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Abstract

NAME: Dr Ahmet Fuat

TITLE OF THESIS: The Diagnosis and Management of Heart Failure across
Primary and Secondary Care

HIGHER DEGREE FOR WHICH SUBMITTED: Doctor of Philosophy (PhD)

YEAR OF SUBMISSION: 2006

This thesis is centred on the complex arena of heart failure diagnosis and

management across the primary-secondary care interface, including service

delivery models and the utility of natriuretic peptides in triage of patients. The

thesis combines qualitative and quantitative methodologies to identify barriers

to heart failure care and to test strategies for overcoming these.

The findings were:

1.

GPs found heart failure difficult to diagnose and treat due to clinical
uncertainty, lack of awareness of the relevant research evidence and
organisational issues including lack of access to diagnostics.

With regard to specialists variable opinions and practice in diagnosis
and management of heart failure in hospitals and across primary-
secondary care were confirmed, these centred on diagnostic
difficulties, treatment issues and service delivery problems.

A GP-specialist led one-stop diagnostic clinic facilitated expedient,
accurate diagnosis of left ventricular systolic dysfunction.

An integrated heart failure service across primary and secondary care
delivered evidence based therapy, patient and carer education and
access to social and palliative care for patients with heart failure.
Natriuretic peptide measurement had high negative predictive value for
excluding heart failure in a consecutive GP referred cohort.
Electrocardiography was not as accurate at excluding heart failure as
suggested by national guidelines.




7. Use of N-terminal pro B-type natriuretic peptide as a pre-screening test
for secondary care referral may have reduced potential referrals, but
the low specificity of the test and high prevalence of confounding
factors in the screened population increased demand on diagnostic
services and did not lead to cost savings.

Conclusions

The diagnostic and treatment difficulties identified by GPs and hospital
specialists are dependent on a complex interplay of patient, clinician and
organisational factors. Barriers need to be overcome in locality specific and
multi-faceted implementation strategies across primary-secondary care. This
thesis described an integrated heart failure diagnosis and management
system that overcame these barriers and delivered accurate diagnosis and
modern evidence based treatment.

The relatively poor positive predictive value and low specificity of natriuretic
peptides in real life practice meant that large numbers of patients with raised
BNP/NT proBNP did not have heart failure due to left ventricular systolic
dysfunction.

This thesis demonstrated that the prognostic power of BNP/NT proBNP
extended beyond LVSD to most cardiac conditions. Ideally, all patients with
raised natriuretic peptides deserve a full cardiac assessment including
echocardiography, followed by optimal use of evidenced based
pharmacotherapy and health professional support. We need to find ways of
providing expedient diagnostic and treatment services to these patients
especially in rationed health care systems such as the NHS. Until this issue is
addressed widespread natriuretic peptide use is unlikely within the UK.
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Chapter 1.

A resume of the literature

This literature review has been, by necessity, an iterative process over a six
year period, with several additions made during that time. This has been
necessary in order to keep up to date, both clinically and as a researcher, with
the rapidly changing and expansive arena that heart failure research has

become worldwide.

“Heart failure fulfils the three simple criteria for identifying diseases that should
have a high priority and be the focus of healthcare programmes; it is common,

it can be detected, and treatment is effective”’.

1.1 The definition of heart failure and descriptive terms

Before general practitioners can accurately diagnose and optimally treat heart
failure they need to be clear about how it is defined. Research and clinical
management of heart failure (HF) has been handicapped by the absence of a
generally accepted practical definition”*. Dargie (1998) argues that we need
an acceptable definition not only for diagnosis but also for “budgeting within

"5 The much

health services, for regulatory reasons and for research purposes
quoted textbook definition of heart failure; “a state in which an abnormality of
cardiac function is responsible for failure of the heart to pump blood at a rate
commensurate with the requirements of the metabolising tissues or, to do so,
only from an elevated filling pressure™, gives useful pathophysiological insight

but does not address the practical definition required by clinicians.

