http://researchspace.auckland.ac.nz
ResearchSpace@Auckland
Copyright Statement
The digital copy of this thesis is protected by the Copyright Act 1994 (New
Zealand).
This thesis may be consulted by you, provided you comply with the provisions of
the Act and the following conditions of use:
•
•
•

Any use you make of these documents or images must be for research or
private study purposes only, and you may not make them available to any
other person.
Authors control the copyright of their thesis. You will recognise the
author's right to be identified as the author of this thesis, and due
acknowledgement will be made to the author where appropriate.
You will obtain the author's permission before publishing any material from
their thesis.

To request permissions please use the Feedback form on our webpage.
http://researchspace.auckland.ac.nz/feedback
General copyright and disclaimer
In addition to the above conditions, authors give their consent for the digital copy
of their work to be used subject to the conditions specified on the Library Thesis
Consent Form and Deposit Licence.

Secondary and Tertiary Prevention
at Different Stages in the
Development of Heart Failure

Jithendra Bernal Somaratne

A thesis submitted in fulfilment of the requirements for the degree of
Doctor of Philosophy in Medicine, The University of Auckland, 2013.

ABSTRACT
Heart failure (HF), an important public health problem, is associated with high mortality and
morbidity. Today, the spiralling cost of HF, due to hospitalisations and universal provision of
evidence-based therapy, is unmanageable. This makes HF prevention, along a continuum starting
with risk factors, a priority. The key challenges include recognition and control of antecedent
conditions, early detection and treatment of subclinical disease, and limiting disease progression.
This thesis, which is presented in two sections, aims to enhance early detection of heart disease in
high-risk individuals and improve risk stratification in those with established heart disease.

Part A is based on the Natriuretic Peptides in the Community 2 study, which had a prospective
cross-sectional design. It compared the utility of NT-proBNP with electrocardiography for the
detection of left ventricular hypertrophy among patients with type 2 diabetes mellitus (T2DM) without
cardiovascular disease. A total of 375 participants were recruited between 2006 and 2007. The key
finding is that previously undetected structural heart disease is common in this cohort, leading to an
underestimation of cardiovascular risk. Both tests evaluated in this study (electrocardiography and
NT-proBNP) were insensitive and unsuitable for screening. Routine echocardiography for all
individuals with T2DM may be more appropriate than a screening test, given the high prevalence of
disease.

Part B contains 3 literature-based meta-analyses undertaken using standardised methodology. It
focuses on assessing risk of disease progression in HF. Prospective observational studies reporting
the outcomes of interest (death and HF hospitalisation) were included. Echocardiographic measures
of left ventricular systolic (ejection fraction) and diastolic (mitral filling pattern) function were shown
to predict mortality and HF morbidity. These data support the routine measurement of the studied
parameters and their use in evaluating prognosis.

Heart failure remains one of the most burdensome cardiovascular conditions to manage. Patients
with HF are heterogeneous and have multiple comorbidities. Identification of those at risk of initial
and recurrent hospitalisation requires a multi-pronged approach, incorporating both clinical and
echocardiographic parameters. The contribution of each varies over the disease spectrum. An
understanding of this complex nature will ultimately lead to enhanced management and improved
survival amongst patients with HF.
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CHAPTER 1

Introduction

1

1.1 Heart failure

1.1.1

Definition

Heart failure (HF) is a clinical syndrome caused by a structural or functional cardiac disorder, which
1

impairs ventricular filling or ejection. It is characterised by symptoms of shortness of breath, fluid
retention, fatigue, and limitation of functional capacity. Fluid retention may manifest as pulmonary
oedema and peripheral oedema.

Left ventricular ejection fraction (LVEF), commonly measured by transthoracic echocardiography, is
used to classify patients with HF into those with reduced LVEF (HF-REF) or preserved LVEF (HF2

PEF). This distinction is important due to the prognostic significance of LVEF and its use as a
selection criterion in most clinical trials involving patients with HF.

1.1.2

Stages of heart failure

Left ventricular dysfunction, the progressive disease process underlying the clinical syndrome of
1

HF, is the result of an injury or stress on the myocardium. In recognition of the progressive nature
of HF, the American College of Cardiology (ACC) and the American Heart Association (AHA)
1

proposed a forward-thinking and novel classification of HF. Four distinct stages in its development,
including 2 ‘subclinical’ stages, are identified (Figure 1-1). This staging system acknowledges
established risk factors for HF and the existence of asymptomatic and symptomatic phases in the
disease continuum.

1.1.2.1

1

Stage A heart failure

Individuals with Stage A HF do not have structural heart disease or symptoms of HF. Nevertheless,
they are considered ‘high risk’ due to the presence of a risk factor for symptomatic HF. This
includes those with obesity, hypertension, metabolic syndrome, diabetes mellitus (DM),
hypertension, or established atherosclerotic disease. Apart from these groups, those on cardiotoxic
agents (e.g. anthracyclines) or those who have a family history of cardiomyopathy are also
considered to have Stage A HF. The goal of recognising this stage is to appropriately manage these
risk factors and prevent the development of structural heart disease, which increases the risk of
progression to Stage C or clinical HF

2

Absence of
disease!

Stage A HF!

• At risk for HF"
• No structural heart disease"
• No symptoms of HF"

Stage B HF!

• At risk for HF"
• Structural heart disease"
• No symptoms of HF"

Stage C HF!

• Structural heart disease"
• Current or prior symptoms
of HF"

Stage D HF!

• Refractory HF"
• Requring specialised
interventions"

Figure 1-1 Stages in the development of heart failure (HF)

1.1.2.2

Stage B heart failure

The distinguishing feature of Stage B HF is the presence of underlying structural heart disease. It
encompasses patients with LV remodelling, prior myocardial infarction (MI), and asymptomatic
valvular heart disease. Patients with coronary heart disease who have normal cardiac structure and
function and no prior MI are classified as Stage A rather than Stage B HF. This stage includes both
those with asymptomatic LV systolic and diastolic dysfunction. Recognising this stage as an
important determinant of future risk of developing HF encourages appropriate management of the
underlying disease process, which can prevent progression to symptomatic HF.

3

1.1.2.3

Stage C heart failure

Stage C HF describes patients with structural heart disease and current or previous symptoms of
HF. It represents the majority of patients with established HF encountered in clinical practice. The
therapeutic aims in this stage centre on prevention of disease progression and symptom control.
Over the past 2 decades, several drug and device-based therapies were studied in randomised
controlled trials including patients with Stage C HF. Most benefits of these therapies have been
observed in patients with HF-REF, and contemporary guidelines

1-3

recommend the routine use of

angiotensin converting enzyme (ACE) inhibitors and β-blockers in such patients. Additionally, in
selected patients, angiotensin 2-receptor blockers (ARB), aldosterone antagonists, cardiac
resynchronisation therapy (CRT), implantable cardioverter defibrillator (ICD) therapy are
recommended.

1.1.2.4

1-3

Stage D heart failure

Patients with Stage D HF have end-stage disease requiring specialised interventions. They have
marked symptoms at rest despite optimal medical therapy. This stage is typified by recurrent
hospitalisations for acutely decompensated HF. Management for such patients can be complex,
and careful consideration needs to be given to issues such as underlying causes for repeated
exacerbations of HF, potential for further optimisation of existing therapies, suitability for heart
transplantation, and eligibility for other more experimental management strategies. Management
these patients, including end-of-life care, often requires multidisciplinary teams, including palliative
care services.

1.1.3

1.1.3.1

Clinical presentation

Symptoms

The typical symptoms of HF are breathlessness, orthopnoea, paroxysmal nocturnal dyspnoea,
2

reduced exercise tolerance, fatigue, and ankle swelling. Less typically, patients with HF present
with a nocturnal cough, wheezing, weight gain, weight loss, bloating, diminished appetite,
confusion, depression, palpitations or syncope. Importantly, the symptom complex of dyspnoea,
orthopnoea, paroxysmal nocturnal dyspnoea, and oedema is highly specific for the diagnosis of
HF.

4

The New York Heart Association (NYHA) functional classification, first published in 1928, is a scale
5

describing the symptomatic severity of HF. This commonly used tool is comprised of 4 progressive

4

classes from I to IV (Table 1-1). Given the nature of HF, a patient’s symptom status and, as a result,
NYHA class may fluctuate over time.

Table 1-1 New York Heart Association Functional Classification

Class

5

Symptoms

I

No limitation of physical activity. No undue dyspnoea, fatigue or palpitations
with ordinary physical activity.

II

Slight limitation of physical activity. Comfortable at rest, but ordinary physical
activity leads to undue dyspnoea, fatigue, or palpitations.

III

Marked limitation of physical activity. Comfortable at rest, but less than
ordinary physical activity causes undue dyspnoea, fatigue, or palpitations.

IV

Unable to undertake physical activity without discomfort. Symptoms at rest
can be present. Discomfort increases with any physical activity.

1.1.3.2

Signs

The finding of an elevated jugular venous pressure, hepatojugular reflux, third heart sound, laterally
displaced apical impulse or cardiac murmur are the most specific physical signs of HF. Other less
specific signs include peripheral oedema, pulmonary crackles, decreased air entry and dullness at
the lung bases, tachycardia, irregular pulse, tachypnoea, hepatomegaly, ascites, and cachexia.

1.1.4

Diagnosis

The clinical diagnosis of HF, according to the European Society of Cardiology, requires the
2

satisfaction of a number of conditions. All patients must have both symptoms and signs typical for
HF. In particular, HF-REF requires documentation of reduced LVEF. While the reference range for
LVEF varies according to institution, a LVEF of <35% is universally agreed to constitute reduced
2

LVEF. Similarly, a LVEF >50% is considered normal, leaving a grey zone of between 35% and
2

50%. Individuals in this zone are thought to have mild LV systolic dysfunction. A normal LVEF and
2

the absence of LV dilatation are mandatory conditions for the establishment of HF-PEF. A further
prerequisite for HF-PEF is the demonstration of either relevant structural heart disease or LV
diastolic dysfunction.
6

The Framingham criteria are often used to diagnose HF in research studies. The presence of 2
major criteria or 1 major and 2 minor criteria establish a definite diagnosis of HF. The major criteria
are paroxysmal nocturnal dyspnoea or orthopnoea, jugular venous distension, inspiratory crackles,
cardiomegaly, acute pulmonary oedema, the presence of a third heart sound, increased venous
pressure (≥16cm of water), circulation time ≥25s, and hepatojugular reflux. The minor criteria
5

include, ankle oedema, nocturnal cough, dyspnoea on exertion, hepatomegaly, pleural effusion, a ⅓
decrease in vital capacity from maximum, and tachycardia (≥120/min). Weight loss ≥4.5 kg within 5
days of treatment constitutes a major or minor criterion.

1.1.5

1.1.5.1

Epidemiology

Incidence

The age-adjusted incidence of HF, in a population-based cohort study conducted between 1979 and
7

2000, was 387 per 100 000 in men and 289 per 100 000 in women. A detailed analysis of these
data showed no change in incidence between 1979 and 2000. The incidence of HF doubles with
8

each 10-year increase from 65-74 years to 85-94 years. At 40 years of age, the lifetime risk for
developing new HF is 1 in 5. This risk is the same at 80 years of age, despite the shorter remaining
lifespan, due to the rapidly rising incidence with age. In the same study, a strong relationship
between hypertension and HF was demonstrated. The lifetime risk for those with a blood pressure
(BP) more than160/90 mmHg was twice that of people with a BP less than140/90 mmHg. There is
ethnic variation in the incidence of HF. For instance, in the Multi-Ethnic Study of Atherosclerosis
(MESA), African Americans (4.6 per 1000 person-years) had the highest incidence of HF.

9

Hispanics (3.5 per 1000 person-years), White (2.4 per 1000 person-years), and Chinese Americans
(1.0 per 1000 person-years) followed them.

1.1.5.2

Prevalence

In the US, approximately 5 700 000 individuals aged ≥20 years had HF on the basis of data,
collected between 2005 to 2008, from the National Health and Nutrition Examination Survey
(NHANES).

10

The prevalence varied on the basis of gender, ethnicity, and age. For instance, the

proportion of men affected was higher (3.0% vs. 2.0%). Similarly, in comparison to non-Hispanic
whites, both black men (4.5% vs. 2.7%) and women (3.8% vs. 1.8%) were more commonly
affected. The prevalence of HF increased dramatically with age. In the 20-39 year age group, 0.2%
of men and 0.3% of women had HF. This increased progressively to 1.9% and 0.8% in the 40-59
year age group, 9.0% and 5.4% in the 60-79 year age group, and 11.5% and 11.8% in the ≥80 year
age group. The projected crude prevalence for 2010, in those aged ≥18 years, was 2.8%.

11

By

2030, an extra 3 million people in the US are expected to have HF. This represents a 25% increase
in prevalence, in comparison to 2010.

11

The prevalence of HF has risen steadily since the 1970s

and a particularly sharp increase was observed in the 1990s.
ageing of the population.

13

6

12,13

. This change is attributed to

The National Health Survey gathered comparable data in Australia.

14

In 2007-08, 277 800

Australians had HF. This equates to a prevalence of 1.3%. Unlike in the US, a larger number of
women were affected, with a higher prevalence noted in women in all age groups, except in those
<25 years. A similar relationship between prevalence and age was observed with over 1 in 3 aged
≥75 years having HF. While the overall prevalence did not change between 2004-05 and 2007-08,
the number with HF aged ≥55 years declined by 1.6% between 1995 and 2005.

Similar data are also available for the United Kingdom

1.1.6

1.1.6.1

16

15

and continental Europe

17,18

.

Prognosis

Mortality

In 2008, in the US alone, HF was mentioned on the death certificate in 1 in 9 deaths.

10

In total, HF

any-mention mortality was 281 437 and, of these, HF was attributed as the underlying cause of
10

death in 56 830.

According to these data the any-mention death rate for HF was 84.6 per 100 000

per annum. Mortality was higher in blacks (male 102.7, female 78.8) compared to whites (male
98.9, female 75.9).

Despite improvements in the survival of patients diagnosed with HF over time, it remains associated
with a high death rate. Data from a number of US and European studies consistently demonstrate a
5-year mortality of approximately 50%.
time of initial diagnosis.

7,19-21

This figure rises to 65% in those aged ≥65 years at the

22

According to data collected between 1950 and 1999, there was an improvement in survival after the
diagnosis of HF of 12% per decade (men p=0.01, women p=0.02).

21

Another community-based

cohort study showed a similar improvement over time with an increase in 5-year age-adjusted
7

survival from 43% in 1979-1984 to 52% in 1996-2000 (p<0.001). In the elderly (≥65 years), after
adjustment for age and comorbidities, 5-year mortality hazards decreased 33% in men and 24% in
women, from 1970-1974 to 1990-1994.
with HF, was observed in the UK.

19

22

A similar downward trend in mortality, amongst patients

In contrast, the most recent data suggested the total number of

any-mention deaths from HF was unchanged between 1995 (287 000) and 2008 (283 000).

10

Though the diagnosis of HF-PEF is increasingly common, the temporal trend in the survival of such
individuals is not as favourable as those with HF-REF.

23

For instance, in a large retrospective study,

there was no change in survival among patients with HF-PEF between 1987-1991 and 1997-2001.
In comparison, during the same period, a significant improvement in survival was observed among
patients with HF-REF.

7

23

1.1.6.2

Morbidity

In 2010, there were 1 million hospitalisations for decompensated HF in the US, which equates to 33
HF hospitalisations per 10 000 individuals.

24

Furthermore, HF accounted for 3 million doctor office
10

visits, 668 000 emergency department visits, 293 000 outpatient department visits.

There are

conflicting reports regarding temporal trends in HF hospitalisation. Most data suggest the incidence
has remained stable over the past 2 decades.

7,13,21,24

In contrast, a decline in HF hospitalisation

amongst US Medicare beneficiaries, between 1998 and 2007, was reported.

25

A similar decline was

also observed in Europe, where HF hospitalisations have decreased 30-50% in recent years.

2

After an initial hospitalisation for HF, recurrent hospital admissions are common. For example, the
reported 6-month readmission rates, from a number of different studies, range between 35% and
48%.

26-30

By 1 year, that proportion rises to 59%.

decompensated HF occurred in 13%

32

to 19%

29

31

More specifically, hospitalisations for

at 6 months, and 20%

33

to 27%

34

at 1 year.

1.2 Prevention of disease

1.2.1

The concept of prevention

Prevention is defined as any “action to reduce or eliminate the onset, causes, complications or
recurrence of disease”.

35

It comprises activities designed to diminish the risk of future adverse

events or to minimise harm if they do occur.

36

The practice and effectiveness of prevention is best highlighted by time trends in coronary heart
disease. One specific example is the California Tobacco Control Program, a primary prevention
initiative implemented in 1989.

37

This programme lead to a reduction in cigarette smoking which, in

turn, was linked with a reduction in deaths due to heart disease.

1.2.2

Strategy

Prevention interventions can be targeted to certain higher-risk groups of individuals/patients or be
applied to the wider population.

38,39

The high-risk individual strategy is a clinician-driven approach in

which susceptible individuals are identified and offered individual management. The populationbased strategy, on the other hand, is a public health-oriented approach. It aims to control the
determinants of incidence in the whole population.

8

1.2.3

Levels of prevention

The 4 levels of prevention, directed at different phases in the progression of disease, include
primordial, primary, secondary, and tertiary.

40

They each target risk factors or conditions, which are

known to cause the disease. Primordial and primary prevention target individuals without the
disease and have the greatest impact on the health of the whole population. Likewise, secondary
and tertiary prevention focus on asymptomatic and symptomatic people with evidence of disease.

1.2.3.1

Primordial

The objective of primordial prevention is to establish and maintain conditions that reduce threats to
health. It aims to minimise the development of specific causal factors for disease in the whole
population or in selected groups. This is achieved by public health policy and health promotion
measures that stop the emergence of environmental, economic, social and behavioural conditions.
An example of primordial prevention is the use comprehensive school-based initiatives to promote
healthy eating and physical activity.

41

This strategy reduces obesity and, thereby, risk of

cardiovascular risk by prevention of type 2 diabetes mellitus and hypertension.

1.2.3.2

Primary

Primary prevention aims to decrease the incidence of disease by controlling specific causal factors.
It may involve either the whole population or high-risk individuals.

40

The goal of the “mass” or

population strategy is to reduce the average risk of the whole population. The benefits of this
approach are that it does not require identification of a high-risk group and has large potential for
the whole population. On the other hand, it provides only a small benefit to each individual, leading
to poor motivation of subjects and doctors. The high-risk individual strategy focuses on those above
an arbitrary risk cut-off point. As the potential benefit to the individual is large, it is associated with
greater subject and doctor motivation. The disadvantages of this approach include difficulties with
identification of high-risk individuals, limited population effect, and the temporary nature of achieved
effects. As an example, primary prevention in the context of injuries may include road safety
36

engineering, vehicle design, road safety awareness, and promotion of responsible alcohol use.

1.2.3.3

Secondary

The rationale for secondary prevention is to reduce the more serious consequences of disease
through early diagnosis and treatment.

40

It is undertaken amongst individuals with established

disease, during an early or preclinical phase, between disease onset and symptom onset. As a
result, secondary prevention applies to diseases with a well-characterised natural history, which
9

includes an easily identifiable and treatable early stage. The two principal requirements of a
successful secondary prevention program are effective methods of detecting and treating the
40

disease, preferably at a preclinical stage.

Early detection and screening for cancers, such as

breast and colon cancer provide excellent examples of existing secondary prevention programs.

1.2.3.4

Tertiary

Tertiary prevention applies to patients with more advanced disease, demonstrated by the presence
of symptoms and signs.

40

It aims to reduce the progression or complications of established disease

and involves actions, which lessen the impact of long-term disease and disability, minimise
suffering, and maximise quality life years. As the prevention of recurrence is a central objective of
chronic disease therapy, it is often difficult to differentiate tertiary prevention from treatment. For
instance, in patients with T2DM, tertiary prevention measures include, rigorous blood glucose
control, enhancing self-management, good foot care, and lifestyle advice.

1.2.4

1.2.4.1

36

Screening

Definition

Screening is defined as “the process of using tests on a large scale to identify the presence of
disease in apparently healthy people.”

40

It is the cornerstone of secondary prevention and is driven

by the potential rewards resulting from early detection of disease and institution of therapy.

There are several different types of screening. Mass screening, generally, targets the whole
population. In contrast, targeted screening focuses on groups with specific exposures, and is often
employed in environmental or occupational health. Another type of screening, known as multiple or
multiphasic screening, utilises several screening tests simultaneously. Finally, case-finding or
opportunistic screening is aimed at patients who seek medical advice for an unconnected problem.

1.2.4.2

Criteria for screening

In 1968, Wilson and Jungner outlined criteria for assessing the appropriateness of screening for a
particular disease.

42

These criteria, as listed below, are still relevant and form the basis of

contemporary screening.

1. The condition sought should be an important health problem.
2. There should be an accepted treatment for patients with recognised disease.

10

3. Facilities for diagnosis and treatment should be available.
4. There should be a recognisable latent or early symptomatic stage.
5. There should be a suitable test or examination.
6. The natural history of the condition, including development from latent to declared disease,
should be adequately understood.
7. The natural history of the condition, including development from latent to declared disease,
should be adequately understood.
8. There should be an agreed policy on whom to treat as patients.
9. The cost of case-finding (including diagnosis and treatment of patients diagnosed) should
be economically balanced in relation to possible expenditure on medical care as a whole.
10. Case-finding should be a continuing process and not a “once and for all” project.

The suitability of a test for screening is judged on the basis of its validity, reliability, and yield. The
definition and measures of validity are described below. Test reliability is a measure of its
consistency. A reliable test produces similar results when administered repeatedly under constant
conditions. Reliability is measured by intra- and inter-observer variability. The yield, defined as the
number of new cases detected by the test, is closely related to the prevalence. For instance, the
highest yields are observed in conditions with a high prevalence.

In NZ, the National Screening Unit, a Ministry of Health initiative, provides health-screening
programs. In particular, it coordinates 5 nationwide disease-specific programs. These conditions
were carefully assessed against the above criteria and were deemed suitable for screening. They
include, BreastScreen Aotearoa, the National Cervical Screening Programme, the Newborn
Metabolic Screening Programme, the Antenatal HIV Screening Programme, and the Universal
Newborn Hearing Screening Programme.

1.2.4.3

Test validity

The validity of a test is its ability to correctly categorise individuals into groups with and without the
40

disease and is measured by sensitivity and specificity.

The four possible outcomes of a diagnostic test are true positive, false positive, true negative, and
false negative. Sensitivity is the proportion of individuals with the disease who have a positive test
result (Equation 1-1). Specificity is the proportion of individuals without the disease who have a
negative test result (Equation 1-2). The ideal screening test possesses both a high sensitivity and
specificity. However, in practice, increasing sensitivity or the number of true positives is
accompanied by a higher number of false positives, which reduces specificity. A test’s positive and
negative predictive value should be considered when interpreting results. The positive predictive
value is the probability of the individual having the disease when the test result is positive (Equation

11

1-3). Conversely, the negative predictive value is the probability of the individual not having the
disease when the test result is negative (Equation 1-4).

Disease
Absent!

True
Positive!

False
Positive!

False
Negative!

True
Negative!

Test Negative!

Test Positive!

Disease
Present!

Figure 1-2 Contingency table of test outcomes

Equation 1-1 Sensitivity
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Equation 1-2 Specificity
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Equation 1-3 Positive predictive value (PPV)
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Equation 1-4 Negative predictive value (NPV)

!"# = !

!"#$%&!!"!!"#$!!"#$%&'"(
!"#$%&!!"!!"#$!!"#$%&'"( + !"#$%&!!"!!"#$%!!"#$%&'"(

12

1.3 Prevention of heart failure

1.3.1

Rationale
1

Heart failure is an increasingly important global public health problem. Despite major advances in
management, it still carries a similar prognosis to most common cancers.

43,44

The two approaches

to reducing the burden of HF are improved treatment of symptomatic disease and disease
prevention (Figure 1-3). Over the past 3 decades, the focus of research was on developing and
trialling novel therapies for HF, primarily in patients with HF-REF. The rich yields of these efforts
include ACE inhibitors, ARBs, β-blockers, aldosterone antagonists, CRT, and ICD therapy, which
are now incorporated into clinic practice guidelines.

1-3

Today, health systems throughout the world

are struggling to cope with the economic cost of universal provision of evidence-based therapy to
the increasing number of patients with HF.

45

This has led to a shift towards greater emphasis on the

prevention of HF. For instance, in 2008, the AHA released a detailed scientific statement titled
‘Prevention of Heart Failure’.

46

It declares, “The prevention of heart failure is an urgent public health

need with national and global implications.” Individuals with preclinical HF (Stage A and B HF) are
suitable for primary and secondary prevention, while those with established disease (Stage C and D
HF) are candidates for tertiary prevention.

Figure 1-3 Improving outcomes amongst patients with heart failure

1.3.2

Primordial

The primordial prevention of HF limits the establishment of risk factors for HF, such as obesity,
hypertension, T2DM, and atherosclerotic disease. These interventions may take the form of
comprehensive prevention programs, or target physical activity, diet and nutrition, and tobacco
control and prevention.

41

Examples of comprehensive prevention programs include community-,

school-, or work-based programs to increase physical activity, improve nutrition, and prevent

13

smoking. Alternate strategies are building bike and pedestrian trails, pedometer and walking
programs, reducing sodium in food, and the institution of comprehensive smoke-free air laws in
public buildings.

1.3.3

Primary

In the context of HF, primary prevention efforts target those with Stage A HF. These individuals
have one or more established risk factors for HF without structural heart disease. They are patients
with obesity, hypertension, T2DM, metabolic syndrome, or atherosclerotic disease. The goal is to
prevent the development of structural heart disease in the form of a MI and adverse LV remodelling.
Firstly, this requires excellent BP, blood glucose, and lipid control through a combination of lifestyle
changes and pharmacotherapy. Secondly, all patients with Stage A HF are encouraged to stop
smoking, exercise regularly, and minimise alcohol and illicit drug intake.

1.3.4

Secondary

The aim of secondary prevention in HF is the early detection of asymptomatic structural heart
disease, followed by prompt intervention to halt progression to symptomatic HF. This level of
prevention is, therefore, well suited to those with Stage B HF. These individuals may have one or
more forms of structural heart disease including, abnormalities of LV geometry, LV systolic
dysfunction, LV diastolic dysfunction, and previous MI. Abnormalities of LV geometry encompass
both those with left ventricular hypertrophy (LVH) and concentric remodelling. Concentric
remodelling is defined as increased relative wall thickness in the presence of normal LV mass.

The AHA recognised secondary prevention as one of the top ten research priorities in the
prevention of HF.

46

It recommended the development of research studies “to identify and eventually

treat asymptomatic individuals with LV dysfunction (Stage B HF) and to prevent its development.”

Cardiac imaging modalities, such as transthoracic echocardiography and cardiac magnetic
resonance imaging (MRI), easily detect common forms of structural heart disease.
Echocardiography is often preferred to cardiac MRI, due to its relative accessibility, lower cost,
higher patient acceptability, and universal application. Yet, it is still less accessible and more costly
than, for instance, a simple blood test.

Stage B HF, once detected, is treated with existing therapies, which are also indicated in patients
1

with Stage C HF. For example, patients with Stage B HF on the basis of LVH are treated with
aggressive BP lowering, which is known to promote regression of LVH.
49

inhibitors are considered the best agents for reversing LVH.

14

47,48

In particular, ACE

The early detection of structural heart disease, despite being useful and desirable, is constrained by
1

cost. At present, there is no population screening for Stage B HF due to limited information
1

regarding cost-effectiveness. Screening high-risk groups, such as those with Stage A HF, is likely
to have both a higher yield and cost-effectiveness. Current guidelines state, “Certain patients are
appropriate targets for more aggressive screening on the basis of characteristics that denote an
1

increase in the risk for structural heart disease.” However, beyond those with a strong family
history of cardiomyopathy or those receiving cardiotoxic interventions, these recommendations do
not specifically mention other high-risk groups. This is due to both the lack of an appropriate
screening test and incomplete data on the prevalence of structural heart disease in those
considered to have Stage A HF.

1.3.5

Tertiary

Tertiary prevention of HF applies to those with Stage C HF. These individuals, with present or past
symptoms, have more advanced disease. The objectives at this stage are to maximise quality life
years, prevent progression to Stage D HF, and limit disability due to HF. Practically, this means
controlling the symptoms of HF, minimising HF hospitalisations, and treating the underlying disease
process. In Stage C HF, the goals of both prevention and treatment are similar. This often makes
the distinction between therapeutic and tertiary prevention interventions unclear. In addition to
standard evidence-based therapy for HF, non-pharmacological interventions play a role in
prevention. For example, post-discharge management, physical activity, and rehabilitation programs
are recommended in patients with Stage C HF.

50

These strategies improve quality of life and reduce

HF hospitalisation.

Risk stratification is a fundamental task in tertiary prevention. The predicted risk of disease
progression or death is a useful guide for clinical decision-making regarding the intensity of
preventative interventions.

51

Targeting of interventions to high-risk individuals is particularly valuable

in resource-constrained settings. The value of this strategy is highlighted by guidelines governing
statin prescription. The recommended cardiovascular risk threshold for initiation of statin therapy, to
prevent mortality due to CVD, varies between countries.

52

Over a 5-year period, the implementation

of the Australian, British, and Canadian recommendations led to the prevention of the greatest
number of CVD deaths. Yet, the NZ guidelines, which adopted a more targeted approach with a
higher risk threshold for starting therapy, were the most efficient. Their use led to treatment of the
lowest number of individuals while achieving a very similar, albeit marginally lower, mortality
benefit.

52

This was due to more precise targeting of the prevention intervention. A similar approach,

involving more precise targeting of prevention interventions, could be applied in Stage C HF. At
present, many patients with Stage C HF are not prescribed guideline-recommended therapy.

53

While there may be many potential reasons for this, it is clear that there is room for systematic
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improvement. Initially, those at highest risk should be targeted. They stand to profit the most from
prevention intervention and could benefit from more comprehensive and frequent monitoring.

Risk prediction in Stage C HF may be refined by the incorporation of newer echocardiographic
markers of LV function. The total risk of a patient with Stage C HF is contingent on a number of
different measures. Current risk stratification is based, predominantly, on clinical and laboratory
parameters. Measurements of LV function, by transthoracic echocardiography, appear to provide
similarly important prognostic data. Yet, their use is constrained by mixed results from studies,
which are limited by sample size or methodology, reporting varying effect directions and sizes. For
example, the prognostic value of LVEF, the most important echocardiographic measurement in
Stage C HF, was questioned.

1.4 Goal
Improve the secondary and tertiary prevention of heart failure.

1.5 Objectives
1. To enhance the early detection of structural heart disease in individuals with Stage A HF.

2. To improve risk stratification in patients with Stage B and Stage C heart failure.

1.6 Sub-objectives
1. To measure the prevalence of previously undetected structural heart disease, and study
factors associated with its development, in a subgroup of patients with Stage A HF.

2. To compare the diagnostic accuracy of two potential screening modalities for structural
heart disease, in the same subgroup of patients with Stage A HF.

3. To assess the usefulness of a key echocardiographic measure of LV systolic function, in
predicting risk of death, amongst patients with Stage C HF.

4. To evaluate the utility of echocardiographic measures of LV diastolic function, in forecasting
risk of death and HF morbidity, amongst patients with Stage C HF and a subgroup with
Stage B HF.
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Healthy
individuals!

Primordial Prevention

Stage A HF!

Primary Prevention

Stage B HF!

Secondary Prevention

Cardiac
Death!

Stage C HF!

Tertiary Prevention

Stage D HF!

Figure 1-4 Levels of prevention and stages of heart failure (HF)
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Table 1-2 Summary of goal, objectives, and sub-objectives
Abbreviations: HF heart failure, LV left ventricle

Goal

Part

A

Improve
the
secondary
and
tertiary
prevention
of heart
failure.
B

Objectives

Sub-objectives

To enhance the
early detection
of structural
heart disease in
individuals with
Stage A HF.

To improve risk
stratification in
patients with
Stage B and
Stage C heart
failure.

To measure the prevalence of
previously undetected structural
heart disease, and study factors
associated with its development, in
a subgroup of patients with Stage A
HF.
To compare the diagnostic
accuracy of two potential screening
modalities for structural heart
disease, in the same subgroup of
patients with Stage A HF.
To assess the usefulness of a key
echocardiographic measure of LV
systolic function, in predicting risk of
death, amongst patients with Stage
C HF.
To evaluate the utility of
echocardiographic measures of LV
diastolic function, in forecasting risk
of death and HF morbidity, amongst
patients with Stage C HF and a
subgroup with Stage B HF

!
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Part A
Secondary Prevention in Stage B
Heart Failure
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CHAPTER 2

Introduction
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2.1 Background
Individuals with Stage A HF, by definition, are at increased risk for symptomatic HF.

1,54

They do not

have structural heart disease nor do they current or prior symptoms of HF. A number of different
conditions are recognised as Stage A HF. They include, hypertension, diabetes, obesity, metabolic
syndrome and atherosclerotic disease. Atherosclerotic disease, in this context, encompasses
cerebrovascular, peripheral vascular and coronary artery disease. Patients with known coronary
heart disease who have normal LV function and no prior symptoms of HF and are still considered to
have Stage A HF. Similarly, those with a family history of cardiomyopathy or are using cardiotoxins
are all considered to have Stage A HF.

As discussed in Chapter 1, prevention of progressive cardiovascular disease resulting in HF is a
major task. In this context, the aim of primary prevention is to prevent individuals with Stage A HF
from developing Stage B HF or structural heart disease. This requires encouragement of lifestyle
changes and institution of appropriate pharmacotherapy. For instance, regular exercise, moderation
of alcohol intake, and smoking cessation should be encouraged. Similarly, conscientious control of
1,54

dyslipidaemia, hyperglycaemia, and BP are also recommended.

Stage B HF describes individuals with structural heart disease without current or previous HF
symptoms.

1,54

This is another pre-HF state, which is recognised in this staging system due to the

elevated risk of future symptomatic HF (Stage C HF). Examples of qualifying structural heart
disease include previous myocardial infarction (MI), abnormalities of LV geometry, LV dysfunction,
and asymptomatic valvular heart disease.

1,54

Abnormalities of LV geometry includes LV concentric

remodelling, eccentric LVH, and concentric LVH. The challenge in these asymptomatic patients with
Stage B HF is to prevent the development of Stage C HF.

This secondary prevention task should begin by identifying patients with undetected structural heart
disease who are incorrectly categorised as Stage A HF. At present, there is no routine screening for
structural heart disease in patients with Stage A HF. As such, the proportion with structural heart
disease is unknown. These individuals with Stage B HF stand to benefit from being reclassified from
Stage A HF in two ways. Firstly, their risk of future cardiovascular events would be more accurately
quantified. Secondly, they could receive further medical therapy on this basis. For instance, ACE
inhibitors are often recommended for use in Stage B HF.

1,54

Part A of this thesis examines two aspects of secondary prevention in Stage B HF:
1. Establishing the prevalence of undetected structural heart disease in patients incorrectly
categorised as Stage A HF
2. Tools for early detection of Stage B HF

21

More specifically, it focuses on patients with T2DM, a particularly high-risk subgroup of patients with
Stage A HF. In terms of undetected structural heart disease, Part A centres on abnormalities of LV
geometry. A brief explanation for these choices is given below. This followed by a more detailed
review of these conditions.

2.2 Rationale

2.2.1

Type 2 diabetes mellitus

Type 2 diabetes mellitus, like hypertension, is one of the most important conditions leading to
structural heart disease and ultimately HF. This common chronic condition is becoming increasingly
prevalent in New Zealand

55,56

57

and the rest of the world . The significant excess in morbidity and

mortality associated with T2DM highlights its public health importance. Patients with T2DM are
screened for complications affecting their eyes, kidneys, and nerves.

58

Despite cardiovascular

disease being the commonest cause of death amongst these patients, there is no routine screening
for heart disease.

58

For these reasons, early detection of structural heart disease in patients with T2DM was considered
a research priority.

2.2.2

Abnormalities of LV geometry

Abnormalities of LV geometry are a common manifestation of structural heart disease in patients
with T2DM.

59,60

They represent an intermediate stage a continuum between uncomplicated T2DM

and symptomatic HF. These abnormalities often occur in asymptomatic individuals and are easily
detected using non-invasive cardiac imaging. Both LVH and CR are independently associated with
poor outcome.

61,62

As a result, they can be used to refine cardiovascular risk stratification.

63

The

natural history of these closely related LV geometric changes is understood. For example, with time
and further exposure to risk factors, such as hypertension and T2DM, CR frequently progress to
LVH.

64

These abnormalities can be regressed with treatment. Importantly, regression of either is

associated with an improvement in outcome.

64

In combination, these findings make abnormalities of LV geometry an attractive target for further
research on early detection and therapy.

2.3 Type 2 diabetes mellitus

22

2.3.1

Definition

Type 2 diabetes mellitus results from a progressive decline in insulin secretion on a background of
insulin resistance. The American Diabetes Association (ADA) criteria for the diagnosis of diabetes
requires one of the following: symptoms of diabetes and a casual plasma glucose ≥11.1mmol/L; or
a fasting plasma glucose (FPG) ≥7.0mmol/L; or a 2-hour plasma glucose ≥11.1mmol/L during an
oral glucose tolerance test (OGTT) with a 75-g glucose load.

65

The preferred test in non-pregnant

adults is the FPG. Impaired fasting glucose is defined as FPG between 5.6mmol/L and 6.9mmol/L.
The diagnosis of impaired glucose tolerance (IGT) requires a 2-hour plasma glucose on a 75-g
OGTT between 7.8mmol/L and 11.0mmol/L. Recently the term “pre-diabetes” has been used to
encompass IFG and IGT as they are both risk factors for future diabetes and cardiovascular
disease (CVD).

2.3.2

66

Prevalence

The number of people with diabetes globally is expected to increase from the current estimate of
150 million to 220 million in 2010, and 300 million in 2025.

57

Diabetes places a huge burden on both

the affected individual and society in general. In the United States (US) in 2002, diabetes was
estimated to cost $132 billion in medical expenditures and lost productivity alone

67

The National Health and Nutrition Examination Survey (NHANES), a continuous annual survey
studying the prevalence diabetes and impaired fasting glucose (IFG) in the US, found the total
prevalence of diabetes between 1999-2002, including diagnosed (6.5%) and undiagnosed (2.8%)
diabetes, was 9.3%.

68

IFG accounted for a further 26.0%. Hence 35.3% of the population had either

diabetes or IFG. These data represent a significant increase in the prevalence of diagnosed
diabetes and stable prevalences of undiagnosed diabetes and IFG over the past decade.

69

The

Australian Diabetes, Obesity and Lifestyle Study (AusDiab) reported similar results with 7.4% of the
Australian population reported to have diabetes (diagnosed diabetes 3.7%; undiagnosed diabetes
3.7%).

70

This is consistent with a doubling in prevalence since 1981.

71

According to local data, from the most recent NZ Health Survey (NZHS), the prevalence of DM is
estimated at 5.5% (193 000 people).

72

This represents a substantial increase from 3.8% in 1996/97.

The magnitude of this rise in prevalence was certainly unanticipated. In 2000, the prevalence was
56

approximately 115,000 and this was forecast, at the time, to grow to only 160,000 by 2021 .

At present, men are more likely to have been diagnosed with DM (men 6.0%, women 5.0%) and
there is a clear link between prevalence and age.
years were previously diagnosed as having DM.

72

72

In the 2011/12 NZHS, 1 in 10 people over 65

Likewise, there is also important ethnic variation

in the frequency of DM. Pacific people (10.2%) had the highest prevalence and NZ Europeans the
23

lowest (4.7%).

72

Māori (7.3%) and Asian (6.2%) adults had similar rates. The prevalence of DM was

more than 3-fold greater among those living in the most deprived neighbourhoods (8.6%) compared
to those in the least deprived areas (2.7%).

72

More than 90% of adults with DM in NZ were diagnosed after the age of 25 years and are,
therefore, considered to have T2DM (5.0% or 176 000).

2.3.3

72

Prognosis

Long-term follow-up of the NHANES I cohort of 14374 adults aged 25-74 years at baseline (19711975) demonstrated higher death rates for adults with diabetes compared to those without diabetes
regardless of age, gender or ethnicity.

73

Furthermore, the median life expectancy was reported to be

8 years lower for adults with diabetes aged 55-64 years and 4 years lower for those aged 65-74
years. In the US, diabetes was the first-listed diagnosis in approximately 2% of all discharges from
short-stay hospitals in 1999.

74

However, this statistic does not account for the much greater

morbidity associated with the complications of diabetes.

2.3.4

Complications

The complications of diabetes are common, often irreversible and can affect multiple organ
systems. They constitute the major cause of excess morbidity and mortality associated with
diabetes. The vascular complications of diabetes can be categorised according to the calibre of the
vessels affected: microvascular complications include neuropathy, retinopathy and nephropathy;
and macrovascular complications consist of coronary heart disease (CHD), stroke and peripheral
vascular disease (PVD).

2.3.4.1

Diabetic neuropathy

Diabetic neuropathies, including diabetic peripheral neuropathy (DPN) and diabetic autonomic
neuropathy (DAN), have a variety of clinical manifestations. DPN is common with at least 1 in 5
adult patients with diabetes affected.

75

Prevalence data for DAN is wide-ranging with reported

prevalences between 1.6% to 90% depending on tests used.

2.3.4.2

75

Diabetic retinopathy

Diabetic retinopathy is the commonest cause of new-onset blindness in the 20-74-year age group
with >60% of patients with T2DM developing retinopathy within the first 2 decades of the disease.
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76

In the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR), a population-based study
in southern Wisconsin, 1370 patients with T2DM years were examined to determine the prevalence
and severity of diabetic retinopathy.

77

The prevalence of diabetic retinopathy was 28.8% in those

who had diabetes for <5 years and 77.8% in those whose diagnosis of diabetes was made ≥15
years prior. The rate of proliferative diabetic retinopathy varied from 2.0% in participants who had
diabetes for <5 years to 15.5% in those who had diabetes for ≥15 years. Of note, 1.6% of the
patients in this cohort were legally blind and ⅓ of these cases were due to diabetic retinopathy. The
severity of retinopathy was found to be related to duration of diabetes, younger age at diagnosis,
higher glycosylated haemoglobin (HbA1c), higher systolic blood pressure (BP), use of subcutaneous
insulin, presence of proteinuria and lower body mass.

2.3.4.3

77

Diabetic nephropathy

Diabetic nephropathy is the commonest cause of kidney failure in the developed world. In the US it
accounts for 40% of all new cases of kidney failure.

78

Approximately 20-30% of patients with T2DM
78

develop nephropathy and a portion of these patients progress to kidney failure.

Cardiovascular disease, including CHD, cerebrovascular disease and PVD, remains the most
important cause of morbidity and mortality in patients with diabetes. Type 2 diabetes mellitus leads
to an increase in the risk of CHD
as a result of CVD.

81

79

80

and stroke . Approximately two-thirds of patients with T2DM die

A significant part of this increased risk can be attributed to the increased

incidence of CHD in subjects with T2DM. In addition, diabetes can cause a specific cardiomyopathy
in the absence of CHD.

82,83

The impact of T2DM is reviewed in greater detail in Chapter 3.

2.4 Abnormalities of left ventricular geometry

2.4.1

2.4.1.1

Left ventricular hypertrophy

Definition

Left ventricular hypertrophy is defined as an increase in LVM after adjustment for gender and body
size.

84

As such, there are separate reference ranges for men and women and methods of indexing

to measures of body size. For example, LVM is commonly indexed to either body surface (BSA) or
height raised to the power of 2.7. The American Society of Echocardiography (ASE) define LVH as
2

2

LVM index (LVMI): >95g/m in women and >115g/m in men when indexed to BSA and >44g/m
women and 48g/m

2.7

2.7 85

in men when indexed to height .

Individuals with LVH can be further

subcategorised according to LV geometry. This is based on relative wall thickness (RWT). The
25

2.7

in

RWT is calculated using one of two possible formulae (Equation 2-1 or Equation 2-2). Concentric
LVH is characterised by an increased RWT (>0.42) and eccentric LVH by a normal RWT (≤0.42).

Equation 2-1 Relative wall thickness
Abbreviations: LVIDd left ventricular internal dimension at the end of diastole, PWTd posterior wall thickness at
the end of diastole, RWT relative wall thickness

RWT =

(2!×!PWTd)
LVIDd

Equation 2-2 Relative wall thickness
Abbreviations: LVIDd left ventricular internal dimension at the end of diastole, PWTd posterior wall thickness at
the end of diastole, RWT relative wall thickness, SWTd septal wall thickness at the end of diastole

RWT =

2.4.1.2

2.4.1.2.1

(SWTd!×!PWTd)
LVIDd

Prevalence

General population

The prevalence of LVH in the community based on ECG data from the Original Framingham Heart
Study (FHS) cohort was 3.2% of those aged 30-62 years.

86

Echocardiography has been shown to

be far more sensitive at detecting increases in LVM. The echo estimate of LVH in a combination of
the Original FHS and Offspring cohorts, which included 4976 participants aged 17-90 years, was
19% in women and 16% in men.

87

There was a significant increase in prevalence in participants

aged over 70 years (49% in women, 33% in men). These data elucidated the following risk factors
for LVH on multivariate analysis: age (odds ratio per 10-year increase in age: men 1.15, women
1.67), systolic BP (odds ratio per 20 mmHg increase: men 1.43, women 1.25), obesity (odds ratio
per 2 kg/m2 increase: men 1.47, women 1.51), valvular heart disease (odds ratio: men 3.42, women
2.35) and MI (odds ratio: men 3.45, women 3.52).

87

A similar population-based study in the Norwegian municipality of Tromsø estimated the prevalence
88

of LVH in the general population to be 9.1% in women and 14.9% in men.

The Tromsø study,

commencing in 1974, prospectively followed up 27,159 participants aged over 24 years. Of this
cohort, 3287 (men 1374, women 1420) were randomly selected for echocardiographic examination.
The baseline characteristics of this group were no different to those who did not receive an echo.
There was a low prevalence of prior MI (women 3.0%, men 8.3%), diabetes (women 3.0%, men
8.3%) and hypertension (women 12.3%, men 12.5%) in this middle-aged(mean age: women 54.6
2

2

years, men 58.6) overweight (mean BMI: women 25.6 kg/m , men 26.0 kg/m ) population. The
independent risk factors for sex-specific LVH were similar to those found in the FHS. These risk
factors in order of decreasing contribution of explained variance (Wald chi-square) were: BMI (odds
26

2

ratio per 3.8 kg/m increase 1.96, 95% CI 1.72-2.22), valvular heart disease (odds ratio 4.19, 95%
CI 2.79-6.30), gender (odds ratio 2.20, 95% CI 1.68-2.88), systolic BP (odds ratio per 20.8 mmHg
increase 1.46, 95% CI 1.29-1.67), recognised cardiovascular disease (odds ratio 2.22, 95% CI 1.633.03) and age (odds ratio per 10-year increase 1.19, 95% CI 1.02-1.39).

