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Abstract 

Background  

Acute rheumatic fever and its sequela chronic rheumatic heart disease result from a 

dysregulated immune response to group A streptococcal pharyngitis. In New Zealand, acute 

rheumatic fever rates in children of Māori and Pacific ethnicity are amongst the highest in the 

world. The epidemiology of acute rheumatic fever is well-understood, due to national-level 

surveillance and rheumatic fever registers maintained by District Health Boards. However 

there are many knowledge gaps surrounding the epidemiology and impact of chronic rheumatic 

heart disease. Rheumatic heart disease prevalence is not nationally monitored, it may occur in 

individuals who do not report a prior history of acute rheumatic fever, and typically it causes 

no symptoms unless advanced valvular heart disease is present. Echocardiography may enable 

rheumatic heart disease to be detected at an earlier stage. 

Methods  

A focused literature review was undertaken to describe the disease spectrum of rheumatic fever 

and chronic rheumatic heart disease, and approaches to clinical management, prevention and 

control. The epidemiology of rheumatic fever and rheumatic heart disease in New Zealand was 

reviewed and assessed in two parts, namely, up until 2010, and the current decade from 2011 

onwards. Original investigations were undertaken to determine the prevalence of rheumatic 

heart disease in high-risk New Zealand populations using portable echocardiography. 

Additional studies were undertaken to derive normative echocardiographic data from high and 

low risk populations to refine echocardiographic diagnostic criteria for rheumatic heart disease. 

Further investigations were conducted to investigate selected clinical outcomes of rheumatic 

heart disease in children, in particular the morbidity and mortality associated with heart valve 

surgery, and the role of rheumatic heart disease as a predisposing factor infective endocarditis.  

Results 

In New Zealand, high rates of rheumatic fever amongst Māori and Pacific peoples have 

persisted for several decades and there are now widening ethnic disparities, with highest rates 

observed amongst Pacific peoples living in South Auckland. Original studies determined 

echocardiographic rheumatic heart disease prevalence of 2.6% in children of Māori and Pacific 

ethnicity but in a population of almost 400 children from a low-incidence rheumatic fever 

region, no child had evidence of rheumatic heart disease. Using World Heart Federation 

Criteria, prevalence among young adults was 2.2% and prevalence in first degree relatives over 
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twice the background population rates. Surgery for rheumatic heart disease was associated with 

high rates of complications and mortality, however morbidity and mortality was lower in those 

who underwent mitral valve repair as compared to mechanical valve replacement. Rheumatic 

heart disease is a predisposing factor for infective endocarditis in approximately 13% of New 

Zealand childhood endocarditis cases.  

Conclusions  

Echocardiography detected a substantial burden of previously undiagnosed rheumatic heart 

disease in children and adults from high-incidence rheumatic fever populations in New 

Zealand. This, together with high morbidity and mortality associated with severe rheumatic 

heart disease, underscores the importance of focusing on rheumatic heart disease in addition to 

acute rheumatic fever in prevention and control efforts. These findings have contributed to an 

ongoing programme of local and international research to determine the utility of 

echocardiography as a tool for rheumatic heart disease case detection and control in high-risk 

populations.   
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Thesis Structure 

Work in this thesis has been structured and formatted in accordance with University of 

Auckland MD regulations and the document Guidelines for Including Publications in a Thesis. 

The thesis is divided into three parts: A, B and C; each part includes an introduction and 

concluding summary of key findings.  

Each chapter within the thesis is structured as either a published manuscript, or a manuscript 

suitable for publication, with accompanying tables and figures included and abstract removed. 
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Foreword 

At the heart of my motivation for embarking on this thesis, are the young people and families 

affected by acute rheumatic fever and rheumatic heart disease.  

Nearly 15 years ago, whilst working as a junior paediatric registrar at KidzFirst Hospital in 

South Auckland I was deeply impacted by meeting an 11 year old Tongan girl and her family. 

She was brought to hospital in heart failure with severe rheumatic heart disease and within 24 

hours had been transferred to Starship Hospital for urgent cardiac surgery. Her family had been 

reluctant to bring her to hospital sooner as they were not eligible for government funded 

healthcare in New Zealand.  

Recently I met the same patient, now 26 years old, at an outpatient clinic. She has survived two 

triple-valve open heart surgeries, is on lifelong anticoagulation, has experienced an episode of 

infective endocarditis and is unable to start a family or work due to her complex cardiac 

disease.     

What has changed over the last 15 years in New Zealand? There have been many positive 

developments, notably including a $65 million dollar government-funded acute rheumatic 

fever prevention programme, development of evidence-based guidelines for diagnosis and 

treatment, and inspiring advocacy which led to the 2018 World Health Organization global 

resolution on rheumatic fever and rheumatic heart disease.  

Despite these commendable initiatives, the incidence of acute rheumatic fever in New Zealand 

is still increasing in some population groups, and children continue to present to hospital in 

similar circumstances to the young woman described above, with advanced rheumatic heart 

disease. In some families several family members are on benzathine penicillin secondary 

prophylaxis, in others parents or siblings have died prematurely.   

My sincere hope is that the findings described in this thesis will contribute to strategies to 

prevent children in Aotearoa from RHD-related premature morbidity and mortality in the 

future.   
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Part A: Acute rheumatic fever/rheumatic 

heart disease – the disease and epidemiology 

Introduction 

Acute rheumatic fever (ARF) and its sequela chronic rheumatic heart disease (RHD) are 

caused by group A streptococcus (GAS), a pathogen remarkable for its spectrum of disease 

which includes invasive infection (iGAS), superficial infections such as pharyngitis and 

impetigo and immune-mediated manifestations including ARF, RHD, acute post-streptococcal 

glomerulonephritis (APSGN) and scarlet fever.(1, 2) 

GAS is an important global pathogen, and its impact is particularly felt in low- and middle-

income countries (LMIC). GAS is estimated to be one of the top ten infectious causes of 

mortality and morbidity worldwide. (3, 4) 

Whilst ARF is now rare in high-income countries, in New Zealand (NZ) rates remain very high 

with particular ethnic and socio-economic disparities and almost all cases of ARF and RHD 

now occurring amongst Indigenous Māori and Pacific populations.(5-8) 

In the latter part of the 20th century ARF incidence declined dramatically in most high-income 

countries apart from NZ. NZ was one of a small number of ARF/RHD endemic nations to 

undertake high-quality ARF research, with focus areas including epidemiologic studies,(9-13) 

secondary prophylaxis delivery,(14, 15)echocardiographic diagnosis of acute rheumatic 

carditis(16, 17) and prevention and treatment.(18, 19) The 21st century has seen a global 

resurgence of ARF/RHD research, largely focused on describing global RHD burden (4, 20, 

21) and advancing GAS vaccine development.(22, 23) Recent NZ research includes a case-

control study to determine risk factors for ARF (Baker et al, manuscript in preparation), 

evaluation of primary prevention programmes(2) and echocardiographic studies of RHD.(24-

26)  

Part A of this thesis provides a focused literature review of the clinical features and 

epidemiology of ARF/RHD, with a particular emphasis on epidemiology in NZ. The concept 

of primary, secondary and tertiary approaches to ARF/RHD prevention and control is 

introduced, along with the notion that echocardiography can be used for detection of RHD.   
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Chapter 1: Introduction to acute rheumatic fever 

Acute rheumatic fever is an inflammatory response to group A streptococcal infection which 

typically occurs two to three weeks after a throat infection. Worldwide, approximately 500,000 

new cases of ARF occur annually and at least 35 million people have chronic RHD.(27, 28) It 

is characterised by a clinical syndrome and the most frequent manifestations are painful joints 

and carditis. Carditis occurs in approximately 80% of individuals with rheumatic fever(29) and 

commonly affects the mitral and aortic valves, resulting in regurgitation.(30) Other less 

common clinical features include abnormal involuntary movements (chorea), rash (erythema 

marginatum) and subcutaneous nodules. Diagnostic criteria are discussed below (1.3). 

The inflammatory process slowly resolves over weeks to months, however up to 50% of 

individuals are left with chronic RHD.(18, 31) Whilst death from acute rheumatic carditis is 

not common, chronic RHD causes significant morbidity including arrhythmias, stroke, 

infective endocarditis, pregnancy complications and premature death.(32) The aim of this 

review is to discuss ARF, in particular its diagnosis and management for the non-specialist. 

1.1 What causes it?  

Streptococcal pharyngitis is a very common infection in childhood. Pharyngitis caused by 

rheumatogenic strains of GAS in a susceptible host triggers an abnormal immune inflammatory 

response. The exact nature of this response is incompletely understood. It is thought to involve 

cross-reactivity of streptococcal antibodies against myocardium, synovial tissue and, in chorea, 

the basal ganglia.(33) Molecular mimicry directs the immune response and the cross-reacting 

antibodies activate the inflammatory process in body tissues.(34) In carditis, activated 

monoclonal auto-antibodies produce T cell infiltration in the valve endothelium.(34) 

1.2 Who gets it?  

Most cases of ARF occur in children aged 5 to 15 years (5, 35) although cases may 

occasionally occur in young adults.  

The highest reported incidence globally is among Indigenous Australians.(27, 36), Pacific 

peoples and NZ Māori.(5) The incidence in these population groups has increased in recent 

years, in contrast to the dramatic decline in the high-income countries during the latter half of 

the 21st century.(37) A localised resurgence of ARF in Utah and the surrounding 

intermountain areas of the United States occurred in the late 1980s and early 1990s (38, 39) 

however these elevated rates were not sustained, and overall in the USA a marked decrease in 
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ARF incidence has  occurred over the last four decades. This reduction is postulated to have 

occurred due to variation in circulating GAS strain types.(40)  

There is a paucity of data regarding disease burden in low-income countries most affected by 

the disease. However, in recent years, epidemiologic studies including surveys using portable 

echocardiographic screening, have allowed a more accurate description of RHD burden in 

Africa(32, 41) and Asia,(42-44) showing regional prevalence rates of up to 3%, with around 

90% of cases detected by echocardiography being asymptomatic and subclinical.(43)  

Whilst ARF and RHD have been observed to occur within families and certain ethnic 

groups,(45) susceptibility is incompletely understood.(46) Even in populations where there is 

ongoing exposure to GAS, only a small proportion, estimated to be up to 6%, will develop 

ARF or RHD.(46, 47) Risk is strongly associated with household crowding(48) and socio-

economic deprivation.(6) Currently a large African genome-wide association study aims to 

determine whether there is a genetic susceptibility to RHD.(49) 

1.3 How is acute rheumatic fever diagnosed?  

There is no single confirmatory clinical sign or laboratory test. Diagnosis is based on the 

criteria established by Duckett Jones in 1944, the “Jones Criteria”, which in 2015 were updated 

for the first time since 1992. Either two major criteria, or one major and two minor criteria, 

along with laboratory evidence of a recent group A streptococcal throat infection, are required 

to confirm the diagnosis of a first episode of rheumatic fever.(50-52) 

The updated American Heart Association (AHA) Jones Criteria, together with diagnostic 

criteria developed in NZ and Australia, two high-incidence countries, acknowledge the role of 

echocardiography in the diagnosis of carditis, along with epidemiologic considerations. The 

three sets of diagnostic criteria (Jones/AHA 2015, Australia 2012 and New Zealand 2014) are 

risk-stratified and aim to improve sensitivity and avoid under diagnosis in high-incidence 

populations(51, 53, 54) (Table 1).  
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Table 1. Diagnostic criteria for acute rheumatic fever.  

Manifestation 

Jones Criteria 

AHA 2015  

Low-risk 

population ‡ 

Jones Criteria  

AHA 2015(51) 

Moderate and high-risk 

population 

NZ 

2014(54) 

Australia 

2012(53) 

Clinical carditis Major Major Major Major 

Subclinical (echo) carditis Major Major Major Major 

Polyarthritis  Major Major Major Major 

Monoarthritis (aseptic) – Major Major Major 

Polyarthralgia* Minor Major Minor Major 

Monoarthralgia – Minor – Minor 

Chorea  Major Major Major Major 

Erythema marginatum  Major Major Major Major 

Subcutaneous nodules  Major Major Major Major 

Prolonged PR interval Minor Minor Minor Minor 

Elevated acute phase reactants Minor† Minor° Minorα Minor¥ 

Fever  Minor Minor Minor Minor 

‡The AHA defines a low-risk population as having rheumatic fever incidence of ≤ 2 per 100,000/year 

*Polyarthralgia – should only be considered as a major manifestation in moderate to high-risk populations after other causes 

have carefully been excluded 

†ESR (Erythrocyte sedimentation rate) ≥ 60mm/hr in low-risk populations (AHA) 

°ESR ≥30mm/hr in high-risk populations (AHA)  

αESR ≥50mm/hr (NZ)  

¥ESR ≥30mm/hr in high-risk populations (Aus)  

1.4 Major diagnostic criteria 

1.4.1 Carditis (valvulitis) 

Globally, approximately 50 to 65% of persons with ARF have clinically detectable carditis 

(inflammation of the heart valve leaflets leading to valvular regurgitation).(29) The mitral 

valve (MV) is most frequently involved, followed by the aortic valve. Pericarditis and 

myocarditis can also occasionally occur.(55) Severe carditis occurs in approximately 20% and 

can lead to congestive cardiac failure.(30) Milder rheumatic carditis may be subclinical in 

around 30% of cases – that is, detected by echocardiography but not audible by 

stethoscope.(16, 17, 29, 56-58)  

Rheumatic carditis can evolve over weeks to months, underscoring the importance of repeating 

the echocardiogram in 2–4 weeks if the first echocardiogram is normal.  

1.4.2 Arthritis 

Classically a migratory asymmetrical polyarthritis affecting the large joints occurs. This causes 

pain, swelling, limitation of movement and local heat. In practice, the joint manifestations can 

be difficult to assess due to the use of non-steroidal anti-inflammatory drugs (NSAIDs) which 

can mask the presence of symptoms. Monoarthritis, particularly involving the hip, has also 
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been described as a presenting feature in high-incidence rheumatic fever populations (59, 60) 

and all three diagnostic guidelines in high-risk populations now accept monoarthritis as a major 

manifestation (Table 1).  

1.4.3 Chorea  

Chorea affects up to 15% of people with rheumatic fever and is more common in females and 

adolescents.(61) Chorea typically occurs following a longer latent period (up to six months) 

after a streptococcal infection, by which time the other inflammatory features of rheumatic 

fever have resolved. It can follow a fluctuating course over many months, occasionally years, 

before eventually resolving. Chorea consists of involuntary jerky movements which may be 

asymmetrical (hemichorea), facial grimacing, fidgeting, clumsiness and emotional lability. 

Patients may experience deterioration in handwriting, inability to feed themselves, and 

unsteady gait leading to falls. Choreiform movements improve during sleep. Up to 60% of 

patients with chorea will have residual RHD.(62, 63) Long-term neuropsychiatric issues have 

also been described in up to 20%.(64) Chorea can take a fluctuating course, but eventually 

resolves. 

1.4.4 Subcutaneous nodules  

These are rare, described in <5% of cases.(61, 65, 66) They are small (<2cm diameter), firm, 

painless, mobile nodules which occur over the extensor surfaces of elbows, wrists, knees, 

ankles and occasionally Achilles tendon and spine. They last for up to a fortnight and usually 

appear during the first weeks of the inflammatory phase. Nodules are often found in 

association with carditis.(51)  

1.4.5 Erythema marginatum  

This is also rare, occurring in <5%.(65, 66) It is an annular erythema occurring on the torso, 

upper arms and legs. Macules and papules spread outwards, with the edges becoming raised. 

Erythema marginatum can fluctuate over many weeks. It is not itchy or painful. Erythema 

marginatum can be difficult to identify in people with darker skin. 

1.5 Minor diagnostic criteria  

1.5.1 Arthralgia 

If polyarthritis is present, then arthralgia cannot also be used as a minor feature of ARF. There 

may be no overt signs of arthritis, particularly in the setting of prior NSAID use. Joint 

manifestations can take a fluctuating course over days to several weeks and it can be difficult 

to differentiate arthritis from arthralgia based on history alone.  
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1.5.2 First degree heart block  

In the absence of carditis, first degree heart block can be included as one of the minor criteria 

to support the diagnosis of rheumatic fever. The PR interval should be interpreted according to 

age and heart rate. In children the upper limit of normal for a PR interval is 0.16 seconds if age 

<12 years and 0.18 seconds if ≥12 years old.(54) Advanced atrio-ventricular block is less well 

recognised but occurs in 5 – 8% of cases if serial ECGs are performed(67). 

1.5.3 Fever 

Varying fever patterns can occur. The fever response is very sensitive to anti-inflammatory 

medication and widespread use of paracetamol and NSAIDs can mean fever is short-lived. 

Conversely, when rheumatic fever patients have a marked inflammatory response with 

evolving arthritis and carditis then persisting high fevers may be observed. In high-risk 

populations, a single of temperature ≥38.0
°
C is nowadays accepted as adequate evidence of 

fever and a minor criterion.(51, 53, 54) 

1.5.4 Elevated acute phase reactants 

The ESR is elevated, usually above 50mm/hr, and diagnostic guidelines utilise varying 

thresholds ≥30mmh/hr.(51, 53, 54) The ESR remains elevated for several weeks, often after 

symptoms have resolved, and can take several months to normalise. C-reactive protein (CRP) 

concentrations are also elevated, but typically rise and fall more quickly than the ESR. 

Elevated inflammatory markers are non-specific and may occur with infection and other 

inflammatory conditions. 

1.6 Evidence of prior infection with GAS 

A positive pharyngeal culture or elevated streptococcal blood antibody titres to confirm an 

immunologic response to group A streptococcal pharyngitis are required within the Jones 

Criteria; however, these laboratory investigations may not be available in many of the 

resource-limited countries where rheumatic fever is common. Streptococcal antibodies include 

antideoxyribonuclease-B antibody (anti-DNase B) and anti-streptolysin O titre (ASOT). 

Antibody titres can rise over several weeks and decline over several months. A twofold rise or 

fall in titres, or single set of elevated titres, is generally accepted as being diagnostic of a recent 

streptococcal infection. Reference ranges have been developed to assist with interpretation of 

streptococcal antibody titres in high-risk populations.(53, 54)  
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1.7 Other clinical features  

Abdominal pain, nephritis, anaemia, pneumonia and epistaxis (particularly in association with 

significant aortic regurgitation) have all been described in ARF, and these features were 

acknowledged in the original 1944 Duckett Jones Criteria.(52) 

1.8 What alternative diagnoses should be considered? 

Rheumatic fever remains a clinical diagnosis. A range of alternatives should be considered 

when a person presents with some features but does not fulfil all the diagnostic criteria (Table 

2).  

Table 2. Differential diagnosis of acute rheumatic fever.  

 Differential diagnoses to consider  Discriminating features, investigations  

Carditis Congenital heart disease Diagnosis confirmed on echocardiogram  

Infective endocarditis  Positive blood cultures, echocardiographic 

evidence of vegetations, new regurgitation  

Embolic and immunologic phenomena  

Viral myocarditis Evidence of preceding viral infection  

Elevated cardiac enzymes  

Echocardiogram – impaired ventricular function 

Other causes of pericarditis (viral, 

bacterial, connective tissue disorders) 

ECG – diffuse saddle ST elevation  

Echocardiogram – pericardial effusion  

Evidence of viral or bacterial infection 

Innocent cardiac murmur Normal echocardiogram 

Arthritis Septic arthritis  Purulent joint fluid, bacterial growth on culture 

of joint fluid or blood 

Reactive arthritis (hepatitis B, rubella, 

parvovirus, cytomegalovirus, Epstein 

Barr virus, yersiniosis, mycoplasma, 

Lyme disease) 

Serology indicative of recent infection 

Juvenile idiopathic arthritis  

Other connective tissue disorders 

including systemic lupus erythematosus, 

sarcoidosis, psoriatic arthritis, systemic 

vasculitis  

May involve small joints, rash, nephritis, other 

organ systems 

Blood tests – rheumatoid factor, antinuclear 

antibodies (ANA), extractable nuclear 

antibodies, double-stranded DNA, anti-

citrullinated protein antibodies  

Ophthalmoscopy – uveitis  

Radiology – erosive changes  

Sickle cell disease Haemoglobin electrophoresis 

Leukaemia Blood film demonstrating blasts 

Chorea Gout Elevated uric acid 

Wilson’s disease Abnormal copper and ceruloplasmin levels 

Kayser Fleischer rings 

Familial – Huntington’s  Genetic testing 

Drugs and toxins Careful history, urine toxicology 

Intracranial tumour  Neuro-imaging  

Metabolic ataxia telangiectasia, Lesch-

Nyhan syndrome  

Characteristic features on neuro-imaging  

Genetic testing  
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 Differential diagnoses to consider  Discriminating features, investigations  

Choreo-athetoid cerebral palsy  History, clinical features of cerebral palsy  

Tic disorder/Tourette syndrome  

Auto-immune disorders including 

systemic lupus erythematosus, anti-

phospholipid antibody syndrome, anti-

NMDAR encephalitis  

ANA screen, anti-NMDAR antibodies, double-

stranded DNA  

Hormonal – pregnancy, oral 

contraceptive pill, hyperthyroidism  

 

1.9 How is acute rheumatic fever treated?  

1.9.1 Initial management when the diagnosis is suspected  

Most individuals with suspected ARF are hospitalised to undertake a diagnostic work-up and 

initiate treatment. Treatment of the acute inflammatory phase is supportive, and focuses on 

providing symptomatic relief of arthritis, supportive care for carditis, along with education for 

the patient and family. After obtaining a throat swab, penicillin is commenced to eradicate 

GAS from the pharynx. Either oral phenoxymethylpenicillin (penicillin VK) 500mg twice 

daily for 10 days or a single dose of intramuscular benzathine penicillin can be given, until the 

patient is established on long-term secondary antibiotic prophylaxis.  

1.9.2 Antibiotic prophylaxis  

Secondary antibiotic prophylaxis is recommended for individuals following an episode of ARF 

to prevent GAS infection and rheumatic fever recurrences.(53, 54) A 2006 Cochrane 

systematic review reported that intramuscular benzathine penicillin is superior compared to 

either no prophylaxis or oral penicillin in reducing rheumatic fever recurrences.(68-72) 

Benzathine penicillin has also been shown to improve long-term cardiac outcomes in RHD.(31, 

73) Intramuscular Benzathine penicillin is the preferred method of prophylaxis recommended 

by the World Health Organization (WHO) (74) and is given every 3 to 4 weeks. Whilst a 3 

weekly dose interval has been described to result in fewer recurrences,(75) the recurrence rate 

is very low with good adherence to a four weekly regimen.(76) The recommended dose is 1.2 

mega units (900 mg) for persons weighing >20 kg. Smaller children may require a lower dose. 

For patients with penicillin allergy, erythromycin is the recommended alternative antibiotic. 

Recommendations regarding duration of secondary prophylaxis are based on expert opinion, 

and observations that recurrences are extremely uncommon after age 21 years, or more than 10 

years after the first ARF episode.(74) There are variations in practice around the world, 

however in most regions benzathine prophylaxis is continued for a minimum of 10 years 

following diagnosis for individuals with carditis(53, 54) and this is also recommended by the 

WHO.(74) Prophylaxis may be continued for longer in individuals with severe RHD, 
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particularly those who have had cardiac surgery, or recurrences. New Zealand and Australian 

guidelines recommend at least until age 30 years in this situation.(53, 54) A recent clinical trial 

showed that injection-related pain can be reduced by using lignocaine as a diluent with 

benzathine penicillin, without affecting penicillin concentration in body fluids.(77) 

1.9.3 Management of specific symptoms in rheumatic fever 

1.9.3.1 Carditis 

A 2006 Cochrane systematic review of clinical trials found that neither aspirin or 

corticosteroids improved cardiac outcomes at one year post diagnosis.(78) However some 

clinicians believe steroids have a role in the acute inflammatory phase of severe carditis, 

particularly for patients with pericardial effusions or severe pancarditis. Bed rest for several 

weeks, followed by gentle ambulation, is still recommended for patients with moderate to 

severe carditis(54) however this practice has not been scientifically evaluated in recent 

years.(79) Diuretics and vasodilators are used in severe carditis. Typically frusemide is used in 

mild to moderate congestive heart failure. Angiotensin-converting-enzyme (ACE) inhibitors 

have a particular role in severe aortic regurgitation (AR) as they reduce cardiac afterload. 

Serial echocardiography to measure cardiac dimensions and function can help cardiologists 

determine whether valve surgery is indicated. In many patients, the severity of the carditis 

stabilises or improves over weeks to months, as the inflammatory phase resolves. Wherever 

possible surgery is delayed until the active inflammation has settled, as surgery during the 

acute inflammatory phase is associated with higher failure rates.(80, 81) Mitral valve repair is 

favoured over mechanical replacement when technically feasible. Excellent outcomes have 

been reported with repair surgery (90% survival and 75% freedom from re-operation at 10 

years)(82) and this avoids need for long-term anticoagulation.  

1.9.3.2 Chorea  

Chorea is a clinical diagnosis, made after a careful assessment to exclude other causes. It is 

important to consider whether a child presenting with chorea could have Wilson’s disease, an 

auto-immune disorder or another neuro-metabolic condition. Additional laboratory 

investigations and neuro-imaging may be indicated, particularly if there are no other features to 

support a rheumatic fever diagnosis, if the child comes from a population where rheumatic 

fever is rare, or there are atypical features (Table 2). Treatment of chorea is supportive. Patients 

and caregivers must be informed regarding the potential for chorea to continue for several 

months and to fluctuate during times of intercurrent illness and stress. A multidisciplinary 

approach is needed, including psychosocial support, and support to ensure that the child is safe 

from falls. There is limited data to guide treatment of chorea.(83) Small case series have shown 
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that sodium valproate and carbamazepine are similarly effective and well tolerated for reducing 

involuntary movements.(84-86) Haloperidol and other neuroleptics should be avoided due to 

potential for extra-pyramidal side effects. A small randomised study compared intravenous 

immunoglobulin (IVIG) with plasma exchange and short course of oral steroids in chorea, and 

found that all three agents resulted in an improvement one month following treatment. Greater 

improvements were noted in the IVIG and plasma exchange groups compared to the group who 

received oral steroids.(87) Benzathine penicillin is recommended for all cases of chorea due to 

the strong association with carditis and eventual RHD. 

1.9.3.3 Arthritis and arthralgia  

The joint manifestations of ARF can be extremely painful. NSAIDs may mask signs of ARF 

and paracetamol is the preferred symptomatic treatment until the diagnosis is established. Once 

the diagnosis is certain the treatment of choice is naproxen twice daily, at a dose of 10–

20mg/kg/day.(54) A small randomised controlled study showed that naproxen is equivalent to 

aspirin for treatment of arthritis, and causes liver enzyme derangement less frequently.(88) 

Ibuprofen can be used but there is no data to compare its safety and efficacy to naproxen. In 

our experience, generally a response to NSAIDs occurs within several days of initiation. Most 

cases require 1 to 2 weeks of regular NSAIDs and it is uncommon to require more than several 

weeks.  

1.10 What are the long-term complications?  

For many people with mild to moderate carditis the degree of valvular regurgitation stabilises 

or improves within 12 months following diagnosis.(18, 89, 90) Individuals who experience 

severe carditis during the initial episode, or recurrences of rheumatic fever, are at greatest risk 

of severe chronic RHD(30) , a  non-communicable disease which is associated with an 

increased risk of heart failure, infective endocarditis, pregnancy complications, stroke, 

arrhythmias and premature death.(32, 91-94) Careful attention to ensure good adherence to 

benzathine penicillin prophylaxis is required.  

Antibiotic prophylaxis for endocarditis prior to dental procedures is recommended for all 

individuals with RHD in Australia and NZ,(95, 96) in contrast to the AHA guidelines, which 

restrict antibiotics to a small group at highest risk of adverse outcomes from endocarditis(97) 

and the UK, where the National Institute for Clinical Excellence (NICE) advocates that 

prophylactic antibiotics are not given in any circumstances.(98)  
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1.11 What are the population health implications?  

Globally, 40 - 80% of children and adults with RHD do not have a history of a prior recognised 

acute rheumatic fever episode.(27) Active case finding is recommended by the WHO and when 

children or adults from high-incidence populations or demographic backgrounds are found to 

have cardiac murmurs, or complications as described above, echocardiography should be 

performed wherever possible to look for RHD.(74) In recent years population-based 

echocardiographic screening for RHD has been conducted in numerous high-incidence 

rheumatic fever regions.(24, 43, 99-101) The World Heart Federation (WHF) consensus 

diagnostic criteria,  published in 2012,  provide a consistent global approach to the 

echocardiographic diagnosis of RHD.(102) Currently the potential risks, benefits and future 

role of echocardiographic screening within RHD control programmes are being 

evaluated.(103)  

The last decade has seen growing awareness of the need for comprehensive and coordinated 

global efforts to control rheumatic fever and RHD. Various primary prevention strategies are 

being considered, including development of an effective vaccine for group A streptococcus(23, 

104) and improving population awareness and treatment of group A streptococcal pharyngitis. 

In NZ, a school-based sore throat programme, to detect and treat group A streptococcal 

pharyngitis, has been in progress since 2013.(19, 105, 106) The WHF has put considerable 

effort into strengthening register-based systems for delivery of benzathine penicillin 

prophylaxis and clinical follow-up of individuals with RHD. Global registries are collating 

morbidity and mortality data from regions such as Africa where there has previously been 

limited epidemiologic information.(32, 107) 

There is a recognised association between household crowding and rheumatic fever.(48, 108, 

109) Well-designed studies to assess the role of specific environmental risk factors and the 

effectiveness of targeted interventions are urgently needed to inform future primary prevention 

strategies.  
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Chapter 2: Rheumatic fever epidemiology and 

control in New Zealand prior to 2011 

This chapter describes epidemiology of acute rheumatic fever in NZ up until 2010 and outlines 

initiatives to prevent and control this disease.   

2.1 Epidemiology of rheumatic fever in New Zealand 

Some of the earliest published reports of ARF incidence in New Zealand were published in the 

1970s, by Dr Paul Frankish, visiting paediatrician to Cook Hospital in Gisborne and Wairoa 

Hospital in the Hawke’s Bay(9, 10), and epidemiologist Dr J Stanhope(110). Stanhope’s 

review of school records from the 1920s estimated annual ARF incidence in school-children of 

approximately 65 per 100,000(110). Frankish described extremely ARF high-incidence 

amongst the predominantly Māori rural population of Te Puia district for the period 1956 – 73 

of 351 hospitalisations/100,000/year and in Wairoa 232/100,000/year. In the absence of an 

organised secondary prophylaxis programme, recurrence rates  in Te Puia at this time were 

over 35%.(10) There was a substantial decline in the number of ARF admissions in the 1970s 

and 1980s, from approximately 500 per year to around 200 per year(11), associated with the 

introduction of improved secondary prophylaxis and regional rheumatic fever registers, after 

which time ARF case numbers remained relatively constant. Stanhope, Frankish, Neutze and 

others convened a New Zealand Rheumatic Fever Working Party in Rotorua in 1983 (111) and 

their advocacy led to ARF becoming a nationally notifiable condition in 1986. Since this time, 

national-level surveillance has been undertaken by the Department of Health followed by the 

Institute of Environmental and Science Research Ltd.  