The difficulty in clinically defining heart failure stems from the fact that it is not
a clear-cut diagnosis or disease per se, but a complex clinical syndrome’.
Unlike renal or pulmonary failure there is no easily measured organ function
parameter (e.g. serum creatinine or pulmonary function tests) to help us in
diagnosis. Although left ventricular ejection fraction (LVEF) is often used as a
descriptor of left ventricular function, different methods of measurement give
different results in the same patient. One problem clinicians face in
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establishing a diagnosis of heart failure is that there is no clearly defined
LVEF below which HF or LVSD is confirmed®. The European Society of
Cardiology (1995)® and American College of Cardiology/American Heart
Association guidelines®'® suggest that LVSD should be diagnosed if LVEF is
less than 40%; in some studies 35% was used as the cut off, and in
significant mitral regurgitation an ejection fraction of less than 60% is
considered abnormal. Furthermore it is not always possible to measure LVEF
especially in patients who are obese or have significant chronic obstructive
pulmonary disease (COPD), mainly due to the inability to identify an adequate
echocardiographic window for trans-thoracic assessment. These difficulties
are compounded by the fact that major clinical trials use different LVEF cut-
points for patient enrolment and “definition” of HF or LVSD. (See table 1.1
below) '

Table 1.1 LVEF cut-points in major HF clinical trials

Major HF clinical trial LVEF cut-point for LVSD
diagnosis
SOLVD T™ < 35%
CAPRICORN" < 40%
CHARM™ < 40%
cisis 1" < 35%
COMET™ < 35%
DIG™ < 45%
ELITE I'' <40%
MERIT HF™® <40%
RALES™ < 35%
SAVE® < 40%
Val-HeF T < 45%
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Historically, matters have been confounded by a multitude of descriptive terms
such as; acute and chronic, right and left, high and low-output, forward and

backward, overt, treated, congestive and undulating heart failure.

The Task Force on Heart Failure of the European Society of Cardiology did
na by
suggesting that heart failure could be described in acute or chronic terms.

address this in their “Guidelines for the diagnosis of heart failure

They suggested the terms of acute (cardiogenic) pulmonary oedema and
cardiogenic shock (a syndrome characterised by a low arterial pressure,
oliguria and a cool periphery). Chronic heart failure can be classified as either
systolic or diastolic left ventricular dysfunction. These do seem to be
acceptable, practical descriptive terms, which also point to the correct
management strategy, which differs for each entity®2.

The clinical definition of heart failure agreed by the Task Force (1995)® guides
diagnosis and encapsulates subjective, objective and retrospective criteria*;

Definition of Heart Failure.

(Criteria 1 and 2 should be fulfilled in all cases).

1. Symptoms of heart failure ( at rest or during exercise ) and
2. Objective evidence of cardiac dysfunction ( at rest ) and
3. Response to treatment directed towards heart failure (in cases
where the diagnosis is in doubt).
Symptoms of heart failure are typically breathlessness or fatigue, either at rest
or during exertion, or ankle swelling. A clinical response to treatment directed
at heart failure alone is not sufficient for diagnosis.

Tan and colleagues reviewed hitherto proposed representative definitions of
heart failure. It would seem reasonable to have the practical definition
proposed by the Task Force and preface this with a statement that reflects the
recent developments in our understanding of the pathophysiological basis of
heart failure. Professor Philip Poole-Wilson proposed the definition “a
syndrome which develops as a consequence of cardiac disease, and is
recognised clinically by a constellation of symptoms and signs produced by

complex circulatory and neurohormonal responses to cardiac dysfunction”®.
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1.2 Epidemiology of heart failure

1.2.1 Introduction - Heart failure, a problem that will not go away.

Despite growing public awareness of the risk factors for heart failure, chronic
heart failure (CHF) as a result of coronary heart disease continues to inflict a
terrible toll on the people of this country. The current estimate that 900,000
people in the UK have CHF is predicted to increase by about 10% each
year®*.