88

In comparison to the FHS

there was a markedly lower prevalence of LVH in women (9.1% vs. 16%). This can be explained by
the higher cut-off for LVH used in the Tromsø Study (by Penn convention measurements and
2

2

indexed to height: 125.4 g/m vs. 102 g/m ).

Data from the Copenhagen City Heart Study, a prospective population-based study started in 1976,
89

showed that 21.8% of men and 6.7% of women in the study had ECG LVH.

This analysis included

a total of 6391 women and 5406 men aged 20 years and above. An interesting trend noted in this
study was the decreasing prevalence of ECG LVH with advancing age in men: in the 25-34-year
age group, 32.1% met ECG criteria for LVH whereas only 14.9% met these criteria in the 65-74 year
age group. This trend was not observed in women. In contrast to the relationship between BMI and
LVM noted in the above echo studies, participants with LVH by voltage criteria alone in this study
2

2

2

2

had lower BMI (women 23.9 kg/m vs. 24.5 kg/m ; men 25.3 kg/m vs. 25.8 kg/m ). This could be
the result of increased attenuation of recorded surface voltages in obese patients thereby rendering
them less likely to meet voltage-based ECG criteria for LVH.

2.4.1.2.2

Hypertension

Epidemiologic studies such as the FHS and the Tromsø Study have demonstrated a close
relationship between systolic BP and LVH. Similarly, studies on patients with hypertension have
shown increased rates of LVH in comparison to the general population.

The Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) Study compared the utility of
clinic, home and ambulatory BP measurements in 2051 subjects aged 25-74 years who were
selected to be represent the residents of Monza in Italy.

90

This study demonstrated a progressive

increase in echocardiographic LVH with severity of hypertension and degree of BP control:
normotensive (46/1096; 4%), untreated hypertensive (78/546; 14%), treated hypertensive with
uncontrolled BP (90/314; 29%) and treated hypertensive with controlled BP (16/84;18%).

90

There

was no difference in age or gender between each of these groups.

Similarly data from the Hypertension Genetic Epidemiology Network (HyperGEN) study suggested
the total prevalence of LVH in patients with hypertension was 27%. The HyperGen study was
designed to assess the genetic basis of hypertension in population-based samples. This crosssectional survey recruited 3 groups of participants including: patients with a diagnosis of
27

hypertension prior to age 60 years with ≥1 sibling meeting selection criteria for and willing to
participate in the study; a random sample of age-matched subjects from the same base population
from which normotensive controls could be drawn; and unmedicated adult offspring of one of the
hypertensive siblings.

91

Patients with T1DM were excluded from the study. In total the HyperGen

population comprised of 2466 participants (2103 hypertensive and 363 normotensive).

92

In one

analysis of 1384 of these hypertensive adults, 317 (23%) had eccentric LVH (74% women; 73%
obese), 55 (4%) had concentric LVH (71% women; 58% obese), 49 (3.5%) had concentric LV
remodelling (71% women; 59% obese) and the remaining 963 (70%) exhibited normal LV geometry
(60% women; 51% obese; both P < 0.0001).

92

The results of the Progetto Ipertensione Umbria Monitoraggio Ambulatoriale (PIUMA) study, a
registry of morbidity and mortality in patients with essential hypertension, were consistent with those
of the PAMELA and HyperGen studies with the prevalence of echocardiographic LVH reported at
33.8%.

93

The main exclusion criteria included HF, renal failure, secondary hypertension, valvular

heart disease and CHD. In this group of 923 hypertensive patients (mean age 51 years; male
2

49.9%; mean BMI 26.7 kg/m ) the average BP was 157/97 mmHg and 30% of participants were on
anti-hypertensive therapy.

In contrast to the above studies, the estimated prevalence of LVH in hypertensive patients was
higher in the Massa Ventricolare sinistra nell’ Ipertensione (MAVI) study, which included 1019 (62%
women) hypertensive Italian patients >50 years old with no prevalent cardiovascular disease or
significant valve disease. The prevalence of LVH was reported according to method of LVM
2

2

indexation: 47% by LVM/BSA (cut-off: male 117 g/m ; female 104 g/m ); 53% by LVM/height (cutoff: male 126 g/m; female 105 g/m); 56% by LVM/height
2.7 94

g/m ).

2.7

2.7

(cut-off: male 50g/m ; female 47

The MAVI study, designed to assess the prognostic value of echocardiographic LVM in

hypertensive patients, was notable for the low prevalence of obesity (22%) and diabetes (7%).

2.4.1.2.3

Type 2 diabetes mellitus

The clear and well-established link between T2DM and LVH is described in Chapter 3.

2.4.1.3

Pathophysiology

Left ventricular hypertrophy is an increase in LVM due to increased myocardial fibrosis and cardiac
myocyte enlargement.

95

Canine studies have shown that enlargement of cardiac myocytes occurs

as result of an increase in the number of sarcomeres rather than an increased sarcomere length.
This process of cardiac myocyte enlargement may precipitated by either pressure or volume
28

96

overload. The development of concentric and eccentric LVH can be explained on the basis of
changes in chamber wall stress.

97

When the primary stimulus is pressure overload, as in

hypertension or aortic stenosis, there is an increase in systolic pressure and systolic wall stress with
the parallel addition of sarcomeres ultimately resulting in concentric hypertrophy. Similarly when
volume overload is the primary stimulus, as in aortic or mitral regurgitation, there is an increase in
diastolic pressure and diastolic wall stress causing the serial addition of new sarcomeres. This
results in chamber enlargement and eccentric hypertrophy.

Myocardial connective tissue, composed predominantly of collagen, provides the skeleton which
holds the myocardium together allowing individual myofibres to act in mechanical unison. While type
I, III and V collagen are present in the myocardium, type I is the most common (85%).

95

The fibrous

collagen frame also prevents the development of interstitial oedema and accounts for the ventricle’s
passive diastolic stiffness.

95

In pressure-overload hypertrophy, as seen in hypertension or aortic

stenosis, the fibrous component of the myocardium has been noted to rise to approximately 30%.

95

Furthermore in volume-overload hypertrophy dissolution of collagen by matrix metalloproteinases
leads to greater elasticity of the myocardium resulting in ventricular chamber dilatation. The matrix
metalloproteinases (MMPs), which are zinc containing proteins include stromalysins, collagenases,
gelatinases and membrane-MMPs. The role of MMPs in concentric hypertrophy is less well
understood.

2.4.1.3.1

Diabetes Mellitus

The initial histopathological description of the diabetic cardiomyopathy included the observation of
98

“diffuse fibrotic strands extending between bundles of muscle fibers and myofibrillar hypertrophy”.

The discovery of coronary arteriole luminal narrowing and wall thickening secondary to deposition of
acid mucopolysaccaride material, in one of the four described cases, lead to the hypothesis that
fibrosis may be secondary to a “diabetic microangiopathy” affecting the myocardium.

98

Another early autopsy study of 11 hearts from patients with DM, nine of which had no occlusive
CHD, also demonstrated significant myocardial fibrosis in all specimens.

99

Interestingly of the nine

patients without CHD (6 died due to HF) seven had extensive fibrosis with penetration of collagen
between the myofibres and two had only periarterial fibrosis. In hearts with more advanced disease
myofibre loss, fragmentation, or degeneration were noted along with replacement fibrosis. Interstitial
glycoprotein accumulation, as evidenced by an increase in periodic acid-Schiff (PAS) stain-positive
material, was also a feature of the diabetic hearts. In contrast to the first report

98

this study disputed

the occurence of luminal narrowing in diabetic cardiomyopathy and suggested a myocardial process
99

other than ischaemia as the cause.
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Further insights into the histopathologic changes associated with diabetic cardiomyopathy were
provided by a right ventricular biopsy study of seven healthy controls and nine patients with
100

diabetes and no prior history of hypertension or CHD.

Diabetes was associated with increased

mean myocyte diameter (p<0.01) and greater percentage fibrosis (p<0.01). The lack of any
correlation between observed pathological changes and clinical features suggested that these
100

changes occur even in ‘mild’ diabetes mellitus.

A study of nine patients with DM and no significant coronary stenosis, sought to investigate the
status of the microcirculation in relation to right ventricular biopsy findings.

101

On exercise thallium-

201 myocardial scintigraphy, 4 patients had a positive test with abnormal myocardial perfusion. The
patients with a positive test had lower mean ejection fraction (62% vs. 77%), higher mean myocyte
diameter and greater percentage fibrosis (24% vs. 17%). An abnormal myocardial microcirculation
was thus once again implicated as a possible cause for the changes seen in the diabetic
cardiomyopathy.

A study of 145 coronary artery bypass graft surgery patients, with and without DM, recognised
capillary basal laminar thickening as one the hallmark structural changes associated with DM.

102

Examination of left anterior apical biopsies, taken at the time of surgery, also revealed myocardial
hypertrophy and interstitial fibrosis were the commonest abnormalities seen in patients with DM.
Other studies

103 104 105

have provided further evidence that small vessel disease and probable

ensuing low level myocardial ischaemia may underlie the diabetic cardiomyopathy.

The important contribution of hypertension to the development of diabetic cardiomyopathy was
highlighted by an autopsy study of 14 patients with hypertension alone, 28 patients with DM alone,
and 25 patients with both.

106

The highest mean cardiac mass was noted in the patients with both

DM and hypertension (591g) followed by those with hypertension alone (451g) and then DM alone
(430g). Interestingly the mean fibrosis scores were lowest in hypertension alone group (2.2),
midrange in the DM alone group (3.5), and highest in the DM and hypertension group (4.4).

106

The

higher fibrosis scores seen in the DM alone hearts, despite their lower mean mass in comparison to
the hypertension alone hearts, demonstrates the major role of fibrosis in the diabetic
cardiomyopathy.

It is apparent that the development of LVH is often initially an adaptive response to a
haemodynamic burden. However chronic LVH is maladaptive and is associated with an adverse
prognosis.

30

2.4.1.4

Prognosis

Data from a number of studies in various patient cohorts over the last two decades have
convincingly demonstrated a relationship between LVH and poor outcome. The earliest of these
studies were in population-based samples

107-110

and patients with hypertension

111,112

. Thereafter a

similar relationship was demonstrated in patients at high risk of cardiovascular disease
those with established coronary heart disease

114-116

, heart failure

117

and kidney failure

113

118

as well as

. Although

available population-based data show that LVH is associated with other harbingers of poor outcome
such as advanced age, increased BMI, higher BP, pre-existing CHD and impaired systolic function,
LVH predicts prognosis even after adjustment for these factors.

2.4.1.4.1

95

General population

A study of 3220 participants in the FHS aged over 40 years who had no known cardiovascular
disease, demonstrated that each 50g/m increase in echocardiographically-determined LVMI
(corrected for height) was associated with an adjusted relative risk of all-cause mortality of 1.49
(95% CI 1.14-1.94) in men and 2.01 (95% CI 1.44-2.81) in women during the four-year follow-up
period.

107

The authors adjusted for age, diastolic BP, pulse pressure, treatment for hypertension,

cigarette smoking, diabetes, obesity, the ratio of total cholesterol to HDL cholesterol, and ECG LVH.
Similarly significant relationships were demonstrated for incident cardiovascular disease (RR men
1.49 [95% CI, 1.20-1.85]; women RR 1.57 [95% CI, 1.20-2.04]) and cardiovascular death (RR men
1.73 [95% CI, 1.19-2.52]; women RR 2.12 [95% CI, 1.28-3.49]). During follow-up there were 208
incident cardiovascular events, 37 deaths from cardiovascular disease, and 124 deaths from all
causes.

Another population-based study, which included 475 elderly men (all aged 70 years at baseline),
from the Swedish county of Uppsala, examined the prognostic value of LVH diagnosed either by
ECG or echocardiography.

109

A multivariate analysis model which included LVMI, ECG-LVH and

nine other cardiovascular risk factors showed that each standard deviation (SD) increase in LVMI
(corrected for BSA) was associated with a hazards ratio for: all-cause mortality of 1.44 (95% CI
1.09-1.91) and cardiovascular death of 2.37 (95% CI 1.52-3.71). Similarly the presence of ECGLVH (Cornell product >244μV.s) was associated with a HR for: all-cause mortality of 2.89 (95% CI
1.40-5.95) and cardiovascular death of 2.10 (95% CI 0.67-6.62). During the follow-up period
(median 5.2 years) there were 42 deaths of which 17 were due to cardiovascular disease. Given
their independence of each other in predicting mortality it was argued that echocardiographic LVH
109

and ECG-LVH provided separate prognostic information and suggested their use together.

Given the independent prognostic value of ECG LVH and echocardiographic LVH a similar analysis
of 2193 subjects (mean age 59 years, female 64%) enrolled in the Strong Heart Study was
31

110

conducted to examine the usefulness of combining the two.

In this analysis ST segment

depression ≥50µV was considered abnormal and served as an ECG marker for anatomic LVH. On
univariate analysis ST depression and echocardiographic LVH, alone and in combination, predicted
all-cause and cardiovascular mortality after a mean follow-up of 3.1 years during which there were
169 deaths (57 cardiovascular deaths). The predictive value for all-cause mortality, of ST
depression (HR 2.04; 95% CI 1.24-1.36), echocardiographic LVH (HR 1.79; 95% CI 1.17-2.74) and
both combined (HR 4.64; 95% CI 2.54-8.50), persisted in a multivariate model which included study
centre, age, BMI and 11 other cardiovascular risk factors. These results were in keeping with data
from the previous study

109

and suggest the use of indirect ECG markers of LVH in combination with
110

direct measurement of LVM by echocardiography allow for more precise risk stratification.

2.4.1.4.2

Hypertension

The prognostic value of echocardiographic LVH in patients with hypertension was demonstrated in
a small study of 140 men (mean age 45 years).

111

The rate of cardiovascular events in patients was
2

significantly higher in patients with echocardiographic LVH (LVMI ≥125g/m ) compared to those with
normal LVM (24.1% vs. 6.3%; p<0.01). In this study 29 patients had LVH and there were a total of
14 cardiovascular events (death, MI, stroke and CABG) during a mean follow-up of 4.8 years.

A larger study (n = 253; mean age 47.1 years) by the same group, which included women (34%),
112

confirmed the independent relationship between echocardiographic LVH and outcome.

Left

ventricular hypertrophy was present in 69 patients (27%). Amongst these patients there were
significantly less deaths compared to those with normal LVMI (14% vs. 4%; p=0.002). On
multivariable analysis, the only predictors of all-cause mortality were age, systolic BP and LVMI.

2.4.1.4.3

112

Type 2 diabetes mellitus

The prognostic significance of LVH in patients with T2DM is reviewed in Chapter 3.

2.4.2

2.4.2.1

Concentric remodelling

Definition

Concentric remodelling, an abnormality of LV geometry, is defined as increased RWT (>0.42) in the
context of normal LVM.

85

Prior to the publication of this ASE guidance on LV geometry, different

RWT thresholds for concentric remodelling were used. For example, a cut-off of ≥0.45 was used in
most published studies.

61,108,112,119

Another study used a cut-off of ≥0.43.

32

64

2.4.2.2

Prognosis

The first study to note a worse outcome in those with concentric remodelling in comparison to
normal geometry was a prospective observational study of 280 patients (mean age 47.1 years;
male 66%) with hypertension referred for echocardiography

112

After a mean follow-up of 10.2 years,

a significant (p<0.001) trend was noted between the pattern of LV geometry and all-cause mortality
rate: 1% in normal geometry (n =150), 6% in concentric remodelling (n = 34), 10% in eccentric LVH
(n=40) and 24% in concentric LVH (n = 29).

A similar trend was observed in 3216 patients with no clinically apparent cardiovascular disease
enrolled in the Framingham Heart Study

108

However on multivariable analysis, LV geometry

provided no additional predictive value over and above LVM in this population-based cohort.

However, the value of recognising concentric geometry in patients without LVH in a select group of
patients, such as those with hypertension, was highlighted in a study comparing patients with
hypertension and either normal geometry (n = 422) or concentric remodelling (n = 272).

61

The crude

cardiovascular event rate (events/100 patient years), both fatal and non-fatal, in patients with
concentric remodelling (2.34) was double that of patients with normal geometry (1.12). Importantly
this relationship persisted after adjustment for age, gender, diabetes, LVMI and BP: the RR of
cardiovascular events in the concentric remodelling group was 2.56 (95% CI 1.20-5.45; p<0.01).

A similar study from Chieti in Italy included 1088 patients (normal 751; concentric remodelling 337)
with mild uncomplicated hypertension.

119

After a mean follow-up of 4.74 years, the cardiovascular

event rates seen in the normal and concentric remodelling groups were 0.69 and 1.87 per 100
patient years in respectively. Once again concentric remodelling remained an important predictor of
cardiovascular events (RR 1.78, 95% CI 1.02-3.10; p<0.05) after inclusion of age, 24-hour systolic
BP, LDL cholesterol and smoking in a Cox regression analysis model.

2.4.2.2.1

119

Type 2 diabetes mellitus

Almost all the available data on prognostic implications of concentric remodelling are based on
patients with hypertension and a RWT ≥0.45. The limited evidence relating to patients with T2DM is
considered in Chapter 3.

2.5 Objectives for Part A

33

1. To review the published literature on the development of structural heart disease (Stage B
HF) in patients with T2DM (Stage A HF).

2. To evaluate existing tools for the detection of structural heart disease in patients with
T2DM.

3. To measure the prevalence of previously undetected structural heart disease in patients
with T2DM, a subgroup of patients with Stage A HF in New Zealand.

4. To identify factors associated with the development of structural heart disease in these
patients.

5. To compare the diagnostic accuracy of two potential screening modalities for structural
heart disease in this cohort.

Table 2-1. Summary of Chapters and Objectives
Abbreviations: HF heart failure, T2DM type 2 diabetes mellitus

Chapter

Objectives

Chapter 3

To review the published literature on the development of structural heart
disease (Stage B HF) in patients with T2DM (Stage A HF).

Chapter 3

To evaluate existing tools for the detection of structural heart disease in
patients with T2DM.

Chapter 5

To compare the diagnostic accuracy of two potential screening modalities
for structural heart disease in this cohort.

Chapter 6
Chapter 7

To measure the prevalence of undetected structural heart disease in
patients with T2DM in New Zealand.

Chapter 6
Chapter 7

To identify factors associated with the development of structural heart
disease in these patients.
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CHAPTER 3

Early detection and significance of structural cardiovascular
abnormalities in patients with type 2 diabetes mellitus

35

3.1 Introduction
Type 2 diabetes mellitus (T2DM) is a common chronic disease, which results in significant morbidity
and mortality worldwide. The number of people with diabetes globally is expected to increase from
the current estimate of 150 million to 220 million in 2010, and 300 million in 2025.

57

Diabetes places

a huge burden on both the affected individual and society in general. In the United States (US) in
2002, diabetes was estimated to cost $132 billion in medical expenditures and lost productivity.

67

Between 1999-2002, the prevalence of diabetes in the US was 9.3% (6.5% diagnosed and 2.8%
68

undiagnosed) and impaired fasting glucose (IFG) 26.0%.

Collectively, more than one-third of the

population had either diabetes or IFG: this represents a significant increase in the prevalence of
diagnosed diabetes and stable prevalences of undiagnosed diabetes and IFG over the past
decade.

69

The complications of diabetes are common, often irreversible and can affect multiple organ
systems. They constitute the major cause of excess morbidity and mortality associated with
diabetes. The traditional vascular complications of diabetes can be categorised according to the
calibre of the vessels affected: microvascular complications include neuropathy, retinopathy and
nephropathy; and macrovascular complications manifest as cardiovascular disease, including
coronary heart disease (CHD), cerebrovascular disease and peripheral vascular disease (PVD).
Cardiovascular disease remains the most important cause of morbidity and mortality in patients with
diabetes, accounting for approximately two-thirds of total mortality in patients with T2DM.

The effects of T2DM on the heart, though multiple

120

81

, can be broadly grouped into two main

categories: CHD and diabetic cardiomyopathy. The diabetic cardiomyopathy is characterised by left
ventricular hypertrophy (LVH), left ventricular (LV) diastolic dysfunction, LV systolic dysfunction and
cardiac autonomic neuropathy (CAN).

121

The common final pathway for both CHD and diabetic

cardiomyopathy is clinical heart failure (HF). The American College of Cardiology (ACC)/American
Heart Association (AHA) 2005 Guideline Update for the Diagnosis and Management of Chronic
Heart Failure in the Adult, designates patients with diabetes as having Stage A HF in recognition of
diabetes as an important precursor for HF (Table 3-1).

54

Stage A HF includes all patients at high

risk of HF without structural heart disease or HF symptoms. Patients with known structural heart
disease but without HF symptoms are classified as Stage B HF. This stage includes asymptomatic
patients who have had a prior myocardial infarction or any one feature of diabetic cardiomyopathy.
Once patients with underlying structural heart disease experience symptoms of HF they advance to
Stage C HF. Stage C HF encompasses the vast majority of HF patients encountered in clinical
environments. Stage D HF, the final phase of HF, includes patients with refractory HF requiring
specialised interventions. This new classification system, which acknowledges patients at high risk
for clinical HF, was proposed to highlight the development and progression of HF and thereby
promote: the early detection of structural heart disease and institution of therapy aimed at halting
36

progression to clinical HF. Many patients with diabetes and underlying structural heart disease,
secondary to CHD or diabetic cardiomyopathy, are asymptomatic and as a result undetected. These
patients are at high risk of progressing to Stage C HF and may benefit from targeted preventative
therapy.
54

Table 3-1 American College of Cardiology/American Heart Association Stages of Heart Failure
Abbreviations: HF heart failure, LV left ventricular, LVH left ventricular hypertrophy, MI myocardial infarction

AT RISK OF HF

CLINICAL HF

Stage

A

B

C

D

HF symptoms

-

-

+

+

Structural heart
disease

-

+

+

+

Atherosclerotic
disease

Asymptomatic LV
systolic
dysfunction

Diabetes

Asymptomatic
valvular disease

Hypertension

Previous MI

Obesity

LVH

For example,
patients with

Requiring
specialised
interventions
HF symptoms
and structural
heart disease

Refractory HF
symptoms
Recurrent HF
hospitalisations

The widespread use of currently available modalities for detection of structural heart disease in
patients with T2DM is limited by high cost and low accessibility. However, a simple blood test, brain
natriuretic peptide (BNP), is emerging as a potential screening tool. The natriuretic peptide family
consists of several related peptides, which share structural homology. The cardiac ventricles
secrete BNP in response to an increase in wall stress.

122-124

Brain natriuretic peptide, which has

multiple actions including natriuresis and diuresis, has emerged as an important cardiac
neurohormone with multiple potential roles in the management of patients with cardiac
dysfunction.

125

A pro-hormone (pro-BNP) is cleaved to two fragments; BNP-32 the active hormone

and the inactive aminoterminal portion (NT-proBNP) in a 1:1 manner.

126

Unlike atrial natriuretic

peptide (ANP), BNP does not appear to be increased by elevated blood glucose levels per se
making it potentially suitable for screening purposes.

127

Natriuretic peptide levels have been shown

to be depressed in obese patients compared to non-obese controls
increased LV filling pressures

130

128,129

, even in the context of

. Higher plasma BNP and NT-proBNP have been documented in

patients with T2DM without overt cardiovascular disease compared to matched controls
132-137

elevated BNP has been linked with increased mortality.

131

and

It remains unclear whether cardiac

structure or function is the stimulus for the elevated levels of NT-proBNP. Higher BNP level may be
explained by subclinical diabetic cardiomyopathy or a higher prevalence of silent myocardial
ischemia. This review, which aims to outline early detection strategies and prognostic implications

37

of structural heart disease in asymptomatic patients with T2DM, will focus on: silent myocardial
ischemia, LVH, asymptomatic LV diastolic and systolic dysfunction.

3.2 Silent myocardial ischemia
The relationship between diabetes and CHD is well established with significant epidemiological
evidence from several population-based studies including the Framingham Heart Study (FHS)

138,139

,

81

Multiple Risk Factor Intervention Trial (MRFIT) , Atherosclerosis Risk in Communities (ARIC)
Study

140

and Cardiovascular Health Study (CHS)

141

which have all demonstrated a higher incidence

of CHD in patients with diabetes. The Third Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults
Final Report recognised diabetes as a ‘CHD risk equivalent’.

142

This acknowledges that patients

with diabetes without established CHD will have an absolute 10-year risk of CHD equal to patients
with known CHD and no diabetes (>20% in 10 years).

Some patients may have silent myocardial ischemia (SMI) which is the presence of myocardial
ischemia by objective measures in the absence of angina or anginal equivalents.

143

The prevalence

of SMI in population-based asymptomatic cohorts has ranged from 0.5%-9.0% depending on the
screening test employed.

144,145

In comparison the estimated prevalence of SMI in exclusively

diabetic cohorts has been much higher, supposedly on the basis of diabetic neuropathy affecting
cardiac afferent nerves.

3.2.1

146-152

Epidemiology

The Milan Study on Atherosclerosis and Diabetes (MiSAD) found 6.4% of low-risk patients with
T2DM had SMI.

147

In this study, which included 925 patients with T2DM aged 40-65 years with no

known CHD or complications of T2DM, 12.1% had an abnormal exercise ECG and 6.4% had a
perfusion defect on exercise thallium scintigraphy. The presence of ST segment-T wave
abnormalities on resting ECG was associated with an OR for SMI of 9.27 (95% CI 4.44, 19.38).

147

Another Italian study which enrolled 111 newly diagnosed patients with T2DM reported a higher
prevalence of SMI.

152

Patients were screened with an exercise ECG and those with a positive test

(17%) proceeded to coronary angiography. Subsequently silent angiographic coronary disease was
found in 13% of patients in this low-risk cohort.

152

Comparable results were observed in a French

study which found significant coronary lesions in 12.3% of the 130 patients with T2DM and no
known CHD evaluated.

149

More recently, the Detection of Ischemia in Asymptomatic Diabetics

(DIAD) study estimated the prevalence of SMI at 21.6% in a moderate-risk cohort of patients with
T2DM.

153

Patients with no known CHD were randomised to either stress testing with adenosine-

stress technetium-99m sestamibi single-photon emission-computer tomography (SPECT)
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myocardial perfusion imaging and 5-year clinical follow-up (n=522) or clinical follow-up only
(n=562). Despite the high prevalence of SMI in this study, the incidence of major adverse cardiac
events at 5-year follow-up was low. As such, there was no prognostic benefit associated with
routine screening for inducible myocardial ischaemia.

3.2.2

3.2.2.1

154,155

Methods of detection

Coronary artery anatomy versus functional imaging

Clinical assessment of patients for presence of myocardial ischemia usually requires a combination
of functional and anatomical testing. While the current clinical gold standard for detecting
atherosclerotic coronary artery disease is coronary angiography, this only provides anatomical
information and does not determine whether myocardial ischemia is present. Functional testing, for
example with exercise ECG, ambulatory or continuous ECG (Holter) monitoring, stress
echocardiography or stress myocardial perfusion scintigraphy can all be utilised to assess for the
presence of silent ischemia. Of these tests, exercise ECG has relatively low sensitivity in both
patients with and without diabetes and should not be considered a gold standard.

156

Widespread

screening with exercise stress testing is limited by cost and availability of appropriate facilities;
furthermore detection of silent ischemia should lead to appropriate changes in patient management
to improve long-term outcome. The more recent development of multi-slice computed tomography
(MSCT) coronary angiography provides non-invasive assessment of coronary artery anatomy,
although this technique is still limited by cost, radiation dosages and need for intravenous contrast
agents. At present, none of these tests appear suitable to consider as screening tools for detection
of SMI for all patients with T2DM given their limitations as outlined above. Other more accessible
forms of screening for SMI are required.

3.2.2.2

Brain natriuretic peptide

In a study of 85 patients with T2DM from an outpatient clinic, with no known cardiac disease, BNP
level was found to be predictive of SMI diagnosed by exercise ECG.

157

Patients with SMI had a

significantly higher mean BNP (58.2pg/mL vs. 24.4 pg/mL; p<0.001). On multivariable analysis BNP
remained an important predictor of SMI (p=0.003). Using a BNP cut-off of 20pg/mL yielded a
sensitivity and specificity for SMI of 87% and 37%. On receiver operating characteristic (ROC) curve
analysis the area under the curve (AUC) was 0.76.

157

Undoubtedly there is a need for more

evidence for this application of BNP; however these early results suggest a potential role for
biomarkers in detection of SMI.
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3.2.3

Prognostic significance

The importance of identifying SMI is highlighted by the poor outcomes associated with SMI in
patients with T2DM.

158,159

During a follow-up period of just under three years, the finding of SMI in

patients with T2DM was associated with a more than 20-fold increase in risk of CHD events (hazard
ratio (HR) 21; 95% CI 2-204).

158

Similarly five-year follow-up of the MiSAD cohort showed that

abnormal baseline scintigraphy was associated with a five-fold increase in fatal and non-fatal
cardiac events (HR 5.47; 95% CI 2.43-12.29).

3.2.4

159

Treatment

Early diagnosis of SMI and introduction of standard care for stable CHD results in a significant
reduction in cardiac events in patients with T2DM.

160

In a randomised trial of 141 asymptomatic

patients with T2DM, half were assigned to SMI screening and revascularisation as appropriate.
After four and a half years of follow-up, the CHD event rate was significantly lower in the screened
patients (p=0.018) and the number needed to treat (NNT) to avoid fatal and non-fatal cardiac events
was 6 (95% CI 4-21).

160

3.3 Diabetic cardiomyopathy
Diabetes mellitus is clearly an important risk factor for the development and progression of coronary
heart disease. In addition, epidemiological evidence suggests that DM is also associated with an
increased risk of heart failure.

161

Initially this predisposition was attributed to the higher rates of CHD

in patients with DM. However, in 1972 Shirley Rubler and colleagues described four patients with
DM who presented with HF of unknown aetiology.

98

After reviewing the clinical records and autopsy

findings of these patients, they concluded:
“…we believe that patients with long-standing diabetes who have renal disease may have
concomitant myocardial changes which cannot be attributed to major coronary arterial
involvement, hypertension, valvular or neuromuscular disease, excessive ingestion of alcohol
or to the associated renal disease or uremia. Therefore, they must be considered to have a
form of cardiomyopathy not previously described. These cases manifest the clinical findings
noted in cardiomyopathy, primarily cardiomegaly and congestive heart failure associated with
pathologic lesions characterized by myocardial hypertrophy, fibrosis and alterations of the
small vessels of the heart.”

98

Since this initial description, diabetic cardiomyopathy has been increasingly recognised as a
prevalent and distinct clinical phenomenon ultimately characterised by LVH, left ventricular diastolic
and systolic dysfunction and cardiac autonomic neuropathy. Three phases in the progression of the

40

121

diabetic cardiomyopathy have been proposed: early, middle and late stages.

The early stage is

associated with a range of metabolic abnormalities including depletion of glucose transporter 4
(GLUT4), increased free fatty acid (FFA) levels, carnitine deficiency, changes in calcium
homeostasis and insulin resistance.

121

However no structural cardiac abnormalities can be identified

at this stage. While abnormalities of diastolic function may be present, there are no detectable
changes in systolic function on conventional echocardiography. The middle stage, characterised by
myocyte apoptosis and necrosis, increased angiotensin II, reduced IGF-1, increased TGF-β1 and
mild CAN, is associated with small increases in left ventricular mass (LVM), wall thickness or LV
size. These structural changes are connected to the finding of diastolic dysfunction and possibly a
marginal decrease in LV ejection fraction (EF) on echocardiography.

121

Microvascular changes,

hypertension, coronary heart disease and severe CAN are found in the late stage of diabetic
cardiomyopathy. In this advanced stage, significant increases in LVM, wall thickness and LV size
may be noted as well as abnormal diastolic function and reduced LV EF.

The hope is that early recognition and institution of appropriate therapies will slow down or cease
the progression of the diabetic cardiomyopathy through these stages.

121

The key targets for early

detection of the diabetic cardiomyopathy, using currently available clinical tools, are left ventricular
hypertrophy and diastolic dysfunction.

3.4 Left ventricular hypertrophy
Left ventricular hypertrophy is an increase in LVM after adjustment for gender and measures of
height or body surface area (BSA). The American Society of Echocardiography (ASE) define LVH
2

2

as LVM index (LVMI; LVM/BSA) >95g/m in women and >115g/m in men.

85

They subdivide LVH,

on the basis of relative wall thickness (RWT), into concentric (RWT >0.42) and eccentric (RWT
≤0.42) LVH.

The FHS was one of the first to establish a link between diabetes and increased LVM.

162

Women

with diabetes were noted to have significantly thicker LV walls and higher LVM. While this trend was
observed in men, it did not reach statistical significance. On multivariable analysis, diabetes
remained independently associated with increased wall thickness (p=0.008) and LVM (p=0.004) in
women but not in men.
Study

163

162

These finding were supported by data from the Cardiovascular Health

and the Strong Heart Study

164

. A significant (p=0.043) linear increase in LVM was
163

observed with declining diabetic status in participants of the CHS.
T2DM was associated with higher LVMI (44.6g/m

2.7

In the Strong Heart Study,

2.7

vs. 39.2g/m ; p<0.0001), a modest increase in

RWT (0.36 vs. 0.34; p<0.0001) and marginally lower fractional shortening (35% vs. 36%;
p<0.008).

164

Importantly these changes were significant in both men and women and after
163

adjustment for: age, BP, body mass, heart rate and history of cardiovascular disease in the CHS
and age, body mass index (BMI), systolic BP and history of hypertension in the Strong Heart
41

;

Study

164

. Consequently, LVH appears to be an important pre-clinical indicator of structural cardiac

disease associated with T2DM.

3.4.1

Epidemiology

The prevalence of LVH in patients with diabetes has varied considerably based on mode of
detection and characteristics of the cohort studied. Studies using an electrocardiogram (ECG) to
diagnose LVH generally report lower prevalence in comparison to echocardiography, which is
explained by the lower sensitivity of electrocardiography.

In the population-based Casale Monferrato study, the prevalence of ECG LVH was 17% in the 965
participants with T2DM.

165

The prevalence of LVH was significantly higher in women (23.5% vs.

8.4%) even after adjustment for age, BMI and hypertension.

165

In an Australian study of outpatients with T2DM with no known heart disease, a high proportion
(22%) had echocardiographic LVH.

59

This study of 101 patients found 22 had LVH and 16 had silent

myocardial ischemia. Interestingly, there was no difference in age, BMI, BP or HbA1c between the
19 patients with LVH alone and those with neither SMI nor LVH (n = 66).

59

Another

echocardiography study from Denmark, which examined 262 normoalbuminuric, normotensive
2

outpatients with T2DM (mean age 54 years; mean BMI 28 kg/m ; mean HbA1c 8.6%), reported a
prevalence of LVH of 44%.

166

On logistic regression the only variables independently associated

with LVH were BMI, HbA1c and log urinary albumin excretion rate.

166

An even higher prevalence of

echocardiographic LVH (71%) was noted in 371 randomly selected diabetes clinic patients (male
2

61.6%; mean BMI 30 kg/m ; mean HbA1c 7.5%) in Dundee, Scotland.

167

Patients with LVH were

older and more likely to report breathlessness and there was no difference in gender, BP or HbA1c.
Patients with LVH had lower LVEF (60.2 vs. 63.5%; p = 0.002), larger LV diameter (5.20 vs. 4.71
cm; p < 0.001), thicker LV posterior walls (1.11 vs. 0.95 cm; p < 0.001), and larger left atrial (LA)
167

diameter (4.24 vs. 3.89 cm; p = 0.011).

The higher prevalence of LVH in this study may be due to

the study involving a greater proportion of elderly patients with higher prevalence of hypertension
and CHD.

Most of these population-based studies included predominantly younger, Caucasian participants. In
contrast, the Strong Heart Study, which studied American Indians, found 27% of participants with
T2DM and no CHD had LVH on echocardiogram

168

; and the Cardiovascular Health Study, which

enrolled 5201 patients ≥65 years, showed that DM was also associated with increased LVM in this
age group.

163

Thus, although the actual prevalence differs between the different cohorts studied,

LVH is commonly observed and this may be independent of other clinical factors.

42

3.4.2

Methods of detection

The main modalities for detection of LVH are ECG, echocardiography and cardiac magnetic
resonance imaging (CMRI). The role of biomarkers for detection of LVH remains uncertain although
BNP holds some promise.

3.4.2.1

Electrocardiogram

An ECG is a cheap and readily accessible, although insensitive, means of diagnosing LVH. The
rationale for the use of ECG was based on the premise that higher QRS voltages reflected a greater
cardiac mass. Over the past century multiple ECG criteria have been developed for detecting
LVH.

169-184

The various ECG criteria for LVH can be divided into the following categories which are

listed in order of their development: voltage-only criteria, voltage-QRS duration product criteria, LVH
scores, and LVM regression models.

185

Unfortunately none of these criteria possess the desirable combination of both a high sensitivity and
specificity for detecting LVH. Almost all criteria have a low sensitivity and high specificity.

173,177,186-188

One autopsy study confirmed the low sensitivities of ECG LVH criteria when specificity was fixed at
95%: Gubner-Ungerleider voltage criteria (19%), Sokolow-Lyon voltage criteria (24%), RomhiltEstes score of 5 points (27%), 12-lead QRS sum (31%) and Cornell voltage criteria (36%).

177

A

small increase in sensitivity was achieved when voltage criteria are combined with QRS duration:
Sokolow-Lyon (34%), 12-lead QRS sum (45%) and Cornell (51%).

177

Data from the Losartan Intervention For Endpoint (LIFE) Reduction in Hypertension Study
189

demonstrated that not all patients with ECG LVH have echocardiographic LVH.
hypertension and ECG LVH using the LIFE criteria were eligible for the study.

184

Only patients with

Yet nearly one in

five participants had completely normal geometry suggesting that LIFE ECG LVH criteria had a
positive predictive value for echocardiographic LVH of approximately 80%.

189

More recent studies have studied the link between QT interval parameters and echocardiographic
LVH.

190-194

The QT interval dispersion (QTd), a measure of inter-lead variability of QT intervals, is

defined as the difference between the maximum and minimum measured QT interval from the 12lead ECG. In patients with hypertension, LV mass index (LVMI) has been shown to correlate with
corrected QT interval (QTc)

190,191

and QTd

191

. A QTd cut-off of >60ms was associated with a

sensitivity of 40% and a specificity of 71% for detecting echocardiographic LVH in patients T2DM
and hypertension.

193

The combination of traditional ECG voltage criteria with QT interval parameters

could further improve detection of LVH.

194

43

Obesity, a common finding in patients with T2DM, is associated with a variety of ECG abnormalities
including the attenuation of recorded QRS voltages resulting in decreased sensitivity of standard
ECG LVH criteria.

178

The only ECG criteria demonstrating some promise in detecting LVH in

patients with obesity have been based on the Cornell voltage criteria.

195-197

One strategy employed

to overcome the challenge of detecting LVH in obese patients using ECG has been to adjust ECG
voltages to measures of body habitus. Only two of the currently available ECG LVH criteria attempt
to do so: the Framingham-adjusted Cornell voltage criteria

174

and the de Vries LV mass equation

182

.

The Framingham-adjusted Cornell voltage criteria have been shown to be more useful in obese
patients

196

Though cheap, accessible, readily interpretable and highly acceptable to patients, the potential use
of ECG as a screening tool for LVH in asymptomatic patients with T2DM is restricted by low
sensitivity, especially in obese individuals.

3.4.2.2

Echocardiography

Given the limitations of ECG, echocardiography has been the traditional gold standard, in both
clinical and research settings, for the determination of LVM and diagnosis of LVH. The vast majority
of published studies examining the relationship between LVH and outcome as well as the effect of
treatment on regression of LVH have used echocardiography. In comparison to ECG,
echocardiography provides real-time direct visualisation of the myocardium. All LVM algorithms rely
on establishing LV muscle volume and multiplying it by myocardial density. Calculation of LV
myocardial volume involves subtraction of LV cavity volume from the volume enclosed by the LV
epicardium. Available algorithms use either M-mode or 2D echocardiographic measurements.

The bulk of accumulated data on LVM, to date, has been calculated using M-mode measurements.
M-mode measurements can be entered into either the Penn-cube formula
recommended formula
in autopsy studies.

85

198,199

198

or the ASE-

for estimation of LVM from LV linear dimensions. Both have been validated
When performed correctly, the axial resolution of M-mode provides very

accurate estimates of LV size and wall thicknesses, but has important limitations including, reduced
validity in the presence of regional pathology, dependence on beam orientation, magnification of
small primary measurement errors due to cubing, and overestimation of LVM.

85

Given these

shortcomings of M-mode methods, 2D echocardiographic methods for LVM calculation were
developed: the most commonly used are the area-length formula and the truncated ellipsoid
model.

85,200

Both the area-length

201

and truncated ellipsoid methods

202,203

have been validated in

humans. While the area-length method allows for the contribution of papillary muscles it is
insensitive to distortion in ventricular shape. Conversely the truncated ellipsoid method is more
sensitive to distortions in ventricular shape but relies on numerous mathematic assumptions and
has minimal normal data to support its use.

85

44

Echocardiography, in addition to accurately estimating LVM, also provides information regarding:
LV geometry, regional wall motion, systolic function, diastolic function and valvular anatomy and
function. Unfortunately access to echocardiography remains low given the high imaging system cost
and need for both skilled ultrasonographers and echocardiologists. Therefore echocardiographic
scanning of all asymptomatic patients with T2DM for LVH screening would not be feasible. As such
there is a need to identify those at highest risk of LVH within these populations to prioritise the
allocation of standard echocardiography.

3.4.2.3

Cardiac magnetic resonance imaging

More recently CMRI has been used in research settings to determine LVM. The benefits of CMRI
over echocardiography include: lack of geometric assumptions regarding ventricular shape; and
improved endocardial and epicardial contour definition secondary to the high spatial resolution and
contrast between blood and myocardium.
hearts.

206

204,205

CMRI has been validated against cadaveric human

Currently, CMRI can be considered the gold standard for estimation of LVM but is likely to

remain a limited imaging modality for widespread use due to cost and poor accessibility.

3.4.2.4

Brain natriuretic peptide

In large unselected community cohorts BNP was of limited use in the detection of LVH.

207,208

Part of

the limitation of screening with BNP in this setting is the low prevalence of LVH (approximately 3%)
and thus widespread mass screening cannot be recommended. However the failure of BNP for LVH
screening in general populations does not preclude utility in specific patient populations, particularly
those at high risk of cardiac abnormalities. Recently reported data have further substantiated the
previously mooted case for the use of BNP to screen for LVH.

209

In a previously discussed study, patients with T2DM and LVH had a significantly higher BNP
(36pg/mL vs. 23pg/mL; p=0.02) than those without LVH.

59

This relationship remained even after

excluding patients with silent myocardial ischemia: patients with LVH alone had notably higher BNP
than patients with neither CHD nor LVH (39pg/mL vs. 22pg/mL; p≤0.01). However, interestingly, no
correlation was found between LVMI and BNP level in this study.

59

In contrast in a study of 162 outpatients with T2DM BNP level independently correlated with LVM.
On dividing BNP values into quartiles, a significant linear trend with LVMI was noted (r=0.204,
p=0.037). Importantly on linear regression analysis, LVM was an independent predictor of BNP
level after controlling for BP, cholesterol, BMI, smoking history and HbA1c (standardised β 0.205,
p=0.045).

45

210

Further support for the use of NT-proBNP to detect LVH in patients with T2DM was provided by a
Danish study of 60 normoalbuminuric patients.

211

The 16 patients with LVH had elevated NT-

proBNP (81.0pg/mL vs. 66.8pg/mL; p<0.001) and there was no difference between patients with
concentric remodelling and control patients. On ROC curve analysis NT-proBNP was associated
with an AUC for detection of LVH in patients with both T2DM and hypertension of 0.74 (p<0.05).
Moreover, using a NT-proBNP cut point of 110pg/mL yielded a sensitivity of 80% and specificity of
95% for the detection of LVH. Brain natriuretic peptide is a promising biomarker for detection of
LVH, but the small observed differences between control and disease groups raise several issues
regarding its widespread use as a screening test. These concerns include the most appropriate
circumstances and practicality of its use in clinical settings and cost-effectiveness of screening with
BNP.

3.4.3

Prognostic significance

Results from a number of studies in various patient cohorts have convincingly demonstrated a
relationship between LVH and poor outcome. The earliest of these studies were in population-based
samples

107-110

and patients with hypertension

111,112

. Subsequently, this relationship has been
113

demonstrated in patients at high risk of cardiovascular disease,
coronary heart disease

114-116

, heart failure

117

and kidney failure

118

and in patients with established

. Though available population-

based data show that LVH is associated with other harbingers of poor outcome such as advanced
age, increased BMI, higher BP, pre-existing CHD and impaired systolic function, LVH predicts
prognosis even after adjustment for these factors.

95

There are no observational studies specifically

evaluating the relationship between LVH and outcome in patients with T2DM. However, data from
the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonistic Losartan (RENAAL) trial
showed that in patients with T2DM, LVH was associated with an increased risk (hazard ratio (HR)
1.41; p=0.001), of the composite primary endpoint (doubling of serum creatinine or end-stage renal
disease or death).

62

While the prognostic deficit associated with LVH was well established, the predictive value of
concentric remodelling was only recently confirmed. Concentric remodelling identifies a group of
patients with normal LVM but with an increased relative wall thickness in relation to the LV internal
dimension. The ASE recommends calculation of RWT by the formula: 2 × (posterior wall thickness
at end diastole)/(LV internal diameter at end diastole).

85

The latest ASE recommendations for

chamber quantification identify increased RWT as ≥0.42.

85

The prevalence of concentric

remodelling in hypertensive cohorts has ranged from 7.8% to 34.7%.

64,108,112

In several cohorts of

patients with hypertension, concentric remodelling has been associated with higher mortality in
comparison to those with normal geometry.

61,108,112,119

Reversion from concentric remodelling to

normal geometry was associated with enhanced survival while progression to LVH diminished
survival.

64
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3.4.4

Treatment

A reduction in LVM and regression of LVH in patients with hypertension is possible with
pharmacological

212

and to a lesser degree non-pharmacological therapy

213

. As with reversion from

concentric remodelling to normal geometry, regression of LVH is also associated with a better
prognosis.

214,215

Data from the Losartan Intervention For Endpoint (LIFE) Reduction in Hypertension study suggests
that patients with diabetes appear to experience less regression of LVH in response to
antihypertensive therapy.

216

The increased formation of advanced glycation end products and their

cross-linking with myocardial collagen associated with diabetes was proposed as a mechanism to
account for this difference.

216

Follow-up data from the LIFE study suggested that regression or

continued absence of LVH in patients with diabetes was not associated with reduced mortality (HR
0.98, 95% CI 0.72-1.34). This was in contrast to the significant reduction in mortality seen in those
without diabetes (HR 0.72, 95% CI 0.62-0.84).

216

Interestingly, in the LIFE echocardiography

2

substudy, a 25.3g/m decrease in LVMI was associated with reduction in mortality by more than
one-quarter.

215

Other studies in patients with diabetes have been more promising: observing regression of LVM in
response to treatment, which was subsequently associated with significant prognostic benefits.
Unlike the LIFE study, the Appropriate Blood Pressure Control in Diabetes (ABCD) trial showed that
a change in LVH voltage criteria was an independent predictor of cardiovascular events in
hypertensive patients with diabetes.