Figure 1 shows that annual notification numbers have been consistently lower than 

hospitalisation numbers, largely due to under-notification of cases. Furthermore, the incidence 

of ARF  has been slowly increasing among young Māori and Pacific Islanders with ethnic 

disparities widening(5) (Figure 2). 
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Figure 1. Acute rheumatic fever first admissions and notifications, 1987–2008. Source: Institute of 

Environmental and Science Research Ltd Annual Public Health Surveillance Reports. URL: 

http://www.surv.esr.cri.nz/ (accessed September 2009). ( ) Hospital admissions and ( ) notifications. 

The reported incidence rates of 34/100 000 among Māori aged 5–14 years and 67/100 000 

among Pacific Islanders compare strikingly with the much lower NZ European rate of 3/100 

000. The NZ domiciled Pacific Islander rate is similar to the 75/100 000 for those residing in 

the Pacific Islands.(112) In NZ ARF has been shown to be strongly associated with socio-

economic deprivation and household crowding,(48, 113) with the relative risk of ARF 

hospitalisation being 29 times higher for those living in the most socioeconomically deprived 

regions.(114) Within NZ there is also considerable geographic variation in ARF incidence. The 

majority of cases occur in socioeconomically deprived areas in the northern half of the North 

Island, with the highest rates in South Auckland, Northland, the Bay of Plenty and Tairāwhiti. 

Between 2004 and 2008 ethnic-specific ARF hospitalisation rates for children in the Counties 

Manukau District Health Board area (South Auckland) were more than twice the national rates, 

with 124 cases/100,000/year among Pacific Islanders 5–14 years old and 117/100,000/year 

among Māori 5–14 years old (Dr Pip Anderson, Counties Manukau District Health Board, 

emailed personal communication, 2009). In the Waikato region between 1998 and 2004 the 

rate among Māori aged 5–14 years was 39.6/100,000/year.(115) These rates are lower than 

contemporary ARF rates in Australian Aboriginal populations. In the early 1990s ARF 

incidence among 5-14 year old children in the Northern Territory  was 254/100,000/year.(116) 

http://www.surv.esr.cri.nz/
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Figure 2. Age-standardised annual incidence of acute rheumatic fever first admissions by ethnicity, 

1996–2005. Note that these are age adjusted rates for the total population, not just the 5–15 year age 

group.(5) ( ) New Zealand European and other, ( ) Māori and ( ) Pacific people. 

The permanent sequel of ARF is RHD, which causes morbidity and impaired quality of life in 

young adults with 150–180 RHD deaths occurring each year in NZ (114) (Figure 3). 

 
Figure 3. Deaths due to rheumatic heart disease hospitalisations, 1984–2006. URL: 

http://www.nzhis.govt.nz/moh (accessed September 2009). ARF and RHD deaths, 1980–2004. ( ) 

CRHD deaths and ( ) ARF deaths.  

http://www.nzhis.govt.nz/moh
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RHD is not a notifiable condition. Surveillance occurs by intermittent monitoring of RHD 

admission and mortality data.  Surveys in the 1970s and early 1980s estimated RHD 

prevalence to be 7.0 per 1,000 in Wairoa(9) and 6.5 per 1,000 among  Māori aged 5-19 years  

in the Waikato, as compared to 0.9 per 1,000 among non-Māori.(117) Periodic assessments 

conducted by Te Rōpū Rangahau Hauora A Eru Pōmare (the Eru Pōmare Research Centre) 

show no decline in RHD mortality among Māori in the latter decades of the 20
th

 and first 

decade of the 21
st
 century.(118, 119) Between 2000 and 2004 Māori age-standardised RHD 

mortality rates, at 6/100,000, were sevenfold that of non-Māori rates. Among Pacific peoples 

living in NZ, the Ministry of Health reported that RHD is the fourth most common cause of 

death of Pacific peoples 0–24 years old, behind road traffic injuries, cancer and suicide.(120) 

2.2 Approaches towards control of acute rheumatic fever/rheumatic heart 

disease in New Zealand 

A detailed description of primary, secondary and tertiary control strategies is contained in the 

report of a 2001 WHO Expert Consultation on Group A Streptococcal Diseases.(121) In NZ 

efforts to control ARF/RHD prior to 2010 largely focused on the provision of secondary 

prophylaxis with particular emphasis on the role of rheumatic fever registers and nurse-led 

delivery of secondary prophylaxis in the community to reduce rheumatic fever recurrences.(76, 

122) 

2.3 Pre-primary (primordial) prevention 

There is a strong association between socio-economic deprivation and ARF in NZ.(113) 

Although not directed solely at reducing ARF/RHD burden, a number of initiatives to address 

household crowding are currently underway in NZ.(123) It is expected that these initiatives, if 

they become widespread, may result in reduced rates of many preventable infectious diseases, 

including ARF. 

2.4 Primary prevention 

Opportunistic primary prevention of ARF through antibiotic treatment of group A 

streptococcal pharyngitis should be an integral part of ARF disease prevention. In NZ there has 

never been a successful public health message that ‘sore throats matter’ similar to that in North 

America in the 1950s and 1960s, which has resulted in continued awareness and concern of the 

American public about ‘strep throat’. The NZ Ministry of Health(124) and in more recent years 

PHARMAC, the NZ government body that manages the country’s pharmaceutical budget, have 

discouraged the practice of throat swabbing and the prescription of antibiotics for upper 

respiratory tract infections. While this is commendable in populations where there is a low 

incidence of ARF, a different message is needed in high-risk ARF populations so that sore 
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throats are taken seriously by both families and doctors. To address these issues, evidence-

based NZ guidelines for group a streptococcal sore throat management were published in 

2008.(106) These guidelines were targeted at primary care clinicians and provide risk-stratified 

algorithms for assessment and antibiotic treatment of individuals and household contacts of 

persons with GAS pharyngitis. A 2009 workshop sponsored by the National Heart Foundation 

identified the need to update existing educational and health promotion resources in all 

appropriate languages concerning primary care management of sore throats and ARF. 

Population-based primary prevention programmes for ARF have been restudied and are 

currently active in some high-incidence regions in NZ. A landmark large randomised school-

based primary prevention study was conducted by Lennon and colleagues in South Auckland 

schools.(19) Over 22,000 students in participating schools were randomised to receive either 

sore throat clinics and nurse-delivered antibiotics or standard primary care. A non-significant 

21% reduction in ARF incidence was observed in the treatment schools (incidence risk 

ratio=0.79; 95% confidence interval: 0.41–1.52), increasing to 30% if subclinical carditis was 

included for the diagnosis of ARF. This result was deemed to be underpowered with respect to 

numbers of cases of ARF in the time period, and aspects of the study design likely reduced the 

effect of the intervention. 

Elsewhere in NZ, a community-led primary prevention programme in a small Northland 

community that included education of school children and families about sore throats and 

rheumatic fever, in addition to throat swabbing, has been highly successful, with no ARF cases 

since initiation of throat swabbing in schools in 2002.(125) This has led to new programmes to 

starting in a number of other small communities where there is a high incidence of ARF. 

A recent meta-analysis of primary prevention studies projected a 60% reduction in ARF 

incidence with introduction of school sore throat programmes.(105) However, only one of the 

studies included was a randomised controlled trial (RCT) and that RCT,(19) conducted by the 

authors of the meta-analysis, failed to show a statistical difference. Some of these studies 

included the additional measures of community education campaigns and improved access to 

primary health care.(126) It appears that these additional measures may be needed for 

successful primary prevention rather than programmes restricted to throat swabbing and 

treatment of streptococcal pharyngitis alone. A detailed review of primary prevention of 

rheumatic fever on a worldwide basis has recently been published and strongly supports the 

applicability of targeted primary prevention in regions with very high ARF rates in NZ.(127) 
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2.5 Secondary prevention 

Secondary prevention remains the backbone of disease control in NZ. Secondary prevention 

using 4 weekly delivery of long-acting intramuscular benzathine penicillin has been shown to 

reduce ARF recurrences and improve cardiac outcomes.(74, 128) Regional rheumatic fever 

registers monitor disease burden and facilitate delivery of prophylaxis by community 

nurses.(122) There has been an exemplary nurse-led secondary prevention programme in 

Auckland. Established in 1983 the Auckland Regional Rheumatic Fever Register covers 

approximately half of the nation’s known cases. The majority of community nursing centres 

delivering penicillin prophylaxis in Auckland record >95% compliance with timely penicillin 

delivery.(129) Patients receive fourth weekly intramuscular benzathine penicillin injections 

unless there has been a recurrence. The true penicillin failure rate is as low as 0.07 per 100 

patient years,(76) which is international best practice for any benzathine penicillin regimen. 

The freedom from ARF recurrence was 1.4 per 100 patient years for the programme. The 

overall recurrence rate of 5% per year takes into account those no longer on the register and 

non-compliant clients who had moved residence. A workshop co-sponsored by the National 

Heart Foundation of New Zealand and the Ministry of Health in Auckland in 2009 

recommended developing a web-based system to link the registers to improve compliance for 

individuals moving between regions. 

2.6 Acute rheumatic fever  

In 2006 evidence-based rheumatic fever guidelines were published in NZ.(128) The guidelines 

were sponsored by the National Heart Foundation and Cardiac Society of Australia and New 

Zealand, and developed in parallel with Australian Rheumatic Fever Guidelines.(130) The 

guidelines aimed to ensure provision of consistent and best-practice clinical care for all New 

Zealanders with ARF/RHD. They also recognised the limitations of the AHA 1992 updated 

Jones Criteria(131) for high-incidence populations. The NZ guidelines made two key 

modifications to the 1992 Jones update: 

1. Acceptance of echocardiographic carditis as a major criterion 

2. Acceptance of monoarthritis as a major criterion (if treated with NSAIDs that may 

abort the typical pattern of migratory polyarthritis) 

An additional aspect of secondary prevention endorsed within the NZ guidelines involves 

contact tracing and treatment of group A streptococcal carriage for household contacts of ARF 

cases. This practice is also recommended by the Infectious Diseases Society of America.(132) 

Since 2008 the Auckland Regional Public Health Service detects on average 20% of household 
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contacts that have positive streptococcal throat swabs reflecting the high bacterial carriage of 

these communities (Dr Brigid O’Brien, emailed personal communication, 2010). 

2.7 Echocardiographic screening for rheumatic heart disease  

The WHO recommends surveillance for RHD through screening, on the rationale that in high-

incidence populations people often present with established RHD without a prior history of 

ARF, for example mitral stenosis in pregnancy and heart failure in adulthood.(74) 

Unrecognised RHD represents missed opportunities for prophylaxis and leaves individuals at 

risk of ARF recurrences and worsening cardiac disease. Auscultation-based screening 

undertaken in the 1970s found an RHD prevalence of 6.5 per 1,000 among Māori in the 

Waikato(117) Currently there is considerable interest both locally(24) and internationally(43, 

100) in the use of portable echocardiography to screen for RHD. This is viewed as a 

component of secondary prevention.(74) The initial NZ experience found that the prevalence 

of undetected RHD was 2.4% in a cohort of 1,142 10 to 13-year-old children in South 

Auckland studied in 2006–2007.(24) Echocardiographic screening has a 5–10 times higher 

detection rate for RHD than auscultation(43) and, combined with the institution of secondary 

prevention measures, has the potential to reduce the prevalence of severe RHD. 

Echocardiography may over-diagnose RHD unless congenital MV anomalies and physiologic 

valve regurgitation are excluded. 

Other regions in NZ have now undergone or are planning portable echocardiography screening, 

the results of which will help determine the appropriate age, frequency and regions for ongoing 

screening, as well as assess cost-effectiveness. The natural history of echocardiographic 

changes suggestive of RHD detected by screening is not yet fully understood, and multi-centre 

collaborative studies are currently underway in NZ and Australia aiming to standardise 

diagnostic criteria for RHD and help define the natural history of subclinical RHD detected by 

echocardiographic screening. Finally, improved understanding of global RHD disease burden 

will help provide epidemiological data for targeting streptococcal vaccine delivery, when 

available, in the future.(100) 

2.8 Tertiary cardiac care 

Tertiary services for children with severe RHD in NZ are centred at the Department of 

Paediatric and Congenital Cardiac Services at Starship Children’s Hospital in Auckland. We 

estimate that 20% of those with ARF in NZ have residual severe RHD. The unit also provides 

cardiac care for children with RHD for several countries in the South Western Pacific, with 

most referrals from Samoa and Tonga. New data from NZ show that surgical mitral valve 

(MV)repair is preferable to replacement in children,(133) as has already been proven for 
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adults.(134) Advantages of repair include preservation of ventricular function, lower operative 

mortality and importantly the avoidance of long-term warfarin with its attendant risks of 

bleeding, thrombo-embolism and adverse maternity outcomes.(135) In Auckland the current 

repair rate for paediatric rheumatic MV disease is over 90% (Dr K Finucane, personal 

communication, 2009), including fulminant cases with ruptured chordae tendineae.(136) There 

is also an increasing ability to repair rheumatic aortic valves with RHD although long-term 

valve durability data are lacking. The majority of children who have undergone valve repair 

surgery will eventually need revisional surgery in adulthood. 

2.9 Summary and Conclusions as of 2010 

In NZ ARF continues unabated despite well-organised secondary prophylaxis services. There 

are wide ethnic disparities of risk for ARF. There is an urgent need for improved resources and 

funding to reduce these inequalities and control the disease burden in NZ. A coordinated 

approach that incorporates sore throat programmes, efforts to reduce household crowding, 

improvement of community understanding of pharyngitis and ARF, and easy access to primary 

health care is required. Ongoing research and development of echocardiographic screening for 

RHD in high-risk communities in NZ is being undertaken. 
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Chapter 3:Rheumatic fever epidemiology and control 

in New Zealand 2011–present  

Since 2011, substantial changes have occurred in relation to ARF prevention, surveillance 

control activities in NZ. The major change was the national Rheumatic Fever Prevention 

Programme (RFPP) which ran between 2013 and 2017 and encompassed intensive national 

health promotion activities and primary prevention activities in high-incidence regions.(137) In 

2014 the NZ diagnostic criteria for rheumatic fever were also updated. There have also been a 

number of studies of ARF epidemiology in specific population sub-groups.  

3.1 Diagnostic criteria  

New Zealand Heart Foundation Guidelines for the diagnosis and management of ARF were 

first published in 2006.(128) At the time, these criteria were world-leading as they included 

two major criteria not included in the 1992 modified Jones Criteria (1992 update): 1) 

echocardiographic evidence of carditis and 2) monoarthritis in the setting of prior NSAID 

use.(50) These criteria were incorporated into NZ criteria in acknowledgement of the 

substantial body of local and international evidence regarding echocardiographic subclinical 

carditis(16, 17, 58, 138, 139) and to ensure adequate sensitivity of diagnostic criteria in our 

high-incidence ARF population, in order not to miss cases. A 2014 study demonstrated that 

application of the 2006 NZ criteria resulted in a 16% increase in definite ARF cases as 

compared to 1992 Jones Criteria.(29) In 2014, the NZ guidelines were updated and became 

even more broad by including monoarthritis irrespective of prior NASIDs as a major criterion. 

This change was informed by a 2015 case series which found that amongst 34 cases of ARF 

presenting as monoarthritis, only 5/34 (14%) had received NSAIDs prior to diagnosis.(140) 

The 2014 NZ criteria are now applied routinely in NZ for epidemiologic surveillance of ARF 

and in clinical practice. Impact on case ascertainment and classification of ARF has yet to be 

evaluated, but it is anticipated that the 2014 criteria may have led to a small increase in the 

proportion of cases suspected classified as definite ARF, in particular cases presenting with 

monoarthritis and no evidence of either clinical or subclinical carditis, which would have 

previously been classified as possible or probable ARF.    

3.1.1 Acute rheumatic fever/rheumatic heart disease surveillance  

ARF surveillance systems in NZ have remained essentially unchanged since 2011. There are 

three different surveillance methods in place and no single national ARF Registry. National-

level public health notification data continues to be collected by regional public health units 

and submitted to the Institute of Environmental and Science Research Ltd and Ministry of 
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Health (MOH) via the EpiSurv system, New Zealand’s system for epidemiologic surveillance 

of notifiable infectious diseases. Hospitalisation and mortality data is collected via the National 

Minimum Dataset (NMDS). District health boards in high-incidence regions also maintain 

separate ARF registers primarily to enable delivery of benzathine benzyl penicillin G (BPG) 

secondary prophylaxis, with some regional registers also providing high-quality regional 

epidemiologic data based on detailed patient information and careful scrutiny of case 

particulars.(141)  

Limitations of existing surveillance systems in NZ have been highlighted in several recent 

publications, with the NMDS being observed to over-report cases by up to 33%.(141) Under-

notification to EpiSurv by up to 20% has also been documented.(141, 142) These surveillance 

challenges may be due to the complexities of the ICD coding system as it pertains to ARF and 

valvular heart disease, the complex diagnostic criteria and absence of a gold standard biologic 

test for ARF and reliance on clinicians to a) accurately diagnose and b) appropriately report 

cases to regional registers and public health units. Over the last decade there have been 

numerous calls by clinicians, advocates and researchers to develop a single national 

register,(143, 144) but to date this has not been realised. 

Additional limitations of current surveillance mechanisms include inconsistent reporting of 

ARF recurrences, and the ongoing lack of any kind of organised surveillance of RHD 

prevalence and morbidity (see section 3.5 below).  

3.2 The New Zealand Rheumatic Fever Prevention Programme 

In 2012, a national, NZ government-funded Rheumatic Fever Prevention Programme (RFPP) 

was launched in 10 North Island DHBs in high-incidence regions. The RFPP encompassed 

health promotion and primary prevention activities focused on detection and treatment of group 

A streptococcal pharyngitis in schoolchildren, particularly those aged 5–12 years who 

experience the highest incidence of ARF of any age group. The overarching aim of the 

programme was to reduce ARF incidence in NZ by two thirds and the overall cost of the 

programme was approximately $65 million dollars.(137) Programme content, delivery and 

population reach varied in the different DHBs participating in the RFPP. The RFPP did not 

include secondary or tertiary prevention and control activities.  

In South Auckland, the region in NZ with the highest incidence of ARF (accounting for 

approximately half of all cases in NZ) the school-based programme was delivered by the 

ManaKidz network and reached about 24,000 children (91% of those attending Decile 1 

primary schools, that is, schools with the highest proportion of children living in socio-

economic deprivation). In addition to school-based throat swabbing and treatment for children 
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with symptomatic pharyngitis, school nurses treated skin sores and managed other child health 

concerns in order to improve access to primary health care. Free “drop in” primary care clinic 

visits for sore throat treatment were also offered as part of the programme.(145) By June 2017, 

government funding of the RFPP ended and ongoing responsibility for ARF prevention 

activities was devolved back to individual DHBs.  

3.3 Acute rheumatic fever incidence 2011–present  

3.3.1 National data  

From 2015 onwards, and temporally associated with the implementation of the RFPP, overall 

ARF incidence reduced in NZ, from 4.0 to 2.9 per 100,000.(2) For the period 2011–2013, 

national ARF incidence among 5–12 year olds (the target population for the RFPP) was around 

20/100,000/year. In 2016 incidence in the 5–14 age group fell to 13/100,000/year. Since RFPP 

stopped, ARF incidence is increasing with overall national rates approaching pre-RFPP levels. 

In 2018 national incidence amongst 5–14 year olds was 16/100,000/year.(137) The Institute of 

Environmental and Science Research Institute Ltd reports indicate there were 188 cases of 

ARF in 2018 and 156 cases in 2017, as compared to a nadir of 112 cases in 2015. Detailed 

evaluations of the national RFPP and the CMDHB programme have recently been reported.(2, 

137, 145)  

3.3.2 Auckland region  

Following a similar pattern to national data, ARPHS notification data for the Auckland region 

demonstrates a decrease in ARF incidence during the peak years of the RFPP (2015/16), with a 

sharp increase in subsequent years, to rates approaching those seen prior to the programme’s 

introduction. Between 2010 and 2013 annual ARF incidence (all ages) varied between 5.2– 

5.8/100,000/year, dropping to a nadir of 3.0/100,000/year in 2015 when the RFPP was in 

progress. ARF incidence in 2018 was 5.4/100,000/year (Dr Bryn Thompson, ARPHS, emailed 

personal communication, 2018 July). Similar patterns occurred in the 5–12 year age group 

covered by the school-based programme in the Auckland regional. In 2012 the incidence of 

ARF was 12.6/100,000/year, dropping to a nadir of 5.8/100,000/year in 2015 and then 

increasing to 11.4/100,000/year in 2018 (Dr Bryn Thompson, ARPHS, emailed personal 

communication, 2018 July). Disparities in ARF burden according to DHB of domicile and 

ethnicity have become increasingly evident in the Auckland region. In 2018, ARF incidence in 

CMDHB was almost four times higher than ADHB and six times higher than WDHB 

(11.6/100,000/year as compared to 3.0/100,000/year and 1.9/100,000/year). South Auckland 

has the highest proportion of Pacific residents of any DHB in NZ (21% as compared to 6.5% 

nationally).(146) 
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3.3.3 Other regions  

A number of studies have reported regional ARF incidence in the pre and post Rheumatic 

Fever Prevention Programme eras, including Tairāwhiti, Waikato and Northland. Varying 

incidence has been reported, ranging from 7.6/100,000/year in Tairāwhiti 1997–2009(147) up 

to 24.8/100,000/year among Northland Māori in the years 2002–2011.(142) Following the 

RFPP,  in 2018 the Northland and Auckland regions of New Zealand both reported annual 

incidence rates of >6.0/100,000/year.(148)   

3.3.4 Ethnic disparities  

Ethnic disparities in ARF incidence are widening in NZ, with increasing ARF rates among 

Pacific peoples being of particular concern. Since 2011, ARF incidence among Māori has 

reduced both nationally and regionally however rates for Pacific children continue to climb and 

are currently approximately three times higher than rates in Māori. For the period June 2017–

June 2018, ARF incidence among Pacific children 5–12 years of age was 94/100,000/year, as 

compared to 26/100,000/year for Māori children and 15.4/100,000/year overall 

nationally.(148) In the Auckland region in 2018, 79% of ARF cases in 0–19 year olds occurred 

amongst those of Pacific ethnicity (58 cases as compared to 15 among Māori) (Dr Bryn 

Thompson, ARPHS, emailed personal communication, 2018 July).    

3.3.5 Socio-economic deprivation and crowding 

Socio-economic deprivation, estimated using the NZ Deprivation index (ref), is associated with 

increased risk of ARF in NZ. Gurney et al demonstrated three times relative risk for children 

living in the most deprived quintile (deciles 9 and 10) as compared to least deprived (CI 19.1–

58.1).(149)  

In NZ, ARF has previously been shown to be significantly and positively related to household 

crowding, with an elevated incidence rate ratio of 1.065 (95% CI, 1.052–1.079) after 

controlling for age, ethnicity, household income, and the density of children in the 

neighbourhood.(48) The significance of deprivation and crowding, along with other 

environmental risk factors for ARF/RHD, have recently been evaluated in a large case control 

trial. Results are under evaluation. (Baker et al, manuscript in preparation)  

3.3.6 Acute rheumatic fever in adolescents/adults  

There are many knowledge gaps surrounding the epidemiology of ARF in adolescents and 

young adults in NZ. Youth at increased risk of ARF include those of Pacific ethnicity and 

living in socio-economic deprivation and it is known that these young people have poor access 

to and utilisation of healthcare services.(150, 151)  
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Knowledge of adolescent ARF disease patterns in NZ was improved by an audit of 

adolescent/adult ARF cases, performed in 2014 in the Auckland region. Cases were identified 

by scrutinising the Auckland regional rheumatic fever registry (ARRFR), NMDS discharge 

and EpiSurv public health notification data (a secure web-based application based on the 

Surveillance Information New Zealand (SurvINZ) architecture). Cases were classified 

according to 2008 NZ Heart Foundation diagnostic criteria for ARF.(128) 

Over two years between January 2011–December 2013, 109 ARF cases occurred in individuals 

≥ 15 years, with 74/109 (68%) of cases occurring in the 15–24 year old age group. Mean age at 

diagnosis was 19.5 years. In the 15–24 year old age group 54/74 (73%) cases were deemed to 

be first episodes and 20 (27%) were recurrences.(152) This recurrence rate is markedly higher 

than the 5% rate previously described in school-aged NZ children receiving BPG secondary 

prophylaxis through a nurse-led programme.(76) Annual incidence in 15–19 year olds was 

13.1 per 100,000, similar to younger children, however among individuals over 25 years of age 

incidence was only 1.3 per 100,000. Approximately three quarters of adolescent ARF cases 

were domiciled in CMDHB, in keeping with overall regional ARF epidemiology. Under-

reporting to the ARRFR was commonplace in adolescents and young adults, with only 83.5% 

of true cases and 66% of recurrences reported to the ARRFR, leading to missed opportunities 

for delivery of BPG secondary prophylaxis and placing youth at increased risk of adverse 

cardiac sequelae.(152) 

3.3.7 Acute rheumatic fever recurrences  

In NZ, recurrences of ARF are extremely rare among individuals with excellent adherence to 

four weekly BPG. A detailed review of the ARRFR found only 20 true recurrences among 360 

ARF episodes.(76) Hence ARF recurrence rates act as an indicator of the effectiveness of 

secondary prophylaxis delivery. In NZ there is no national system for reporting and 

surveillance of ARF recurrences. More recently, higher recurrence rates have been described 

among adolescents and young adults in the Auckland region, accounting for almost 30% of 

ARF episodes in 15–24 year olds between 2011 and 2013. A recent qualitative study described 

youth perspectives and numerous deficiencies in current models of ARF/RHD health services, 

and a lack of age-appropriate, culturally safe care for young people who make up the majority 

of those on BPG secondary prophylaxis programmes.(153)  

3.4 Rheumatic heart disease in New Zealand, 2011–present  

There are many ongoing knowledge gaps surrounding the epidemiology of RHD in NZ. RHD 

and its complications are not nationally monitored in any systematic ongoing fashion. RHD 

cases are not notified to regional public health services and may not be notified to regional 
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rheumatic fever registers, as not all those with RHD are commenced on BPG prophylaxis. 

Several studies have provided limited insights into RHD epidemiology.  

In 2012, direct hospitalisation costs of RHD were estimated at $12million/year, with the 

majority of cost directly related to heart valve surgery.(7) The same study found approximately 

160 RHD deaths annually in NZ, and a mortality rate of 4.4/100,000/year. RHD burden in 

pregnancy has also been documented; the trans-Tasman AMOSS (Australian Maternity 

Outcomes Surveillance System) study found 1:200 Pacific women and 1:500 Māori women 

have clinically significant RHD in pregnancy.(154) 

To address knowledge gaps regarding RHD burden in NZ, the New Zealand Rheumatic Heart 

Disease Registry project is currently developing a dataset of all individuals with moderate and 

severe RHD. As of March 2019, over 3,800 cases have been reported to the registry, 61% of 

whom have undergone heart valve surgery for RHD. Data collection for this study is 

ongoing.(155) 

The role of RHD echocardiography in describing RHD prevalence in NZ is discussed in detail 

in Part B of this thesis. 

3.5  Incidence of other GAS diseases in New Zealand, 2011–present  

ARF and RHD are part of a larger group of GAS-related diseases, which include both acute 

infections (including bacteraemia, cellulitis, empyema, osteoarticular infection) and immune 

sequelae (APSGN, ARF, RHD, scarlet fever). Knowledge of the wider spectrum of GAS-

related diseases is needed to inform prevention and control strategies. In NZ, iGAS and 

ASPGN are not notifiable, in contrast to the UK and Northern Territory of Australia. A number 

of recent studies have documented high incidence of these diseases in NZ with substantial 

ethnic and socio-economic disparities following a similar pattern to ARF epidemiology.  

Safar et al described iGAS incidence in the Auckland region of 75/100,000/year in Māori and 

Pacific infants <1 year, a rate similar to incidence observed in Kenya.(156, 157) Additional 

passive surveillance is undertaken by DHB laboratories who send invasive GAS isolates to the 

Insitute of Environmental and Science Research Ltd. In 2016 they assessed iGAS incidence at 

9.0 cases/100,000/year.(157)  

There have been several descriptive studies of ASPGN in NZ. ASPGN, like ARF, has peak 

incidence in middle childhood. Approximately 65% of national cases occur in the Auckland 

region. Annual incidence has been estimated at 45.5 cases/100,000/year among Pacific 

children, 15.7/100,000/year among Māori, as compared to 2.6 in children from European/other 

ethnic groups.(158, 159) 
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Little is known about recent scarlet fever epidemiology, as this is not a notifiable condition in 

NZ and there have been no local descriptive studies of its clinical features or epidemiology. 

This represents a major surveillance gap, in light of widespread outbreaks of scarlet fever in the 

UK and Asia which commenced in 2012, and the emergence of macrolide resistant, highly 

virulent GAS strains during these outbreaks.(160-162)  
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Part A: Summary of key findings 

Part A of this thesis provides a focused literature review of the clinical features and 

epidemiology of ARF/RHD in NZ, along with global context. Approaches to ARF/RHD 

prevention and control are discussed.  

In summary, there are many knowledge gaps surrounding the immune pathogenesis of ARF 

and the causal pathway from GAS pharyngeal infection to ARF and eventually chronic RHD. 

Diagnosis of ARF is limited by the absence of a gold standard laboratory test; as a 

consequence clinical criteria are used, adapted for high risk groups. Treatment of ARF is 

supportive and in 2019, long-acting benzathine penicillin is the only treatment which has been 

shown to improve cardiac outcomes and prevent recurrences for people with ARF and RHD.  

ARF/RHD prevention and control strategies are targeted across the pathway of progression 

from GAS pharyngitis, to ARF to chronic RHD and can be classified according to a schema 

encompassing primordial prevention strategies (addressing broader socio-economic 

determinants of health), primary prevention strategies (prevention of ARF by prompt antibiotic 

treatment of AGS pharyngitis and by efforts to advance GAS vaccine development), secondary 

prevention activities (long-acting penicillin prophylaxis and active case finding) and tertiary 

prevention and control (clinical care for individuals with established RHD to reduce premature 

morbidity and mortality).  

Echocardiography has a well-established role in the diagnosis of acute carditis in ARF. Due to 

the long latent (asymptomatic) phase in RHD, echocardiography is a potential tool for active 

case finding and RHD screening in high-incidence ARF populations.  