The resulting cost to society is impossible to assess fully. Approximately,
6,000 deaths occur annually in the UK due to CHF — nearly 40% of patients
will die within 1 year of CHF diagnosis®®. However, the pain and suffering
caused by the symptoms of CHF affect even more people and their families.
The shortness of breath associated with CHF can severely restrict mobility in
all but those experiencing mild CHF®, and the effects on quality of life are far
reaching with emotional worries and social limitations a frequent occurrence
. 57 Many of these symptoms result in hospitalisation of patients; an
estimated 5% of all emergency medical admissions to hospital are for CHF
and up to 50% of severe cases require readmission within 3 months®*%.
Inevitably, such a health burden is associated with an economic burden and

CHF is thought to cost the NHS around £625 million per year?’.

The risk of CHF increases with age — around 1 in 35 people aged 65-74 years
has heart failure, increasing to about 1 in 15 of those aged between 75 and
84, and to >1 in 7 in those aged 85 years and older — and as the average age
of the UK population is increasing, this alone points towards an increasing
number of people at risk?*. There is a clear association between the risk of
CHF and the presence of other cardiovascular defects such as previous
myocardial infarction (MI), hypertension, atrial fibrillation, cardiomyopathy and
cerebrovascular disease (e.g. strokes) 2. Other conditions that are known to
contribute to cardiovascular disease (CVD) in general increase the risk of
CHF. For example, patients with CHF are four-times more likely than the
general population to have diabetes (1 in 5 patients with CHF have diabetes
compared with 1 in 20 of the general population).
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There have been comprehensive reviews of epidemiology and the associated

burden of heart failure published by McMurray and colleagues?®®?®

, and Cowie
et af®®. These describe prevalence and incidence data as well as
addressing aetiology, prognosis, quality of life (QOL) and health economic

issues.

1.2.2 How are epidemiological data obtained?

Data relating to the epidemiology of heart failure are available from five types

of studies?®:

1. Cross sectional and longitudinal follow up of well defined populations.
These tend to focus on individuals with clinical signs and symptoms
indicative of heart failure. Examples include the American Framingham
Heart Study and the Swedish Study of Men born in 1913%2%,

2. Cross sectional surveys of individuals who have been medically treated
for signs and symptoms of heart failure within a well defined region. An
example is prevalence data based on prescription data from the county
of Nottinghamshire®*

3. Echocardiographic surveys of individuals within a well defined
population to determine the presence of LVSD. The first population
based study was provided by McDonagh and colleagues from
Glasgow®®. Subsequently studies from Southampton and the Midlands
have followed®%

4. Nationwide studies of annual trends in heart failure related
hospitalisations. The British Heart Foundation collates such data from
National Statistics?*.

5. Comprehensive clinical registries collected in conjunction with major
clinical trials.

1.2.3 Prevalence of heart failure

There are many studies from across the western world that are outlined in the
above mentioned reviews, but | propose only to mention those studies that
are particularly relevant to primary and secondary care in the UK.
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1.2.3.1 Surveys from general practice

Parameshwar and colleagues® surveyed the clinical records of diuretic-
treated patients in three general practices in northwest London in 1992 to
identify possible cases of heart failure. From a total of 30,204 patients, 117
cases (71 female and 46 male) of heart failure were identified, giving an
overall prevalence of 3.9 cases per 1000. The prevalence of heart failure
increased significantly with increasing age — from 0.6 cases/1000 in those
under 65 to 28 cases/1000 in those aged 65 or over. A methodological
weakness of this study was that objective investigation of left ventricular
function was only undertaken in about a third of cases.

Wheeldon and colleagues® reviewed the GP notes of 12012 patients in
Carnoustie, Scotland. The estimated prevalence of LVSD was 0.84%,
whereas 1.6% of the population received loop diuretics for this indication.
However, just under a half of patients invited did not attend for
echocardiography and this non-responder bias suggests that the calculated
prevalence figure is probably too low.