217

Similarly, treatment with losartan was associated with

reductions in ECG LVH voltage criteria in 1513 patients with T2DM enrolled in the RENAAL study.

62

Left ventricular hypertrophy at baseline was associated with a higher rate of cardiovascular events.
The risk of cardiovascular events in treatment arm patients with LVH at baseline was similar to
those without LVH in the placebo arm.

62

3.5 Left ventricular diastolic dysfunction
Left ventricular diastolic dysfunction is a common complication of both heart failure and CAD. It
occurs early in the ischaemic cascade, preceding detectable systolic function changes. It is easily
assessed by echocardiography and its importance as a prognostic indicator in both heart failure
patients and in the post-AMI setting is now clearly established. Diastolic filling abnormalities are
common in patients with T2DM, but their prognostic importance in these patients remains unknown.

47

3.5.1

Epidemiology

The reported prevalence of diastolic dysfunction in different cohorts of patients with T2DM has
varied between 16-75%.

59,218-222

These varying estimates reflect the heterogeneity of the studied

cohorts with regard to presence of co-morbidities and diabetic complications. All of these studies
have utilised newer techniques to allow identification of the pseudonormal filling pattern and
therefore provide a more accurate estimate of the prevalence of diastolic dysfunction in T2DM in
comparison to previous work

223

.

A Canadian study of men with T2DM first reported a high prevalence of diastolic dysfunction in
T2DM.

218

Sixty per cent of patients had evidence of diastolic dysfunction on Doppler assessment of

mitral filling pattern (MFP). Just over half of those with diastolic dysfunction had an abnormal
relaxation and the rest had a pseudonormal MFP. Another study found that 47% of their cohort of
86 patients with uncomplicated T2DM had either abnormal relaxation or pseudonormal filling.

219

All

included patients had a normal resting ECG and stress echocardiography. A higher prevalence
(75%) of diastolic dysfunction was noted in 57 patients under 60 years with T2DM and no CHD
(negative stress echocardiography)

221

. A higher prevalence of diastolic dysfunction was noted in

Strong Heart Study participants with diabetes complicated nephropathy.

220

The highest prevalence

was noted in patients with macroalbuminuria (31%) and the lowest in normoalbuminuric patients
(16%).

220

Interestingly almost one-third of patients T2DM and no inducible ischemia or LVH had evidence of
significant subclinical LV diastolic dysfunction on tissue Doppler imaging.

59

This suggests that in

patients with diabetic cardiomyopathy diastolic dysfunction occurs prior to clinically detectable LVH.
This is supported by the data from a study of Italian outpatients with T2DM and no known heart
disease in which only 36% of patients with diastolic dysfunction had echocardiographic evidence of
LVH.

222

3.5.2

The prevalence of diastolic dysfunction in this cohort was 51%.

222

Methods of detection

The only currently available surrogate measure of diastolic function is echocardiography. However
cardiac neurohormones, in particular BNP, are emerging as important markers of systolic and
diastolic dysfunction.

3.5.2.1

Echocardiography

Pulsed wave (PW) Doppler assessment of mitral valve (MV) inflow is routinely used in clinical
practice to non-invasively identify the five progressive filling categories: normal, abnormal
relaxation, pseudonormal, reversible restrictive filling and non-reversible restrictive filling based
48

upon early (E) and late (A) peak filling velocities and E deceleration time (Error! Reference source
ot found.).

224-227

On its own, MV Doppler does not permit differentiation between true normal and

pseudonormal filling patterns. Preload reduction, can differentiate pseudonormal and true normal
patterns

226,228-231

and also differentiate reversible from non-reversible restrictive filling.

Moderate LV hypertrophy:
LV mass index 140g/m

2

232

Mitral Doppler:

Tissue Doppler:

Pseudonormal filling pattern

E/e’ ratio 13

E

A

e’

a’

Figure 3-1 Echocardiographic assessment of left ventricular mass and diastolic function using
transmitral and tissue Doppler, illustrating a patient with type 2 diabetes mellitus with left ventricular
hypertrophy and a pseudonormal mitral filling pattern (left ventricular diastolic dysfunction)

3.5.2.2

Brain natriuretic peptide

Though BNP is not effective as a population screening test for diastolic dysfunction

233

it has been

found to reliably predict diastolic dysfunction in patients referred for echocardiographic evaluation of
LV function

234

. Evidence for the use of BNP to detect diastolic dysfunction in patients with T2DM

has been discordant.

59,211,235,236

In 263 asymptomatic patients with T2DM, BNP was found to be elevated in patients with diastolic
dysfunction.

235

Patients were divided into two groups: those with and without a clinical indication for

echocardiography (CIE).

235

Of the 32 no-CIE patients with abnormal LV function, 21 had diastolic

dysfunction. Amongst patients in the no-CIE group, those with diastolic dysfunction had a higher
mean BNP compared to those with normal LV function (190pg/mL vs. 41pg/mL; p<0.001). A
Japanese study of 98 consecutive asymptomatic patients with T2DM evaluated the usefulness of
BNP as a screening test for diastolic dysfunction.

236

A BNP cut-off of 18.1pg/mL yielded a positive

predictive value (PPV) for diastolic dysfunction of 61.8%, an excellent negative predictive value
(NPV) of 97.3% and an area under the curve (AUC) of 0.85 on receiver-operator characteristic
(ROC) curve analysis.

By contrast, a Danish study of normoalbuminuric patients with T2DM found NT-proBNP was not
predictive of diastolic dysfunction.

211

Of the 60 study patients nearly half had diastolic dysfunction.
49

Though mean NT-proBNP levels in study patients were higher than those of age-matched controls,
there was no difference between patients with (59.4pg/mL) and without (50.6pg/mL) diastolic
dysfunction. Nevertheless NT-proBNP was predictive of increased left atrial (LA) size, a longer-term
marker of diastolic dysfunction.

211

A previously described study also failed to demonstrate a

significant increase in BNP levels in 19 patients with subclinical diastolic dysfunction (29pg/mL vs.
24pg/mL).

59

A more recent study from Spain disputed use of BNP as a screening test for diastolic
222

dysfunction in this patient group (AUC 0.53).

In view of the discrepant evidence currently available, further studies with larger numbers of
patients are required to more precisely determine the value of BNP as a screening tool for diastolic
dysfunction in asymptomatic patients with T2DM.

3.5.3

Prognostic significance

In HF and post-acute myocardial infarction patients, advanced diastolic dysfunction has been linked
with higher mortality

237,238

and morbidity

239

. Likewise in patients with hypertension, diastolic

dysfunction is associated with reduced survival.

240

Thus far there have been no long-term follow-up studies examining the effect of diastolic
dysfunction on mortality in patients with T2DM and no CHD. However, diastolic dysfunction was
associated with impaired exercise capacity, a marker of poor outcome, in patients with T2DM.

3.5.4

241-243

Treatment

To date there is no specific therapy for asymptomatic diastolic dysfunction in patients with
hypertension or DM. However, early reports from the Valsartan In Diastolic Dysfunction (VALIDD)
trial

244

suggest that, in patients with hypertension and diastolic dysfunction, BP lowering itself was

associated with improved diastolic function

245

. In patients with T2DM, there have been conflicting

reports regarding the efficacy of glycaemic control in improving diastolic function.

246-248

The Action in

Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE)
trial, an on-going 2 x 2 factorial randomised controlled trial, aims to determine the effects of BP
lowering and intensive glycaemic control on the micro- and macrovascular complications of
T2DM.

249

The echocardiographic substudy of this trial, which includes approximately 500

participants, will soon provide essential and definitive information on the effects of BP lowering and
intensive glycaemic control on diastolic parameters in patients with T2DM. The effectiveness of
other pharmacological therapies, such as advanced glycation end-product crosslink breakers, have
yet to be assessed in humans.

250

50

3.6 Left ventricular systolic dysfunction
Over the past three decades LV ejection fraction has been the most important measurement of
systolic function. In the context of preserved LV EF on resting echocardiography, in asymptomatic
patients with T2DM, diabetic cardiomyopathy was initially thought to be due to ‘isolated diastolic
dysfunction’. Subsequently a relative impairment in LV systolic function in response to exercise was
noted in patients with T2DM.

251

Though in comparison to age-matched controls patients with T2DM

had higher LVEF at rest (62% vs. 59%; p<0.05), they a lower LVEF at peak exercise (67% vs. 72%;
p<0.05). As such their LV response to exercise was blunted with a markedly lower increase in LVEF
(5% vs. 13%; p<0.001).
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These data hinted at the possibility that despite a normal LVEF these

patients may have impaired systolic function.

3.6.1

Epidemiology and methods of detection

More recently the advent of tissue Doppler imaging (TDI) has allowed precise quantification of the
velocity of myocardial motion throughout the cardiac cycle. Conventional Doppler techniques
assessing blood flow velocity rely on high-velocity, low-amplitude Doppler signals from fast-moving
tiny blood cells. In contrast the Doppler signals from myocardial tissue motion are characterised by
low velocities (<10cm/s) and high amplitudes. Conventional Doppler uses a high-pass filter to
eliminate low-amplitude signals. In TDI this filter is removed and gain adjustment is employed to
eliminate high frequency signals. Strain rate imaging, a more recent derivative of TDI, measures
segmental myocardial motion eliminating the influence of tethering and translation. These new
sensitive technologies have allowed detection of small changes in both systolic and diastolic
function at rest.

Indeed mild impairment in LV systolic function, detectable by TDI, has been noted in asymptomatic
patients with T2DM and normal LV EF.
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Furthermore TDI technology has allowed the

independent assessment of longitudinal systolic function resulting from subendocardial longitudinal
fibre contraction and radial systolic function secondary to contraction of mid-wall circumferential
fibres.
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A pattern of decreased longitudinal contraction and increased radial contraction with
252,253

overall preservation of systolic function has been noted in asymptomatic patients with T2DM.
These changes are thought to be due to: development of compensatory mid-wall myocyte

hypertrophy; focal endocardial and epicardial fibrosis affecting whole wall longitudinal function as
opposed to potentially limited regional dysfunction associated with mid-wall fibrosis; and increased
LV torsion with greater circumferential alignment of oblique fibres enhancing radial function.
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Changes in myocardial blood flow, possibly related to diabetes-induced small vessel disease, might
cause relative subendocardial hypoperfusion, which in itself may reduce longitudinal function.
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The subendocardium has been noted to be particularly vulnerable to ischaemic injury and fibrosis in
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a rat model.
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As such any ischaemic insult could result in preferential subendocardial myocyte

demise, replacement fibrosis and longitudinal systolic dysfunction.

While the occurrence of systolic dysfunction, as assessed by novel imaging modalities such as TDI
has been convincingly demonstrated, data relating to its prevalence in patients with T2DM remains
limited.

3.6.1.1

Brain natriuretic peptide

There is limited evidence available for the use of BNP to detect asymptomatic LV dysfunction in
patients with T2DM and no prior history of cardiovascular disease. Available studies
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are limited

by size and hence the number of cases. One study of 66 patients with T2DM and no CHD or LVH
observed a marginally higher BNP (28pg/ml vs. 25pg/mL; p=0.32) in patients with subclinical LV
systolic dysfunction (24%).
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Furthermore there was no correlation between BNP and Sm, Em or

strain before or after excluding patients with LVH or CHD.
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However a another study found a

relationship between BNP level and LV EF in patients with T2DM no obvious systolic dysfunction.
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The log BNP level was inversely associated with LV EF (r = -0.210; p=0.030) and when patients
were organised into BNP level quartiles, a significant inverse correlation was noted between BNP
and LV EF (r = -0.216; p=0.013).
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Before BNP can be widely used as a screening tool for

asymptomatic LV systolic dysfunction in patients with T2DM, further evidence with larger numbers
of patients are required.

3.6.2

Prognostic significance

Amongst 2821 patients with asymptomatic LV dysfunction enrolled in the Studies of Left Ventricular
Dysfunction (SOLVD) Prevention trial, the 417 patients with DM were at greater risk of progressing
to symptomatic HF (ACC/AHA Stage C HF).
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The SOLVD Prevention trial was a randomised

placebo-controlled trial of enalapril in 4228 patients with LVEF <35% and no prior diagnosis of HF.
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Patients with a prior history of coronary heart disease were eligible for this trial. Extrapolating

these findings to patients with T2DM and systolic dysfunction in the absence of prior cardiovascular
disease, would suggest that these patients are also at elevated risk of developing clinical HF
compared to those without any systolic impairment. Moreover, the prognostic importance of
previously undetectable changes in systolic function is unknown due to lack of long-term follow-up
data from patients with systolic dysfunction diagnosed by TDI.

3.6.3

Treatment
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Similarly, to date, there is limited evidence to base treatment recommendations in patients with
diabetes and asymptomatic LV dysfunction. Current ACC/AHA guidelines for the evaluation and
management of chronic HF, which recognise such patients as having Stage B HF, suggest
treatment with an ACE inhibitor.
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This recommendation is based on long-term follow-up of the

SOVLD Prevention trial in which 12-year survival was found to be higher in patients on enalapril
(47% vs. 41%; p=0.001).

260

More recently a small study demonstrated improvement in LV long-axis

systolic function with improved BP and glycaemic control.
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3.7 Expert commentary and five-year view
The American Diabetes Association (ADA) ‘Standards of Medical Care in Diabetes – 2007’
recommend annual screening for nephropathy and neuropathy and two- to three-yearly assessment
for retinopathy by an ophthalmologist in the context of a normal eye examination.
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Similarly at least

annual assessment of cardiovascular risk factors is advocated. In this position statement, cardiac
stress testing, for diagnosis of silent myocardial ischemia, is currently only recommended in those
with a history of peripheral or carotid occlusive disease and previously sedentary individuals over 35
years commencing a vigorous exercise program. As such current guidelines do not recommend
screening for any structural cardiovascular abnormalities despite cardiovascular disease accounting
for approximately two-thirds of all deaths in patients with T2DM.

The ACC/AHA 2005 Guideline Update for the Diagnosis and Management of Chronic Heart Failure
in the Adult recognise Stage A and Stage B HF, those at high risk of developing clinical (Stage C)
HF, to encourage detection of precursory structural heart disease and institution of appropriate
preventative therapy.
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Generally screening and therapy for cardiovascular risk factors or the

requisites for Stage A HF are done well in the primary care setting. However detection of
asymptomatic structural heart disease, including LVH, LV diastolic and systolic dysfunction, is done
inadequately. This reflects controversy regarding the need for screening, the most appropriate
screening test to employ and importantly the inability of existing health care systems to cope with
screening of all asymptomatic patients with T2DM using resource-limited modalities such as
echocardiography. A promising solution to this problem is brain natriuretic peptide. In patients with
T2DM, elevated BNP has been linked with increased mortality, silent myocardial ischemia, LVH, LV
diastolic and systolic dysfunction. Despite these data, the role of BNP in widespread screening in
patients with T2DM remains uncertain. Currently questions remain regarding: efficacy of BNP as a
screening test in patients with T2DM; optimal cut-off values for BNP in screening; lack of data
regarding frequency and timing of screening; and importantly lack of evidence for the impact of
screening-directed interventions on long-term health outcomes. Once these issues have been
addressed, a cost-analysis of routine screening of patients with T2DM with BNP should be
considered. For example, a high false-positive rate will be very expensive in view of the high cost of
secondary investigations, such as resting and stress echocardiography, prompted by a positive test.
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With the advent of tissue Doppler imaging, previously undetectable LV systolic dysfunction has
become evident in asymptomatic patients with T2DM. However the prevalence of such systolic
impairment and its prognostic significance is not clear. Similarly while the epidemiology of LV
diastolic dysfunction in asymptomatic patients with no prior cardiac history has been well
documented its prognostic significance has not been determined due to the lack of reported
longitudinal studies. Furthermore questions regarding suitable therapy in patients with
asymptomatic LV diastolic and minor systolic dysfunction remain unanswered. The early detection
of structural heart disease in patients with T2DM remains an elusive goal and a strategy of triage is
warranted with biomarkers, such as BNP, a possible candidate to fulfil a key role in such a scheme.

3.8 Key issues
•

Cardiovascular disease is the leading cause of death amongst patients with T2DM.

•

The two main forms of structural heart disease associated with diabetes are premature
coronary heart disease and a specific diabetic cardiomyopathy characterised by left
ventricular hypertrophy, left ventricular diastolic dysfunction and left ventricular systolic
dysfunction.

•

Asymptomatic structural heart disease is prevalent and associated with a poor prognosis in
patients with T2DM.

•

Contemporary practice guidelines do not recommend routine screening of asymptomatic
patients with T2DM for structural heart disease.

•

Currently available screening modalities, such as echocardiography, are expensive and
largely inaccessible to primary care practitioners.

•

A simple inexpensive blood test for brain natriuretic peptide is a useful marker of structural
heart disease and is a possible candidate for screening patients with T2DM and prioritising
referral for echocardiography.
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CHAPTER 4

Research design
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4.1 Objectives
The objectives, organised below according to chapter, relate to asymptomatic patients with T2DM
without known cardiovascular disease. These more specific aims are consistent with and intended
to achieve the overall objectives for Part A (Table 2-1).

4.1.1

Chapter 5

1. To determine whether a single NT-proBNP measurement is superior to a 12-lead ECG for
the detection of LVH.

2. To investigate the performance of NT-proBNP for the detection of LVH in different
subgroups based on age, gender, BMI and albuminuria.

4.1.2

Chapter 6

1. To assess the impact of T2DM on LV structure and function, by establishing the prevalence
of LVH, LVSD, and LVDD.

2. To study the contribution of patient and disease factors, such as ethnicity, to the
development of LVH.

3. To compare cardiovascular risk factor control and the presence of undetected structural
heart disease in rural and urban Māori.

4.1.3

Chapter 7

1. To evaluate the influence of T2DM on LV geometry, by categorising patients into the four
LV geometric subgroups, including normal geometry, CR, eccentric LVH and concentric
LVH.

2. To study the relationship between LV geometry and LV diastolic function.

3. To identify underlying factors associated with the development of CR.

56

4.2 Hypotheses
The hypotheses outlined below, aligned with the objectives above and organised by chapter, relate
to asymptomatic New Zealand patients with T2DM without cardiovascular disease.

4.2.1

Chapter 5

The primary hypothesis is a single NT-proBNP measurement will have a higher AUC on ROC curve
analysis for the detection of LVH than 12-lead ECG.

This is based on the following key assumptions:

1. That LVH would be detected using ECG in 17% of participants.

2. The plasma NT-proBNP level would be elevated in those with increased LVM.

4.2.2

4.2.2.1

Post-hoc hypotheses

Chapter 6

1. A high prevalence of LVH.

2. That LV diastolic dysfunction would be a common finding.

3. A higher prevalence of LVH would be observed in Māori and Pacific peoples compared to
NZ Europeans.

4. That LV diastolic dysfunction would be observed more frequently in Māori and Pacific
peoples.

5. That ethnicity would be an important contributor the development of LVH and LV diastolic
dysfunction.

6. There would be important differences between rural and urban Māori in relation to:
a. Control of cardiovascular risk factors such as hypertension and T2DM.
b. The prevalence of LVH and LV diastolic function.
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4.2.2.2

Chapter 7

1. An important proportion of those with normal LVM would have abnormal LV geometry in the
form of CR or increased RWT.

2. The presence of CR would be associated with LV diastolic dysfunction.
2.7

3. Age, LVM indexed to height , and UACR would be the biggest contributors to the
development of increased RWT in the context of normal LVM.

4. Those with concentric LVH would have the highest prevalence of LV diastolic dysfunction,
E/e’ and LA area.

4.3 Natriuretic Peptides in the Community (NPC) 2 Study
The above hypotheses were tested using data gathered from the Natriuretic Peptides in the
Community (NPC) 2 Study. The NPC 2 Study was an investigator-initiated, prospective, crosssectional study, was primarily designed to compare the diagnostic accuracy of ECG and NTproBNP for the detection of LVH among patients with T2DM without cardiovascular disease.
built upon the processes and networks developed in NPC 1 Study
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It

, which aimed to determine the

value of NT-proBNP in correctly diagnosing HF in the primary care.

4.3.1

4.3.1.1

Study participants

Inclusion criteria

Community-dwelling individuals with T2DM diagnosed more than 5 years prior or currently on
pharmacotherapy for T2DM were included.

4.3.1.2

Exclusion criteria

Those with known cardiac disease, such as coronary heart disease, heart failure, LVH, moderate
and severe valvular heart disease, or permanent atrial fibrillation were excluded. Similarly those with
a history of stroke, transient ischaemic attack, peripheral arterial disease, stage 3 or worse chronic
kidney disease, or who were unable to provide informed consent were excluded. Stage 3 CKD was
defined as an estimated glomerular filtration rate (eGFR), based on the Modification of Diet in Renal
2

Disease criteria, of less than 60 mL/min per 1.73 m .
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4.3.2

Participant recruitment

In an effort to reflect the ethnic diversity of New Zealand, participants were recruited from both an
urban and a rural location in the North Island. The recruitment process in each centre, as described
below, was distinct.

4.3.2.1

Auckland

The general practitioner (GP) network developed in the Natriuretic Peptides in the Community 1
Study
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was used to facilitate recruitment.

Firstly, each GP was approached and informed about the study. Those who agreed to refer
participants, identified patients within their practice fulfilling the selection criteria. The GP or the
practice nurse contacted potential participants by letter and telephone to gauge their interest in the
study.

The names and details of interested potential participants were forwarded to the study-coordinating
centre by email, facsimile, or standard mail. Study personnel contacted these potential participants
by telephone and sent them a patient information sheet by standard mail. Those verbally agreeing
to or wishing to learn about the study in greater detail were invited to the study-coordinating centre.
The study-coordinating centre was located in the Cardiovascular Research Laboratory at the
Department of Medicine, The University of Auckland.

Recruitment in Auckland started in March 2006 and was completed in May 2007.

4.3.2.2

Hokianga

Rural participant recruitment for the NPC 2 Study was undertaken in the Hokianga. This rural
community is located on the west coast of the Far North District of New Zealand. It surrounds the
Hokianga River.

The Cardiovascular Research Laboratory (CVRL; Department of Medicine, The University of
Auckland) entered into research collaboration with Hauora Hokianga (HH) or Hokianga Health, a
local health care provider. It is a member of the Te Tai Tokerau Primary Health Organisation and
provides integrated GP-driven health services to 6500 individuals.
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A local general practitioner and diabetes nurse educator, employed by HH, provided local support
and leadership for this collaboration. They facilitated a culturally sensitive process of continuous
and extensive consultation with the local community and the Hokianga Health Enterprise Trust
Board, which owns HH.

Firstly, members of the CVRL undertook a preliminary visit to discuss the study and obtain approval
of the Trust board and local community. At this stage, satellite clinics located in Kohukohu and
Taheke, were identified as suitable for assessment of local study participants.

Secondly, the diabetes nurse educator searched the HH electronic database to identify all
registered patients with T2DM who met the study criteria. Potential participants were contacted and
visited by the diabetes nurse educator. The study was discussed and informed consent obtained.

Participants were assessed at the Kohukohu and Taheke clinics on two separate weeks in
November 2006 and May 2007 respectively. A cardiologist, diabetologist, GP, advanced physician
trainee in cardiology, cardiac physiologist, echosonographer, research nurse, and 4 medical
students staffed the mobile research clinics. In addition a GP, diabetes nurse educator, and several
cultural helpers (kaimanakitanga) comprised the local research team. In an effort to maximise
attendance, consented participants were transported to and from the clinics by kaimanakitanga.

The study assessments for participants recruited from both Auckland and Hokianga were the same.

4.3.3

4.3.3.1

Study endpoints

Primary endpoint

Accuracy of NT-proBNP compared with ECG to detect LV hypertrophy by area under the curve
(AUC) on receiver operating characteristic (ROC) curve analysis

4.3.3.2

Secondary endpoints

Accuracy of NT-proBNP to detect LV systolic dysfunction

Accuracy of NT-proBNP to detect LV diastolic dysfunction

Accuracy of combination of 12-lead ECG and NT-proBNP compared with
ECG alone to detect LV hypertrophy
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Direct comparison of hand-carried echocardiography with standard echocardiography for detection
of LVH

4.3.4

Study assessments

All study assessments, for participants recruited in Auckland, were undertaken at the studycoordinating centre.

Study assessments were standardised and completed according to the study protocol. These are
summarized in Table 4-1 and described in detail below.

Table 4-1 Standard Study Assessments

Discussion of study rationale and assessments
Informed consent
Collection of demographic data
Documentation of medical history
Physical examination
Anthropometric measurements
12-lead electrocardiogram (ECG)
Standard echocardiography
Hand-carried echocardiography
Collection of blood samples
The results of clinically relevant study assessments were communicated to the referring GP by
means of a letter sent via standard mail. Contemporary therapeutic guideline-based
recommendations were included in the letter. Results requiring urgent action were conveyed by
telephone.

4.3.4.1

Medical history

All participants were asked about the presence of cardiac symptoms such as angina, shortness of
breath, orthopnoea paroxysmal nocturnal dyspnoea, palpitations, and oedema.

A previous history of standard cardiovascular risk factors was also documented. These included
hypertension, dyslipidaemia, smoking, and family history of premature coronary heart disease.

The time since diagnosis of T2DM was recorded. Each participant was questioned regarding the
presence of complications of T2DM including, retinopathy, nephropathy and neuropathy.
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A comprehensive medication history was obtained. This included the names of current medications
and total daily doses. However, an assessment of patient compliance with medical therapy was not
made.

4.3.4.2

Blood pressure

Blood pressure was measured according to the Standard Joint National Committee VII
recommendations.

263

In summary, this included the following procedures:

•

Participants were properly prepared and positioned.

•

They had to be seated quietly for a minimum of 5 minutes in a chair with their feet on the
floor and their arm placed and supported at the level of their heart.

•

Measurement after a minimum abstention from caffeine or smoking of 30 minutes.

•

The right arm was preferentially used to maximise consistency and allow comparison with
standard values.

•

An appropriately sized cuff was used. The cuff bladder was required to encircle at least
80% of the arm.

•

The average of three measurements, made at least 2 minutes apart, was used.

•

The systolic BP was initially estimated using the palpated radial pulse obliteration pressure.
The cuff was then inflated 30 mmHg above this level for auscultatory determinations. The
target cuff deflation rate was 2 mmHg per second.

•

The systolic BP was defined as the first appearance of Korotkoff sound (phase 1). Likewise,
the diastolic pressure was denoted by the disappearance of Kortokoff sound (phase 5).

Random zero BP measurements were not undertaken.

4.3.4.3

Anthropometric measurements

The anthropometric measurements undertaken on all participants are provided in Table 4-2. Height
was measured using a portable stadiometer to the nearest 0.1cm. Body mass was measured to the
nearest 0.1kg on an electronic scale. Waist and hip circumferences were measured to the nearest
0.1cm using a standard measuring tape.

Body composition was measured using a portable single-channel, tetra polar bioimpedance
analysis device (Model BIM4, ImpediMed, Capalaba, Queensland, Australia). Impedance (Z),
resistance (R), reactance (X), phase (P), fat mass (kg), fat mass percentage, fat-free mass (kg), fatfree mass percentage, and total body water (kg) were measured and documented.
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Table 4-2 Anthropometric measurements

Height (m)
Body mass (kg)
Waist circumference (cm)
Hip circumference (cm)
Body composition

4.3.4.4

Blood sample collection and storage

Blood samples were collected using standard venipuncture technique. Soon after collection, the
blood was deposited in a 7mL heparin tube, two 4.5mL EDTA tubes, and two 10mL EDTA tubes.

A medical laboratory, at a tertiary-level, university-affiliated hospital (LabPlus, Auckland City
Hospital, Auckland, New Zealand), analysed all blood samples. The measurements performed on
all samples are outlined in Table 4-3.

Table 4-3 Measurements performed on all blood samples

Creatinine (μmol/L)
Glucose (mmol/L)
HbA1c (%)
Total cholesterol (mmol/L)
High-density lipoprotein (HDL) cholesterol (mmol/L)
Low-density lipoprotein (LDL) cholesterol (mmol/L)
Triglycerides (mmol/L)
Total cholesterol to HDL cholesterol ratio
NT-proBNP (pmol/L)
The remaining blood samples were centrifuged at 4°C for 10 minutes and immediately stored at 80°C in a secure freezer.

4.3.4.5

NT-proBNP

NT-proBNP levels were measured using the Roche Diagnostics Elecsys assay (pmol/L). The
performance characteristics claimed by the manufacturer are an analytical sensitivity of 0.6 pmol/L
and a functional sensitivity of <5.9 pmol/L.
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4.3.4.6

Urine sample

A single urinary albumin-to-creatinine ratio (UACR) measured from a spot urine sample within 12
months of the study visit was deemed acceptable. These results were obtained from community
medical laboratories. A small proportion of participants did not have a UACR measurement within
the 12 months leading up to the study visit. They were directed to have this done at community
medical laboratory as soon as possible. This result was then used for study analyses.

4.3.4.7

Electrocardiogram

All patients had a standard unfiltered 12-lead ECG (Philips Hewlett-Packard PageWriter 200
Cardiograph, Andover, Massachusetts). A cardiologist or advanced trainee in cardiology examined
each ECG and reported any abnormalities. A single analyst using a 150mm digital vernier calliper
under a five-fold magnification measured each ECG.

ECG criteria used for the detection of LVH included the Sokolow-Lyon (SV1 + RV5/6)
(women RaVL + SV3 + 0.8mV; men RaVL + SV3)
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voltage >2.8mV

and Cornell

voltage criteria. Standard cut-offs for the

electrocardiographic diagnosis of LVH were used: Sokolow-Lyon voltage >3.5mV
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and Cornell

. Patients meeting either criterion were considered to have LVH by ECG. The

ECG analyst was blinded to echocardiographic and NT-proBNP results. Thirty participants were
randomly selected for estimation of test reproducibility. This analysis demonstrated an intraobserver and inter-observer variability of ≤0.01mV for measurement of ECG voltages.

4.3.4.8

Standard echocardiography

All patients had a resting transthoracic echocardiogram (Philips HDI 5000/iE33, Bothell, Seattle,
Washington) performed by a research-trained sonographer. This was considered the gold standard
in all analyses.

During each examination, m-mode images were recorded in the parasternal long and short axes.
Standard 2-dimensional (2D) images, including parasternal long axis, parasternal short axis, apical
4-chamber and apical 2-chamber views, were obtained. Pulsed-wave Doppler imaging of the mitral
inflow were obtained in the apical 4-chamber view with a 5-mm sample volume placed distal to the
mitral annulus between the mitral valve leaflets.
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All Doppler recordings, acquired with a sweep

speed of 100 mm/s, were optimised to maximise the signal on the screen, eliminate excess gain,
and minimise wall filters. Only end-expiratory signals were analysed.

Tissue Doppler imaging was carried out in the apical 4-chamber view with the sample volume
placed sequentially at the medial and lateral mitral annulus. The sample volume was set to remain
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in the region interest throughout the cardiac cycle. The gain was adjusted to produce an almost
black background with minimal noise speckling. The ultrasound beam was aligned in the direction of
mitral annulus motion to minimise the angle of incidence to less than 15°. These measures were
consistent with subsequent Tissue Doppler imaging recommendations.

4.3.4.8.1
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Left ventricular size

M-mode images, obtained in the parasternal long axis view, were used to measure interventricular
septal wall thickness (SWT), posterior wall thickness (PWT), and LV internal dimension (LVID). The
SWT, PWT and LVID were measured at end-diastole (SWTd, PWTd, LVIDd) and end-systole
(SWTs, PWTs, LVIDs). All these measurements were made at the level of the mitral valve leaflet
tips. The 2D image was used to orientate the m-mode cursor perpendicular the long axis of the LV.
Leading edge echoes were measured.

4.3.4.8.2

Left ventricular mass

Left ventricular mass (LVM) was calculated using linear measurements 2D-targetted m-mode
recordings. American Society of Echocardiography (ASE)-recommended formula for derivation of
LVM was used (Equation 4-1).
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This formula is based on the assumption that the LV resembles an

ellipsoid.
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Equation 4-1 ASE-recommended formula for estimation of LVM from LV linear dimensions
Abbreviations: LVIDd LV internal dimension at end-diastole, LVM left ventricular mass, PWTd posterior wall
3
thickness at end diastole, SWTd septal wall thickness at end diastole, 1.04 g/cm specific gravity of
myocardium
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Cardiac measurements are usually scaled or normalised to a measure of body size. The
relationship between LVM and measures of body size, including height, weight, body surface area
(BSA), body mass index (BMI), and fat free mass, is well established.
tends to underestimate the presence of LVH in obese individuals.
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Indexing LVM to BSA

In adults fat free mass, as

measured by dual photon absorptiometry, is the only independent predictor of LVM and in children
is certainly the largest and most important determinant of LVM.
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Fat free mass is therefore the

scaling variable of choice, but it has not been widely used because accurate measurements are not
widely available. While it is important to scale heart size to take into account body size, exactly
which measurements should be used remains unresolved. While there is uncertainty regarding the
most appropriate indexing method, the methods used in large epidemiological studies is indexing to
a power of height. This avoids the limitation of BSA in patients who are obese. For this reason,
indexation of LVM to height to the power of 2.7 was used in this study.
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As such the ASE gender-specific LVM cut-offs for LVH used in this study were >45g/m
and >49g/m

4.3.4.8.3

2.7

in men.

2.7

in women
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Left ventricular diastolic function

Diastolic function was assessed using a combination of mitral inflow Doppler velocities (including
with Valsalva manoeuvre) and mitral annular tissue Doppler imaging. Mitral early (E) and late (A)
filling velocities, deceleration time (DT), isovolumic relaxation time, and mitral annular early and late
velocities (e’ and a’) were measured. The ratio of early transmitral flow velocity to early mitral
annular velocity (E/e’) ratio was calculated.

After the baseline measurements were made, each subject was classified into one of four
recognised mitral filling patterns:
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•

Normal: E:A ratio 1.0 – 2.0 and DT 140 – 230 ms

•

Abnormal relaxation: E:A ratio <1.0 and DT >230 ms

•

Pseudonormal: E:A ratio 1.0 – 2.0 and DT 140 – 230 ms, but E:A ratio < 1.0 and DT > 230
ms with Valsalva and/or pulmonary atrial duration: A wave duration ratio >1.2

•

Restrictive: E:A ratio >2.0 and deceleration time <140 ms

4.3.4.8.4

Left ventricular systolic function

Firstly, parasternal and apical 2D images were visually assessed for the presence of regional wall
motion abnormalities and LV systolic dysfunction. If there was evidence of LV systolic dysfunction, it
was graded as mild, moderate or severe.

Endocardial fractional shortening (FS), calculated using Equation 4-2, was used to objectively
assess LV systolic function when there were no regional wall motion abnormalities.

Equation 4-2 Fractional shortening
Abbreviations: FS fractional shortening, LVIDd LV internal dimension at end-diastole, LVIDs LV internal
dimension at end-systole
!"#$% − !"#$%
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4.3.4.8.5

Left atrial size

In this study, left atrial (LA) size was assessed using the LA diameter and area. The LA diameter
was assessed on parasternal long axis m-mode recordings. It was measured from the leading edge
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of the posterior aortic wall to the leading edge of the posterior LA wall. Left atrial area was
measured on apical 4-chamber images using planimetry.

4.3.4.9

Hand-carried echocardiography

Limited hand-carried echocardiography was performed using a Micromaxx® ultrasound system
(Sonosite, Bothell, WA, US). To simulate a community-based setting, this was undertaken by an
advanced trainee in cardiology with minimal prior echocardiography training. This individual was
blinded to the results of the standard echocardiogram. A standardised approach was used to
maintain consistency between standard and hand-carried echocardiography.

Standard 2-dimensional images, including parasternal long axis, parasternal short axis, apical 4chamber and apical 2-chamber views, were obtained. Pulsed-wave Doppler imaging of the mitral
inflow and tissue Doppler imaging of the medial mitral annulus was undertaken. Visual estimates of
LV systolic function and the presence or absence of LVH were made. The mitral filling pattern and
estimated LV filling pressure were documented.

4.3.4.10 Carotid intima-media thickness

B-mode images of the carotid artery were obtained using a Micromaxx® portable ultrasound system
(Sonosite, Bothell, WA, US). Using these images, offline manual measurements of carotid intimamedia thickness (CIMT) were performed at the far wall of the right distal common carotid artery, as
per current ASE recommendations.
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A CIMT above the 75th percentile of age- and sex-specific

ranges, reported in the Atherosclerosis Risk in the Community (ARIC) study, was considered
abnormal.

4.3.5

272

Statistical considerations

In the Casale Monferrato Study
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the prevalence of ECG LVH was 17%. Assuming 90% power

approximately 200 patients with diabetes and no LVH and 50 patients with diabetes with LVH would
resolve an area under a Receiver Operating Characteristic (ROC) curve (AUC) of 0.8 and 0.9
between ECG LVH and NT-proBNP. To allow for information not being available from all patients
the sample size was 300 subjects.

Normally distributed variables are presented as mean (standard deviation) and significantly skewed
variables as median (interquartile range). Receiver operating characteristic (ROC) curve analyses
were performed to evaluate the diagnostic performance of NT-proBNP in the detection of LVH, with
sub-analyses on the basis of age, gender, BMI and albuminuria. The area under the curve (AUC)
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was used to assess the discriminative ability of NT-proBNP. Sensitivity, specificity, predictive
values and the positive likelihood ratio are calculated at the threshold determined by the maximal
Youden index.

Multivariable logistic regression was used to investigate the relationship between patient factors and
LVH. Variables were selected for inclusion in the model on the basis of biological plausibility. The
natural logarithm of NT-proBNP was used to satisfy model assumptions.

Analyses were performed using SAS 9.1 (SAS Institute Inc, Cary, NC, US) statistical software.

4.3.6

Funding

The NPC 2 study was funded by a project grant from the Heart Foundation of New Zealand. The
Auckland Medical Research Fund and the Green Lane Research and Educational Fund Board
provided additional salary support funding.
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CHAPTER 5

Screening for left ventricular hypertrophy in patients with type
2 diabetes mellitus in the community

69

5.1 Background
The complications of type 2 diabetes are common and largely account for the excess morbidity and
mortality associated with this disease. As such routine screening of asymptomatic patients with type
2 diabetes for retinopathy, nephropathy and neuropathy is recommended

65

. Diabetes is a major

risk factor for coronary heart disease and cardiovascular disease is the most important cause of
morbidity and mortality in patients with type 2 diabetes, accounting for approximately two-thirds of
total mortality

142

. In addition, type 2 diabetes mellitus is associated with a cardiomyopathy

characterised by left ventricular hypertrophy (LVH) and diastolic dysfunction

121

. However, current

guidelines do not recommend routine screening for structural heart disease in these patients

Diabetes is associated with LVH, left ventricular (LV) diastolic dysfunction
dysfunction and cardiac autonomic neuropathy

121

.

, LV systolic

. A large proportion of patients with type 2

diabetes and no known cardiovascular disease have LVH
cardiovascular disease in the general population

273,274

65

275

168

. LVH is an important risk factor for

. Regression of LVH by pharmacological

intervention is associated with an improvement in prognosis

214,215

. Therefore detection of LVH is

attractive given the high prevalence and hence high pre-test probability of LVH in patients with type
2 diabetes.

In clinical practice the most reliable tool for quantifying left ventricular mass and diagnosing LVH is
transthoracic echocardiography. Conversely the electrocardiogram (ECG), though inexpensive and
widely available, is of limited use in detecting LVH in patients with type 2 diabetes due to its low
sensitivity

276

. As both ECG and echocardiographic tools are currently unsuitable for wide population

screening, there is a need for an accessible, acceptable, and economical test for detecting LVH in
such patients. Identification of patients with LVH would facilitate the commencement of therapies
that reduce LV mass and hence improve outcome. A biomarker, such as N-terminal pro brain
natriuretic peptide (NT-proBNP), may be the solution. This simple and relatively inexpensive test
can be measured from a non-fasting venous blood sample. NT-proBNP is released from the heart
under conditions of increased wall stress

277

and is used primarily in the diagnosis of heart failure in

patients with dyspnoea. Amongst patients with type 2 diabetes, higher BNP levels were observed in
those with LVH

59

.

Recent data suggests that NT-proBNP may be of value in identification of LVH among patients with
hypertension presenting to emergency departments

278

. However, to date there have been no

studies comparing diagnostic accuracy between NT-proBNP and ECG for detection of LVH in
patients with type 2 diabetes. This study aimed to determine the value of NT-proBNP in the
detection of LVH among patients with type 2 diabetes and no known cardiovascular disease in
primary care.

70

5.2 Methods
In this investigator-initiated study, all researchers were independent of the funding bodies and had
complete access to all data. Ethics approval was obtained from the Northern Y Regional Ethics
Committee (New Zealand).

During a 14-month period (March 2006 – May 2007), 294 patients with type 2 diabetes diagnosed
>5 years ago and/or on treatment for type 2 diabetes were prospectively recruited from primary
care. Patients with known cardiac disease (including coronary heart disease, heart failure, LVH
(identified on previous ECG or echo done for clinical purposes), moderate and severe valvular heart
disease, atrial fibrillation), cerebrovascular disease (prior stroke or transient ischaemic attack),
peripheral arterial disease, Stage 3 chronic kidney disease (eGFR<60mL/min) or inability to provide
informed consent were excluded. A general practitioner (GP) network previously developed in the
Natriuretic Peptides in the Community study

262

was used to facilitate recruitment of primary care

patients. Patients meeting study inclusion and exclusion criteria were identified and referred to the
study centre by 51 participating GPs within the Auckland region. Study personnel contacted referred
patients, provided further details regarding the study and invited them to a study visit.

All patients were seen and evaluated in the Cardiovascular Research Clinic at The University of
Auckland. During the study visit patient eligibility was confirmed and informed consent was
obtained. Basic demographics and medical history including information regarding known
microvascular complications of type 2 diabetes were recorded. The mean of three seated blood
pressure (BP) measurements, separated by a minimum interval of five minutes, was obtained.
Height, body mass, waist circumference, hip circumference, and body composition were measured.
Blood was collected using standard venepuncture technique and samples were sent to a tertiary
referral medical laboratory for measurement of creatinine, glucose, HbA1c, lipids, and NT-proBNP. A
single urinary albumin-to-creatinine ratio measured within 12 months of the study visit was obtained
from community laboratories. If this was unavailable, participants were directed to have this done
soon after the study visit.

All patients had a resting transthoracic echocardiogram (Philips HDI 5000/iE33, Bothell, Seattle,
Washington), which was the reference standard for the detection of LVH in this study performed by
a research-trained sonographer. LV mass was assessed from M-mode images in accordance with
The American Society of Echocardiography (ASE) guidelines

85

. When M-mode images were

unsuitable for measurement, 2-dimensional images were used. The LV mass gender-specific cutoffs for LVH used were: >45g/m

2.7

in women and >49g/m

2.7

in men.

85

All echocardiographic

measurements were made by a cardiologist with subspecialty training in echocardiography. For LV
mass the coefficient of variability for intra-observed repeated measures is less than 8%

71

279

. The

echocardiographer and cardiologist measuring the images were blinded to ECG and NT-proBNP
results.

All patients had a standard unfiltered 12-lead ECG (Philips Hewlett-Packard PageWriter 200
Cardiograph, Andover, Massachusetts). Each ECG was measured by a single analyst using a
150mm digital vernier calliper under a five-fold magnification. ECG criteria used for the detection of
LVH included the Sokolow-Lyon (SV1 + RV5/6)
RaVL + SV3)

172

171

and Cornell (women RaVL + SV3 + 0.8mV; men

voltage criteria. Standard cut-offs for the electrocardiographic diagnosis of LVH

were used: Sokolow-Lyon voltage >3.5mV

171

and Cornell voltage >2.8mV

172

. Patients meeting

either criterion were considered to have LVH by ECG. The ECG analyst was blinded to
echocardiographic and NT-proBNP results. Thirty participants were randomly selected for
estimation of test reproducibility. This analysis demonstrated an intra-observer and inter-observer
variability of ≤0.01mV for measurement of ECG voltages.

NT-proBNP levels were measured using the Roche Diagnostics Elecsys assay (pmol/L). The
performance characteristics claimed by the manufacturer are an analytical sensitivity of 0.6pmol/L
and functional sensitivity of <5.9pmol/L.

5.2.1

Statistical methods

In the Casale Monferrato Study

165

the prevalence of ECG LVH was 17%. Assuming 90% power

approximately 200 patients with diabetes and no LVH and 50 patients with diabetes with LVH would
resolve an area under a Receiver Operating Characteristic (ROC) curve (AUC) of 0.8 and 0.9
between ECG LVH and NT-proBNP. To allow for information not being available from all patients
the sample size was 300 subjects.

Normally distributed variables are presented as mean (standard deviation) and significantly skewed
variables as median (interquartile range). Receiver operating characteristic (ROC) curve analyses
were performed to evaluate the diagnostic performance of NT-proBNP in the detection of LVH, with
sub-analyses on the basis of age, gender, BMI and albuminuria. The area under the curve (AUC)
was used to assess the discriminative ability of NT-proBNP. Sensitivity, specificity, predictive
values and the positive likelihood ratio are calculated at the threshold determined by the maximal
Youden index.

Multivariable logistic regression was used to investigate the relationship between patient factors and
LVH. Variables were selected for inclusion in the model on the basis of biological plausibility. The
natural logarithm of NT-proBNP was used to satisfy model assumptions.