In NZ, monitoring of ARF epidemiology via national surveillance and regional rheumatic fever 

registers has demonstrated that Pacific and Māori children have among the highest documented 

ARF rates in the world, and experience striking health inequity compared with non- Māori 

non- Pacific children. Furthermore, rates in Pacific people are increasing. Limitations of 

ARF/RHD surveillance in NZ include the lack of a centralised national rheumatic fever 

register, and lack of monitoring of RHD prevalence, mortality and morbidity. In NZ to date, 

ARF and RHD prevention and control activities have focused on secondary prophylaxis 

delivery via rheumatic fever (RF) registers, and more recently primary prevention initiatives. 
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Part B: Echocardiographic assessment of 

rheumatic heart disease burden in New 

Zealand 

Introduction 

Active case finding is recommended as a strategy for RHD prevention and control by the 

WHO.(74) In the 1970s–1990s, large scale population-based RHD case-finding surveys were 

conducted in high-prevalence RHD regions under the auspices of the WHO global programme 

for the Prevention of ARF and RHD. By 1999, 15,708,946 children from Cuba, Egypt, the 

Philippines, China and India had undergone auscultatory screening and overall RHD 

prevalence in these populations was estimated at 4.3 per 1,000.(163) 

The limited accuracy of clinical auscultation for the diagnosis of valvular heart disease has 

been recognised since the late 1980s(164) and it is not surprising that as echocardiography 

became widely used in clinical practice, numerous studies demonstrated its superiority over 

cardiac auscultation for the diagnosis of acute carditis.(16, 17, 58, 139) In the mid-2000s, 

increasing availability of portable echocardiography machines raised the possibility that 

portable echocardiography could be used as a tool for population-based RHD screening in high 

burden ARF/RHD populations. The feasibility and utility of this approach was first described 

by Marijon et al in 2007. Echocardiographic screening in schoolchildren from Cambodia and 

Mozambique detected an overall prevalence of echocardiographic RHD of 23 per 1,000, 

approximately 10 times as many children with RHD as found by cardiac auscultation.(43) 

Numerous other echocardiographic studies in the late 2000s further highlighted global RHD 

burden.(100, 165-167) Notable limitations of early RHD echocardiography research included 

lack of consistent diagnostic criteria and uncertainty regarding the clinical significance and 

natural history of echocardiographically detected RHD. The considerable resources needed to 

undertake population-based echocardiography screening also raise questions about cost-

effectiveness in resource-limited settings. 

The chapters contained within Part B of this thesis set out to describe the initiation of RHD 

echocardiography research in NZ, through a series of original investigations. These include the 

first school-based echocardiographic case detection study, conducted in 2007–8 in South 

Auckland. Subsequent studies aimed to provide normative population data and detailed 

methodology to inform diagnostic criteria for RHD. Finally, two studies are presented which 

exemplify the concept of echocardiographic detection of RHD in high risk population groups – 
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namely Pacific and Māori young adults attending a primary care clinic, and first degree 

relatives of children with ARF. Interpretation of the local and international implications of 

these findings is provided in the discussion section of this thesis.  
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Chapter 4: Echocardiographic assessment of 

rheumatic heart disease burden in high risk New 

Zealand children   

Acute rheumatic fever and its sequela, RHD, remain major unsolved preventable health 

problems in NZ, particularly among the disadvantaged Indigenous Māori and Pacific peoples. 

In NZ, ARF hospitalisation rates have remained essentially unchanged for the last 20 

years(114) with recent data indicating widening ethnic disparities.(5) To date, ARF/RHD 

control efforts have centred around the provision of government-funded benzathine penicillin 

secondary prophylaxis, with high adherence(129) and correspondingly low ARF recurrence 

rates.(15) The consequences of ARF remain significant: approximately 80% of patients have 

cardiac involvement with clinical or subclinical carditis during their acute episode and 20% go 

on to develop moderate or severe RHD.(19) Rheumatic mitral stenosis is common in such 

adults, usually without a history of ARF in childhood. Rheumatic heart disease results in 

considerable expense to the health system and personal cost to patients whose career choices, 

quality of life, fertility and life expectancy are adversely affected.(91, 168) 

The role of echocardiography in the diagnosis of acute rheumatic carditis was established over 

the last 20 years.(16, 58, 164, 169) Echocardiography detects clinically inaudible yet 

haemodynamically significant valve lesions, and can exclude pathology in those with an 

innocent cardiac murmur. In NZ and Australia, subclinical carditis was incorporated as a major 

diagnostic criterion in recently published ARF guidelines(128, 130) and echocardiography is 

recommended for all suspected ARF cases in order to confirm the presence of carditis. 

The WHO recommends screening for RHD in high-risk populations.(74) The recent 

availability of compact portable echocardiography has led to the growing use of this 

technology for RHD screening in a number of low-income countries where it is shown to 

detect significantly more RHD than cardiac auscultation, with prevalence varying between 21.5 

per 1,000 in Cambodia(43) and 42.6 per 1,000 in Tonga.(165) 

To our knowledge, population-based echocardiographic screening for RHD was not previously 

performed in a high-income country such as NZ, with well-established specialist paediatric 

cardiology services and a secondary penicillin prophylaxis programme. 

We aimed to determine RHD prevalence in high-risk groups of children in NZ using portable 

echocardiography. We sought to compare the sensitivity and specificity of cardiac auscultation 
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to echocardiography and to determine the feasibility of echocardiographic screening in an 

urban school-based setting. 

4.1 Materials and methods 

4.1.1 Study design and participants 

This study was conducted in an urban population in South Auckland with a high incidence of 

ARF of 70 per 100,000 children per year in the age group 5–15 years.(19) The population is 

characterised by high levels of socio-economic deprivation and household crowding.(113) 

Indigenous NZ Māori and children of Pacific  ethnicity make up over 50% of children aged 

under 15 years in South Auckland.(170) Ethics approval was obtained from the regional Health 

Ethics Committee, and consultation was undertaken with Māori and Pacific advisors. In NZ, 

the Decile 1 and 2 schools represent 20% of the schools with the highest proportion of children 

living in socio-economically deprived areas.(171)  In this study, 7 of 30 Decile 1 and 2 schools 

in South Auckland were selected to participate   according to a stratified randomisation 

process. Acute rheumatic fever peaks in middle childhood(19) and all children aged 10–13 

years attending the seven selected schools were approached. There were 471 children attending 

primary schools (catering for years 1 through 8) and 1,288 children attending intermediate 

schools (catering for year 7 and 8 students).  

A minimum sample size of 1,100 was determined based on results obtained from 393 children 

in the first two schools screened, where 6 of 393 children (15 per 1,000) were classified as 

having definite or probable RHD as per the study’s diagnostic criteria. The sample size was 

derived using an estimated response rate of 70% and precision of 0.02 (2%) with adjustment 

for design effect due to potential clustering in the sample. The design effect was estimated to 

be 1.2.(172) 

Standardised recruitment and consenting procedures were used across the seven study schools. 

The project team liaised with school staff and families and made educational presentations to 

schoolchildren. Written parental consent was obtained for each student. Community workers 

assisted with this process by conducting home visits and informing parents over the telephone. 

A history of ARF was sought by conducting a short questionnaire. To determine the 

population-based prevalence of RHD, the Auckland Regional Rheumatic Fever Register 

records were checked to identify any additional children with RHD in the study population. 

4.2 School screening procedures 

Cardiac auscultation followed by echocardiography was performed in a blinded manner, with 

auscultation and echocardiogram findings documented separately and the cardiac sonographer 

unaware of the auscultatory findings. Auscultation was performed by a paediatrician using a 
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Littman® Classic II (3M™ Corporation) stethoscope, with children lying supine, on the left 

side, and sitting up in expiration. Height and weight were measured using a portable 

stadiometer and portable scales. Echocardiography was performed by experienced cardiac 

sonographers using a standardised protocol. VividTM e (GE Healthcare, Freiburg, Germany) 

portable cardiac ultrasound machines were used. Gain settings were optimised by the 

sonographers as the large variation in body habitus precluded the use of standardised settings; 

two-dimensional and colour Doppler images were obtained in parasternal and apical four-

chamber views, with careful attention to record colour sweeps across any mitral or aortic 

regurgitant jets. Pulse-wave Doppler interrogation of regurgitant jets was undertaken to assess 

velocity, spectral envelope, and duration through the cardiac cycle. Valve leaflet morphology 

was assessed in parasternal long- and short-axis views. A probe with a variable range from 2.5 

to 5.0 megahertz was used for all studies. On average, 20 scans were performed per 3-hour 

session per sonographer, averaging 9 minutes per scan. Where indicated, echocardiographic 

measurements were interpreted according to the body surface area. 

Screening echocardiograms were reported by one of three investigators. Parents of children 

with normal results were notified by letter, a copy of which was sent to the family doctor. 

Those with abnormal results were informed over the telephone and by a home visit with the 

study doctor and cultural support worker. 

4.3 Paediatric cardiology assessment 

Children with suspected RHD were referred to hospital for clinical evaluation by a paediatric 

cardiologist and detailed echocardiography was performed using a Phillips iE33 machine 

(Bothewell, WA, USA). As this was the first study by this group of investigators in New 

Zealand, there was a low threshold for referral of children with borderline regurgitant jets to 

enable comparison of colour Doppler images from the VividTM e and Phillips iE33 machines. 

After auscultation, hospital echocardiograms were blind reported by a panel of paediatric 

cardiologists; two cardiologists assessed each echocardiogram. If their opinion differed, a third 

independent assessment was sought, and the majority opinion determined case classification 

and clinical management. 

4.4 Criteria for diagnosis of rheumatic heart disease 

The criteria used to report school screening echocardiograms were the same as those used to 

classify cases seen at the hospital. Study patients were classified as definite, probable, or 

possible RHD, congenital cardiac disease, or normal according to the combination of their 

clinical and echocardiographic findings. Rheumatic heart disease classification was developed 

during a 2005 WHO expert consultation(173) and modified as follows: 
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Definite RHD: 

 Pathological murmur of mitral and/or AR. 

 Echocardiographic features of RHD: 

o Pathological grade mitral and/or AR; and 

o Valve morphological changes of mitral and/or aortic valve consistent with 

RHD; or 

o Mitral stenosis – mean gradient of 4 or more millimetres of mercury. 

 ARF with echocardiographic features of RHD. 

Probable RHD: 

 No murmur
1
 

 Echocardiographic features of RHD: 

o Pathological grade mitral and/or AR; and 

o Morphological changes of mitral and/or aortic valve consistent with RHD. 

Possible RHD: 

 No murmur. 

 Echocardiographic features of RHD: 

o Pathological grade mitral and/or AR without morphological changes of RHD; or 

o Morphological changes of mitral and/or aortic valve consistent with RHD 

without pathological grade mitral or AR. 

Pathological grade regurgitation was defined as a colour Doppler jet meeting all the minimum 

criteria below.(164, 168) 

Mitral regurgitation: 

 Substantial colour jet seen in two or more planes. 

 Extending more than 2 centimetres beyond MV leaflets in at least one plane. 

 Holosystolic with well-defined spectral envelope on pulse wave/continuous wave 

Doppler. 

 High velocity more than 3.5 metres per second. 

                                                           
1
 Note that the absence of a murmur separates probable from definite RHD. 
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Aortic regurgitation: 

 Substantial colour jet seen in two or more planes. 

 Extending more than 1 centimetre beyond aortic valve leaflets in at least one plane. 

 Holodiastolic with well-defined spectral envelope on pulse wave or continuous wave 

Doppler. 

 High velocity more than 3.5 metres per second. 

Care was taken to exclude congenital valve pathology such as bicuspid aortic valve, dilated 

aortic sinuses, and congenital MV prolapse. To fulfil a diagnosis of RHD, at least one of the 

following morphological features of RHD was required.  

Mitral valve morphological features: 

 Thickening
2
 of anterior MV leaflet mid-point or tip. 

 Fixed elbow – dog leg – deformity of anterior MV leaflet mid-point or tip. 

 Prolapse of anterior MV leaflet – in the absence of clinical features of congenital MV 

prolapse. 

 Thickening
2
 or retraction of posterior MV leaflet. 

 Thickening, tethering, retraction, or rupture to chordae of anterior MV leaflet. 

Aortic valve morphological features: 

 Thickening of aortic valve leaflets or closure line in parasternal short-axis views. 

 Rolled aortic valve leaflet edges. 

 Overt prolapse of aortic valve leaflets. 

 Coaptation defect of aortic valve leaflets. 

4.5 Clinical management 

Children categorised as having definite and probable RHD were referred for benzathine 

penicillin secondary prophylaxis, education, and clinical follow-up. Those with possible RHD 

were counselled with arrangements made for 2-year follow-up to check for progression or 

resolution of changes. This group was not commenced on penicillin prophylaxis. Parents and 

the family doctor were informed about the importance of primary prevention of ARF through 

appropriate recognition and antibiotic treatment of group A streptococcal pharyngitis. 

4.6 Statistical methods 

Results were entered in an ACCESS database. Statistical analysis was performed using SAS 

software version 9.1. The sensitivity and specificity of auscultation compared with 

                                                           
2
 Valve thickening in the absence of other morphological features of RHD was not classified as RHD. 
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echocardiography for the diagnosis of pathological mitral regurgitation during school screening 

were calculated. Prevalence and the confidence interval for different RHD classifications were 

calculated by SURVEYFREQ procedure. Survey logistic procedures were applied to 

investigate associations of multiple risk factors for RHD, with stratified weight and a finite 

population correction factor.(174) 

4.7 Results 

Out of 1,759 children, 1,158 (66%) consented. There were 16 consenting children who were 

not screened; 14 were repeatedly absent from school and two withdrew on the day of 

screening. Of the 1,142 children who were screened, 504 (44%) were female, 56% were of 

Pacific Island ethnicity, and 29% were NZ Māori, broadly similar to the overall demographic 

make-up of the seven study schools, which comprised 59% males, 56.5% Pacific Islanders and 

32% Māori,  

An algorithm of results is shown in Figure 4. Out of the 1,142 children, 1,025 (90%) had a 

normal screening assessment and exited the study; 95 (8.3%) had changes suggestive of RHD; 

and 91 of these underwent paediatric cardiology assessment. Two children were lost to follow-

up and their final interpretation was based on their screening echocardiograms. There were two 

children with pre-existing RHD who took part in the screening programme. 
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Figure 4. Rheumatic heart disease detected by echocardiographic screening. §At the time of screening, 

one had a murmur and one had no murmur, though murmur was previously documented. †Both cases 

met the New Zealand diagnostic 2006 criteria for acute rheumatic fever.(128) Both had 

echocardiographic features of rheumatic heart disease, morphology and pathological regurgitation, but 

no murmur. ‡There were two children who had murmurs heard at school, and two who had murmurs 

heard at hospital cardiology assessment. 

The classification and valve involvement of the 59 screened children with a diagnosis of RHD 

are detailed in Table 3. Rheumatic MV pathology was observed in the majority of cases. No 

cases of rheumatic mitral stenosis were found. Definite RHD was detected in eight children, 

including two who met diagnostic criteria for ARF at the time of school screening and two pre-

existing RHD cases already receiving secondary prophylaxis. We found 19 cases of probable 

RHD. Penicillin prophylaxis was recommended for definite and probable cases. 
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Table 3. Diagnostic criteria and prevalence of rheumatic heart disease in 1,142 children screened by 

auscultation and echocardiography. 

RHD Murmur Doppler Morphology Prevalence of RHD
*
  95% CI 

Definite  +  +  + 7.6
**

 1.9–13.3 

Probable  -  +  + 18.4 8.2–28.6 

Definite and probable    26.0 12.6–39.4 

Possible  -  +  - 23.5 12.8–34.3 

Possible  -  -  + 6.9 5·7–8.2 

Total    56.5 34.6–78.3 
*Prevalence expressed per 1,000 
**Adjusted minimum prevalence of definite RHD in the study population of 1,759 students (accounting for 4 students with 

definite RHD who were not screened) was 9.3 per 1,000 (95% CI 5.7–14.9) 

The prevalence of definite and probable RHD among the 1,142 children screened was 26.0 per 

1,000, with a 95% confidence interval ranging from 12.6 to 39.4. There were four additional 

children with pre-existing definite RHD who had not undergone screening, and who were 

identified from the Auckland Regional Rheumatic Fever Register. When included, the adjusted 

minimum prevalence of definite RHD in the overall study population of 1,759 increased from 

7.6 to 9.3 per 1,000 children, with a 95% confidence interval ranging from 5.7 to 14.9. A total 

of 32 possible RHD cases were found (Table 3). Only two of those with a final diagnosis of 

RHD had a history of swollen joints. After the hospital assessment, 28 children with a range 

from 1 to 2 centimetres mitral regurgitation jet or less than 1 centimetre AR jet were confirmed 

to have physiological regurgitation and were not considered to have RHD, giving a false-

positive screening rate of 2.4%. 

Non-rheumatic cardiac anomalies were found in 30 children (Table 4). Structural congenital 

cardiac anomalies were found in 2.1% of screened children. Of these, 11 had MV prolapse or 

other minor congenital MV anomalies. The latter included accessory leaflets, as well as 

hypermobility of chordae tendineae and of scallops or portions of MV regurgitation. 
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Table 4. Non-rheumatic heart disease abnormalities identified during screening. 

Non-RHD n 

Congenital lesions  

Minor congenital MV anomaly – not prolapse 

Congenital MV prolapse 

9 

2 

Bicuspid aortic valve +/- AR 5 

Atrial septal defect 3 

Patent ductus arteriosus 3 

Congenital aortic valve stenosis  1 

Ventricular septal defect 

Total  

1 

24 

Other abnormalities  

Dilated aortic outflow tract  2 

Moderate tricuspid regurgitation 2 

Dilated coronary sinus, presumed left superior vena cava  2 

Total  6  

There were no cases of RHD among non-Māori and non-Pacific children. Pacific children were 

1.6 times more likely to have RHD than Māori children – 95% confidence interval for odds 

ratio was with a range from 0.93–2.92, with a p-value of 0.09 – concordant with ARF ethnicity 

data.(5) There was no difference between males and females – odds ratio was 1.39; 95% 

confidence interval 0.69–2.56; and p-value 0.39. 

Cardiac auscultation findings were documented for 1,133 of 1,142 screened children. Only 4 of 

27 (15%) definite and probable RHD cases had a pathological murmur detected at school. The 

paediatrician suspected that 45 children had a mitral regurgitation murmur. On the 

echocardiogram, 37 of 45 children were normal and eight had pathological mitral regurgitation. 

A total of 65 additional children had echocardiographic evidence of pathological mitral 

regurgitation, which was not audible at school (Table 5). The sensitivity of auscultation 

compared with echocardiography for the detection of mitral regurgitation in the school setting 

was only 11%, with a range from 4.5% to 20.5%. The positive predictive value was 18%, with 

a range from 8% to 32%. Out of 1,060 children, 1,023 with a normal echocardiogram did not 

have a mitral murmur. The specificity of normal examination for the exclusion of pathological 

mitral regurgitation was 97%, with a range from 95% to 98%, and the negative predictive value 

was 94%, with a range from 92% to 95%. 
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Table 5. Auscultation compared with echocardiography for detection of pathological mitral 

regurgitation during school screening. 

 Echo –  

pathological MR 

Echo –  

normal MR 
Total 

MR murmur 8 37 45 

No murmur  65 1,023 1,088 

Total 73 1,060 1,133 

4.8 Discussion 

This study shows a high prevalence of RHD in a socioeconomically disadvantaged population 

within NZ. The screening prevalence of 26.0 per 1,000 (definite and probable RHD) is within 

the range observed in low-income countries such as Cambodia and Tonga.(43, 165) It is known 

that RHD prevalence increases cumulatively with age(165) and this study was conducted in the 

age group of 10–13 years. 

We confirmed that echocardiography is more sensitive and specific than cardiac auscultation 

for the detection of pathological mitral regurgitation.(43, 165) 

The majority of children with pathological grade regurgitation in this study did not have a 

cardiac murmur. Echocardiography also excludes those with false-positive pathological cardiac 

murmurs, preventing children with innocent murmurs from being misclassified as RHD. 

Echocardiographic screening for RHD can over diagnose RHD unless physiological valve 

regurgitation and congenital valve anomalies are recognised. Congenital MV prolapse may be 

present in up to 2.4% of adults.(175) Connective tissue disorders causing valve regurgitation 

can be excluded by clinical consultation. We diagnosed two children with classic congenital 

MV prolapse and nine with minor congenital MV anomalies, representing 1% of all children 

screened. Congenital MV variations were largely unrecognised in previous rheumatic heart 

disease-screening studies.(43, 165, 166, 176) This study suggests that they may not be rare. 

Their importance is that they may have associated MV regurgitation and hence be labelled 

rheumatic inappropriately. 

There is a continuum between the upper limit of physiological and pathological regurgitations, 

usually easily graded by a cardiologist. In this study, 28 of 95 such children were found to be 

normal after hospital assessment (Figure 4). Many of these had borderline mitral regurgitant 

jets measuring 1-2cm, but did not meet our strictly defined pathological Doppler criteria.(58) 

In future, fewer individuals with minor degrees of regurgitation would need cardiology referral, 

having observed a close correlation between the portable VividTM e and hospital Phillips iE33 

machines. 



 

41 

The absence of universally accepted diagnostic criteria for RHD, in particular the 

morphological features, presents challenges for clinicians involved with RHD screening and 

diagnosis. There is some agreement that both morphological features and pathological grade 

regurgitation need to be present for echocardiographic diagnosis of RHD,(100, 165, 176) but 

our analysis supports the use of more stringent Doppler criteria than were used in earlier 

studies.(74, 176) Further studies to achieve international standardisation are required. 

Detection of RHD through screening indicates that some ARF episodes are unrecognised. The 

finding of two children with previously undiagnosed severe RHD highlights the failure of 

existing primary healthcare services. The possible contributing factors include barriers to 

accessing primary health care, underdiagnosis by clinicians, and lack of public awareness about 

RF. Only two of the children with RHD in this study gave a history of painful swollen joints 

and met ARF criteria, challenging the traditional understanding that children with ARF usually 

have significant signs and symptoms. The 1992 revision of the Jones Criteria supports the 

concept that ARF can occur without recognised joint or systemic manifestations by the 

inclusion of the entity ‘indolent carditis’ as a sole manifestation of ARF.(131) 

We found similar rates of congenital cardiac defects in screened children compared with a 

large population-based cardiac screening study.(177) The majority of these congenital lesions 

required active management or follow-up (Table 4). Previously published rheumatic heart 

disease-screening studies have not emphasised the spectrum of congenital pathology that 

echocardiographic screening will inevitably detect. Our findings highlight the importance of 

specialist cardiology input to facilitate the correct diagnosis of congenital cardiac defects. 

We commenced study patients with definite and probable RHD on benzathine penicillin 

prophylaxis on the rationale that non-rheumatic aetiology was excluded by the combination of 

the specialist paediatric cardiology consultation and echocardiogram. We consider probable 

and definite RHD to be of equal importance. The key differentiating factor between the two 

categories is the presence or absence of a murmur, and auscultation is shown to be unreliable in 

both ARF and RHD.(43, 164, 165) In classifying definite and probable RHD, it is also 

important to remember that the severity of initial cardiac involvement does not always predict 

the extent of cardiac involvement in recurrences.(14, 178) Penicillin prophylaxis should be 

offered based on the certainty of RHD diagnosis. However, we acknowledge that currently 

echocardiographic diagnosis of RHD is based on expert opinion. 

The aetiology, prognosis, and optimal management of possible or borderline RHD are not yet 

defined. The majority of possible RHD cases had mild pathological mitral regurgitation 

without morphological changes. Despite the likelihood of this being part of ARF in a child 
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with acute symptoms from a high incidence of ARF population,(58, 164) more data are needed 

before attributing all such valves to the spectrum of RHD. Longitudinal follow-up of children 

with isolated mild pathological regurgitation is required to determine whether these children 

are at increased risk of ARF/RHD in the future, a scenario which may take decades to 

occur.(178) 

In well-resourced countries, such as NZ, we believe that the optimal rheumatic heart disease-

screening programme involves a two-step model, with school-based portable echocardiography 

followed by specialist referral for those with abnormalities. Screening using auscultation to 

select candidates for subsequent echocardiography may be more appropriate in resource-

limited settings,(166) but will invariably underestimate the prevalence. Similarly, 

echocardiographic screening undertaken in resource-limited areas without trained cardiology 

interpretation may lead to overdiagnosis of RHD. 
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Chapter 5: Normative data: echocardiographic 

findings in healthy children from a low risk 

rheumatic fever population  

5.1 Introduction 

Echocardiography is more sensitive and specific than cardiac auscultation for RHD 

diagnosis.(24, 43, 165) The WHO recommends screening for RHD in high-risk 

populations.(74) The recent availability of compact portable echocardiography has led to 

growing use of this technology for RHD screening in a number of countries including 

Cambodia and Mozambique,(43) Tonga,(165) Nicaragua,(100) Fiji,(166) NZ(24) and 

Australia.(101) The 2012 standardised WHF consensus diagnostic criteria for RHD now 

provide a uniform approach to the echocardiographic diagnosis of RHD and enable comparison 

between studies.(101, 102, 179)  

Characteristic RHD findings consist of left-sided valvular regurgitation and morphological 

valve abnormalities. However many normal valves in children and adults have minor degrees 

of regurgitation,(180-182) and it is likely that these physiologic regurgitant jets may 

occasionally be of sufficient length to meet criteria to be labelled pathologic.(17, 173) 

To inform and refine RHD diagnostic criteria, more information is needed about the 

background prevalence of left-heart valvular regurgitation and other echocardiographic 

findings in healthy low-incidence RF paediatric populations.  

5.2 Aims 

This study aimed to define the spectrum of echocardiographic findings in children from a 

population with a low prevalence of RHD using portable echocardiography. We hypothesised 

that the prevalence of typical RHD valve abnormalities (defined as the combination of typical 

morphologic echocardiographic features and pathologic-grade regurgitation of mitral and/or 

aortic valves) in the low risk population would be close to zero. We sought to determine the 

frequency of physiologic and pathologic mitral and AR and congenital abnormalities in healthy 

school aged children to provide useful reference data for RHD screening programmes. 

5.3 Methods 

5.3.1 Study design and participants 

Children were selected from a school community in a high socio-economic urban area where 

no cases of ARF had occurred for over 10 years (personal communication Professor Diana 

Lennon, Auckland RRFR Lead, 2009). The demographic make-up of the school population 
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was predominantly Caucasian/NZ European (72%). 22% were Asian and 4% were Polynesian 

(NZ Māori and Pacific peoples).  

Children aged between 10-12 years old were targeted, an age group comparable to a screening 

study using portable echocardiography conducted in 2007–2008 in South Auckland, an NZ 

community with a high incidence of ARF.(19) In this community the ethnic make-up is 

predominantly NZ Māori and Pacific peoples, however the key determinant of ARF/RHD 

burden is socio-economic deprivation. We targeted 10–12 year olds because this is the peak 

incidence period for ARF, and also because in the NZ health and education system this age 

group was most readily accessible for a population-based screening approach.  

Ethical approval for the study was obtained by the Northern Y Auckland Regional Ethics 

Committee.  

Educational sessions were conducted by the study nurse in school classrooms, which included 

explanation about the process of having an echocardiogram. Information booklets were 

distributed to parents and caregivers and written informed consent obtained from all 

participants’ parents/caregivers. 

A sample size of 400 was planned to detect a minimum 5% difference in the observed rate of 

isolated mild mitral regurgitation between high incidence and low incidence ARF populations, 

assuming that the prevalence of RHD was 3% in the high-risk group and 0.1% in the low-risk 

group, and that pathologic-grade MR was present in 10% of high risk students. These estimates 

were based on analysis of data from a previous RHD screening study conducted in South 

Auckland, a high incidence ARF population, in 2007–2008.(24)  

406 of 587 eligible students consented (69%). 10 consenting students were not screened due to 

school absence. Of the 396 children screened 190 (48%) were female. 

5.3.2 School screening procedures 

Echocardiograms were conducted at the school, in a private screened area, by a team of 

experienced cardiac sonographers using a standardised scanning protocol. Vivid™ e, with 3S 

2.2 MHz transducer (GE Healthcare) and Sonosite M-Turbo
®
, with 5-1 MHz transducer 

machines were used. Both these portable echocardiography machines permit 2D imaging, 

colour Doppler flow imaging, and spectral Doppler velocimetry. These machines are ‘lap-top’ 

size and are larger than ‘hand-held’ echocardiography devices.(179) Two-dimensional and 

colour Doppler images were obtained in standard parasternal and apical four chamber views of 

left heart structures, with careful attention to record colour sweeps across any mitral or aortic 

regurgitant jets. Pulse-wave Doppler interrogation of regurgitant jets was undertaken to assess 
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velocity, spectral envelope and duration through the cardiac cycle. The minimal Nyquist limit 

was set to be >0.68 cm/sec to avoid aliasing and potential elongation of colour regurgitant jets.  

Valve leaflet morphology was assessed in parasternal long axis (PSLA) (mitral and aortic 

valve) and parasternal short axis (PSSA) views (aortic valve). A variable 2.5–5MHz probe was 

used for all studies. Height and weight were measured and where indicated, echocardiographic 

measurements were interpreted as Z-scores adjusted for body surface area. Digital images were 

electronically stored in Digital Imaging Communication in Medicine (DICOM) format.  

5.3.3 Paediatric cardiology assessment and clinical management 

Any student found to have an abnormal screening echocardiogram was referred to Starship 

Children’s Hospital, Auckland, for evaluation by a paediatric cardiologist and detailed 

echocardiogram using a large platform Phillips IE33 machine. These echocardiograms were 

reported by a panel of paediatric cardiologists. Two cardiologists independently assessed each 

echocardiogram. If their reports were discordant a third independent assessment was sought 

and the majority opinion determined case classification and clinical management. The final 

classification was based on the large platform hospital echocardiogram whenever this occurred. 

The reading paediatric cardiologists were blinded as to the demographic background of 

individual children whose echocardiograms they were reporting, but were aware that the 

echocardiograms were being reported as part of research activities.  

5.3.4 Criteria for the diagnosis of rheumatic heart disease 

RHD classification was based on the 2012 evidence-based consensus WHF Diagnostic Criteria 

for RHD, Table 6.(102) By these criteria, RHD is classified as definite or borderline 

according to the combination of echocardiographic features of RHD (left-sided pathologic 

valvular regurgitation and/or characteristic morphologic changes of valve leaflets). Presence of 

absence of a cardiac murmur is not included in WHF RHD criteria due to the acknowledged 

limited sensitivity of cardiac auscultation.(24, 43, 103, 165) 
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Table 6. World Heart Federation rheumatic heart disease definitions for individuals <20 years. 

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

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

 B) MS mean gradient ≥4mmhHg * 

 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) Pathologic MR  

 C) Pathologic AR  

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

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

 B) AR that does not meet all four Doppler echocardiographic Criteria (physiologic AR)  

 C) An isolated morphologic features of RHD of the MV (for example valvular thickening) without any associated pathologic stenosis or regurgitation  

 D) Morphologic features of RHD of the AV (for example valvular thickening) without any associated pathologic stenosis or regurgitation  

*Congenital MV anomalies must be excluded. Furthermore, inflow obstruction due to non-rheumatic mitral annular calcification must be excluded in adults.  
§
Combined AR and MR in high prevalence regions and in the absence of congenital heart disease in regards as rheumatic.  

Abbreviations: AR, aortic regurgitation; AV, aortic valve; MR, mitral regurgitation; MS, mitral stenosis; MV, mitral valve; RHD, rheumatic heart disease; WHF, World Heart 

Federation 

Criteria for pathologic mitral regurgitation:  

(all four Doppler echocardiographic criteria must be met)  

 Seen in two views  

 In at least one view, jet length ≥ 2cm  

 Velocity ≥ 3m/s for one complete envelope 

 Pan systolic jet in at least one envelope  

Criteria for pathologic AR 

(all four Doppler echocardiographic criteria must be met)  
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 Seen in two views  

 In at least one view, jet length ≥ 1cm * 

 Velocity ≥ 3m/s in early diastole  

 Pan-diastolic jet in at least one envelope  

*A regurgitant jet should be measured from the vena contracta to the last pixel of regurgitant colour (blue or red)  

Morphologic features of RHD  

Features in the MV  

 Anterior mitral valve leaflet (AMVL) thickening* ≥ 3mm (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  

Important considerations  

*AMVL thickness should be measure during diastole at full excursion.  

