE in non-Indigenous

patients with RHD being 3.7 times higher than Indigenous Australians with RHD.

These results suggested that it would be unwise, at this stage, to reflect the American Heart
Association’s recommendations to restrict prophylactic antibiotics in RHD patients to only
those with prosthetic valves or other cardiac prosthetic material imgMustralia.

Furthermore, these findings highlighted that Australian guidelines may also need to be
broadened as our findings suggest that restricting the use of antibiotic prophylaxis on the
basis of ethnicity may place some non-Indigenous Australians with RHD at an increased
and potentially preventable risk of IE.

Summary and Implications

While ARF and RHD are preventable conditions, Australia’s Aboriginal and Torres Strait
Islander peoples, particularly those living in remote communities, continue to experience

some of the highest rates of these diseases in the world. In contrast, both ARF and RHD
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have been relegated to the status of an anachronistic curiosity in non-Indigenous Australia
where diagnoses have become so rare that health professionals are in danger of losing the
knowledge and experience required to identify them. This disparity in disease burden
necessitates a response; a response which acknowledges the difficulties of delivering health
care in remote, isolated settings where sensitivity to cultural differences is paramount but
which strives to overcome these barriers to ensure best possible outcomes for individuals at
risk of, or already affected by, ARF and RHD. This thesis has presented a number of
insights into the knowledge gaps regarding prevention, diagnosis and management of
ARF/RHD and presented a number of recommendations to inform how health services
might improve a number of aspects of care. The future and priority of ARF/RHD care

should remain primordial and primary prevention. It is hoped that continued work on
developing a GAS vaccine will eventually deliver an effective and safe primary prevention
tool. In the interim, continued focus on early, accurate diagnosis of ARF/RHD and best-
practice management (particularly improving uptake of secondary antibiotic prophylaxis
and/or developing more effective delivery systems) should be pursued. Overarching these
health initiatives must be a commitment to improving the socioeconomic, environmental

and educational status of Aboriginal and Torres Strait Islanders living in remote
communities as a means of effecting primordial prevention against ARF/RHD and many

other health issues.

171



References

AIHW: Field B. Rheumatic heart disease: all but forgotten except among
Aboriginal and Torres Strait Islander peopld&ulletin no. 16. 2004, Australian
Institute of Health and Welfare: Canberra.

RHDAustralia (ARF/RHD writing group), National Heart Foundation of Australia
and the Cardiac Society of Australia and New Zealand. Australian guideline for
prevention, diagnosis and management of acute rheumatic fever and rheumatic
heart disease (2nd editiarf012, Menzies School of Health Research: Darwin.
McDonald M, Currie BJ, Carapetis JR. Acute rheumatic fever: a chink in the chain
that links the heart to the throdt@ncet Infect Dis2004;4:240-245

McDonald MI, Towers RJ, Andrews RM, Benger N, Currie BJ, Carapetis JR. Low
rates of streptococcal pharyngitis and high rates of pyoderma in Australian
Aboriginal communities where acute rheumatic fever is hyperendemic. Clin Infect
Dis. 2006;43:683-689

Veasy LG, Wiedmeier SE, Orsmond GS, Ruttenberg HD, Boucek MM, Roth SJ,
Tait VF, Thompson JA, Daly JA, Kaplan EL, et al. Resurgence of acute rheumatic
fever in the intermountain area of the United States. N Engl J M&{;316:421-

427

Veasy LG, Tani LY, Hill HR. Persistence of acute rheumatic fever in the
intermountain area of the United States. J Pedifi064;124:9-16

Carapetis JR, McDonald M, Wilson NJ. Acute rheumatic fever. Lancet
2005;366:155-168

Rammelkamp CH, Wannamaker LW, Denny FW. The epidemiology and
prevention of rheumatic fever. Bull N Y Acad M&#852;28:321-334

Meira ZM, Goulart EM, Colosimo EA, Mota CC. Long term follow up of rheumatic
fever and predictors of severe rheumatic valvar disease in Brazilian children and
adolescents. Hear005;91:1019-1022

172



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Carapetis JR, Kilburn CJ, MacDonald KT, Walker AR, Currie BJ. Ten-year follow
up of a cohort with rheumatic heart disease (RHD). Aust N Z J M&T;27:691-

697

Gaasch WH, Meyer TE. Left ventricular response to mitral regurgitation:
implications for managemer@irculation. 2008;118:2298-2303

Carabello BA. Mitral valve regurgitation. Curr Probl Cardi®998;23:202-241
Carabello BA. Progress in mitral and aortic regurgitation. Prog Cardiovasc Dis
2001;43:457-475

Chockalingam A, Gnanavelu G, Elangovan S, Chockalingam V. Clinical spectrum
of chronic rheumatic heart disease in Indiédeart Valve Dis2003;12:577-581
Enriqguez-Sarano M, Akins CW, Vahanian A. Mitral regurgitation. Lancet
2009;373:1382-1394

Carapetis J. Ending the heartache: The epidemiology and control of acute
rheumatic fever and rheumatic heart disease in the Top End of the Northern
Territory. 1998;PhD thesis

Tadele H, Mekonnen W, Tefera E. Rheumatic mitral stenosis in children: more
accelerated course in sub-sSaharan patients. BMC Cardiovasc Digirtier 3:95
Cunningham MW. Autoimmunity and molecular mimicry in the pathogenesis of
post-streptococcal heart disease. Front BidXa03;8:5533-543

Cunningham MW. Pathogenesis of group A streptococcal infections and their
sequelae. Adv Exp Med Bi@008;609:29-42

Stollerman GH. Rheumatic fever in the 21st century. Clin Infec2DL;33:806-

814

World Health Organization. Rheumatic fever and rheumatic heart disease: a report
of a WHO expert consultation, Geneva, 29 October - 1 November 2001). WHO
technical report series 923. 2004, World Health Organization: Geneva.

Carapetis JR, Currie BJ, Mathews JD. Cumulative incidence of rheumatic fever in
an endemic region: a guide to the susceptibility of the population? Epidemiol Infect
2000;124:239-244

173



23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

Wilson MG, Schweitzer MD. Rheumatic fever as a familial disease. Environment,
communicability and heredity in their relation to the observed familial incidence of
the disease. J Clin Invedi937;16:555-570

Guilherme L, Ramasawmy R, Kalil J. Rheumatic fever and rheumatic heart disease:
genetics and pathogenesis. Scand J Imm@00I7;66:199-207

Guilherme L, Kalil J. Rheumatic fever and rheumatic heart disease: cellular
mechanisms leading autoimmune reactivity and disease. J Clin Immunol
2010;30:17-23

Fae KC, da Silva DD, Oshiro SE, Tanaka AC, Pomerantzeff PM, Douay C, Charron
D, Toubert A, Cunningham MW, Kalil J, Guilherme L. Mimicry in recognition of
cardiac myosin peptides by heart-intralesional T cell clones from rheumatic heart
disease. J Immuna2006;176:5662-5670

de Dassel JL, Ralph AP, Carapetis JR. Controlling acute rheumatic fever and
rheumatic heart disease in developing countries: are we getting closer? Curr Opin
Pediatr. 2015;27:116-123

Martins TB, Hoffman JL, Augustine NH, Phansalkar AR, Fischetti VA, Zabriskie
JB, Cleary PP, Musser JM, Veasy LG, Hill HR. Comprehensive analysis of
antibody responses to streptococcal and tissue antigens in patients with acute
rheumatic feverlnt Immunol 2008;20:445-452

Cunningham MW. Rheumatic fever revisited. Nat Rev Cardgil4;11:123

Quinn RW, Quinn JP. Mortality due to rheumatic heart disease in the
socioeconomic districts of New Haven, Connecti¥iale J Biol Med1951;24:15-

21

Knowelden J. Mortality from rheumatic heart disease in children and young adults
in England and Wales. Br J Soc M&849;3:29-41

Gordis L, Lilienfeld A, Rodriguez R. Studies in the epidemiology and preventability
of rheumatic fever. Il. Socio-economic factors and the incidence of acute attacks. J
Chronic Dis 1969;21:655-666

Jaine R, Baker M, Venugopal K. Acute rheumatic fever associated with household
crowding in a developed countfiyediatr Infect Dis J2011;30:315-319

174



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

Vendsborg P, Hansen LF, Olesen KH. Decreasing incidence of a history of acute
rheumatic fever in chronic rheumatic heart disease. Cardiol@§8;53:332-340

Quinn RW. Comprehensive review of morbidity and mortality trends for rheumatic
fever, streptococcal disease, and scarlet fever: the decline of rheumatic fever. Rev
Infect Dis 1989;11:928-953

DiSciascio G, Taranta A. Rheumatic fever in children. Am HedA8D;99:635-

658

Holmes MC, Rubbo SD. A study of rheumatic fever and streptococcal infection in
different social groups in Melbourne. J Hyg (Lont)53;51:450-457

Gordis L. The virtual disappearance of rheumatic fever in the United States: lessons
in the rise and fall of disease. T. Duckett Jones memorial lecture. Circulation
1985;72:1155-1162

Wabitsch KR, Prior IA, Stanley DG, Pearce N. New Zealand trends in acute
rheumatic fever and chronic rheumatic heart disease 1971-1981. N Z Med J
1984;97:594-597

Carapetis JR, Steer AC, Mulholland EK, Weber M. The global burden of group A
streptococcal diseases. Lancet Infect R95;5:685-694

Marijon E, Mirabel M, Celermajer DS, Jouven X. Rheumatic heart didesmseet
2012;379:953-964

Carapetis JR, Wolff DR, Currie BJ. Acute rheumatic fever and rheumatic heart
disease in the Top End of Australia's Northern Territory. Med J A886;164:146-

149

Rothstein J, Heazlewood R, Fraser M. Health of Aboriginal and Torres Strait
Islander children in remote far north Queensland: findings of the paediatric outreach
service. Med J Aus2007;186:519-521

Richmond P, Harris L. Rheumatic fever in the Kimberley region of Western
Australia. J Trop Pediatrl998;44:148-152

Jones T. The diagnosis of rheumatic fever. JAMA. 1944;126:481-484

Guidelines for the diagnosis of rheumatic fever. Jones criteria, 1992 update. Special

Writing Group of the Committee on Rheumatic Fever, Endocarditis, and Kawasaki

175



47.

48.

49.

50.

51.

52.

53.

4.

55.