Analyses were performed using SAS 9.1 (SAS Institute Inc, Cary, NC, US) statistical software.
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5.3 Results
Of the 365 potential participants referred by 51 general practitioners, 60 were ineligible, not
contactable or did not attend their study visit (Figure 5-1). A further 11 participants were excluded
due to permanent atrial fibrillation, Stage 3 chronic kidney disease, known LVH, previous stroke or
failing to satisfy inclusion criteria. The remaining 294 participants were included in the study. The
mean age of participants was 58 ± 11 years, 49% were women, 42% were Caucasian, 33% were
Polynesian (Māori and Pacific Islander) and 25% were Asian. Mean body mass index (BMI) was
2

31.9 ± 7.0 kg/m and mean BP 134/81 ± 18/11 mmHg. Median time since diagnosis of type 2
diabetes was 6 years (range 1 month – 50 years). Mean HbA1c 7.3 ± SD 1.5% and median urinary
albumin-to creatinine ratio (UACR) was 1.2 (IQR 0.4, 4.0) mg/mmol. One hundred and eighty nine
(66%) participants had a normal UACR (<2.5 mg/mmol), 72 (25%) had microalbuminuria (UACR 2.5
– 20 mg/mmol) and 27 (9%) had macroalbuminuria (UACR >20 mg/mmol). A history of known
retinopathy was noted in 14%, nephropathy in 11% and neuropathy in 8%. Many participants had a
history of other cardiovascular risk factors such as hypertension (60%) and dyslipidaemia (70%).
Half of all participants were prescribed aspirin, 61% a statin and 47% an angiotensin converting
enzyme (ACE) inhibitor. Nearly all patients were on pharmacological therapy for type 2 diabetes
(94%): 244 were on oral hypoglycaemic therapy alone, 6 on subcutaneous insulin therapy alone
and 25 on both. Of the 269 participants on oral hypoglycaemic therapy, 243 (90%) were on
metformin, 130 (48%) on a sulphonylurea, 8 (3%) on a thiazolidinedione, and 1 on acarbose. (Table
5-1)

Figure 5-1. Participant flow
Abbreviations: AF atrial fibrillation, eGFR estimated glomerular filtration rate, LVH left ventricular hyperttrophy
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Table 5-1. Patient characteristics
Values represent mean unless stated.
Abbreviations: IQR interquartile range, SD standard deviation, UACR urinary albumin-to creatinine ratio

Clinical
Female, n

145 (49%)

Age, years (SD)

58 (11)

Median duration of diabetes, months (IQR)

72 (36, 120)

History of hypertension, n

175 (60%)

History of dyslipidaemia, n

206 (70%)

2

Body mass index, kg/m (SD)

31.9 (7.0)

Systolic blood pressure, mmHg (SD)

134 (18)

Diastolic blood pressure, mmHg (SD)

81 (11)

HbA1c, % (SD)

7.3 (1.5)

Median UACR, mg/mmol (IQR)

1.2 (0.4, 4.0)

Normal UACR (<2.5 mg/mmol), n

189 (66%)

Microalbuminuria (UACR 2.5 – 20 mg/mmol), n

72 (25%)

Macroalbuminuria (UACR ≥20 mg/mmol), n

27 (9%)

Current therapy
Oral hypoglycaemic therapy, n

269 (91%)

Subcutaneous insulin therapy, n

31 (11%)

Any antihypertensive therapy, n

190 (65%)

Statin therapy, n

178 (61%)

Echocardiographic characteristics
Left ventricular mass, g (SD)
Left ventricular mass index, g/m

207 (63)
2.7

(SD)

51.5 (14.6)

Left ventricular hypertrophy, n

164 (56%)

Mild, n

52 (18%)

Moderate, n

49 (17%)

Severe, n

63 (21%)

Regional wall motion abnormality, n

17 (6%)

Left ventricular systolic dysfunction, n

12 (4%)

Left ventricular diastolic dysfunction, n

260 (89%)

Abnormal relaxation, n

173 (59%)

Pseudonormal filling, n

87 (30%)
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2.7

The mean LV mass index was 51.5 ± 14.6 g/m . LVH was diagnosed by echocardiography in 164
of the 294 participants (56%). Using the ASE partition values of LV mass index
2.7

85

, 52 participants

2.7

(18%) had mild LVH (women 45–51g/m , men 49–55g/m ), 49 (17%) moderate LVH (women 52–
2.7

2.7

2.7

2.7

58g/m , men 56–63g/m ) and 63 (21%) severe LVH (women ≥59g/m , men ≥64g/m ). Of the
119 participants with no previous history of hypertension, 44 (37%) had LVH. Participants on either
an ACE inhibitor or angiotensin receptor blocker were more likely to have LVH (62% vs. 49%). The
European Society of Hypertension (ESH) and European Society of Cardiology (ESC) 2007
Guidelines for the Management of Arterial Hypertension use LV mass index thresholds of 110g/m
2

for women and 125g/m for men to diagnose LVH

84

2

. By this more conservative definition, 79 (27%)

had LVH. (Table 5-1)

Important incidental findings on echocardiography included a resting regional wall motion
abnormality in 17 (6%) and LV systolic dysfunction in 12 (4%). LV diastolic dysfunction, as
assessed by mitral filling pattern, demonstrated abnormal relaxation in 173 (59%) and
pseudonormal filling in 87 (30%) of patients. (Table 5-1)

5.3.1

Detection of left ventricular hypertrophy

Only 4 of the 164 participants (2%) with known echocardiographic LVH were correctly detected by
either the Sokolow-Lyon or Cornell voltage criteria. The sensitivity of ECG for detecting
echocardiographic LVH was 2% (95% CI 1 to 6%) with a specificity of 99% (95% CI 96 to 100%).
The positive predictive value (PPV) was 80% and the negative predictive value (NPV) was 45%.

The median NT-proBNP level was 6.0pmol/L (range of <0.6-175.0). The area under the curve
(AUC) for NT-proBNP in discriminating patients with LVH from those with no LVH was 0.68 (95% CI
0.62 to 0.74) (Figure 5-2). The maximum Youden index was established at an NT-proBNP level of
4.4pmol/L (37.3pg/mL). At this cut off, the sensitivity was 68% (95% CI 60 to 75%), specificity 58%
(95% CI 50 to 68%), PPV 68%, and NPV 59%. There was no improvement in the performance of
NT-proBNP in distinguishing between patients with moderate-severe LVH and those with no LVHmild LVH (AUC 0.64). Similarly, using the ESH/ESC definition of LVH, there was no difference in the
utility of NT-proBNP in identifying patients with LVH (AUC 0.64). When participants were
categorised into three groups [normal UACR (<2.5 mg/mmol), microalbuminuria (UACR 2.5 – 20.0
mg/mmol) and macroalbuminuria (UACR >20 mg/mmol)] the median NT-proBNP level was similar:
6.0 (IQR 3.0 – 12.0) pmol/L, 6.0 (IQR 3.0 -16.5) pmol/L and 8.0 (IQR 3.0 – 21.0) pmol/L
respectively.

There was some variability in the diagnostic accuracy of NT-proBNP between subgroups of
participants (Figure 5-2). For example, the AUC was higher in women (0.72 vs. 0.61) and in those
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with a BMI below the median of 30.8kg/m (0.78 vs. 0.56). There was no difference in AUC for
patients with UACR ≥2.5 mg/mmol (0.68) and <2.5 mg/mmol (0.69).
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Figure 5-2. Receiver operating characteristic curves for NT-proBNP in discriminating left ventricular
hypertrophy for whole group (A) and according to: gender (B); body mass index (BMI, C); presence of
albuminuria (urinary albumin-to creatinine ratio ≥2.5 mg/mmol, D)
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In a multivariable model including age, gender, history of hypertension, time since diagnosis of type
2 diabetes, BMI, HbA1c, the presence of albuminuria, and loge (NT-proBNP), the significant
2

2

determinants of LVH were: BMI (χ 24.7; <0.001), age (χ 8.3; p = 0.004), history of hypertension
2

2

(χ 4.9; p = 0.028), and gender (χ 4.1; p = 0.043).

5.4 Discussion
This study, involving a group of patients with type 2 diabetes with no known cardiac,
cerebrovascular or peripheral vascular disease, has demonstrated that LVH (defined according to
the ASE guidelines

85

) was common, occurring among 56% of the patients. The detection of LVH by

standard ECG criteria was poor and while NT-proBNP was superior to ECG in discriminating LVH, it
remains unsuitable for use as a screening tool due to inadequate optimum sensitivity and
specificity.

5.4.1

Clinical importance of left ventricular hypertrophy

The prevalence of LVH in patients with type 2 diabetes has varied considerably based on the mode
of detection and baseline characteristics of the cohort studied. The high proportion (56%) of
participants with LVH in this study is comparable with previously reported data. For example,
echocardiographic LVH was found in 22%

59

and 51%

280

of Australian diabetes clinic attendees. A

higher prevalence of echocardiographic LVH (71%) was noted in diabetes clinic attendees in
Dundee, Scotland

167

, although a lower proportion (9.4%) among patients with diabetes without

known macrovascular complications in a recent study from Sweden

273

. In our study 37% of

participants with no history of hypertension had LVH; suggesting that type 2 diabetes per se is
associated with LVH. More importantly the clinically prevalent combination of type 2 diabetes and
hypertension was strongly linked to the development of LVH, occurring in 69% of such patients.

The relationship between LVH and poor prognosis

275

would suggest that this common finding in

patients with type 2 diabetes is clinically significant. For example in the Reduction of End Points in
Non-insulin Dependent Diabetes Mellitus with the Angiotensin II Antagonist Losartan (RENAAL)
trial, LVH was associated with an increased risk of death, end-stage renal disease and doubling of
serum creatinine (hazard ratio 1.41; p<0.001) in patients with type 2 diabetes, clinical nephropathy
and no known cardiovascular disease

281

.

LVH is emerging as an important independent therapeutic target. Treatment with losartan was
associated with a reduction in ECG LVH in the RENAAL trial

281

. A change in LVH voltage criteria

was an independent predictor of cardiovascular events in hypertensive patients with diabetes in the
Appropriate Blood Pressure Control in Diabetes (ABCD) trial
77

217

. These data provide some hope

that, in asymptomatic patients with type 2 diabetes, the aggressive treatment of LVH per se or risk
factors for LVH, such as hypertension, may yield significant long-term prognostic benefits. A
substudy of the Losartan Intervention For Endpoint Reduction in Hypertension (LIFE) study
focussing on patients with diabetes suggested that patients with diabetes experienced less
regression of LVH in response to losartan and any regression was not predictive of future
cardiovascular events

216

. The increased formation of advanced glycation end products and their

cross-linking with myocardial collagen associated with diabetes was proposed as a mechanism to
account for this difference. This highlights the need to develop other therapies specifically targeting
LVH, independent of BP lowering, such as advanced glycation end product-protein breakers

5.4.2

5.4.2.1

282

.

Detection of left ventricular hypertrophy

ECG

The 12-lead ECG, the most commonly used tool for diagnosis of LVH in the community, performed
poorly in detecting LVH compared to echocardiography. The most widely used ECG criteria are the
Sokolow-Lyon voltage criteria. Using these criteria, the prevalence of LVH in this cohort would only
be 1%. The combination of both the Sokolow-Lyon and the Cornell voltage criteria only raised the
prevalence to 1.7%. Similarly in the Scottish study of diabetes clinic patients, in whom the
prevalence of echocardiographic LVH was 71%, the prevalence of ECG LVH using the LIFE criteria
was only 9.2%

167

. The poor performance of ECG in detecting LVH, using voltage-based criteria,

may result from the attenuation of electrocardiographic voltages at the skin surface by increased fat
mass in obese individuals

178

. In our study participants with a higher BMI were found to have a

higher prevalence of echocardiographic LVH (73% vs. 39%), yet lower mean Sokolow-Lyon
voltages (1.7mV vs. 1.9mV) and the same mean Cornell voltages (1.2mV).

5.4.2.2

NT-proBNP

Though NT-proBNP was far superior to ECG in detecting LVH it was inadequate for general use as
a screening tool for LVH in community patients with type 2 diabetes and no overt cardiovascular
disease. One possible explanation for the poor performance of NT-proBNP in detecting LVH in this
study relates to the low levels of NT-proBNP levels (median 6.0pmol/L) in comparison to diagnostic
cut-offs for heart failure

262

. This may relate to the both the obese nature of this cohort (mean BMI

31.9kg/m2) as well as the prevalence of metabolic risk factors. Metabolic risk factors have
previously been independently associated with lower natriuretic peptide levels

283

. Thus the release

of NT-proBNP promoted by LVH in our patients may well have been dampened by the
counterinfluence of obesity and metabolic risk factors. Recently data has suggested that a
combined approach using ECG and NT-proBNP can improve identification of LVH among patients
78

with hypertension presenting to emergency departments

278

. However, this study was from a small

number of patients (49) among whom 43% had LVH from the ECG and while promising these
results would need to be confirmed in a larger study and this approach has not been evaluated
among patients with diabetes.

The functional sensitivity, the lowest concentration that can be reliably measured with a betweenrun coefficient variation of 20%, of the NT-proBNP assay (<5.9pmol/L) employed in this study may
have significantly decreased the performance of NT-proBNP in detecting LVH. Approximately half of
this cohort had a NT-proBNP measurement below the functional sensitivity. The imprecise nature of
the assay at these low concentrations may conceal the true relationship between LVH and NTproBNP level in this cohort. The optimal statistical NT-proBNP cut-off for the detection of LVH
(4.4pmol/L using the maximum Youden index) is not clinically useful as it well below the functional
sensitivity of the available assay.

5.4.3

Future approaches

Given the poor performance of current ECG LVH criteria and NT-proBNP in detecting
echocardiographic LVH there is a need for the development of alternative methods for detecting this
prevalent complication, which is associated with an adverse prognosis. The main limitation of
current voltage-based ECG LVH criteria appears to be the attenuation of electrocardiographic
voltages at the skin surface by subcutaneous fat. Indexing voltages to measures of body
composition, such as body fat percentage, may help adjust for the attenuation of voltages by
increased body fat and increase the utility of current voltage criteria in obese individuals. At present
the Framingham-adjusted Cornell voltage criteria is the only available ECG LVH criteria adjusting
for a measure of body size by incorporating BMI

174

. Other voltage-independent ECG LVH, such as

QRS duration and QT interval, require further investigation this population.

Another possible tool for the detection of LVH in the community is hand-carried echocardiography
(HCE). This is a cheaper, user-friendly and more accessible alternative to standard transthoracic
echocardiography. A limited echocardiographic study using HCE may be a valuable screening tool
for not just LVH but also resting regional wall motion abnormalities, significant LV systolic and
diastolic dysfunction in a group of asymptomatic individuals at high risk of cardiovascular disease.
This would require further prospective evaluation.

5.4.4

Limitations

Systematic assessment for silent myocardial ischaemia was not assessed in this study and hence
its confounding influence is uncertain. Chronic stable coronary heart disease is known to be
associated with higher natriuretic peptide levels.

284

Though patients with known coronary heart

79

disease were excluded from our study we did not assess or exclude patients with silent myocardial
ischaemia. While silent myocardial ischaemia may have been a confounding factor we believe that
it has not significantly altered the overall results or conclusions of this study given the low NTproBNP levels observed.

The quality of ECG recordings is important for accurate detection of LVH. In this study all ECG
recordings were performed by staff that were trained and supervised by a registered technologist
and using a state-of-the-art machine. Furthermore, all measurements were performed by a single
observer according to protocol and quality reviewed by a cardiologist. Lastly, it is possible that the
failure to detect LVH was related to the over-estimation of LVH by echocardiography. This is
unlikely since the echoes were performed according to a strict protocol and reviewed and measured
by a trained echocardiologist, and the prevalence of LVH is similar to other published cohorts.

5.5 Conclusion
In conclusion, LVH was highly prevalent in asymptomatic patients with type 2 diabetes. ECG was
an inadequate test to identify LVH in these patients. NT-proBNP though superior to ECG remains
unsuitable as a screening tool to detect LVH in patients with type 2 diabetes. There remains a need
for a screening tool to detect LVH in patients with type 2 diabetes in primary care to enhance risk
stratification and management.
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CHAPTER 6

Impact of type 2 diabetes mellitus on cardiac structure and
function in asymptomatic New Zealand patients

81

6.1 Introduction
Type 2 diabetes mellitus (T2DM) is an increasingly important public health problem with significant
morbidity and mortality in New Zealand (NZ).
T2DM was estimated at 182 000.
of affected individuals.

70

285

55

In 2011, the number of people in NZ with diagnosed

This estimate is likely to represent only half the actual number

There is considerable ethnic variation in the prevalence of T2DM. The

proportion of affected Māori (5-10%) and Pacific peoples (4-8%) adults is double that of New
Zealand European (NZE) and Asians.

286,287

The complications of diabetes affect multiple organ

systems, particularly the cardiovascular and renal systems, account for the high morbidity, mortality
and economic cost of T2DM.
with T2DM.

288

Routine screening for complications is recommended in patients

58,289

Cardiovascular complications account for two-thirds of all deaths in patients with T2DM.

81,142

While

the most widely recognised and important of these complications is coronary heart disease
(CHD)

81,138-141

98

, T2DM is also associated with a specific cardiomyopathy . It is comprised of varying

degrees of left ventricular hypertrophy (LVH), left ventricular diastolic dysfunction (LVDD), left
ventricular systolic dysfunction (LVSD) and cardiac autonomic neuropathy.
local

289

121

International

65

and

clinical guidelines do not recommend routine screening for these cardiac complications,

despite their prognostic importance and potential therapeutic implications. For example, the finding
of LVSD would warrant commencement of an angiotensin-converting enzyme (ACE) inhibitor.

The clinical gold standard for identifying LVH, LVDD and LVSD is transthoracic echocardiography
(TTE).

85,290

This test is also able to detect resting regional wall motion abnormalities (RWMAs),

which are indicative of previous myocardial infarction (MI). Unfortunately, access to TTE is limited
with wide regional variation within NZ.

291

In this study we sought to examine the impact of T2DM on cardiac structure and function in a NZ
cohort of asymptomatic patients with T2DM without known cardiac disease. More specifically we
aimed to establish the prevalence of LVH, LVSD and LVDD. Our secondary aim was to assess the
influence of ethnicity on these outcomes in a unique design that recruited patients from a multiethnic
urban population and a small rural, predominantly Māori, population.

6.2 Methods
The present analysis is based on data collected for the Natriuretic Peptides in the Community
(NPC) II study, a prospective cross-sectional study that compared the utility of NT-proBNP with
electrocardiography (ECG) in the detection of LVH among patients with T2DM and no known
cardiac disease. The methods and main results have been reported in detail previously.
82
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The

Ministry of Health Ethics Committee approved the study, and all participants provided written
informed consent.

6.2.1

Inclusion and Exclusion Criteria

Participants on pharmacotherapy for T2DM or in whom the diagnosis of T2DM was made more than
5 years ago were included. Those with previously diagnosed or symptomatic cardiac disease
including coronary heart disease, heart failure, left ventricular hypertrophy, more than mild valvular
heart disease, and permanent atrial fibrillation were excluded. Other exclusion criteria were previous
stroke or transient ischaemic attack, established peripheral arterial disease, estimated glomerular
filtration rate (eGFR; based on the Modification of Diet in Renal Disease criteria) of less than
2

60mL/min per 1.73m or inability to provide informed consent. Participants were recruited using
these standardised selection criteria from the Auckland and Hokianga regions between 2006 and
2007. However, the recruitment processes were different.

6.2.2

Participant Recruitment

In Auckland, a previously developed general practitioner (GP) network

262

was used to facilitate

recruitment. The 51 participating GPs referred suitable participants to the study centre. Study
personnel contacted potential participants, provided details regarding the study and invited them to
a study visit at the University of Auckland (UOA).

The UOA entered into research collaboration with Hauora Hokianga (Hokianga Health), which
provides public health services under the governance of the Hokianga Health Enterprise Trust. A
local GP and diabetes nurse educator (DNE) provided local support and leadership. They facilitated
a culturally appropriate process of consultation with the local community and Hokianga Health
Enterprise Trust Board. A preliminary visit was undertaken by the UOA to discuss the study with
and obtain the approval of the local board and community. Two satellite clinics, located in Kohukohu
and Taheke, were identified as suitable sites for assessment of local participants. The DNE
identified potential participants using an electronic database of patients registered with Hauora
Hokianga (HH). The DNE visited each potential participant to discuss the study and obtain written
informed consent. The mobile study clinics were carried out in November 2006 (Kohukohu) and
May 2007 (Taheke). The UOA study team comprised a cardiologist, diabetologist, GP, cardiology
registrar, cardiac physiologist, echocardiographer, research nurse and 4 medical students. The HH
study team included a GP, DNE and several kaimanāki tangata (community health workers). The
kaimanāki tangata provided transport assistance for participants. This ensured a high attendance
rate. The Hokianga arm of this project was conducted using a Kaupapa Māori methodological
approach, including appropriate inclusion and observance of Māori tikanga throughout.
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6.2.3

Study Visit and Measures

Patient eligibility and written informed consent was confirmed at the commencement of each study
visit. Basic demographics and medical history were recorded. The mean of 3 seated blood pressure
(BP) measurements, taken 5 minutes apart, was obtained. Anthropometric data including, height,
body mass, waist circumference, hip circumference, and body composition were measured. Blood
was collected using standard venepuncture technique. The blood samples were analysed by
medical laboratories at large hospitals (LabPlus, Auckland City Hospital and Northland Pathology,
Whangarei Hospital). A single urinary albumin-to-creatinine ratio (UACR) measured within 12
months of the study visit was obtained from local community laboratories. If this was unavailable,
participants were directed to have this done at a local community laboratory.

6.2.4

Echocardiography

All participants had a resting transthoracic echocardiogram (Philips HDI 5000/iE33, Bothell, Seattle,
Washington) performed by a research-trained cardiac sonographer. Left ventricular mass (LVM)
was assessed from M-mode images in accordance with The American Society of Echocardiography
85

(ASE) Recommendations for Chamber Quantification . When M-mode images were unsuitable for
measurement, 2-dimensional images were used. The LVM index (LVMI) gender-specific cut-offs for
LVH used were: >45g/m

2.7

in women and >49g/m

2.7

in men.
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An experienced cardiologist

performed all echocardiographic measurements.

6.2.5

Statistical analysis

Normally distributed variables are presented as mean (standard deviation) and significantly skewed
variables as median (interquartile range). Multivariable logistic regression was used to investigate
the relationship between patient factors and LVH. Variables were selected for inclusion in the model
on the basis of biological plausibility. Analyses were performed using SAS 9.1 (SAS Institute Inc,
Cary, North Carolina, US) statistical software.

6.3 Results
A total of 464 potential participants were referred from their primary care provider as potentially
eligible for inclusion in the study. Sixty-seven of these were not contactable, ineligible or did not
attend a scheduled study visit; resulting in 397 study participants who attended the study visit. A
further 22 participants were excluded at this stage, leaving 375 participants who comprised the final
study population (Figure 6-1).
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The mean age of the participants was 57 (SD 11) years, 140 (37%) were NZE, 100 (27%) Māori, 69
(18%) Asian and 66 (18%) Pacific peoples, and 193 (51%) were female. A prior diagnosis of
hypertension was present for 230 (61%) and dyslipidaemia in 260 (69%) participants. Mean body
2

mass index (BMI) was 33 (SD 7) kg/m , seated BP 135/81 (SD 18/11) mmHg and HbA1c 7.6 (SD
1.7) %. The median urinary albumin-to-creatinine ratio (UACR) was 1.3 (IQR 0.5, 5.1) mg/mmol
(Table 6-1).

Echocardiographic examination demonstrated mean LVM 216 (SD 70) g and mean LVMI 53.7 (SD
2.7

16.2) g/m . Using the ASE reference ranges, 226 (60%) met criteria for LVH, including 26% with
severe LVH and 16% with moderate LVH. Regional wall motion abnormalities (RWMA) were found
in 8% and LVSD in 5%. Using the mitral filling pattern to classify participants, 88% had LVDD.
1"

Significantly this included 26% with moderate LVDD (pseudonormal filling) and 0.3% with severe
LVDD (restrictive filling) (Table 6-2).

Referred in Auckland
(n = 365)

Referred in Hokianga
(n = 99)

Uncontactable, ineligible, or did
not attend study visit
(n = 67)

Attended study visit
(n = 397)

Excluded
(n = 22)
No inclusion criteria (n = 11)
Permanent AF (n = 3)
Previous MI (n = 3)
Previous stroke (n = 3)
eGFR <60mL/min/1.73m2 (n = 1)
Known LVH (n = 1)

Included in study
(n = 375)

Figure 6-1 Participant flow
Abbreviations: AF atrial fibrillation, eGFR estimated glomerular filtration rate, MI myocardial infarction, LVH left
ventricular hypertrophy
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6.3.1

Ethnicity

There were important clinical, anthropometric and echocardiographic differences between the 4
ethnic groups (Table 6-1 and Table 6-2). In comparison to other ethnic groups, NZE participants
were significantly older (p < 0.05). There were also differences in the prevalence of diagnosed
hypertension (p < 0.001) and dyslipidaemia (p < 0.029). Asian participants had a lower mean
systolic BP than NZE and Māori participants (p < 0.05). The only difference in mean diastolic BP
was between NZE and Pacific peoples (p < 0.05). The mean HbA1c and median UACR in the Māori
and Pacific peoples groups was significantly higher than in the Asian and NZE groups (p < 0.05).

Similarly Māori and Pacific peoples had a higher mean BMI than Asian and Caucasian participants
(p < 0.05). This was driven by their significantly higher mean body weight (p < 0.05) and mean fat
mass (p < 0.05), in the absence of any difference in height between the ethnic groups (p = 0.059).
Asian participants had a lower mean fat free mass than other participants (p < 0.05).

Māori participants had the highest LVM (p < 0.05) and Asian participants the lowest (p < 0.05). This
2.7

finding was unaffected by indexation to height . There were also significant ethnic differences in
the prevalence of LVH (p < 0.001), RWMA (p = 0.008) and LVDD (p = 0.047). For example, Māori
participants had the highest prevalence of LVH (79%), RWMA (12%) and LVSD (8%). Conversely,
the prevalence of each of these findings was lowest in Asian participants. Left ventricular diastolic
dysfunction was most commonly found in Caucasian participants (93%). They also had the highest
occurrence of moderate or severe LVDD (30%). There was a significant difference (p < 0.001) in left
atrial diameter. Asian participants had the lowest LA diameter in comparison to the other 3 ethnic
groups (p < 0.05).

6.3.2

Urban versus Rural Dwelling Māori

A post-hoc comparison of rural and urban Māori was undertaken (Table 6-3). There were 29 urban
and 71 rural Māori participants in the study. Rural Māori participants had a higher diastolic BP (p =
0.018) and LA diameter (p = 0.041). Left ventricular diastolic dysfunction was more common in
urban Māori (p = 0.03). This was largely due to the higher prevalence of moderate LV diastolic
dysfunction in urban Māori. Other important observations included a trend towards higher UACR,
BMI, LVM, and LVMI in urban Māori. Likewise, rural Māori had an insignificantly higher systolic BP
and prevalence of LV systolic dysfunction.

86

1!

Table 6-1 Participant characteristics

!Abbreviations: BP blood pressure, IQR inter-quartile range, SD standard deviation, UACR urinary albumin-to creatinine ratio

Whole group
(n = 375)

Asian
(n = 69)

NZ European
(n = 140)

Māori
(n = 100)

Pacific
peoples
(n = 66)

p

193 (51%)

29 (42%)

68 (49%)

58 (58%)

38 (58%)

0.060

57 (11)

54 (9)

63 (10)

55 (11)

52 (10)

<0.001

History of hypertension, n

230 (61%)

30 (43%)

96 (69%)

72 (72%)

32 (48%)

<0.001

History of dyslipidaemia, n

260 (69%)

51 (74%)

105 (75%)

64 (64%)

40 (61%)

0.029

Systolic BP, mmHg (SD)

135 (18)

128 (17)

138 (18)

138 (19)

133 (16)

<0.001

Diastolic BP, mmHg (SD)

81 (11)

81 (11)

80 (11)

83 (11)

84 (12)

0.019

HbA1c, % (SD)

7.6 (1.7)

7.2 (1.2)

7.0 (1.3)

8.5 (1.9)

8.1 (1.8)

<0.001

1.3 (0.5, 5.1)

0.7 (0.4, 1.9)

0.9 (0.4, 2.7)

3.1 (0.9, 13.7)

2.3 (0.9, 6.9)

<0.001

33 (7)

27 (3)

31 (5)

36 (8)

36 (8)

<0.001

Height, m (SD)

1.67 (0.10)

1.65 (0.09)

1.68 (0.11)

1.67 (0.08)

1.67 (0.09)

0.059

Body weight, kg (SD)

91.0 (22.9)

72.8 10.4)

89.3 (18.8)

100.0 (25.0)

100.0 (25.0)

<0.001

Fat free mass, kg (SD)

56.5 (14.3)

47.4 (8.9)

56.8 (14.0)

59.6 (15.0)

60.9 (14.4)

<0.001

Fat mass, kg (SD)

34.4 (12.9)

25.5 (5.8)

32.5 (9.4)

40.4 (14.9)

38.9 (14.9)

<0.001

Fat mass, % (SD)

37 (8)

35 (7)

36 (8)

40 (8)

38 (8)

<0.001

Clinical Characteristics
Female, n
Age, years (SD)

Median UACR, mg/mmol (IQR)
Anthropometric Data
Body mass index, kg/m2 (SD)
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Table 6-2 Echocardiographic characteristics
Abbreviations: LV left ventricle, LVH left ventricular hypertrophy, RWMA regional wall motion abnormality, SD standard deviation.

Whole group
(n = 375)

Asian
(n = 69)

Caucasian
(n = 140)

Māori
(n = 100)

Pacific
peoples
(n = 66)

p

216 (70)

154 (37)

221 (66)

251 (73)

222 (59)

<0.001

LV mass index, g/m2.7 (SD)

53.7 (16.2)

40.2 (9.5)

53.7 (14.9)

62.6 (16.9)

55.7 (14.0)

<0.001

LVH, n

226 (60%)

16 (23%)

87 (62%)

79 (79%)

44 (67%)

<0.001

Mild, n

68 (18%)

11 (16%)

27 (19%)

19 (19%)

11 (17%)

Moderate, n

61 (16%)

3 (4%)

29 (20%)

18 (18%)

11 (17%)

Severe, n

97 (26%)

2 (3%)

31 (22%)

42 (42%)

22 (33%)

RWMA, n

28 (8%)

3 (4%)

11 (8%)

11 (12%)

3 (5%)

0.008

LV systolic dysfunction, n

18 (5%)

1 (1%)

7 (5%)

7 (8%)

3 (5%)

0.112

LV diastolic dysfunction, n

316 (88%)

54 (78%)

127 (93%)

80 (90%)

55 (87%)

0.047

Abnormal relaxation, n

222 (61%)

36 (52%)

86 (62%)

64 (70%)

36 (55%)

Pseudonormal filling, n

93 (26%)

18 (26%)

41 (30%)

15 (16%)

19 (29%)

Restrictive filling, n

1 (0.3%)

0 (0%)

0 (0%)

1 (1%)

0 (0%)

3.89 (0.60)

3.47 (0.50)

3.96 (0.58)

4.01 (0.61)

3.99 (0.52)

LV mass, g (SD)

Left atrial diameter, cm (SD)

1!

!

88

<0.001

Table 6-3 Comparison of urban and rural dwelling Māori
Abbreviations: BP blood pressure, IQR inter-quartile range, LV left ventricle, LVH left ventricular hypertrophy,
RWMA regional wall motion abnormality, SD standard deviation, UACR urinary albumin-to creatinine ratio.

Urban Māori
(n = 29)

Rural Māori
(n = 71)

p

16 (55%)

42 (59%)

0.714

56 (11)

55 (11)

0.853

History of hypertension, n

23 (79%)

49 (70%)

0.459

History of dyslipidaemia, n

18 (62%)

46 (68%)

0.596

Systolic BP, mmHg (SD)

135 (18)

140 (20)

0.247

Diastolic BP, mmHg (SD)

79 (11)

85 (11)

0.018

HbA1c, % (SD)

8.1 (1.5)

8.7 (2.0)

0.171

5.7 (1.9, 51.4)

1.9 (0.8, 10.7)

0.097

38 (8)

35 (8)

0.108

Height, m (SD)

1.68 (0.09)

1.67 (0.08)

0.515

Body weight, kg (SD)

106.9 (28.0)

97.2 (23.2)

0.078

Fat free mass, kg (SD)

64.0 (17.6)

57.7 (13.5)

0.057

Fat mass, kg (SD)

44.3 (15.7)

38.8 (14.3)

0.094

Fat mass, % (SD)

41 (8)

39 (8)

0.332

263 (64)

247 (76)

0.370

64.4 (13.9)

61.9 (18.1)

0.534

23 (79%)

56 (79%)

0.82

Mild, n

4 (14%)

15 (21%)

Moderate, n

6 (21%)

12 (17%)

Severe, n

13 (45%)

29 (41%)

RWMA, n

3 (11%)

8 (12%)

0.846

LV systolic dysfunction, n

1 (3%)

6 (10%)

0.43

LV diastolic dysfunction, n

29 (100%)

51 (84%)

0.03

Abnormal relaxation, n

19 (66%)

45 (74%)

Pseudonormal filling, n

10 (34%)

5 (8%)

0 (0%)

1 (2%)

2.58 (0.51)

2.90 (0.63)

Clinical Characteristics
Female, n
Age, years (SD)

Median UACR, mg/mmol (IQR)
Anthropometric Data
Body mass index, kg/m2 (SD)

Echocardiographic Data
LV mass, g (SD)
LV mass index, g/m2.7 (SD)
LVH, n

Restrictive filling, n
Left atrial diameter, cm (SD)

1!

!
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0.041

6.3.3

Multivariable associations of left ventricular mass

The most important predictor of LVM, using multivariable analysis, was fat free mass. In the model
2

age, systolic BP and albuminuria were also significant predictors of LVM (R = 0.42), but HbA1c,
diastolic BP and gender did not reach not statistical significance (Table 6-4).

Table 6-4 Multivariable associations of left ventricular mass
Abbreviations: BP blood pressure

F value

p

Fat free mass, kg

111.5

<0.001

Age, years

10.3

0.002

Systolic BP, mmHg

8.8

0.003

Albuminuria

8.7

0.004

HbA1c, %

1.7

0.200

Diastolic BP, mmHg

1.2

0.273

Gender

0.5

0.492

6.4 Discussion
This prospective cross-sectional study showed that abnormalities of cardiac structure and function
were common in asymptomatic New Zealanders with T2DM and no known cardiac disease.
Importantly 60% had LVH, 1 in 4 had at least moderate LVDD, 1 in 20 had LVSD, and 8% had
resting RWMAs.
This is the first report of the prevalence of these cardiac abnormalities among asymptomatic people
with T2DM in the community. These unique data also provide insights into the influence of ethnicity
in this NZ cohort. The success of this collaboration between the UOA and HH was based on
extensive consultation with local Māori, and meticulous preparation.

6.4.1

Clinical Characteristics

A history of hypertension and dyslipidaemia, important associated cardiovascular risk factors, were
common, affecting approximately two thirds of the participants. The mean clinic BP measurement in
this study (135/81 mmHg) was above the recommended target BP of 130/80 mmHg,

58

although was

lower than that observed in similar Australian community dwelling participants of the AusDiab.

292

Better BP control in this cohort ought to yield rich dividends. For example, consider the impact of
reducing the mean systolic BP in this cohort from 135 mmHg to 125 mmHg. According to data from
the United Kingdom Prospective Diabetes Study (UKPDS), over a period of 10 years, this should
90

lead to a 12% reduction in risk of any complication related to diabetes, a 15% reduction in diabetesrelated death, an 11% reduction in MI and a 13% reduction in microvascular complications.

293

Yet,

these estimations should be considered in the context of more recent data from the Action to
Control Cardiovascular Risk in Diabetes (ACCORD) Study, which showed no difference in
cardiovascular events between those treated to a target systolic BP of 120 mmHg or 140 mmHg.
58

Likewise short and long-term blood glucose control did not meet recommended targets.
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This was

most apparent among Māori and Pacific peoples: with mean HbA1c 8.5% among Māori participants
and 8.1% among Pacific peoples. Similarly, the median UACR, was 3.1 mg/mmol in Māori
participants and 2.3 mg/mmol in Pacific peoples. Applying the UKPDS findings, a 1% decrease in
HbA1c would result in a 21% reduction in complications related to diabetes, a 21% reduction in
diabetes-related death, a 14% reduction in MI, and 37% reduction in microvascular
complications.
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. As such, these participants are likely to gain long-term benefits from

intensification of both non-pharmacologic and pharmacologic therapy.

Management strategies to reduce cardiovascular risk in this cohort of people include intensive
lifestyle interventions in addition to appropriate pharmacologic treatment. The mean BMI was in the
2

2

obese range at 33 kg/m . Māori and Pacific peoples had a mean BMI of 36kg/m . In obese
individuals with T2DM, intensive lifestyle intervention can result in weight loss and an improvement
in both BP and glycaemic control.

6.4.2
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Left Ventricular Hypertrophy

The prevalence of LVH in this study was higher than expected on the basis of previous studies
outside of NZ. For example, in the population-based Casale Monferrato study, which included 965
participants with T2DM, ECG LVH was diagnosed in 17%.
LVH was higher (30%)
Heart Study.
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168

165

The prevalence of echocardiographic

in patients with T2DM from the American Indian community-based Strong

Other studies have included patients referred to specialist diabetes clinics who are

more likely to have advanced or resistant T2DM than those involved in the current study.

59,166,167,280

The reported prevalence of echocardiographic LVH varied markedly in these studies from
Australia

59,280

, Denmark

166

and Scotland

167

: ranging from 22%

59

to 72%.

280

The higher than expected prevalence of LVH in the present study may be accounted for by 3
possible explanations. These are inappropriate indexation of LVM, inappropriate LVMI reference
ranges for LVH, and potentially more advanced disease than anticipated.

Firstly, the method of LVM indexation affects the threshold for diagnosing LVH and thereby the
reported prevalence. It is well known that LVM correlates with body size

266,298

and therefore, LVM is

commonly divided by a measure of body size (indexation) to allow comparison of LVM amongst
91

individuals of different size. However, currently recommended indexation methods have inherent
limitations. For example, indexation to body surface area (BSA) results in underestimation of LVH in
obese individuals.

299

2.7

This issue has been addressed by indexation to height . The accurate

diagnosis of LVH in obese individuals is enhanced by this method.

300

Indexation of LVM to height

2.7

is widely recognised as the most accurate available method. It is for this reason that we chose to
2.7

index to height . This suggests that the prevalence of LVH obtained by studies indexing to height
may be more accurate

166,167

2.7

and may explain the lower incidence of LVH noted in two Australian

studies where the prevalence of LVH may have been underestimated by indexing to BSA.

59,280

2.7

Unfortunately, indexation of LVM to height , although helpful, is not a perfect solution, as
highlighted by a close examination of the anthropometric data by ethnic groups in our study. Māori
and Pacific peoples had the highest mean BMI while Asians had the lowest. This was driven by the
marked variation in weight rather than height. This difference in weight was accounted for by a
combination of higher fat mass and, notably, a higher fat free mass (FFM). We have previously
shown that the most important determinant of LVM is FFM.
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This suggests that the higher LVM

observed in obese individuals may be partly ‘physiologic’ compensation to perfuse a greater lean
body mass. In this study, indexation to height

2.7

does not adequately adjust for the higher FFM
2.7

observed in Māori and Pacific peoples. Therefore in the context of obesity, indexation to height
may overestimate the ‘true’ LVM resulting in a higher sensitivity but lower specificity for LVH. It
2.7

logically follows that indexation of LVM to FFM, rather than BSA or height , would be more
accurate across a range of body sizes. To date the widespread adoption of this indexation method
has been limited by the lack of agreed normal reference ranges and access to body composition
measurements.

Secondly, the prevalence of LVH in this study may be overestimated due to the use of normal
reference values that are not specific to the NZ population. Left ventricular (LV) geometry and LVM
are known to vary by ethnicity.

301

At present there are no normal reference ranges for LVMI specific

to the NZ population and thus the ASE cut-off values for LVH were used in this study. These are
based on unpublished data from 510 Caucasian, African American and American Indian adults from
the Strong Heart Study.

302,303

All participants in this analysis of the Strong Heart Study were

normotensive, non-diabetic, normal-weight, and did not have known cardiovascular disease.

Thirdly, our estimate of the prevalence of LVH may be accurate and reflect more advanced
hypertrophy in the context of hypertension, T2DM, and obesity. A past history of hypertension was
common (Auckland 60%, Hokianga 68%), the majority of participants were on a minimum of one
blood pressure lowering drug (Auckland 65%, Hokianga 72%) and yet overall BP control was
suboptimal. The mean sitting office BP (Auckland 134/81mmHg, Hokianga 140/84mmHg) was
above the recommended target (130/80mmHg).

65

Given the significant contribution of systolic BP to

LVM, hypertension may partially explain the high prevalence of LVH. Another potential contributor to
the development of LVH may be hyperglycaemia. In addition microalbuminuria, a reflection of
92

diabetes duration, glycaemic and BP control, was a significant predictor of LVM (p=0.004) in the
present study. It was a common finding despite the exclusion of individuals with an eGFR
2

<60mL/min/1.73m . The other important influence on the development of LVH, pertinent to this
study, was obesity. The link between obesity and LVH has been clearly highlighted in the past.

6.4.3

304-307

Left Ventricular Systolic and Diastolic Dysfunction

In this cohort of participants without known cardiovascular disease, 8% had a resting RWMA and
5% had LVSD. These findings have important diagnostic and therapeutic implications. For example,
asymptomatic patients with a RWMA may have important underlying coronary heart disease and
may require cardiac stress testing to identify inducible myocardial ischaemia. Patients with T2DM
and coronary artery disease are likely to benefit from an anti-platelet agent, angiotensin-converting
enzyme (ACE) inhibitor and statin therapy. Equally, patients with LVSD would benefit from ACE
inhibitors and β-blockers.

Left ventricular diastolic dysfunction was also a common finding in this study, being present in over
80% of participants. This prevalence is higher than expected from prior reports.

40-42,46

, where the

prevalence of LVDD ranged between 47% and 71%. This relationship between T2DM and LVDD
was seen in both Caucasians

218,219

and other ethnic groups

308-313

. Mild LVDD, implied by the finding

of an abnormal relaxation MFP, may be considered a part of the normal aging process (i.e.
physiological) in older individuals.

314

In contrast moderate LVDD, characterised by the

pseudonormal MFP, is abnormal in all age groups. In this study, there was a higher prevalence of
moderate LVDD (26%) than most other previous estimates in similar populations (7%
and 17%

219

308

, 11%

312

). The only exception was a small study of Caucasian men with T2DM, in which 28%

had moderate LVDD.

218

LVDD is commonly associated with LVH, which, as discussed above, had a

high prevalence in this study.

Interestingly, there appears to be a lower prevalence of moderate LVDD in some non-Caucasian
populations. For example, in a study of comparable Indian participants, only 11% had moderate
LVDD.

312

308

Amongst similar individuals in Nigeria, 7% had moderate LVDD and 6% severe LVDD.

We found moderate LVDD in 17% Māori and severe LVDD in a further 1%. This was surprising
given the higher rates of risk factors for LVDD amongst Māori. Māori had the highest rates of
obesity, hypertension, LVH and LVSD. There were no obvious clinical, anthropometric or
echocardiographic differences to account for this disparity.

6.4.4

Urban versus Rural Dwelling Māori

The relatively small number of urban Māori participants limited the interpretation of this post-hoc
analysis. The data suggest that urban Māori participants had a higher BMI, which may account for
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the trend towards higher LVMI and advanced LV diastolic dysfunction amongst these participants.
However, it may also reflect better access to care in the rural community, reflecting the close
relationships between health care workers and the population. In addition, in the Hokianga, access
to health care is “free”, while in the urban setting patients need to pay for GP care.

6.4.5

Limitations

Participants were not assessed for silent coronary artery disease. Silent myocardial ischaemia is
known to occur in approximately 1 in 5 individuals with T2DM.

147,148,150,152,153

Resting RWMAs were

observed in 8% of the participants, and cardiac stress imaging is likely to have demonstrated silent
myocardial ischaemia in a larger proportion of participants. Another limitation was the lack of a
control group such as age-matched participants without T2DM. As this was a cross-sectional study,
measurements, such as BP, represent a snapshot in time and do not reflect daily variation.
Similarly, variations in echocardiographic image acquisition and measurement have not been
accounted for.

6.5 Conclusion
In asymptomatic NZ patients with T2DM and without known cardiac disease, abnormalities of
cardiac structure and function were common. In particular, there was a high prevalence of LVH and
LVDD. The diagnosis of LVH was based on ASE cut-offs for LVMI. These reference ranges, derived
from predominantly Caucasian populations, may not be applicable to Asian, Māori and Pacific
peoples. This highlights the need for locally derived reference ranges for LVMI. Furthermore, the
prevalence of LVH was likely to have been overestimated using the currently favoured method of
2.7

indexing LVM to height . The preferable approach of indexation to fat free mass is also limited by
the lack of universally agreed reference ranges. Echocardiographic screening for LVH, LVDD and
LVSD, in asymptomatic individuals with T2DM, may be appropriate in view of their high prevalence,
and importance both for prognosis and as targets of intervention.
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CHAPTER 7

Left ventricular geometry in patients with type 2 diabetes in
the community
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7.1 Introduction
Type 2 diabetes mellitus (T2DM) is becoming increasingly prevalent globally.

57

It is associated with

significant morbidity and mortality, and places a major burden on both the affected individual and
society. In 2002, in the United States alone, it accounted for $132 billion in medical expenditure and
lost productivity.

67

The complications of T2DM are common, often irreversible and affect multiple

organ systems. They constitute the major cause of excess morbidity and mortality associated with
T2DM.

Cardiovascular complications accounts for two-thirds of all deaths in patients with T2DM.
Coronary heart disease is the most widely recognised of these.

81,138-141

also cause abnormalities in left ventricular (LV) structure and function.

81,142

Apart from this, T2DM can

315

For instance, a large

proportion of patients with T2DM without known cardiovascular disease have LV hypertrophy
(LVH).

168

Relative wall thickness (RWT), the relative septal and posterior wall thickness as a

proportion of the LV cavity size (Figure 7-1), allows categorisation of subjects with LVH into those
with eccentric and concentric hypertrophy subtypes (Figure 7-2). Concentric remodelling (CR)
describes another abnormality of LV geometry in which RWT is increased in the context of normal
LV mass (Figure 7-2). CR has been described in 4% to 12% of patients with hypertension
is associated LV diastolic dysfunction.
established

275,317

92,316

92,112

and

While the link between LVH and poor prognosis is well

, the prognostic significance of CR was only appreciated more recently. The

presence of CR is independently associated with a higher risk of cardiovascular events.
Importantly, both LVH and CR can be reversed with pharmacotherapy.
normal LV geometry is linked with an improvement in outcome.

64

61,112,119

A change from CR to

64

Prior data on the prevalence of abnormal LV geometry and the association with cardiac function and
prognosis is relatively limited and is mainly derived from patients with patients with hypertension.

There are few data on LV geometry among patients with T2DM. The aims of this analysis were to
assess LV geometry in patients with T2DM without cardiovascular disease, to evaluate LV diastolic
function in different LV geometric groups, and to identify factors associated with the development of
CR.

7.2 Methods

7.2.1

Study population and design

96

This is a post-hoc analysis based on data collected for the Natriuretic Peptides in the Community
(NPC) 2 study. This cross-sectional study compared the utility of NT-proBNP with a 12-lead
electrocardiogram (ECG) for the detection of LVH among patients with T2DM. The methods and
results have been reported in detail previously.
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Figure 7-1 Relative wall thickness
Abbreviations: LVIDd left ventricular internal dimension at end-diastole, PWTd posterior wall thickness at enddiastole, RWT relative wall thickness, SWTd interventricular septal wall thickness at end-diastole
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Figure 7-2 Algorithm for classification of left ventricular geometry
Abbreviations: LVH left ventricular hypertrophy
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In brief, patients with T2DM for more than 5 years or on pharmacotherapy for T2DM were included.
Those with known cardiac, cerebrovascular, peripheral arterial, or chronic kidney (Stage 3 or
greater) disease were excluded. Participants were recruited from primary care in Auckland, New
Zealand (NZ) between 2006 and 2007. Subject demographics and medical history were recorded.
The mean of 3 seated blood pressure (BP) measurements, taken 5 minutes apart, was obtained.
Anthropometric data including, height, body mass, waist circumference, hip circumference, and
body composition were measured. Blood was collected using standard venepuncture technique. A
medical laboratory, at a tertiary-level, university-affiliated hospital (LabPlus, Auckland City Hospital,
Auckland, NZ), analysed all blood samples. A single urinary albumin-to-creatinine ratio (UACR)
measured within 12 months of the study visit was obtained. The local ethics committees approved
the study and all participants provided written informed consent.