Measurement should be taken at the thickest portion of the leaflet, including focal thickening, beading, and nodularity. Measurement should be performed on a frame with maximal 

separation of chordae from the leaflet tissue. Valve thickness can only be assessed if the images were acquired at optimal gain settings without harmonics and with a frequency of ≥ 

2.0MHz.  
‡
 Abnormal thickening of the AMVL is age specific and defined as follows: ≥ 3mm for individuals aged ≤20years, ≥ 4mm for individuals aged 21–40 years; ≥ 5mm for individuals 

aged > 40 years. Valve thickness measurements obtained using harmonic imaging should be cautiously interpreted and a thickness up to 4mm should be considered normal in those 

aged ≤ 20 years.  
§ 
Restricted leaflet motion of either the anterior or the posterior MV leaflet is usually the result of chordal shortening or fusion, commissural fusion or leaflet thickening.  
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Regurgitation was graded according to severity. Physiologic regurgitation was differentiated 

from pathologic regurgitation according to all the criteria listed in Table 6. Mitral valve closing 

volume was differentiated from physiologic-grade MR if the regurgitant jet had a low-velocity 

colour mosaic, did not extend beyond the valve leaflets in systole and was seen in only one 

plane.(17, 181) A MV closing volume was thus classified as normal.  

5.3.5 Statistical methods 

Standardised data collection forms were used. Results were entered onto an ACCESS database 

and analysed using SAS statistical package, version 9.1.3 (SAS Institute, Cary, NC). For 

qualitative variables, proportions along with 95% CI were calculated (CI calculator used to 

calculate 95% CI and prevalence ratio was downloaded from www.pedro.org.au/wp-

content/uploads/CIcalculator.xls)  

5.4 Results 

Of the 396 students, 381 (96%) had a normal school screening echocardiogram. Outcomes for 

the 15 children with abnormal school screening echocardiograms are described in Figure 5. 

Representative two dimensional and colour images from the Vivid™ e portable platform are 

shown in Figure 6. 

Eight children with a degree of mitral regurgitation detected on abnormal screening 

echocardiograms were subsequently reclassified after detailed paediatric cardiology clinic 

assessment and echocardiography on a large platform hospital machine. Three were 

reclassified as physiological mitral regurgitation. Two children 0.5% (95% CI: 0.1–1.8) had 

isolated mild pathologic-grade MR and met WHF criteria for borderline RHD. Three had MV 

appearances/prolapse characteristic of congenital anomalies in addition to pathologic MR, with 

features including excessive systolic leaflet motion of the body of the leaflets, hypermobility of 

one or both leaflets in diastole, chordal attachments to the ventricular septum with or without a 

MV cleft.  

As shown in Figure 5, eight students altogether were found to have congenital heart disease 

including five with congenital MV variants. Other congenital anomalies detected included 

VSD (n=1) cor triatriatum (n=1), bicuspid aortic valve (n=1). The prevalence of congenital 

cardiac anomalies in this population was 2.0% (95% CI: 1.38–4.59).  

  

http://www.pedro.org.au/wp-content/uploads/CIcalculator.xls
http://www.pedro.org.au/wp-content/uploads/CIcalculator.xls
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Figure 5. Flow chart describing school screening outcomes.  

There were no cases of pathologic-grade AR. 

No cases had structural changes of RHD and thus by definition none met the diagnostic criteria 

for definite RHD. Physiologic-grade mitral regurgitation was found in 59 (14.9%) and 

physiologic-grade AR in 8 or 2%, Figure 6. 72.7% had physiologic or mild tricuspid 

regurgitation and 89.6% had physiologic or mild pulmonary regurgitation. A summary of these 

results with confidence limits are shown in Table 7. A summary of echocardiographic colour 
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Doppler findings in healthy paediatric and young adult populations, including the current 

study, is shown in Table 8. This illustrates that some degree of mitral regurgitation is very 

common in children. A summary of echocardiographic detection of congenital heart anomalies 

in healthy populations is shown in Table 9. 

 

Figure 6. Portable echocardiogram image from Vivid™ e platform showing: A) the detail of the mitral 

and sub MV apparatus; B) physiological grade mitral valvular regurgitation with colour jet length less 

than 2cm. 

Table 7. Prevalence of valvular regurgitation detected by screening echocardiography.  

 N=396 HR (95% CI) 

MR – all grades 

1. Nil 329 83.1% (79.1, 86.5)  

2. Physiologic MR* 59 14.9% (11.7, 18.7) 

3. Pathologic MR 5† 1.3% (0.6, 2.9) 

AR – all grades 

1. Nil 388 98% (96.1, 99.0) 

2. Physiologic AR 8 2%(1.0, 3.9) 

3. Pathologic AR 0 0% (0.0, 1.0) 

TR – all grades 

1. Nil 107 27.0% (22.9, 31.6) 

2. Physiologic/mild 288 72.7% (68.1, 76.9) 

3. Pathologic 1 0.3% (0.04, 1.4) 

PR – all grades 

1. Nil 40 10.1% (7.5, 13.5) 

2. Physiologic/mild 353 89.6% (85.7, 91.8) 

3. Pathologic 1 0.3% (0.04, 1.4) 

*closing volume excluded by definition  

† = 3 congenital MVP (mitral valve prolapse)/anomalies, 2 isolated pathological MR  

HR = hazard ratio; CI = confidence interval 
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5.5 Discussion 

Our study describes the spectrum of minor valvular regurgitation found by echocardiography 

screening in a healthy paediatric population. 15% of 10-12 year old children with structurally 

normal hearts had minor degrees of so called physiological mitral regurgitation. Physiologic 

AR, with the colour jet length less than one centimetre, was found in only 2%.  

Previous studies using colour Doppler report wide variation in rates of physiologic mitral 

regurgitation in normal children, between 2.5–45%(181-183) with some studies likely 

including closing volumes in their assessment.(182) Table 8 summarises key studies of 

valvular regurgitation in healthy populations. The present study using portable 

echocardiography platforms shows prevalence figures within the range of previous large 

platform echocardiographic technology.  
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Table 8. Colour Doppler echocardiographic studies assessing valvular regurgitation in healthy paediatric and young adult populations. Structural heart disease 

excluded. 

Study details Age, population 
Number 

screened 

Echocardiographic 

model & transducers 

Echocardiographic 

criteria 

Mitral 

regurgitation 

Aortic 

regurgitation 

Pulmonary 

regurgitation 

Tricuspid 

regurgitation 

Current study 
10-12yrs 

Healthy volunteers 
396 

Vivid™ e 3S 2.2 MHz 

transducer 

Sonosite 5–1 MHz 

transducer 

Portable 

WHF criteria(102) 
14.9% physiological 

2% mild 
2% 

89% 

physiological 

0.3%, 

pathological 

72% physiological 

3% mild 

Brand et al 

Am Heart J 

1992(181) 

0-14ys 

Referred for cardiac 

murmur 

461 

Aloka SSD 860 

and 5mHz transducer 

Platform 

high velocity Doppler 

confirmation of colour 

regurgitation extending 

“into the chamber 

proximal to the valve” 

2.4% 0% 21% 6.3% 

Thomson et al 

Heart 2000(184) 

3-18, median 11yrs 

Healthy volunteers 
329 

HP Sonos 1500 

2–7mHz transducers 

Platform 

Closing volumes 

excluded 

1.8% mild 

21% had detectable 

closing volume 

0.3% Not assessed Not assessed 

Ayabakan et al 

Turk J Pediatr(185) 

0-18, mean 7.4yrs 

Referrals to 

cardiology clinic 

with cardiac disease 

excluded 

174 

GE Vingmed 

2.5m–10mHz 

transducers 

Platform 

Jet lengths measured 

from valve tip 
8.6% 1.1% 17.2% 32.2% 

Sugiyama et al 

Heart 2005(186) 

Healthy children – 

junior and junior 

high school 

422 

Sonos HP 2500 

3.5mhz transducer 

Platform 

Semi-quantitative 

grading 
26% children Not assessed Not assessed 88% children 

Basso et al 

Am J Cardiol 

2004(187) 

10yrs only 

Screened for 

bicuspid aortic 

valve 

817 

HP – transducer not 

stated 

Platform 

Not stated Not assessed 1% Not assessed Not assessed 

Yoshida et al 

Circulation 

1988(182) 

Children and adult 

Healthy volunteers 

40 (6-9 yrs) 

40 (10-19 yrs) 

47 (20-29 yrs) 

Toshiba SSH-65A 2.5–

3.5mHz transducer 

Platform 

Jet area measured by 

planimetry 

Grading cut-offs not 

described, likely 

included closing 

volumes 

45% (6–9yrs) 

45% (10–19yrs) 

43% (20–29yrs) 

0% 

88% (6–9yrs) 

64% (10–19yrs) 

68% (20–29yrs) 

78% (6–9ys) 

66% (10–19yrs) 

64% (20–29yrs) 
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Study details Age, population 
Number 

screened 

Echocardiographic 

model & transducers 

Echocardiographic 

criteria 

Mitral 

regurgitation 

Aortic 

regurgitation 

Pulmonary 

regurgitation 

Tricuspid 

regurgitation 

Reid et al  

Am J Cardiol 

2007(188) 

21-35yrs 

CARDIA study 
4,352 

Acuson 2.4 mHz probe 

Platform 

MR: ratio of jet area to 

left atrium x 100 

AR: ratio of jet width 

to LVOT 

10.4 % 0.8% Not assessed Not assessed 

Roberts et al 

Circulation 

2014(101) 

5–15yrs 

(median 9.4yrs) 
1,053 

Vivid™ i/Vivid™ e 

2.5–5 mHz 

Portable 

WHF criteria(102) 18.6% 1.8% Not assessed Not assessed 
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Great care must be taken when interpreting echocardiograms to separate physiological from 

pathological mitral regurgitation but this cut-off is still arbitrary.(17) A body of literature about 

this has arisen in descriptions of the carditis in ARF.(17, 189) The recent WHF 

echocardiographic guidelines for RHD include standardisation of criteria for physiological 

regurgitation compared to pathological mild left heart regurgitation for those with chronic 

RHD. The WHF Doppler velocity requirement for pathological mitral regurgitation of >3m/sec 

appears arbitrarily low: the driving left ventricular to left atrial pressure should result in a 

velocity of >4m/sec, unless there is hypotension or Doppler malalignment with the MR 

jet.(102) The majority of children in the current study had minor right-sided regurgitation, 

affirming the high sensitivity of portable echocardiography for detecting physiologic valvular 

regurgitation. Perturbations of preload affect right sided valvular regurgitation but are less 

likely to affect mitral and AR.(17)  

5.5.1 Congenital heart disease 

The prevalence of minor congenital cardiac anomalies in this NZ population was very similar 

(25 per 1,000), to early pre-echocardiographic studies which found similar congenital heart 

disease (CHD) prevalence across different demographic and racial groups(177, 190, 191) and 

to a NZ population where the CHD prevalence was 26 per 1,000.(24) These NZ CHD rates are 

also similar to contemporary studies amongst adolescents in Italy(187) and the United 

States(192) and to findings from portable echocardiography screening in Australian 

children.(101) 

Bicuspid aortic valves are well recognised in clinical cardiology practice and readily identified 

by echocardiography. Six of the total 1,538 children screened (0.4%) across the high and low 

risk NZ populations had a bicuspid aortic valve, similar to the approximately 0.5% bicuspid 

aortic valve prevalence described in other screening studies, Table 9.(187, 192, 193) Aortic 

regurgitation associated with a dilated abnormal aortic root or sinus is easily excluded by 

echocardiography in children by relating the size of the aortic root to the body surface area. 
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Table 9. The prevalence of congenital heart disease in healthy paediatric and young adult populations detected by echocardiography.  

Study details Population and age Number screened CHD prevalence CHD classification 

Current study 10–12yrs 396 2.5% 

8/396 

1 bicuspid aortic valve, 

5 congenital MV anomaly, 

1 VSD, 1 cor-triatriatum 

Webb et al 2011 

Cardiol Young 2011(24) 
10–12yrs 1,142 2.1% 

26/1142 

11 congenital MV anomaly 

13 other CHD 

2 dilated ascending aorta 

Van Dijk  

Acta Pediatr 1994(193) 

Ages 5–14yrs 

School screening 
173 1.1% 

2/ 173 

1 BiAV 

1 Subvalv AS 

Thomson et al 

Heart 2000(184) 

3–18yrs 

Median 11yrs 

Healthy volunteers 

329 0%  

Basso et al 

Am J Cardiol 2004 (187) 
Italian children 817 3.4% 

28/817 

4 bicuspid aortic valve 

20 MV “prolapse” 

2 tricuspid valve prolapse 

1 ventricular septal defect 

1 patent ductus arteriosus 

Reid et al 

Am J Cardiol 2007 (188) 

Adults 21–35yrs 

CARDIA study 
4,352 

0.7% 

(excluding the ‘possible MV prolapse’ group) 

41/4,352 

6 bicuspid aortic valve 

8 other aortic abnormalities 

1 RHD 

26 MV prolapse 

236 others described as ’possible MV prolapse by any definition’ 

Roberts et al 

Circulation 2014(101) 
5–15yrs (median 8yrs) 1,053 2.5% 

26/1053 

9 MV prolapse 

6 bicuspid aortic valve 

6 dilated aortic root 

1 patent ductus arteriosus 

2 atrial septal defect 

2 other CHD 
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Of relevance to echocardiographic screening in children was the finding of minor congenital 

MV anomalies in five of 396 (1.3%). These variations of MV structure are diverse and can 

usually be differentiated from rheumatic mitral morphologic changes. Classical MV prolapse is 

characterised by excessive systolic leaflet motion of the body of the leaflets in contrast to 

excessive leaflet motion of the tips of the leaflets seen in RHD.(194) Other more subtle minor 

congenital MV anomalies include hypermobility of one or both leaflets in diastole, chordal 

attachments to the ventricular septum with or without a MV cleft.(194) 

In contrast, rheumatic valve morphologic changes include characteristic features of excessive 

leaflet tip motion during systole, AMVL and posterior mitral valve leaflet (PMVL), thickening, 

chordal thickening, restricted leaflet motion due to chordal tethering.(194) 

In this study 1.3% of children had structural anomalies or variations of the mitral valve that 

appeared congenital, similar to the 0.8% with congenital MV anomalies in our high-incidence 

ARF population,(24) and to the MVP prevalence of 1% found in American eighth grade 

students(192) and the 1.7% (76/4,352) with congenital MV prolapse/anomalies in the CARDIA 

study of young adults.(188) The recent Australian low-risk RHD study in children study 

reported a 0.9% prevalence of congenital MV anomalies.(101) Interestingly, one recent Indian 

RHD screening study in children reported a substantially higher congenital MVP rate of 4%, 

Table 9.(42) Congenital MV variations and other congenital anomalies have not been 

recognised in many of the recently published RHD screening studies.(43, 100, 165, 195) 

Failure to correctly recognise congenital variants of the MV during the course of RHD 

screening will lead to over-estimation of RHD prevalence.  

5.5.2 Rheumatic heart disease and echocardiographic screening 

As hypothesised in this low-risk ARF population we found no cases of definite RHD. 

However two children had isolated pathologic-grade mitral regurgitation that met WHF 

echocardiographic criteria for borderline RHD. The recent WHF criteria allows for 

standardisation of physiological regurgitation compared to pathological yet mild degrees of left 

heart regurgitation associated with RHD.(102) 

The prevalence of isolated mild pathologic mitral regurgitation of 0.5% in the current study 

was substantially lower than found in high-prevalence RHD populations(24, 43, 100, 101, 165, 

166) and identical to the 0.5% found in low-risk Australian children.(101) In high-incidence 

RF settings, such changes are much more likely to represent RHD. However in regions where 

the background rate of ARF/RHD is negligible, isolated pathologic regurgitation is more likely 

to represent the upper limit of the physiologic spectrum. In order to determine the clinical 

significance and most appropriate management of individuals with isolated pathologic mild 
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regurgitation detected by echocardiography, longitudinal follow-up studies to understand the 

natural history are required.  

RHD screening by echocardiography is a recent and evolving field and currently there is 

controversy about its role in controlling the burden of RHD.(103) Earlier studies using lower 

echocardiographic diagnostic thresholds for RHD have described a very high RHD prevalence, 

likely in part because of inclusion of some cases of physiologic regurgitation.(165) It is 

anticipated that widespread adoption of the 2012 WHF criteria,(102) will improve the 

diagnostic accuracy and consistency of findings from RHD screening studies conducted in 

different settings around the world. 

5.5.3 Study limitations 

This study was conducted in 10–12 year olds. Rates of valvular regurgitation may vary with 

age in childhood. Screening a broader age range population may have more clearly 

demonstrated age-related variation in left-sided regurgitation. However our results do provide 

useful comparison data for the majority of echocardiographic screening studies, which have 

been conducted in school-aged children.  

5.6 Conclusions 

There is a high prevalence of physiological mitral regurgitation detected by portable 

echocardiography in healthy children with 0.5% meeting diagnostic criteria for pathologic mild 

mitral regurgitation. Mitral valve prolapse and minor congenital MV anomalies must be 

considered in the differential diagnosis of the aetiology of mitral regurgitation found in 

echocardiographic screening programmes. 
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Chapter 6:Diagnostic criteria – echocardiographic 

mitral and aortic valve thickness in children with and 

without rheumatic heart disease 

6.1 Introduction 

Thickening of both the mitral (102, 196-198) and aortic valve(102, 199, 200) leaflets are 

features of established RHD. The 2012 WHF consensus diagnostic criteria for RHD include 

thickening as one of the morphologic criteria.(102) Increased leaflet thickness of MV leaflets 

has also been observed in children with ARF.(138) 

In school age children, echocardiographic screening studies for RHD have utilised valve 

thickening as one of the morphological diagnostic criteria(24, 43, 100, 165, 166, 201) and yet 

the normal range in this population has not been established. There is also limited data about 

the echocardiographic thickness of MVs in children with ARF(138, 202) and RHD.(202, 203) 

Some authors have relied on subjective evaluation, and other more recent RHD 

echocardiographic studies have used an arbitrary cut-off of 3mm for AMVL tip thickness. 

6.2 Aims 

The primary aim of this study was to define the normal range of aortic and mitral valve 

thickness in healthy school-aged children from a high prevalence RHD region using a 

standardised objective protocol for imaging and measurement. A secondary aim was to 

establish whether mitral and aortic valve thickness differs in children with and without RHD.  

6.3 Methods 

6.3.1 Study design and participants  

Population-based echocardiographic screening was conducted in children aged 10–13 years in 

South Auckland, NZ, a region with a high incidence of ARF/ RHD.(6, 24) A consecutive series 

of 288 echocardiograms from children with no evidence of RHD or congenital valvular 

abnormality formed the study group to establish the normal range of valve thickness. Those 

with no mitral regurgitation or a closing volume of mitral regurgitation(17) and with normal 

morphologic appearances were included, but those with true physiological regurgitation(17) 

were excluded from analysis in case they had borderline RHD. Valve thickness measurements 

were also obtained from 51 subjects with RHD. These echocardiograms were obtained during 

the same previously published population-based RHD prevalence study.(24, 204) The RHD 

classification by the WHF criteria was performed in a re-analysis of cases by a panel of three 
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cardiologists. This was necessary as the WHF criteria had not been published at the time of the 

original study.(204) 

Two children who met diagnostic criteria for ARF at the time of screening were excluded from 

the analysis of the RHD group, as oedema and inflammation in the acute phase of ARF could 

lead to an overestimate of valve thickness.  

Ethical approval was obtained from the New Zealand Northern Y Regional Ethics Committee: 

reference NTY/06/12/139. 

6.3.2 Echocardiographic procedures 

Echocardiography was performed using a standardised protocol. Vivid™ e (GE Healthcare) 

portable cardiac ultrasound machines were used. A 2–3 MHz variable frequency probe was 

used. Two-dimensional Doppler images were obtained in parasternal and apical four chamber 

views. Transducer gain settings were optimised individually by experienced cardiac 

sonographers, as the large variation in body habitus precluded the use of standardised gain 

settings. The study protocol stipulated that harmonics should be turned off for 2D imaging, 

unless image acquisition was suboptimal.  

6.3.3 Valve thickness measurements  

Measurements were performed using the software package of the ultrasound machine rather 

than measured off-line. Measurements were made by two separate observers who were blinded 

to each other’s measurements. Individual measurements were made 3 times from optimal still 

frames of cine-loops. Measurements were made in millimetres to an accuracy of 2 decimal 

places as per machine settings then averaged to millimetres and 1 decimal point. 

Measurements of the AMVL thickness were performed at the mid-point and the tip of the 

leaflet in the PSLA imaging in diastole, when the AMVL was approximately parallel to the 

ventricular septum (Figure 7a). This was usually the still frame of maximal diastolic excursion 

of the AMVL. Measurement of the AMVL mid-point was also performed in systole from 

apical 4-chamber imaging (Figure 7b).  

Measurements of the PMVL thickness (Figure 7c) and length were measured in diastole in a 

still frame where there was clear separation of the PMVL from other posterior annulus tissues.  

The thickness of the aortic valve was measured from PSLA imaging in systole when the 

leaflets were at maximum excursion (Figure 7c). The right coronary – non coronary closure 

line of the aortic valve was also measured in diastole in parasternal short axis (PSSA) imaging 

(Figure 7d).  
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Figure 7. Two-dimensional echocardiography image of each imaging view, and a corresponding 

cartoon diagram showing the method for each valve leaflet measurement. (A) Parasternal long axis in 

late diastole. (B) Parasternal long axis in late diastole. (C) Apical four-chamber view. (D) Parasternal 

long axis in systole. (E) Parasternal short axis in diastole. Ao, aorta; LA, left atrium; LV, left ventricle; 

RV, right ventricle; PA, pulmonary artery. 
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6.3.4 Statistical analyses 

Thickness and length measurements of aortic and mitral valves were summarised at median 

with interquartile ranges. The Wilcoxon rank-sum test was used to assess the difference in 

these measurements between normal and individuals with RHD. Negative predictive valves 

(NPV) and positive predictive values (PPV) were calculated using standard formulae, for aortic 

and MV thickness. The intra-class correlation co-efficient (ICC) was calculated to assess the 

inter-observer agreement between two observers, and the intra-observer agreement for both of 

the observers, for a subgroup of normal individuals only. Statistical analyses were performed 

using the statistical package SAS version 9.3 (SAS Institute, Cary, NC). All p values resulted 

from two-sided tests.  

6.4 Results 

6.4.1 Normals 

The normal valve measurements in 288 normal 10–13 year old children are presented in Table 

10. Figure 8 demonstrates normal MV appearances, In the PSLA view, the AMVL tip 

thickness was 2.0mm (IQR 1.7–2.4) and AMVL mid-point thickness 2.0mm (IQR 1.7–2.4). 

There was no statistically significant difference in measurement whether the leaflet was 

measured at the tip or mid-point, or whether it was measured in the parasternal or apical view 

(p value 0.9).  

Table 10. Comparison of valve leaflet measurements between normal and rheumatic heart disease (in 

mm). 

Valve Variable 
Normal (n=288) Abnormals (n=51) 

p 
Median IQR Median IQR 

Mitral valve 

Maximal thickness AMVL tip PSLA 2.0 1.7–2.4 2.6 2.3–3.2 <0.0001 

Maximal thickness AMVL mid-point 

PSLA 
2.0 1.7–2.4 2.8 2.5–3.2 <0.0001 

Maximal thickness PMVL mid-point  2.2 1.9–2.5 2.5 2.2–3.0 <0.0001 

PMVL length PSLA 11.1 10.0–12.4 11.2 10.7–12.4 0.2785 

Maximal thickness AMVL mid-point 

A4C 
2.0 1.8–2.4 2.5 2.1–2.7 <0.0001 

Aortic valve 

Maximal thickness AV leaflet mid-point 

PSLA 
1.5 1.3–1.6 1.9 1.7–2.1 <0.0001 

Maximal thickness AV leaflet mid-point 

PSSA 
1.4 1.2–1.6 1.9 1.7–2.1 <0.0001 
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Figure 8. Zoomed two-dimensional echocardiographic view of the mitral valve, showing a normal 

anterior mitral valve leaflet in the upper image and a thickened anterior mitral valve leaflet tip in the 

lower image. 

The uppermost measurement for both AMVL tip and mid-point in normal subjects was 2.9mm. 

The mid-point of the PMVL measured 2.2mm (IQR 1.9–2.5). This was significantly thicker 

than the mid-point of the AMVL (p<0.0001). 

The median thickness of the normal aortic valve was 1.5 mm (IQR 1.3–1.6) in the PSLA view 

and 1.4mm (IQR 1.2–1.6) in the PSSA view. There was no significant difference between 

these two views (p value 0.4). 

6.4.2 Rheumatic heart disease  

There were 51 RHD cases altogether. 13 cases had definite RHD and 38 cases had borderline 

RHD. Among the 38 borderline RHD cases, 21 had mitral regurgitation, 12 had AR and 5 had 

morphologic changes. None had mitral stenosis.  

Valve measurements for the children with RHD are presented in Table 10. The AMVL tip 

measured 2.6mm (IQR 2.3–3.2) and mid-point 2.8mm (IQR 2.5–3.2) in the PSLA view in this 
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group. Valve thickness of the aortic valve in children with RHD measured 1.9 mm (IQR 1.8–

2.1) in the PSLA view and 1.9mm (IQR 1.7–2.1) in the PSSA view.  

A comparison of mitral and aortic valve thickness between the normal group and RHD group is 

presented in Table 10. The AMVL, PMVL and aortic valve leaflet were all thicker in children 

with RHD than in normal children in all imaging views.  

6.4.3 Positive and negative predictive value 

The negative predictive value of ≤3mm for mitral thicknesses are shown in Table 11, with the 

best predictor being the AMVL measurement in the PSLA view.  

The negative predictive value cut-off of ≤2mm thickness for aortic valve thickness is shown in 

Table 11. PPV for respective mitral and aortic cut-offs are shown in Table 12.  

Table 11. Negative predictive value of aortic and mitral valve measurements. 

Measurement NPV (95% CI) p value 

AMVL tip PSLA ≤33mm 0.66 (0.49, 0.84) <0.0001 

AMVL mid PSLA ≤3mm 0.73 (0.54, 0.91) <0.0001 

AV mid PSLA ≤2mm 0.77 (0.60, 0.95) <0.0001 

AV mid PSSA ≤2mm 0.58 (0.41, 0.75) <0.0001 

Table 12. Positive predictive value of mitral and aortic measurements. 

Measurement PPV (95% CI) p value 

AMVL tip PSLA ≥3mm 0.89 (0.87, 0.93) <0.0001 

AMVL mid PSLA ≥3mm 0.89(0.86, 0.93) <0.0001 

AV mid PSLA ≥2mm 0.88 (0.84, 0.92) <0.0001 

AV mid PSSA ≥2mm  090 (0.87, 0.94) <0.0001 

6.4.4 Inter and intra-observer variability results (normal) 

Inter-observer agreement: The inter-class correlation co-efficient for the AMVL tip was 0.85 

(0.71, 0.92) and for the AMVL mid-point was 0.77 (0.54, 0.87)  

Intra-observer agreement for AMVL measurements are shown in Table 13.  

Table 13. Intra-observer variability.  

 Observer 1 Observer 2 

 ICC 95% CI ICC 95% CI 

AMVL tip 0.82 0.73, 0.88 0.90 0.84, 0.93 

AMVL mid 0.76 0.66, 0.85 0.81 0.73, 0.88 
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6.5 Discussion 

This study describes an objective standardised methodology for valve thickness measurements 

from echocardiograms obtained from a RHD school screening programme in a high incidence 

ARF region. The range of normal echocardiographic valve thickness measurements in a 

population of children aged 10–13 years provides a reference dataset suitable for use in RHD 

echocardiographic screening programmes in children 

6.5.1 Mitral valve 

The results showed that the AMVL measured 2.0 mm (IQR 1.7–2.4) mm in a normal 

population of 10–13 year olds. There was no difference whether the measurement was taken at 

the tip or the mid-point of the leaflet, or whether the measurement was performed in 

parasternal or apical imaging (Table 10). The distance from the transducer to the MV is closer 

in parasternal than apical imaging so intuitively this may be the preferable method in subjects 

with poor echocardiographic windows. The posterior leaflet thickness was similar, but the 

observers noted that it could be difficult to make measurements perpendicular to the leaflet in 

parasternal imaging.  

The results for the AMVL thickness are concordant with the limited data available from other 

echocardiographic and post-mortem measurements of the MV of normal children. The 20 

normal controls of Caldas et al reported an AMVL thickness of 1.9mm but no standard 

deviation of measurement was given.(138) Atalay et al reported an indexed AMVL thickness 

of 1.27 ± 0.4mm in 15 healthy children aged 5–15. Atalay et al also reported the anterior leaflet 

and posterior leaflet to be thicker in children with RHD than in controls, with the result for the 

AMVL (p <0.001) more significant than for the PMVL (p <0.01).(203) Sahasakul et al’s post-

mortem study showed that valve thickness increased with age and was not related to height, 

weight or body surface area. They found AMVL thickness was 1.3 + 0.5 mm in 40 subjects 

under 20 years of age, 1.6 + 0.85 mm in subjects 20-59 years of age and 3.2 + 1.52 mm in 

subjects 60 years and older.(205) 

The WHF echocardiographic criteria have been widely adopted since their publication,(179, 

206-209) and include the 3mm cut off to define whether an anterior MV is normal or 

thickened. A few studies have included data on MV thickness. Bacquelin reported a Kappa 

value of 0.6 for 2 observers measuring the AMVL in 47 children.(210) Lu et al assessed MV 

thickness in a comparison of handheld versus portable echocardiogram platforms but raw data 

was not given.(211) Ours is the first study to describe multiple parameters including PMVL 

normal data and supports the 3mm WHF cut-off.(179, 210, 211)  
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6.5.2 Aortic valve  

The results showed that the median thickness of the normal aortic valve measured 1.5mm in 

the PSLA and 1.4mm in PSSA views. Note that the measurement taken in PSSA imaging is in 

fact a measure of the width of the edges (i.e. closure lines) of two leaflets (Figure 7d). Again 

there is minimal literature regarding the normal thickness of the aortic valve in children from 

either echocardiographic or pathological studies. Caldas et al reported an aortic valve thickness 

of 1.7mm in a cohort of 20 normal children when the valve leaflets were measured in systole, 

presumably using PSLA imaging.(138) The Sahasakul post-mortem study reported thickness at 

three sites on the aortic cusp increased significantly with age and was not related to height, 

weight or body surface area. They reported a mean free edge measurement of 0.67mm+/-

0.21mm (range 0.35–1.55mm) in 40 hearts from individuals <20 years.(205) 

6.5.3 Comparisons – rheumatic heart disease and normal population 

Comparisons of valve thickness between normal children and children with RHD showed the 

anterior mitral valve leaflet to be thicker in RHD at both the AMVL tip and mid-point, and in 

both parasternal and apical imaging views, with p value <0.0001 for each Table 10). 