Disease of the Council on Cardiovascular Disease in the Young of the American
Heart Association. JAMAL992;268:2069-2073

Ralph A, Jacups S, McGough K, McDonald M, Currie BJ. The challenge of acute
rheumatic fever diagnosis in a high-incidence population: a prospective study and
proposed guidelines for diagnosis in Australia's Northern Territory. Heart Lung
Circ. 2006;15:113-118

Carapetis JR, Currie BJ. Rheumatic fever in a high incidence population: the
importance of monoarthritis and low grade fevaach Dis Child 2001;85:223-227
Nimmo GR, Tinniswood RD, Nuttall N, Baker GM, McDonald B. Group A
streptococcal infection in an Aboriginal community. Med J A1892;157:521-522
Van Buynder PG, Gaggin JA, Martin D, Pugsley D, Mathews JD. Streptococcal
infection and renal disease markers in Australian Aboriginal children. Med .J Aust
1992;156:537-540

Steer AC, Vidmar S, Ritika R, Kado J, Batzloff M, Jenney AW, Carlin JB,
Carapetis JR. Normal ranges of streptococcal antibody titers are similar whether
streptococci are endemic to the setting or not. Clin Vaccine Imn2049;16:172-

175

Marijon E, Ou P, Celermajer DS, Ferreira B, Mocumbi AO, Jani D, Paquet C, Jacob
S, Sidi D, Jouven X. Prevalence of rheumatic heart disease detected by
echocardiographic screening.Engl J Med2007;357:470-476

Carapetis JR, Hardy M, Fakakovikaetau T, Taib R, Wilkinson L, Penny DJ, Steer
AC. Evaluation of a screening protocol using auscultation and portable
echocardiography to detect asymptomatic rheumatic heart disease in Tongan
schoolchildren. Nat Clin Pract Cardiovasc M&008;5:411-417

Jaffe WM, Roche AH, Coverdale HA, McAlister HF, Ormiston JA, Greene ER.
Clinical evaluation versus doppler echocardiography in the quantitative assessment
of valvular heart disease. Circulatioh988;78:267-275

Remenyi B, Wilson N, Steer A, Ferreira B, Kado J, Kumar K, Lawrenson J,
Maguire G, Marijon E, Mirabel M, Mocumbi AO, Mota C, Paar J, Saxena A, Scheel
J, Stirling J, Viali S, Balekundri VI, Wheaton G, Zuhlke L, Carapetis J. World Heart

176



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Federation criteria for echocardiographic diagnosis of rheumatic heart disease--an
evidence-based guideline. Nat Rev Cardif12;9:297-309

Kerdemelidis M, Lennon DR, Arroll B, Peat B, Jarman J. The primary prevention
of rheumatic fever. J Paediatr Child Healt?010;46:534-548

Dale JB, Beachey EH. Multiple, heart-cross-reactive epitopes of streptococcal M
proteins. J Exp Medl985;161:113-122

Denny FW, Wannamaker LW, Brink WR, Rammelkamp CH, Jr., Custer EA.
Prevention of rheumatic fever; treatment of the preceding streptococcic infection. J
Am Med Assacdl950;143:151-153

Lennon D, Kerdemelidis M, Arroll B. Meta-analysis of trials of streptococcal throat
treatment programs to prevent rheumatic fever. Pediatr Infect. Ri309;28:e259-

264

Robertson KA, Volmink JA, Mayosi BM. Antibiotics for the primary prevention of
acute rheumatic fever: a meta-analysis. BMC Cardiovasc Di20fib;5:11

Lennon D, Stewart J, Farrell E, Palmer A, Mason H. School-based prevention of
acute rheumatic fever: a group randomized trial in New Zealand. Pediatr Infect Dis
J. 2009;28:787-794

National Heart Foundation of Australia (RF/RHD guideline development working
group) and the Cardiac Society of Australia and New Zealand. Diagnosis and
management of acute rheumatic fever and rheumatic heart disease in Australia - an
evidence-based revie®006

Central Australian Rural Practitioners Association. CARPA standard treatment
manual 1997:294

Kimberley Aboriginal Medical Services Council (KAMSC) and WA Country
Health Service (WACHS) Kimberley. Kimberley chronic disease therapeutic
protocols 2007

Queensland Health and the Royal Flying Doctor Service (Queensland Section).
Chronic disease guidelines, 2nd editi@d07

Manyemba J, Mayosi BM. Penicillin for secondary prevention of rheumatic fever.
Cochrane Database Syst Re002:CD002227

177



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Community control of rheumatic heart disease in developing countries: 2. Strategies
for prevention and contrdvHO Chron 1980;34:389-395

Remond MG, Severin KL, Hodder Y, Martin J, Nelson C, Atkinson D, Maguire GP.
Variability in disease burden and management of rheumatic fever and rheumatic
heart disease in two regions of tropical Austrdhgern Med J 2013;43:386-393
Remond MG, Wheaton GR, Walsh WF, Prior DL, Maguire GP. Acute rheumatic
fever and rheumatic heart disease-priorities in prevention, diagnosis and
management. A report of the CSANZ Indigenous cardiovascular health conference,
Alice Springs 2011. Heart Lung Circ. 2012;21:632-638

Wagner EH, Austin BT, Davis C, Hindmarsh M, Schaefer J, Bonomi A. Improving
chronic iliness care: translating evidence into action. Health Aff (Millwood)
2001;20:64-78

Rémond M, Maguire G. Rhd: Women and pregna@&G Magazine 2011;Vol.

13, No. 3, Spring 2011:47-50

Steer AC, Kado J, Jenney AW, Batzloff M, Wagatakirewa L, Mulholland EK,
Carapetis JR. Acute rheumatic fever and rheumatic heart disease in Fiji: prospective
surveillance, 2005-200®Med J Aust2009;190:133-135

Carapetis JR, Zuhlke LJ. Global research priorities in rheumatic fever and
rheumatic heart diseas®nn Pediatr Cardial2011;4:4-12

Reeves BM, Kado J, Brook M. High prevalence of rheumatic heart disease in Fiji
detected by echocardiography screening. J Paediatr Child He&lll1.;47:473-478
Webb RH, Wilson NJ, Lennon DR, Wilson EM, Nicholson RW, Gentles TL,
O'Donnell CP, Stirling JW, Zeng I, Trenholme AA. Optimising echocardiographic
screening for rheumatic heart disease in New Zealand: not all valve disease is
rheumatic. Cardiol Young011;21:436-443

Australian Health Ministers' Advisory Council. Population based screening
framework 2008, Commonwealth of Australia: Canberra.

Remond MG, Wark EK, Maguire GP. Screening for rheumatic heart disease in
Aboriginal and Torres Strait Islander children. J Paediatr Child Health
2013;49:526-531

178



78.

79.

80.

81.

82.

83.

84.

85.

Remond MG, Atkinson D, White A, Hodder Y, Brown AD, Carapetis JR, Maguire
GP. Rheumatic fever follow-up study (RhFFUS) protocol: a cohort study
investigating the significance of minor echocardiographic abnormalities in
Aboriginal Australian and Torres Strait Islander children. BMC Cardiovasc Disord
2012;12:111

Mincham CM, Mak DB, Plant AJ. The quality of management of rheumatic fever/
heart disease in the Kimberley. Aust N Z J Public Heali82;26:417-420

Eissa S, Lee R, Binns P, Garstone G, McDonald M. Assessment of a register-based
rheumatic heart disease secondary prevention program in an Australian Aboriginal
community. Aust N Z J Public HealtR005;29:521-525

McLean A, Waters M, Spencer E, Hadfield C. Experience with cardiac valve
operations in Cape York peninsula and the Torres Strait Islands, Auditedal

Aust 2007;186:560-563

Tleyjeh IM, Steckelberg JM, Murad HS, Anavekar NS, Ghomrawi HM, Mirzoyev
Z, Moustafa SE, Hoskin TL, Mandrekar JN, Wilson WR, Baddour LM. Temporal
trends in infective endocarditis: a population-based study in Olmsted county,
Minnesota. JAMA. 2005;293:3022-3028

Choudhury R, Grover A, Varma J, Khattri HN, Anand IS, Bidwai PS, Wahi PL,
Sapru RP. Active infective endocarditis observed in an Indian hospital 1981-1991.
Am J Cardiol 1992;70:1453-1458

Antibiotic expert groupl herapeutic guidelines: Antibiotic. Version. 22010,
Therapeutic Guidelines Limited: Melbourne.

Wilson W, Taubert KA, Gewitz M, Lockhart PB, Baddour LM, Levison M, Bolger
A, Cabell CH, Takahashi M, Baltimore RS, Newburger JW, Strom BL, Tani LY,
Gerber M, Bonow RO, Pallasch T, Shulman ST, Rowley AH, Burns JC, Ferrieri P,
Gardner T, Goff D, Durack DT, American Heart Association Rheumatic Fever,
Endocarditis, and Kawasaki Disease Committee, American Heart Association
Council on Cardiovascular Disease in the Young, American Heart Association
Council on Clinical Cardiology, American Heart Association Council on
Cardiovascular Surgery and Anesthesia, Quality of Care and Outcomes Research

Interdisciplinary Working Group. Prevention of infective endocarditis: Guidelines

179



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

from the American Heart Association: a guideline from the American Heart
Association Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee,
Council on Cardiovascular Disease in the Young, and the Council on Clinical
Cardiology, Council on Cardiovascular Surgery and Anesthesia, and the Quality of
Care and Outcomes Research Interdisciplinary Working Group. Circulation
2007;116:1736-1754

Baskerville CA, Hanrahan BB, Burke AJ, Holwell AJ, Remond MG, Maguire GP.
Infective endocarditis and rheumatic heart disease in the north of Australia. Heart
Lung Circ 2012;21:36-41

Strasser T. Reflections on cardiovascular diseases. Interdisciplinary Science
Review 1978;3:225-230

Coburn AF, Pauli RH. Studies on the relationship of Streptococcus hemolyticus to
the rheumatic process : I. Observations on the ecology of hemolytic streptococcus in
relation to the epidemiology of rheumatic fever. J Exp M&32;56:609-632

Coburn AF, Pauli RH. Studies on the relationship of Streptococcus hemolyticus to
the rheumatic process : Il. Observations on the biological character of streptococcus
hemolyticus associated with rheumatic diseddexp Med1932;56:633-650

Coburn AF, Pauli RH. Studies on the relationship of Streptococcus hemolyticus to
the rheumatic process : lll. Observations on the immunological responses of
rheumatic subjects to hemolytic streptococcus. J Exp V&2P;56:651-676

Ursoniu S. Primordial prevention, developing countries and the epidemiological
transition: thirty years lateWien Klin Wochensch2009;121:168-172

Kaplan EL. Epidemiological approaches to understanding the pathogenesis of
rheumatic feverint J Epidemial 1985;14:499-501

Steer AC, Carapetis JR, Nolan TM, Shann F. Systematic review of rheumatic heart
disease prevalence in children in developing countries: the role of environmental
factors. J Paediatr Child Healtl2002;38:229-234

Bisno AL. The resurgence of acute rheumatic fever in the United States. Annu Rev
Med 1990;41:319-329

Wannamaker L. The epidemiology of streptococcal infections. In: McCarty M, ed.
Streptococcal infectiond954, Columbia Press: New York. pp. 157-175.

180



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Danchin MH, Rogers S, Kelpie L, Selvaraj G, Curtis N, Carlin JB, Nolan TM,
Carapetis JR. Burden of acute sore throat and group A streptococcal pharyngitis in
school-aged children and their families in Australia. Pediat26€7;120:950-957
Gordis L. Effectiveness of comprehensive-care programs in preventing rheumatic
fever. N Engl J Med1973;289:331-335

Shaikh N, Leonard E, Martin JM. Prevalence of streptococcal pharyngitis and
streptococcal carriage in children: a meta-analysis. Pediap@d€;126:e557-564
Carapetis JR, Connors C, Yarmirr D, Krause V, Currie BJ. Success of a scabies
control program in an Australian Aboriginal community. Pediatr Infect Dis J
1997;16:494-499

Torok ME, Cooke FJ, Moran E. Oxford handbook of infectious diseases and
microbiology 2009, Oxford University Press: Oxford.