The main finding of the NPC 2 study was that NT-proBNP, though unsuitable for use as a screening
test, was superior to ECG for the detection of LVH.

261

The present sub-analysis focuses on the 274

participants in whom LV geometry and diastolic function could be assessed.

7.2.2

Electrocardiogram

All participants had a standard unfiltered 12-lead ECG (Philips Hewlett-Packard PageWriter 200
Cardiograph, Andover, Massachusetts). A single blinded analyst measured each ECG, using a 150
mm digital vernier calliper under a five-fold magnification. The Sokolow-Lyon (SV1 + RV5/6)
Cornell (women RaVL + SV3 + 0.8 mV; men RaVL + SV3)

172

171

and

voltages were calculated. The p

terminal force in V1 (PTFV1) was calculated by multiplying the terminal duration by the terminal
amplitude of the p wave in V1.

318

The intra-observer and inter-observer variability for measurement

of ECG voltages, measured in 30 randomly selected participants, was ≤0.01 mV.

7.2.3

Echocardiography

All participants had a resting transthoracic echocardiogram (Philips HDI 5000/iE33, Bothell, Seattle,
Washington) performed by a research-trained cardiac sonographer.

A blinded observer made triplicate offline measurements, according to standard methods, and the
mean was used in analyses. Firstly, LV internal dimension at end-diastole (LVIDd), LV internal
dimension at end-systole (LVIDs), interventricular septal wall thickness at end-diastole (SWTd),
posterior wall thickness at end-diastole (PWTd), and biplane left atrial planimetry, were measured
from two-dimensional and m-mode images. Secondly, pulsed wave Doppler measurements of mitral
valve early peak filling velocity (E), late peak filling velocity (A), and deceleration time (DT) of the
mitral E-wave were undertaken. For these measurements, the sample volume was placed between
the mitral leaflet tips and then recorded again during the Valsalva manoeuvre. Thirdly, tissue
98

Doppler measurements of early diastolic mitral annular velocity (e’), late diastolic mitral annular
velocity (a’), and peak systolic mitral annular velocity (s’) were made. Tissue Doppler imaging,
performed by placing a 5-mm sample volume on the medial and lateral aspects of the mitral valve
annulus, was optimized and recorded at 100 mm/s sweep speed. The mean of the lateral and
medial annular velocities were used in analyses. The following variables were calculated: LV mass,
fractional shortening (FS), RWT, E/A ratio, E/e’ ratio, and left atrial volume.

The American Society of Echocardiography (ASE)-recommended formula for estimation of LV mass
from LV linear dimensions was used.

85

When m-mode images were unsuitable for measurement,

LV linear dimensions were obtained from two-dimensional images. Left ventricular mass was
indexed to body surface area (BSA) and the ASE gender-specific LVMI cut-offs for LVH were used
2

2 85

(women >95g/m , men >115g/m ).

Equation 7-1 ASE-recommended formula for estimation of LVM from LV linear dimensions

85

Abbreviations: LVIDd LV internal dimension at end-diastole, LVM left ventricular mass, PWTd posterior wall thickness at end
3
diastole, SWTd septal wall thickness at end diastole, 1.04 g/cm specific gravity of myocardium
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Relative wall thickness was taken as the sum of the SWTd and PWTd divided by the LVIDd (Figure
7-1).

85

Historically, concentric LV geometry or abnormal RWT was commonly defined as a RWT

>0.45. However, current recommendations use a RWT of >0.42 to describe it.

85

Participants were

categorised into 4 LV geometric groups based on LVMI and RWT: normal LV geometry: normal
LVMI and normal RWT; concentric remodelling: normal LVMI and increased relative wall thickness;
eccentric LVH: increased LVMI and normal RWT; and concentric LVH: increased LVMI and
increased RWT (Figure 7-2).
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Diastolic function was graded by classifying each participant into one of the following mitral filling
patterns: normal: E/A ratio between 1.0 and 2.0 and DT between 140 ms and 230 ms; abnormal
relaxation (AR): E/A ratio <1.0 and DT >230 ms; pseudonormal (PN): E/A ratio between 1.0 and 2.0,
but E/A ratio <1.0 and DT >230 ms with the Valsalva manoeuvre; and restrictive (RFP): E/A ratio
>2.0 and DT <140 ms.

7.2.4

Carotid intima-media thickness

B-mode images of the carotid artery were obtained using a Micromaxx® portable ultrasound system
(Sonosite, Bothell, WA, US). Using these images, offline manual measurements of carotid intimamedia thickness (CIMT) were performed at the far wall of the right distal common carotid artery, as
per current ASE recommendations.

271
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7.2.5

Statistical analysis

Normally distributed variables are presented as mean (SD) and skewed variables as median (IQR).
The difference in patient factors or echocardiographic values between LV geometry groups was
assessed using analysis of variance or the Kruskal-Wallis test, as appropriate. Multivariable logistic
regression was used to investigate the relationship between patient factors and LV geometry.
Variables were selected for inclusion in the model on the basis of biological plausibility. They
included age, gender, heart rate (HR), systolic BP, fat free mass and UACR. Analyses were
performed using SAS 9.1 (SAS Institute Inc, Cary, North Carolina, US) statistical software.

7.3 Results
Of the 274 included participants, 50% were female, 43% were NZ European, and the mean age
was 57 years [standard deviation (SD) 11]. At the study visit, the mean body mass index (BMI) was
2

31.9 kg/m (SD 7.0) and the mean BP was 134/81 mmHg (SD 18/11). The mean HbA1c was 7.4%
(SD 1.5) and the median UACR was 1.2 mg/mmol [interquartile range (IQR) 0.4, 4.2]. Using
echocardiography, abnormal LV geometry was detected in 173 of the 274 included participants
(63%), including LVH in 130 (47%) (Figure 7-3). Of those with LVH, 70 had concentric LVH (54%)
and the remaining 60 had eccentric LVH (46%). Amongst the 144 participants with normal LV mass,
43 (30%) had CR and 101 (70%) had normal LV geometry (Table 7-1 and Table 7-2).

7.3.1

Clinical characteristics

There were significant differences in clinical characteristics according to LV geometry (Table 7-1).
Participants with eccentric LVH had the highest mean age [62 years (SD 11)]. They also had the
highest proportions of both female (65%) and NZ European (58%) participants. Conversely, those
with CR had the lowest proportions of females (33%) and NZ Europeans (28%). The lowest mean
age was observed in participants with normal LV geometry [54 years (SD 9)].

A history of hypertension (81%) and the use of antihypertensive medications (79%) were more
frequently documented in participants with concentric LVH and least in those with normal LV
geometry.

The highest mean systolic BP was recorded in those with concentric LVH [141 mmHg (SD 23)] and
the lowest in the normal group [129 mmHg (SD 14)]. There was no difference in mean diastolic BP
2

(p=0.179). Similarly, the highest mean body mass [96.3 kg (SD 26.2)], BMI [34.4 kg/m (SD 7.5)],
and FFM [59.2 kg (SD 17.1)] were also seen in participants with concentric LVH. Yet,
proportionately, they had the lowest mean FFM [61% (SD 7)]. In addition, the highest mean HbA1c
100

[7.8% (SD 1.8)] and median UACR [3.4 mg/mmol (IQR 1.3, 11.3)] were found in those with
concentric LVH and the lowest in the normal group.
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Figure 7-3 Relationship between left ventricular mass index and relative wall thickness
Abbreviations: LVH left ventricular hypertrophy, LVMI left ventricular mass index, RWT relative wall thickness

There was no difference in Sokolow-Lyon voltage across the 4 groups. Small differences in mean
Cornell voltage and mean PTFV1 were observed. For instance, the highest mean PTFV1 was
calculated in participants with concentric LVH (0.54 mVms) and the lowest in those with normal
geometry (0.38 mVms).

7.3.2

Left ventricular quantification

Participants with CR had the smallest LV cavity size [LVIDd 4.4 cm (SD 0.5), LVIDs 2.6 cm (SD
0.4)] and those with eccentric LVH the largest [LVIDd 5.5 cm (SD 0.4), LVIDs 3.3 cm (SD 0.5)].
Concentric LVH was associated with the highest mean SWTd [1.3 cm (SD 0.2)] and PWTd [1.2 cm
2

(SD 0.1)]. Both LV mass [260 g (SD 62)] and LVMI [127 g/m (SD 20)] were also highest in those
with concentric LVH (Figure 7-3) (Table 7-2).
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Table 7-1 Participants characteristics
Abbreviations: BP blood pressure, CIMT carotid intima media thickness, CR concentric remodelling, LVH left
ventricular hypertrophy, NZ New Zealand, PTFV1 p terminal force in lead V1, SD standard deviation, UACR
urinary albumin-to-creatinine ratio

1

Normal
(n = 101)

CR
(n = 43)

Eccentric
LVH
(n = 60)

Concentric
LVH
(n = 70)

p

42 (42%)

14 (33%)

39 (65%)

43 (61%)

<0.001

Age, years (SD)

54 (9)

55 (7)

62 (11)

59 (12)

<0.001

NZ European, n

43 (43%)

12 (28%)

35 (58%)

29 (41%)

<0.001

History of hypertension, n

47 (47%)

20 (47%)

43 (72%)

57 (81%)

<0.001

Antihypertensive drugs, n

53 (52%)

28 (65%)

44 (73%)

55 (79%)

0.002

Heart rate, min-1 (SD)

70 (10)

73 (10)

67 (12)

70 (12)

0.070

Systolic BP, mmHg (SD)

129 (14)

132 (14)

135 (15)

141 (23)

<0.001

Diastolic BP, mmHg (SD)

81 (10)

83 (11)

79 (10)

83 (14)

0.179

HbA1c, % (SD)

7.4 (1.3)

7.3 (1.4)

7.1 (1.3)

7.8 (1.8)

0.059

0.6 (0.4, 2.2)

0.8 (0.4, 2.6)

1.2 (0.5, 3.8)

3.4 (1.3, 11.3)

<0.001

Body mass index, kg/m2 (SD)

30.1 (5.6)

30.8 (8.5)

32.9 (6.5)

34.4 (7.5)

<0.001

Body mass, kg (SD)

86.2 (20.6)

86.2 (22.9)

89.6 (18.3)

96.3 (26.2)

0.020

Fat free mass, kg (SD)

56.3 (14.4)

54.6 (12.8)

54.1 (11.4)

59.2 (17.1)

0.190

Fat free mass, % (SD)

65 (7)

64 (7)

61 (9)

61 (7)

<0.001

0.59 (0.12)

0.59 (0.11)

0.63 (0.13)

0.68 (0.15)

<0.001

Sokolow-Lyon voltage, mV (SD)

19 (6)

18 (5)

19 (6)

18 (6)

0.380

Cornell voltage, mV (SD)

11 (4)

12 (6)

13 (5)

13 (5)

0.007

PTFV1 amplitude, mV (SD)

0.33 (0.33)

0.44 (0.41)

0.45 (0.31)

0.44 (0.33)

0.067

PTFV1 duration, ms (SD)

0.62 (0.60)

0.59 (0.53)

0.84 (0.64)

0.83 (0.61)

0.027

PTFV1, mVms (SD)

0.38 (0.38)

0.45 (0.43)

0.53 (0.44)

0.54 (0.43)

0.036

Parameter
Female, n

Median UACR, mg/mmol (IQR)

CIMT, mm (SD)

7.3.3

Left ventricular diastolic function

Left ventricular diastolic dysfunction, or the presence of a mitral filling pattern other than normal,
was common in this cohort (88%) (Table 7-2). The lowest prevalence was in those with normal LV
geometry (82%) and the highest in those with concentric LVH (97%). None of the participants had a
restrictive mitral filling pattern, which signifies severe LV diastolic dysfunction. Moderate LV diastolic
dysfunction, recognised by the presence of a pseudonormal mitral filling pattern, was most
frequently detected in those with eccentric LVH (41%) and normal LV geometry (36%). The
prevalence of moderate LV diastolic dysfunction was similar in participants with CR (21%) and
concentric LVH (23%). Only those with normal LV geometry had a mean E/A ratio greater than 1.
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Table 7-2 Echocardiographic characteristics
Abbreviations: CLVH concentric left ventricular hypertrophy, CR concentric remodelling, DT deceleration time,
ELVH eccentric left ventricular hypertrophy, FS fractional shortening, LA left atrial, LV left ventricle, LVDD left
ventricular diastolic dysfunction, LVIDd left ventricular internal dimension at end-diastole, LVIDs left ventricular
internal dimension at end-systole, LVMI left ventricular mass index, LVSD left ventricular systolic dysfunction,
1 PWT posterior wall thickness, RWMA regional wall motion abnormalities, RWT relative wall thickness, SD
standard deviation, SWT interventricular septal wall thickness

Normal
(n = 101)

CR
(n = 43)

ELVH
(n = 60)

CLVH
(n = 70)

p

LVIDd, cm (SD)

5.1 (0.5)

4.4 (0.5)

5.5 (0.4)

5.0 (0.5)

<0.001

LVIDs, cm (SD)

3.1 (0.4)

2.6 (0.4)

3.3 (0.5)

3.0 (0.5)

<0.001

SWT, cm (SD)

0.9 (0.1)

1.1 (0.2)

1.1 (0.2)

1.3 (0.2)

<0.001

PWT, cm (SD)

0.9 (0.1)

1.1 (0.1)

1.0 (0.1)

1.2 (0.1)

<0.001

FS, % (SD)

39 (6)

40 (6)

40 (6)

41 (6)

0.096

RWT, (SD)

0.36 (0.04)

0.49 (0.05)

0.38 (0.03)

0.49 (0.06)

<0.001

LV mass, g (SD)

169 (43)

172 (42)

236 (45)

260 (62)

<0.001

LVMI, g/m2 (SD)

85 (15)

87 (14)

120 (16)

127 (20)

<0.001

RWMA, n

7 (7%)

1 (2%)

5 (8%)

4 (6%)

LVSD, n

2 (2%)

1 (2%)

4 (7%)

5 (7%)

LVDD, n

82 (82%)

37 (86%)

56 (95%)

67 (97%)

0.006

E, m/s (SD)

69 (14)

67 (15)

67 (13)

67 (16)

0.728

A, m/s (SD)

68 (17)

71 (14)

75 (15)

78 (19)

0.004

1.06 (0.31)

0.97 (0.26)

0.94 (0.28)

0.89 (0.24)

0.001

DT, ms (SD)

216 (48)

228 (57)

231 (63)

253 (71)

0.003

e’, cm/s (SD)

8.6 (2.0)

8.2 (1.9)

7.4 (1.9)

7.4 (2.0)

<0.001

a’, cm/s (SD)

7.6 (1.2)

7.8 (1.6)

7.0 (1.4)

7.2 (1.3)

0.009

s’, cm/s (SD)

10.1 (1.9)

10.3 (1.8)

9.6 (2.2)

9.6 (1.8)

0.140

E/e’, (SD)

8.4 (2.5)

8.5 (2.3)

9.7 (2.7)

9.5 (3.1)

0.009

Normal filling, n

18 (18%)

6 (14%)

3 (5%)

2 (3%)

Abnormal relaxation, n

46 (46%)

28 (65%)

32 (54%)

51 (74%)

Pseudonormal filling, n

36 (36%)

9 (21%)

24 (41%)

16 (23%)

63 (24)

61 (21)

79 (19)

80 (22)

Parameter

E/A, (SD)

LA volume, mL (SD)

<0.001

The lowest mean E/A ratio was found in participants with concentric LVH [0.89 (SD 0.24)]. The
shortest mean DT, observed in those with normal LV geometry, was 216 ms (SD 48). In all groups,
the mean E/e’ was in the indeterminate range (8-15) for determination of LV filling pressure. Those
with eccentric [9.7 (SD 2.7)] and concentric LVH [9.5 (SD 3.1)] had a higher mean E/e’ than those
with either normal LV geometry [8.4 (SD 2.5)] or CR [8.5 (SD 2.3)]. Similarly, the LA volumes were
greatest in those eccentric [79 mL (SD 19)] and concentric [80 mL (SD 22)] LVH. The LA volumes
were the same in participants with normal LV geometry [63 mL (SD 24)] and CR [61 mL (SD 21)].
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Figure 7-4 Left ventricular diastolic function across left ventricular geometric groups
Abbreviations: CR concentric remodelling, LA left atrium, LVH left ventricular hypertrophy

7.3.4

Left ventricular systolic function

Resting regional wall motion abnormalities (6%) and LV systolic dysfunction (4%) were detected in
a small number of participants (Table 7-2). They were most common in eccentric LVH group. There
were no differences in objective measures of systolic function, such as FS or s’, amongst the
groups.

7.3.5

Multivariable associations of concentric remodelling
2

2

In a logistic regression model, gender (χ 5.92, p=0.015), HR (χ 4.68, p=0.031) and UACR (χ

2

4.12, p=0.043) were independently associated with CR (Table 7-3). The other variables in the
2

2

model included, FFM percentage (χ 1.22, p=0.270), age (χ 0.43, p=0.513) and systolic BP (χ
<0.01, p=0.956).

Table 7-3 Multivariable associations of concentric remodelling
Abbreviations: BP blood pressure, HR heart rate, UACR urinary albumin-to-creatinine ratio

Parameter
Gender
-1
HR, min
UACR, mg/mmol
Fat free mass, %
Age, years
Systolic BP, mmHg

2

Χ
5.92
4.68
4.12
1.22
0.43
<0.01

p
0.015
0.031
0.043
0.270
0.513
0.956
104
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7.4 Discussion
In this cohort of subjects with T2DM without known CV disease, abnormal LV geometry was
common, affecting approximately two-thirds of all participants, the majority of whom had LVH. This
is the first report using the contemporary guidelines for definition of LV geometry among subjects
with T2DM. The incorporation of this cut-off for RWT in the assessment of LV geometry led to the
categorisation of 30% of individuals who had normal LV mass, into the concentric remodelling
group. Concentric remodelling was independently associated with male gender, a higher HR, and
albuminuria. In addition, LV diastolic dysfunction was highly prevalent in all groups and was found in
almost all of those with LVH. Markers of clinically important diastolic dysfunction, such as increased
LA volume and E/e’, were more common in participants with LVH. The differences in ECG
characteristics between the 4 groups were too small to be useful in practice.

7.4.1

Abnormal left ventricular geometry

The American College of Cardiology (ACC) and American Heart Association (AHA) heart failure
(HF) guidelines recognise individuals with T2DM without structural heart disease or symptoms of HF
as Stage A HF. The aim of this classification is to recognise their increased risk of progressing to
symptomatic HF (Stage C and D). Stage B HF is defined by the presence of structural heart disease
in the absence of current or prior symptoms of HF. This definition of structural heart disease, as
used in the guidelines, includes LV remodelling which encompasses all forms of abnormal LV
geometry. The NPC 2 study deliberately only included participants without known cardiovascular
disease i.e. Stage A HF. The finding of abnormal LV geometry in these individuals defines abnormal
cardiac structure, and therefore signifies reclassification to Stage B HF and a higher risk of
progression to Stage C/D HF. This analysis, suggests that 63% of patients with Stage A HF due to
T2DM would be reclassified as Stage B HF. In other words, the number of echocardiograms needed
to reclassify 1 patient is 1.6. This is a very high yield of abnormalities and lends weight to the
argument in favour of screening all patients with T2DM with a transthoracic echocardiogram. A
number of other factors also support targeted screening for Stage B HF, amongst this subset of
those with Stage A HF. These include the ability to treat the underlying disease, the acceptability of
the test and the treatment, the public health importance of this condition, and the feasibility of
continuous case finding.

The results of this study demonstrate that abnormal LV geometry can occur in individuals with
T2DM even in the absence of hypertension. For instance, there was no history of hypertension in 1
in 5 of those with LVH and half of those with CR. These results are consistent with previous studies,
which demonstrated LVH in normotensive adults with T2DM.
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320-322

Amongst patients with

uncomplicated hypertension, the relationship between T2DM and concentric geometry was
independent of ambulatory BP.

60

Interestingly, in that study, T2DM was a determinant of RWT but

not LVH. Additionally, in a population-based study, participants with CR had the highest 2-hour
plasma glucose levels on oral glucose tolerance testing as well as the lowest insulin sensitivity
index.
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Microvascular dysfunction, a recognised complication of T2DM, was proposed as the
98

underlying cause for the development of abnormal LV geometry.

It sets in motion a cascade

involving microvascular ischaemia, myocyte necrosis, and replacement fibrosis, which finally results
in compensatory hypertrophy of the remaining myocytes. While this accounts for CR and concentric
LVH, it does not explain the development of eccentric LVH in nearly half of all those with LVH.
Traditionally, eccentric LVH was believed to occur in patients with volume overload or as a result of
post-MI remodelling. To date, there is no evidence to support either of these as potential
mechanisms in asymptomatic patients with T2DM without known cardiovascular disease.

The prevalence of abnormal LV geometry is likely to be higher than that found in this analysis.
Indexation of LV mass to BSA, as used in this analysis, results in underestimation of LVH in obese
individuals.

324

As such, in this obese cohort, patients with eccentric and concentric LVH are likely to

have been misclassified as normal LV geometry and CR remodelling respectively. The widely
2.7

accepted and currently recommended alternative, indexation to height , also has limitations and
may overestimate LVH in obese individuals.

268

Ideally, LV mass should be indexed to FFM, but

there is no established reference range for this method.

268

There were two justifications for indexing

LV mass to BSA in this analysis. Firstly, the current recommendations for chamber quantification
85

use LV mass indexed to BSA for determination of LV geometry.

Secondly, most comparable data

relating to LV geometry, accumulated since 1992, was based on LV mass indexed to
BSA.

61,112,319,325

Concentric LV geometry appears to be associated with non-NZ European ethnicity. In this cohort,
NZ Europeans were over-represented in those with eccentric LVH (58%) compared to those with
concentric LVH (41%). Similarly, while 43% of the whole cohort was NZ European, they only
accounted for 28% of participants with CR. A number of previous studies demonstrated an
independent relationship between ethnicity and LV geometry.

326-328

European and non-European

ethnicities, such as Asian Indians and Africans, respond differently to stimuli such as hypertension
and diabetes. Non-European ethnicities are more likely to develop concentric geometry with
increased LV wall thickness, smaller cavity dimensions, and increased RWT. The reasons for these
differences are unknown and have not been explained by body size and standard cardiovascular
risk factors.

7.4.2
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Concentric left ventricular hypertrophy
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In comparison to eccentric LVH, the presence of concentric LVH was associated with markers of
advanced disease. For instance, participants with concentric LVH had the highest office BP, HbA1c,
UACR, and CIMT. It is acknowledged that a single measurement of BP or HbA1c represents a
snapshot in time rather than long-term control. Abnormal UACR and CIMT are indicators of
nephropathy and atherosclerosis respectively. They are, therefore, accessible markers of end organ
damage due to inadequate long-term control of hypertension and T2DM. In particular, the difference
in albuminuria is striking. There was a 3-fold difference in median UACR between participants with
concentric and eccentric LVH. A study of Italian patients with hypertension and T2DM,
demonstrated a similar link between concentric LVH and albuminuria.
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Concentric LVH is linked

with higher LV mass than eccentric LVH. This is consistent with results of previous studies.
Participants with concentric LVH are at the highest risk of future cardiovascular events.
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Part of

this risk may be attributable to higher LV mass. Regardless, these patients require meticulous
management of their cardiovascular risk factors.

7.4.3

Eccentric left ventricular hypertrophy

Mild LV dilatation was observed in participants with eccentric LVH. Even in the absence of incident
MI, the presence of LV dilatation is associated with the development of HF.

331-333

Only 8% of those

with eccentric LVH had RWMAs. This was no different to those with normal LV geometry. The
prevalence of LV systolic dysfunction in the eccentric LVH group, which was equivalent to that of
the concentric LVH group, was similarly low (7%). There was also no difference between these two
groups with regard to other measures of LV systolic function such as FS and s’. In this study, silent
myocardial ischaemia was not investigated. It has previously been associated with LV
dilatation,
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and may, therefore, be an underlying subclinical cause for eccentric LVH in this

cohort.

7.4.4

Concentric remodelling

An important finding of this study is the high prevalence of CR amongst asymptomatic participants
with T2DM without known cardiac disease. Over 1 in 6 of all participants and 30% of those with
normal LV mass had CR. A similar prevalence of CR was seen in patients with hypertension, in a
number of previous studies.

60,61,112,119,336

In contrast, there is very limited data from studies

specifically recruiting patients with T2DM. A study in Nigeria, using a RWT cut point of 0.45,
observed CR in 13% of 122 participants with T2DM. The diagnosis of CR, based on
echocardiographic assessment of LV mass and RWT, is often overlooked in clinical practice due to
the underuse of RWT. This is a missed opportunity for early detection of structural heart disease in
a high-risk group.
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In this analysis, gender, HR, and UACR were associated with CR. A higher HR has consistently
been observed in patients with CR. This may be an adaptive response to maintain cardiac output
despite reduced stroke volume resulting from decreased LV cavity size. An alternate explanation is
that patients with CR have a higher HR due to increased sympathetic activity.
Sundström et al
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based this notion on previous animal data suggesting catecholamine levels, even

in the absence of hypertension, were linked with abnormal LV geometry.

337,338

In this current post-hoc analysis, the logistic regression model was limited by the small size of the
CR group (n=43). It is possible that other factors, which could not be tested in this small sample,
play an important role in the development of CR.

7.4.5

Left ventricular geometry and diastolic function

In this cohort, LV diastolic dysfunction was very common in all groups with an overall prevalence of
88%. Importantly, a third had pseudonormal filling or moderate LV diastolic dysfunction. These
findings are consistent with existing data and further highlight the relationship between T2DM and
diastolic dysfunction.

Interestingly, clinically important LV diastolic dysfunction, characterised by LA enlargement and
increased E/e’, was present in those with LVH but not CR. Enlargement of the LA, an important
predictor of cardiovascular events, is a “barometer of diastolic burden” and signifies chronic
elevation of LV filling pressure.
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In this analysis, those with LVH had a mean LA volume of

approximately 80mL, which is above the ASE thresholds for ‘severely abnormal’ (women ≥73 mL,
men ≥79 mL). There was no difference in LA volumes between those with eccentric and concentric
LVH. The mean E/e’ ratio, an established correlate of LV filling pressure, was higher in those with
LVH. An E/e’ ratio of less than 8 is predictive of normal LV filling pressure and greater than 15 of
elevated LV filling pressure. In this study, it was in the indeterminate range for estimation of LV
filling pressure (8-15) in all groups. There was no difference in mean E/e’ ratio between those with
eccentric (9.7) and concentric (9.5) LVH. In contrast there was no difference in LA volume or E/e’
between the CR and normal LV geometry groups. This absence of clinically important LV diastolic
dysfunction is surprising given previous data linking it with CR.
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Another unexpected finding was the high prevalence of pseudonormal filling in those with normal
RWT (37%), in relation to those with concentric LV geometry (22%). This is best illustrated by a
comparison of those with normal LV geometry and concentric LVH. Pseudonormal filling was found
in 36% of the normal LV geometry group and only 23% of the concentric LVH group. Yet, the mean
LA volume and E/e’ in the normal LV geometry group were low relative to those with concentric
LVH. Two possible explanations for this finding were considered. The first is misclassification of
mitral filling pattern due to incorrect differentiation of normal and pseudonormal filling by Valsalva
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manoeuvre. However, there was no identifiable reason for isolated systematic misclassification in
those with normal RWT. The second option is the presence of a real difference in pseudonormal
filling that relates to RWT.

7.4.6

Future directions

There are a number of questions that remain unanswered. For instance, the natural history of
abnormal LV geometry in patients with T2DM is poorly characterised, with most prior research
undertaken in patients with hypertension. Longitudinal studies involving follow-up cardiac imaging,
at various time intervals, are warranted. Similarly, the reversibility of abnormal LV geometry in
patients with T2DM is yet to be established. If it is possible, the prognostic impact of such reversal
also needs to be evaluated.

A diverse range of potential therapies exists to prevent progression from uncomplicated T2DM to
the development of structural heart disease. Initially, intensive control of cardiovascular risk
including, hypertension and hyperglycaemia, needs to be tested. Other potential therapies include
existing pharmacotherapies, which promote favourable LV remodelling (e.g. ACE inhibitors and
angiotensin receptor blockers) or inhibit fibrotic change (e.g. aldosterone antagonists). Finally, renal
denervation is a promising therapy for reducing sympathetic activity and promoting regression of LV
geometric abnormalities.

7.4.7

Limitations

It was stated earlier that this is a post-hoc analysis. As such, any conclusions derived are
hypothesis generating and require further prospective testing. This analysis, based on data from the
NPC 2 study, was not powered for specific subgroup analyses conducted above. As a result,
unappreciated type II errors may have occurred. There is also potential for confounding due to the
concomitant use of pharmacotherapy, such as ACE inhibitors and angiotensin receptor blockers,
which are known to affect LV geometry. However, to exclude such individuals on such therapies
would be artificial and would not reflect a ‘real world’ population. Lastly, there was no control group
to compare participants with T2DM with.

7.5 Conclusions
This is the first analysis of LV geometry, based on contemporary guidelines, in patients with T2DM
and no known cardiovascular disease. The main findings are the high prevalence of LV geometric
abnormalities and LV diastolic dysfunction among individuals with T2DM without known
cardiovascular disease. In particular, 47% had LVH and 16% had CR. The proportions of
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participants with eccentric (22%) and concentric (26%) LVH were similar. Those with concentric
LVH had the most advanced disease on the basis of the highest BMI, BP, HbA1c, UACR, CIMT
LVMI, and LA volume. There is a need for further research to better understand the development,
reversibility and prognostic importance of LV geometric abnormalities in patients with T2DM. The
number of echocardiograms needed to detect previously undetected structural heart disease in
patients with T2DM was just 1.6. This suggests that echocardiography, a useful tool for
determination of LV mass and assessment of LV geometry, may have a role in screening for
structural heart disease in patients with T2DM.
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CHAPTER 8

Summary of Part A

111

The main objectives for Part A were to measure the prevalence of previously undetected structural
heart disease in patients with T2DM, identify factors associated with the development of disease,
and compare 2 potential screening modalities.

These were achieved in the Natriuretic Peptides in the Community (NPC) 2 study: a prospective,
cross-sectional study compared the utility of NT-proBNP with a 12-lead ECG for the detection of
LVH among patients with T2DM. Participants with T2DM for more than 5 years or on
pharmacotherapy for T2DM were included. The main exclusion criteria were known cardiovascular,
cerebrovascular, peripheral arterial, and chronic kidney (≥ stage 3) disease. In total, 375
participants were recruited from an urban (Auckland) and a rural (Hokianga) centre in NZ between
2006 and 2007. The standardised study visit included recording of medical history, physical
examination, 12-lead ECG, standard and hand-carried transthoracic echocardiography, carotid
intima-media thickness measurement, and blood collection. The results of analyses based on this
study were presented in Chapters 5 to 7. A summary of findings, clinical implications, and future
directions are provided in Table 8-1.

8.1 Chapter 5

8.1.1

Summary of findings

This chapter described the main result of the NPC 2 study, which relates to whether NT-proBNP
was superior to ECG for detection of LVH. In those with T2DM and no previously known
cardiovascular disease (Stage A HF), LVH was common (56%). In recognition of the increased risk
associated with this finding, these individuals are reclassified as Stage B HF. A standard 12-lead
ECG only detected echocardiographic LVH in 2%. The poor performance of ECG in this population
was attributed to attenuation of surface voltages by excess subcutaneous fat. In contrast, using an
optimal cut-off of 4.4 pmol/L, NT-proBNP detected 68% of those with LVH. It is, however, unsuitable
for use as a screening tool due to its low specificity (58%). The independent determinants of LVH
were age, gender, BMI and a history of hypertension.

8.1.2

Clinical implications

Individuals with T2DM are at increased risk for cardiovascular events. This risk is further augmented
with the development of LVH. The presence of LVH is an important independent predictor of poor
outcome. This study clearly demonstrates that it is often undetected in patients with T2DM in the
community. Regression of LVH is linked with an improvement in prognosis. Such reductions in LV
mass are possible with currently available pharmacotherapy. This suggests that early detection and
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treatment of LVH, in patients with T2DM, may improve cardiovascular outcomes. Transthoracic
echocardiography is a reliable tool for detecting LVH in this patient group.

8.1.3

Future directions

Echocardiography, though more accessible than cardiac MRI, remains relatively inaccessible in the
community. As both ECG and NT-proBNP are inadequate screening tests for LVH, there is a need
for a more suitable tool. There are a number of candidate tools, which need to be studied further.
Firstly, current voltage-based ECG criteria may be improved by inverse adjustment for fat
composition. The second possible tool is hand-carried echocardiography, a user-friendly, portable,
cardiac imaging modality. General practitioners with minimal echocardiography training could
potentially undertake screening in the community. Thirdly, the value of other biomarkers for the
detection of LVH requires further investigation. Examples of promising biomarkers include matrix
metalloproteinases and tissue inhibitors of metalloproteinases. Most importantly, future studies
should assess the impact of screening for structural heart disease, in this patient group, on
outcome.

8.2 Chapter 6

8.2.1

Summary of findings

Amongst those with T2DM, undetected abnormalities of cardiac structure and function are common.
In this analysis, combining rural and urban participants, LVH was found in 60%, LV diastolic
dysfunction in 88%, and LV systolic dysfunction in 5%. The detection of each of these abnormalities
is sufficient to upgrade those with Stage A HF to Stage B HF. The high prevalence of
echocardiographic LVH could be accounted for by a high burden of disease (‘true positives’) or the
presence of ‘false positives’. False positives can occur if participants are incorrectly classified as
having LVH. This may be due to over diagnosis of LVH, in obese individuals, by indexing LV mass
2.7

to height . An alternate explanation relates to the use of reference ranges, derived from Caucasian
individuals, to define normal LV mass. These reference data may not be applicable to non-NZ
European participants, such as Asian, Māori and Pacific peoples. Fat free mass, age, systolic BP,
and albuminuria were all important independent predictors of LV mass.

8.2.2

Clinical implications

The early detection of structural heart disease, particularly LVH and LV diastolic dysfunction in this
study, may be clinically useful in asymptomatic patients with T2DM. These abnormalities are
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associated with poor outcome and are potentially reversible. In obese individuals, current methods
2.7

of indexing LV mass to measures of body size, including BSA and height , should be used with
caution. Ideally, LV mass should be indexed to fat free mass, which is a major independent
determinant of LV mass. It is important to appreciate the limitations of using contemporary
reference ranges. They may not be applicable to the diverse ethnic groups, which compose the NZ
population.

8.2.3

Future directions

There is physiologic variation in cardiac measurements, made using echocardiography, according
to body size and ethnicity. As such, there is a need for reference ranges derived from samples
reflective of the population they are being applied to. In addition, universally agreed reference
ranges for LV mass indexed to fat free mass are required. Such data should be acquired from an
adequately representative sample. In this patient group, there is limited data on the long-term
reversibility of LV diastolic dysfunction. This, along with the natural history of LV diastolic
dysfunction, should be examined. Lastly, there is a need for longitudinal studies, enrolling patients
with T2DM, which evaluate the effect of screening for structural heart disease on outcome.

8.3 Chapter 7

8.3.1

Summary of findings

This is the first analysis of LV geometry, based on the contemporary recommendations for defining
LV geometry, in patients with T2DM without known cardiovascular disease. Abnormal LV geometry,
defined as concentric remodelling, eccentric LVH, and concentric LVH, was detected in two-thirds of
those with T2DM without known structural heart disease. This included concentric remodelling in
16%, eccentric LVH in 22%, and concentric LVH in 26%. The presence of concentric LVH was
linked with indicators of advanced disease, such as the highest office BP, HbA1c, UACR, and CIMT.
Clinically important diastolic dysfunction, signified by increased LA volume and E/e’ ratio, was
related to eccentric and concentric LVH, but not to concentric remodelling. Concentric remodelling
was independently associated with male gender, increased heart rate, and albuminuria.

8.3.2

Clinical implications

In this cohort, the number of echocardiograms needed to detect a single previously unappreciated
abnormality of LV geometry, in patients with T2DM was just 1.6. The high yield of assessment with
echocardiography, in this asymptomatic population, suggests it may be a useful screening tool. In
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clinical practice, calculation and use of relative wall thickness is often omitted. This analysis
supports the routine incorporation of relative wall thickness to the echocardiographic assessment of
LV mass. Such a practice allows the recognition of individuals at increased cardiovascular risk,
including those with concentric remodelling and concentric LVH. Patients with concentric LVH are at
the highest risk. As a result, they stand to benefit the most from early identification and meticulous
risk factor management.

8.3.3

Future directions

While this analysis established the high prevalence of abnormal LV geometry, the natural history of
this finding in patients with T2DM requires further characterisation in longitudinal studies. The
reversibility of abnormal LV geometry was proven in patients with hypertension. Similar studies,
recruiting patients with T2DM, are required to establish reversibility in this group. A number of novel
therapeutic possibilities for abnormal LV geometry should be considered in the future. Finally, the
prognostic impact of reversing abnormal LV geometry also needs to be carefully evaluated.

8.4 Limitations
There are a number of potential limitations relating to the NPC 2 study, which may have affected the
analyses in Part A. Firstly, there was no control group, composed of age-matched participants
without T2DM, to compare the prevalence of structural heart disease. Secondly, silent myocardial
ischaemia was not systematically assessed and hence its confounding influence could not be
examined. Thirdly, study measurements were obtained on a single occasion. They provided a
snapshot in time and did not necessarily reflect daily variation. Fourthly, the NPC 2 study was not
powered for the specific subgroup analyses conducted. As a result, unappreciated type II errors
may have occurred. Lastly, potential variations in echocardiographic image acquisition and
measurement were not accounted for. Such deviations were minimised by the use of a study
protocol.
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Table 8-1. Summary of Part A
Abbreviations: BMI body mass index, BP blood pressure, CIMT carotid intima-media thickness, ECG electrocardiogram, LV left ventricular, LVH left ventricular hypertrophy,
NZ New Zealand, T2DM type 2 diabetes mellitus, UACR urinary albumin-to-creatinine ratio

Part A: Prevalence and Early Detection of Structural Heart Disease in Patients at Risk of Heart Failure

Impact of T2DM on cardiac structure and function
in asymptomatic NZ patients (Chapter 6)

Left ventricular geometry in patients with T2DM in
the community (Chapter 7)

Summary of
findings

• LVH was highly prevalent (56%) in participants with
T2DM and no known cardiovascular disease.
• Age, gender, BMI and a history of hypertension were
important determinants of LVH.
• Only 2% of echocardiographic LVH was detected using
ECG.
• NT-proBNP was superior to ECG for detection of LVH.
• The low sensitivity (68%) and specificity (58%) of NTproBNP, at the optimal cut-off (4.4 pmol/L), limits its utility
as a screening tool.

• Previously undetected LVH, LV systolic dysfunction, and
LV diastolic dysfunction are common in those with T2DM.
• The high prevalence of LVH may either reflect the true
burden of disease or the presence of ‘false positives’.
• In obese individuals, the prevalence of LVH may be
overestimated by indexing LV mass to height2.7.
• Reference ranges for LV mass are derived from
Caucasian individuals and may not be generalisable to
Asian, Māori and Pacific peoples.
• Fat free mass, age, systolic BP, and albuminuria were
important independent predictors of LV mass.

• Abnormal LV geometry was detected in 2 out 3 of those
with T2DM and without known structural heart disease.
• Concentric remodelling was present in 16%, eccentric
LVH in 22%, and concentric LVH in 26%.
• Concentric LVH was associated with markers of
advanced disease (highest BP, HbA1c, UACR, and CIMT).
• Clinically important diastolic dysfunction was related to
both types of LVH but not concentric remodelling.
• Male gender, increased heart rate, and albuminuria were
independently associated with concentric remodelling.

• The presence of LVH, an important predictor of poor
outcome, is often undetected in patients with T2DM.
• Prior data show that regression of LVH, using currently
available therapy, is associated with an improvement in
outcome.
• In combination, this suggests that early detection and
treatment of LVH, in patients with T2DM, may improve
cardiovascular outcomes.

• The finding of previously undetected structural heart
disease, including LVH and diastolic dysfunction, may be
clinically important in asymptomatic patients with T2DM.
• In obese patients, indexation of LV mass to fat free mass
2.7
may be more appropriate than to either BSA or height .
• Current reference ranges may not be applicable to
patients of non-NZ European ethnicities.

• The number of echocardiograms needed to detect 1
previously unappreciated abnormality of LV geometry, in
patients with T2DM was just 1.6.
• Incorporation of relative wall thickness to the
echocardiographic assessment of LV mass allows
recognition of individuals at increased cardiovascular risk.
• Those with concentric LVH are at highest risk and require
early identification and meticulous management.
• Echocardiography may have a role in screening for
structural heart disease in patients with T2DM.

• There is a need for a suitable screening tool for LVH.
• Improvement of ECG criteria, by adjusting for body
composition may increase its sensitivity in this population.
• Hand-carried echocardiography, a user-friendly, portable,
cardiac imaging tool, may be useful for screening.
• The value of other biomarkers for the detection of LVH,
such matrix metalloproteinases and tissue inhibitors of
metalloproteinases, warrant further investigation.
• Future studies should assess the impact of screening for
LVH on outcome.

• Given the physiologic variation in cardiac measurements
with ethnicity and body size, there is a need for reference
ranges derived from samples reflective of the population
they are being applied to.
• There is a need for specific universally agreed reference
ranges for LV mass indexed to fat free mass.
• The reversibility of LV diastolic dysfunction in patients
with T2DM requires assessment.
• Future studies should evaluate the prognostic value of
screening for LVH and LV diastolic dysfunction.

• The natural history of abnormal LV geometry in those with
T2DM requires characterisation in longitudinal studies.
• The reversibility of abnormal LV geometry relating to
T2DM needs to be established.
• Novel therapeutic targets for regressing LV geometric
abnormalities should be considered.
• The prognostic impact of reversing abnormal LV
geometry also needs to be evaluated.

Future directions

Screening for LVH in patients with T2DM in the
community (Chapter 5)

Clinical
implications

Part A is based on data collected for the Natriuretic Peptides in the Community (NPC) 2 study. This prospective cross-sectional study compared the utility of NTproBNP with a 12-lead ECG for the detection of LVH among patients with T2DM. Participants with T2DM for more than 5 years or on pharmacotherapy for T2DM were
included. Those with known cardiac, cerebrovascular, peripheral arterial, or chronic kidney disease were excluded. A total of 375 participants were recruited from an
urban and rural centre in NZ between 2006 and 2007.
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Part B
Tertiary Prevention in Stages C and D
Heart Failure
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CHAPTER 9

Introduction
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9.1 Background
The importance of echocardiography in patients with heart failure (HF) is well recognised.

340,341

It is

1

regarded in contemporary clinical guidelines as the single most useful test in patients with HF and
its role has evolved from diagnosis to guiding HF therapy. Echocardiographic parameters, such as
LVEF, are used to decide on patient suitability for specific medications, implantable cardioverterdefibrillators, and cardiac resynchronisation therapy. They are also used to predict outcome in
patients with established HF. The excess morbidity and mortality associated with HF and the
importance of prognostication and prevention are considered in this chapter. This is followed by a
comprehensive review of echocardiographic measures of LV systolic and diastolic function and their
prognostic value, which is presented in Chapters 10 and 11.

9.2 Heart failure hospitalisation
Heart failure hospitalisations are the primary measure of morbidity in patients with HF. They are
defined as a hospitalisation in which HF was the principal or first documented diagnosis.

9.2.1

Incidence

It is widely known that HF is one of the commonest causes for hospitalisation in people over the age
of 65 years.
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According to data from the National Hospital Discharge Survey (NHDS), there were

approximately 1 million HF hospitalisations in 2010.

24

This represented a rate of 33 hospitalisations

per 10000 individuals. In comparison to 2000, there was no change in the overall number or rate of
HF hospitalisations. In addition, in 2009 alone, HF accounted for 3 million physician office visits,
668000 emergency department visits, and 293 000 outpatient department visits.

10

In contrast to

these data, a study of hospitalised Medicare beneficiaries in the US, demonstrated a decline in HF
hospitalisation rates between 1998 and 2007.
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This was supported by similar observations in
2

Europe, where rates of HF hospitalisation decreased by 30-50% over the past few years. The
343

seasonal variation in HF hospitalisations was appreciated more than a decade ago.

There is a

clear and consistent annual peak in HF hospitalisations and deaths during the winter months.

After the initial diagnosis of HF, multiple hospitalisations are common.
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For instance, in a five-year

period, 43% of patients with HF were hospitalised at least 4 times. The presence of co-morbidities,
such as diabetes chronic obstructive pulmonary disease, anaemia and chronic kidney disease,
independently predicted future hospitalisation. While 1 in 6 were HF hospitalisations, approximately
a half was for non-cardiovascular causes.
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9.2.2

Length of stay

Hospitalisations for management of HF are associated with a long length of stay (LOS), varying
between 5 to 10 days.

345-348
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Some data suggest that LOS is decreasing.

cost of increased rates of 30-day readmission.
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Yet, this has come at the

Not surprisingly, an analysis of 70 094 patients

with HF discharged from 246 hospitals demonstrated that disease severity and the presence of comorbidities were the biggest contributors to LOS.

349

Other factors included day of admission,

regional variation, and size of hospital.

9.2.3

Cost

The total economic cost of HF is estimated at between 1-2% of the total health budget.
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The

majority of this is likely to be accounted for by HF hospitalisations. According to a recent study of 23
216 hospitalisations for HF, the average cost per hospitalisation was $23 077.
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This was higher

when HF was a secondary ($25 325) rather than the primary ($17 654) diagnosis (p<0.001). The
352

cost of an individual’s admission for HF is predictable.
mirror those of LOS.

9.2.4

The determinants of cost, as expected,

352,353

Prognostic implications

Apart from the increased cost associated HF hospitalisation, it is also a harbinger of poor prognosis.
Patients with one or more HF hospitalisations are more likely to die than those who have never
been hospitalised for HF. For example, amongst participant of the Digitalis Investigation Group trial,
a HF hospitalisation was associated with a hazard ratio for death of 2.49 (95% CI 1.97-3.13) during
a median follow-up of 16 months.
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Similar results were also seen in smaller studies.
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A detailed examination of data from Candesartan in Heart Failure: Assessment of Reduction in
Mortality and Morbidity (CHARM) trial, shows mortality after a HF hospitalisation is highest in the
first month.
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There is 6-fold increase in mortality during this time. While this risk decreases with

time, patients with a HF hospitalisation continue to have double the odds of death at 2 years after
the index hospitalisation. Predictably, there is a clear relationship between LOS and risk of death. In
comparison with patients who had a short hospitalisation (1-7 days), those with a long
hospitalisation (≥22 days) had double the risk. The excess mortality associated with a HF
hospitalisation is largely accounted for by an increase in death due to progressive HF. Likewise a
higher number of HF hospitalisations was linked to higher mortality.
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9.3 Mortality
In addition to increased morbidity, HF is associated with very high mortality rates – HF is more
malignant than most types of cancer.

44,357

It is still associated with a markedly increased risk of
21,23,358,359

death despite a decline in the mortality rate over the past few decades.