In 1996 Mair et al*® used similar methodology to identify 266 cases of heart
failure from 17,400 patients within two general practices in Liverpool. The
overall prevalence was 15 cases/1000 in individuals aged under 65, rising to
80 cases/1000 in those aged 65 or over. Both the above studies could be
subject to selection and location bias which may limit generalisabilty of results

to a wider population.

Clarke and colleagues*! conducted a larger survey based on similar methods
by analysing loop diuretic prescriptions for all residents in Nottinghamshire. It
was estimated that between 13,017 and 26,214 patients had been prescribed
frusemide. Random case record review found that 56% were being treated for
heart failure. Overall prevalence was estimated at 8-16 cases/1000 for those
less than 70 years of age. Prevalence increased to 40-60/1000 among those
aged 70 years and over.

4243 shows an

UK national data from RCGP surveys of research practices
increase in overall prevalence from 3/1000 in 1985 to 9/1000 in 1995 (patients

aged 25 to 74). There was no data for older patients from 1985 but a
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prevalence of 74/1000 was recorded for those aged 65-74 years of age in
1995.

Toal and Walker** audited the notes of 3 north Cumbria general practices with
a total population of 23210. Prevalence rate for HF was 1.1% (n = 258)

A limitation of all retrospective analyses of notes is that they are open to bias
and error due to variable legibility and completeness of medical records and
difficulty of data interpretation by a detached clinician not present at the
moment of the doctor-patient consultation. Computerisation of data may
reduce some of these errors but analyses are still dependent on accuracy and

completeness of data entry.
1.2.3.2 Cross sectional surveys using echocardiography

McDonagh and colleagues® studies a representative cohort of 2000 people
aged 25-74 years living in North Glasgow. Of these 1640 (83%) underwent
echocardiographic assessment of cardiac function. LVSD was defined as
LVEF = 30%. The overall prevalence of LVSD was 2.9%. Interestingly only
1.5% had symptoms of heart failure with the other 1.4% being asymptomatic.
Prevalence was both greater in men and increased with age. The use of a
strict criterion (LVEF < 30%) was designed to identify those with significant
LVSD but may have excluded those with mild or moderate LVSD who are also
at risk of early death, poor morbidity and hospitalisation. This suggests that
the prevalence data may be an underestimate especially in an area with
recognised high CHD rates.

Morgan and colleagues™ carried out a cross sectional survey in four general
practices in Poole, Dorset. 870 elderly patients aged 70 to 84 had left
ventricular function assessed by echocardiography. Measurement of ejection
fraction was possible in 82% of patients. The overall prevalence for LVSD was
7.5% (95% Cl 5.8% to 9.5%). At all ages prevalence is much higher in men
than in woman (odds ratio 5.1, 95% CI 2.6 to 10.1). 52% of patients with left
ventricular dysfunction had not previously been diagnosed. A conclusion from
this is that unrecognized left ventricular dysfunction is a common problem in
elderly patients in a general practice setting and diagnosis should not be
based on clinical history and examination alone. Whilst this raises the
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feasibility and desirability of screening patients in general practice, it should
not be implemented until the optimum method of identifying left ventricular
dysfunction is clarified and the cost effectiveness of screening has been

shown.

Davies and colleagues® randomly selected 6286 patients aged over 45 years
from 16 practices in the West Midlands. 3960 (63%) were assessed clinically,
and by ECG and echocardiography. LVSD (LVEF < 40%) was diagnosed in
72 (1.8%; 95% CI 1.4-2.3) with a mean age of 69 years and 54 subjects
(1.4%) had definite HF (by ESC diagnostic criteria) from other causes apart
from LVSD, with a mean age of 73 years. Half of the LVSD group were
asymptomatic. The overall prevalence of significant cardiac dysfunction was
3.2%. These results are lower than the North Glasgow despite the use of a
lower LVEF (s35%) in the Glasgow study®® and may be related to a high
frequency of IHD in that population, a major precursor for LVSD. The
prevalence rate was also lower than the Poole study*® which used different
diagnostic methods in an elderly select population.