Zurynski Y, Davey E, Elliott EJ. Australian paediatric surveillance unit annual
report, 2008 and 2009. Commun Dis Int2010;34:285-290

Jaine R, Baker M, Venugopal K. Epidemiology of acute rheumatic fever in New
Zealand 1996-200%. Paediatr Child Health2008;44:564-571

Wannamaker LW. The chain that links the heart to the throat. Circulation
1973;48:9-18

Stollerman GH. The relative rheumatogenicity of strains of group A streptococci.
Mod Concepts Cardiovasc Di$975;44:35-40

Walls T, Power D, Tagg J. Bacteriocin-like inhibitory substance (BLIS) production
by the normal flora of the nasopharynx: potential to protect against otitis ndedia?
Med Microbiol 2003;52:829-833

Wescombe PA, Upton M, Renault P, Wirawan RE, Power D, Burton JP, Chilcott
CN, Tagg JR. Salivaricin 9, a new lantibiotic produced by Streptococcus salivarius.
Microbiology. 2011;157:1290-1299

Heggie AD, Jacobs MR, Linz PE, Han DP, Kaplan EL, Boxerbaum B. Prevalence
and characteristics of pharyngeal group A beta-hemolytic streptococci in US navy
recruits receiving benzathine penicillin prophylaxis. J Infect D&92;166:1006-

1013

181



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Thomas RJ, Conwill DE, Morton DE, Brooks TJ, Holmes CK, Mahaffey WB.
Penicillin prophylaxis for streptococcal infections in United States navy and marine
corps recruit camps, 1951-1985. Rev Infect D#88;10:125-130

Frank PF, Stollerman GH, Miller LF. Protection of a military population from
rheumatic fever. Routine administration of benzathine penicillin G to healthy
individuals. JAMA. 1965;193:775-783

Schreier AJ, Hockett VE, Seal JR. Mass prophylaxis of epidemic streptococcal
infections with benzathine penicillin G. I. Experience at a naval training center
during the winter of 1955-56 Engl J Med1958;258:1231-1238

McFarland RB, Colvin VG, Seal JR. Mass prophylaxis of epidemic streptococcal
infections with benzathine penicillin G. 1l. Experience at a naval training center
during the winter of 1956-5N Engl J Med1958;258:1277-1284

Wallace MR, Garst PD, Papadimos TJ, Oldfield EC, 3rd. The return of acute
rheumatic fever in young adult}AMA. 1989;262:2557-2561

Steer AC, Batzloff MR, Mulholland K, Carapetis JR. Group A streptococcal
vaccines: facts versus fantasy. Curr Opin Infect B@99;22:544-552

Baird RW, Bronze MS, Kraus W, Hill HR, Veasey LG, Dale JB. Epitopes of group
A streptococcal M protein shared with antigens of articular cartilage and synovium.
J Immunol 1991;146:3132-3137

Massell BF, Honikman LH, Amezcua J. Rheumatic fever following streptococcal
vaccination. Report of three cases. JAMA. 1969;207:1115-1119

Bisno AL, Rubin FA, Cleary PP, Dale JB. Prospects for a group A streptococcal
vaccine: rationale, feasibility, and obstacles--report of a National Institute of
Allergy and Infectious Diseases workshop. Clin Infect R#05;41:1150-1156

World Health Organization. Dept. of Immunisation, Vaccines and Biologicals.
WHO Initiative for Vaccine Research. The Initiative for Vaccine Research strategic
plan 2010-20202010. World Health Organization: Geneva

McNeil SA, Halperin SA, Langley JM, Smith B, Warren A, Sharratt GP, Baxendale
DM, Reddish MA, Hu MC, Stroop SD, Linden J, Fries LF, Vink PE, Dale JB.
Safety and immunogenicity of 26-valent group A streptococcus vaccine in healthy
adult volunteers. Clin Infect Di2005;41:1114-1122

182



119.

120.

121.

122.

123.

124.

125.

126.

127.

McNeil S, Halperin S, Langley J, Smith B, Baxendale D, Warren A, Other. A
double-blinded, randomized, controlled phase Il trial of the safety and
immunogenicity of a 26 valent group A streptococcus vaccine in healthy adults. The
XVIth Lancefield International Symposium on Streptococci and Streptococcal
Diseases2005, Palm Cove: Australia.

Kotloff KL, Dale JB. Progress in group A streptococcal vaccine development.
Pediatr Infect Dis J2004;23:765-766

Steer AC, Law |, Matatolu L, Beall BW, Carapetis JR. Global emm type
distribution of group A streptococci: systematic review and implications for vaccine
development. Lancet Infect Di8009;9:611-616

Dale JB, Penfound TA, Chiang EY, Walton WJ. New 30-valent M protein-based
vaccine evokes cross-opsonic antibodies against non-vaccine serotypes of group A
streptococci. Vaccin011

Batzloff MR, Hayman WA, Davies MR, Zeng M, Pruksakorn S, Brandt ER, Good
MF. Protection against group A streptococcus by immunization with J8-diphtheria
toxoid: contribution of J8- and diphtheria toxoid-specific antibodies to protection. J
Infect Dis 2003;187:1598-1608

Steer AC, Magor G, Jenney AW, Kado J, Good MF, McMillan D, Batzloff M,
Carapetis JR. emm and C-repeat region molecular typing of beta-hemolytic
streptococci in a tropical country: implications for vaccine development. J Clin
Microbiol. 2009;47:2502-2509

Department of Child and Adolescent Health and Development World Health
Organization: Carapetis JR. A review of the technical basis for the control of
conditions associated with group A streptococcal infections
(WHO/FCH/CAH/05.08). 2005. World Health Organization: Geneva

Brooks TJ, Jr., Moe TI. Use of benzathine penicillin G in carriers of group A beta-
hemolytic streptococci. J Am Med Assoc. 1956;160:162-165

Neilson G, Streatfield RW, West M, Johnson S, Glavin W, Baird S. Rheumatic
fever and chronic rheumatic heart disease in Yarrabah Aboriginal community,
North Queensland. Establishment of a prophylactic program. Med .J Aust
1993;158:316-318

183



128.

129.

130.

131.

132.

133.

134.

135.

136.

Coulehan J, Grant S, Reisinger K, Killian P, Rogers KD, Kaltenbach C. Acute
rheumatic fever and rheumatic heart disease on the Navajo reservation, 1962-77.
Public Health Rep1980;95:62-68

Lin S, Kaplan EL, Rao X, Johnson DR, Deng M, Zhuo Q, Yang P, Mai J, Dong T,
Liu X. A school-based program for control of group A streptococcal upper
respiratory tract infections: a controlled trial in southern China. Pediatr Infect Dis J
2008;27:753-755

American Academy of Pediatrics. Group A streptococcal infections. In: Pickering

L, Baker C, Kimberlin D, Long S, eds. Red Book: 2009 Report of the Committee on
Infectious Diseases. 28d. 2009, American Academy of Pediatrics: Elk Grove
Village, IL. pp. 616-628.

Kaplan EL. The group A streptococcal upper respiratory tract carrier state: an
enigma.J Pediatr 1980;97:337-345

Catanzaro FJ, Stetson CA, Morris AJ, Chamovitz R, Rammelkamp CH, Jr., Stolzer
BL, Perry WD. The role of the streptococcus in the pathogenesis of rheumatic fever.
Am J Med 1954;17:749-756

Chamovitz R, Catanzaro FJ, Stetson CA, Rammelkamp CH, Jr. Prevention of
rheumatic fever by treatment of previous streptococcal infections. |. Evaluation of
benzathine penicillin G\ Engl J Med1954;251:466-471

Bisno AL, Gerber MA, Gwaltney JM, Jr., Kaplan EL, Schwartz RH, Infectious
Diseases Society of America. Practice guidelines for the diagnosis and management
of group A streptococcal pharyngitis. Infectious Diseases Society of America. Clin
Infect Dis 2002;35:113-125

Shet A, Kaplan EL. Clinical use and interpretation of group A streptococcal
antibody tests: a practical approach for the pediatrician or primary care physician.
Pediatr Infect Dis J2002;21:420-426; quiz 427-430

Catanzaro FJ, Rammelkamp CH, Jr., Chamovitz R. Prevention of rheumatic fever
by treatment of streptococcal infections. Il. Factors responsible for failures. N Engl
J Med 1958;259:53-57

184



137. Yermiahu T, Arbelle JE, Shwartz D, Levy Y, Tractinsky N, Porath A. Quality
assessment of oral anticoagulant treatment in the Beer-Sheba districQual
Health Care 2001;13:209-213

138. Arguedas A, Mohs E. Prevention of rheumatic fever in Costa Rica. J Pediatr
1992;121:569-572

139. Nordet P, Lopez R, Duenas A, Sarmiento L. Prevention and control of rheumatic
fever and rheumatic heart disease: the Cuban experience (1986-1996-2002).
Cardiovasc J Afr2008;19:135-140

140. Karthikeyan G, Mayosi BM. Is primary prevention of rheumatic fever the missing
link in the control of rheumatic heart disease in Africa? Circulat&fl®9;120:709-
713

141. Bach JF, Chalons S, Forier E, Elana G, Jouanelle J, Kayemba S, Delbois D, Mosser
A, Saint-Aime C, Berchel C. 10-year educational programme aimed at rheumatic
fever in two French Caribbean islands. Lant806;347:644-648

142. Breese BB. A simple scorecard for the tentative diagnosis of streptococcal
pharyngitis. Am J Dis Childl977;131:514-517

143. Mclsaac WJ, White D, Tannenbaum D, Low DE. A clinical score to reduce
unnecessary antibiotic use in patients with sore throat. ClBA%8;158:75-83

144. Wald ER, Green MD, Schwartz B, Barbadora K. A streptococcal score card
revisited. Pediatr Emerg Caré998;14:109-111

145. Mclsaac WJ, Goel V, To T, Low DE. The validity of a sore throat score in family
practice. CMAJ2000;163:811-815

146. Mclsaac WJ, Kellner JD, Aufricht P, Vanjaka A, Low DE. Empirical validation of
guidelines for the management of pharyngitis in children and adults. JAMA
2004;291:1587-1595

147. Gerber MA, Baltimore RS, Eaton CB, Gewitz M, Rowley AH, Shulman ST,
Taubert KA. Prevention of rheumatic fever and diagnosis and treatment of acute
Streptococcal pharyngitis: a scientific statement from the American Heart
Association Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee of
the Council on Cardiovascular Disease in the Young, the Interdisciplinary Council
on Functional Genomics and Translational Biology, and the Interdisciplinary

185



148.

149.

150.

151.

152.

153.

154.

155.