The PMVL was also significantly thicker in children with RHD than in normal children. The 

PMVL length of the RHD cohort was longer than the normal cohort, which is counterintuitive 

to the surgical and pathological descriptions of advanced RHD.(198, 212, 213) This supports 

our contention that objective measurements of the PMVL are more problematic than 

measurements of the AMVL. The aortic valve was also thicker in those with RHD compared to 

the normal cohort regardless of whether the measurement was taken in PSLA or PSSA 

imaging. Caldas et al found the MV to be significantly thicker in children with ARF than in 

normal children in a small study but did not find a difference for the aortic valve 

thickness.(138) 

6.5.4 Inter/Intra-observer variability 

Inter and intra-observer agreement was high for measurement of AMVL thickness. There is 

minimal published data in this area, particularly for normal measurements. Bacquelin reported 

0.6 Kappa agreement for MV thickness in abnormals.(210) Given variability in its 

appearances, PMVL thickening is not used as a morphological feature, even though it is 

established that the PMVL thickens in advanced RHD.(102)  

Results have been presented as discrete measurements rather than indexed to body surface area 

(BSA) as Sahasakul et al found that valve thickness was not related to BSA but was related to 

age.(205) Moreover, measurement of height and weight are not always performed during 

population-based echocardiography screening programmes. 
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6.5.5 Technical considerations 

Echocardiography was performed by experienced sonographers who took care to optimise 

image quality for valve thickness measurements. Harmonic imaging can increase clarity but 

can also increase the thickness of cardiac structures.(214-216) The WHF Criteria recommend 

harmonic imaging is turned off for cine-loops recorded for valve measurement. If harmonics 

had been inadvertently used in this study, the overall median thickness measurements would 

have been falsely increased, which is of lesser concern when establishing a normal cut-off.  

Careful frame by frame replay is necessary in PSLA imaging to show the AMVL perpendicular 

to the ultrasound beam, when the AMVL is a parallel to the ventricular septum. This minimises 

an oblique measurement of the AMVL. However, in PSLA it is not possible to be 

perpendicular to the PMVL, so despite the reasonable co-efficient of variation, we are less 

confident about measures of the PMVL. We note that the measurements of the PMVL in 

normal children were slightly thicker than AMVL.  

When measuring the tip of the AMVL, care must be taken to separate the chordal attachments 

from the leaflet. The inter-observer agreement in this study was lower for the tip than the mid-

point of the AMVL and it is recognised that the edge of the leaflet (echocardiographically the 

tip of the AMVL) is often the first region of the valve to develop thickening in RHD.(217) 

6.5.6 Clinical implications 

In normal subjects, the uppermost AMVL mid-point and AMVL tip measurements were 2.9 

mm. This is in keeping with the WHF guidelines which recommend AMVL thickness is 

measured by the techniques described in this study, and classify AMVL thickening as a 

thickness of ≥3.0mm for patients ≤20 years.(102) 

We have emphasised the description of the normal findings in school aged children. The actual 

measurements of those with RHD will vary according to the number and severity of previous 

ARF episodes for that individual, the chronicity of disease and degree of mitral stenosis.(212)  

6.5.7 Limitations of the study 

The main objective of the study was to report the normal range of valve thickness. The RHD 

group comprised cases classified as RHD by WHF criteria by a panel of 3 cardiologists, 

blinded to each other’s assessments. In making measurements, the reviewers were not blinded 

to the presence of valvular regurgitation and morphological valvular changes, which may have 

biased their interpretation of whether the subject had RHD or not. In other words, the observers 

may have subconsciously selected still frames with the ‘thickest’ looking valve structures. A 

truly blinded study would require measurers to be provided with 2D cine-loops without colour 
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Doppler or to reduce images to single frames, however the methodology used in this study 

reflects the practical reality of reviewing an echocardiogram. 

6.6 Conclusion 

We have described a standardised method for mitral and aortic valve measurement in children 

which is objective and reproducible. Normal ranges of left heart valve thickness in a high 

prevalence RHD population are established. These results provide a reference range for school 

age children in high prevalence RHD regions undergoing echocardiographic screening. 
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Chapter 7: High burden of rheumatic heart disease 

confirmed by echocardiography among Pacific young 

adults living in New Zealand 

7.1 Background 

Rheumatic heart diseases is a significant global health problem, particularly affecting LMIC, 

where RHD is estimated to affect over 33 million adults and contribute to over 300,000 deaths 

annually.(4) In 2018 the 71st World Health Assembly unanimously adopted a resolution 

calling for multi-sectorial action to accelerate RHD prevention and control activities.(218) 

Current estimates of global RHD burden are drawn from numerous echocardiographic 

screening studies in children(21) along with disease registries and cohort studies describing 

hospital presentations with severe RHD in high disease burden populations.(207) 

There is a paucity of data regarding the prevalence of RHD in adolescents and young adults. 

Only a few population-based echocardiographic screening studies have examined adolescents 

and young adults,(100, 219-222) and most of these were conducted prior to the publication and 

subsequent widespread adoption of the WHF consensus diagnostic criteria for RHD in 

2012.(102) The natural history of recurrent ARF progressing to chronic RHD is such that the 

majority of global RHD burden occurs in adults. Knowledge of RHD prevalence and the full 

spectrum of RHD severity in adults living in high-burden ARF/RHD populations is therefore 

urgently needed to inform prevention and control programmes. 

There is a high incidence of ARF and chronic RHD among Polynesian and Māori 

schoolchildren in South Auckland, NZ.(6, 24) Furthermore, in NZ, there are marked disparities 

in ARF and RHD burden, with virtually no cases occurring among people of NZ European 

ethnicity.(6, 8) Māori and Pacific peoples comprise 15% and 7% of New Zealand’s overall 

population respectively, and approximately 35% of those under 15 years of age.(170) 

In NZ, ARF episodes are recognised to occur in young adults as well as children.(6) We 

hypothesised that the prevalence of RHD in adults would be at least as high as rates seen in a 

corresponding population of NZ school-aged children where RHD is known to be endemic.  

7.2 Aims  

We sought to determine: 1) the prevalence of RHD in adults in an urban, high-incidence ARF 

population and 2) The feasibility of portable echocardiographic screening for RHD in an urban 

primary healthcare setting.  
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7.3  Materials and methods  

7.3.1 Study setting 

This study was conducted in Otara, South Auckland, at a Pacific-led urban primary healthcare 

organisation where over 95% of enrolled clinic patients identify as Pacific peoples.  

South Auckland, NZ, is an ethnically diverse urban area characterised by high levels of socio-

economic deprivation. The population of approximately 534,000 people is made up of 21% 

Pacific peoples and 16% NZ Māori.(170) 

7.3.2 Ethics  

Ethical approval was obtained from the New Zealand Health and Disability Ethics Committee 

(HDEC) (13/STH/189). The study was also approved by the Counties Manukau District Health 

Board.  

7.3.3 Participant selection, sample size and randomisation  

The study population consisted of young adults aged 16–40 years who were enrolled at a 

Pacific primary healthcare clinic in Otara, South Auckland. Those who were not resident in 

South Auckland at the time of the study or who did not have a current address or telephone 

contact details were deemed ineligible.  

Of the 1,224 eligible patients who were randomised, 724/1,224 (59%) were female. The 

median age was 25 years (IQR 20–32 years). Pacific peoples made up 97% of the eligible 

population. 1,010/1,224 identified as Samoan, 84/1,224 were Tongan, 50/1,224 Cook Island 

Māori, 34/1,224 NZ Māori, and the remaining 46 were from other Pacific nationalities. Eligible 

individuals were identified from clinic records and approached using a stratified randomisation 

scheme.  

An a priori power analysis was performed for sample size calculation, based on a known 

prevalence of definite RHD of around 1% in high risk NZ children. With an alpha=0.05 and 

power=0.80, we determined a minimum sample size of 400 individuals would be required to 

estimate RHD prevalence comparing adults and children in South Auckland.  

7.3.4 Enrolment procedures  

Eligible individuals were telephoned by the clinic receptionist and invited writing in to attend 

for an echocardiogram appointment. Echocardiography clinics were undertaken between Dec 

2014 and March 2016.  

Upon arrival to clinic, the co-ordinating investigator met with potential participants to discuss 

the study and written informed consent was obtained. Only one person out of the 466 

approached declined to participate in the study.  
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A brief structured questionnaire was administered to ascertain demographic details, personal 

and/or family history of ARF/RHD, of type 2 diabetes, hypertension, other cardiac diseases 

and medication history. Where relevant, electronic clinical records were reviewed in order to 

clarify RHD status and severity for those who reported a previous history of ARF/RHD. 

Height and weight were measured and body mass index (BMI) was calculated.  

7.3.5 Echocardiography procedures  

Echocardiograms were performed on a Vivid™ Q® (GE, General Electric Corporation, 

Chicago Il) portable platform with a 3S 2.2M Hz transducer by highly experienced cardiac 

sonographers. Images were acquired and reported using standardised protocols previously 

utilised in NZ by this group of investigators.(24, 223) 

Two dimensional and colour Doppler images were obtained in parasternal and apical views, 

with multiple colour sweeps of any mitral or aortic regurgitant jets identified. Pulse-wave 

Doppler interrogation of regurgitation jets was performed to assess peak velocity, duration 

through the cardiac cycle and spectral envelope. Valve leaflet morphology and thickness was 

assessed in PSLA (mitral and aortic) and parasternal short axis views (aortic valve) using 

previously described methods.(224) Images were electronically stored in DICOM format.  

Left ventricular size and function was assessed by M mode. Additional images were obtained 

at the discretion of the sonographer.  

Echocardiograms were reviewed by one investigator (NCS) and studies showing any potential 

abnormalities were then reported by a panel of cardiologists (NW, JS, TG, RD), blinded to the 

participant’s demographic details and clinical history. RHD findings were classified as definite 

or borderline RHD according to WHF Diagnostic Criteria for RHD.(102) Two cardiologists 

reviewed all potentially abnormal echocardiograms, with a third cardiologist adjudicating in 

the event of a disagreement.  

Non-rheumatic echocardiographic abnormalities were interpreted in the context of available 

clinical information and clinical follow-up recommendations were made by an adult 

cardiologist (RD).  

7.3.6 Participant follow-up  

Individuals with abnormal echocardiograms were invited to return to discuss results and 

follow-up recommendations with a study doctor (NCS, RW). Participants were then referred to 

their primary care provider doctor or hospital cardiology services as appropriate. Benzathine 

penicillin secondary prophylaxis was recommended for the following groups: definite RHD 
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<21yrs, definite RHD >21yrs if severe/post RHD surgery, borderline RHD with strong family 

history of ARF/RHD <21years.  

7.3.7 Statistical methods  

Overall RHD prevalence was calculated by the sum of clinically detected cases and those 

newly detected by echocardiography.  

RHD prevalence was reported in percentage terms, with 95% confidence intervals calculated 

for proportions. Statistical analyses were performed on SAS version 9.1.3 (SAS Institute Inc, 

Carey, NC).  

7.4  Results 

7.4.1 Demographics of study population  

A total of 465 individuals were recruited and underwent echocardiography, representing 38% 

of the total 1,224 eligible young adult patients enrolled at the clinic. Median age of those 

undergoing echocardiography was 28.0 years (IQR 20.7–34.9 years). 64% were female. 99% 

of participants (460/465) identified as Pacific peoples. 364 (78.3%) self-identified as Samoan, 

44 (9.5%) were Tongan, 18 (3.9%) were Cook Islanders, 15 (3.2%) were NZ Māori 15 and 10 

(2%) were Niuean.  

7.4.2 Clinical history of acute rheumatic fever/rheumatic heart disease  

Among the 465 individuals who underwent echocardiography, eight (1.7% of the screened 

cohort) self-reported a previous history of ARF/ RHD. Of these eight, two were receiving 

regular benzathine penicillin injections and two had previously undergone heart valve surgery 

for RHD.  

Family history of ARF/RHD was reported in 56/465 individuals (12%) and 31/465 (7%) 

reported a first degree relative with ARF/RHD.  

7.4.3 Comorbidities  

Type 2 diabetes or pre-diabetes was reported by 33/465 (7%) of the cohort and 21/465(4.5%) 

had hypertension. 

Significant non-rheumatic cardiac disease occurred in 4 individuals (cardiac ablation procedure 

for Wolff Parkinson White Syndrome, atrial myxoma surgery, non-ST elevation myocardial 

infarction, infective endocarditis).  

The median BMI of participants was in the obese range. The median BMI of female 

participants was 35.3 (IQR 30.6–40.9) and the median BMI of male participants was 33.2 9 

(IQR 27.1– 8.9).  
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7.4.4 Echocardiographic prevalence of rheumatic heart disease  

The overall prevalence of RHD (definite and borderline) was 56 per 1,000 (36–78 per 1,000 

95% CI).  

Definite RHD was found in 10 individuals (4 of whom were already under cardiology review 

at a hospital clinic) with a prevalence of 22 per 1,000, and borderline RHD in was found in 16 

individuals (Table 14). 

Table 14. Prevalence of rheumatic heart disease detected by echocardiography in Polynesian young 

adults.  

RHD category  Number Prevalence (95% CI) 

RHD definite* 10 ( 5 F, 5 M)  22 per 1,000 (9, 36) 

RHD borderline  16 ( 8 F, 8 M)  34 per 1,000 (19, 52) 

RHD borderline + definite  26 (13 F, 13 M) 56 per 1,000 (36, 78) 

*6 newly detected RHD cases, 4 clinically diagnosed RHD cases confirmed by echocardiography  

Note: 4 previous ARF cases with normal echocardiograms not included in RHD prevalence  

7.4.5 Detailed description of valvular abnormalities  

Among the 10 individuals with definite RHD, there were five females and five males. There 

was a wide spectrum of findings and disease severity. Five individuals had mixed disease 

involving the mitral and aortic valves. Two had previously undergone surgery for RHD (Table 

15).  

Of the eight individuals who reported a previous history of clinically diagnosed ARF/RHD, 

three had normal echocardiograms, one had borderline RHD and four had definite RHD.  
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Table 15. Clinical features of study participants with definite rheumatic heart disease.  

 Demographics RHD details Clinical management  

New 

diagnosis 

RHD 

Female, 29 years  

 

Mild pathologic MR, rheumatic MV 

morphology,  

Referred to GP for follow-up  

BPG not recommended in view 

of mild disease and age 

Female, 23 years Mild pathologic AR, mild-mod MS and 

MR 

Referred to cardiology clinic for 

consideration of BPG  

Patient lost to follow-up 

(incarcerated) 

Male, 37 years  Mild pathologic MR, mild pathologic 

AR, rheumatic morphology both valves 

Referred to cardiology clinic  

BPG not recommended in view 

of age and mild disease 

Male, 20 years Moderate to severe AR, rheumatic 

morphology AV 

BPG recommended and 

commenced  

Referred to cardiology clinic  

Female, 20 years Rheumatic morphology MV , mild MR Initial counselling by study team 

then did not return to primary 

health clinic or hospital 

appointment 

Male, 16 years Moderate AR, rheumatic AV 

morphology  

BPG recommended and 

commenced  

Referred to cardiology clinic  

Prior clinical 

diagnosis 

RHD  

Male, 39 years  3 years post St Jude mechanical valve 

replacement (MVR) , on warfarin but not 

BPG, clinic attender 

BPG not recommended in view 

of age  

Female, 19 years 12 years post AV repair and MV 

replacement , brother with ARF, 

receiving regular BPG injections in 

primary care but was lost to hospital 

clinic follow-up 

Re-referred to cardiology clinic  

Female, 35 years Moderate AR , typical morphologic 

features of AV and MV , already 

attending cardiology clinic and receiving 

BPG prophylaxis 

 No further action  

Male, 28 years  Mod severe MS moderate AR, 

morphologic features on AV and MV, 

Poor clinic attendance, not on BPG  

Re-referred to cardiology clinic  

BPG recommended and 

commenced  

*Morphology indicates at least two rheumatic valvular morphologic features as per 2012 WHF criteria  

AV – aortic valve  

AR – aortic regurgitation 

MV – mitral valve  

MR – mitral regurgitation 

MVR – mitral valve replacement 

BPG – Benzathine penicillin G  

7.4.6 Rheumatic heart disease clinical management and outcomes  

8 patients with RHD were referred to hospital cardiology clinics. 4 individuals who were 

young, or with severe RHD and/or family history, commenced BPG secondary prophylaxis as 

a result of participation in this study.  
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11 individuals with non-rheumatic abnormalities were referred to hospital cardiology clinics 

for formal evaluation, on the recommendation of the study cardiologist.  

7.4.7 Prevalence of non-rheumatic echocardiographic abnormalities  

Non-rheumatic echocardiographic abnormalities were identified in 29/465, 62 per 1,000, (33–

73 per 1,000, 95% CI) comprising: left ventricular hypertrophy with or without impaired 

function (n=12), mild structural variations of the MV (including congenital prolapse) without 

other features of RHD ( n=6 ), left ventricular hypertrophy with or without impaired function 

(n=12), dilated aortic outflow tract (n=4), right heart dilatation (n=2), annular calcification 

(n=1), septal hypertrophy or hypokinesis (n=3) regional wall abnormality (n=1).  

7.5 Discussion 

7.5.1 Key findings  

This study describes RHD prevalence in Polynesian adults living in an urban environment and 

high-income country and is also one of only a few publications to describe RHD prevalence in 

adults using the internationally accepted WHF Diagnostic Criteria.(225, 226) Our study thus 

addresses important knowledge gaps around burden of RHD in adults from high incidence 

ARF populations.  

Amongst the screened cohort of 465 young adults, 5.6% had features of RHD on 

echocardiography and 2.2% met WHF criteria for definite RHD. We therefore estimate that up 

to 1 in 50 young adults of Pacific ethnicity in South Auckland, NZ may be living with RHD. 

These are shamefully high rates for an OECD (Organisation for Economic Co-operation and 

Development) nation such as NZ , but are in keeping with the 1:150 incidence of ARF in NZ 

children living in socio-economic deprivation(6) and the high prevalence of RHD in NZ 

Pacific children.(24, 25) 

Four (0.9%) of the cohort of 465 individuals who underwent echocardiography also had a prior 

history of clinically diagnosed RHD. For every definite RHD case previously identified 

through routine clinical care pathways, echocardiographic screening detected an additional 

case of definite RHD.  

7.5.2 Severity and clinical significance  

The prevalence and severity of RHD described in this population is higher than reported in 

many other endemic RHD regions, even accounting for less stringent diagnostic criteria in 

earlier studies. Only in Uganda has adult RHD prevalence been described in adults using WHF 

criteria. Scheel and colleagues found a similar prevalence rate of approximately 20 per 1,000, 

however disease severity was substantially lower in Uganda as compared to South Auckland, 
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NZ(225) (Table 16). Seven out of 10 individuals with definite RHD in our cohort had RHD 

graded as moderate or severe and 2 (0.4%) had previous RHD surgery. 

Table 16. Echocardiographic studies of rheumatic heart disease prevalence in adolescents and adults.  

Study setting  Patient characteristics 

RHD  

prevalence 

definite 

RHD 

prevalence 

borderline 
Comments 

Studies using WHF 2012 consensus diagnostic criteria 

South Auckland, 

NZ, urban 

Polynesian 

465 individuals  

Age range 16–40 years  

Median age 28.0 years (IQR 

20.7–34.9 years). 

22 per 1,000 (9, 

36) 

10 individuals 

with RHD 

7/10 had moderate 

or severe disease 

34 per 1,000 

(19, 52) 

 

Ethiopia, rural(222)  987 individuals 

Age range 6–25 years  

Median age 13.2 +/- 4.7 

years 

60 per 1,000, 16–

20 year olds  

11 per 1,000, 21–

25 year olds  

 Detailed age 

breakdown of 

participants not 

stated  

Uganda, rural(225) 983 individuals >20 years 

old 

Mean age overall 20.0 +/- 

11.9 years 

In 21–30 year 

olds, 20 per 1,000 

In 31–40 year 

olds, 15 per 1,000 

19/23 adults had 

mild disease 

  

Studies using other diagnostic criteria for RHD 

New 

Caledonia,(219) 

mixed rural/town 

834 individuals 

Age range 18–22 years  

Mean age 20.0 +/- 1.5 years 

65% Pacific ethnicities 

(Melanesian/Polynesian)  

5.9 per 1,000 

(95% CI 2.6–12.2 

per 1,000) overall  

 

9.7 per 1,000 in 

Pacific peoples  

1.8% 3.4% reported to 

have non-

rheumatic disease  

Senegal, urban and 

suburban(227) 

888 individuals 16–18 years  

Mean age 17.1 +/- 1 year  

10.1 per 1,000 

(95% CI 4.6–19.2 

per 1,000) 

8 of 9 cases had 

severe RHD  

 In 6-15 yrs prev = 

5.4 per 1,000  

Nicaragua, 

urban/rural(100) 

489 adults 20–35 years 

Median age 26.8 years  

22 per 1,000  

10 of 11 cases 

were female  

 27 per 1,000 non-

rheumatic disease  

Eritrea, urban(228) 348 pregnant women 

Age range 15–42 years 

Mean age 26.9 years  

Conducted in 2008 

23 per 1,000 (95% 

CI 7–39 per 1,000) 

8 borderline 

cases  

 

China, urban and 

suburban(220) 

8,080 individuals  

Conducted in 2001–02 

1.8 per 1,000 

15 found to have 

RHD 

  



 

76 

Our findings contribute to improved understanding of the clinical significance and natural 

history of RHD. We found a higher prevalence of definite RHD in young adults (2%) as 

compared to schoolchildren children (1%) using WHF criteria(25) in keeping with ARF 

epidemiology in NZ, where ARF cases are reported in adolescents and young adults in addition 

to schoolchildren.(8)  Our finding that RHD prevalence in adults was modestly higher than 

childhood rates, coupled with the observation that four individuals with a prior clinical 

diagnosis of ARF/RHD had normal follow-up echocardiograms, highlights that RHD may take 

a variable course over time and may progress, remain stable or improve.(206, 229)  

We have reported borderline RHD prevalence. The WHF criteria do not include a borderline 

RHD category for adults 20 years; our findings are an important addition to the emerging data 

of the natural history of echocardiographically detected RHD, and highlight a future research 

priority in high-risk populations where echocardiographic screening programmes are under 

consideration.  

7.5.3 Non-rheumatic abnormalities  

Use of a detailed echocardiographic protocol by experienced cardiac sonographers using high-

quality portable machines, together with specialist cardiology review of all echocardiograms 

and blinded assessment by multiple reviewers for those with suspected abnormalities, enabled 

careful and unbiased evaluation for both rheumatic and non-rheumatic abnormalities. Overall, 

12% of the cohort was found to have echocardiographic abnormalities, with similar proportions 

of rheumatic and non-rheumatic abnormalities (5.5% and 6.2% respectively). High rates of 

non-rheumatic changes, particularly left ventricular dysfunction, is consistent with an 

echocardiographic study conducted in NZ Māori.(230) Likely contributing factors include the 

high prevalence of non-communicable diseases including type 2 diabetes, obesity and 

hypertension in NZ Pacific and Māori populations.  

Similarly high prevalence of non-rheumatic cardiac abnormalities could be anticipated in other 

resource-limited settings where RHD and high non-communicable disease (NCD) burden co-

exist. To date, non-rheumatic abnormalities have only been described in a New Caledonian 

RHD screening study, where a similar spectrum of abnormalities to those found in NZ were 

noted.(219) This may be due to limited capacity for detailed echocardiography reporting by 

expert cardiologists in many settings where RHD echocardiographic studies have been 

conducted. Programmes designed to detect RHD and performed without specialist cardiology 

input may not recognise non-rheumatic cardiac abnormalities. Our findings also emphasise the 

importance of considering RHD control alongside other NCD programmes in resource-limited 

settings.  
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7.5.4 Primary care setting  

This study demonstrates the feasibility of echocardiographic RHD case detection in a primary 

care setting and we believe this is the first study of its kind to be conducted within an urban 

primary care clinic. Ease of access to community-based echocardiography enabled individuals 

to participate and attendance at hospital was not required. Individuals with a clinical diagnosis 

of ARF/RHD who had previously defaulted from follow-up were also provided with an 

opportunity to re-engage with clinical care. The primary-care based study setting also enabled 

participants with cardiac abnormalities to be linked seamlessly back to their primary care 

physician for ongoing care and follow-up.  

7.5.5 Secondary prophylaxis of rheumatic heart disease in adults  

There is currently a lack of consensus in international guidelines relating to recommendations 

around the initiation and duration of secondary prophylaxis for adults with newly diagnosed 

RHD, detected by either clinical means or echocardiographic screening(27, 30, 187) (Table 

17). The decreasing risk of ARF with increasing age in adults is an ongoing conundrum for 

secondary prophylaxis recommendations in those with mild RHD. 

Understandably, the main focus of ARF diagnosis and management guidelines is to provide 

guidance regarding treatment for the majority of ARF/RHD patients, who are diagnosed with 

ARF or RHD in childhood after presenting with clinical signs and symptoms, as opposed to the 

minority who are diagnosed via echocardiographic screening. In our study, treatment 

recommendations were made on a pragmatic and individualised basis. Secondary prophylaxis 

was initiated in four individuals with definite RHD including younger adults <21years, older 

adults with severe disease and recent ARF, and those with a strong family history of 

ARF/RHD. Other adults in whom prophylaxis may be warranted include parents of young 

children and schoolteachers who are likely to be exposed to GAS, and women in child-bearing 

years where progression of RHD confers increased risk of pregnancy complications. 
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Table 17. Recommendations regarding secondary penicillin prophylaxis for adults with acute rheumatic fever /rheumatic heart disease.  

Guideline  
Initiation of secondary prophylaxis for 

ARF and RHD in children  

Initiation of secondary prophylaxis for adults with newly 

diagnosed RHD  

Duration of prophylaxis for severe 

RHD  

Australia(53)  Minimum 10 years of until age 21 years, 

whichever is longer  

If >25 years at RHD diagnosis, for 10 years until age 35 years then 

reassess  

Age 40 or longer  

NZ(54)  If >21years at ARF diagnosis and no 

carditis, consider discontinuing after 5 

years  

 

ARF with carditis – minimum 10 years, or 

until age 21 years, whichever is longer  

Individualised approach depending on age at RHD diagnosis, 

severity, age of any suspected prior attach, risk of exposure to GAS  

Moderate – age 30  

 

Severe – age 40 , reassess at 30 

depending on individual circumstances  

India(231) No carditis – 5 years or until 18 years of 

age – whichever longer  

 

Mild/moderate carditis – 10 years or age 

25, whichever longer  

Resolved carditis – 10 years since last attack or age 25, whichever 

longer  

 

Life long, with review age 40 years  

WHO(74) No carditis – 5 years since last attack or 18 

years of age, whichever longer 

 

Carditis – 10 years since attack or 25 years 

of age, whichever longer  

Resolved carditis – 10 years since last attack or age 25, whichever 

longer 

Lifelong for moderate-severe and RHD 

surgery  
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7.5.6 Potential limitations 

7% of the screened cohort reported a family history of ARF/RHD in a first degree relative. 

Whilst it is possible that individuals with a family history of ARF/RHD may have been more 

motivated to participate in this study, selection bias was mitigated by use of a consistent and 

rigorous stratified randomisation approach to recruit participants. Furthermore the age, gender 

and ethnic make-up of those who underwent echocardiography were broadly very similar to the 

overall eligible patient population enrolled at the clinic. Our findings reflect RHD prevalence 

in an urban NZ setting of high socio-economic deprivation and household crowding, and as 

such may not be generalisable to other settings in NZ or the Pacific Islands. The high BMI of 

many individuals in this cohort meant echocardiographic image acquisition was technically 

challenging which may have led to an under-estimation of the true burden of RHD.  
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Chapter 8: Prevalence of rheumatic heart disease in 

first degree relatives of children with acute rheumatic 

fever  

8.1 Introduction/Background 

Acute rheumatic fever and its sequela RHD are important global health problems, accounting 

for an estimated 300–350,000 deaths annually and affecting approximately 33 million 

people.(4)  Globally, the majority of adults presenting with RHD do not have a documented 

history of ARF and present instead with features of advanced valvular heart disease.(20) 

Echocardiographic screening enables RHD to be detected before the onset of clinical signs and 

symptoms, and has been undertaken in many high burden ARF/RHD populations around the 

globe,(21) including NZ,(24, 25, 232) to describe RHD burden. However the role of screening 

echocardiography in RHD control programmes is still the subject of debate and ongoing 

consideration in high-burden populations. (103, 233) 

A component of genetic susceptibility or heritability has long been suspected in ARF and 

RHD, based on observations of families with multiple affected members(234-236) and studies 

demonstrating increased risk of ARF in children born to parents with RHD as compared to 

children  of unaffected parents.(237) A recent systematic review and meta-analysis reported a 

concordance risk for ARF of 44% in monozygotic twins and 12% in dizygotic twins, with 

estimated overall heritability of 60%.(45) It has also been estimated that up to 6% of any 

population may have a degree of underlying susceptibility to ARF(46, 238) however the sharp 

reduction in ARF incidence in many high-income countries in the 20th century, and recognised 

association between environmental risk factors, particularly household crowding, and 

rheumatic fever(48, 239) indicate that environmental factors are likely to also play an 

important role in ARF susceptibility.  

Family members of people with ARF or RHD may be at increased risk of RHD compared to 

the general population, due to the combination of genetic susceptibility and shared 

environmental predisposing factors such as household crowding. To date, the risk of RHD in 

relatives of individuals with ARF patients has been poorly described. 

Only one published study has used echocardiography to evaluate familial RHD risk. The 

relative risk of definite RHD among parents and Siblings of Ugandan children diagnosed with 

RHD by echocardiographic screening was 4.6, as compared to siblings of children with normal 

echocardiograms.(221)  
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In NZ, there are high rates of ARF and RHD in people of Māori and Pacific Island ethnicity.(6, 

24) The prevalence of definite RHD in schoolchildren from high incidence ARF populations in 

NZ is estimated to be around 1% using 2012 WHF criteria for echocardiographic diagnosis of 

RHD.(25, 102) In Polynesian young adults the prevalence of definite RHD is around 2%.(240) 

Despite these high local rates of ARF and RHD, and previously described genetic and 

environmental risks, there are currently major gaps in knowledge regarding RHD disease 

burden in New Zealand family members. Furthermore, the clinical approach to family 

members of individuals with ARF/RHD is not addressed in current NZ or Australian clinical 

guidelines for the diagnosis and management of ARF/RHD. (53) (128)  

Family echocardiography provides an opportunity for enhanced case detection of RHD in a 

selected high risk population group.  

8.2 Aims and hypothesis 

This study aimed to determine the prevalence of undetected RHD in first degree relatives of 

children with ARF. 

We hypothesised that RHD prevalence would be higher in parents and siblings than in a 

corresponding population of children and young adults where RHD is known to be endemic.  

8.3 Materials and methods 

8.3.1 Study setting  

This study was conducted in South Auckland, NZ, where there is a high incidence ARF/RHD 

almost exclusively affecting Māori and Pacific peoples, accompanied by high levels of socio-

economic deprivation and household crowding. (24, 25, 240)  

8.3.2 Participant selection and enrolment  

Between January 2014 and December 2016, Families of children under 15 years of age with 

ARF (diagnosed as per NZ guidelines)(54) at the 3 public hospitals in the Auckland region of 

NZ were approached for participation in the study. First degree relatives, including biological 

parents and siblings, including half-siblings, were deemed eligible. Non-biologic, non-first 

degree relatives (e.g. cousins, adopted family members, step-parents) were excluded as were 

young children under four years of age and individuals who were not permanent residents of 

NZ. Informed consent was obtained from participants. Parental consent was obtained for 

participants under 16 years, in addition to written assent for children between 10 and 16 years. 