This trend is

2

attributed to major advances in the management of HF in that time. For instance, the 5-year
mortality in the 1950s was 70% in men and 57%.

21

Forty years later this had dropped to 59% in

men and 45% in women. Remarkably, the mortality rate for men in the 1990s was still higher than it
was for women in the 1950s. Overall, there was a significant improvement in the survival rate of
12% per decade (men p=0.01; women p=0.02).

21

Similarly, the risk-adjusted 1-year mortality rates

after a HF hospitalisation declined from 31.7% in 1999 to 29.6% in 2008.

25

In addition, these

mortality rates are likely to underestimate the true number of deaths. Systematic inaccuracies in the
completion of cause-of-death certification are thought to under-report HF as a cause of death.

360

In

the Netherlands, where the prevalence of HF is 0.8%, the mean age of onset is 77.7 years and the
mean time from diagnosis to death is 4.6 years.
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This corresponds to a total of 6.9 life years lost.

Several factors consistently predict mortality in HF. These include, gender, age, NYHA functional
361-364

class, LVEF, HF aetiology and diabetes.

9.4 Prognostication
The assessment of prognosis is a key task in the management of patients with HF. While these
patients have a high morbidity and mortality, they are a heterogeneous group with varying individual
clinical progression. Prognostication involves the use of available patient information to predict their
disease trajectory. This challenging task demands, on an individual patient basis, identification of
recognised risk factors and translation of available data from research studies to estimate their
future morbidity and mortality. This helps to inform managing clinicians, patients, and their families
about what to expect. From a clinician’s perspective, it also guides clinical planning and decisionmaking. Similarly, healthcare funders require such information, on a population basis, to plan
healthcare delivery.

Arguably, the most important reason for meticulous assessment of prognosis is the identification of
high-risk individuals who may benefit from tertiary prevention strategies.

9.5 Tertiary prevention
The goal of tertiary prevention is to minimise the consequences of established disease. In patients
with HF, this is based on the institution of proven pharmacological and non-pharmacological
therapies. For example, recognised pharmacological therapies include, ACE inhibitors
121

259,365,366

,

beta-blockers

367-369

, and aldosterone antagonists

370

. Likewise, the main non-pharmacological

therapies, for use in selected patients with HF, are cardiac resynchronisation therapy
implantable cardioverter-defibrillator therapy

373
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and

.

While these therapies have sound evidence supporting their use, their uptake has been variable.
This was clearly demonstrated by data gathered from the Get With The Guidelines® program in the
US.
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Two examples of this were the underutilisation of aldosterone antagonists

therapy

376

375

and ICD

in patients with a valid indication for their use.

More concerning is the paradoxical finding of an inverse relationship between the institution of
evidence-based therapy and patient risk of adverse outcomes. The use of evidence-based therapy
is lower in those at high risk of mortality.
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This disparity is partially accounted for by the presence

of contraindications to therapy. However, the existence of a treatment gap is indisputable.
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Patients with the highest risk of mortality and morbidity stand to gain the most from therapy.
Therefore, any initiative to increase the uptake of evidence-based therapy amongst patients with HF
should initially focus on this patient group.

The first step in such a process is the identification of those at highest risk. This involves recognition
of markers of poor prognosis and collating them to develop an individualised risk profile. Tools, such
as the Seattle Heart Failure Model
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, can be used to predict 1-, 2-, 3-year survival. These are often

based on standard risk factors alone and are not faultless. The second step, after high-risk
individuals are identified, is to check the use of evidence-based therapy at two levels. Firstly,
medical professionals are required to prescribe the medication and then titrate the dose to an
appropriate level. Secondly, patients need to be compliant with the prescribed therapy.

Apart from pharmacotherapy and device therapy, high-risk patients also benefit from
multidisciplinary strategies.
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These include, multidisciplinary HF clinic, specialist non-clinic

multidisciplinary team follow-up, telephone follow-up, early attendance with primary care physician
attendance, and enhanced patient self-care activities. These intensive approaches reduce HF
hospitalisations and mortality.
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Furthermore, study of risk factors may allow the identification of

novel therapeutic targets as well as subgroups, which may benefit from specific therapies.

9.6 Rationale
With advancements in the field of cardiac imaging, echocardiographic measurements are now used
to aid with prognostic assessment.

379

In particular, assessment of LV function is the commonest

indication for transthoracic echocardiography in contemporary clinical practice.

122
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Of these measurements, LVEF is the most understood and widely utilised in patients with HF. A
closer look at mortality rates, according to LVEF, reveal an improvement in mortality amongst those
with reduced LVEF but not preserved LVEF.

23

These findings led to the conclusion that mortality is

similar in patients with HF-REF and HF-PEF. The lack of evidence-based therapy for patients with
HF-PEF was believed to drive this parity.

23

These assertions are in contrast to previous data, which
380-383

consistently upheld the prognostic significance of LVEF.

As such, the relationship between

mortality and LVEF in patients with HF is examined in greater detail in Chapter 13.

The focus of echocardiographic assessment of LV function, in patients with HF, is systolic function
(Chapter 9). In comparison, evaluation of diastolic function or the ability of the LV to relax after
systole is often neglected (Chapter 10). With advances in Doppler echocardiography, it is possible
to accurately quantify blood and tissue movement. In turn, this has enabled the study LV diastolic
function. The contribution of diastolic function to the clinical syndrome of HF is increasingly
recognised. Similarly, there is mixed evidence supporting the prognostic value of echocardiographic
measures of LV diastolic function in patients with HF.

232,384,385

The prognostic value of these

parameters is studied, more definitively, in Chapters 14 and 15.

9.7 Objectives for Part B
1. To review the published literature on echocardiographic assessment of LV function and its
prognostic value, in patients with established HF.

2. To examine the influence of LVEF on outcome in patients with HF.

3. To assess the predictive value of echocardiographic markers of moderate and severe LV
diastolic dysfunction on all-cause mortality and HF morbidity, in patients with Stage B and C
HF.

Table 9-1. Summary of Chapters and Objectives
Abbreviations: HF heart failure

Chapter
Chapter 10
Chapter 11

Objectives
To review the published literature on echocardiographic assessment of LV
function and its prognostic value, in patients with established HF.

Chapter 13

To examine the influence of LVEF on outcome in patients with HF.

Chapter 14

To assess the predictive value of echocardiographic markers of moderate
and severe LV diastolic dysfunction on all-cause mortality and HF
morbidity, in patients with Stage B and C HF.

Chapter 15
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CHAPTER 10

Echocardiographic assessment of left ventricular systolic
function and its prognostic value in patients with heart failure

124

10.1 Introduction
Despite major therapeutic advances, the diagnosis of heart failure (HF) is still associated with poor
quality of life, high morbidity and mortality.
54

variety of cardiovascular diseases.

357,386-393

It represents the final common pathway of a

Patients with HF are a heterogenous group with differing

underlying aetiology, variable abnormalities of cardiac structure and function, and variable
prognosis. While challenging, determining prognosis is an important central task for the
management of patients with HF. It allows clinicians to counsel patients about treatment choices
and end-of-life decisions. Likewise, it can aid medical administrators in planning appropriate
resource allocation. Predicting a patient’s disease progression is an imperfect science and while a
number of predictors of outcome have been identified these factors vary with time. Correspondingly,
the prognosis of an individual with HF may also change over time. Practically, this means that
prognostication is not a one-off task, rather a recurring one. As a result, tests used to predict
outcome should be reproducible, easily accessible, and readily interpretable. Currently available
prognosticators are based on clinical parameters, biomarkers, and cardiac imaging.

Transthoracic echocardiography (TTE) is the most commonly used imaging modality for assessing
cardiac structure and function in patients with HF.

394

investigation in all patients suspected of having HF.

It is the only recommended cardiac imaging

395

This is due to its accessibility, safety, and

relatively low cost. These characteristics make it ideal for use as both a diagnostic and prognostic
tool. Standard TTE allows measurement of cardiac chamber size and function, valve anatomy and
function, estimation of left ventricular end-diastolic pressure and pulmonary artery systolic pressure.
Of these, the most valued in clinical practice is left ventricular (LV) function. Not surprisingly,
evaluation of LV function is the most common primary referral indication for TTE.

291

This, the first article in a series of two, will review contemporary echocardiographic assessment of
LV systolic function in patients with HF. The focus of the second article will be LV diastolic function.

Left ventricular systolic function has been the focus of HF diagnosis and management for the last
half a century. Heart failure was historically seen as a problem caused by pump dysfunction. This
was reflected in one of the earliest definitions of HF. In 1933, Sir Thomas Lewis, a distinguished
British cardiologist, defined HF as “a condition in which the heart fails to discharge its contents
adequately.”

396

The later development of echocardiography, which initially measured LV systolic

rather than diastolic function, propagated this view. Today, there exists an abundance of
echocardiographic modalities to measure LV systolic function. These include, m-mode, 2D, 3D,
tissue Doppler and strain echocardiography.

125

10.2 Fractional Shortening
Fractional shortening (FS), a very basic m-mode measurement, quantifies the change in LV internal
diameter between end-diastole and end-systole. It is calculated by dividing the difference between
LV end-diastolic diameter (LVIDd) and LV end-systolic diameter (LVIDs) by LVIDd and is expressed
as a percentage. The LVIDd and the LVIDs are measured in a satisfactory m-mode trace. This can
be obtained by placing the m-mode cursor at the level of the mitral valve tips in the parasternal long
axis view. The use of linear measurements, such as LVIDd and LVIDs, has a number of
advantages. These include their ease and speed of acquisition, high reproducibility, and low intraand inter-observer variability. Conversely, their utility is limited in the context of regional wall motion
abnormalities, which are often observed in patients with previous myocardial infarction.

The prognostic value of FS in patients with HF has been demonstrated in a number of early
studies.

397-402

In a study of 84 patients with established HF in the early 1980s, FS was an

independent predictor of mortality.

397

A similar study in the latter half of that decade, separated 91

participants with HF into 2 groups based on FS (>17% and ≤17%).

398

The median survival in

participants with a normal FS (26 months) was markedly better than those with decreased FS (11
months, p=0.01).

LVIDd!

398

LVIDs!

Figure 10-1 M-mode echocardiogram of the left ventricle
Abbreviations: LVIDd left ventricular end-diastolic diameter, LVIDs left ventricular end-systolic diameter

This relationship between FS and outcome in patients with HF appears to be independent of the
severity of symptoms. For example, amongst patients with New York Heart Association (NYHA)
126

class IV symptoms that were not on an angiotensin-converting enzyme (ACE) inhibitor, a FS >14%
was associated with a significantly better prognosis at 2-year follow-up.

399

Likewise in those

deemed to have mild to moderate HF, the most important independent predictors of mortality at 34month follow-up were FS and 6-minute walk test performance.

402

Fractional shortening has also been shown to be of prognostic value in other patient groups. For
example, a FS ≤24% was a significant predictor of mortality in male patients surviving a MI.

403

In

patients with hypertension, LVH and a preserved LVEF, who were enrolled in the LIFE study, a
higher FS was associated with a lower incidence of MI and HF.

404

Similarly, amongst participants of

the Cardiovascular Health Study, a population-based longitudinal study, FS was an independent
predictor of incident HF.

405

10.3 Ejection Fraction
Left ventricular ejection fraction (LVEF), measured by 2D echocardiographic images, is a simple,
and well-understood measure of LV systolic function, and as a result the most widely used
measure. While LVEF provides an assessment of LV systolic function and not diastolic function,
more subtle abnormalities of LV systolic function may occur in the context of apparent preserved
LVEF. LVEF has limitations, being a load-dependent measure, and interpretation may be difficult in
individuals with significant mitral regurgitation. Despite these limitations, LVEF has been used for
decades in assessment of patients with HF and has been utilized as an inclusion criterion in a many
HF trials. This has resulted in LVEF becoming the cornerstone of clinical decision-making in
patients with HF. For example, it is used to select patients for cardiac resynchronization therapy
(CRT) and implantable cardioverter defibrillator (ICD)-therapy.

More recently, the existence of the clinical syndrome of HF, despite a normal or mildly reduced
LVEF, was appreciated. This has led to the characterization of HF into HF with reduced LVEF (HFREF) and HF with preserved LVEF (HF-PEF).

395

The diagnosis of HF-REF requires: symptoms of

HF (such as dyspnoea and/or exertional fatigue), physical examination findings consistent with HF,
and evidence of reduced LVEF. The same conditions of symptoms and signs of HF need to be
satisfied for the diagnosis of HF-PEF. Other requirements include, normal LV size, normal or mildly
reduced LVEF, contributing underlying structural heart disease and/or LV diastolic dysfunction.

2

Relevant structural heart disease includes LV hypertrophy and left atrial enlargement.

LVEF is the volumetric proportion of blood pumped out of the LV in a single cardiac cycle. In other
words, it is stroke volume (SV) divided by LV end-diastolic volume (LVEDV). Stroke volume is the
difference between the LVEDV and LV end-systolic volume (LVESV). The calculation of LVEF is
reliant on accurate LV volume measurements. In turn, this requires precise identification of the LV

127

endocardial-cavity interface in both systole and diastole, inclusion of the LV apex, and imaging
planes that are on-axis and not foreshortened.

There are a number of available methods for calculating LV volume. The American Society of
Echocardiography (ASE) and the European Association of Echocardiography (EAE) have issued a
joint recommendation for volume measurements.

85

They suggest the biplane method of disks or

modified Simpson’s rule as the method of choice. This method is based on the division of the LV
into a stack of 20 elliptical disks along its long axis. Left ventricular volume is the summation of the
volumes of the 20 disks. Disk volume can be calculated using disk height and area. Disk height is
1/20 of the total LV length. The LV length, from the midpoint of the mitral annulus to the apex, is
measured in both the apical 2- and 4-chamber views. The greater of these 2 measurements is
used. The area of each disk is calculated using 2 separate LV diameter measurements made in the
apical 2- and 4-chamber views. When only one apical view is available, assuming each disk to be
circular rather than elliptical, allows the use this method. This allows the use of a single LV diameter
measurement to calculate the area of each disc.

When the LV apical endocardial definition is inadequate for measurement, the area-length or “bullet”
formula is recommended for LV volume calculation. This method assumes that the LV is bulletshaped. The parasternal short-axis view is used to determine the mid-LV cross-sectional area using
planimetry. Left ventricular length is obtained from the apical 4-chamber view, as for the biplane
method of disks. Finally, LV volume is calculated by multiplying area by length by 5/6.

In the past, linear LV measurements from m-mode were converted to 3D volumes to calculate
LVEF. These techniques, such as the Teichholz and Quinones methods, are no longer
recommended due to inaccuracies relating to requisite geometric assumptions. In the absence, of
suitable images for quantitative assessment of LV systolic function, visual estimation may be used.
Understandably, this subjective appraisal is contingent on interpreter experience. It has been shown
to be accurate

406,407

smaller practices

408

and of prognostic value

407

in expert hands but more variable and inconsistent in

.

Real-time 3D echocardiography is increasingly used for assessment of LV volumes and EF. The
benefits of this modality are two-fold. Firstly, it provides greater accuracy by eliminating the need for
the geometric assumptions discussed above.

409

Secondly, it ensures capture of the ‘true’ LV apex.

However, compared to the gold standard of cardiac magnetic resonance imaging, it consistently
underestimates LV volume.

410

The prognostic value of LVEF in patients with HF was contentious. Patients with HF-REF had a
worse outcome in a number of prospective
number of more recent registry-based

415

380-382,411

and retrospective

and epidemiological studies

412-414

23,416

studies. Conversely, a

reported similar outcomes

for patients with HF-PEF compared with HF-REF. The value of some studies in determining the
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prognostic value of LVEF in patients with HF has been limited by important potential biases,
including lack of enrolment of consecutive patients and the absence of a LVEF assessment in all
patients.

10.4 Peak systolic mitral annular or myocardial velocity
Tissue Doppler imaging (TDI) uses pulsed-wave Doppler to assess the velocity of myocardial
motion. Doppler echocardiography relies on the detection of the frequency shift of ultrasound
signals reflected from moving objects. While conventional Doppler imaging assesses low-amplitude,
high frequency signals from rapidly moving red blood cells, TDI measures relatively high-amplitude,
low-velocity myocardial tissue motion signals.

Longitudinal shortening of the LV is known to contribute significantly to LV systolic function.

417

As

the LV apex is stationary, long-axis function can be determined by measuring mitral annular or
atrioventricular plane displacement (AVPD). This can be measured using m-mode and is related to
both measures of LV systolic and diastolic function.
418

AVPD correlates with FS

and LVEF

419

418

For example, the systolic component of

. These m-mode measurements are time consuming and

have been superseded by TDI. The peak systolic mitral annular (Sa or S’) or basal ventricular
myocardial (Sm) velocity, measured by TDI, correlates with LVEF and is able to predict normal
global LV function.

420

Peak systolic velocity provides a very sensitive measurement of LV systolic function. It can detect
subtle abnormalities of systolic function, which are not appreciable with global measures such as
LVEF. For instance, the presence of any systolic impairment in patients with HF-PEF was only
recognized by the discovery of lower S’ in these patients compared to normal subjects.
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421,422

s’

s’

a’
e’

Figure 10-2 Mitral annular tissue Doppler imaging
Abbreviations: a’ peak late diastolic mitral annular velocity, e’ peak early diastolic mitral annular velocity, s’
peak systolic mitral annular velocity.

This index of LV systolic function is a useful prognostic marker in patients with heart failure.
426,411,427

422-

Several prior, small studies have examined the relationship between S’ and outcome in

patients with HF-REF.

411,425,426,428

Mean S’ was the strongest independent echocardiographic

predictor of death or cardiac transplantation in 185 patients (HR 0.648 (95% CI 0.460, 0.912;
p=0.013)].

425

In another observational study, 378 patients with HF were categorized into 2 groups

based on S’. At a median follow-up of 32 months the rate of survival varied markedly between the
two groups with the low S’ (≤6 cm/s) group having a significantly lower survival than the high S’
group (58% vs. 82% respectively; p=0.0004)

In contrast, there is only a one study supporting the use of S’ as a prognostic index in patients with
HF-PEF.

427

In this retrospective study, including patients with HF-PEF and coexisting atrial

fibrillation, S’ was an independent predictor of the composite endpoint of cardiovascular death,
recurrent HF, and ischaemic stroke.

427

In addition to hard clinical endpoints such as mortality, S’ is

also a predictor of functional capacity, measured by peak VO2 in patients with HF, including both
HF-REF and HF-PEF.

423,424

While TDI is a regular component of the echocardiographic assessment of patients with HF, it does
have important limitations. Firstly, it only measures motion parallel to the ultrasound beam.
Therefore, ensuring the ultrasound beam is aligned correctly is imperative. Secondly, TDI measures
absolute tissue velocity. Accordingly, it is unable to distinguish between passive and active motion.
Passive motion may occur due to translational movement or tethering. In comparison, active motion
relates to muscle contraction and relaxation.
130

10.5 Systolic strain
Myocardial strain measurement, a newer technology, is a useful tool to differentiate between active
and passive myocardial motion. This is a valuable tool for objective quantification of regional
myocardial function. Strain is a dimensionless measure of local tissue deformation. It is defined as
the change in length relative to the original length and is expressed as a percentage. Strain rate
(SR) measures the time course of this change. The 4 different types of strain, reflecting the varying
orientation of myocardial muscle fibres, include longitudinal, radial, circumferential and rotational
strain. Though strain measurements are used in clinical practice, it remains predominantly a
research tool. Strain measurements can be obtained using TDI or 2D echocardiographic images.
Initially, all strain was a post-processing feature of TDI. Strain rate was calculated from colour TDI
velocity data. This method relied on normalizing the velocity difference between 2 points on the
myocardium to the distance between those points. Further progress in post-processing software led
429

to the birth of speckle tracking echocardiography and its use for strain measurements.

Speckle

tracking is based on the recognition of unique speckle patterns and their movement on standard
grey scale 2D echocardiographic digital images. A user-defined region of myocardium is
automatically divided into blocks of 20-40 pixels known as speckles. In each subsequent frame, the
software automatically recognizes the speckles and their new locations. This can then be used to
make inferences regarding tissue movement. The benefits of speckle tracking over TDI for strain
measurements include easy of acquisition, lack of angle dependence, and high reproducibility

430

.

The lack of angle dependence is particularly important in the context of HF. In patients with an
enlarged spherical LV, alignment of the US beam parallel to the direction of movement can be
challenging. Notably, strain measurements made from TDI
echocardiography

434

431-433

and speckle tracking

have separate reference ranges.

Like TDI-based myocardial systolic velocity measurements, LV systolic strain indices are also highly
sensitive measures of LV systolic function,

435

and SR correlates more closely with invasively

determined parameters of global function than S’.

436

Importantly, systolic strain parameters

corroborate the TDI finding of mild systolic impairment in patients with HF-PEF.

437

In these patients,

they are also useful for predicting patients with an elevated LV end-diastolic pressure (LVEDP).

437

To date, there are only two studies examining the prognostic value of LV systolic strain parameters
in patients with HF.

430,438

The first, a prospective observational study, enrolled 125 consecutive

patients with symptomatic HF.

430

The primary endpoint was a composite of cardiovascular death,

recurrent HF hospitalization, cardiac transplantation, or mechanical circulatory support. At a mean
follow-up of 266 days, global longitudinal strain (GLS) was the only independent echocardiographic
predictor of outcome. It was superior to LVEF, SR and other indicators of longitudinal function. The
independent incremental prognostic value of GLS suggests that it provides different information
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about LV systolic function compared to LVEF. The other study examined 140 patients with HF with
both cardiopulmonary exercise testing and transthoracic echocardiography.

438

The combined

endpoint included hospitalization for HF, cardiac transplantation, and death. Not surprisingly, GLS
was an independent predictor of both peak exercise capacity (peak VO2) and outcome. Reduced
GLS, using a prognostic cut-off of -8%, was associated with an OR of 1.31 (p<0.001) for adverse
outcome.

Global circumferential strain (GCS) may be superior to GLS and LVEF in predicting cardiac events
in patients with HF.

439

In a South Korean study of 201 patients hospitalized for acute HF, GCS was

the only independent echocardiographic predictor of readmission for HF or death due to cardiac
causes [HR 1.15 (95% CI 1.04, 1.28; p=0.006)]. Surprisingly, on receiver-operating characteristic
curve analysis, GCS appeared to be a better predictor of cardiac events than both LVEF and GLS.
The optimal cut-off for GCS, accounting for both sensitivity and specificity, was -10.7%. Using this
threshold, the difference in event-free survival between the 2 groups was 1 year (GCS ≤ -10.7%:
59.0 +- 2.0 months, GCS > -10.7%: 47.1 +- 3.4 months; p<0.001). The clinical utility of GCS, in
438

contrast to GLS, has been questioned in the past due to poor measurability.

Dispelling this

assertion is the finding of adequate image quality for measurement of GCS in 92% of patients
compared to 88% for GLS.

439

The inter- and intra-observer variability for both of these

measurements were similarly low and of little clinical significance.

439

10.6 Intraventricular dyssynchrony
Cardiac dyssynchrony refers to regions of early and late contraction, due to an underlying
myocardial abnormality.

440

Dyssynchrony may be intraventricular, interventricular, or

atrioventricular. Of these, CRT minimizes intraventricular dyssynchrony, the type most closely
associated with inefficient LV systolic performance.

441

As such, the term ‘dyssynchrony’ is often

used interchangeably with ‘intraventricular dyssynchrony’.

441

The prevalent pattern of left bundle

branch block (LBBB) dyssynchrony involves early activation of the interventricular septum and
delayed activation of the infero-lateral and lateral walls.

440

Apart from reducing LV systolic function,
442

dyssynchrony is also linked with increased LVESV, higher wall stress, and delayed relaxation.
Furthermore, improving synchrony leads to improved LV function and reduced mitral
regurgitation.

443

Current guidelines recommend CRT, for its prognostic benefit in patients with HF1

REF, on the basis of electrical dyssynchrony (QRS duration ≥120ms). Yet, it is now apparent that
not all patients with electrical dyssynchrony have mechanical dyssynchrony when assessed with
echocardiography.

Amongst patients who had a recent hospitalization for HF-REF (LVEF <50%), mechanical
dyssynchrony was found in 51% of patients with normal QRS duration (≤120ms) and in 73% of
patients with increased QRS duration (>120ms).

444

Likewise, in a group of patients with more
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severe LVSD (LVEF <35%), an increasing prevalence of dyssynchrony was documented with
higher QRS duration.
HF (Stage D HF).

446

445

Similar observations were made in patients considered to have end-stage

Dyssynchrony does not only occur in patients with HF-REF. It may affect up to

18% of all patients with HF-PEF (LVEF >40%).

447

Moreover, when the QRS duration is ≥120ms, the

prevalence of dyssynchrony is the same in both patients with HF-PEF and HF-REF (45% vs.
46%).

447

It is important to note that current guidelines, based on available evidence, only

recommend CRT in patients with HF-REF (LVEF <35%), electrical dyssynchrony, and advanced HF
symptoms (NHYA III and IV).

1

A number of echocardiographic methods can be used to detect mechanical dyssynchrony.
Assessment of mechanical synchrony should begin with an examination of the 2D
echocardiographic images.

441

The trained observer may appreciate dyssynchrony visually. In typical

LBBB dyssynchrony, the characteristic septal flash or bounce may be recognized. However, more
objective methods, such as TDI, are recommended.

441

The delay between septal and infero-lateral

wall motion can be measured simply by m-mode echocardiography. However, this method is limited
by its high degree of variability.

448

The use of longitudinal LV shortening velocity, measured using

TDI, is the advocated and most widely used modality for detected mechanical dyssynchrony.

441

While both colour and pulsed wave TDI can be used, the former is preferred due to it greater
simplicity and practicality.

441

With colour TDI, time-velocity data can be analysed offline after images

are recorded in the 3 standard imaging planes (apical 4-chamber, apical 2-chamber, and apical
long axis). Pulsed wave Doppler, on the other hand, requires online measurements. Patient
movement, breathing, heart rate, and time intensiveness inherently limit this.

Apart from its potential uses for patient selection and technical optimization of CRT, dyssynchrony
is also a valuable prognostic tool.

449

For example, in 104 patients with non-ischemic HF-REF (LVEF

≤45%), the presence of intraventricular dyssynchrony independently predicted cardiac events (HR
3.39, 95% CI 2.12-6.05, p<0.0001).

450

There was a markedly lower event-free survival amongst

those with dyssynchrony (4% vs. 47%, p<0.0001). Correspondingly, in 215 patients with ischemic
HF-REF, the presence of severe dyssynchrony after surgical revascularization was independently
associated with a five-fold increase in odds of death or HF hospitalization.

451

The prognostic utility of

dyssynchrony, regardless of HF aetiology, was also demonstrated in a more recent South Korean
study.

452

Even in patients with HF-REF (LVEF <35%) and a normal QRS duration, mechanical
453

dyssynchrony was a useful predictor of mortality.

This was consistent with the above studies, in

which the usefulness of dyssynchrony was independent of QRS duration. Furthermore, the
prognostic value of dyssynchrony extends to those without established HF. The maximum
dispersion interval between onset of QRS complex and maximal sustained systolic tissue velocity
(TsMax) across 4 segments was measured in 70 patients with Stage B HF or asymptomatic LVSD
(LVEF <45%).

454

In this cohort, TsMax, a measure of intraventricular dyssynchrony, was an

independent predictor of death (HR 1.012, 95% CI 1.002-1.022, p=0.014).
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Collectively, these data establish the prognostic value of intraventricular dyssynchrony across a
wide range of patients with HF. However, the routine use of these measures for assessing
prognosis is yet to be recommended in current guidelines.

1,2

10.7 Conclusion
The assessment of LV systolic function by TTE is fundamental for the diagnosis, management and
prognostication of patients with HF. At present, there a number of echocardiographic modalities
assess different aspects of LV systolic function. In this article, some of the commonly used tools
were reviewed. Fractional shortening, though highly reproducible, is of limited value in the context of
regional wall motion abnormalities. Left ventricular EF, a more accurate measure of global systolic
function, has replaced FS in clinical practice. Patients and clinicians easily understand the concept
of LVEF. As the nomenclature suggests, measurement of LVEF is central to distinguishing between
patients with HF-REF and HF-PEF. These two groups of patients appear to have distinct
prognoses. One limitation of LVEF is its inability to detect small, early changes in systolic function.
Strain imaging and TDI have filled this gap in the assessment of LV systolic function. These highly
sensitive becoming increasingly useful in screening for the development of LVSD in high-risk
patients. Importantly, even previously undetectable decreases in LV systolic function are associated
with adverse outcome. The main potential clinical role of intraventricular dyssynchrony is in patient
selection for and technical optimization of CRT. Additionally, the presence of dyssynchrony is also
an emerging predictor of prognosis.

In summary, each of these tools can be used to predict outcome. However, contemporary clinical
guidelines only recommend the use of FS and LVEF.
Newer echocardiographic measures of LV systolic function appear to be useful. Yet their role in
prognosis is limited, at present, by the uncertainty surrounding their incremental value over the
more established measures. This requires clarification by either an individual patient data metaanalysis or large prospective study of patients with HF, including both old and new
echocardiographic measures. Ultimately, a detailed and accurate projection of what lies ahead for
each individual with HF should be made possible by the amalgamation of clinical, laboratory, and
imaging information.
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CHAPTER 11

Echocardiographic assessment of left ventricular diastolic
function and its prognostic value in patients with heart failure

135

11.1 Introduction
Heart failure (HF) was traditionally considered a problem primarily of left ventricular (LV) systolic or
pump function. In 1972, recurrent pulmonary oedema was documented in 6 patients with apparently
normal cardiac size.

455

This was the first report that the clinical syndrome of HF could occur in

patients without LV dilatation and systolic dysfunction. Left ventricular non-compliance or a lack of
distensibility was implicated. Two separate studies published in 1984 and 1985 provided evidence
456,457

of HF in the presence of normal systolic function.

LV ejection fraction (LVEF) is the most

commonly used index of LV systolic function. As subtle abnormalities of systolic dysfunction can
occur in the presence of normal LVEF, the term “HF with preserved LV ejection fraction (HF-PEF)”
has now been adopted to describe this part of the spectrum of the heart failure syndrome. HF-PEF
has been shown to account for 30-50% of all patients with HF.

458-461

Due to the greater appreciation of HF-PEF, assessment of LV diastolic function is an increasingly
important part of the assessment of patients with HF. It is particularly useful in diagnosis, titration of
therapy, and prognostication. Transthoracic echocardiography is the most commonly used noninvasive tool for assessing LV diastolic function in patients with HF.

379

Non-invasive estimation of

LV filling pressure can be achieved by measuring the pressure gradients, blood flow and annular
motion during the diastolic phase of the cardiac cycle.

462

Based on the ratio of early to late mitral

valve diastolic filling and deceleration time, 4 progressive filling categories have been described:
normal, abnormal relaxation, pseudonormal, restrictive filling.

225-227,463

These categories form the

basis of the European Association of Echocardiography and American Society of Echocardiography
joint recommendations for grading diastolic dysfunction.

290

This grading system includes mild or

(grade I, abnormal relaxation pattern), moderate (grade II, pseudonormal filling), and severe (grade
III, restrictive filling) diastolic dysfunction.

The size of the left atrium (LA), in the absence of significant mitral valve pathology, is an important
marker of the severity and chronicity of LV diastolic dysfunction. The LA and LV are in continuity
during diastole. Therefore, persistently elevated LV filling pressure, due to LV diastolic dysfunction,
leads to increased LA pressure. Over time, increased LA pressure, in turn, results in LA
enlargement (LAE). The recommended measure of left atrial size is left atrial volume indexed to
body surface area. The echocardiographic measurement and prognostic value of LAE was reviewed
previously.

339

The presence of LAE predicted common cardiovascular outcomes including atrial

fibrillation (AF), stroke, HF, and cardiovascular death.

339

Despite substantial advances in therapy, the diagnosis of HF continues to be associated with a poor
quality of life, high morbidity and mortality.

357,386-393

Patients with HF are a heterogenous group with

variable prognoses. Echocardiography can be used to assess both LV systolic and diastolic
function. Such information is useful in diagnosis, management and prognostic evaluation of patients
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with HF. The first article of this two-part series reviewed echocardiographic assessment of LV
systolic function and its prognostic value in patients with HF. This similar article, describes
contemporary echocardiographic LV diastolic function parameters and their prognostic use in
patients with HF.

11.2 Mitral inflow
Mitral inflow velocities are measured by performing pulsed-wave Doppler in the apical 4-chamber
view.

290

A 1-mm to 3-mm sample volume is placed 5mm to 10mm distal to the mitral annulus

between the mitral valve leaflets.

290

It is important to carefully align the Doppler interrogation beam

with the direction of mitral flow. The measurements obtained include mitral valve peak early filling
velocity (E), peak late filling velocity (A), the E:A ratio, deceleration time (DT) of the mitral E wave, A
wave duration (Adur, obtained at the level of the mitral annulus), and isovolumic relaxation time
(IVRT). The E:A ratio and DT are used to determine the mitral filling pattern (Figure 11-1).

A normal mitral filling pattern is characterized by E:A ratio of 0.8 to 2.0 and a DT between 150ms to
230ms. Abnormal or impaired relaxation is present when the E:A ratio is less than 0.8 and the DT is
greater than 200ms. Pseudonormal filling is so named because of its resemblance to normal filling.
On its own, mitral valve Doppler cannot distinguish between true normal and pseudonormal filling.
Preload reduction, achieved with the Valsalva manoeuvre or sublingual glyceryl trinitrate, can also
differentiate pseudonormal from true normal flow
restrictive filling

232

226,228,229

as well as reversible from non-reversible

. Normal mitral filling is rare in patients with established HF. Generally,

pseudonormal filling is associated with an E:A ratio of 0.8 to 1.5 and a DT between 160ms and
200ms. Finally, restrictive filling is readily identifiable by an E:A ratio greater than or equal to 2.0
and a DT less than 160ms. Ascertainment of mitral filling pattern, the core of currently
recommended diastolic function grading schema, is easily obtainable in almost all patients (Figure
11-1).

In patients with HF, mitral inflow pattern is an important predictor of outcome. For example, the
restrictive filling pattern (RFP) is associated with a 2-fold increase in the odds of death in patients
with HF.

464

This was demonstrated in a large individual patient data meta-analysis of over 3000

patients and 620 events. Importantly, the relationship between RFP and survival was independent
464

of LVEF, age, and HF aetiology.

Initially, the pseudonormal filling pattern (PNFP) was thought to portend an intermediate prognosis
between abnormal relaxation (AR) and the RFP.

465

However, subsequent studies suggested similar

outcomes in patients with HF who had a PNFP, compared to those with a RFP.
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Figure 11-1 Mitral inflow pulsed-wave Doppler and mitral annular tissue Doppler imaging
Abbreviations: A peak late filling velocity, a’ late diastolic mitral annular velocity, E peak early filling velocity, e’
early diastolic mitral annular velocity

11.3 Pulmonary venous flow
Assessment of the inflow to the left atrium via the pulmonary veins by Doppler echocardiography
(pulmonary venous Doppler, PVD) contributes to the assessment of LV diastolic function. It allows
estimation of left atrial pressure and discrimination between normal mitral filling and
pseudonormalization.

469-472

While PVD was rendered somewhat obsolete since the advent of TDI, it

is still used in some clinical settings and, thus, is reviewed here. Colour Doppler helps to localize
the pulmonary veins in the apical 4-chamber view.

290

A 2mm to 3mm sample volume is positioned,

at least 5mm from the atrial cavity, in the right upper pulmonary vein.

290

Complete and accurate

PVF recordings can be obtained in more than 90% of individuals using TTE.

473,474

Even so, some

have questioned the feasibility and clinical utility of PVF measurement using TTE compared to
transoesophageal echocardiography (TOE).

475

Patients with HF often have enlarged hearts. Their

pulmonary veins are located further away from the transducer. At this depth, Doppler
measurements are less accurate. In such patients, transpulmonary contrast agents improve suboptimal PVF Doppler signals

476,477

and the precision of haemodynamic information obtained

478

.

Assessment by PVD yields a number of measurements. These include, peak systolic (S) velocity,
peak diastolic (D) velocity, S/D ratio, peak atrial reversal velocity (AR) in late diastole, duration of
atrial reversal (ARdur), and time difference between atrial reversal duration and mitral A-wave
duration (ARdur – Adur).

290

Two systolic velocities (S1 and S2) are often discernible. S1 relates to

atrial relaxation and is therefore most evident in the context of first-degree atrioventricular block. S2
is used to calculate the S/D ratio.
are all increased.

290

In patients with increased LVEDP AR, ARdur, and ARdur – Adur

469,471,472

138

Despite the waning enthusiasm for routine PVD assessment, it can provide some helpful prognostic
information. For instance, ARdur – Adur ≥30ms was the best independent predictor of cardiac events
in 145 patients with HF-REF.

385

It was associated with a 3-fold increase in risk of death, 4-fold

increase in risk of cardiac events, and a 5-fold increase in risk of HF events. In this small study,
mean follow-up was 15 months. During this time there were 29 deaths and 28 HF hospitalizations.

11.4 Colour M-mode flow propagation velocity
Colour m-mode mitral to apical flow propagation velocity (Vp) is most commonly measured using
the slope method.

290

This is done in the apical 4-chamber view. The m-mode scan line is placed

through the centre of the LV inflow blood column from the mitral annulus to the apex of the LV. A
narrow colour sector is chosen and the gain adjusted to minimize noise. The Vp is the slope of the
first aliasing velocity (45cm/s) during LV filling in early diastole.
annulus to 4 cm distally into the LV cavity.

479

479

It is measured from the mitral

A normal Vp is considered ≥50cm/s.

479,480

Flow propagation velocity, first described in 1992, was initially found to be a relatively preloadindependent measure of LV relaxation.

481,482

This was demonstrated in animal and human validation

studies, which found the most important independent determinant of Vp was the isovolumic
relaxation constant (tau).

481,482

However, these early findings suggesting the preload-independence
468,483-486

of Vp were challenged by a number of subsequent studies.

These data have diminished the

clinical utility of Vp, especially in patients with normal LV volumes and LVEF.

A valuable echocardiographic parameter, which developed from work relating to Vp, was the ratio of
mitral peak E velocity to Vp (E/Vp). This index correlated strongly with pulmonary capillary wedge
pressure (PCWP) in intensive care unit patients
the context of permanent AF

488

479

, healthy volunteers

487

, and patients with HF in

. In those with no known cardiac disease, an E/Vp >1.5 consistently

predicted increased PCWP (>12mmHg).

479,487

In keeping with this finding, E/Vp was shown to

correlate moderately (r=-0.55, p<0.001) with brain natriuretic peptide (BNP) levels in patients with
HF-REF (LVEF <35%). It is also an useful tool for differentiating between pseudonormal and normal
mitral filling in patients with acute HF-PEF.

489

The prognostic value of E/Vp has been demonstrated in different patient groups.

468,490,491

The

Assessment of Doppler Echocardiography for Therapy and Prognosis (ADEPT) study examined the
prognostic value of e’, Vp, E/e’ and E/Vp in patients with HF-REF.

468

The primary end point was a

composite of death, cardiac transplantation and HF hospitalization. This study demonstrated, for the
first time, that E/Vp was an independent predictor of outcome in patients with symptomatic HF-REF
(HR 1.21 per 0.25 increase; 95% CI 1.02-1.43; p=0.026). Similar results were observed in a more
recent study of ambulatory patients with permanent AF and stable HF (NYHA I-III).
139

490

Patients were

divided into 2 groups based on E/Vp. The higher E/Vp (≥1.5) group had higher rates of death and
hospitalization due to HF than the lower E/Vp group (HR 6.8; 95% CI 2.7-17.0; p<0.00001). The
prognostic value of E/Vp was sustained after adjustment for NYHA functional class, severe LV
systolic dysfunction, and pulmonary hypertension (p=0.0363). In a broader ‘all-comer’
echocardiography laboratory population, Vp was shown to be a significant independent predictor of
1-year mortality.

491

This relationship was seen in patients with both reduced (p=0.02) and preserved

(p=0.01) LVEF.

11.5 Ratio of peak early mitral inflow velocity to early diastolic mitral
annular velocity (E/e’)
Tissue Doppler imaging (TDI) uses pulsed wave Doppler to assess the velocity of myocardial
motion rather than blood flow.

492

The early diastolic mitral annular velocity (e’), assessed in the

apical 4-chamber view, measures the rate of myocardial relaxation (Figure 11-1). Normally, it rises
as the mitral gradient and peak mitral inflow velocity (E) increase with exercise or higher preload.
However, in patients with LV diastolic dysfunction, myocardial relaxation is impaired. A lower
baseline e’, which does not rise consistently with increased preload, demonstrates this.

493,494

In

normal subjects, there is no significant change in the ratio of E/e’ with increased preload.
Conversely, when preload is increased in those with diastolic dysfunction, the disproportionate rise
in E compared to e’ results in an elevated E/e’.

This relative preload independence of TDI makes it a useful tool for assessing LV filling pressure.
Consequently, it aids with the diagnosis and management of patients with HF. Importantly, E/e’
provides the best non-invasive marker of left atrial pressure and enables differentiation of
pseudonormal and normal mitral filling.
LV diastolic pressure
tachycardia

496

498

495-498

It correlates and predicts both PCWP

495-497

and mean

. The utility of E/e’ has been demonstrated in patients with sinus

, reduced or preserved LVEF

496

, and in those without known cardiac disease

498

.

Current guidelines recommend the use of the average e’ velocity, obtained from the septal and
lateral mitral annulus, for the prediction of LV filling pressure.

290

Generally, the lateral e’ is greater

than the septal e’. Given the variation in e’, there are different E/e’ cut-off values, based on location
290

of measurement, patient age, and LVEF.

For example, a septal E/e’ ratio of <8 is associated with

normal filling pressures and a ratio >15 is associated with increased filling pressures.

497

This leaves

an indeterminate E/e’ range between 8 and 15. Other echocardiographic indices may be used to
assess LV filling pressure when the E/e’ is indeterminate. Examples of such indices include, ARdur –
Adur, left atrial size, pulmonary artery systolic pressure, and change in E/A ratio with the Valsalva
manoeuvre.

E/e’ has superseded E/Vp as the non-invasive tool of choice for estimation of left atrial pressure
because this measure has greater correlation with LVEDP
140

499

, is independent of LVEF

499

, and has

greater reproducibility

500

and accuracy

500

. The predictive value of septal E/e’ was further
497

demonstrated in a study of patients undergoing cardiac catheterization.

The area under the

receiver operating characteristic curve for predicting mean LV diastolic pressure >12mmHg was
0.82.

497

Not surprisingly, E/e’ aids in the diagnosis of HF. For instance, in a small study of patients

with hypertension and dyspnoea, E/e’ had a diagnostic accuracy of 89.5% at the optimal cut-off of
11 (sensitivity 77.8%, specificity 100%).

500

The E/e’ could potentially be used in guiding HF therapy. It is well known that the assessment of
symptoms and physical signs has limited reliability for the prediction of LVEDP.

501

This may result in

insufficient diuretic therapy and account, in part, for recurrent hospitalization in patients with HF.
Similarly, the use of NT-proBNP, a biomarker correlate of LVEDP, was not suitable for guiding HF
treatment.

502

However, guidance of HF therapy with a more reliable non-invasive predictor of
503

LVEDP reduces rates of HF hospitalization.

These data, coupled with the established ability of

E/e’ to accurately predict LVEDP, make E/e’ a strong candidate to guide HF therapy, although
further studies are required in this area.

In patients with HF, E/e’ is arguably the single most informative echocardiographic parameter of LV
diastolic function. Apart from its value in the diagnosis and management of HF, E/e’ is also a very
important prognostic indicator (Table 11-1). The prognostic value of E/e’ was first appreciated in 96
patients with a recorded LVEF ≤40%.

472

In this study, an E/e’ ≥15 was independently predictive of

cardiac mortality (RR 4.56, p=0.0076). In a similar cohort, E/e’ had significant incremental
prognostic value over the combination of clinical factors and DT ≤140ms.
both patients with ischemic

505

and dilated cardiomyopathy

in patients with HF who have few or no symptoms
HF)

507,508

506

428,505

outpatients with stable HF

. Additionally, E/e’ predicts outcome

509

, inpatients with acute HF
514

E/e’ with outcome was in patients with HF-REF
to patients with HF-PEF

510,511

, and

. An interesting analysis of patients with HF and severe MR,

demonstrated a higher mortality in patients who had an E/e’ >13.5.
515

It was equally useful in

as well as in those with end-stage HF (Stage D

. Likewise, it is helpful in patients with suspected HF
512,513

504

426,468,506

.
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While the early data linking

, more recent data extends this relationship

Table 11-1 Prognostic value of ratio of peak early mitral inflow velocity to early diastolic mitral annular velocity (E/e’)
Abbreviations: CI confidence interval, CV cardiovascular, DCM dilated cardiomyopathy, DT deceleration time, EP endpoint, HF heart failure, HF-PEF HF with preserved LVEF, HF-REF HF with
reduced LVEF, HR hazard ratio, ICM ischaemic cardiomyopathy, LVEF left ventricular ejection fraction, MR mitral regurgitation, PCWP pulmonary capillary wedge pressure, RR relative risk

First author

Year

n

Population

Yamamoto

2003

96

LVEF ≤40%

Acil

2005

132

HF (ICM 62%,
DCM 38%)

Dokainish

2005

116

Inpatient HF

Troughton

2005

225

HF-REF (LVEF
<35%)

Wang

2005

182

LVEF <50%

Galrinho

2006

33

DCM

Hamdan

2006

45

Bruch

2007

Olson

Endpoints
Death, CV death, HF
hospitalization
CV death, urgent
cardiac
transplantation, or
HF hospitalization
CV death or HF
hospitalization
Death, cardiac
transplantation, or
HF hospitalization
CV death

e’ measurement
Posterior

Follow-up
29 months
(median)

Results
E/e’ ≥15 independently predicted cardiac mortality (RR 4.56, p=0.0076)

Average of septal,
lateral, inferior,
and anterior

224 days
(mean)

Higher E/e’ (16.1 vs. 10.6, p<0.05) in patients with an event. E/e’ independently predicted combined EP
(HR 1.361, 95% CI 1.176-1.574, p<0.001). E/e’ >12.5 associated with higher rate of combined EP
(p<0.0001) and HF hospitalization (p<0.0001)

Average of septal
and lateral

527 days
(mean)

Higher E/e’ in patients with an event (19.2 vs. 14.2, p=0.0003)

Septal

10 months
(median)

Increased E/e’ independently predicted primary EP (HR 1.13, 95% CI 1.05-1.23, p=0.003).
Significantly lower event-free survival in E/e’ >16

Average of septal,
lateral, inferior,
and anterior

48 months
(median)

Higher E/e’ (36 vs. 25, p<0.05) in patients with an event. Significant incremental value of E/e’ over
combination of clinical factors and DT≤140ms.

Lateral

12 months
(mean)

Higher event rate in patients with E/e’ >15 (60% vs. 11%, p=0.004). Optimal E/e’ cut-off for predicting
events was 14.7.