1.2.3.3 Why such variation in prevalence of heart failure?

Different epidemiological surveys show considerable variations in the
prevalence of chronic heart failure. Whilst some of this may be accounted for
by true differences in populations including social, demographic and risk
factor profiles of study cohorts in contrasting geographical locations, the
greatest cause of variability is most likely to be related to differing definitions,
research methodologies, methods of measuring and assessing heart failure.
Most data show progressive increase of prevalence of CHF with age and a
significant co-relation with CHD, hypertension and diabetes. Furthermore
prevalence seems to have increased over the past few decades. Until there is
a consensus in terms of definition of heart failure for epidemiological studies,
they are unlikely to achieve a homogeneous figure collection and allow a true

data comparison.

1.2.4 Incidence of Heart Failure

There appears to be much less known about the incidence of heart failure?®,
with only two studies relating to British populations. Cowie and colleagues® in
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a population-based study determined the incidence of heart failure in a UK
population through the surveillance of 151,000 patients registered with 52
primary care practices in Hillingdon, south London. Using the ESC criteria for
the diagnosis of heart failure, the overall incidence was found to be 1.3 cases
per 1000 population per year. The incidence rate was age related and
increased steadily from 0.02 cases per 1000 population per year in those
aged 25 to 34, to 11.6 cases per 1000 population per year in those aged over
85. The incidence of heart failure was greater in men than in women with an
age standardised incidence ratio of 1.75 (p < 0.0001). That was maintained
across all age groups. The median age of onset of heart failure was 76 years,
considerably higher than the median age of patients involved in clinical trials
evaluating pharmacological therapy of the disease.

Johansson and colleagues® conducted a survey of UK GPs who had
diagnosed patients with heart failure as part of the general practice research
database covering three million patients. This revealed an overall incidence
of 4.4 per thousand population per year in men and 3.9 per thousand
population per year in woman. Whilst this study suggests a significant
incidence of heart failure in the UK population, it should be noted that the
diagnosis criteria may not have been as stringent as in other population based
studies.

Studies from Sweden, Finland and the USA give broadly similar incidence
rates to that estimated by Cowie and colleagues:

Table 1.2. Heart Failure Incidence

Study and year Location Incidence rate Incidence rate in
(total population) | older age groups

Eriksson et al Sweden - 10/1000
1989% , (61-67 years)
Remes et al Finland 1-4/1000 8/1000
19924 (45-74 years) (> 65 years)
Rodeheffer et al Rochester 1/1000 16/1000
1993 USA (<75 years) (> 65 years)
Ho et al 1993 Framingham | 1/1000 12/1000

USA (>85 years)
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As with prevalence data there is an obvious increased incidence in older
individuals.

1.2.5 A summary of prevalence and incidence of heart failure

Heart failure is a major public health problem in industrialised countries with
ageing populations. Prevalence rates vary between 3 to 35 per 1000 under
the age of 65, rising to between 28 to 130 per 1000 over 65%. These
estimates probably vary widely due to differences in methodology and timing®
and diagnostic heterogeneity in clinical studies*, rather than reflecting true
differences between populations. Incidence rates average between 1 to 5 per
1000, but can rise up to 40 per 1000 in over 75 years of age in some

studies®.