A standardised questionnaire regarding family demographics and composition was 

administered by the study team. Past history and family history of ARF/RHD were 

documented, along with history of non-rheumatic cardiac abnormalities.  



 

82 

8.3.3 Echocardiography procedures  

Echocardiograms were offered to biological parents and siblings aged 4 years or older, 

regardless of whether they resided in the same household as the index case in the family.  

Echocardiograms were performed on either a Vivid™ Q® (GE, General Electric Corporation, 

Chicago Il) portable platform or on the Philips iE33®) Philips Professional Healthcare, 

Amsterdam) hospital platform with a 3S 2.2M Hz transducer by highly experienced cardiac 

sonographers. Images were acquired and reported using standardised protocols previously 

utilised in NZ by this group of investigators.(24, 223) 

Two dimensional and colour Doppler images were obtained in parasternal and apical views, 

with multiple colour sweeps of any mitral or aortic regurgitant jets identified. Pulse-wave 

Doppler interrogation of regurgitation jets was performed to assess peak velocity, duration 

through the cardiac cycle and spectral envelope. Valve leaflet morphology and thickness was 

assessed in PSLA (mitral and aortic) and parasternal short axis views (aortic valve) using 

previously described methods.(224) Images were electronically stored in DICOM format.  

Left ventricular size and function was assessed by M mode. Additional images were obtained 

at the discretion of the sonographer.  

8.3.4 Echocardiogram reporting  

Echocardiograms were reviewed by one investigator (NCS) and studies showing any potential 

abnormalities were reported by a panel of cardiologists (NW, JS, TG, RD), blinded to the 

participant’s demographic details and clinical history. Two cardiologists reviewed all 

potentially abnormal echocardiograms, with a third cardiologist called in to adjudicate in the 

event of a disagreement. Non-rheumatic echocardiographic abnormalities were interpreted in 

the context of available clinical information. Clinical follow-up recommendations for abnormal 

echocardiograms were made by a paediatric cardiologist (NW) or adult cardiologist (RD).  

8.3.5 Rheumatic heart disease classification  

For participants under 20 years of age, RHD findings were classified as definite or borderline 

RHD according to WHF Diagnostic Criteria for RHD.(102)  

For participants over 20 years of age, RHD was classified as definite RHD/Normal/Other, 

acknowledging that borderline RHD has not been defined for adults in the WHF criteria.(102)  

8.3.6 Participant management and follow-up  

Those < 20 years with definite RHD were offered benzathine penicillin prophylaxis and those 

with borderline RHD were recommended enhanced surveillance for sore throats and follow-up 

echocardiography, in keeping with global recommendations at the time the study was 
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conducted(241). Those diagnosed with non-RHD cardiac abnormalities were referred for 

cardiology follow-up as appropriate. 

8.3.7 Statistical methods  

Prevalence of RHD in siblings was calculated by the sum of the sibling RHD cases detected by 

echocardiography, plus those with previously known RHD, expressed as a proportion of those 

siblings scanned, i.e. siblings not participating were not included in the denominator. The 

sibling prevalence of RHD was compared to the previously established echocardiographic 

prevalence of children and adults in high prevalence RF/RHD regions in NZ(24, 25). 

Prevalence of RHD in parents was calculated by the sum of the echocardiographic RHD cases 

plus those with previous RHD, expressed as a proportion of those parents scanned, i.e. parents 

not participating were not included in the denominator.  

Categorical data are expressed as proportions. Relative risks were calculated to determine 

incidence of RHD among different groups. To compare the prevalence of RHD between 

siblings (sample study) and NZ children and between those with definite RHD and borderline 

RHD, a chi-square      test of independence (equality of proportions) was used. Significance 

was set at p < 0.05 for all analyses. Statistical Analysis System (SAS) Version 9.4 from SAS 

Institute Inc., Cary, NC, USA was used for data analysis.  

Prevalence rates were determined using population denominators from the 2013 New Zealand 

Census of population and dwellings.(170)  

8.3.8 Ethics  

Ethics approval was obtained from the Health and Disability Ethics Committee 

(13/STH/189/AM04). 

8.4 Results 

8.4.1 Demographics of index cases and family members 

There were 70 children (index cases) of ARF and families who participated in the study.  

The median age of index cases was 11 years (range 4–15 years).  

The majority of children with ARF (index cases) were of Pacific ethnicity (55/70, 79%) and 

15/70 (21%) were Māori.  

8.4.2 Family members 

There were 134 eligible parents and 187 eligible siblings aged 4 years or older. The median 

number of eligible siblings per index case was 2 (range 0–9).  
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Demographic data of enrolled family members is shown in Table 18. There were 96 parents 

and 133 siblings who underwent echocardiography. The median age of participating parents 

was 37 years (range 22–61 years). Median age of participating siblings was 10 years (range 4–

23years). 57/133 (43%) of enrolled siblings were male and 38/96(40%) of parents were male.  

A family history of ARF/RHD in one or more biologic relative was reported in 18/70 (26%) of 

index cases. In 4 index cases (6% of the cohort), family history of ARF/RHD in a first degree 

relative was reported and confirmed by review of medical records. 

8.4.3 Clinical features – index cases and family members  

All 70 cases were first episodes of ARF. There were 34 cases (48%) with mild carditis (including 

6 with carditis initially graded as mild-moderate which then improved on follow-up 

echocardiography) and 24 (34%) had moderate or severe carditis. There were 12 children 

(17%) who underwent cardiac surgery within 12 months following their ARF diagnosis. Only 

12 children (17%) had ARF without carditis. There were 6 children (9%) with rheumatic 

chorea.  

One sibling had a clinical history of ARF with known chronic RHD and did not undergo a 

screening echocardiogram but is included in prevalence data. There were 3 additional parents 

who did not undergo echocardiography but had a history of ARF or RHD. One parent had 

known RHD confirmed by recent clinical echocardiogram, and is included in prevalence data 

as a clinically diagnosed RHD case.  One parent had a documented history of ARF with normal 

echocardiogram conducted as part of routine clinical care, and the third parent had a normal 

echocardiogram conducted as part of the study.    

8.4.4 Echocardiography  

Echocardiography was performed in 94 parents and 132 siblings. The remaining family 

members did not provide consent and/or were not available to attend echocardiogram 

appointments.  

132/187 (71%) of eligible siblings underwent echocardiography.  

94/134 (70%) of eligible parents underwent echocardiography.  

8.4.5 Rheumatic heart disease prevalence in siblings  

There were two siblings with definite RHD (both cases of moderate severity) and nine had 

borderline RHD detected by screening. In two families, two siblings were found to have 

borderline RHD. 
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The prevalence of total RHD (definite and borderline) in siblings was 90 per 1,000 (95% CI 

45–143 per 1,000) compared to 36 per 1,000 (95% CI 30–42 per 1,000) in NZ children from 

high incidence populations (p 0.001). 

8.4.6  Rheumatic heart disease prevalence in parents  

Echocardiography was performed in 94 parents and 3 parents had definite RHD detected by 

echocardiography (2 mild, 1 moderate severity).  

One additional parent with clinically diagnosed RHD was included in prevalence data. The 

overall prevalence of definite RHD in parents was 43 per 1,000 (95% CI 7–87 per 1,000) 

compared to 22 per 1,000 (95% CI 9–36 per 1,000) in young NZ adults (p 0.249). 

8.4.7  Family rheumatic heart disease burden    

Following echocardiography, there were 18 families with 2 first-degree family members with 

RHD and three families with 3 affected first-degree family members.  

8.4.8  Non rheumatic echocardiographic abnormalities   

Non-rheumatic congenital variants of the MV, with or without associated MV prolapse, were 

found in four individuals (3 siblings and 1 parent). Amongst parents, 8 other non-rheumatic 

abnormalities were identified including the following: dilated aortic root/sinuses (n=2) dilated 

ascending aorta (n=2) degenerative aortic stenosis (n=1) LVH (n=1) left ventricular 

hypertrophy (n=1) and congenital AV anomaly/prolapse (n=1).  

Table 18. Demographic data of siblings and parents who underwent echocardiography.  

    Siblings (n=133) Parents (n=96) 

n % n % 

Age (years) Median 10  37  

Range 4–23  22–61  

Gender Male 57 (43%) 38 (40%) 

Ethnicity 

NZ Māori  26 (20%) 14 (15%) 

Pacific 107 (80%) 81 (84%) 

NZ European   1 (1%) 

Echo screened 132  94  

Previously known RHD 1  2  
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Table 19. Prevalence of rheumatic heart disease in siblings vs. prevalence in New Zealand children. 

  
Borderline RHD Definite RHD 

Total RHD  

(Borderline + Definite) 

Siblings 9/133 

  

68 per 1,000 

95% CI 36–124 per 

1,000 

3/133 

  

23 per 1,000 

95% CI 8–64 per 

1,000 

12/133 

  

90 per 1,000 

95% CI 45–143 per 

1,000 

NZ 

children 

90/3,634 

  

25 per 1,000 

95% CI 20–30 per 

1,000 

40/3,634 

  

11 per 1,000 

95% CI 8–15 per 

1,000 

130/3,634 

  

36 per 1,000 

95% CI 30–42 per 

1,000 

  

p-value 0.002 0.218 0.001 

Table 20. Prevalence of rheumatic heart disease in parents vs. prevalence in young New Zealand adults. 

  Definite RHD 

Parents 4/96 42 per 1,000 

95% CI 7–87 per 1,000 

Young adults  

South 

Auckland 

10/465 22 per 1,000 

95% CI 9–36 per 1,000 

p-value 0.249 

Table 21. Relative risk of rheumatic heart disease for siblings compared to New Zealand children. 

  Relative risk p value 

All RHD 
2.52  

95% CI 1.43–4.44 
0.001 

Definite RHD 
2.05 

95% CI 0.64–6.54 
0.226 

Borderline RHD 
2.73 

95% CI 1.41–5.30 
0.003 
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Table 22. Relative risk of rheumatic heart disease for parents compared to young New Zealand adults. 

  Relative risk p value 

Definite RHD 
1.94 

95% CI 0.62–6.05 
0.255 

Table 23. Relative risk of rheumatic heart disease for siblings with other factors. 

 RHD in sibling Relative risk p value 

If reported family history of ARF/RHD 
1.10  

95% CI 0.32–3.80 
0.884 

If moderate/severe carditis in index case 
1.83  

95% CI 0.62–5.36 
0.270 

If RHD surgery in index case 
4.78  

95% CI 1.69–13.51 
0.003 

8.5 Discussion 

8.5.1 Key findings  

This study found that RHD prevalence (definite and borderline) among siblings of children 

with ARF was 2.6 times the background population rates (9% as compared to 3.5%). Of 

particular note the relative risk of RHD in siblings was markedly elevated (4.8) if the index 

case of ARF in the family had also undergone RHD surgery. Definite RHD prevalence in 

biologic parents of children with ARF was nearly twice as high as the background population 

rate (4% compared to 2.3%) however this was not statistically significant.  

8.5.2 Strengths  

The study findings exemplify the practical application and utility of portable echocardiography 

for RHD diagnosis in a selected high risk population group, as distinct from whole-population-

based screening. The high participation rate demonstrates the motivation of families affected 

by ARF/RHD to access and engage with healthcare services, when offered in an accessible 

manner. 

8.5.3 Limitations  

This study was not designed to determine whether elevated familial risk of RHD was due to 

genetics or environmental factors. At the current time, there is also ongoing uncertainty 

regarding the natural history and clinical significance of RHD detected by echocardiography. 

Findings from a randomised trial of benzathine penicillin in latent RHD currently underway in 

Uganda are expected to inform future global approaches to the clinical management of 

echocardiographically detected mild (also described as latent) RHD.(242) There is also 

currently a lack of international consensus regarding the appropriateness (or otherwise) of 
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commencing adults with newly diagnosed mild RHD on benzathine penicillin secondary 

prophylaxis.  

 

A final limitation is that this study involved a relatively small number of ARF patients and 

family members. A larger study may have produced findings with narrower confidence 

intervals.  

8.5.4 Clinical utility  

Based on this study’s overall findings, the authors advocate for sibling echocardiography and 

increased emphasis on family history, to be incorporated into ARF and RHD diagnosis and 

treatment algorithms. It is logical that echocardiography is offered to siblings of children 

diagnosed with chronic RHD, in addition to siblings of ARF patients, as ARF and RHD are 

part of the spectrum of the same illness. Family history may be a useful factor when 

prioritising patients for echocardiography in resource-limited settings and when making 

decisions regarding initiation of benzathine penicillin secondary prophylaxis, for individuals 

with suspected ARF who do not meet full diagnostic criteria. 

8.6 Conclusion  

Echocardiography of first degree relatives of individuals with ARF detects 2–3 times the RHD 

prevalence of the background population, and is recommended for active-case finding in high-

burden ARF/RHD populations.  

 

 

  



 

89 

Part B: Summary of key findings 

The chapters in Part B of this thesis demonstrate the feasibility and components of 

echocardiography as a tool for population-based screening and RHD case detection in high risk 

population groups in NZ. The described studies provide disease burden data. Original studies 

have been undertaken to develop objective standardised echocardiography methods and to 

provide normative data of cardiac valve regurgitation and valve thickness in children. This data 

has helped to inform RHD diagnostic criteria.  

Key findings include a prevalence of definite RHD in children living in South Auckland of 

approximately 2.6%, when applying the WHO/NIH diagnostic criteria in used at the time of 

this study. Furthermore, school-based echocardiographic screening identified a small number 

of children with severe, albeit previously unrecognised RHD (2 cases) and ARF cases that had 

not been clinically detected or brought to the attention of medical professionals. 

Follow-on studies in a cohort of nearly 400 schoolchildren from a low-risk ARF population, 

using the same methodology, found no evidence of echocardiographic RHD however 

physiologic-grade mitral regurgitation (with normal MV leaflet morphology) was observed in 

approximately 15% of healthy children from both high-risk and low-risk ARF populations.  

Mitral and aortic valve leaflet thickness can be measured in an objective, reproducible manner, 

and the cut-off for normal mitral leaflet thickness is ≤3mm.  

Prevalence of definite RHD in Māori and Pacific young adults in South Auckland is around 

2.2%, increasing to 5.6% if borderline changes are included, using currently accepted WHF 

criteria. Echocardiographic screening identifies non-rheumatic abnormalities in both adults and 

children, at a similar prevalence to rheumatic abnormalities (6% in adults, 2.6% in children).  

RHD prevalence in siblings and parents is in the order of 2–3 times higher than the background 

population, supporting the recommendation for active case finding among first degree relatives 

of individuals with ARF or RHD.   
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Part C: Outcomes and complications of 

rheumatic heart disease in New Zealand 

children 

Introduction 

The focus of Part C shifts from the echocardiographic assessment of RHD burden in NZ, to 

describing selected sequelae of ARF and RHD in NZ children, including long-term outcomes 

of heart valve surgery for RHD, and childhood infective endocarditis and the significance of 

RHD as a predisposing factor in the NZ setting.  

These investigations address critical knowledge gaps in both local and international literature. 

It is known that approximately 20% of children will end up with severe RHD following an 

initial ARF episode. Whilst there is a large body of literature describing surgical techniques for 

rheumatic valvular heart disease in adults, relatively little has been published about RHD 

surgery outcomes in children. Increasing knowledge is important given differences – children 

grow, durability issues important if still growing, anticoagulation risks high and recurrence risk 

higher.  

Similarly, vast majority of global endocarditis literature is derived from adult populations in 

high-income countries. Paediatric literature is limited to single-centre case series, with very 

few reports from LMIC and settings where RHD is endemic. 

In New Zealand there is a single national paediatric cardiosurgical service based at Starship 

Children’s Hospital, Auckland (formerly based at Green Lane Hospital until 2003). This 

provides a unique opportunity to evaluate paediatric RHD cardiosurgical and endocarditis 

burden and outcomes on a national, population-based level.   
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Chapter 9:Improved long-term survival for 

rheumatic mitral valve repair compared to 

replacement in the young  

9.1 Introduction 

Rheumatic heart disease is the most common acquired cardiovascular disease in children and is 

estimated to affect at least 15 million people worldwide.(27) It is approximated that 95% of 

cases occur in low- and middle-income countries.(27) New Zealand is a high-income country 

with a GDP per capita that is ranked the 24th highest in the world(243) and yet ARF and its 

long term sequel RHD continue unabated amongst the Indigenous Māori and Pacific Islander 

population.(244) Prevalence of RHD amongst the urban school-aged children from 

socioeconomically deprived regions of NZ is as high as 2.4%.(245) Our national paediatric and 

congenital cardiac-surgical centre is based at the Starship Children’s Hospital (previously 

known as Green Lane Hospital) in Auckland and provides care for both local residents and for 

patients from the South Western Pacific Islands, including Western Samoa, Tonga, Fiji, 

Solomon Islands, Vanuatu, Cook Islands, American Samoa and Tahiti. 

Mitral valve repair is demonstrably superior to MVR in adults with RHD.(134) As a result of 

this, it has been our practice currently to repair valves whenever technically possible. However 

there are no comparative studies to support this practice in children. Data from adult patients 

cannot directly be extrapolated to children and moreover the durability of MV repair has been 

reported to be inferior in both the young(246, 247) and in the rheumatic population.(247, 248)  

We sought to compare the long-term outcomes of MV repair to replacement in the young with 

RHD with up to 19 years of follow-up. 

9.2 Methods 

A retrospective review was performed of all RHD patients at our institute who underwent their 

first cardiac surgery between 1990 and 2006 and were aged less than 20 years at the time of the 

first operation. Of the total of 212 RHD patients identified in the hospital surgical database, 81 

patients underwent isolated MV surgery with or without concomitant tricuspid valve repair. 

Patients with aortic valve surgery were excluded from this analysis. 

Long-term results were analysed according to the type of valve present at the time of hospital 

discharge, as this was thought to be of greatest relevance to long-term outcome. All valve-

related events are reported in accordance with the revised guidelines published by the “Ad Hoc 

Liaison Committee for Standardizing Definitions for Prosthetic Heart Valve Morbidity” 
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(2008).(249) Study approval was obtained from the New Zealand Northern Regional Ethics 

Committee.  

9.2.1 Surgical technique  

Surgical techniques at our institute evolved over the study period. Currently, the surgical 

technique includes detailed pre-operative assessment of the functional anatomy of the anterior 

and posterior valve leaflets utilising two and three dimensional echocardiography. A clear 

picture of which leaflet segments have elongated chordae is sought. This allows the surgeon to 

plan how much the chordae should be shortened for AMVL prolapse, either directly or with 

insertion of prosthetic tissue. Wedge resection is used for PMVL prolapse. Thickening of the 

PMVL can be peeled away. Most repairs include the insertion of a full rigid annuloplasty ring 

which restores the correct size and oval shape of the inlet. Following repair, if 

transoesophageal echocardiography indicates greater than 6mmHg MV gradient or greater than 

mild mitral regurgitation, the repair is revised unless the surgeon judges the repair cannot be 

improved. 

9.2.2 Follow-up 

Information was obtained from hospital records, family practice records, RF registries, and 

directly from the patient or their family via telephone interviews. Prospective cardiology 

follow-up was organised for those patients who had not been seen by a physician since March 

2007 either in NZ or in the Pacific Islands. Follow-up data up to March 2010 was included. 

Follow-up was deemed ‘complete’ if there was a physician visit within the last three years 

(84.0%), ‘partial’ (7.4%) if it had been greater than three years, and ‘none’ if there was no 

record of being seen by a physician since discharge from surgery (8.6%).  

9.2.3 Statistical analysis 

Continuous variables were summarised as mean with standard deviation and/or median with 

interquartile range, and/or range. Categorical variables were reported as frequency and 

percentage. Student’s t-test for unpaired data were applied for comparing continuous 

quantitative variables between the groups, and the non-parametric Mann-Whitney U test was 

used if the quantitative variables did not show a normal distribution. Chi-square test was used 

for comparing categorical variables between groups. Unadjusted survival and freedom from 

adverse events was estimated using the Kaplan-Meier method, and differences between strata 

were tested using the log-rank test. Associations between risk factors and outcome were 

assessed by Cox proportional hazards regression analysis. Survival was measured from the date 

of first operation and censored at the time of death, when the outcome occurred or when lost to 

follow up. Cardiac dilatation was assessed by relating the left ventricular end systolic 
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measurement (LVESD) to BSA and expressed as standard deviation or z-score.(250) All p-

values reported were two-tailed and a p-value < 0.05 was considered significant. Data was 

analysed using SAS statistical package, version 9.1.3 (SAS Institute, Cary, NC, USA). 

9.3 Results 

During the study period, at first operation, a total of 53 patients (65.4%) underwent primary 

MV repair, 23 (28.3%) underwent MVR and five (6.2%) had bioprosthetic valve replacement 

(BVR). Concomitant tricuspid valve repair took place in 28.4% of all cases. Over the 17 year 

study period a total of 12 surgeons were listed as primary operators. Of these, three surgeons 

performed 77% of all operations and 92% of the MV repairs. The decision to repair or to 

replace and the type of surgical repair was based on the surgeons’ preference taking into 

account patient and valve factors as well as their own experience. Indication for surgery was 

severe MV regurgitation in 71 (86.4%), severe MV stenosis in five (4.9%) and mixed mitral 

valve disease in five (8.6%), 15 out of the 81(18.5%) patients had surgery during the acute 

phase of ARF. An additional 9 patients (11.1%) had surgery when their acute phase reactants 

(ESR and CRP) had normalised. The remainder had chronic RHD. Intercurrent acute infective 

endocarditis was present in three (3.7%) at the time of the first operation. 

Over the study period there was an increasing tendency towards repair. The successful repair 

rates increased from 46% during the early phase of the study (1990–1995) to 72% during the 

later phase of the study (2001–2006) (Table 24). Repair rates for individual surgeons varied 

from 0 to 84%. 
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Table 24. Pre-operative patient characteristics of the 81 patients undergoing mitral valve surgery. 

Classification is based on type of valve at discharge from hospital following early re-operation. 

  Overall n=81 MVR n=28 Repair n=48 BVR n=5 p-value* 

Median age  

Years 

Range 

  

12.7 

(3–19) 

  

13.8 

(3–19) 

  

11.7 

(3–19) 

  

17.6 

(13–19) 

  

0.10† 

Weight (kg)  

Median 

Range 

  

43.9 

(15–114) 

  

41.4 

(15–100) 

  

43.7 

(15–114) 

  

63.6 

(54–73) 

  

0.56 

Residence 

Overseas 

NZ 

  

42 (52%) 

39 (48%) 

  

14 (50%) 

14 (50%) 

  

25 (52%) 

23 (48%) 

  

3 (60%) 

2 (40%) 

  

0.86 

Ethnicity 

Māori 

Pacific Islander 

Other 

  

23 (28%) 

56 (69%) 

2 (3%) 

  

9 (32%) 

19 (68%) 

0 (0%) 

  

13 (28%) 

33(69%) 

2 (3%) 

  

1 (20%) 

4 (80%) 

0 (0%) 

  

0.93 

Female 42 (52%) 17 (61%) 20 (42%) 5 (100%) 0.11† 

NYHA III/IV 38 (47%) 12 (43%) 23 (48%) 3 (60%) 0.67 

CHF pre-op 50 (62%) 19 (68%) 28 (58%) 3 (60%) 0.41 

Pre-operative AF 9 (11%) 6 (21%) 3 (6%) 0 (0%) 0.07 

LVESD(mm)  

Median 

IQR 

  

42 

35–44 

  

42 

35–44 

  

41 

34–44 

  

43 

39–47 

  

0.37 

  

LVESD z-score 

Median 

IQR 

  

+4.2 

+2.8 to +5.6 

  

+5.2 

+3.5 to +6.3 

  

+3.6 

+2.8 to +5.5 

  

+2.79 

+1.7 to +4.0 

  

0.14 

Indication for 

surgery 

Severe MR 

Severe MS 

Mixed MS and 

MR 

  

70 (86%) 

4 (5%) 

7 (9%) 

  

25 (89%) 

0 (0%) 

3 (11%) 

  

41 (86%) 

4 (8%) 

3 (6%) 

  

4 (80%) 

0 (0%) 

1 (20%) 

0.37 

Follow-up 

Complete 

Incomplete 

No follow-up 

  

68 (84%) 

6 (7%) 

7 (9%) 

  

23 (82%) 

2 (7%) 

3 (11%) 

  

41 (86%) 

4 (8%) 

3 (6%) 

  

4 (80%) 

0 (0%) 

1 (20%) 

0.89 

Follow-up time 

Mean (SD) 

Median (IQR) 

Range 

  

7.6 (5.1) 

7.8 (3.7–11.9) 

0–19.4 

  

7.8 (5.1) 

9.3 (3.0–11.9) 

0.01–14.5 

  

7.5 (4.9) 

6.9 (3.4–11.9) 

0–19.2 

  

7.9 (7.1) 

6.1 (5.3–8.5) 

0.1–19.4 

0.57 

  

Operation year 

1990–1995 

1996–2000 

2001–2006 

  

28 (35%) 

24 (30%) 

29 (36%) 

  

13 (46%) 

9 (32%) 

6 (21%) 

  

13 (27%) 

14 (29%) 

21 (44%) 

  

2 (40.0) 

1 (20.0) 

2 (40.0) 

0.11 

* p -value compares MV repair vs. mechanical valve replacement 

† p < 0.05 compares MV repair with bioprosthetic valve replacement 

AF – atrial fibrillation or atrial flutter 

LVESD – left ventricular end systolic dimension 

LVESD z-score – LVESD size normalised for BSA and expressed as a standard deviation 

NYHA – New York Heart Association 

MS – mitral stenosis 

MR – mitral regurgitation 

MVR – mechanical valve replacement 

BVR – bioprosthetic valve replacement 
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Patient characteristics are listed in Table 24 and patients are classified according to the type of 

valve they had at discharge from hospital following early re-operation. Of the 81 patients, 48% 

were local NZ residents. All overseas residents originated from the Pacific Islands (Western 

Samoa, Tonga, Fiji, Solomon Islands, Vanuatu, Cook Islands, American Samoa and Tahiti). 

The baseline characteristics of patients who underwent repair and replacement were similar 

although atrial fibrillation tended to be more common in patients with MVR compared to MV 

repair (p=0.07) (Table 24). The small cohort of patients who received BVR were all female and 

were older than those in the other two groups.. 

9.3.1 Early outcomes 

9.3.1.1 Hospital mortality 

The overall early hospital mortality rate (30-day) was 4.9%, with no death since 1996. Two 

patients died following MV repair, two following MVR and none after BVR. Causes of death 

were: intractable ventricular tachycardia (1), low cardiac output (1), cardiac tamponade leading 

to severe hypoxic ischaemic encephalopathy (1), and overwhelming sepsis in the setting of pre-

operative endocarditis (1).  

9.3.1.2 30-day re-operation rate 

Indication for early re-operation was residual moderate or severe MV stenosis or regurgitation. 

The early re-operation rate following MV repair was 11% (6 patients) with no deaths. Of these 

six patients, five required MVR and one had successful revision of repair with reattachment of 

detached Gortex chordae. Early re-operation rate following MVR and BVR was 0%. Thus at 

discharge from hospital, 59% of the patients had MV repair, 35% had MVR and 6% had BVR. 

9.3.2 Late outcomes 

Follow-up data were available for 91.4% of the patients with mean follow-up of 7.6 years 

(maximum 19.4 years), a total of 620 patient years (Table 24). Follow-up was available for up 

to 19 years for patients with repair and BVR but only for 14 years for those with MVR. All 7 

patients who had no documented medical review since discharge from hospital resided in 

remote Pacific Islands.  

9.3.2.1 Survival  

Actuarial survival (including all early and late deaths) at 5, 10 and 14 years following MV 

repair was >90%, 90% and 90% and following MVR was 84%, 79% and 44% (p=0.057), 

(Figure 9). 
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Figure 9. Actuarial global survival: mitral valve repair versus mechanical valve replacement. 

No non-cardiac deaths were identified during follow-up. There were 3 late deaths following 

MV repair and related to endocarditis (2) and cardiac failure (1). There were 5 late deaths 

following MVR with congestive cardiac failure (2), sudden unexpected death (1), 

anticoagulation related intracranial haemorrhage (1) and infective endocarditis (1). 

New Zealand residents who underwent MV repair had the greatest survival advantage. 

Actuarial survival of New Zealanders at 5, 10 and 14 years following MV repair was 100%, 

100% and 100% and following MVR was 93%, 93% and 62% (p=0.047). Of note, no NZ 

patients died following MV repair during the 19 year follow-up (Figure 10).  
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Figure 10. Actuarial survival of patients domiciled in New Zealand: mitral valve repair versus 

mechanical valve replacement. 

Patients domiciled in the Pacific Islands benefited less from MV repair with an actuarial 

survival of 80% at 14 years (Figure 11). 

 

Figure 11. Actuarial survival of patients who underwent mitral valve repair: Domiciled New Zealand 

patients versus overseas residents. 
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Univariate Cox regression analysis (Table 25) revealed three risk factors that were predictive 

for decreased long-term survival: Non-NZ residence Hazard Ratio (HR) 4.14 (CI 95% 1.15–

14.97; p=0.03), pre-operative atrial arrhythmias HR 4.45 (CI 95% 1.36–14.50, p=0.013) and 

LVESD z-score > +5 HR 3.52 (CI 95% 1.07–11.55, p= 0.03). In the multivariate analysis only 

an LVESD z-score > +5 remained statistically significant (Table 25). 

Table 25. Risk factors for mortality: univariate and multivariate analysis. 

Pre-operative variables 

Univariate analysis Multivariate analysis 

Hazard Ratio 

(95% CI) p value 

Hazard Ratio 

(95% CI) p value 

Overseas residence 4.14 (1.15, 14.97) 0.03 2.86 (0.55, 14.87) NS 

Atrial flutter/fibrillation 4.45 (1.36, 14.50) 0.01 3.10 (0.81, 11.71) NS 

LVESD z-score > +5.0 7.90 (2.28, 27.35) <0.01 4.40 (1.17, 16.59) 0.03 

Concomitant TV surgery 0.37 (0.12, 1.09) 0.07     

Male gender 0.35 (0.10, 1.29) NS     

Chronic RHD 3.17 (0.41, 24.51) NS     

MV repair 0.37 (0.12, 1.10) 0.07     

LVESD z-score – LVESD size normalised for BSA and expressed as a standard deviation. 

TV – Tricuspid valve 

9.3.3 Late re-operation 

All 7 late re-operations following initial MV repair resulted in MVR. Three patients required 

re-do MVR. There was one death following a late re-operation MVR in the setting of pre-

operative sepsis with endocarditis. Actuarial freedom from late re-operation at 5, 10 and 14 

years following MV repair was 90%, 76% and 76% and following MVR was 100%, 88% and 

73% (p=0.52) (Figure 12). The presence of acute rheumatic carditis at the time of the MV 

repair did not influence the need for early or late re-operation. 
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Figure 12. Freedom from late reoperation: mitral valve repair versus mechanical valve replacement. 

Analysis by intention to treat at first operation rather than by type of valve at discharge showed 

an actuarial freedom from early and late re-operation at 5, 10 and 14 years following MV 

repair was 82%, 68% and 68% and following MVR was 100%, 86% and 72% (p=0.26) 

respectively. No pre-operative variables (Table 24) were identified as risk factors for late re-

operation for the MV repair group, or the MVR group. 