Stage D HF,
NYHA III-IV

Death, cardiac
transplantation, or
HF hospitalization
CV death and HF
hospitalization

Average of septal
and lateral

27 months
(median)

92

HF and severe
MR

Death and HF
hospitalization

Average of septal
and lateral

790 days
(mean)

Higher E/e’ (11.7 vs. 8.7, p=0.009) in patients with an event. E/e’ independently predicted EP (HR 1.92,
95% CI 1.45-3.88, p=0.001).
E/e’ independently predicted death (HR 1.06, 95% CI 1.009-1.111, p=0.021) and HF hospitalization (HR
1.04, 95% CI 1.005-1.081, p=0.026). Significantly higher mortality in patients with E/e’ >13.5 (64% vs.
31%, p<0.001).

2008
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HF-REF (LVEF
≤40%)

CV death

Average of septal,
lateral, inferior,
and anterior

2 years

Saraiva

2008

73

Outpatient HFREF

CV or HF
hospitalization

Septal

1367 days
(mean)

Whalley

2008

228

Suspected HF

CV death or HF
hospitalization

Average of septal
and lateral

18 months

Death or HF
hospitalization

Septal

31 months
(median)

E/e’ >15 independently predicted events (HR 2.27, 95% CI 1.35-3.82, p=0.002). Lower event-free
survival in patients with E/e’ >15 (29% vs. 63%, p<0.0001).

Death or HF
hospitalization

Septal

E/e’ >15 after optimization of medical therapy associated with higher rate of events (57% vs. 15%,
p=0.003). E/e’ > 15 independently predicted events. (HR 6.1, 95% CI 1.12-37.3, p=0.037).

CV death

Lateral

564 days
(mean)
21.4
months
(mean)
191 days
(median)

Higher E/e’ in patients with events (21 vs. 17, p=0.004). E/e’ independently predicted events (HR 1.047,
95% CI 1.006-1.090, p=0.025).

47 months
(median)

E/e’ provided additive prognostic information to PCWP in a bivariate model. E/e’ >15 associated with
significantly lower survival (p=0.008).

HF-REF (LVEF
≤45%), NYHA III
HF-PEF
(LVEF>50%)

Dini

2009

232

Okura

2009

50

Guazzi

2010

243

Stable HF

Ho

2011

87

Acute HF

Rossi

2011

49

Stage D HF
awaiting
transplant

CV death or
hospitalization
CV death or urgent
cardiac
transplantation

Septal
Lateral
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E/e’ independently predicted cardiac death (HR 3.839, 95% CI 1.317-11.187, p=0.014).
Higher E/e’ in patients with an event (14.3 vs. 9.8, p<0.0001). E/e’ independently predicted events (HR
1.37, 95% CI 1.13-1.65, p=0.001). Higher event rate in patients with E/e’ >12.7 (HR 3.8, 95%CI 1.8-9.6,
p=0.001).
Time to first event predicted by E/e’ (p=0.0016). E/e’ ≥15 independently predicted events (HR 3.6, 95%
CI 1.6-8.0, p=0.0015)

E/e’ independently predicted cardiac death (p<0.001). E/e’ >10.0 associated with significantly higher
cardiac death at 4 years (44% vs. 7%, p<0.001).

11.6 Conclusion
In patients with HF, echocardiographic assessment of LV diastolic function is useful for diagnosis,
management and prognostication. As echocardiography has developed over the last few decades,
it has become increasingly sophisticated and accurate.

Routine contemporary assessment of diastolic function should, at a minimum, include Doppler
evaluation of mitral inflow and mitral annular TDI and be combined with quantification of LA size.
The measurements obtained from these modalities are important independent predictors of
outcome in patients with HF. The mitral filling pattern is used to grade the severity of diastolic
dysfunction. Mitral annular TDI can be used to distinguish between normal and pseudonormal filling
as well as non-invasively estimate LV filling pressure. The Valsalva manoeuvre can be used to
differentiate reversible from non-reversible restrictive filling. Other echocardiographic tools, such as
PVF and FPV, can be used as required if the above measures are unclear. Finally, LAVI should be
used to gauge the chronicity of LV diastolic dysfunction.

In summary, each of these echocardiographic measurements provides valuable information and
should be used in combination, rather than in isolation. This approach provides a simple yet
comprehensive evaluation of LV diastolic function.
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CHAPTER 12

Research design
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12.1 Objectives
Each specific objective outlined below is accompanied by the following two general objectives:

1. If there is a difference, to quantify the size and degree of uncertainty surrounding this result.

2. To investigate whether there is consistency in results across studies and explore factors
contributing to inconsistencies.

12.1.1 Chapter 13

•

To establish whether there is a difference in mortality between patients with HF-REF and
HF-PEF.

12.1.2 Chapter 14

12.1.2.1 Post-acute myocardial infarction (Stage B heart failure)

•

To establish whether there is a difference in the incidence of de novo HF after an acute MI
between patients with a RFP and without a RFP.

12.1.2.2 Stage C heart failure

•

To establish whether there is a difference in the incidence of HF hospitalisations between
patients with a RFP and without a RFP.

12.1.3 Chapter 15

The objectives outlined for this chapter relate to patients with Stage B and Stage C heart failure.

12.1.3.1 Comparison of pseudonormal and other non-restrictive filling patterns

•

To establish whether there is a difference in mortality between those with a PNFP and
those with other non-RFPs.
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12.1.3.2 Comparison of pseudonormal and restrictive filling pattern

•

To establish whether there is a difference in mortality between those with a PNFP and
those with a RFP.

12.2 Hypotheses

12.2.1 Chapter 13

1. There is a difference in mortality between patients with HF-REF and HF-PEF.

2. Patients with HF-REF have higher odds of death compared to patients with HF-PEF.

3. The size of this effect is different in observational studies in comparison to randomised
controlled trials.

12.2.2 Chapter 14

12.2.2.1 Post-acute myocardial infarction (Stage B heart failure)

1. There is a difference in de novo HF between those with and without a RFP.

2. Patients with a RFP have higher odds of developing de novo HF.

12.2.2.2 Stage C heart failure

1. There is difference in HF hospitalisations depending on the presence or absence of the
RFP.

2. Patients with a RFP have higher odds of HF hospitalisation.

12.2.3 Chapter 15
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12.2.3.1

Comparison of pseudonormal and other non-restrictive filling patterns

1. There is a difference in mortality between patients with a PNFP and those with another nonRFP.

2. Patients with a PNFP have higher odds of death compared to those with another non-RFP.

3. The size of this effect will differ according to whether patients have Stage B or C HF.

12.2.3.2 Comparison of pseudonormal and restrictive filling pattern

1. There is a difference in mortality between patients with a PNFP and those with a RFP

2. Patients with a RFP have increased odds of death compared to those with a PNFP.

3. This size of this effect will differ according to whether patients have Stage B or Stage C HF.

12.3 Methods
A series of experiments, in the form of literature-based meta-analyses, were devised to test these
hypotheses. Meta-analysis is a robust method for assessing both the direction and size of an effect.
It allows results from two or more studies to be combined in an objective manner. The two principal
benefits of meta-analysis are increased power and improved precision. This is especially important
when the existing data comes from a number of smaller studies with varied results. A prime
example of this is studies examining the prognostic value LV diastolic parameters in patients with
Stages B and C HF. All known studies, which are examined in Chapters 14 and 15, included 50 to
250 participants in total or 25 to 125 in each comparative arm.

Meta-analysis is also useful in settling controversies. For instance, as mentioned previously, the
outcome of patients with HF-PEF was deemed similar to those with HF-REF on the basis of two
large studies published in a reputable journal.

23,416

This was in contrast to data collected over the

preceding two decades. Nonetheless, this disparity was rationalised on the basis of relatively
improvement in outcome amongst patients with HF-REF over that time. A meta-analysis to merge
the data from available studies, published over the same period, would help resolve this key issue.
This particular meta-analysis is reported in Chapter 13.

The Cochrane Collaboration, an independent international network, is highly experienced in the
conduct of meta-analyses. Their studies predominantly collate data from randomised controlled
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trials. However, they have also undertaken a smaller number of meta-analyses of non-randomised
observational studies. Since 1993, the Cochrane Collaboration has developed and refined a
systematic approach to meta-analysis. This general methodology, as detailed below, was adopted
for the purposes of the current study.

516

t. The Meta-analysis of Observational Studies in

Epidemiology (MOOSE) recommendations for reporting were followed.
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12.3.1 Study eligibility criteria

12.3.1.1 Types of studies

Each of the meta-analyses in Part B had specific and shared study inclusion criteria. The specific
criteria are described in each separate chapter. The shared criteria were:

1. Observational studies
2. Prospective enrolment
3. Enrolment of consecutive patients
4. Comprehensive baseline transthoracic echocardiography
5. Report the outcome measure of interest

For the purposes of the current analyses, prospective enrolment was defined as participant
enrolment and baseline data collection at the point at which follow-up began and not when it was
completed.

The exception to the rule of only including observational studies relates to randomised controlled
trials (RCTs). In RCTs, participant recruitment is not consecutive. As such, if all other criteria were
satisfied, they were included.

12.3.1.2 Types of participants

These meta-analyses included participants with Stages B, C, and D HF (Table 12-1). There was no
distinction made between participants with Stage C or D HF. Those with Stage B HF had known
coronary heart disease, including both post-AMI and post-coronary artery bypass graft surgery.

There were no other restrictions on participants relating to age, gender, co-morbidities or
recruitment setting.
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12.3.1.3 Types of outcome measures

All outcome measures considered in these meta-analyses were clinically relevant and dichotomous.
The chosen clinical endpoints included all-cause mortality and HF hospitalisations (Table 12-1).

Table 12-1. Outcome measures by chapter

Chapter

Types of studies

Participants

Outcome measure

Chapter 13

Observational
RCT

Stage C/D HF

All-cause mortality

Chapter 14

Observational

Stage C/D HF

HF hospitalisation

Chapter 15

Observational

Stage B/C/D HF

All-cause mortality

12.3.2 Search methods

A comprehensive literature search strategy, with the aim of locating all relevant studies, was
undertaken.

Firstly, potential studies were identified by searching online medical databases, including Biological
Abstracts, Clinical Evidence, Current Contents, Embase, PubMed, Medline, and Medline In-Process
and Other Non-Indexed Citations.

Secondly, hand-searching of reference lists of identified studies, reference lists of relevant review
articles, and conference proceedings was carried out.

The corresponding or senior authors of all included studies were contacted by email. They were
asked to provide details of any additional studies, unpublished data, and ongoing trials.

12.3.2.1 Avoidance of bias

12.3.2.1.1 Publication and location bias

Publication bias is caused by the failure to submit or publish data due to the lack of statistical
significance.

Similarly, location bias can occur due to the publication of studies of lower significance in local or
second line journals, which may not be indexed in major databases.
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These potential sources of bias where limited by:

1. Hand-searching
2. Contacting authors of included studies to identify additional data

12.3.2.1.2 Duplication bias

Sometimes, studies are published more than once with variable overlap of data sets. Duplication
bias arises due to double counting of this data.

In the case of potential duplicate publications the largest single published data set was used.

12.3.2.1.3 Language bias

To minimise language bias, there was no systematic exclusion of data published in a language
other than English.

12.3.3 Data collection and analysis

12.3.3.1 Selection of studies

One investigator initially screened the titles and abstracts of all studies identified from the search of
online databases. Any study, which clearly did not meet the selection criteria, was discarded. Two
investigators then screened the abstracts of the remaining studies. Studies were retained if either
investigator thought they were relevant. The full-text published manuscripts of all potentially relevant
studies were obtained. Disagreement between the two investigators was resolved by the
adjudication of a third investigator.

12.3.3.2 Data extraction and management

Data was extracted from the included studies and recorded on a data collection form. These data
were then entered into an electronic database.

The authors of all included studies were contacted by email and asked to verify the extracted data.
Their replies by facsimile and email were recorded. If there was a disparity between the published
data and the author-verified data, the verified data was used in the analysis.
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12.3.3.3 Dealing with missing data

Authors were asked to provide any missing data not reported in the publications.

12.3.3.4 Assessment of heterogeneity

Heterogeneity is the variability among studies combined together in a meta-analysis. In these
analyses, a number of steps were taken to examine statistical heterogeneity. These include:

1. Visual assessment of the forest plots for spread of effect estimates and the degree of
overlap of confidence intervals.
2

2. Cochran’s Q-test for heterogeneity, which was reported as χ statistic and its degrees of
freedom (df). The significance level was set at p<0.05.
2

2

3. Calculation of the I statistic. For the purposes of the current analyses, an I statistic of
greater than 50% was considered substantial heterogeneity.

These statistical tests were automatically calculated by The Cochrane Collaboration Review
Manager (version 4.2.3; 2003) software.

If substantial heterogeneity was observed, it was explored by conducting subgroup or sensitivity
analyses.

12.3.3.5 Assessment of reporting bias

Funnel plots were examined for asymmetry to detect the different types of reporting bias, including
publication bias. These are simple scatter plots with the effect size estimate (OR) on the x-axis and
a measure of the size of the study on the y-axis.

The funnel plots were constructed using The Cochrane Collaboration Review Manager (version
4.2.3; 2003) software.

Statistical tests to assess funnel plot asymmetry were not planned.

12.3.3.6 Quantitative data synthesis

Quantitative data synthesis was undertaken using The Cochrane Collaboration Review Manager
(version 4.2.3; 2003) software.
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The principal measure of effect used in these analyses was odds ratio (OR) with 95% confidence
intervals.

These were calculated by performing a fixed-effect meta-analysis using the Mantel–Haenszel
method. A fixed-effect model was chosen as it was assumed that each study was estimating the
same effect.

If one comparative group had a zero event rate, the software program defaulted to adding 0.5
events to each category under consideration.

12.3.3.7 Subgroup analysis

Subgroup analysis involves separation of studies to make comparisons between them. This splitting
may be done on the basis of the types of studies or patient groups.

Pre-specified subgroup analyses, if undertaken, are discussed in each chapter.

12.3.3.8 Sensitivity analysis

Sensitivity analyses were only carried out to further explore and explain heterogeneity.
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CHAPTER 13

The prognostic significance of heart failure with normal left
ventricular ejection fraction: a literature-based meta-analysis
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13.1 Introduction
Heart failure (HF) is a clinical syndrome characterized by dyspnoea, oedema and limitation of
functional capacity, it is caused by a cardiac abnormality

517

and has traditionally been thought to

result from impaired left ventricular (LV) contractility. A reduced LV ejection fraction (EF) has been
widely used to define systolic dysfunction, assess prognosis and select patients for therapeutic
interventions. However, it is recognized that HF can occur in the presence of preserved EF (HFPEF) which may be found in up to 50% of all patients with HF.

518

Patients with HF-PEF are more likely to be older, female and have a history of hypertension and
less likely to have an ischaemic aetiology compared to patients with HF with reduced EF (HFREF).

415,519

Though they experience similar symptoms and exhibit similar signs, patients with HF-

PEF tend to have less functional limitation, as assessed by the New York Heart Association (NYHA)
classification. In contrast to HF-REF, no treatment has been shown to improve outcome in patients
with HF-PEF.

518

Although recent registry-based

415

and epidemiological studies

23,416

have reported similar outcomes

for patients with HF-PEF compared with HF-REF, the prognosis of patients with HF-PEF, compared
to those with HF-REF is uncertain. We hypothesize that some studies may have been subject to
important bias by not including all patients and not requiring an accurate assessment of EF in all
patients. To overcome these limitations we undertook a meta-analysis of prospective studies in
which measurements of EF were systematically available, in order to compare all-cause mortality in
patients with HF-REF and HF-PEF.

13.2 Methods
We followed the MOOSE guidelines for performing a meta-analysis of observational data.

520

13.2.1 Selection of prospective studies

For inclusion, studies were required to: a) have a prospective study design (i.e. patients were
identified and data collected at the point at which follow-up began, not when it was completed); b)
measure EF in all included patients (within reasonable limits); c) distinguish patients according to
type of HF (i.e. HF-REF and HF-PEF) and e) report all-cause mortality by type of HF. Although
randomized controlled trials do not recruit consecutive patients, they do in general fulfil the other
inclusion requirements and thus were included. There was no limitation on the method of EF
measurement or a specific EF cut-off for definition of HF-PEF. Any study, which used LV size (e.g.
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cardiothoracic ratio on chest radiograph) or systolic function as inclusion or exclusion criteria, was
excluded.

13.2.2 Comparison studies

We identified a number of studies that did not fulfil the above criteria, and these data were pooled in
a similar fashion to the prospective studies in order to provide a comparative group. This group of
“comparison studies” included studies where EF was not consistently available, but where other
inclusion criteria were largely met.

13.2.3 Search strategy

The study hypothesis and protocol for identification of studies were developed by all investigators,
and the initial literature search was carried out using the key words: heart failure, left ventricle,
prognosis, outcome and preserved. The time period for the search was from the inception of the
st

searched databases to 31 December 2006. Several online databases were electronically searched
and hand searching of reference lists of obtained articles and previously identified reviews was
carried out. Abstracts, unpublished studies and articles published in languages other than English
were not excluded. Authors of included studies confirmed data extraction and were invited to
provide details of any additional studies, unpublished data and on-going trials.

The titles and abstracts of all studies identified from the search of online databases were initially
screened by one investigator (CB). Any studies which clearly did not meet the selection criteria were
discarded. The abstracts of the remaining studies were then screened by two investigators (GW
and JS) and were retained if either investigator thought they were relevant. The full-text of all
potentially relevant studies were obtained. Disagreement between the two investigators was
resolved by the adjudication of a third investigator (KP). Excluded studies that fulfilled other
inclusion criteria were collated separately for purposes of comparison.

13.2.4 Data extraction

Data were extracted from included studies and recorded in an electronic database, including:
definition of HF-PEF; measure of EF; duration of follow-up; number of patients and deaths in the
HF-REF and HF-PEF groups; mean age; gender; and proportion with ischaemic cardiomyopathy.
The corresponding or senior authors of all included studies were contacted by email, asked to verify
the extracted data and provide any missing data. In the case of potential duplicate publications, the
largest single published data set was used for the literature-based meta-analysis (LMA.)
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13.2.5 Statistical analyses

The principal measure of effect used in this analysis was odds ratios (OR) with 95% confidence
intervals calculated under the fixed effects model using the Mantel-Haenszel method, using The
Cochrane Collaboration Review Manager (Version 4.2.3) software. Heterogeneity between included
studies was examined by: visual assessment of forest plots for spread of effect estimates and
overlap of confidence intervals; Cochran’s Q test for heterogeneity with a significance level set at p
2

2

<0.05; and calculation of the I statistic. An I statistic of greater than 50% was considered
substantial heterogeneity. Funnel plots were examined for asymmetry to assess publication bias.

13.2.6 Study flow

The total number of potentially relevant articles identified was 6244: 5644 articles from the online
database search and 60 from authors’ reference libraries and hand searching of reference lists. Of
these 5868 were discarded after initial screening, abstracts of the remaining 376 articles were
printed and screened for retrieval. Of these, 240 studies failed to meet the meta-analysis inclusion
criteria and were therefore excluded. The full text papers of the remaining 136 studies were
retrieved for more detailed evaluation, after which, a further 113 studies were excluded, leaving 23
potentially appropriate studies to be included in the meta-analysis. Six of these failed further
scrutiny, leaving 17 studies eligible for inclusion (Figure 13-1).

13.3 Results

13.3.1 Prospective studies

This meta-analysis included 17 studies

29,380,382,383,521-533

of HF patients yielding a total of 24501

patients of whom 9299 patients died (38%) during a pooled mean follow-up of 47 months (range 684) (Table 13-1). The pooled mean age of patients included was 67 years, 68% were male and
58% had HF of ischaemic aetiology (Table 13-2). The definition of HF-PEF varied between studies
from an EF>40-55% or fractional shortening >24-25%. The most common EF cut-offs were 45% (5
studies), 40% (4 studies), and 50% (3 studies). LV systolic function was assessed by
echocardiography (16 studies), X-ray contrast ventriculography (4 studies) and radionuclide
ventriculography (6 studies). There was no evidence of important publication bias on funnel plot
examination (APPENDIX 1).
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Potentially relevant articles identified N =
6244

N = 5868
Potentially relevant articles identified and
screened for retrieval
N = 376

N = 240
Studies retrieved for more detailed evaluation
N = 136

N = 113
Potentially appropriate studies to be included
in meta-analysis
N = 23

N=6
Studies included in meta-analysis

Excluded retrospective studies meeting

N = 17

other selection criteria
N = 22
Figure 13-1. Study flow diagram

Overall, there were 2 468 deaths amongst the 7 688 patients with HF-PEF compared with 6831
deaths among the 16813 patients with HF-REF. As such, patients with HF-PEF had an OR for allcause death of 0.51 (95%CI 0.48, 0.55) compared to those with HF-REF (Figure 13-2). Overall,
2

2

there was no evidence of heterogeneity between included studies (χ =24.62, p=0.08, I =35.0%)
(Figure 13-2). A sensitivity analysis excluding patients from the three large trials

526-528

contributing

the majority of patients to this meta-analysis (weight 83%) demonstrated a similar result with an OR
of 0.56 (95% CI 0.48, 0.66). The OR for all-cause death in the three large randomized controlled
trials alone was similar with confidence intervals overlapping the OR from the other studies (OR
0.51, 95% CI 0.47, 0.54; Figure 13-2).
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Table 13-1. Included prospective studies
Abbreviations: CHARM Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity, Echo echocardiogram, FS fractional shortening, LVEF left ventricular ejection fraction,
LVG left ventriculogram, RNV radionuclide ventriculography

First author

Year

Country

Deaths/number at
risk (%)

Normal LVEF
(%)

Normal LVEF
definition

LVEF measure

Follow-up
(months)

Ghali

1992

US

44/78 (56%)

28

FS ≥24%

Echo

48

Madsen

1994

Denmark

58/186 (31%)

15

LVEF ≥53%

RNV

24

Kupari

1997

Finland

12/39 (46%)

39

FS ≥25%

Echo

48

Pernenkil

1997

US

135/399 (34%)

43

LVEF ≥50%

Echo

12

McAlister

1999

Canada

209/562 (37%)

22

LVEF ≥45%

Echo or RNV or LVG

36

Andersson

2000

Sweden

60/149 (40%)

56

LVEF ≥40%

Echo

84

Gottdiener

2002

US

139/269 (52%)

63

LVEF ≥55%

Echo

77

CHARM

2003

Worldwide

1831/7599 (24%)

40

LVEF >40%

Echo or RNV or LVG

38

Curtis

2003

US & Canada

2606/7788 (33%)

13

LVEF >45%

Echo or RNV or LVG

37

Gustafsson

2003

Denmark

3678/5240 (70%)

42

LVEF >48%

Echo

84

MacCarthy

2003

UK

192/522 (37%)

31

LVEF ≥50%

Echo or RNV

60

Ojeda

2003

Spain

52/153 (34%)

41

LVEF ≥45%

Echo

25

Smith

2003

US

70/413 (17%)

48

LVEF ≥40%

Echo or RNV or LVG

6

Kirk

2004

Denmark

50/161 (31%)

50

LVEF >45%

Echo

12

Macín

2004

Argentina

108/328 (33%)

42

LVEF >40%

Echo

24

Brucks

2005

US

26/206 (13%)

50

LVEF ≥50%

Echo

19

Guazzi

2005

US & Italy

23/409 (6%)

23

LVEF ≥45%

Echo

12
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Table 13-2. Patient characteristics
Abbreviations: LVEF left ventricular ejection fraction

Included Prospective
Studies

Excluded Retrospective
Studies

Number of studies

17

22

Number of patients

24,501

30,511

67

69

Male

68%

60%

Ischemic cardiomyopathy

58%

50%

Patients excluded due to lack of LVEF
measurement

0%

40%

Follow-up (months)

47

32

9,299 (38%)

11,081 (36%)

Age (years)

Number of deaths

13.3.2 Comparison studies

There were a total of 30511 patients in 22 comparison studies

23,412-414,416,534-550

which met other

selection criteria. In this comparison group of studies, there were 11081 deaths (36%) during a
pooled mean follow-up of 32 months (range 3-74) (Table 13-3). The pooled mean age of patients
was 69 years, 60% were male and 50% had an ischaemic aetiology (Table 13-2). The proportion of
patients excluded from these studies on the basis of missing EF measurement was 40% with a
range of 4-70% (Table 13-3).

Overall, there were 4758 deaths in 13845 patients with HF-PEF and 6323 deaths in 16666 patients
with HF-REF. This yielded an OR for all-cause death in the patients with HF-PEF of 0.74 (95%CI
0.70, 0.78) compared to those with HF-REF (Figure 13-3). In this analysis, however, there was
2

2

significant heterogeneity between studies (χ =144.49, p<0.00001, I =85.5%). There was variation
across these studies, for example, the prevalence of HF-PEF within the studies ranged from 1466% and the percentage of patients with missing EF data varied from 4-70%. This heterogeneity
and the results of the pooled data from the prospective studies support the concept that these
studies are different to the prospective studies.
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Figure 13-2. Forest plot of included prospective studies
Abbreviations: n/N number of deaths/number at risk

13.4 Discussion
The growing burden of HF has been recognized over recent years. During this time numerous
studies have focused on therapies aimed at improving outcomes and quality of life in patients with
HF-REF. Recent data suggest that this effort resulted in an improvement in survival in patients with
160

HF-REF between 1987 and 2001.

23,390,551

However, during the same period the prevalence of HF-

PEF has continued to rise and outcomes in these patients have not changed significantly.

23

Despite

a number of trials now reporting outcome for patients with HF-PEF, individual studies have
produced conflicting results. Two large community-based studies,

23,416

recently reported that

mortality was similar among patients with HF-REF and HF-PEF, leading to renewed concerns
regarding patients with HF-PEF. The current meta-analysis, which included 24501 patients and
9299 deaths, from 17 studies in which LVEF measurements were available for all patients,
demonstrates that patients with HF-PEF had half the odds of death compared to patients with HFREF.

Given the powerful relationship between EF and outcome in HF (albeit among patients with
impaired EF), it is intuitive that patients with HF-PEF should have a better prognosis and our
findings support this view. There are several potential sources of bias that may have affected the
results from previous individual studies. Ideally, all patients included in such studies should have
undergone an accurate assessment of EF (as EF was the single criterion upon which patients were
assigned to the HF-REF and HF-PEF groups). If the proportion of patients with missing EF
measurements was small and had occurred randomly in both groups, the impact on outcome
should not be of major consequence. However, in practice it is known that EF is measured less
frequently among some groups of patients, such as elderly patients with HF.

552

Furthermore,

patients in whom an EF measurement is missing are known to experience different outcomes
compared to those in whom EF is measured.

535

As patients with HF-PEF are older and more likely

to be female, there is a high likelihood of systematic selection bias when comparing patients with
HF-REF to those with HF-PEF, if patients are excluded due to missing EF measurements.

The results from the current meta-analysis are in stark contrast with two large retrospective
studies

23,416

which concluded that patients with HF experienced similar outcome regardless of

whether they had preserved of impaired EF HF. In both studies however, measurements of EF were
missing in a significant number of patients (up to 70%). These concerns are highlighted by the
disparity between the patient characteristics in the retrospective and prospective clustering of
studies used in our meta-analysis. We collated data from 22 comparison studies, which met all
other inclusion criteria, except for having EF measurements in most patients. In addition to the
missing EF measurements there were other notable differences in patient characteristics. Patients
in the prospective studies were younger (67 vs. 69 years), more likely to be male (68% vs. 60%),
have ischaemic aetiology (58% vs. 50%), and have longer follow-up (47 vs. 32 months).
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Table 13-3. Excluded comparison studies
Abbreviations: Echo echocardiogram, LVEF left ventricular ejection fraction, LVG left ventriculogram, N/A not applicable, RNV radionuclide ventriculography

First author

Year

Country

Taffet
McDermott
Senni
Vasan
Philbin
Tsutsui
Ansari
Dauterman
Ahmed
Tarantini
Varela-Roman
Martínez-Sellés
Kerzner
Varadarajan
Lenzen
Newton
Parkash
Berry
Bhatia
Felker
Grigorian Shamagian
Owan

1992
1997
1998
1999
2000
2001
2001
2001
2002
2002
2002
2003
2003
2003
2004
2005
2005
2005
2006
2006
2006
2006

US
US
US
US
US
Japan
US
US
US
Italy
Spain
Spain
US
US
Europe
England
US
Scotland
Canada
US
Spain
US

Deaths/
number at risk
(%)
46/94 (49%)
125/192 (65%)
89/137 (65%)
44/73 (60%)
272/1291 (21%)
34/172 (20%)
70/349 (20%)
243/782 (31%)
284/438 (65%)
360/2390 (15%)
118/229 (52%)
297/699 (42%)
146/373 (39%)
1683/2258 (75%)
732/6806 (11%)
171/364 (47%)
234/478 (49%)
183/445 (41%)
595/2450 (24%)
1757/4951 (35%)
509/944 (54%)
3061/4596 (67%)

Normal
LVEF
(%)
43
46
43
51
24
35
29
55
54
14
29
66
43
43
46
28
46
29
36
62
40
47
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Normal
LVEF
definition
LVEF ≥45%
LVEF >50%
LVEF ≥50%
LVEF ≥50%
LVEF ≥50%
LVEF >50%
LVEF >45%
LVEF >40%
LVEF ≥40%
LVEF >45%
LVEF >50%
LVEF >30%
LVEF ≥40%
LVEF ≥55%
LVEF ≥40%
N/A
LVEF ≥50%
LVEF ≥40%
LVEF >50%
LVEF >40%
LVEF ≥50%
LVEF ≥50%

LVEF measure
Echo or RNV
RNV or LVG
Echo
Echo
Echo or RNV or LVG
Echo
N/A
Echo or RNV or LVG
Echo or RNV
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo
Echo or RNV or LVG
LVG
Echo
Echo

No
LVEF
%
15%
49%
37%
40%
48%
4%
7%
41%
60%
27%
24%
34%
7%
16%
36%
31%
N/A
16%
70%
N/A
N/A
24%

Followup
(months)
36
27
60
74.4
N/A
28.8
20
12
48
12
60
48
25
60
2.8
60
60
27
12
42
60
60

Figure 13-3. Forest plot of excluded comparison studies
Abbreviations: n/N number of deaths/number at risk

One caveat about our findings is that the observed difference in outcome in the prospective studies
was driven by a substantial proportion (84%) of patients derived from three large clinical trials, these
were: the Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity
(CHARM) program,

526

the Digitalis Investigation Group (DIG) trial,

Arrhythmia and Mortality on Dofetilide (DIAMOND) trial.

528

527

and the Danish Investigators of

Clinical trials such as these have

inclusion and exclusion criteria, which will invariably exclude certain patients and thus they do not
represent consecutive recruitment of HF patients at any one study centre; however, despite these
limitations measurement of EF is usually required. Interestingly when the analysis was sub-grouped
by randomized controlled trial or observational studies, a similar OR for all-cause death was
observed in both sub-groups, suggesting that the inclusion of these trials didn’t change the general
magnitude and direction of the overall OR.

Understanding the impact of a disease process such as HF does have important implications for
patient management. Heart failure is a clinical syndrome with a range of underlying structural and
functional cardiac abnormalities; this is reflected for example by the wide range of EF values.
Further improvements relating to therapy may only arise if we clearly understand the outcome for all
patients with HF.
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13.4.1 Limitations

Literature-based meta-analyses have inherent limitations, including publication bias, duplication of
data and the inability to assess the independent impact of possible confounding factors. To
minimize publication bias we contacted all corresponding authors of included studies and asked for
any unpublished data. There was no evidence of publication bias on visual examination of the
funnel plot. Duplication of patients in this meta-analysis is unlikely given the rigorous methodology
adopted: this included extensive consultation and confirmation of published data with the
corresponding authors of included studies. Although there was no significant statistical
heterogeneity (differences in the reported effects) between studies included in this meta-analysis,
there were sources of methodological (differences in study design) and clinical (differences between
studies in characteristics of participants, interventions or outcome measures) heterogeneity.

13.5 Conclusions
In this literature-based meta-analysis of prospective studies, mortality among patients with HF-PEF
was half that observed in those with HF-REF. These data are in contrast to recent reports
suggesting that mortality may be similar in these groups. The comparison studies are limited due to
a high proportion (40% on average) of patients excluded from the analyses due to missing EF data;
in contrast the prospective studies are limited by the potential for selection bias, as many are clinical
trials. Further research, either an individual patient data meta-analysis or large prospective clinical
study, is required to better understand this prevalent and clinically important condition.
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CHAPTER 14

Restrictive filling pattern is a powerful predictor of heart failure
events post-acute myocardial infarction and in established
heart failure: a literature-based meta-analysis
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14.1 Introduction
Heart failure (HF) is a significant and ever increasing public health problem globally. In the US,
according to National Hospital Discharge Survey (NHDS) figures, hospital admissions for a principal
392

diagnosis of HF increased from 399000 in 1979 to 1093000 in 2003

. Furthermore, the direct and

indirect cost of HF to the US health system is estimated to be $29.6 billion in 2006

392

. Despite

advances in management, morbidity and mortality secondary to HF remain high.

Doppler echocardiographic assessment of mitral diastolic filling is commonly applied using a variety
of pulsed wave Doppler techniques, including the assessment of blood flow velocity and pattern
across the mitral valve.

227

In a normal heart, passive diastolic ventricular filling occurs early in

diastole in response to ventricular suction and an atrial-ventricular pressure gradient

226,553

and

comprises the majority of ventricular filling. The velocity is directly related to the pressure gradient
between the two chambers, but the deceleration slope is more closely related to rate of pressure
equalization and chamber stiffness. The time for pressure equalization (mitral deceleration time) is
thus an important marker of diastolic ventricular function, and in the setting of high filling pressures
and increased chamber stiffness early filling terminates abruptly, resulting in a short deceleration
time (Figure 14-1). Thus, short deceleration time (<140 ms) represents the most severe form of
diastolic filling abnormality, the so-called restrictive filling pattern.

226,553

Restrictive filling pattern has

been linked with adverse outcomes in patients with HF and post-acute myocardial infarction (postAMI). Two recent literature-based meta-analyses demonstrated that the presence of the restrictive
filling pattern (RFP) was associated with an odds ratio for death of 4.10 (95% CI 3.38, 4.99) in postAMI

238

patients and 4.36 (95% CI 3.60, 5.29) in HF

237

patients. Although the association between

mortality and RFP is clearly established, the relationship between HF morbidity and RFP in both
patient groups is less so.

Studies in post-AMI patients

554-565

and in established HF

232,384,566-568

have demonstrated a link

between RFP and HF morbidity. However, the reported odds ratios for HF morbidity have been
wide-ranging, with variable event rates and statistical significance. Furthermore, many of these
studies were powered for combined end-points (death and morbidity) and thus were too small to
clearly establish an independent link between morbidity and RFP.

This literature-based meta-analysis aims to more precisely assess the impact of RFP on the risk of
developing de novo HF post-AMI and acute decompensation in HF patients.
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Grade
MFP

0
Normal

MV E/A
MV DT
TDI
PV PWD
MV Valsalva

1
Abnormal

2
Pseudonormal

3
Restrictive

Between 1 and 2

<1

Between 1 and 2

>1.5

>140ms

>220ms

>140ms

<140ms

Ea/Aa >1

Ea/Aa <1

Ea/Aa <1

Ea/Aa <1

Am itral ≥ ARpulm onary

Am itral ≤ ARpulm onary

Am itral < ARpulm onary

Am itral < ARpulm onary

Unchanged E/A

Unchanged E/A

↓ E/A

Reversible: ↓E/A
Non-reversible: unchanged E/A

Figure 14-1. Diastolic filling grades
Abbreviations: MFP mitral filling pattern, MV mitral valve, E peak early transmitral flow velocity, A peak transmitral flow
velocity during atrial contraction, DT mitral E wave deceleration time, TDI tissue Doppler imaging, PV pulmonary venous,
PWD pulmonary venous Doppler, e’ peak early diastolic velocity of mitral annulus, a’ peak diastolic velocity of mitral annulus
during atrial contraction, Amitral duration of mitral A wave, ARpulmonary duration of pulmonary venous atrial reversal

14.2 Methods
14.2.1 Identification of studies

The methodological approach to this literature-based meta-analysis is similar to that described in
greater detail previously.

237,238

Briefly, published studies were identified by searching several online

databases. Prospective studies, which enrolled post-AMI and HF patients and reported HF events
according to mitral filling pattern, were included. Most of the required data was extracted from the
published papers and each investigator was contacted and asked to confirm the extracted data. If
the reported data was insufficient, the authors were asked to provide the missing information via
email or facsimile. Additional data was requested from the investigators of 3 out of the 12 post-AMI
studies and 2 out of the 5 HF studies.

14.2.2 Definition of restrictive mitral filling

RFP was defined within each study according to site-specific criteria (Table 14-1). Although there
was some regional and institutional variation in definitions of RFP, all were deemed acceptable and
within normal variation of clinical echocardiography.

14.2.3 Endpoints

The primary endpoint was HF events. HF events were defined as development of HF in the postAMI group and HF readmissions in the HF group. In seven of the post-AMI studies, the endpoint
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used was readmission to hospital for HF, in the remaining five studies the endpoints included:
development of HF symptoms (2 studies); HF symptoms ≥ NHYA class II, Killip class ≥ II, and Killip
class ≥ III (Table 14-1).

In the HF cohort, the endpoint was hospitalisation due to HF, with some minor variations. One
study

566

another

reported a combined endpoint of hospital admission or worsening symptomatic status and

232

reported all hospitalisations, which included haemodynamic decompensation, sustained

arrhythmias, infections and peripheral ischaemic events. In both cases, no further breakdown was
possible and thus all events were included.

14.2.4 Statistical methods

The Cochrane Collaboration Program Review Manager 4.2.7 was used for analysis. For each study,
patients were stratified according to the individual study criteria as restrictive or non-restrictive. The
number of patients and the number of events allocated to each group were recorded. The odds ratio
using a fixed effects model is presented, but a random effects model was also evaluated. As the
latter was not different from the former we only present the fixed effects model. The program
automatically weights the individual studies according to sample size and size of effect. Standard
2

2

tests for heterogeneity including, Chi (presented), I and funnel plots were performed (APPENDIX
2).

14.3 Results

14.3.1 Acute myocardial infarction studies

One thousand two hundred and eighty six patients with 271 events from 12 studies

554-565

are

included (Table 14-1). The pooled average age was 63 years with a range of 54-67 years and
pooled average EF was 45%: mean age was not available in one study
inaccessible in two studies

558,562

. One study

565

558

and average EF was

recruited patients with an EF <35%, but did not

provide an average EF.

Follow up was restricted to the duration of hospital admission in two studies.

554,560

In the remaining

studies, it varied between 5.5-60 months with a mean of 23.5 months. The timing of the initial
echocardiogram post-AMI varied from “on admission to CCU” to “at discharge”. In 7 studies the
echocardiogram was done in <24 hours after the index AMI (Table 14-1).

Two hundred and eighty seven (22%) patients had a RFP at baseline. There were 140 HF events
(49%) in the RFP group and 131 HF events (13%) in the non-RFP group resulting in an odds ratio
168

2

of 10.10 (95% CI 7.02, 14.51). No significant heterogeneity was observed (χ =13.67, p=0.25,
2

I =19.5%) (Figure 14-2).

14.3.2 Heart failure studies

Six hundred and forty seven patients with 221 events from 5 studies
14-2). Patients were recruited from outpatient HF clinics
and from inpatient services

384

566,567

232,384,566-568

are included (Table

, the echocardiography laboratory

568

. The mean age was 64 years with a range of 52-73 years. The pooled

average EF was 30% and from range 24% to 34% (Table 14-2). Follow-up ranged from 10-22
months with a mean of 15.8 months.

At baseline, 250 (39%) patients had the RFP. There were 104 HF events (42%) in the RFP group
and 72 HF events (18%) in the non-RFP group producing an odds ratio of 2.96 (95% CI 2.02, 4.33)
2

2

(Figure 14-3). There was no evidence of heterogeneity between studies (χ =2.28, p=0.68, I =0%)
(Figure 14-3).

14.4 Discussion
The relationship between restrictive filling pattern and death is well established in post-AMI
patients

238

and patients with established HF

237

. On this premise, we sought to clarify the relationship

between RFP and HF morbidity, specifically the development or exacerbation of HF. These metaanalyses bring together data from nearly 2000 patients and have clearly demonstrated that RFP is a
strong predictor of future HF in post-AMI patients and HF hospitalisation in those with existing HF.
This unique analysis of HF morbidity in these two high-risk patient groups highlights the important
role of Doppler echocardiography to further aid risk assessment and thus management. Although
both were highly significant, there was a striking relationship between RFP and development of HF
in post-AMI patients with an odds ratio of 10 associated with the presence of restrictive mitral filling.
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Table 14-1. Included postacute myocardial infarction studies
Abbreviations: AMI acute myocardial infarction, DT deceleration time of passive mitral filling, E/A ratio of early to late mitral filling, EF ejection fraction, E/Vp ratio of peak early mitral filling to flow
propagation velocity, F/U follow up, HF heart failure, hrs hours, N/A not available, RFP restrictive filling pattern, SD standard deviation, yrs years

First Author

Year

Country

Data source

HF Events/N (%)

Event Type

Age
in yrs

EF
%

Echo timing
post-AMI

F/U
(months)

Definition of RFP

Garcia-Rubira

1997

Spain

Numbers in
paper

30/133
(23)

Killip Class ≥ III

62

44

24hrs

In-hospital

E/A>1.6 and DT<180

Nijland

1997

Netherlands

Numbers in
paper

5/95
(5)

HF readmission

61

49

24hrs

32

E/A≥2 or E/A 1-2 and DT<140

Sakata

1997

Japan

Author provided
numbers

73/205
(36)

HF readmission

62

49

on admission to
CCU

60

A velocity 2SD below mean

Poulsen

1999

Denmark

Numbers in
paper

4/58
(7)

HF readmission

61

47

24hrs

12

DT≤140

Tsai

1999

Taiwan

Numbers in
abstract

6/27
(14)

NYHA class ≥ II

N/A

N/A

7days

30

DT≤125

Burgess

2000

UK

Numbers in
paper

14/102
(14)

HF readmission

66

44

4days

11

E/A>2 or E/A 1-2 with DT≤140

Møller 1

2000

Denmark

Numbers in
paper

60/125
(48)

Killip class ≥ II

67

53

6hrs

In-hospital

DT<140

Cerisano

2001

Italy

Numbers in
paper

14/104
(13)

HF readmission

61

40

3days

32

DT≤130

Brzezninska

2002

Poland

Numbers in
abstract

23/88
(26)

Development of HF
symptoms

54

N/A

at discharge

12

E/A≥2 or E/A≥1.5 with DT<140

Karvounis

2004

Greece

Author provided
numbers

7/33
(21)

Development of HF
symptoms

55

52

24hrs

12

E/A>2

Kinova

2004

Bulgaria

Numbers in
paper

10/91
(11)

HF readmission

62

48

72hrs

5.5

E/A≥1 or 2 and E/Vp≥1.5

Møller 2

2004

Denmark

Author provided
numbers

15/225
(7)

HF readmission

67

<35

at
randomisation

28

DT<140
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Restrictive Filling and Heart Failure Events

Study
Garcia-Rubira
Nijland
Sakata
Poulsen
Tsai
Burgess
Moller 1
Cerisano
Brzezninska
Karvounis
Kinova
Moller 2
Events/Total (95% CI)

Restrictive Filling
n/N

Non-Restrictive Filling
n/N

Weight
%

19/107
2/83
31/153
1/44
1/17
8/83
36/99
3/70
15/79
2/27
2/56
11/181

11/26
3/12
42/52
3/14
5/10
6/19
24/26
11/34
8/9
5/6
8/35
14/44
140/287

OR (fixed)
95% CI

24.44
2.16
17.24
2.16
2.11
11.63
6.57
7.57
1.94
0.69
6.77
16.72

131/999

100.00

!

Somaratne et al
OR (fixed)
95% CI

3.40 [1.35,
13.50 [1.98,
16.53 [7.47,
11.73 [1.11,
16.00 [1.50,
4.33 [1.29,
21.00 [4.69,
10.68 [2.74,
34.13 [3.96,
62.50 [4.71,
8.00 [1.59,
7.21 [2.99,

8.54]
91.82]
36.58]
123.96]
171.20]
14.53]
94.07]
41.68]
294.07]
829.26]
40.30]
17.39]

349
Year
1997
1997
1997
1999
1999
2000
2000
2001
2002
2004
2004
2004

10.10 [7.02, 14.51]

Test for heterogeneity: Chi2 = 13.67, df = 11 (P = 0.25), I2 = 19.5%
Test for overall effect: Z = 12.49 (P < 0.00001)
0.001 0.01

0.1

Restrictive Filling Better
Figure
Postacute myocardial
forest
plot
Fig.14-2.
2. Postacute
myocardialinfarction
infarction
forest

1

10

100 1000

Restrictive Filling Worse

plot. CI, confidence interval; df, degrees of freedom; HF, heart failure; OR, odds ratio.

Abbreviations: CI confidence interval, df degrees of freedom, HF heart failure, OR odds ratio

the important role of Doppler echocardiography to further
aid risk assessment and thus management. Although both
were highly significant, there was a striking relationship between RFP and development of HF in post-AMI patients
with an odds ratio of 10 associated with the presence of restrictive mitral filling.
The development of early or late HF post-AMI, the natural consequence of significant myocardial damage, portends a poor prognosis.23 This meta-analysis has
demonstrated that it may possible to identify a group of patients at particularly high risk of developing HF subsequent 171
to the initial ischemic event. Importantly, the incidence of
HF post-AMI is not rare. A recent literature review of 9

hospitalization. It should be noted that this is not a small
percentage of patients: approximately 40% of this cohort
had RFP at baseline and 42% of those with RFP were rehospitalized.
These 2 meta-analyses have demonstrated that RFP is
a predictor of HF disease progression and represents an important similarity between 2 different patient groups. Although the 2 cohorts were similar in terms of age (63
versus 64 years), the pooled average EF was much higher
in the post-AMI group (45% versus 30%) and the prevalence of the RFP in the post-AMI cohort was almost half
that of the HF cohort (22% versus 39%). But, most importantly, when RFP was identified, the event rate was similar

Table 14-2. Included heart failure studies
Abbreviations. CM cardiomyopathy, DT deceleration time of passive mitral filling, E/A ratio of early to late mitral filling, EF ejection fraction, F/U follow up, HF heart failure, IVRT isovolumic
relaxation time, N/A not available, RFP restrictive filling pattern, yrs years

First
Author

Year

Country

Data source

Belardinelli

1995

Italy

Numbers in paper

Pozzoli

1997

Italy

Numbers in paper

Bettencourt

2000

Portugal

Dini

2002

Italy

Whalley

2002

NZ

Author provided
numbers
Author provided
numbers
Numbers in paper

HF Events/N
(%)
9/55
(16)
69/173
(40)
30/97
(31)
37/207
(18)
31/115
(27)

HF Event type

Age in yrs

EF %

Ischaemic
CM %

F/U
(months)

Definition of RFP

HF readmission

55

27

67

12

IVRT≤50, filling velocity
>105, DT<150

HF readmission

52

24

N/A

17

E/A>1 and DT≤130

HF readmission

70

34

53

18

DT<130

HF readmission

70

32

68

22

DT<140

HF readmission

73

32

54

10

E/A>2 and DT<140

Restrictive Filling and Heart Failure Events

Study
Belardinelli
Pozzoli
Bettencourt
Dini
Whalley
Events/Total (95% CI)

Restrictive Filling
n/N

Non-Restrictive Filling
n/N

7/25
52/98
20/47
14/53
11/27

2/30
17/75
10/50
23/154
20/88

104/250

OR (fixed)
95% CI

Weight
%
4.34
29.99
18.47
28.75
18.46

72/397

100.00

!