Council on Quality of Care and Outcomes Research: Endorsed by the American
Academy of Pediatric€irculation. 2009;119:1541-1551

Rimoin AW, Walker CL, Hamza HS, Elminawi N, Ghafar HA, Vince A, da Cunha
AL, Qazi S, Gardovska D, Steinhoff MC. The utility of rapid antigen detection
testing for the diagnosis of streptococcal pharyngitis in low-resource settings. Int J
Infect Dis 2010;14:€1048-1053

Steer AC, Jenney AW, Kado J, Batzloff MR, La Vincente S, Waqatakirewa L,
Mulholland EK, Carapetis JR. High burden of impetigo and scabies in a tropical
country.PLoS Negl Trop Dis2009;3:e467

Kaplan EL, Anthony BF, Chapman SS, Ayoub EM, Wannamaker LW. The
influence of the site of infection on the immune response to group A streptococci. J
Clin Invest 1970;49:1405-1414

Carapetis J, Gardiner D, Currie B, Mathews JD. Multiple strains of streptococcus
pyogenes in skin sores of Aboriginal Australiah€lin Microbiol. 1995;33:1471-

1472

Valery PC, Wenitong M, Clements V, Sheel M, McMillan D, Stirling J, Sriprakash
KS, Batzloff M, Vohra R, McCarthy JS. Skin infections among Indigenous
Australians in an urban setting in far north Queensland. Epidemiol.Infect
2008;136:1103-1108

McDonald M, Brown A, Edwards T, Hope A, Amu M, Morey F, Currie BJ,
Carapetis JR. Apparent contrasting rates of pharyngitis and pyoderma in regions
where rheumatic heart disease is highly prevalent. Heart Lung20i03;16:254-

259

Hartas J, Goodfellow AM, Currie BJ, Sriprakash KS. Characterisation of group A
streptococcal isolates from tropical Australia with high prevalence of rheumatic
fever: probing for signature sequences to identify members of the family of serotype
5. Microb Pathog1995;18:345-354

Martin DR, Voss LM, Walker SJ, Lennon D. Acute rheumatic fever in Auckland,
New Zealand: spectrum of associated group A streptococci different from expected.
Pediatr Infect Dis J1994;13:264-269

186



156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Popat KD, Riding WD. Acute rheumatic fever following streptococcal wound
infection. Postgrad Med.1976;52:165-170

Currie BJ, Carapetis JR. Skin infections and infestations in Aboriginal communities
in northern AustraliaAustralas J Dermatol2000;41:139-143; quiz 144-135

Andrews RM, Kearns T, Connors C, Parker C, Carville K, Currie BJ, Carapetis JR.
A regional initiative to reduce skin infections amongst Aboriginal children living in
remote communities of the Northern Territory, Australia. PLoS Negl Trap Dis
2009;3:e554

Silva DT, Lehmann D, Tennant MT, Jacoby P, Wright H, Stanley FJ. Effect of
swimming pools on antibiotic use and clinic attendance for infections in two
Aboriginal communities in Western Australia. Med J A@608;188:594-598

Jansen TL, Janssen M, de Jong AJ. Reactive arthritis associated with group C and
group G beta-hemolytic streptococtiRheumatol1998;25:1126-1130

Barnham M, Thornton TJ, Lange K. Nephritis caused by Streptococcus
zooepidemicus (Lancefield group Cancet 1983;1:945-948

Balter S, Benin A, Pinto SW, Teixeira LM, Alvim GG, Luna E, Jackson D,

LaClaire L, Elliott J, Facklam R, Schuchat A. Epidemic nephritis in Nova Serrana,
Brazil. Lancet 2000;355:1776-1780

Reid HF, Bassett DC, Poon-King T, Zabriskie JB, Read SE. Group G streptococci
in healthy school-children and in patients with glomerulonephritis in Trinidad. J
Hyg (Lond) 1985;94:61-68

Haidan A, Talay SR, Rohde M, Sriprakash KS, Currie BJ, Chhatwal GS.
Pharyngeal carriage of group C and group G streptococci and acute rheumatic fever
in an Aboriginal population. Lance2000;356:1167-1169

al-Sekait MA, al-Sweliem AA, Tahir M. Rheumatic heart disease in schoolchildren
in western district, Saudi Arabia. J R Soc Hedl®00;110:15-16, 19

Bassili A, Barakat S, Sawaf GE, Zaher S, Zaki A, Din Saleh EE. Identification of
clinical criteria for group A-beta hemolytic streptococcal pharyngitis in children
living in a rheumatic fever endemic area. J Trop Ped2102;48:285-293

Kaplan EL, Huew BB. The sensitivity and specificity of an agglutination test for
antibodies to streptococcal extracellular antigens: a quantitative analysis and

187



comparison of the Streptozyme test with the anti-streptolysin O and anti-
deoxyribonuclease B tests. J Pedidt®80;96:367-373

168. Jansen TL, Janssen M, Traksel R, de Jong AJ. A clinical and serological
comparison of group A versus non-group A streptococcal reactive arthritis and
throat culture negative cases of post-streptococcal reactive arthritis. Ann Rheum Dis
1999;58:410-414

169. Irlam JH, Mayosi BM, Engel ME, Gaziano TA. A cost-effective strategy for
primary prevention of acute rheumatic fever and rheumatic heart disease in children
with pharyngitis. S Afr Med J. 2013;103:894-895

170. Irlam J, Mayosi BM, Engel M, Gaziano TA. Primary prevention of acute rheumatic
fever and rheumatic heart disease with penicillin in South African children with
pharyngitis: a cost-effectiveness analysis. Circ Cardiovasc Qual Outcomes
2013;6:343-351

171. Mayosi BM. The 10 'best buys' to combat heart disease, diabetes and stroke in
Africa. Heart 2013;99:973-974

172. Markowitz M, Lue HC. Allergic reactions in rheumatic fever patients on long-term
benzathine penicillin G: the role of skin testing for penicillin allergy. Pediatrics
1996;97:981-983

173. Mishra P, Stringer MD. Sciatic nerve injury from intramuscular injection: a
persistent and global problem. Int J Clin Pra2®10;64:1573-1579

174. Danchin MH, Curtis N, Nolan TM, Carapetis JR. Treatment of sore throat in light
of the Cochrane verdict: is the jury still olféd J Aust2002;177:512-515

175. Oliver JE, Silman AJ. Why are women predisposed to autoimmune rheumatic
diseases? Arthritis Res Th&009;11:252

176. Sartain J. Obstetric patients with rheumatic heart disease. O&G Magazine
2008;10:18-20

177. Stewart T, McDonald R, Currie B. Acute rheumatic fever: adherence to secondary
prophylaxis and follow up of Indigenous patients in the Katherine region of the
Northern Territory. Aust J Rural HealtB007;15:234-240

188



178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Harrington Z, Thomas DP, Currie BJ, Bulkanhawuy J. Challenging perceptions of
non-compliance with rheumatic fever prophylaxis in a remote Aboriginal
community. Med J Aus2006;184:514-517

Ralph AP, Fittock M, Schultz R, Thompson D, Dowden M, Clemens T, Parnaby
MG, Clark M, McDonald MI, Edwards KN, Carapetis JR, Bailie RS. Improvement
in rheumatic fever and rheumatic heart disease management and prevention using a
health centre-based continuous quality improvement approach. BMC Health Serv
Res 2013;13:525

Steer AC, Dale JB, Carapetis JR. Progress toward a global group A streptococcal
vaccine. Pediatr Infect Di2013;32:180-182

Bassili A, Zaher SR, Zaki A, Abdel-Fattah M, Tognoni G. Profile of secondary
prophylaxis among children with rheumatic heart disease in Alexandria, Egypt. East
Mediterr Health J. 2000;6:437-446

Lue HC, Chen CL, Wei H. Some problems in long-term prevention of streptococcal
infection among children with rheumatic heart disease in Taiwan. Jpn Heart J
1976;17:550-559

Pelajo CF, Lopez-Benitez JM, Torres JM, de Oliveira SK. Adherence to secondary
prophylaxis and disease recurrence in 536 Brazilian children with rheumatic fever.
Pediatr Rheumatol Online 2010;8:22-22

Walker KG, Human DG, De Moor MM, Sprenger KJ. The problem of compliance
in rheumatic fever. S Afr Med J. 1987;72:781-783

Petricca K, Mamo Y, Haileamlak A, Seid E, Parry E. Barriers to effective follow-up
treatment for rheumatic heart disease in Jimma, Ethiopia: a grounded theory
analysis of the patient experience. Ethiopian Journal of Health Science
2009;19:39-44

Lorig KR, Sobel DS, Stewart AL, Brown BW, Jr., Bandura A, Ritter P, Gonzalez
VM, Laurent DD, Holman HR. Evidence suggesting that a chronic disease self-
management program can improve health status while reducing hospitalization: a
randomized trial. Med Card 999;37:5-14

Jordan JE, Osborne RH. Chronic disease self-management education programs:
challenges aheadled J Aust2007;186:84-87

189



188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Wagner EH, Davis C, Schaefer J, Von Korff M, Austin B. A survey of leading
chronic disease management programs: are they consistent with the literature?
Manag Care Q. 1999;7:56-66

Rich MW, Beckham V, Wittenberg C, Leven CL, Freedland KE, Carney RM. A
multidisciplinary intervention to prevent the readmission of elderly patients with
congestive heart failurél Eng J Med1995;333:1190-1195

Gibson PG, Powell H, Coughlan J, Wilson AJ, Abramson M, Haywood P, Bauman
A, Hensley MJ, Walters EH. Self-management education and regular practitioner
review for adults with asthm&ochrane Database Syst R2003:CD001117

Beck A, Scott J, Williams P, Robertson B, Jackson D, Gade G, Cowan P. A
randomized trial of group outpatient visits for chronically ill older HMO members:
the Cooperative Health Care Clinic. J Am Geriatr.9897;45:543-549

Aubert RE, Herman WH, Waters J, Moore W, Sutton D, Peterson BL, Bailey CM,
Koplan JP. Nurse case management to improve glycemic control in diabetic patients
in a health maintenance organization. a randomized, controlled trial. Ann Intern
Med 1998;129:605-612

Lorig KR, Ritter P, Stewart AL, Sobel DS, Brown BW, Jr., Bandura A, Gonzalez
VM, Laurent DD, Holman HR. Chronic disease self-management program: 2-year
health status and health care utilization outcomes. Med €@04;39:1217-1223
McCulloch DK, Price MJ, Hindmarsh M, Wagner EH. A population-based
approach to diabetes management in a primary care setting: early results and lessons
learned. Eff Clin Pract1998;1:12-22

Wagner EH, Glasgow RE, Davis C, Bonomi AE, Provost L, McCulloch D, Carver
P, Sixta C. Quality improvement in chronic illness care: a collaborative approach. Jt
Comm J Qual Imprav2001;27:63-80

Coleman K, Austin BT, Brach C, Wagner EH. Evidence on the chronic care model
in the new millennium. Health Aff (Millwood2009;28:75-85

Tsai AC, Morton SC, Mangione CM, Keeler EB. A meta-analysis of interventions
to improve care for chronic illnesses. Am J Manag C2005;11:478-488

Chandler MJ, Lalonde CE. Cultural continuity as a hedge against suicide in
Canada's First Nations. Transcultural Psychiatr§98;35:191-219

190



199. Lavoie JG, Forget EL, Prakash T, Dahl M, Martens P, O'Neil JD. Have investments
in on-reserve health services and initiatives promoting community control improved
First Nations' health in Manitoba? Soc Sci M&@ll0;71:717-724

200. Adachi-Mejia AM, Primack BA, Beach ML, Titus-Ernstoff L, Longacre MR, Weiss
JE, Dalton MA. Influence of movie smoking exposure and team sports participation
on established smokingrch Pediatr Adolesc Me@009;163:638-643

201. Grayson S, Horsburgh M, Lennon D. An Auckland regional audit of the nurse-led
rheumatic fever secondary prophylaxis programme. N Z Med J. 2006;119:U2255

202. Nordet P, Lopez R, Dueiias A, Sarmiento L. Prevention and control of rheumatic
fever and rheumatic heart disease: the Cuban experience (1986-1996-2002).
Cardiovasc J Afr2008;19:135-140

203. McLaughlin CP, Kaluzny ADQuality improvement in health care: Theory,
implementation and practice (2nd ed®2p04, Jones and Bartlett Publishers:
Massachusetts.