9.3.3.1 Thrombotic, embolic and haemorrhagic events 

Actuarial freedom from (all early and late) thrombotic, embolic and haemorrhagic events at 5, 

10 and 14 years following MV repair was 100%, 100% and 100% and following MVR was 

73%, 63% and 45% (Figure 13).  
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Figure 13. Freedom from early and late thrombotic, embolic, and events: mitral valve repair versus 

mechanical valve replacement. 

All 10 patients with minor and major thrombotic, embolic and haemorrhagic events had MVR. 

Four patients had embolic events; strokes (2) and transient ischaemic attacks (2). One patient 

had a thrombosed mechanical valve. Four patients had major haemorrhagic events; CVA (2), 

abdominal haemorrhage (1) and haemarthrosis (1). Only one patient had a minor haemorrhagic 

event that required hospitalisation and surgical intervention for epistaxis. 

9.3.3.2 Endocarditis 

There were five cases of endocarditis. Of these three resulted in death and two were managed 

conservatively. Actuarial freedom from endocarditis at 5, 10 and 14 years following MV repair 

was 97%, 92% and 92% and following MVR was 95%, 89% and 66% (p=0.19). Endocarditis 

was responsible for 37.5% of all late deaths. 

9.3.3.3 Event free survival 

Actuarial freedom from all late valve-related events (late: death, thrombosis, embolism, 

haemorrhage, endocarditis and re-operation) at 5, 10 and 14 years was greater in the MV repair 

group (84%, 67% and 67%) compared with that of MVR (72%, 52% and 15%), (Figure 14).  
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Figure 14. Freedom from all late valve-related events (including late death, reoperation, infective 

endocarditis, and thrombotic and embolic events): Comparison of mitral valve repair, mechanical valve 

replacement, and bioprosthetic valve replacement. 

9.3.4 Bioprosthetic valve replacement – late outcomes 

Of the five with BVR, two had Medtronic Intact valves(251) and three had Mosaic valves(252, 

253) inserted. All five patients were female. One patient was lost to follow-up and all four 

others had major valve-related events, (Figure 14). Two died, three had re-operation and one 

had a CVA. None had proven endocarditis. Actuarial survival at 5, 10 and 14 years were 100%, 

37.5% and 37.5%. Actuarial freedom from re-operation at 5, 10 and 14 years was 100%, 0% 

and 0%. Actuarial freedom from thrombotic, embolic and events at 5, 10 and 14 years was 

100%, 67% and 67%. 

9.4 Discussion 

This retrospective study shows a survival advantage in the long-term following MV repair 

compared to MVR for young people with RHD, especially for patients domiciled in NZ. The 

results also suggest that, from the time of patient discharge, the long-term durability of MV 

repair was equal to that of MVR. Despite the need for early re-operation in 11% who 

underwent repair, freedom from re-operation was equal in the two groups in this young cohort 

for the duration of the follow-up. Previous studies showing decreased durability of mitral 
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repair compared to replacement in adults(247, 248, 254) has been the one rationale supporting 

MV replacement. 

Following MVR, 50% of the patients had a significant thrombotic, embolic or event within 11 

years. This is despite the use of a computerised anticoagulation service, which has shown to 

improve stability of INR, by our NZ resident patients.(255) In comparison those who 

underwent MV repair were all free from these events. This data, not surprisingly, is concordant 

with previous studies showing up to 100% freedom from thrombotic, embolic and events with 

MV repair in the young.(254, 256, 257) The reasons for the lower survival for those domiciled 

overseas in the Pacific Islands cannot be determined from this study. The multivariate analysis 

suggests that it is partially explained by the severity of disease at time of surgical referral as 

reflected by larger left ventricular systolic dimensions and more atrial fibrillation. This 

retrospective study was unable determine the impact of social inequalities and the difficulties 

with accessing healthcare in the Pacific Islands. 

Infective endocarditis was a major cause of valve-related morbidity in our population and was 

responsible for 37.5% of all late deaths. This rate is significantly higher than that reported by 

others.(254, 257, 258) The data supports continued endocarditis prophylaxis following valve 

repair in the rheumatic populations as recommended in the NZ guidelines,(259) contrary to 

other recent guidelines from regions of the world where RHD is less common.(97, 98, 260) 

Guidelines for timing for MV surgery for adult patients are well established.(261, 262) This is 

not the case for children with variable body size, and as a consequence adult guidelines may 

not be appropriately applied. In our study, end-systolic dimension, normalised for BSA, was 

predictive of long term survival regardless of type of operation performed. A cut-off point 

could be defined, as a z-score greater than +5 (multivariate analysis), above which risk of death 

was statistically greater (Table 25).  

Our study suggests improved long-term survival for MV repair compared to MVR for RHD in 

the young, and is concordant with the findings of two earlier comparative studies with shorter 

(5-year) follow-up.(256, 263) Antunes(263) reported on a large series of young adults with a 

mean age of 25, and demonstrated a survival advantage following repair compared to MVR 

with a survival of 90% +/- 4% and 70 +/- 6% respectively at 5 years. Gometza(256) also 

demonstrated a survival advantage following MV repair with actuarial survival of 97.9% 

compared to 74.8% following MVR at 2 years post-surgery. Non-comparative studies in 

similarly young rheumatic populations show equally optimistic results following MV 

repair(197, 254, 257, 258) and inferior survival following MVR.(264, 265) 
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A rationale for MVR rather than MV repair in children has been a reported freedom from early 

and late re-operation.(256, 263) However, Gometza’s(256) team was able to repair 69% of 

valves and of these 17% failed early, whilst Kalangos(257) reported an impressive 0.5% early 

failure rate in 220 children, though the total denominator undergoing MV surgery in the time 

period was not stated. Non-comparative studies have reported actuarial freedom from late re-

operation ranging from 81 to 93 % at 10 years(197, 257, 258) and 54%(197) at 20 years post 

MV repair in children with RHD. These figures are comparable to our repair results.  

The overall MV repair rate in the study was 65%. In the early time period the MV repair rate 

was low and operations were performed by a large number of surgeons. From 2002, only one 

surgeon performed MV repairs with a successful repair rate of 84% and an early re-operation 

rate of 5% the majority of which occurred early in the surgeon’s experience, consistent with the 

findings of Antunes.(266)  

Not all MV repairs are durable and higher repair rates will inevitably be associated with a 

degree of early and late failure. However, as Antunes stated 20 years ago, “In the end, more 

patients were alive than amongst those subjected to valve replacement”.(263) 

Our experience with bioprosthetic valves in the mitral position in children with RHD is limited. 

However all of the patients in this series had a significant valve-related event by 7 years. 

Others have also noted a relative high mortality and morbidity associated with BVR in 

children”.(263, 267, 268) This experience confirms that bioprosthetic MVR in children should 

be avoided. 

There are other known risks of MVR in the young which were not the focus of the current 

study. Pregnancy carries a very high risk for both the foetus and the mother.(91, 135, 269) 

9.5  Limitations 

This study was limited by its retrospective nature and relatively small sample size. Baseline 

characteristics of patients were similar in the repair and MVR groups, however there were 

some differences in the bioprosthetic replacement group. Not all mitral valves are reparable 

and those who underwent replacement likely had less favourable anatomy. Over half the cohort 

originated from countries of the South Western Pacific region with minimal infrastructure and 

health facilities, making follow-up challenging and incomplete. However, RHD is a disease of 

the impoverished and this circumstance is the reality for the majority of the RHD population. 

9.6 Conclusion 

In this retrospective study, MV repair was superior to replacement in children with RHD. 

Repair offered a survival advantage and a greater freedom from valve-related morbidity. In the 
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short term repair was associated with a higher early re-operation rate, however long-term its 

durability was equal to that of MVR in this group of young patients. Whenever it is technically 

achievable, MV repair is the procedure of choice in the young with RHD. Biomechanical valve 

replacement should be avoided in the mitral position in young rheumatic patients.  
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Chapter 10: Infective endocarditis in New Zealand 

children 1994–2012 

In recent years, the epidemiology of infective endocarditis (IE) has been changing, with 

increasing recognition of Staphylococcus aureus as an important IE pathogen and of 

healthcare-associated IE.(270-272) Most paediatric studies come from tertiary paediatric 

cardiac centres, where the incidence of IE has been estimated to be between approximately 0.3 

and 1 per 1,000 paediatric hospital admissions.(273, 274) 

Although population-based paediatric data are limited,(275-277) it is postulated that the 

incidence of IE in children is rising due to greater numbers of children with predisposing risk 

factors such as immune compromise, invasive devices and improved survival and innovative 

surgical procedures in infants with CHD.(274) 

New Zealand’s Māori and Pacific Island children have among the world’s highest documented 

rates of bacterial infections(156, 278-280) together with correspondingly high rates of post-

infectious sequelae in particular ARF(5) and chronic RHD.(7) 

In NZ, there is a single national paediatric cardiothoracic surgical centre based at Starship 

Children’s Hospital in Auckland (before 2003 at Green Lane Hospital), which works in close 

collaboration with the Starship Paediatric Infectious Diseases service. The New Zealand Heart 

Valve Bank is situated within the Department of Microbiology, Auckland District Health 

Board (ADHB). The clinical features and microbiology of IE in NZ adults have been 

previously described.(170, 281, 282) To inform future policies for prevention, diagnosis and 

treatment of IE in NZ children, we sought to describe the clinical and microbiologic features of 

children with IE treated at our institution between 1994 and 2012. 

10.1 Materials and methods 

10.1.1 Cases 

Cases were identified from ICD 9 and 10 discharge codes (421, 112, 996, 424.9, I133, I138, 

I139, T82.6 and T82.7), the paediatric cardiac database, cardiothoracic surgical and 

microbiology records for 1994 to 2012. A detailed review of clinical records and microbiology 

data was conducted for each case. 

IE incidence was determined for the subset of children residing in the Auckland region, as fully 

computerised medical records were available for this group and completeness of case 

ascertainment could be assured. Auckland population denominators were obtained from the 
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2001 and 2006 New Zealand Census of Populations and Dwellings that includes population 

counts for 0- to 14-year-old children.(170) 

10.1.2 Inclusion criteria 

Children were eligible for inclusion if they were aged 0–15 years, met modified Duke Criteria 

for either definite or possible IE.(283) and received treatment at Starship or Green Lane 

Hospital between January 1, 1994 to December 31, 2012. 

10.1.3 Data collection and analysis 

Categorical data are reported as frequencies and percentages. Continuous data are reported as 

medians with interquartile range. The Mann-Whitney U test was used to compare the median 

age of children between groups. The 2-Sample Z test was used to compare the frequencies 

between groups. Statistical analyses were performed using SAS version 9.3 (SAS Institute, 

Cary, NC). All p-values resulted from 2-sided tests and p < 0.05 was considered statistically 

significant. 

10.1.4 Case definitions 

The Modified Duke Criteria,(283) which have previously been validated for use in 

children,(284, 285) were retrospectively applied and used to classify cases as definite IE or 

possible IE according to the clinical and microbiology data available for each case. Cases that 

did not fulfil modified Duke Criteria were rejected and excluded from analysis. We defined 

healthcare-associated IE as IE with symptom onset occurring ≥48 hours after hospitalisation, or 

in the presence of an indwelling central venous line or implanted cardiac material, or within 30 

days of operation or cardiac catheterisation. Early re-operation for IE was defined as re-

operation within 30 days of initial IE surgery. Prior approval from the ADHB and regional 

health research ethics committee was obtained. 

10.2 Results 

10.2.1 Cases 

Over the 15 year study period, 85 IE episodes were identified in 82 children and 3 children 

experienced 2 episodes of IE each. Sixty percent of episodes occurred in males. The median 

age at IE diagnosis was 7 years (0 months to 15 years) and 17 infants <1 year of age accounted 

for 20% of all IE episodes. Four cases occurred in neonates <30 days old, only 1 neonate had 

undergone prior cardiac surgery. Thirty IE episodes occurred in children aged <5 years. 

There were 72 (84%) IE episodes in children from NZ. Details of these 72 are described in 

Table 26. From 2003 onwards, an additional 13 children were referred from various Pacific 

Island nations. Children referred from the Pacific Islands were more likely to have underlying 
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RHD and less likely to have underlying CHD than children referred from within NZ (Table 

27). 

Table 26. Characteristics of 72 New Zealand infective endocarditis episodes according to cardiac status. 

 Total (72) CHD (n=46) RHD (n=6) Normal heart (n= 0) 

Male 44 (61.1%) 28 (60.9%) 4 (66%) 12 (60%) 

Median age (years) 7 6 11 5 

Age range (years) 0–15 0–15 10–15 0–15 

Previous IE 3 (6.1%) 3 (6.5%) 0 0 

Surgery for IE 30 (41.7%) 15 (32.6%) 4 (66%) 12 (60%) 

S. aureus 26 (36.1%) 13 (28.3%) 5 (50%) 10 (50%) 

Duke definite cases 59 (81.9%) 36 (78.3%) 5 (83.3%) 19 (95%) 

Unknown pathogen 7 (9.7%) 6 (13.0%) 0 1 (5%) 

Death due to IE 3 (4.2%) 3 (6.5%) 0 0 

Table 27. Patient characteristics and predisposing cardiac conditions. 

 IE episodes  

(n=85) 

IE referred from 

NZ (n=72) 

IE referred from  

Pacific Is (n=13) 

p value 

Male 51 (60%) 44 (61.1) 7  

Median age (range, 

years) 

7 (0–15) 7 (0–15) 10 (0–15)  

Structurally normal 

heart 

21 (24.7%) 20 (27.8%) 4 (30.8%) 0.83 

CHD* 51 (60%) 46 (63.9%) 4 (30.8%) 0.03 

RHD 10 (11.8%) 6 (8.3%) 4 (30.8%) 0.02 

Previous IE 3 (4.9%) 3 (4.9%) 0 — 

Surgery for IE 39 (45.9%) 30 (41.7%) 9 (69.2%) 0.07 

S. aureus 26 (30.6%) 26 (36.1%) 0 — 

Unknown pathogen 10 (11.9%) 7 (9.7%) 3 (23.1%) 0.17 

Death due to IE 4 (4.7%) 3 (4.2%) 1 (7.7%) 0.58 

Of the 72 NZ children with IE, 52% were of Polynesian ethnicity (NZ Indigenous Māori or 

Pacific New Zealanders). Referral patterns within NZ did not vary: between 1994 and 2002, 

there were 23 IE episodes in NZ children; 11 (48%) came from Auckland City and 12 (52%) 

from regional NZ. From 2003 to 2012, there were 49 IE episodes: 22 (45%) from Auckland 

and 27 (55%) from regional NZ. 

Among the 33 Auckland children, a rising incidence of IE was observed over the study period. 

There were 11 IE episodes between 1994 and 2002 and 22 IE episodes between 2003 and 

2012, giving an annual incidence in 0- to 14-year-old children of 0.46 per 100,000/year 

between 1994 and 2002, rising to 0.76 per 100,000/year during 2003–2012. 

10.2.2 Underlying cardiac conditions 

A predisposing cardiac condition (RHD or CHD) was present in 61/85 (72%) of IE episodes. 
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10.2.3 Congenital heart disease 

In 51 of 85 (60%) episodes, there was underlying CHD. There was a wide spectrum of cardiac 

lesions (Table 27); tetralogy of Fallot (TOF), 11 cases, was the most common and 9 TOF cases 

had prior surgery and intracardiac foreign material. 

In 44 (86%) episodes, the congenital cardiac diagnosis was established before the diagnosis of 

IE. About 33 (65%) had prior surgery and/or interventional catheter procedures, 8 within 6 

months of IE. Six developed IE ≥10 years after surgery. In 7 of 51 (14%) with CHD, the 

underlying congenital cardiac lesion was first identified at the time of IE. These pathologies 

including bicuspid aortic valve (n=3), aortic coarctation (n=1), patent ductus arteriosus (n=1), 

pulmonary valve stenosis (n=1) and TOF (n=1). 

Thirty children with CHD had 1 or more of the cardiac conditions described by the AHA and 

New Zealand National Heart Foundation as posing particularly high risk for IE. Presence of 

mechanical or biologic prosthetic valve material,(284) recent surgery within 6 months,(277) 

unrepaired cyanotic CHD or palliative shunt(275) and previous IE.(97, 259, 272) 

10.2.4 Rheumatic heart disease 

There were 10 children with RHD and 4 were referrals from Pacific Island nations. Only 3 of 

10 were receiving long acting intramuscular penicillin at the time of IE diagnosis. Seven were 

first diagnosed with RHD at the time of their IE presentation based on history, 

echocardiographic features typical of chronic rheumatic valvular disease (for example 

thickened, retracted MV leaflets, dog-leg deformity of the anterior mitral valve leaflets)(24) 

along with other evidence of acute IE.(283) Seven with RHD proceeded to cardiac surgery. 

RHD was more common in children originating in the Pacific Islands (4/13, 31%) than among 

NZ children (6/72, 8%) (p=0.01). 

10.2.5 Healthcare-associated infective endocarditis  

Of 85, 35 (41%) of IE episodes met the study definition of healthcare-associated (HA) IE, with 

significant increase of HA IE episodes occurring in the latter part of the study (1994–2002, 5 

episodes, and 2003–2012, 30 episodes; p=0.002). Six children developed IE within 30 days of 

cardiac surgery. Twenty-four children (69%) had 1 of more forms of indwelling prosthetic 

cardiac material and 11 children had a central venous line in situ and 5 had prolonged 

hospitalisation in intensive care units (4 in neonatal intensive care and 1 in paediatric intensive 

care). Only 5 of 35 (14%) with HA IE did not have CHD. A variety of pathogens occurred in 

HA IE including S. aureus (methicillin susceptible S. aureus, n=8; methicillin resistant S. 

aureus, n=2), nontoxigenic Corynebacterium diphtheriae (n=4), Enterococcus faecalis (n=4), 
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Streptococcus pyogenes (n=4), Kingella kingae (n=2) and Candida albicans (n=2). Five 

episodes of HA IE were culture negative. 

10.2.6 Other comorbidities and predisposing conditions 

Sixteen IE episodes occurred in the context of multifocal acute bacterial sepsis. Three children 

had recent varicella and 4 had underlying immune suppression. Twenty children with 

structurally normal hearts developed community onset IE. Of 20 the children, 10 (50%) had IE 

caused by multifocal S. aureus and 12 of 20 underwent surgery. Only 11 of 85 (13%) IE 

episodes overall occurred in children with structurally normal hearts and no other identified 

predisposing condition. 

10.2.7 Cardiac features 

Of 85 episodes, 68 (80%) met modified Duke Criteria for definite IE(283) and 17 (20%) met 

criteria for possible IE. Of the 17 possible IE cases, 14 had CHD and their echocardiographic 

findings were inconclusive, due to features such as pre-existing regurgitation, complex 

anatomy and prosthetic cardiac material and 3 had negative blood cultures because of prior 

antibiotic treatment. 

Transthoracic echocardiography (TTE) confirmed definite IE in 61 episodes (71.7%). 

Transoesophageal echocardiography was performed in 18 episodes (21%) and confirmed 

definite IE in 16. In 59 episodes, a single echocardiogram was required to establish the 

diagnosis of IE. Twenty-six underwent 2 or more diagnostic echocardiograms. One case of 

endocarditis was diagnosed by magnetic resonance imaging when a child with S. aureus 

septicaemia developed a mycotic false aneurysm of the aorta. 

The left heart (aortic and/or MVs) was affected in 45 (53%) episodes and the right heart 

(pulmonary and/or tricuspid valves) was affected in 25 (29%) episodes. Bilateral involvement 

was reported in 3 episodes and in 12 the site of infection was unknown. 

10.2.8 Other clinical features 

The presence of extracardiac features and peripheral stigmata of IE was inconsistently 

documented in medical records: vasculitic rash (n=14), splenomegaly (n=8), nephritis (n=6), 

splinter haemorrhages (n=3), Osler nodes (n=3) and Roth spots (n=2). 

Thirty-four children had complications involving other organ systems, including 22 with 

neurologic complications and 9 with mycotic aneurysms. These are described in detail in Table 

28. 
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Table 28. Infective endocarditis episodes with neurologic complications and/or mycotic aneurysms. 

Patient 

details 

Predisposing 

condition 

Pathogen & IE 

site 

Complications Surgical 

management 

Outcome 

9yr M 

NZ 

European 

Coarctation of 

aorta – not prev. 

known 

S. aureus 

AV 

L ankle septic 

arthritis 

False aneurysm 

aorta 

Repair of aortic 

false aneurysm and 

coarctation 

Survived – well 

4yr M NZ PI Leukemia 

PICU admission 

disseminated 

varicella and S. 

pyogenes sepsis 

C. albicans 

MV 

L renal mycotic 

aneurysm 

L hemi- 

nephrectomy 

Residual neurologic 

impairment. Died 

11mo later of 

unrelated cause – 

post-chemotherapy 

leucoencephalopathy 

10yr M 

Overseas PI 

None known Unknown 

organism MV 

Splenic infarct. 

Abdominal aortic 

mycotic aneurysm 

MV repair and 

resection 

abdominal mycotic 

aneurysm. 

Survived & returned 

to home country 

11yr F 

Overseas PI 

RHD Unknown 

MV 

R MCA infarct 

with dense 

hemiparesis 

MV repair Survived with residual 

hemiparesis 

13yr F 

Overseas PI 

RHD C. diphtheriae 

AV and MV 

Pulseless R leg – 

popliteal mycotic 

aneurysm 

CNS mycotic 

aneurysms 

1. AV homograft 

and MV repair 

2. Resection of 

popliteal mycotic 

aneurysm 

Survived & returned 

to home country 

11yr M 

NZ 

European 

Bicuspid aortic 

valve 

S. aureus 

AV 

Occipital abscess Ross procedure Survived – well 

14y M 

NZ 

European 

Bicuspid aortic 

valve 

S. aureus 

AV abscess 

Massive R MCA 

stroke 

– Died within 24hours 

of hospitalisation 

10y M 

NZ Māori 

RHD S. aureus 

AV abscess 

CSF pleocytosis – 

uncertain clinical 

significance 

AV homograft Survived – well 

7mo M 

Overseas PI 

None known S. pneumoniae 

MV abscess 

Meningitis 

Septicaemia 

St Jude's MV 

replacement. 

Survived – residual L 

hemiplegia 

8mo M 

NZ 

European 

None known K. kingae 

MV perforation 

CSF pleocytosis – 

uncertain 

significance 

MV repair Survived – well 

13y M NZ 

PI 

TGA– prior 

surgery in infancy 

Abiotrophia 

defectiva AV 

L superficial 

femoral artery 

mycotic 

aneurysm. 

Multiple CNS 

infarcts 

Medical 

management then 

Repair of neoAV 

12months after IE 

Survived – well 

11y F 

Overseas PI 

Suspected RHD A. baumanii 

AV and MV 

R temporal CVA 

with dense 

hemiplegia 

– Unfit for surgery 

Returned to home 

country for palliation 

13y M 

NZ 

European 

Prior AV stenosis 

surgery. 

Two IE episodes 

1. S. aureus 

echo 

inconclusive 

 

2. alpha 

hemolytic strep 

species 

 

 

 

 

2. Splenic, 

Cerebral and 

pulmonary 

infarcts 

1.– 

 

 

 

2. Ross procedure 

Survived – 2nd IE 

episode 3years later 

 

 

Survived – well 

4yr F 

NZ Māori 

Recent varicella 

Normal heart 

S. aureus 

 

MV 

Multiple CNS 

abscesses, 

septicemia 

– Survived – well 
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6y F 

NZ Asian 

Poor dental 

hygiene 

S. aureus 

TV 

Osteomyelitis R 

femur. Septic 

pulmonary emboli 

– Survived – well 

3y M NZ 

Euro 

None known K. kingae 

 

MV 

Multiple CNS 

embolic infarcts 

MV debridement 

and repair 

perforated AMVL 

Survived – well 

10y F NZ PI RHD – AV repair 

and MV 

annuloplasty 2 

months prior to IE 

C. albicans 

 

 

 

 

 

 

MV 

Multiple mycotic 

aneurysms: left 

posterior front- 

parietal CNS, 

R iliac & bilateral 

tibioperoneal 

1. MV 

debridement and 

replacement of 

annuloplasty ring 

2. Craniotomy 

and evacuation of 

CNS hematoma 

3. Excision R int 

iliac 

mycotic aneurysm 

Residual R sided 

weakness, tremor and 

processing difficulties 

– improving 

12y M 

NZ Māori 

RHD – diagnosed 

at time of IE 

C. diphtheriae 

 

 

 

AV and MV 

Multiple cerebral 

mycotic 

aneurysms 

AV repair & MV 

annuloplasty CNS 

aneurysms 

managed 

conservatively 

Survived – post IE 

atrial tachycardias 

otherwise well 

11y F 

NZ Māori 

None known S. aureus 

 

MV 

Encephalopathy, 

Multiple CNS 

mycotic 

aneurysms 

– Survived – well 

9y M 

NZ Pacific 

None known C. diphtheriae 

 

 

AV 

Bilateral renal 

infarcts, L CNS 

parietal infarcts + 

abscess 

AV repair Survived – well 

5y F 

NZ Euro 

Severe eczema, 

skin pyoderma 

S. aureus 

 

MV 

Frontal emboli on 

MRI 

MV debridement 

and repair 

Survived – well 

14y F 

NZ Māori 

Encephalitis 4mo 

prior to IE 

diagnosis 

B. henselae 

 

 

 

 

MV 

CND infarcts and 

mycotic 

aneurysms Left 

superficial 

femoral & 

popliteal 

thrombosis 

MV debridement 

and replacement 

with OnX valve 

Survived – well 

Warfarin 

 

Absent pedal pulses 

but no symptoms of 

vascular insufficiency 

11y M 

NZ Māori 

None known Organism 

unknown 

Left MCA infarct 

aphasia and dense 

hemiplegia 

– Residual speech 

difficulties and mild R 

weakness, writing 

with 

non-dominant hand 

4y M 

NZ Pacific 

Community onset 

multi-focal S. 

aureus sepsis 

Patent foramen 

ovale 

AV and MV 

S. aureus 

 

Echo 

inconclusive 

Embolic splenic 

and renal infarcts 

CNS mycotic 

aneurysms and 

raised ICP 

1. CNS aneurysm 

resection 

Prolonged PICU stay.  

Neuro rehab 

9y F 

NZ Māori 

VSD and mitral 

valve prolapse 

corrected at 1year 

of age. Residual 

MR and MVP 

S. oralis 

 

 

MV/left atrium 

Multiple CNS 

embolic lesions 

and frontal abscess 

Removal of left 

atrial vegetation 

and MV prolapse 

repair 

Survived – well 

M = Male, F = Female; PI = Pacific Islander  

NZ = New Zealander  

MV = Mitral valve, AV = Aortic valve 
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10.2.9 Treatment details 

Surgery for IE was performed in 39 of 85 (46%) episodes. Surgical indications are described in 

Table 29 and included: large mobile vegetation (n=8), severe valvular dysfunction (n=11), 

intracardiac abscess (n=3), uncontrolled sepsis (n=2), simultaneous CHD operation (n=7) 

removal of infected prosthetic material (n=5), repair of false aneurysms of the left ventricular 

outflow tract/right ventricular outflow tract (n=2), paravalvular disruption (n=1) and resection 

or repair of extracardiac mycotic aneurysm (n=6). Twelve patients had multiple indications for 

surgery. 

There were 3 early re-operations within 30 days. One child with IE due to S. pneumoniae 

required multiple debridements. A second infant with prosthetic MV IE and congenital MV 

dysplasia underwent multiple debridements and subsequently died of a ventricular fibrillation 

cardiac arrest. A third child with S. pyogenes underwent MV repair then valve replacement. 

Late re-operations occurred 7, 8 and 14 weeks post-operatively, in 2 children with S. aureus IE 

and 1 with C. diphtheriae all of whom who required revisional valve surgery. 

Table 29. Indications for surgery in 39/85 infective endocarditis episodes. 

Indication n 

Large mobile vegetation/embolisation 18 

Severe regurgitation 11 

Resection of mycotic aneurysm (extracardiac)* 6 

Repair/removal of infected prosthetic material† 6 

Intracardiac abscess 3 

Persisting sepsis 2 

Simultaneous repair of CHD‡ 7 

Repair of false aneurysm of LVOT/RVOT 2 

Vegetation disrupting pulmonary valve annulus 1 

Total 56§ 

*Popliteal n=2, CNS n=2, renal n=1, distal aortic/iliac n=1 (3 additional 

mycotic aneurysms were managed conservatively). 

†5 = pulmonary homografts, 1 = pacemaker leads (in association with 

tricuspid valve repair and removal of tricuspid valve vegetations). 

‡ VSD n=4, ASD n= 1, coarctation n=1, Bidirectional Glenn n= 1. 

§12 patients had more than one indication for surgery. 

LVOT/RVOT, left ventricular outflow tract/right ventricular outflow 

tract. 

Antimicrobial treatment varied considerably according to individual patient circumstances. 

Excluding 4 hospital deaths, the median (range) duration of treatment for left-sided and 

bilateral IE was 42 days (7–92) and for right-sided IE was 28 days (range: 14–56 days), with 

the exception of C. albicans where 2 patients were placed on indefinite fluconazole following 

completion of intensive treatment. The 24 children with methicillin-susceptible S. aureus IE 

received flucloxacillin with additional gentamicin for 5–14 days. 
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Of 10 children with C. diphtheriae IE, 7 received penicillin and gentamicin, 2 received 

ceftriaxone and gentamicin and 1 child received vancomycin. Fifteen children experienced 

adverse drug reactions requiring treatment modifications (4 rash, 9 neutropenia, 2 drug fever 

and 2 renal impairment). Antimicrobial therapy was changed in 4 due to concerns about 

treatment failure (2 had C. albicans with mycotic aneurysms and 2 had S. aureus with 

prolonged fever). In 3 cases, treatment was stopped early due to IV access problems or 

behavioural issues. 

10.2.10 Clinical outcomes 

There were 7 deaths in 85 IE episodes giving a crude mortality of 8.2%. However, only 4 

deaths were in-hospital and directly attributed to IE; the in-hospital mortality rate was 4.7%. 

The 4 hospital deaths included a 14-year old with a bicuspid aortic valve who developed IE and 

died following a massive stroke, a neonate with severe congenital mitral valve dysplasia who 

developed prosthetic valve endocarditis and had a sudden ventricular fibrillation arrest, a 

neonate with overwhelming sepsis from S. marcescens endocarditis and a 3-month old with 

Down Syndrome, atrioventricular septal defect repair and uncontrolled S. aureus sepsis who 

died of cardiorespiratory failure after a prolonged intensive care unit stay of 28 days. Three 

additional deaths occurred 10 and 11 months and 4 years after completion of treatment and 

were not directly attributed to IE. Of the 78 survivors, 7 (9%) had residual neurologic 

impairment. 

10.2.11 Microbiology 

A causative organism was identified in 75 of 85 (88%) IE episodes. The spectrum of pathogens 

is described in Table 30. 69 (81%) had positive blood cultures. The median (range) number of 

positive blood cultures per patient episode was 2 (0–10). From 2004 onwards, polymerase 

chain reaction for 16S ribosomal RNA (16S rRNA) gene followed by sequencing was 

performed on excised tissue specimens from 10 patients. Bacterial DNA was detected in 6 

children with negative cultures. Organisms identified by 16S rRNA included C. diphtheriae 

(n=3), group C streptococcus (n=1), S. pneumoniae (n=1) and Bartonella henselae (n=1). 