Somaratne et al
OR (fixed)
95% CI

5.44[1.02,
3.86[1.97,
2.96[1.20,
2.04[0.96,
2.34[0.94,

29.19]
7.54]
7.31]
4.35]
5.84]

351
Year
1995
1997
2000
2002
2002

2.96[2.02, 4.33]

Test for heterogeneity: Chi2 = 2.28, df = 4 (P = 0.68), I2 = 0%
Test for overall effect: Z = 5.60 (P < 0.00001)
0.1
1
0.01
Restrictive Filling Better

10
100
Restrictive Filling Worse

Figure 14-3. Heart failure forest plot
Fig.
3. Heart
failure
forestofplot.
CI, HF
confidence
df,
Abbreviations: CI
confidence
interval,
df, degrees
freedom,
heart failure,interval;
OR odds ratio

degrees of freedom; HF, heart failure; OR, odds ratio.

limitations of literature-based meta-analyses discussed previously, the effect of timing of echocardiography on risk estimates could not be accounted for.
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The criteria used by individual investigators for classification of RFP varied slightly. Importantly, none was

without restrictive filling, the odds ratio of the RFP is
much higher than in the HF cohort. As such, this literature-based meta-analysis confirms that RFP is a powerful
predictor of HF development, especially in post-AMI patients, and should be incorporated into routine clinical prac-

The development of early or late HF post-AMI, the natural consequence of significant myocardial
384

damage, portends a poor prognosis.

This meta-analysis has demonstrated that it may possible to

identify a group of patients at particularly high risk of developing HF subsequent to the initial
ischemic event. Importantly, the incidence of HF post-AMI is not rare. A recent literature review of
nine studies with consecutive AMI patients reported a mean incidence of in-hospital HF of 36%
(range 19-51%).

569

Early development of HF portends a higher in-hospital

mortality. In the CARE (Cholesterol And Recurrent Events) trial

575

570-572

and 1-year

570,573,574

, 6.3% of AMI patients with no

previous HF developed late-onset (≥ 3months after the index AMI) HF and this late-onset HF was
found to be associated with a 10-fold increase in 5-year mortality. Furthermore, patients with HF
post-AMI are also at high risk of future HF readmissions.

576-578

Thus, the use of echocardiography to

identify these patients (approximately 20% of all AMI patients) early in their clinical course may offer
substantial management benefits.

The diagnosis of HF continues to be associated with poor quality of life, high morbidity and mortality
despite contemporary HF management.

579 34,43,387,389,390,580

experience higher rates unplanned HF hospitalisation

34,580

Once admitted to hospital, patients

and mortality

34,43,387,389,390,580

. A study of

HF patients in Australia and Scotland found previous hospitalisation for HF was associated with an
OR of 2.3 (95% CI 1.11, 4.8) for unplanned readmission or out-of-hospital death within 3 months of
initial HF hospitalisation.

580

One-year mortality rates after initial hospital admission for HF have

been reported between 25 and 35 %.

34,390

This meta-analysis has identified a sub-group of HF

patients (those with restrictive mitral filling) who are at high risk of hospitalisation. It should be noted
that this is not a small percentage of patients: approximately 40% of this cohort had RFP at baseline
and 42 % of those with RFP were rehospitalised.

These two meta-analyses have demonstrated that RFP is a predictor of HF disease progression
and represents an important similarity between two different patient groups. Although the two
cohorts were similar in terms of age (63 vs. 64 years), the pooled average EF was much higher in
the post-AMI group (45% vs. 30) and the prevalence of the RFP in the post-AMI cohort was almost
half that of the HF cohort (22% vs. 39%). But, most importantly, when RFP was identified, the event
rate was similar regardless of disease category: 49% in the post-AMI cohort and 42% in the HF
cohort. This similarity is especially remarkable, as it supports the concept that RFP per se may be
an important predictor or morbidity, rather than underlying myocardial damage, systolic impairment
or LV dilatation that might be present in some individual patients. The higher OR in the post-AMI
cohort compared with the HF cohort (10.10 vs. 2.96) reflects both the lower event rate in the nonRFP group of the post-AMI cohort (13%); and the slightly higher event rate in the RFP group of the
post-AMI cohort which may be due to unrecognised HF in this group. This draws attention to the
greater prognostic value of the RFP in post-AMI patients: one in two post-AMI patients with the RFP
will develop HF. Thus, identification of the RFP in post-AMI patients is an ominous sign, as half of
this group will develop HF. RFP is therefore a very important prognostic indicator in this group of
patients.
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Restrictive filling pattern is related to elevated LV filling pressure.

471,472,581,582

Moreover, it is a

surrogate measure of elevated filling pressure and may demonstrate haemodynamic instability. RFP
is also associated with higher neurohormone levels

583-586

. Since BNP level is linked with mortality,

hospitalisations and worsening HF it is logical that RFP, in these patients, is also related to
outcome.

587-593

Similarly, it is no surprise that RFP may predict further haemodynamic instability and

development of HF. This is supported by the findings of this study that the presence of RFP is a
strong predictor of future HF events, especially in post-AMI patients. Many of the studies linking the
RFP with elevated filling pressure and outcome have been conducted in HF populations with
impaired systolic function. The HF patients in the current analysis display depressed EF, but
conversely mean EF in the post-AMI studies is higher. Nevertheless, RFP remains a strong
predictor of outcome in the post-AMI cohort. The literature-based approach adopted in this analysis
precluded an evaluation of the individual and multivariate contribution of all echocardiographic and
clinical variables to overall risk. However, an individual patient meta-analysis, pooling individual
patient data from each included study, would potentially have the power to determine the
independence of the RFP from systolic function, other echo parameters and clinical variables.

Identification of the RFP is an accessible marker of prognosis, which can be obtained during routine
clinical echocardiography. Reversal of the RFP by means of preload reduction could be a target for
intensified therapy. Patients with the RFP who respond to therapy (reversible RFP) have been
shown to have better outcomes compared to those with an irreversible RFP.

594,595

14.4.1 Limitations

Meta-analyses have many inherent limitations, including publication bias. Unpublished data, that
may or may not be in agreement with these results, may have been omitted. Unpublished studies
are often negative and so the omission of such studies may lead to exaggeration of the risk
estimate. To minimise publication bias, all studies that included prognosis and diastolic parameters
were identified and the search was not limited to RFP. Authors were contacted and asked if it were
possible to breakdown their data on the basis of RFP versus non-RFP. Furthermore, all published
authors were contacted to request any unpublished data.

A further possible bias is duplication of patients. Because our search strategy was wide and
encompassing, several publications containing duplicate patients with different echocardiographic
variables were identified. After consultation with the original authors, duplicate patient cohorts were
identified and excluded. We believe this rigorous methodological approach has minimized these
potential sources of bias and error. The timing of echocardiography may be important. A study of
post-AMI patients with serial Doppler echocardiographic measurements demonstrated the greater
prognostic value of detecting the RFP at approximately 2 weeks after the index AMI in comparison
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to within 2 days of the index AMI.

596

In this meta-analysis, echocardiographic examinations were

performed on post-AMI patients between admission and 7 days after the index AMI. Similarly the
HF patients were studied when they were deemed clinically stable. Unfortunately given the
limitations of literature-based meta-analyses discussed previously the effect of timing of
echocardiography on risk estimates could not be accounted for.

The criteria used by individual investigators for classification of RFP varied slightly. Importantly,
none were deemed to fall far outside what might be considered international standards. In many
cases, this was predetermined by the investigators to be the best cut-off for detecting at-risk
subjects. This may have influenced the results but we do not think this was the case as the variation
was only slight.
554,560

Follow-up was restricted to the duration of the index hospital admission in 2 studies.

This was

markedly different to the other studies in this cohort, which had a mean follow-up of nearly 2 years.
A separate analysis, excluding these 2 studies, revealed the following event rates: 45% (105/235) in
the RFP group and 10% (76/793) in the non-RFP group. The prevalence of the RFP was
unchanged (23%) and the OR for HF events was similar (OR 11.43 (95% CI 7.52, 17.52)). One
study

232

reported readmission due to multiple causes and it was not possible to isolate true HF

readmission from the data. A sensitivity analysis excluding this study yielded a similar OR for HF
events (OR 2.57 (95% CI 1.62, 4.10)).

The size of the risk estimates and confidence intervals around the risk estimates in conjunction with
the sample size, would suggest that these potential sources of error, although possible, are likely to
have minimal effect on the overall risk estimates.

14.5 Conclusion
Restrictive mitral filling is associated with a ten-fold increase in the odds of developing HF post-AMI
and a 3-fold increase in the odds of hospitalisation in HF patients. The current focus of
echocardiographic diagnostic and risk stratification strategies, in both post-AMI and HF settings, is
systolic function. However, these analyses suggest that the presence of restrictive filling may be
used to identify patients at very high risk of experiencing new or exacerbation of HF. Importantly,
once RFP is identified, the group event rate is similar whether they have existing HF or have
recently experienced an AMI. Interestingly, because of the lower event rate in the post-AMI patients
without restrictive filling, the odds ratio of the RFP is much higher than in the HF cohort. As such
this literature-based meta-analysis confirms that RFP is a powerful predictor of HF development,
especially in post-AMI patients, and should be incorporated into routine clinical practice.

175

CHAPTER 15

Pseudonormal mitral filling is associated with similarly poor
prognosis as restrictive filling in patients with heart failure and
coronary heart disease: a systematic review and metaanalysis of prospective studies
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15.1 Introduction
Cardiovascular disease is the leading cause of death and an important contributor to
hospitalizations with coronary heart disease (CHD) being the most frequent cause of cardiovascular
death

392

and heart failure (HF) the most common cause of cardiovascular hospitalization.

597

Echocardiography is increasingly utilized to risk stratify such patients. The restrictive filling pattern,
the most advanced mitral filling pattern, is easily detected by Doppler echocardiography and is an
important prognostic indicator. In two recent meta-analyses, RFP was associated with a four-fold
increase in the odds of all-cause death in patients post-acute myocardial infarction
HF.

237

238

and with

In addition, the restrictive filling pattern has also been associated with HF development post-

acute myocardial infarction (AMI) and more frequent HF hospitalizations in the HF population.

However, most patents (80% of post-AMI patients

238

and 60% of HF patients

237

120

) present with non-

restrictive filling patterns. Using pulsed wave Doppler echocardiography, four progressive mitral
filling patterns, which are associated with increasing left atrial pressure, have been recognised:
normal, abnormal relaxation, pseudonormal, and restrictive. This differentiation is based on early
(E) and late (A) peak mitral filling velocities and E-wave deceleration time.

224-227

Unfortunately, the

pseudonormal filling pattern is not easily identified using mitral pulsed wave Doppler alone and a
variety of different techniques have evolved to do so. The earliest technique described was
pulmonary venous pulsed wave Doppler used in conjunction with mitral pulsed wave Doppler.
472

226,469-

However, this approach is often limited by suboptimal transthoracic pulmonary venous pulsed

wave Doppler recordings.

598

Mitral pulsed wave Doppler accompanied by preload reduction with a

Valsalva manoeuvre provides accurate recognition of the pseudonormal filling pattern,

231

as does

the preload-independent index of LV relaxation obtained from colour M-mode flow propagation
velocity.

480,481,599,600

More recently, Doppler tissue imaging has been shown to be a valuable tool for

identifying patients with elevated LV filling pressure
pseudonormal filling.

601-603

495,497

and discerning between normal and

Using a combination of these reliable techniques it is now possible to

accurately discriminate between true normal filling and pseudonormal filling.

While the relationship between the restrictive filling pattern and outcome has been clearly
recognized, there are only a few small studies

384,385,465,466,468,560,604

examining the relationship

between the pseudonormal filling pattern and outcome. As pseudonormal filling is a transitional
state between abnormal relaxation and restrictive filling, it has been hypothesised that it may be
associated with an intermediate outcome. However, many of these studies were small, had only a
few events and these results are variable. As such, the objectives of this literature-based metaanalysis are: firstly to more precisely estimate the risk of death associated with pseudonormal filling
in comparison to other non-restrictive filling patterns; and secondly to assess the relative impact on
mortality of the pseudonormal filling pattern and restrictive filling pattern.
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15.2 Methods
For inclusion in this literature-based meta-analysis, studies were required to meet the following
criteria: enrol patients prospectively; enlist patients with HF or CHD (either post-acute myocardial
infarction or post-coronary artery bypass graft surgery); undertake comprehensive baseline
echocardiographic examinations with reporting of diastolic parameters; and provide long-term
mortality data.

Studies were identified by searching online medical databases including: Biological Abstracts,
Clinical Evidence, Current Contents, Embase, PubMed, Medline and Medline In-Process & Other
Non-Indexed Citations. Efforts to discover additional studies were made by hand searching
reference lists of previously identified studies and reviews. Authors of included trials were contacted
to obtain: details of any additional studies, unpublished data, on-going trials, and any missing data
not reported in the published trials.

All corresponding authors of potentially eligible studies were contacted, asked to verify the
presented data and provide any missing data. In addition, in the case of potential duplicate
publications, confirmation of duplication was sought from the authors and the largest single
published data set was used for the literature-based meta-analysis.

Heterogeneity between included studies was examined by: visual assessment of forest plots for
spread of effect estimates and overlap of confidence intervals; standard chi-squared test for
2

2

heterogeneity with a significance level set at p < 0.1; and calculation of the I statistic. An I statistic
of greater than 50% was considered to indicate substantial heterogeneity. Funnel plot preparation
and examination for signs of asymmetry were undertaken for assessment of publication bias.

Data were analysed using a fixed effects model and the Mantel-Haenszel method. Data analysis
was performed using The Cochrane Collaboration Review Manager Version 4.2.3 (2003).

15.3 Results
This literature-based meta-analysis includes 5 studies of HF patients
patients with CHD studies

560,604

384,385,465,466,468

and 2 studies in

yielding a total of 887 patients (HF 74.4%; CHD 25.6%), of whom

244 patients died (HF 202 deaths; CHD 42 deaths) during a mean follow-up of 15 months (Table
15-1). The mean age was 65 years and the pooled average ejection fraction was 34.5%. For the
purposes of this analysis the mitral filling pattern categorization made by the original investigators at
baseline echocardiography was used. There were 277 patients (31.2%) in the restrictive filling
pattern group with 109 deaths (39.4%); 227 patients (25.6%) with 88 deaths (38.8%) in the
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Table 15-1. Included studies
Abbreviations: AMI acute myocardial infarction, Ad atrial wave duration, ARd pulmonary atrial reversal duration, ARd-Ad difference in duration of pulmonary venous and mitral flow at atrial
contraction, CABG coronary artery bypass graft surgery, DT early wave deceleration time, E/A early-to-atrial wave ratio, EF ejection fraction, FS fractional shortening, F/U follow-up, HF heart
failure, LV left ventricular, S/D ratio of peak systolic to diastolic pulmonary vein velocity, yrs years
*death or heart transplant

First author

Year

Country

Data
source

Patient
type

Deaths/N

Age
(yrs)

LV
systolic
function

Definition of pseudonormal filling
pattern

Average
F/U
(months)

465

1992

France

Paper

HF

27 /62
(44%)

*

60

FS <25%

E/A 1-2

31

1996

Italy

Paper

HF

21 /98
(14%)

*

_

Mean EF
25%

E/A ≥1 and DT >130ms

12

2000

Italy

Paper

HF

30/145
(21%)

70

Mean EF
31%

DT >130ms and ARd-Ad ≥30ms

15

2000

Denmark

Paper

Post-AMI

33/125
(26%)

68

Mean EF
53%

DT >140ms and E/Vp ≥1.5

12

2002

NZ

Paper

HF

28/115
(24%)

73

Mean EF
32%

E/A 1.0-2.0 and E/A<1.0, DT >0.23s with
Valsalva and/or ARd/Ad <1.2

10

2003

Japan

Paper

PostCABG

3/102
(3%)

66

Mean EF
51%

DT 150-180ms, 2> E/A >1, and ARd/Ad
<1

29

2005

US

Author
provided

HF

48/240
(19%)

57

Mean EF
25%

E/A 1-2, DT 150-220 ms, S/D ≤1, ARd
>35 cm/s

10

Shen

Traversi
Dini

385

Møller

560

Whalley
Liu

466

384

604

Troughton

468
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pseudonormal filling pattern group; and 383 (43.2%) with 47 deaths (12.3%) in the other nonrestrictive filling pattern group.

Comparing the pseudonormal filling pattern group with the other non-restrictive filling pattern group,
the odds ratio for all-cause death was 4.07 (95% CI 2.64, 6.26). There was no evidence of
2

2

significant heterogeneity between included studies (χ =9.92, p=0.13, I =39.5%) in this particular
analysis (Figure 15-1).

In comparison to the pseudonormal filling pattern, the presence of the restrictive filling pattern was
associated with no significant difference in mortality with an odds ratio of 1.16 (95% CI 0.78, 1.74).
2

2

Substantial heterogeneity was noted (χ =18.31, p=0.005, I =67.2%) in this particular analysis
(Figure 15-2).

Subgroup analysis with categorization according to primary morbidity (CHD or HF) was carried out.
2

2

This showed no heterogeneity in the CHD subgroup (χ = 0.32, p = 0.57, I = 0%) but significant
2

2

heterogeneity in the HF subgroup (χ = 15.65, p = 0.004, I = 74.4%). This suggests that the
heterogeneity observed in the pseudonormal filling pattern versus restrictive filling pattern analysis
arose primarily from HF subgroup rather than as a result of combining the CHD and HF cohorts.
The odds ratios for death on comparing patients with pseudonormal filling with either those with:
other non-restrictive filling [OR: HF 3.79 (95% CI 2.35, 6.12); CHD 5.69 (95% CI 2.12, 15.24)] or
restrictive filling [OR: HF 1.02 (95% CI 0.66, 1.59); CHD 2.37 (95% CI 0.84, 6.70)] were similar
regardless of primary morbidity. On closer examination of the HF subgroup it is evident that one
study

465

had a mean follow-up more than twice that of the rest of the subgroup (31 months versus

13.4 months) and hence a substantially higher event rate. A sensitivity analysis excluding this study
2

resulted in an odds ratio 0.93 (95% CI 0.61, 1.43) with no significant heterogeneity (χ = 8.66, p =
2

0.12, I = 42.3%).

The small number of included studies limited the value of visually assessing funnel plots for
asymmetry (APPENDIX 3).
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15.4 Discussion
For some time, clinicians have been aware that the restrictive filling pattern was associated with
poor outcome. Restrictive filling is associated with high left ventricular filling pressure
higher neurohormone levels.

583-586

471,472

and

The pseudonormal filling pattern has long been regarded as an
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intermediate pattern and is also linked with elevated left ventricular filling pressure.

This literature-

based meta-analysis, collating data from 7 prospective trials including 887 patients and 244 deaths,
confirms this intermediate mitral filling pattern may be prognostically as important as the restrictive
filling pattern itself. Specifically, the presence of the pseudonormal filling pattern is associated with
an odds ratio for death of 4.07 (95% CI 2.64, 6.26) in comparison to other non-restrictive filling
patterns in both CHD and HF populations. Perhaps even more importantly these data demonstrate
that in these patient groups no difference was observed between survival in the group with
restrictive filling pattern compared to that with the pseudonormal filling pattern (odds ratio 1.16, 95%
CI 0.78, 1.74).

The pseudonormal filling pattern by definition can be reversed to abnormal relaxation with preload
reduction. As such, it represents a haemodynamically unstable state, which depending on preload,
can change to either abnormal relaxation or restrictive filling. This instability may account for its
relationship with poor prognosis but may also offer greater potential for alteration with therapy.
Optimal preload reduction with vasodilator therapy and beta-blockade in patients found to have
pseudonormal filling pattern might result in reversion to abnormal relaxation. This may be
associated with significant prognostic benefits. In patients with the restrictive filling pattern, longterm beta-blocker therapy, with either carvedilol

605,606

or metoprolol,

607

has been shown to improve

diastolic function. Furthermore, optimization of chronic medical therapy has also been shown to
reverse the restrictive filling pattern to a less advanced mitral filling pattern, such as pseudonormal
filling or abnormal relaxation.

466

Such improvement in diastolic function was associated with

enhanced survival, reduced pulmonary capillary wedge pressure and improved functional
capacity.

466

However, large-scale randomized controlled trials targeting therapy to improve diastolic

filling abnormalities have not been performed and thus no clear recommendations regarding
therapy directed towards altering filling patterns can be made.

While this analysis has confirmed the prognostic value of the pseudonormal filling pattern in patients
with established cardiovascular disease, that is American College of Cardiology (ACC)/American
Heart Association (AHA) Stages B and C HF, it has also uncovered issues requiring further study.
There is need for further research investigating the relationship between the pseudonormal filling
pattern and outcome in patients at high risk of developing HF with no known underlying structural
heart disease (ACC/AHA Stage A HF) including patients with diabetes mellitus or hypertension.
Given the advent of multiple techniques, especially Doppler tissue imaging, for distinguishing
between normal filling and pseudonormal filling pattern, a head-to-head comparison to identify the
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most accurate and time-efficient method would be very useful. Ultimately such a study would allow
standardization and ready incorporation into routine clinical practice.

15.4.1 Limitations

Literature-based meta-analyses have many limitations, including publication bias. Unpublished
studies are often negative and so the omission of such studies may lead to exaggeration of the risk
estimate. As mentioned previously, the small number of included studies precludes a meaningful
graphic assessment of publication bias using funnel plots. Therefore despite the rigorous
methodology described above there may be undetected publication bias. Duplication of patients is
unlikely given extensive consultation and confirmation of published data with the corresponding
authors of included studies. There was significant heterogeneity observed in the restrictive filling
pattern versus pseudonormal filling pattern comparison. This is probably the result of including one
study
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that had longer follow-up time than the others. When this study was removed this

heterogeneity was resolved.

Most of the patients in this analysis had significant underlying systolic dysfunction. As such it is
unclear whether these findings can be generalised to patients with better systolic function. Given
the intrinsic limitations of literature-based meta-analysis, it is impossible to ascertain the individual
contributions of various clinical and echocardiographic variables to the overall risk. A meta-analysis
with individual patient data would be required to achieve this. However, the current review suggests
that pseudonormal filling is a prognostically important finding that likely contributes to overall risk.

15.5 Conclusion
This literature-based meta-analysis demonstrates a 4-fold increase in risk of death associated with
the pseudonormal filling pattern in comparison to other non-restrictive filling patterns in both patients
with CHD and HF. In addition, the pseudonormal and restrictive filling patterns carry the same dire
prognosis and should therefore be managed with a similarly guarded approach. These data support
the need for comprehensive assessment of diastolic filling, including careful examination of nonrestrictive filling patterns to identify pseudonormal filling, as part of routine echocardiographic risk
stratification in patients with CHD and HF. Whether these finding apply to all patients with or at high
risk of cardiovascular disease requires further investigation.
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CHAPTER 16

Summary of Part B
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The main objectives for Part B were to examine the influence of LVEF on mortality in patients with
Stage C/D HF, and to assess the prognostic utility of measures of LV diastolic function in patients
with Stage B and C HF. These were addressed by a series of literature-based meta-analyses. A
standardised methodology was used in each of these studies.

Briefly, prospective, observational studies with consecutive enrolment, which reported the outcome
of interest, were included. Comprehensive literature search strategies were executed, on several
online databases, to find relevant studies. Assessment of reporting bias and heterogeneity between
included studies was undertaken. Quantitative data synthesis was carried out using The Cochrane
Collaboration Review Manager software. Subgroup and sensitivity analyses were performed where
appropriate. Finally data was reported in accordance with The Meta-analysis of Observational
Studies in Epidemiology (MOOSE) Group guidelines.

A summary of findings, clinical implications, and future directions are provided in Table 16-1.

16.1 Chapter 13

16.1.1 Summary of findings

This was the first and largest meta-analysis aiming to verify the prognostic value of LVEF amongst
patients with HF.

608

It included 24 501 patients with HF from 17 studies. During an average follow-

up of 47 months, 9299 (38%) patients died. Participants with HF-PEF were older and more likely to
be female. While the mortality rate in this group was high (32%), it was even higher in the HF-REF
group (41%). In contrast to previous reports suggesting that mortality may be similar in both groups,
the odds of death in the HF-PEF group was half that of the HF-REF group (OR 0.51, 95% CI 0.480.55). Studies that didn’t fulfill selection criteria for this meta-analysis were examined separately for
the purposes of comparison. The value of the comparison studies was limited by the exclusion of a
large proportion (40%) of participants due to missing LVEF data. Nonetheless, the pooled data from
the comparison studies also showed that reduced LVEF was associated with worse outcome (OR
0.74, 95% CI 0.70-0.78).

16.1.2 Clinical implications

All patients with HF should receive evidence-based information regarding their prognosis. This
analysis, demonstrating the prognostic value of LVEF, helps refine risk assessment and counselling
of patients. The routine and accurate measurement of LVEF in all patients with HF is supported by
these data. It is often assumed that, in developed nations, all patients with de novo HF have a
measurement of LVEF. However, as recently as 2007, 40% of those with newly diagnosed HF in
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the US did not have an assessment of LVEF.

609

This highlights the continuous need for physician

education and clinical auditing.

16.1.3 Future directions

This literature-based meta-analysis formed the basis of the largest individual patient data metaanalysis of individuals with HF.

610

In addition, there is a need for a prospective observational study

to examine the natural history of HF-PEF. Such a study should include repeated measurements of
LVEF at set time intervals. The mode of death in patients with HF-PEF also needs to be clarified. If
it is similar to those with HF-REF, this finding could have important therapeutic ramifications. For
instance, the use of implantable cardioverter defibrillators, currently recommended only in HF-REF,
may have a role in those with HF-PEF. Drug and device-based therapies should be tested in
randomised controlled trials restricted to patients with HF-PEF.

16.2 Chapter 14

16.2.1 Summary of findings

This literature-based meta-analysis studied the use of the RFP, a marker of advanced LV diastolic
dysfunction in two separate cohorts. It involved those admitted for management of an AMI (Stage B
HF) and patients with established HF (Stage C HF). A total of 12 post-AMI studies (1286 patients,
271 events) and 5 HF studies (647 patients, 176 events) were included. The RFP was found in 1 in
5 patients after an AMI. It was less common than in patients with HF (39%). Following an AMI
(Stage B HF), the presence of the RFP predicted a 10-fold increase in the odds of developing de
novo HF (OR 10.10, 95% CI 7.02-14.51). Similarly, in those with established HF it was linked with a
3-fold increase in the odds of future HF hospitalisation (OR 2.96, 95% CI 2.02-4.33). Interestingly,
the incidence of HF events was similar in those with RFP, regardless of disease category (49%
post-AMI, 42% HF).

16.2.2 Clinical implications

At present, the echocardiographic assessment of patients with a recent AMI or known HF focuses
on LV systolic function. The findings of this analysis strongly favour the routine assessment of mitral
filling pattern in patients with a recent AMI or established HF. The presence of RFP identifies a
subgroup of patients who are at increased risk of HF events. This should be considered during the
assessment of the adequacy of medical therapy and suitability for discharge. Furthermore, these
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individuals require close monitoring after hospital discharge to prevent rehospitalisation for
management of decompensated HF.

16.2.3 Future directions

There was institutional variation in the definition of the RFP. A standardised and widely agreed
definition would enhance comparison of data collected at different centres. An individual patient
data meta-analysis or prospective observational study examining the independent contribution of
RFP to the risk of HF events would also be useful. Such a study would determine the incremental
prognostic value of the RFP over other predictive parameters, such as LVEF and LV end-systolic
volume. The optimal timing and frequency of assessing mitral filling pattern also needs to be
established. Another area of study, in which there is limited data, relates to the reversibility of the
RFP and its prognostic significance.

16.3 Chapter 15

16.3.1 Summary of findings

The last of the 3 literature-based meta-analyses evaluated the prognostic value of the PNFP. It
included 887 patients from 7 studies (5 HF and 2 CHD). During an average follow-up of 15 months,
244 (28%) patients died. In this mixed cohort of patients with either established HF or CHD, the
presence of a PNFP foretold a 4-fold increase in odds of death compared with other non-restrictive
filling patterns (OR 4.46; 95% CI, 2.87-6.92). Importantly, the outcome of patients with the RFP and
PNFP was the same (odds ratio 1.16; 95% confidence interval, 0.78-1.74).

16.3.2 Clinical implications

This study further supports the precise determination of the mitral filling pattern during the routine
echocardiographic evaluation of patients with HF or CHD. As patients with the PNFP have a
similarly poor outcome to those with the RFP, they should receive the same intensity of treatment
and monitoring. Mitral inflow pulsed wave Doppler recordings are indistinguishable in patients with
pseudonormal and normal filling. Given the prognostic significance of the PNFP, time and care must
be taken to correctly differentiate the two patterns. The advent of tissue Doppler imaging has made
this task considerably more straightforward.

16.3.3 Future directions
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As with the RFP, there are a number of different definitions of the PNFP in use. A standardised and
globally accepted definition of the PNFP is needed for the reasons outlined above. In addition there
is no consensus on the most suitable method for differentiating between pseudonormal and normal
filling. A comparison of the accuracy and efficiency of different methods would help to guide future
recommendations on this issue. The independent contribution of the PNFP to outcome should be
verified in an individual patient data meta-analysis or prospective observational study.
Echocardiographic markers of intermediate and advanced LV diastolic dysfunction portend a poor
prognosis. At present, there are no specific therapies targeting LV diastolic function. Therefore,
there is a need for further study into the value of novel therapies, which enhance LV relaxation.

16.4 Limitations
Literature-based meta-analyses have several inherent unavoidable limitations. The most important
of these is the inability to establish the independent contribution of a variable to an observed effect.
Individual patient data is required to adjust for confounding variables. This requires either an
individual patient data meta-analysis or a prospective observational study. Contacting the authors of
included studies, to verify published data and provide historical unpublished data, minimised the
potential for duplication of data and publication bias. The inclusion of randomised controlled trials,
which often have stringent inclusion and exclusion criteria, introduces the possibility of selection
bias. Heterogeneity between included studies is a potential limitation that was assessed and
explored when present in each of the analyses.
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Table 16-1. Summary of Part B
Abbreviations: AMI acute myocardial infarction, CHD coronary heart disease, HF heart failure, HF-PEF heart failure with preserved left ventricular ejection fraction, HF-REF heart failure with
reduced left ventricular ejection fraction, LV left ventricular, LVEF left ventricular ejection fraction, MFP mitral filling pattern, MOOSE Meta-analysis of Observational Studies in Epidemiology,
PNFP pseudonormal filling pattern, RFP restrictive filling pattern, TDI tissue Doppler imaging.

Part B: Usefulness of echocardiographic measures of left ventricular systolic and diastolic function in predicting outcome
amongst patients with or at risk of heart failure

• 12 post-AMI studies (1286 patients, 271 events) and 5 HF
studies (647 patients, 176 events) were identified.
• RFP was less common in the post-AMI group (22%
versus 39%).
• It was associated with a markedly higher rate of HF
events in both patients with HF and post-AMI.
• The incidence of HF events was similar in those with RFP
regardless of disease category (49% post-AMI, 42% HF).

• 887 patients were included from 7 studies (5 HF and 2
CHD).
• 244 (28%) died during a mean follow-up of 15 months.
• The PNFP conferred a 4-fold increase in odds of death
compared with other non-restrictive filling patterns.
• The outcome of patients with the RFP and PNFP was the
same.

Clinical
implications

• Routine and accurate measurement of LVEF should be
undertaken in all patients with HF.
• LVEF is an important prognostic indicator in patients with
HF.
• As such, it should be incorporated into the clinical
prognostic assessment of these patients.

• The assessment of mitral filling pattern should be a
routine part of the echocardiographic assessment of
patients with HF and after an AMI.
• The presence of the RFP identifies a subgroup of patients
who are at increased risk of HF events.
• As such, this should be taken into account when
assessing a patient’s readiness for discharge.
• These individuals require close monitoring after hospital
discharge to prevent HF rehospitalisation.

• Routine echocardiographic risk stratification in either
patients with HF or CHD should include a comprehensive
assessment of the MFP.
• As patients with the PNFP and RFP have similar
outcomes, they should receive the same intensity of
treatment and monitoring.
• Given its prognostic significance, time and care should be
taken to distinguish between the PNFP and normal.
• TDI has made it easier to distinguish between the two.

• This study led to the largest individual patient data metaanalysis of patients with HF.
• The natural history of HF-PEF should be examined in a
prospective observational study with repeated
assessment of LVEF at regular intervals.
• Identification of the mode of death in patients with HFPEF will aid with improving the current understanding of
this disease process.
• There is a need for randomised controlled trials of drug
and device-based therapies in patients with HF-PEF.

• A standardised and widely agreed definition of the RFP is
required.
• The independent contribution of RFP to the risk of HF
events should be examined in an individual patient data
meta-analysis or prospective observational study.
• The optimal timing and frequency of assessment of mitral
filling pattern needs to be established.
• The reversibility of the RFP and its prognostic
significance requires further study in large numbers of
patients and different patient groups.

• A standardised and globally accepted definition of the
PNFP is needed.
• A comparison of the accuracy and efficiency of different
methods to distinguish between the PNFP and normal
filling is necessary.
• The independent relationship between the PNFP and
outcome requires verification in an individual patient data
meta-analysis or prospective observational study.
• There is a need for novel therapies to improve LV
diastolic function.

Summary of
findings

• A total of 24 501 patients, of whom 9299 died (38%)
during an average follow-up of 47 months, from 17
studies were included.
• HF-PEF was linked to increased age and female gender
• The mortality rate in the HF-REF group (41%) was higher
than in the HF-PEF (32%) group.
• In contrast to previous reports, the odds of death in the
HF-PEF group was half that of the HF-REF group.

Future directions

Part B consists of 3 separate literature-based meta-analyses undertaken using standardised methodology. Prospective, observational studies with consecutive enrolment, which reported
the outcome of interest, were included. Online databases were searched to find relevant studies. Reporting bias and heterogeneity were assessed. Quantitative data synthesis was carried
out using The Cochrane Collaboration Review Manager software. Subgroup and sensitivity analyses were performed. Data was reported in accordance with The MOOSE Group guidelines.
Restrictive filling pattern is a powerful predictor of heart
Pseudonormal mitral filling is associated with similarly
The prognostic significance of heart failure with
failure events post-acute myocardial Infarction and in
poor prognosis as restrictive filling in patients with HF
preserved left ventricular ejection fraction: a literatureestablished heart Failure: a literature-based metaand coronary heart disease: a systematic review and
based meta-analysis (Chapter 13)
analysis (Chapter 14)
meta-analysis of prospective studies (Chapter 15)
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CHAPTER 17

Conclusion
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17.1 Summary of findings
The main findings are summarised according to the objectives and sub-objectives outlined in
Chapter 1.

17.1.1 Early detection of structural heart disease in Stage A HF

17.1.1.1 Development and prevalence of structural heart disease

1. In patients with Stage A HF, on the basis of T2DM, 63% had LV remodelling and should,
therefore, be reclassified as Stage B HF. In other words, the number of patients with Stage
A HF needed to scan to detect a single person with Stage B HF was just 1.6.

2. Left ventricular hypertrophy was the most common form of LV remodelling. It had a
2.7

prevalence of 56%, using indexation of LV mass to height . This estimate was lower with
indexation to BSA (48%). Currently recommended indexation methods and reference
ranges may not be appropriate for use in this cohort. They were derived from cohorts
comprised of individuals of differing ethnicity and anthropometric features.

3. The use of RWT to accurately determine LV geometry led to detection of CR in 16% of
participants with Stage A HF. Additionally, it allowed the identification of those with
concentric LVH, which was associated with markers of more advanced disease.

4. A large proportion of individuals with Stage A HF due to T2DM should be categorised as
Stage B HF due to LV dysfunction. Most individuals had LV diastolic dysfunction (88%) and,
more importantly, a quarter of the whole group had moderate LV diastolic dysfunction.
Furthermore, 8% had a resting regional wall motion abnormality and 5% had LV systolic
dysfunction.

17.1.1.2 Potential screening modalities for structural heart disease

1. The tools for detection of LVH evaluated in this study, namely 12-lead ECG and NTproBNP, were unsuitable for use as a screening test. The sensitivity of ECG (2%) was far
too low to be useful. Similarly, the sensitivity of NT-proBNP (68%), though vastly superior to
ECG, was inadequate for screening purposes. The average specificity of NT-proBNP
(58%), which is linked with a high false positive rate, further limits its utility.
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17.1.2 Risk stratification in Stage B and Stage C heart failure

17.1.2.1 Left ventricular ejection fraction in Stage C heart failure

1. Contrary to recent claims, the odds of death in patients with Stage C HF with preserved
LVEF was half that of those with Stage C HF with reduced LVEF.

17.1.2.2 Measures of left ventricular diastolic function in Stage B and Stage C heart failure

1. Severe LV diastolic dysfunction, suggested by the presence of a restrictive mitral filling
pattern, predicts progression of HF. In those classified as Stage B HF due to a recent MI, it
predicted the development of Stage C HF. It was also linked with an increased likelihood of
recurrent HF hospitalisation, in those with Stage C HF.

2. In patients with Stage B HF and Stage C HF, pseudonormal filling, an intermediate stage
between abnormal relaxation and restrictive filling, was associated with a similarly poor
outcome to restrictive filling.

17.2 Implications

17.2.1 Screening individuals with Stage A heart failure for structural heart disease

A large number (63%) of individuals with Stage A HF have LV remodelling and, therefore, have
Stage B HF. This underlying disease is often undetected and untreated. The secondary prevention
of Stage B HF involves early detection of this disease and institution of appropriate therapy. The
clinical gold standard for the detection of LVH is transthoracic echocardiography. The performance
of echocardiography requires suitable equipment, locations, sonographers, and cardiologists. As
such, in comparison to a blood test or ECG, it is not accessible or economic.

The purpose of a screening test is to minimise the performance of echocardiograms in the 37%
without LV remodelling. In practice, diagnostic tests have false positive and false negative rates.
This means the administration a screening test, would lead to those with a false positive result
going on to have echocardiography unnecessarily. Likewise, a false negative test would lead to an
individual with Stage B HF remaining undetected.

Due to the high prevalence of disease, the value of a screening test over routine administration of
the ‘gold standard’ test is questionable. Given the low number needed to scan to detect one person
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with Stage B HF, echocardiography, for all patients with T2DM for more than 5 years or treated with
medication, would have a high yield. This conservative analysis is based on detection of LV
remodelling alone. The case for echocardiography would be even more compelling if the detection
of LV dysfunction is considered. Nonetheless, this strategy requires further investigation relating to
its long-term prognostic utility and cost-effectiveness.

17.2.2 Evolving role of echocardiography in heart failure

The role of echocardiography in patients at different stages of HF continues to expand. Initially, it
was used to confirm the diagnosis of Stage C HF, and later Stage B HF. This evolving application of
echocardiography is reflected in this thesis. In Part A, it identified individuals with Stage B HF
amongst those with Stage A HF due to T2DM. This was followed, in Part B, by a demonstration of
the prognostic power of echocardiography in Stage C HF. Technological advancements provide
more detailed information, allowing increasingly accurate and sensitive detection of structural heart
disease. This is supported by the findings of this work. For instance, in Part A, tissue Doppler
imaging simplified the process of distinguishing normal and pseudonormal filling. Similarly, the
identification of concentric remodelling was possible due to the use of relative wall thickness in
combination with LV mass. In the second part, Doppler imaging permitted the estimation of LV
diastolic function, which in turn successfully predicted mortality and disease progression.

17.2.3 Echocardiographic assessment of left ventricular diastolic function

The use of LV diastolic parameters for diagnosis and prognosis in HF is contingent on their routine
and precise measurement and reporting. In clinical practice, the echocardiographic assessment of
LV function is often focussed on LV systolic function. However, the present data strongly support
the routine measurement of LV diastolic parameters in all individuals with Stage A, Stage B, and
Stage C HF.

This requires a simple standardised approach to the evaluation of diastolic function. Any such
algorithm should be based on parameters with proven diagnostic and prognostic value. As was
clearly demonstrated in Part B, mitral filling pattern is an important predictor of outcome. It is also
the cornerstone of grading the severity of diastolic dysfunction. The other two key parameters, left
atrial volume and E/e’ ratio, were not specifically evaluated in this study. They provide important
information regarding the chronicity of LV diastolic dysfunction and LV filling pressure.

The prognostic significance of pseudonormal filling in Stage B and Stage C HF was highlighted in
Chapter 15. In Chapter 15, pseudonormal filling was linked with a poor prognosis. The importance
of this finding, on the odds of death, was equivalent to restrictive filling. It emphasises the need to
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carefully distinguish between normal and pseudonormal filling. In Part A, the distinction was made
on the combined basis of E/A ratio normalisation with a preload reduction and e’/a’ ratio.

17.3 Future directions

17.3.1 Defining ‘normal’

In general, measurements require a standard or benchmark to compare against. The standard or
reference ranges in echocardiography were derived from small cohorts with limited diversity. In Part
A, this led to two main questions, which require further investigation. Firstly, is it appropriate to
apply existing references ranges to non-Caucasian ethnicities, such as Asians, Māori, and Pacific
peoples? Secondly, is indexation of LV mass to height

2.7

suitable for all body sizes? These issues

can be resolved by developing universally accepted reference ranges. Such a benchmark needs to
be derived from a large cohort including ‘normal’ individuals from a variety of ethnicities and body
sizes. In particular, there is a need for reference ranges for LV mass that are gender and ethnicspecific, and take into account body size, preferably through indexation to fat free mass.

17.3.2 Natural history of heart failure

The natural history of Stage C HF has been studied extensively over the past 4 decades. In
comparison, the natural history of Stage A and Stage B HF are less clear. A cohort study of such
individuals with serial echocardiographic measurements would be useful to document the
progression from Stage A through to Stage D HF over time. In particular, the natural history of CR,
LVH, and HF-PEF are poorly understood at present.

17.3.3 Other Stage A heart failure conditions

The individuals with presumed Stage A HF included in this study were exclusively selected on the
basis of T2DM. The prevalence of undetected structural heart disease in those with other Stage A
HF conditions, apart from hypertension, is unclear and requires investigation. Such conditions
include, known atherosclerotic disease, obesity, and metabolic syndrome.
Atherosclerotic disease encompasses those with stable coronary heart disease (including silent
myocardial ischaemia), peripheral vascular disease, and cerebrovascular disease.

17.3.4 Treatment of Stage B heart failure
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The early detection of Stage B HF is only of benefit if the institution of treatment leads to control or
reversal of disease. There are some existing therapies, such as ACE inhibitors and ARBs, for LVH
and LV systolic dysfunction. Yet, there is a lack of specific therapies for LV diastolic dysfunction.
This is clearly an area of need, given the high prevalence LV diastolic dysfunction demonstrated in
Part A.

17.3.5 Prognostic value of newer echocardiographic measures

Innovations in echocardiography, such as strain imaging, continue to enhance the detection of early
and subtle changes in LV function. This has important implications for the early detection of Stage B
HF. For example, the demonstration of reduced LV systolic strain in an individual with no other
discernible disease is indicative of an abnormal underlying myocardium. Including abnormal strain
in the diagnosis of Stage B HF would further increase its prevalence. The prognostic importance of
strain and E/e’ in Stage A and B HF is unknown and warrants further study.

17.3.6 Multi-factorial approach to prognosis in Stage B and Stage C heart failure

At present, with the exception of LVEF, there is an underutilisation of echocardiographic parameters
in risk prediction tools for Stage B and Stage C HF. For example, LVH is not part of commonly used
cardiovascular risk charts for individuals with Stage A or B HF. Comparably, LV diastolic
parameters are not used in risk prediction algorithms for patients with Stage C HF. This represents
a missed opportunity for refining risk prediction at the various stages in the HF spectrum.

The incremental prognostic value of echocardiographic measures needs to be assessed in a large
prospective observational study. Most importantly, mitral inflow pattern, mitral annular velocities,
and left atrial volume should be included in such an analysis. This should aid the development of a
multifactorial HF risk score, which incorporates clinical, laboratory, biomarker, and
echocardiographic factors.

17.3.7 Education

The introduction of a HF staging classification, analogous to well-established cancer staging
frameworks, is a very useful tool from a prevention point of view. More than a decade after its
publication, the HF staging system is underutilised in clinical practice. This is likely to be due,
predominantly, to a combination of two factors. Firstly, outside the sphere of HF cardiology there is
poor clinician awareness of the stages of HF. Secondly, clinicians are reluctant to label an individual
as ‘having heart failure’ in the absence of symptoms. The term ‘heart failure’ has negative
connotations for patients, families, employers, and insurance companies. As such, if this staging
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system is to be used in clinical practice, it will require education of healthcare workers, the general
public, employers, and all healthcare funders.

17.4 Conclusion
Heart failure is the final common pathway of cardiovascular disease. It is an increasingly prevalent
global public health problem. Despite major therapeutic advances, HF remains associated with a
high mortality and morbidity. The cost of caring for patients is escalating rapidly. This makes
prevention of HF an immense and urgently required task. It is feasible in this progressive condition,
due to the appreciation of antecedent conditions and subclinical disease. The main prevention
challenges include recognition and control of high-risk conditions (Stage A HF), early detection and
treatment of subclinical disease (Stage B HF), and limiting disease progression (Stage C HF).

The first part of this thesis demonstrated that the risk of disease progression is commonly
underestimated in individuals with Stage A HF. Most of these individuals should be reclassified as
Stage B HF due to the presence of undetected structural heart disease. The potential tests for early
detection evaluated in this study were unsuitable for screening. Due to the high disease prevalence
in Stage A HF, routine echocardiography may be more appropriate than a screening test.

The second part, based on a series of literature-based meta-analyses, focussed on assessing risk
of disease progression in Stage C HF. Echocardiographic measures of LV systolic and diastolic
function were shown to predict both mortality and HF morbidity. These data supported the routine
measurement of the studied parameters and their use in evaluating prognosis.

Heart failure remains one of the most difficult cardiovascular conditions to manage. Patients with HF
are heterogeneous group. They often have multiple comorbidities and contributing factors.
Identification of those at risk of initial and recurrent HF hospitalisation requires a multi-pronged
approach, incorporating both clinical and echocardiographic parameters. The contribution of each of
these varies over the HF disease spectrum. An understanding of this complex nature will ultimately
lead to enhanced management and improved survival amongst patients with HF.
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APPENDIX 1
Funnel plot of included prospective studies comparing mortality in patients with heart failure with
preserved left ventricular ejection fraction versus reduced left ventricular ejection fraction
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APPENDIX 2
Funnel plot of studies comparing heart failure events in patients with and without a restrictive filling
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APPENDIX 3
Funnel plot of studies comparing all-cause mortality in patients with pseudonormal filling compared
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