204. Schouten LM, Hulscher ME, van Everdingen JJ, Huijsman R, Grol RP. Evidence
for the impact of quality improvement collaboratives: systematic re\B&h.
2008;336:1491-1494

205. Shojania KG, Grimshaw JM. Evidence-based quality improvement: the state of the
science. Health Aff (MillwoodR005;24:138-150

206. Jamtvedt G, Young JM, Kristoffersen DT, O'Brien MA, Oxman AD. Does telling
people what they have been doing change what they do? A systematic review of the
effects of audit and feedback. Qual Saf Health Ca8€6;15:433-436

207. Gardner K, Bailie R, Si D, O'Donoghue L, Kennedy C, Liddle H, Cox R, Kwedza
R, Fittock M, Hains J, Dowden M, Connors C, Burke H, Beaver C. Reorienting
primary health care for addressing chronic conditions in remote Australia and the
South Pacific: review of evidence and lessons from an innovative quality
improvement process. Aust J Rural Heat11;19:111-117

208. de Bruin SR, Baan CA, Struijs JN. Pay-for-performance in disease management: a
systematic review of the literature. BMC Health Serv. R@$1;11:272

191



209.

210.

211.

212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

Scott A, Sivey P, Ait Ouakrim D, Willenberg L, Naccarella L, Furler J, Young D.
The effect of financial incentives on the quality of health care provided by primary
care physicians. Cochrane Database Syst Rev. 2011:CD008451

Witter S, Fretheim A, Kessy FL, Lindahl AK. Paying for performance to improve
the delivery of health interventions in low- and middle-income counttieshrane
Database Syst Re2012;2:CD007899

Eijkenaar F. Pay for performance in health care: an international overview of
initiatives. Med Care Res Rev. 2012;69:251-276

Hassell TA, Renwick S, Stuart KL. Rheumatic fever and rheumatic heart disease in
Barbados: detection and prophylaxis. Br Med J. 1972;3:387-389

Hassell TA, Stuart KL. Rheumatic fever prophylaxis: a three-year study. Br.Med J
1974;2:39-40

Guy R, Hocking J, Wand H, Stott S, Ali H, Kaldor J. How effective are short
message service reminders at increasing clinic attendance? A meta-analysis and
systematic review. Health Serv R8612;47:614-632

Aker J, Mbiti I. Mobile phones and economic development in Afdimarnal of
Economic Perspective2010;24:207-232

Telstra. State coverage maps. 2013;2013

Mincham CM, Toussaint S, Mak DB, Plant AJ. Patient views on the management of
rheumatic fever and rheumatic heart disease in the Kimberley: a qualitative study.
Aust J Rural Health2003;11:260-265

Cahill K, Perera R. Competitions and incentives for smoking cessation. Cochrane
Database Syst Re2011:CD004307

Johnston V, Liberato S, Thomas D. Incentives for preventing smoking in children
and adolescents. Cochrane Database Syst Rev. 2012;10:CD008645
Paul-Ebhohimhen V, Avenell A. Systematic review of the use of financial
incentives in treatments for obesity and overweight. ObesZRe8;9:355-367
Giuffrida A, Torgerson DJ. Should we pay the patient? Review of financial

incentives to enhance patient compliance. BMJ. 1997;315:703-707

192



222. Talbot RG. Rheumatic fever and rheumatic heart disease in the Hamilton Health
District: Il. Long term follow-up and secondary prophylaxis. N Z Med J
1984;97:634-637

223. Brown A, Purton L, Schaeffer G, Wheaton W, White A. Central Australian
Rheumatic Heart Disease Control Program - a report to the Commonwealth
November 2002. Northern Territory Disease Control Bulle2®03:10,1-8.

224. Spinetto H, Lennon D, Horsburgh M. Rheumatic fever recurrence prevention: a
nurse-led programme of 28-day penicillin in an area of high endemicity.

Paediatr Child Health2011;47:228-234

225. Kearns TM, Schultz R, McDonald V, Andrews RM. Prophylactic penicillin by the
full moon: a novel approach in Central Australia that may help to reduce the risk of
rheumatic heart diseafeural And Remote HealtR010;10:1464-1464

226. Department of Health (The Government of South Africa). National guidelines on
primary prevention and prophylaxis of rheumatic fever and rheumatic heart disease
for health professionals at primary lev@000

227. Saxena A, Kumar RK, Gera RP, Radhakrishnan S, Mishra S, Ahmed Z. Consensus
guidelines on pediatric acute rheumatic fever and rheumatic heart disease. Indian
Pediatr. 2008;45:565-573

228. Atatoa-Carr P, Lennon D, Wilson N. Rheumatic fever diagnosis, management, and
secondary prevention: a New Zealand guidelsh&@ Med J2008;121:59-69

229. Abbas MI, Person DA. The pacific island health care project (PIHCP): experience
with rheumatic heart disease (RHD) from 1998 to 2006. Hawaii Med J
2008;67:326-329

230. Australian New Zealand Clinical Trials Registry. Improving delivery of secondary
prophylaxis for rheumatic heart disease. 2013;2013

231. Marijon E, Celermajer DS, Tafflet M, ElI-Haou S, Jani DN, Ferreira B, Mocumbi
AO, Paquet C, Sidi D, Jouven X. Rheumatic heart disease screening by
echocardiography: the inadequacy of World Health Organization criteria for
optimizing the diagnosis of subclinical disease. Circulat&$09;120:663-668

232. Rothenbuhler M, O'Sullivan CJ, Stortecky S, Stefanini GG, Spitzer E, Estill J,
Shrestha NR, Keiser O, Juni P, Pilgrim T. Active surveillance for rheumatic heart

193



233.

234.

235.

236.

237.

238.

239.

240.

241.

disease in endemic regions: a systematic review and meta-analysis of prevalence
among children and adolescents. Lancet Glob Healih4;2:e717-726

Roberts K, Maguire G, Brown A, Atkinson D, Remenyi B, Wheaton G, Kelly A,
Kumar RK, Su JY, Carapetis JR. Echocardiographic screening for rheumatic heart
disease in high and low risk Australian childr@irculation. 2014;129:1953-1961
Saxena A, Ramakrishnan S, Roy A, Seth S, Krishnan A, Misra P, Kalaivani M,
Bhargava B, Flather MD, Poole-Wilson PP. Prevalence and outcome of subclinical
rheumatic heart disease in India: The RHEUMATIC (Rheumatic Heart Echo
Utilisation and Monitoring Actuarial Trends in Indian Children) study. Heart
2011;97:2018-2022

Baroux N, Rouchon B, Huon B, Germain A, Meunier JM, D'Ortenzio E. High
prevalence of rheumatic heart disease in schoolchildren detected by
echocardiography screening in New Caledonia. J Paediatr Child Health
2013;49:109-114

Paar JA, Berrios NM, Rose JD, Caceres M, Pena R, Perez W, Chen-Mok M, Jolles
E, Dale JB. Prevalence of rheumatic heart disease in children and young adults in
Nicaragua. Am J Cardio010;105:1809-1814

Kane A, Mirabel M, Toure K, Perier MC, Fazaa S, Tafflet M, Karam N, Zourak |,
Diagne D, Mbaye A, Kane M, Diack B, Jouven X, Marijon E. Echocardiographic
screening for rheumatic heart disease: age matters. Int J C&0id;168:888-891
Beaton A, Okello E, Lwabi P, Mondo C, McCarter R, Sable C. Echocardiography
screening for rheumatic heart disease in Ugandan schoolchildren. Circulation
2012;125:3127-3132

Durojaiye OC. Health screening: is it always worth doing? The Internet Journal of
Epidemiology 2009;7

Peters T, Wildschut H, Weiner C. Epidemiologic considerations in screening. In:
When to Screen in Obstetrics and Gynaecology. Wildschutt H, Weiner C, and Peters
T, eds. 1996, WB Saunders: London. pp. 1-14.

Poikolainen K. Doing good, doing harm: adverse effects of screening and health
education in perspectivAnn Med 1992;24:425-426

194



242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

Council of Europe Committee of Ministers. Recommendation No. R(94)11 of the
Committee of Ministers to Member States on screening as a tool of preventive
medicine 1994

World Health Organization: Wilson J, Jungner G. Principles and practice of
screening for diseas®ublic health paper, number 34. 1968, World Health
Organization: Geneva.

Carapetis JR, Currie BJ. Mortality due to acute rheumatic fever and rheumatic heart
disease in the Northern Territory: a preventable cause of death in Aboriginal people.
Aust N Z J Public HealtH1999;23:159-163

Strasser T, Dondog N, El Kholy A, Gharagozloo R, Kalbian VV, Ogunbi O,
Padmavati S, Stuart K, Dowd E, Bekessy A. The community control of rheumatic
fever and rheumatic heart disease: report of a WHO international cooperative
project. Bull World Health Orgarl981;59:285-294

Terreri MT, Ferraz MB, Goldenberg J, Len C, Hilario MO. Resource utilization and
cost of rheumatic feved. Rheumatol2001;28:1394-1397

McCallum AH. Natural history of rheumatic fever and rheumatic heart disease.
Ten-year report of a co-operative clinical trial of A.C.T.H., cortisone, and aspirin.

Br Med J 1965;2:607-613

Figueroa FE, Fernandez MS, Valdes P, Wilson C, Lanas F, Carrion F, Berrios X,
Valdes F. Prospective comparison of clinical and echocardiographic diagnosis of
rheumatic carditis: long term follow up of patients with subclinical disease. Heart
2001;85:407-410

Marijon E, Ou P, Celermajer DS, Ferreira B, Mocumbi AO, Sidi D, Jouven X.
Echocardiographic screening for rheumatic heart disease. Bull World Health. Organ
2008;86:84

Feinstein AR, Wood HF, Spagnuolo M, Taranta A, Jonas S, Kleinberg E, Tursky E.
Rheumatic fever in children and adolescents. A long-term epidemiologic study of
subsequent prophylaxis, streptococcal infections, and clinical sequelae. VII. Cardiac
changes and sequelae. Ann Intern Mé&$4;60:SUPPL 5:87-123

Ferrieri P. Proceedings of the Jones criteria workshop. Circula92;106:2521-

2523

195



252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

Paterson B, Ruben A, Nossar V. School screening in remote Aboriginal
communities--results of an evaluation. Aust N Z J Public He2888;22:685-689
Michaud C, Rammohan R, Narula J. Cost-effectiveness analysis of intervention
strategies for reduction of the burden of rheumatic heart disease. In: Narula J,
Virmani R, Reddy K, Tandon R, ed®heumatic feverl999, American Registry of
Pathology: Washington D.C. pp. 485-497.