  



 

114 

Table 30. Pathogens in 85 infective endocarditis episodes. 

Organism Number of IE episodes (%) 

Staphylococcus aureus 26 (31) 

Corynebacterium diphtheriae 10 (12) 

Alpha haemolytic streptococci 7 (8) 

Streptococcus pyogenes 7 (8) 

Kingella kingae 6 (7) 

Enterococcus faecalis 4 (5) 

Streptococcus pneumoniae 3 (4) 

Enterobacteriaciae 3 (4) 

Candida albicans 2 (2) 

Abiotrophia defectiva 2 (2) 

Coagulase negative staphylococci 2 (2) 

Bartonella henselae 1 (1) 

Group G streptococci 1 (1) 

Moraxella nonliquefaciens 1 (1) 

Unknown pathogen 10 (12) 

Total 85 (100) 

S. aureus was the most common organism, accounting for 26 (31%) of all IE. Twelve S. 

aureus episodes occurred in the context of multifocal sepsis and 2 isolates were methicillin 

resistant. Seven children with S. aureus IE had intracardiac abscess formation and/ or cardiac 

valve perforation but the proportion with S. aureus IE undergoing surgery, 11 of 26 (42%), was 

not significantly different to the overall proportion of 46% who underwent surgery relative 

risk: 1.1 (0.7–1.9). 

There were 10 episodes of IE due to nontoxigenic C. diphtheriae IE, of which 3 were culture 

negative and diagnosed by 16S rRNA polymerase chain reaction. Nine were Pacific Islanders 

and 1 was Māori. Three had RHD and 5 had CHD. Three developed intracranial mycotic 

aneurysms and 1 had a popliteal mycotic aneurysm. 

Seven children had IE caused by S. pyogenes. Five had underlying CHD, 3 with indwelling 

prosthetic cardiac material. Three had skin conditions (2 eczema and 1 chickenpox with 

secondary pyoderma). One had multifocal sepsis/toxic shock syndrome. Only 1 underwent 

cardiac surgery and all 7 survived. Six had K. kingae IE. This group was younger (median age 

1.5 years, range 0–3 years). Four had underlying CHD and 3 underwent surgery. 

Three children had IE caused by S. pneumoniae. All 3 required surgery for large vegetations; 1 

developed an intracardiac abscess and underwent multiple surgical debridements. One infant 

had Austrian’s triad (pneumococcal endocarditis, meningitis, and septicaemia). 

In 10 episodes, no organism was identified. 
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10.3 Discussion 

This contemporary population-based study of IE in NZ and Pacific Island children reveals a 

rising incidence of IE. We found S. aureus was the most frequent pathogen. Embolic and CNS 

complications were common. This may be due to the aggressive nature of S. aureus IE, the 

predominant pathogen and to our low clinical threshold for imaging patients with IE. We also 

found increasing rates of HA IE in young infants and children with CHD, in keeping with other 

recently published paediatric studies.(286, 287) The in-hospital mortality rate of 4.7% was 

lower than reported in other case series(273, 275, 286, 287) although comparable to a recent 

large US population-based study.(277) 

In contrast to other high-income countries,(275, 277, 286) RHD remains an important risk 

factor for IE in NZ along with resource-limited countries.(288, 289) Of the 10 children with 

RHD in this study, 7 were first diagnosed with RHD when they presented with IE. This is not 

unexpected; recent echocardiographic screening in NZ found that 2.4% of children living in a 

socioeconomically deprived, high incidence ARF population had undiagnosed 

echocardiographic RHD.(24) 

Endocarditis is one of many potential long-term complications of RHD and we advocate that 

healthcare services for individuals with ARF/RHD should include maximal efforts to prevent 

IE, to complement existing primary and secondary RF prevention strategies.(106, 127, 128) 

NZ endocarditis prophylaxis guidelines continue to recommend antibiotic prophylaxis and 

enhanced dental care for individuals with RHD.(259, 290) This contrasts with AHA 

recommendations which restrict prophylaxis to individuals with high risk cardiac conditions 

and the UK NICE which in 2008 advised complete cessation of all antibiotic prophylaxis for 

IE.(97, 291, 292) Preliminary UK data indicate a reduction in antibiotic prescriptions for 

prophylaxis since the NICE guidelines were introduced, but no change in IE incidence.(292) 

Similar US paediatric data suggest no change in IE incidence since the AHA changes.(276) It 

has been suggested that some clinicians may be continuing to prescribe prophylaxis for 

selected cardiac patients and this may be influencing the stable rates.(290, 293) A recent survey 

of paediatric cardiologists revealed wide variation in practice regarding IE prophylaxis for 

different congenital cardiac lesions.(294) 

Many of our IE episodes, 80%, met modified Duke Criteria for definite IE.(283) The modified 

Duke Criteria have previously been validated as more sensitive and specific than the Beth 

Israel (Von Reyn) criteria.(284, 285) However, these classification systems have limitations, 

particularly in regards to the diagnosis of IE in children with complex cardiac anatomy and/or 
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indwelling prosthetic material. Fourteen possible IE cases in this series had complex CHD and 

did not fulfil Duke definite criteria as their echocardiograms were inconclusive. 

Previous authors have concluded that transoesophageal echocardiography is not required in 

many paediatric cases of suspected IE because transthoracic images of adequate quality can 

usually be obtained in children.(295) Only 22% in this series underwent transoesophageal 

echocardiography for further evaluation to confirm the diagnosis of IE. A recent US study 

found transthoracic echocardiography was 97% sensitive in paediatric IE patients weighing 

<60 kg, 62% of whom had underlying CHD.(296) 

There is a high incidence of invasive S. aureus disease in NZ.(278, 279) In keeping with this, 

we found a high burden of S. aureus disease. This is also consistent with other recent studies 

that have shown an increasing proportion of IE due to S. aureus in children and adults.(272, 

277) Only 2 cases of methicillin resistant S. aureus IE occurred, fewer than expected 

considering methicillin resistant S. aureus comprises 8–9% of all staphylococcal skin and soft 

tissue infections in the Auckland region(297) and nearly 10% of clinical isolates at the regional 

laboratory.(298) The high burden of S. aureus has implications for empiric antibiotic 

prescribing in paediatric IE in NZ. Consideration should be given to the inclusion of an anti-

staphylococcal agent in the initial antimicrobial combination, particularly in settings where 

there is a high likelihood of S. aureus such as community-onset multifocal sepsis. 

Guidelines for echocardiography in S. aureus bacteraemia also need to be developed, 

particularly in light of recent research showing rates of IE of 22% in unselected patients >18 

years with S. aureus bacteraemia.(299) The incidence of IE in paediatric S. aureus bacteraemia 

needs to be explored. Available local paediatric data indicate IE is uncommon in this setting; 

among 58 children admitted to the paediatric intensive care unit with severe S. aureus sepsis 

only 5% had heart valve involvement.(279) 
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Table 31. Clinical and microbiologic features in contemporary paediatric IE studies. 

 NZ* Arkansas(275) New York(24) Israel(273) United States(276) 

Study year 1994–2012 1992–2002 1992–2004 1992–2004 2000 and 2003 

Study type National tertiary 

hospital. Population-based. 

Single centre, 

state tertiary hospital. 

Population based 

Single centre 

study, tertiary hospital 

Single centre 

study, tertiary hospital 

KIDs database 

27 US states (2000) and 

36 states (2003). Population 

denominators not stated 

Number of IE episodes 85 57 85 51 1,588 

Congenital heart disease 51 (60%)† 46 (81%) 72 (855) 31 (61%) 535 (33.7%) 

RHD 10 (11.8%) 0 1 NS 75 (4.7%) 

IE incidence per 100,000/year 0.46 94–02‡ 

0.76 02–12‡ 

0.64§ — — — 

Median age 7 (0 mo to 15 yr) 4 yr (1 mo to 

28 yr) 

1.5 (6 d to 19 yr) 31 mo (HA IE); 

71 mo (CAIE) 

12 yr (1 d to 20 yr) 

Healthcare-associated IE 35(41%) — 54 (64%) 30 (59%) — 

S. aureus 26 (30.6%) 12 (21%) 18 (21%) 6 (16%) 362/ 662 (57%) 

Surgical management 39 (45.9 %) 17 (30%) — — 97 (10.7%) with normal heart; 

224/662 with heart disease¶ 

Mortality 4 (4.7 %) 7 (12%) 20 (24%) 6 (12%) 84 (5.3%) 

*Current study. 

†Three patients with CHD each had 2 IE episodes. 

‡Auckland regional incidence rate in 0–14 year olds. 

§Rate in 0–19 year olds. 

¶Unclear whether pre- or post-IE episode and for IE and/or CHD. 
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We also observed IE caused by pathogens infrequently described in contemporary paediatric 

literature. Seven cases of S. pyogenes IE is in keeping with the very high incidence of invasive 

S. pyogenes disease in Māori and Pacific children in NZ.(156) Ten IE episodes were caused by 

nontoxigenic C. diphtheriae. All 10 cases occurred in Polynesian children, which may reflect 

high rates of skin pyoderma in this population.(114) There is increasing recognition of this 

pathogen locally(281) and internationally,(300, 301) which may in part be due to improved 

detection by modern molecular techniques.(302, 303) Three of our C. diphtheriae cases were 

confirmed by 16S rRNA polymerase chain reaction and sequencing of excised heart valves. 

IE is uncommon in childhood and there are few published descriptions of population 

epidemiology and incidence (Table 31). Referral bias is possible in studies originating from 

single centres. However, the incidence of 0.76 per 100,000/year in NZ 0- to 14-year-old 

children was similar to the rate of 0.64 cases per 100,000/year described by Coward et al(275) 

Almost half of the IE in this series, 41%, was healthcare-associated, comparable to other 

paediatric studies.(273, 304) Potential explanations include variations in surgical management 

of the most medically fragile infants with CHD, and lack of a universally accepted case 

definition for paediatric HA IE. Recent paediatric and adult papers have used differing 

criteria(270, 273, 286, 291, 305) and given the increasing incidence of HA IE development of 

consensus criteria is an urgent priority. 

In this series where 46% of cases underwent surgery, there was low in-hospital mortality of 

4.7%. In adults, an aggressive approach to surgery has been shown to be associated with 

improved survival; it appears that a similar approach may also be beneficial in children.(306, 

307) Our reported mortality was lower than in other paediatric series (Table 31); there are 

numerous potential reasons for this including differing CHD complexity, spectrum of 

pathogens and approaches to medical and surgical management of CHD. The high proportion 

of patients undergoing surgery was not unexpected, given that this study was conducted in a 

tertiary cardiac surgical centre. 

This review has a number of potential limitations. Retrospective data collection provided 

incomplete information regarding the clinical features of IE. The study included a 

heterogeneous group of patients, wide variety of pathogens and treatments and was not 

designed to compare different treatment strategies. Although this study was undertaken in New 

Zealand’s sole national paediatric cardiac centre and data linking methodologies were utilised 

to optimise case ascertainment, it is possible that a small number of cases were managed in 
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secondary hospitals and neonatal units outside Auckland and were not captured. Hence, our 

results may be slanted towards complicated IE in an older age group. 

Paediatric IE is a rare and potentially life-threatening infection. With growing numbers of 

children surviving with complex CHD, indwelling lines and devices, and on 

immunosuppressive treatment, the incidence of childhood IE is expected to increase. Further 

population-based studies are needed to inform antibiotic guidelines and management protocols 

for IE, along with guidelines for the use of echocardiography in S. aureus bacteraemia. The 

optimal management of children with IE requires a collaborative model of care involving 

cardiology, surgical, microbiology and paediatric infectious diseases expertise. 
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Part C: Summary of key findings 

Part C of this thesis highlights the morbidity and complications of RHD. 

MV repair is performed more frequently than mechanical MV replacement in NZ children 

undergoing RHD surgery. There was 100% 20 year survival of NZ-resident children who 

underwent MV repair however MV surgery is associated with high morbidity and only 25% of 

cases were free from complications 20 years postoperatively. Mitral valve repair was not 

associated with a higher rate of reoperation than MV replacement (as opposed to adult cardiac 

surgery where higher reoperation rates after repair has rationalised mitral valve replacement in 

many adult cardiac centres) Overall, these findings support mitral valve repair surgery being 

performed in preference to mechanical replacement in children, wherever technically feasible.  

IE is a rare childhood invasive bacterial infection, with only 85 cases reported nationally over a 

19 year period. Whilst CHD was the predominant predisposing factor, present in 60% of cases, 

underlying RHD was a predisposing factor in 12% of paediatric IE cases in NZ. This finding 

differs from IE cohorts from many high-income countries, where RHD is rarely described. 

Staphylococcus aureus in the leading IE pathogen in NZ children. Corynebacterium 

diphtheriae was the causative IE pathogen in 10 NZ children, three of whom had underlying 

RHD; this pathogen is rarely described in the global IE literature. In-hospital mortality of 4.7% 

and 10% residual neuro-disability among survivors compare very favourably with other 

paediatric literature.  
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Chapter 11:Discussion 

11.1 Key findings, strengths and global relevance  

The research presented in this thesis (led by me in collaboration with others) has improved 

knowledge about the burden of RHD in NZ, its recognition using portable echocardiography, 

and the management and complications of severe RHD.  

There is extensive knowledge about ARF epidemiology in NZ. Early work and advocacy by 

Stanhope, Frankish, Talbot, Neutze and others led to ARF becoming a nationally notifiable 

condition in in New Zealand in 1986. Since the 1980s, national surveillance together with data 

from regional registers and ongoing advocacy, much of this led by the late Professor Diana 

Lennon, has greatly improved understanding of ARF epidemiology A review of published data 

on ARF epidemiology in NZ indicates rising incidence and worsening ethnic disparities in the 

2000s. There have been some gains with rates falling in Māori in recent years, but incidence 

among Pacific peoples in NZ are widening. A reduction in ARF incidence was noted during 

the peak of the government-funded primary prevention programme 2013–2017, but this 

reduction does not appear to have been sustained.  

Whilst much is known about ARF epidemiology in NZ, many knowledge gaps persist 

surrounding the burden of RHD. There is still no organised national RHD surveillance in NZ, 

with data prior to the echocardiographic studies described in this thesis limited to clinical 

surveys in the 1970s(9, 117), descriptive series of mortality and morbidity in selected groups 

such as pregnant women(91, 135, 308) and hospitalised children(136, 250, 309) and 

descriptions of direct hospitalisation costs.(7, 168) Ongoing advocacy for RHD to be made a 

nationally notifiable condition in NZ is in progress, however to date this has not been taken up 

by the government.  

I have described the prevalence of RHD in schoolchildren from South Auckland, NZ, using 

portable echocardiography. Using the internationally accepted WHO/NIH diagnostic criteria at 

the time this study was conducted, with blinded specialist cardiology review of 

echocardiograms, prevalence was established at 26 per 1,000 (2.6%). The high burden of 

undetected RHD in South Auckland emphasises gaps in existing healthcare services and 

provides another perspective to national and international advocacy efforts for RHD. Study 

findings also demonstrate that the causal pathway from GAS pharyngitis to RHD does not 

always involve a clinically detected ARF illness, reinforcing the rationale for including active 

case RHD finding amongst population-based ARF and RHD control strategies,  
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This study was the first of its kind in NZ. The methods for echocardiographic image 

acquisition and blinded reporting (described in appendices 1 and 2) provided a template for 

subsequent echocardiographic screening studies in other high-incidence ARF regions of 

NZ.(26, 310) By 2010, over 4,000 children in South Auckland, Northland, Tairāwhiti, the Bay 

of Plenty and Porirua had undergone echocardiographic screening, enabling national-level 

RHD prevalence data for Māori and Pacific children to be determined and the utility of earlier 

WHO/NIH and the 2012 WHF Diagnostic Criteria to be compared.(25)  

This study also highlighted numerous questions surrounding the echocardiographic diagnosis 

of RHD. A paucity of global data regarding echocardiographic findings in healthy children was 

identified. Further echocardiographic screening was then undertaken in 396 schoolchildren in a 

NZ region where no cases of ARF had been diagnosed for many years. In this low risk 

population, no child had echocardiographic evidence of RHD although 15% had minor mitral 

regurgitation within the physiologic spectrum, 0.5% had isolated pathologic-grade mitral 

regurgitation, and 2% had minor congenital cardiac anomalies. The proportion of physiologic 

and congenital changes were very similar to NZ high risk children, strongly suggesting that the 

RHD cases found in the high risk population were the result of a pathologic process rather than 

physiologic variation.  

In the course of conducting these studies, knowledge gaps were identified regarding the 

methodology used to measure valve leaflet thickness as part of RHD diagnosis, and normal 

ranges of valve thickness in healthy children. An objective, standardised, reproducible method 

was developed and ranges determined amongst normal subjects and those with RHD. Median 

AMVL tip and mid-point thickness of 2.0mm in normal subjects supported a cut-off of 3mm 

included in the WHF criteria.  

Around the time our NZ studies were being conducted, numerous other echocardiographic 

RHD screening studies were occurring in high-incidence ARF populations around the 

globe.(21) Prior to 2012, there were no internationally agreed echocardiographic diagnostic 

criteria for RHD (as distinct from acute carditis where echocardiographic criteria are described 

in both Australian and NZ clinical guidelines).(53, 128) Many early studies, including our 

South Auckland school study, utilised criteria developed by expert consensus at a WHO 

workshop held in Cairns in 2005.(121) The studies described in this thesis informed 

development of the 2012 WHF international standardised consensus criteria, which have since 

been globally adopted and enable comparison of RHD prevalence across different 

populations.(102) New Zealand school screening echocardiography data has been recently re-
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analysed according to WHF criteria(25) and the WHF criteria were applied in our recent study 

of RHD prevalence in young adults, detailed in Chapter 8 of this thesis.  

A further strength of the echocardiographic studies reported in this thesis, is the detailed 

description of non-rheumatic abnormalities and findings in approximately 2% of children from 

both high and low risk ARF RHD populations. Non-rheumatic abnormalities have been 

described in only a few other echocardiographic studies of RHD,(99, 227) yet occur at similar 

frequency to RHD. The capacity of programmes to detect and provide appropriate clinical 

follow-up for those with clinically significant non-rheumatic pathology is an important 

consideration when planning the implementation of population-based echocardiographic 

screening for RHD. 

Part C of this thesis highlights adverse outcomes of RHD. There are few contemporary 

paediatric studies describing outcomes of RHD surgery, particularly MV repair, in children 

with RHD.(258, 311, 312) Highly favourable outcomes of the NZ cohort undergoing MV 

repair as compared to replacement, with 90% actuarial survival at 14 years, emphasise that 

whenever technically possible, repair should be performed in preference to mechanical 

replacement in children. Anticoagulation and its attendant complications are avoided or 

delayed, even though a proportion will in time require re-operation. Long-term durability of 

MV repair remains a concern, although NZ outcomes where 24% underwent late re-operation 

by 14 years compare favourably to a recent Australian cohort where only 49% freedom from 

late re-operation at 15 years was observed.(312) 

Due to its rarity, literature regarding paediatric IE consists almost entirely of single centre 

retrospective studies. Our NZ endocarditis study reports 85 cases, a substantial number in 

global terms. Whilst NZ cases confirm international trends with CHD as  the leading 

predisposing factor and S. aureus the leading infectious cause, we have also highlighted a 

spectrum of IE pathogens seen infrequently in developed nations, with S. pyogenes, S. 

pneumoniae and C. diphtheriae amongst and 13% of NZ paediatric IE cases with underlying 

RHD.  

11.2 Limitations and Challenges  

Whilst the utility of echocardiography for the diagnosis of RHD and describing population 

disease burden is now established, the studies described in this thesis do not in themselves 

address the overarching and pressing need for comprehensive ongoing surveillance of both 

ARF and RHD in NZ. Current national notification data must be supplemented by a national 

register to monitor secondary prophylaxis delivery and outcomes. As not all cases present with 
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ARF, and not all ARF/RHD cases, particularly in adults, are on secondary prophylaxis, active 

surveillance of RHD and its complications is also essential.(155, 313) 

Another unanswered question relates to uncertainty regarding whether portable 

echocardiography is a suitable screening test or cost-effective strategy for RHD control within 

population-based screening programmes. In 2003, New Zealand’s National Health Committee 

proposed eight criteria to assess screening programmes in NZ.(314) 

1. The condition is a suitable candidate for screening.  

2. There is a suitable test. 

3. There is an accessible effective treatment or intervention for the condition identified 

through early detection. 

4. There is high quality evidence, ideally from randomised controlled trials, that a 

screening programme is effective at reducing mortality or morbidity. 

5. The potential benefit from the screening programme should outweigh the potential 

physical and psychological harm (caused by the test, diagnostic procedures and 

treatment). 

6. The health care system will be capable of supporting all necessary elements of the 

screening pathway, including diagnosis, follow-up and programme evaluation.  

7. There is consideration of social and ethical issues. 

8. There is consideration of cost-benefit issues.  

These NZ criteria closely approximate criteria developed by the United Kingdom National 

Screening Committee.(315) In summary, there must be: 1) a suitable disease (with a latent or 

preclinical phase), 2) a suitable and acceptable test to detect the disease at an early stage 3) an 

effective intervention and  evidence that the programme improves outcomes, is cost-effective 

and can be supported by the health system, with benefits outweighing harms. When 

echocardiographic RHD screening is assessed against these criteria, a number of questions 

arise.  

The test: there is no biologic gold standard test for RHD. The lower limit or minimum criteria 

to diagnose RHD cannot be known with complete certainty. This is particularly relevant for 

individuals with isolated MV regurgitation, where the upper limit of physiologic-grade MR 

may overlap with pathologic MR caused by RHD. Valve leaflet morphologic changes of RHD, 
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may also be difficult to distinguish from congenital structural valve anomalies. In our studies, 

WHO/NIH and WHF criteria were applied. Future data, including natural history of cohorts 

screened by echocardiography and possibly biomarkers, may help to further define the lower 

diagnostic threshold/minimum criteria for RHD.  

Natural history: Understanding the natural history of echocardiographically detected RHD is of 

critical importance when considering the justification for initiation of BPG secondary 

prophylaxis in individuals with echo-detected RHD, particularly mild or borderline changes. In 

the majority with acute carditis, valve status remains stable or improves in the months 

following diagnosis.(18) Available data suggests approximately 10% progression of 

mild/borderline RHD with remaining cases showing stability and regression. BPG 

administration to mild/borderline cases has varied across different studies. One study also 

found elevated risk of ARF amongst those with screen-detected RHD.(206) Follow-up of NZ 

screened cohorts is currently in progress, and NZ data is also contributing to a pooled 

international dataset (316). A randomised trial has recently commenced in Uganda to address 

uncertainty regarding the natural history of mild (latent) RHD detected by echocardiography. 

900 individuals with echocardiographically detected mild RHD will be randomised to receive 

BPG or no treatment, with cardiac outcomes followed to 24 months.(242) 

Resource implications Echocardiography screening requires considerable infrastructure and 

resources, including trained cardiac sonographers, echocardiography machines, reporting 

systems and suitable community venues. Our studies were conducted in schools and primary 

care facilities over several years. The cost of upscaling screening to cover all of New Zealand’s 

high risk populations is not currently known and would require considerable increase in the 

currently small paediatric sonographer workforce. To enable screening in resource-limited 

settings, various jurisdictions have trialled use of minimally trained sonographers, abbreviated 

scanning protocols, and handheld echocardiography machines.(209, 211) These strategies may 

or may not be appropriate in a well-resourced setting such as NZ. An additional resource 

consideration relates to health system capacity to provide clinical care for individuals with 

RHD detected by echocardiography. In addition to clinical services for secondary prophylaxis 

delivery and outpatient clinic capacity, a national registry to oversee BPG delivery and monitor 

clinical outcomes is needed. 

Acceptability and harms The acceptability of a screening test to the screened population is 

another core criteria for assessing screening programmes. In NZ, this has been assessed in two 

separate studies. Overall feedback from participating families was positive, and participation in 

screening led to improved understanding about ARF and RHD. Caregiver anxiety was reported 
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to be elevated in a proportion of caregivers who children had an abnormal scan and exercise 

participation was reported to also decrease in these children.(310, 317)  

Suitable Treatment There is strong evidence from NZ and around the globe that BPG when 

given every 28 days with complete adherence, is highly effective at preventing ARF 

recurrences. One criticism of echo screening is that individuals may be less likely to adhere 

with a long-term secondary prophylaxis regimen if they have RHD detected by a screening 

echocardiogram as compared to following an ARF illness and hospitalisation. In NZ, excellent 

BPG adherence has been documented for participants in our South Auckland studies and other 

regions of the country(318), due to the close partnerships between researchers and clinicians 

and well-organised nurse-led prophylaxis programmes.   

11.3 Future directions  

When available, mature pooled international follow-up data (which includes 99 NZ patients, 

many from the studies described in this thesis) (316) and findings from the current Ugandan 

randomised trial of benzathine penicillin in echo-detected mild RHD(242) will greatly improve 

understanding of the clinical significance and natural history of echocardiographically detected 

RHD and provide evidence to inform treatment approaches for individuals with 

echocardiographically detected RHD.  

Whilst global natural history and treatment trial data is awaited, locally the role of 

echocardiography for active case finding in selected high risk groups (as distinct from whole of 

population screening) is being actively explored in NZ. Findings of the familial echo study, 

described in Chapter 8, which involved screening siblings and parents of children with ARF, 

are now being translated into clinical practice in some regions of NZ. Active consideration is 

also being given to echocardiography in pregnant Māori and Pacific women, in the light of 

recent data which demonstrated 1:200 Pacific and 1:200 Māori women have clinically 

significant RHD in pregnancy.(154) Pregnancy is a time of particularly high risk for women 

with RHD as increased physiologic demands can lead to cardiac decompensation in the third 

trimester. 

Consideration is also being given to the feasibility of performing echocardiographic screening 

in South Auckland schools as a means of evaluating the success of school-based primary 

prevention initiatives, based on the hypothesis that RHD prevalence would be expected to 

decrease in schoolchildren exposed to high-intensity throat swabbing, as compared to historic 

“controls” from the same population.     
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11.4 Concluding statement  

The original investigations described in this thesis are of national and international significance 

in the field and as well as highlighting RHD burden in New Zealand have contributed to an 

ongoing research programme to address key unanswered questions regarding the utility of 

echocardiography as a tool for rheumatic heart disease control in high-risk populations.   
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Appendices 

Appendix 1: Echocardiography protocol for image acquisition  

Apical 4 chamber 

1. Full 4 chamber view 

2. Colour on mitral valve (with sweep through valve) 

3. MV inflow – PW 

4. MV mean gradient – CW  

5. Colour on aortic valve 

6. Colour on tricuspid valve 

Parasternal long axis 

1. Full PSLX view 

2. Colour on aortic valve 

3. Colour on mitral valve + sweep one side of valve to other (inflow to outflow) 

4. Measure AMVL thickness – in diastole when AMVL in full excursion, measure at thickest 

point but avoiding chordae, measure on frame with maximal separation of chordae from leaflet 

tissue. (Measure with harmonics off) 

Parasternal short axis 

1. Colour on aortic valve 

2. Colour on mitral valve 

3. 2D LV view – at papillary muscles or slightly higher 

4. M mode (x2 if MR or AR) 

If MR 

1. Measure length of MR jet in all views 

2. CW of MR 

3. Sweep through with colour in each view 

4. LA volumes – 4 chamber (optional) 

5. Pulmonary veins 

a) colour loop  

b) PW in veins where no MR 

6. LV volumes (advanced) 

7. Measure MV annulus 

If AR 

1. PW of abdominal aorta 

2. PW of descending aorta 

3. Measure jet length in each view 

4. Aortic measurements 

5. CW of AR (P ½ time) in apical 5 chamber view 
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Appendix 2: Sample echocardiography report form  

 

Patient details  

Name  ________________________________________ 

NHI    

DOB  ________________ 

Home address  __________________________________________________ 

Phone number  Home ________________________ 

Mobile ________________________ 

Ethnicity   (can tick more than one box if applicable)  

   NZ Māori     Pacific Samoan   

   Pacific Cook Island  Pacific Tongan  

   Pacific Niuean   Other ______________  

Past history ARF/RHD Yes    No   Unsure    

Family history ARF/ RHD  Yes    No   Unsure    

 

Echo report – by sonographer 

Study ID:  _______________________________ 

Echo ID:   _______________________________ 

 

2D Summary from PSLA, PSSA & apical 2D  

MV morphology Normal □  MV Abnormal  □  Not sure □ 

MR  none /closing volume / physiologic // mild / moderate / severe  

MS  none / present  

AR  none / physiologic / mild / moderate / severe  

TR  none / physiologic / mild / moderate / severe / not checked  

PR  none / physiologic / mild / moderate / severe / not checked  

CHD  if found specify type________________________ 

   

Additional comments _____________________________________________ 

Sonographer sign______________________________________________________ 
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Echo assessment by Cardiologist 

 

Step 1: 2D 

 

Mitral valve:  Any abnormality  Yes (1)  if yes  No (0)    

     Thickest point of AMVL              ___.___ mm 

Age                Abnormal  Thickened AMVL*  yes (1)   No (0)  

         AMVL thickness  Chordal thickening  yes (1)   No (0)   

≤20 yrs                 ≥3mm  Restricted leaflet motion  yes (1)   No (0) 

21 – 40yrs           ≥4mm  Excessive leaflet motion  yes (1)   No (0) 

>40yrs                 ≥5mm          
     

* Abnormal AMVL thickening is age specific as defined in table above 

Other Abnormality MV ______________________________ 

Aortic valve:  Any abnormality  Yes (1)  if yes  No (0)       

     Thickened aortic valve   yes (1)   No (0) 

     AV prolapse   yes (1)   No (0) 

     Restricted leaflet motion yes (1)   No (0) 

Coaptation defect  yes (1)   No (0)  

      

Other Abnormality _______________________________ 

 

Step 2: Colour / CW DOPPLER 

 

Pathological  MR?:  Yes (1)  if yes No (0)   Physiological  MR?:  

    Mild (1)    Mod (2)    Severe (3)     

Pathological  AR?:  Yes (1)  if yes   No (0)  Physiological  AR?:  

Mild (1)    Mod (2)    Severe (3)     

 If MS:   MV mean pressure gradient:  __ __ mmHg  

    

Step 3:  Other abnormalities (please specify) 

            _______

            _______ 
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Step 4: Summary (please circle) 

 

1. Normal Echo 

 

2. 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 

 

3. 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 gradient ≥4 mmHg* 

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

D) Borderline disease of both the AV and MV§ 

 

4. Abnormal Echo – Congenital heart disease / other 
 

_________________________________________________________________________________ 

 

Name:  ____________________________________  

Signed: ____________________________________        

Date:  ____________________________________  

 

Step 5: Follow-up recommendations  

 

Repeat screening echo on Vivid  □ 

Repeat echo at Hospital (reason) ………………………………………□ 

Referral physician for RHD □  

Referral physician for other heart disease □ 

No follow-up required   □ 

Other non-cardiology referral     Reason ----------------------------------------------------------- 

 

Patient letter dictated and sent □     GP letter dictated and sent □   Hospital referral sent  □  
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