You J, Hoy W, Zhao Y, Beaver C, Eagar K. End-stage renal disease in the Northern
Territory: current and future treatment costs. Med J.AR0612;176:461-465

Day NE, Chamberlain J. Screening for breast cancer: workshop report. Eur J
Cancer Clin Oncal1988;24:55-59

Feldman W. How serious are the adverse effects of screening? J Gen Intern Med
1990;5:S50-53

Brodersen J, McKenna SP, Doward LC, Thorsen H. Measuring the psychosocial
consequences of screening. Health Qual Life Outco?®€¥;5:3

McCann J, Stockton D, Godward S. Impact of false-positive mammography on
subsequent screening attendance and risk of cancer. Breast Can@i(Re$.R11
Gram IT, Lund E, Slenker SE. Quality of life following a false positive
mammogram. Br J Cancet990;62:1018-1022

Stewart-Brown S, Farmer A. Screening could seriously damage your health. BMJ
1997;314:533-534

Sorenson JR, Levy HL, Mangione TW, Sepe SJ. Parental response to repeat testing
of infants with 'false-positive’ results in a newborn screening program. Pediatrics
1984;73:183-187

Lafata JE, Simpkins J, Lamerato L, Poisson L, Divine G, Johnson CC. The
economic impact of false-positive cancer scre@asicer Epidemiol Biomarkers

Prev. 2004;13:2126-2132

McCaffery KJ, Barratt AL. Assessing psychosocial/quality of life outcomes in
screening: how do we do it better? J Epidemiol Community He&#l0%;58:968-

970

Maguire GP, Carapetis JR, Walsh WF, Brown AD. The future of acute rheumatic
fever and rheumatic heart disease in Australia. Med J 20%62;197:133-134

196



265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

Tompkins DG, Boxerbaum B, Liebman J. Long-term prognosis of rheumatic fever
patients receiving regular intramuscular benzathine penicillin. Circulation
1972;45:543-551

Feinstein AR, Stern EK, Spagnuolo M. The prognosis of acute rheumatic fever. Am
Heart J 1964,68:817-834

Majeed HA, Batnager S, Yousof AM, Khuffash F, Yusuf AR. Acute rheumatic
fever and the evolution of rheumatic heart disease: a prospective 12 year follow-up
report. J Clin Epidemiol1992;45:871-875

Hanna JN, Clark MF. Acute rheumatic fever in Indigenous people in north
Queensland: some good news at last? Med J 20%0;192:581-584

Webb R, Wilson NJ, Lennon D. Rheumatic heart disease detected by
echocardiographic screening.Engl J Med2007;357:2088; author reply 2088-

2089

Voss LM, Wilson NJ, Neutze JM, Whitlock RM, Ameratunga RV, Cairns LM,
Lennon DR. Intravenous immunoglobulin in acute rheumatic fever: a randomized
controlled trial. Circulation2001;103:401-406

Sanci LA, Sawyer SM, Kang MS, Haller DM, Patton GC. Confidential health care
for adolescents: reconciling clinical evidence with family values. Med J Aust
2005;183:410-414

Armstrong WF, Ryan Feigenbaum's echocardiograp009, Lippincott

Williams & Wilkins: Philapdelphia, PA.

Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, Griffin BP, lung
B, Otto CM, Pellikka PA, Quinones M. Echocardiographic assessment of valve
stenosis: EAE/ASE recommendations for clinical practlo&m Soc Echocardiogr
2009;22:1-23; quiz 101-102

Zoghbi WA, Enriguez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine RA,
Nihoyannopoulos P, Otto CM, Quinones MA, Rakowski H, Stewart WJ, Waggoner
A, Weissman NJ. Recommendations for evaluation of the severity of native valvular
regurgitation with two-dimensional and doppler echocardiography. J Am Soc
Echocardiogr 2003;16:777-802

197



275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

National Health and Medical Research Council, the Australian Research Council
and Universities Australia. Australian code for the responsible conduct of research
2007

Roberts KV, Brown AD, Maguire GP, Atkinson DN, Carapetis JR. Utility of
auscultatory screening for detecting rheumatic heart disease in high-risk children in
Australia's Northern Territory. Med J Aug013;199:196-199

Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics 1977;33:159-174

Beaton A, Okello E, Aliku T, Lubega S, Lwabi P, Mondo C, McCarter R, Sable C.
Latent rheumatic heart disease: outcomes 2 years after echocardiographic detection.
Pediatric Cardiol 2014;35:1259-1267

Mirabel M, Celermajer DS, Ferreira B, Tafflet M, Perier MC, Karam N, Mocumbi
AO, Jani DN, Sidi D, Jouven X, Marijon E. Screening for rheumatic heart disease:
evaluation of a simplified echocardiography-based appréagh-eart J

Cardiovasc Imaging2012;13:1024-1029

Wark EK, Hodder YC, Woods CE, Maguire GP. Patient and health-care impact of a
pilot rheumatic heart disease screening program. J Paediatr Child Health
2013;49:297-302

Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baron-Esquivias G, Baumgartner

H, Borger MA, Carrel TP, De Bonis M, Evangelista A, Falk V, lung B, Lancellotti

P, Pierard L, Price S, Schafers HJ, Schuler G, Stepinska J, Swedberg K, Takkenberg
J, Von Oppell UO, Windecker S, Zamorano JL, Zembala M. Guidelines on the
management of valvular heart disease (version 2012). Eur He201.2;33:2451-

2496

Australian Bureau of Statistics. Census of population and housing: '‘Barkly
(statistical subdivision) - Indigenous status by age by sex'. 2006;2008

Campbell P, Roberts G, Eaton V, Coughlan D, Gallus A. Managing warfarin

therapy in the community. Aust Pres2001;24:86-89

Seckeler MD, Hoke TR. The worldwide epidemiology of acute rheumatic fever and
rheumatic heart diseagelin Epidemiol 2011;3:67-84

198



285.

286.

287.

288.

289.

290.

291.

292.

293.

Biddle N. Ranking regions - revisiting an index of relative Indigenous socio-
economic outcomes. Australasian Journal of Regional Stui@39;15:329-353

Bubner TK, Laurence CO, Gialamas A, Yelland LN, Ryan P, Willson KJ, Tideman
P, Worley P, Beilby JJ. Effectiveness of point-of-care testing for therapeutic control
of chronic conditions: results from the POCT in general practice trial. Med J Aust
2009;190:624-626

Deedwania PC, Huang GW. Role of emerging antithrombotic therapy in the
prevention of cardioembolic complications in patients with atrial fibrillation. Am J
Cardiovasc Drugs2011;11:265-275

Cheng A, Athan E, Appelbe A, McDonald M. The changing profile of bacterial
endocarditis as seen at an Australian provincial centre. Heart Lung Circ
2002;11:26-31

Berlin JA, Abrutyn E, Strom BL, Kinman JL, Levison ME, Korzeniowski OM,
Feldman RS, Kaye D. Incidence of infective endocarditis in the Delaware Valley,
1988-1990. Am J Cardioll995;76:933-936

Fonager K, Lindberg J, Thulstrup AM, Pedersen L, Schonheyder HC, Sorensen HT.
Incidence and short-term prognosis of infective endocarditis in Denmark, 1980-
1997. Scand J Infect Di2003;35:27-30

Hoen B, Alla F, Selton-Suty C, Beguinot |, Bouvet A, Briancon S, Casalta JP,
Danchin N, Delahaye F, Etienne J, Le Moing V, Leport C, Mainardi JL, Ruimy R,
Vandenesch F. Changing profile of infective endocarditis: results of a 1-year survey
in France. JAMA. 2002;288:75-81

Frontera JA, Gradon JD. Right-side endocarditis in injection drug users: review of
proposed mechanisms of pathogenesis. Clin InfectZD0;30:374-379

Bonow RO, Carabello B, de Leon AC, Jr., Edmunds LH, Jr., Fedderly BJ, Freed
MD, Gaasch WH, McKay CR, Nishimura RA, O'Gara PT, O'Rourke RA,
Rahimtoola SH, Ritchie JL, Cheitlin MD, Eagle KA, Gardner TJ, Garson A, Jr.,
Gibbons RJ, Russell RO, Ryan TJ, Smith SC, Jr. Guidelines for the management of
patients with valvular heart disease: executive summary. A report of the American

College of Cardiology/American Heart Association Task Force on Practice

199



294,

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

Guidelines (Committee on Management of Patients with Valvular Heart Disease).
Circulation. 1998;98:1949-1984

World Health Organizatiomternational statistical classification of diseases and
related health problems 10th revision (ICD-12p07, World Health Organization:
Geneva.

Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG, Jr., Ryan T, Bashore T, Corey
GR. Proposed modifications to the Duke criteria for the diagnosis of infective
endocarditis. Clin Infect Di2000;30:633-638

Australian Bureau of Statistics. Population characteristics, Aboriginal and Torres
Strait Islander Australians, New South Wales, 2006. 2008

Sy RW, Kritharides L. Health care exposure and age in infective endocarditis:
results of a contemporary population-based profile of 1536 patients in Australia.
Eur Heart J 2010;31:1890-1897

Parnaby MG, Carapetis JR. Rheumatic fever in Indigenous Australian children. J
Paediatr Child Health2010;46:527-533

Australian Bureau of Statistics. Census of population and housing: '‘Central NT
(statistical subdivision) - Indigenous status by age by sex'. 2006;2008

Garg N, Kandpal B, Tewari S, Kapoor A, Goel P, Sinha N. Characteristics of
infective endocarditis in a developing country-clinical profile and outcome in 192
Indian patients, 1992-2001. Int J CardiabD05;98:253-260

Jalal S, Khan KA, Alai MS, Jan V, Igbal K, Tramboo NA, Rather HA, Lone NA,
Dar MA. Clinical spectrum of infective endocarditis: 15 years experience. Indian
Heart J 1998;50:516-519

Heiro M, Helenius H, Makila S, Hohenthal U, Savunen T, Engblom E,
Nikoskelainen J, Kotilainen P. Infective endocarditis in a Finnish teaching hospital:
a study on 326 episodes treated during 1980-2004. H¥6;92:1457-1462
Sambola A, Fernandez-Hidalgo N, Almirante B, Roca I, Gonzalez-Alujas T, Serra
B, Pahissa A, Garcia-Dorado D, Tornos P. Sex differences in native-valve infective
endocarditis in a single tertiary-care hospital. Am J Cardi@10;106:92-98

Brown PD, Levine DP. Infective endocarditis in the injection drug ugect Dis

Clin North Am 2002;16:645-665, viii-ix

200



305.

306.

307.

Miro JM, Moreno A, Mestres CA. Infective endocarditis in intravenous drug
abusers. Curr Infect Dis Ref003;5:307-316

Thalme A, Westling K, Julander 1. In-hospital and long-term mortality in infective
endocarditis in injecting drug users compared to non-drug users: a retrospective
study of 192 episodes. Scand J Infect R307;39:197-204

Australian Institute of Health and Welfare. The health and welfare of Australia’s
Aboriginal and Torres Strait Islander peoples, an overview 2Qht. No. Ihw 42.
2011

201



Appendices

202



Appendix 1 — Priorities in the Prevention, Diagnosis and
Management of Acute Rheumatic Fever and Rheumatic
Heart Disease.

In June 2011, an Indigenous Cardiovascular Health Conference organised by CSANZ (The
Cardiac Society of Australia and New Zealand) was held in Alice Springs, Northern
Territory. One of the workshops at the conference focused on ARF and RHD. Specialist
clinicians, health service providers, researchers, and other stakeholders were given the
opportunity to discuss their views regarding the priorities that should be pursued in

addressing ARF/RHD in Australia and Oceania.

The candidate was a participant at this workshop and subsequently prepared a summary
paper of the priorities identified during the meeting. These priorities provided a valuable
background and rationale for much of the work contained in this thesis. In particular, the
discussion regarding “echocardiography for screening and diagnosis”, “secondary
prophylaxis” and “primary prevention of Group A streptococcus” was integral in the
development of the themes this thesis.

This paper is included as an appendix to this thesis not only to provide a context for this
body of work but also to provide a stakeholder perspective on priorities for ARF/RHD in
Australia and demonstrate some of the consultation work undertaken by the candidate

during his PhD. This paper was published in the journal Heart, Lung and CircGfation.
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Abstract

Three priority areas in the prevention, diagnosis and management of acute rheumatic fever

(ARF) and rheumatic heart disease (RHD) were identified and discussed in detail:

1.

Echocardiography and screening/diagnosis of RHBiven the existing uncertainty it
remains premature to advocate for or to incorporate echocardiographic screening for
RHD into Australian clinical practice. Further research is currently being undertaken to
evaluate the potential for echocardiography screening.

Secondary prophylaxis Secondary prophylaxis (long acting benzathine penicillin
injections) must be seen as a priority. Systems-based approaches are necessary with a
focus on the development and evaluation of primary health care-based or led strategies
incorporating effective health information management systems. Better/novel systems
of delivery of prophylactic medications should be investigated.

Management of advanced RHDational centres of excellence for the diagnosis,
assessment and surgical management of RHD are required. Early referral for surgical
input is necessary with multidisciplinary care and team-based decision making that
includes patient, family, local health providers. There is a need for a national RHD
surgical register and research strategy for the assessment, intervention and long-term
outcome of surgery and other interventions for RHD.

Keywords:

Rheumatic fever

Rheumatic heart disease

Australia

Indigenous population

Prevention and control

205



Text

I ntroduction

Any discussion of the prevention, diagnosis and management of acute rheumatic fever
(ARF) and rheumatic heart disease (RHD) will highlight the complexity inherent in
providing an effective response to a condition that extends from acute through to chronic
disease. Given the underlying association between ARF/RHD and socioeconomic
disadvantage [1-3] such discussion must, by extension, involve multiple dimensions across

all levels of health care and society more generally.

In Australia, these diseases are almost exclusively borne by Aboriginal and Torres Strait
Islander peoples, particularly those living in remote locations.[4-7] Geographical isolation
and socioeconomic disadvantage, along with the need to provide long-term monitoring and
care for those living with ARF/RHD, pose a number of major challenges to many patients,
families, communities and health services. Delivery of ARF/RHD care in this setting is
often less than optimal. Within this context, the aim of this workshop, undertaken as part of
the CSANZ Indigenous Cardiovascular Health Conference in Alice Springs in 2011, was to
identify priorities and provide guidance to inform the future response to the prevention,
diagnosis and management of ARF and RHD in Australia and Oceania.

Ten priority areas were identified through working with health service organisations and
health care providers both before and during the workshop (see Box 1). Whilst time
constraints meant only three were discussed in detail, they all provide a valuable insight
into how stakeholders in health care can inform the future response to prevention and
disease management. The discussions involved over fifty stakeholders in Australian and
New Zealand health care who outlined the current understanding of these issues, identified
gaps in knowledge and current practice, and provided recommendations and guidance to
CSANZ and Australian jurisdictions regarding how these gaps may be addressed to
improve outcomes for people living with ARF and RHD in our region. The overview of
these discussions detailed below provides a valuable local and clinical perspective on
ARF/RHD prevention and management that will be important in informing the future

Australian response to these conditions.
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1. Is there a role for echocardiography in the screening of high-risk populations and|better
diagnosis of RHD?

Coordinating long-term care for people with RHD.

Better and more appropriate management of advanced RHD.
An appropriate and sustainable workforce.

Getting secondary prophylaxis to work.

Health determinants and the primordial prevention of ARF/RHD.
Primary prevention and Group A Streptococcus

Health promotion —communicating to patients, families, communities and health care.

© o N o O B W N

Getting ARF/RHD on the national health agenda - why did it take so long to be
recognized as a priority and how can we ensure that it remains on the national health
agenda?
10.What are the systems issues that fail people living with ARF/RHD such that they do not
receive the best practice care that they need?

Box 1 - Priorities for addressing ARF/RHD in Australia

Workshop Discussions and Recommendations
The three priority areas addressed in detail were:
1. Is there a role for echocardiography in screening and better diagnosis?
2. Getting secondary prophylaxis to work.
3. Better and more appropriate management of advanced RHD.
For each of these issues a brief background was provided, gaps in current systems
identified and potential solutions for addressing these gaps highlighted.

1. Is there a role for echocardiography in screening and better diagnosis?

Background

Echocardiography is a crucial tool in diagnosing and assessing the severity of RHD.[8,9]
With the availability of portable and relatively affordable echocardiography machines it is
now possible to provide this to small and very remote communities as part of specialist

outreach services. Nonetheless, there is ongoing debate regarding the details of valvular
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morphologic change and the degree of functional impairment (regurgitation or stenosis)
that are necessary to make a definitive diagnosis of RHD.[10] In particular, the question of
whether potentially minor abnormalities of heart valve appearance or function represent the
earliest signs of RHD remains unclear. Given this limitation the possible role of

echocardiography in screening for early RHD cannot yet be fully addressed.

Figure 1 — Screening echocardiography — portable and non-invasive but is it effective?

Gaps

In discussing the use of echocardiography in screening for, and the better diagnosis of,

RHD a number of gaps in knowledge were identified including:

* Based on existing uncertainty regardintgrpretation, what should be done when
echocardiography reveals minor changes in valve morphology? What are appropriate
clinical algorithms for management of such minor abnormalities?

« Valve (and particularly mitral valve) thickness as a morphologic feature of RHD —
measures of valve thickness are dependent on machine settings (gain, focus, transducer
frequency) which are difficult to standardise. It seems unlikely that it will be possible to
identify early disease through an objective echocardiographic measure of leaflet
thickness.

« Are lower cost and more portable echocardiography machines comparable to

those that are more expensive in the diagnosis and assessment of RHD@cdotal
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evidence suggests lower cost portable machines may overstate the severity of valve
lesions, especially for early disease. This is particularly important if the deployment of
echocardiography-based screening programmes for RHD were considered with an
attendant focus on early disease.

* How could an echocardiography-based RHD screening programme be funded?
Could it be resourced within existing service frameworks?

» Can an echocardiography screening programme fulfil the criteridor “screening” if
delivery of secondary prophylaxis remains poor?

* What would be an appropriate service/workforce model of care if a screening
programme were implemented Options could include an expanded scope of practice
for primary health care staff to undertake screening echocardiography, delivery by
specialist-led teams or outreach echocardiographers, and/or telemedicine for review of

acquired echocardiography studies and discussion of management.

Solutions

The response to some of the issues highlighted above is already underway. An extensive
Australian screening study, the geCH@etting Every Child’s Heart Okay) study, is

nearing completion. This project (a collaboration between Baker IDI (Alice Springs), James
Cook University (Cairns), Menzies School of Health Research (Darwin) and the University
of Western Australia (Broome) supported by the Australian Department of Health and
Ageing) undertook screening echocardiograms in 4000 Aboriginal and Torres Strait
Islander children and 1000 non-Indigenous Australian children across northern Western
Australia and Queensland, and the northern Top End and Centre of the Northern Territory.
Preliminary results of geCHO identified a significant proportion of children with mild
morphologic abnormalities, particularly of the mitral valve, of doubtful significance. In

order to clarify the significance of these results, a follow up study is being undertaken.

RhFFUS (Rheumatic Fever Follow-Up Study) is a prospective cohort study of children
with non-specific mitral and/or aortic valve abnormalities that will examine whether such
children are more likely to have an episode of ARF or develop RHD than children with

normal heart valves. Supported by the National Health and Medical Research Council
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(NHMRC), the findings of RhFFUS will provide clarity regarding the echocardiographic
diagnosis of early RHD, help clinicians to better understand the significance of subtle
changes on echocardiography, and inform the health service response for children with
minor valve abnormalities. If such children are shown to have an increased risk of ARF
and/or progression to RHD, then a case may be made for identifying high risk children
earlier through screening echocardiography and offering them regular secondary

prophylaxis to prevent progression to more severe RHD.

Given the existing uncertainty it remains premature to advocate for, or incorporate,
echocardiographic screening for RHD into Australian clinical practice. If results of

gECHO and RhFFUS indicate that screening may be viable then the next step will be to
undertake a detailed scoping and impact study focusing on how such a programme would
be delivered and sustained, its cost and comparative cost-benefit, and how it would impact
on the existing primary and specialist workforce. If a case cannot be made, or support
obtained, for a national RHD screening programme, there may remain a rationale for

screening on a quasi ad hieasis within high risk communities and areas.

2. Getting secondary prophylaxis to work
Background -
Repeated episodes of ARF increase the likelihood that a p_e:rson will develop RHD or will
cause progression of RHD in those with minor disease.[11]If such repeated episodes of
ARF can be prevented then the possibility of the development of severe RHD, with the
attendant requirement for surgery to repair or replace damaged heart valves or other
interventions, is reduced. For this reason, secondary prophylaxis in the form of four-weekly
long-acting benzathine (LAB) penicillin injections is recommended for those who have had
an episode of ARF or who have RHD.[9] The rationale for this treatment is the prevention
of further GAS infections that may in turn lead to recurrent ARF. It should be noted that
while there is good evidence that secondary prophylaxis for ARF/RHD is effective, oral
antibiotics are inferior to intramuscular LAB in preventing recurrent ARF. The use of oral
antibiotics is therefore only encouraged in patients with clear hypersensitivity to

penicillin.[12]
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While the effectiveness of secondary prevention is proven, achieving effective delivery and
uptake of this has often been difficult. There is no agreed benchmark for the uptake of
secondary prophylaxis, and indeed anything less than 100% of doses is suboptimal.
However, a generally utilised target for adequate uptake utilised in Australia is 80% of
recommended LAB injections over a 12-month period. Unfortunately, data shows that
relatively few Aboriginal and Torres Strait Islander individuals living with ARF/RHD
achieve this level of secondary prophylaxis uptake.[13,14] While there is much anecdote
regarding why the system is failing, there remains no clear evidence regarding how best to
respond to this clear service gap. It is likely that one particular issue with secondary
prophylaxis for ARF/RHD is the longevity and inconvenience of treatment. Clients
accessing secondary prevention treatment usually have to undergo 10-20 years of painful
four-weekly injections that may be perceived as having little benefit. The consequences of
ARF/RHD are, like hypertension or kidney disease, only apparent once the disease is
advanced at which time secondary prevention is often futile.

Gaps

Potential issues and service gaps influencing the uptake of effective secondary prevention

for ARF/RHD were identified including:

* While oral penicillin is not recommendedtoo many health professionals prescribe it
in place of LAB injections. The protection provided by the variable use of oral
antibiotics is not sufficient.[12]

e Centralised RHD register and recall programmesare important in coordinating care.
Nonetheless the Northern Territory experience would indicate that such systems alone
cannot achieve the required levels of secondary prophylaxis uptake.

* There are great disparities in the uptake of secondary prophylaxisdifferent
communities. Successes should inform programme development.

* In a primary health care environment faced with acute health care needs, secondary
prophylaxis, like chronic disease management, is sometimes not seen as a priority.

* Mobility of some Aboriginal and Torres Strait Islander patients can make it difficult for

the health system to effectively deliver regular prophylaxis.
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Solutions

» Develop a sense of urgency and prioritipr the delivery of secondary prophylaxis in
primary health care. Whilst primary care providers are faced with a broad range of
health issues, all placing demands on finite time and resources, it is necessary to
prioritise the delivery of secondary prophylaxis. Potential strategies include:

— marketing (patient, family, community, health providers - “we're talking about
children/the future”).

— education (including utilising ‘clinical champions’/opinion leaders such as
cardiologists and cardiac surgeons; introducing health provider training and
professional development for all relevant primary health care providers and
specialists).

« Systems based approachese required to ensure ARF/RHD fits within established
chronic disease frameworks and systems. Active recall and follow-up is vital with
effective health information management systems that allow the sharing of health data
so that patients can access care at different health care centres and care items received
are notified to a central database that can be widely accessed. There needs to be
integration between central ARF/RHD registers and primary health care health
information management systems.

* Development and evaluation of primary health care-based or led strategies for delivery
of secondary prophylaxis including:

— Whose job is it?Is it important to have a dedicated person within the team who
is responsible for ensuring prophylaxis is delivered? Does opportunistic delivery
work when provided by all members of the primary health care team? The most
effective and appropriate model for primary health care-based delivery of
secondary prophylaxis should be a priority for future research.

— Work flow - fast-tracking individuals presenting for their injection at clinics.

— Basing timingof secondary prophylaxis on patient/community concepts of time
— e.g. seasonal or community events (e.g. injections due on the full moon).

— Communication and recall—- what are patient, family, community needs and

preferences? Is the concept of self-management appropriate in this setting?
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Continuous quality improvement initiatives to ensure better delivery of
services. Focus on what the health service is doing rather than on what the
patient is not doing.

Patient control and information ownership - Hand-held records for patients

so that they can access secondary prophylaxis at any primary health care site.
Participation in Australian national shared electronic health record (eHealth)
initiative.

Incentives— Is there are role for reward system to encourage clients to achieve
high levels of secondary prevention uptake?

Community-based delivery— alternate modes of delivery including the New
Zealand model of secondary prophylaxis delivery by community-based public
health nurses in schools and homes.

Smart recall systems- explore innovate methods for supporting clients and
families and providing reminders through schools or workplace, or by using

technology including SMS messaging, email and other internet based platforms.

Better methods of delivery- it is arguable that the delivery of secondary prophylaxis

by 4-weekly LAB injections is a failed treatment model. A paradigm shift in the

mechanism for delivery or a means of improving the delivery of intramuscular long-

acting penicillin is required. Investment in the development of innovative delivery

systems for secondary antibiotic prophylaxis of ARF/RHD which are more convenient,

less painful and longer-acting should be a priority. Given the small potential market,

relying on commercial imperatives alone is unlikely to achieve this and strategic

relationships with device and drug development organisations with a cost and risk-

sharing model will most likely be required.

3. Better and more appropriate management of advanced RHD

Background
When the heart is no longer able to compensate for the abnormal
functioning of damaged valves, heart failure results. This is most comi

in young adults, but is also sometimes seen in children.[4] Once valve

damage is severe there are a broad range of options available dependent
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both on patient circumstances and the degree and type of valve damage. Some options will
not require the patient to be on lifelong anticoagulation (warfarin), a desirable outcome
given the risks of bleeding and inconvenience of regular blood test monitoring. Other
options will require warfarin therapy with its inherent inconvenience and complications
including bleeding, valve thrombosis and embolisation. Furthermore, some surgical
interventions rarely require repeat intervention (mechanical valves) while others may
eventually require later operations (bioprosthetic valves, valve repair, balloon
valvuloplasty). The choice and timing of intervention therefore needs to carefully balanced
taking into account patient preferences, the safety of anticoagulation and the risk of later

reoperation before proceeding with any particular course of action.

In Australia, patients with RHD who require surgery are routinely transferred to one of
approximately thirty city-based cardiothoracic surgical units. Given the number of units
involved it is hardly surprising that the surgical management of RHD varies widely. For
example, patients with mitral regurgitation, the most common valve damage seen in RHD,
may undergo valve repair or a valve replacement with a mechanical or bioprosthetic valve;
which occurs is often more dependent on where the operation is undertaken rather than on
the application of consistent and objective criteria. This is perhaps why, once the patient
returns to their usual health care providers, questions may arise regarding whether the

intervention undertaken was the most appropriate option.

A similar situation exists for mitral stenosis. While percutaneous balloon valvuloplasty is

an effective and comparatively safe treatment for mitral stenosis, particularly in younger
and pregnant patients, there are few centres in Australia that undertake this in large
numbers. If patients with mitral stenosis are referred to cardiothoracic surgeons anecdotal
reports would indicate there can be a tendency to operate and replace the valve rather than

to undertake balloon valvuloplasty.

The problem of inconsistency in surgical and other interventions (e.g. percutaneous balloon
valvuloplasty) for the management of advanced RHD is further exacerbated by the fact that
most patients undergo surgery in major city centres far removed from the realities of the
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remote communities or regional centres where they usually live. This often entails a

disconnection between the decisions being made by tertiary hospital-based specialists and

surgeons, local primary and specialist health care providers, and the practical aspects of life

and health service access in regional and remote Australia.

Gaps

Mitral valve repair — The use of mitral valve repair versus mitral valve replacement

for RHD varies greatly between different cardiothoracic surgical centres in Australia.
Overall in Australia there is a general lack of experience with surgical repair as opposed
to valve replacement.

Delay in presentation- patients with RHD can first present for primary and specialist
health care with symptomatic and advanced disease that requires early and occasionally
urgent surgical intervention. This has particular implications for the suitability for

mitral valve repair as late referral often means valve damage is extensive and mitral
valve repair is not possible.

Consistency and leadership in the surgical management of RHBthe diversity of

the management of advanced RHD across Australia has been noted. There are no
national centres of excellence for specialist RHD diagnosis, severity assessment and
management.

Multidisciplinary team management of advanced RHD- decisions regarding the

details of management of advanced RHD are frequently undertaken by cardiothoracic
surgical teams. This can often occur without broader input from the patient/family and
other health care providers (including local primary health care providers and regional
and visiting specialists) particularly with regard to the implications for local follow-up,
the need for anticoagulation, future pregnancy, re-operation and infective endocarditis

risk.

Solutions

Improved understanding of health care access and uptake of secondary
prophylaxis - issues pertaining to secondary prophylaxis for ARF/RHD are discussed
above. A greater understanding is also required in relation to why patients are lost to
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follow-up, how to identify RHD in women before they may become pregnant and how
to encourage the early presentation and appropriate investigation of patients with
unexplained shortness of breath.

National centres of excellencéor the diagnosis, assessment and surgical management
of RHD are required. Health staff, particularly those at primary health care sites where
most health care for people with ARF/RHD occurs, should be able to easily contact
clinical experts who can provide consistent evidence-based advice that reflects the
realities of regional and remote Australian life and clinical practice.

Multidisciplinary care and team-based decision makingor the planning of

intervention for RHD. Decision-making needs to involve those who will be faced with
the aftermath of intervention/surgery (i.e. patients, families and local primary and
specialist health care providers).

Early referral for surgical input would allow a broader range of options for

intervention to be considered. Multidisciplinary and team-based decision making would
encourage this particularly if such input could be provided locally either by
telemedicine or through cardiothoracic surgical outreach to regional centres.

National RHD surgical register and research strategyor the assessment,

intervention and long-term outcome of surgery and other interventions for RHD. A
priority is the development of a surgical management and outcome register that
incorporates details regarding a standardised baseline assessment, documents the
rationale for the intervention chosen, and allows short and long-term follow-up which
includes re-operation, readmission, morbidity (including stroke and endocarditis) and
survival. Where possible, additional measures incorporating objective assessments of
function (six minute walk test) and quality of life should be included. This will enable
the development of evidence-based recommendations for surgical and other
interventions in the management of advanced RHD in Australia and have significant
implications for international practice.

Improving the use of warfarin — warfarin is likely to remain a reality of RHD
management. Research to enhance the understanding of how patients and primary
health care providers perceive long-term anticoagulation and how monitoring and
regular use of warfarin can be enhanced should be a priority.
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Additional issues pertaining to ARF/RHD care discussed in less detail
Whilst there were at least seven other areas that were not discussed in any detail the

primordial and primary prevention of ARF/RHD was a recurring theme.

Primary prevention and Group A Streptococcus — where to from here?

Whilst not all patients presenting with ARF have a history of pharyngitis[15], the early
treatment of Group A Streptococcus (GAS) associated pharyngitis provides an effective
opportunity to prevent the development of ARF.[16,17] New Zealand experience would
indicate that there is limited awareness of the importance of the early management of
pharyngitis in high-risk (Mori and Pacific Islander) populations both in comityin

members and health care providers. Research investigating the understanding of how
communities at high risk of ARF/RHD and local primary health services perceive and
respond to pharyngitis (including seeking health care review) is required. This should
inform community and health provider education initiatives to ensure pharyngitis prompts
primary health care review and that primary health care providers have clear and consistent
protocols for confirming a diagnosis of GAS-associated pharyngitis or treatment protocols

for empiric management.

Conclusion

The Cardiac Society of Australia and New Zealand’s Alice Springs 2011 Indigenous
Cardiovascular Health Conference provided a unique and valuable opportunity for experts
with ‘on the ground experience’ in primary and specialist health care delivery and planning

to gather and identify shared priorities in the Australian response to ARF/RHD (see Box 2).
Although time was limited this group provided clear recommendations to inform the local,
jurisdictional and national response to ARF/RHD. There remains much to be done and

many unanswered questions. Nonetheless, it is hoped this document helps chart a course for
addressing what is a complicated health issue in regional and remote Australia and for

Aboriginal and Torres Strait Islander peoples.

As one participant noted:
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‘I work in the primary health area. I've been in Aboriginal health for a long time. To think
that rheumatic fever has been around for a very long time, and is only just got on the
agenda, and it's making me think, yeah, I've... got relatives and family who's got rheumatic
fever. We talk about diabetes, we talk about HIV / AIDS... but to me this has just come on

the agenda.’

It is imperative that ARF/RHD now remains on the national and international health
agenda. With the support and advocacy of CSANZ and the ongoing advice and
commitment from patients, communities and health providers, ARF/RHD can be largely
eradicated as it has been for non-Indigenous Australians.

1. Echocardiography and Screening/Diagnosis of RHD - Given the existing uncertainty
it remains premature to advocate for or to incorporate echocardiographic screening for
RHD into Australian clinical practice. Further research is currently being undertaken to
evaluate the potential for echocardiography screening.

2. Secondary Prophylaxis— Secondary prophylaxis (LAB injections) must be seen as a
priority. Systems-based approaches are necessary with a focus on the development and
evaluation of primary health care-based or led strategies incorporating effective health
information management systems. Better/novel systems of delivery of prophylactic
medications should be investigated.

3. Management of Advanced RHD- National centres of excellence for the diagnosis,
assessment and surgical management of RHD are required. Early referral for surgical
input is necessary with multidisciplinary care and team-based decision making that
includes patient, family, local health providers. There is a need for a national RHD
surgical register and research strategy for the assessment, intervention and long+term
outcome of surgery and other interventions for RHD.

Box 2. Summary of recommendations from the CSANZ Indigenous Cardiovascular Health
Conference 2011 — ARF/RHD workshop.
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