1.2.6 Prognosis and quality of life

Annual mortality exceeds 60% in severe heart failure and 5 year mortality
approaches 50% even in mild cases®*°®% This is worse than many forms of
cancer™. The commonest cause is now ischaemic heart disease, followed by
hypertension®. As populations age, and the management of ischaemic heart
disease, myocardial infarction and hypertension continues to improve, the
prevalence and incidence will continue to escalate®. In terms of morbidity it
impairs quality of life more than any other common chronic condition
(including hypertension, diabetes, arthritis, chronic lung disease and
angina)®®*". There are several disease specific quality of life (QOL) measures
for HF which are reliable, valid and responsive in measuring changes of
health, including the left ventricular dysfunction questionnaire (LVD-36) and

the Minnesota living with HF questionnaire®®°,

Unfortunately most studies
tend to focus on mortality endpoints rather than QOL. In elderly patients in
particular QOL may be equally or more important than prolongation of life,
although | could find no studies that addressed this difficult ethical issue.
Whilst QOL measures are useful research tools they are rarely used in clinical
practice, largely due to time and workload pressures faced by secondary and

primary care clinicians and health professionals.
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1.2.7 Health service workload and health economic issues.

Heart failure not only imposes a huge burden on the patient and their carers,
but also is a great drain on NHS resources. The majority of these patients are
cared for in general practice®. A GP with a list size of 2000 would expect to
see 20 patients with heart failure per year (10 of these being new cases).
These patients will generate 45 consultations, 8 outpatient visits and 4
inpatient episodes per year. Heart failure accounts for 1.68 million GP

consultations per annum®.

Hospital care accounts for 59% of the total direct economic costs of NHS
heart failure expenditure per annum (compared to only 1% for drug costs).
This total amounted to £359 million in 1990/1991, and represented just over
1% of the total NHS budget®. This is similar to the total expenditure on
asthma and stroke care. More contemporary UK data from coronary heart
disease statistics shows a sharp rise in NHS costs to around £625 million in
2000%":

Costs of HF to the UK NHS (2000)

' Hos pital Costelement
Primary care inpatient care

Primary care

16.5Y%
6.5% Hospital inpatient
Drugs care
Hospital day case
Outpatie nt 3 care

inves tigations _ .
Hospital outpatient

care
Hos pital

outpatient care Outpatient

investigations
Drugs

Total

Figure 1.1 Costs of heart failure to the UK (2000)
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The biggest cost is hospital inpatient care and hospitalisations are increasing

d §5,61,62

in the western worl with heart failure now accounting for 5% of all

general medical and geriatric admissions to hospital in the UK. Average

6182 and readmission rates are high®2.

length of inpatient stay is 14-16.5 days
Age-adjusted readmission rates for HF represented 23% of all hospitalisations
for CHF in Scotland during 1996%. Scottish data from McMurray and
colleagues® documents a mean length of stay for a heart failure related
admission in 1990 at 11.4 days on acute medical wards and 28.5 days on
acute elderly care wards. About one third of patients in this study were
readmitted within 12 months of discharge®®. The trajectory of HF includes
episodes of relative stability interspersed by episodes of decompensation that
can lead to readmission to hospital. Identifying factors that lead to repeated
hospitalisation could help target those patients for intensive follow up in an

attempt to reduce admissions®°.

Khand and colleagues® analysed a large Scottish database (n = 12640; mean
age 74 years) who had had a first admission in 1992. 23% of these died on
their first admission and the remaining 9718 patients had 22747 readmissions
and 4877 deaths over the subsequent 3 year period. The reasons for first
readmission were primarily HF (first listed diagnosis) without any obvious
precipitating event in 37% of cases, renal failure or respiratory infection in
12%, acute ischaemic events (including Ml) in 19%, MI alone in 8% and AF in
11%.

Opasich and colleagues®” identified concomitant factors contributing to
decompensation in 161 out of 304 HF patients (mean age 59) followed up
over a 2 year period. These included arrhythmia in 24%, infection (23%), poor
treatment compliance (15%), episodic chest pain (14%) and iatrogenic causes
mostly relating to inadequate treatment in 10%. Along with the above study,
this study confirms that concomitant factors not directly related to cardiac
pathology were an important determinant in frequency of decompensation and
hospital admission.

These studies suggest that systematic structured review in the community
with emphasis on holistic care that also focuses on co-morbidities, social
support and treatment compliance is necessary to prevent costly
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readmissions to hospital. Multidisciplinary models of care will be discussed in

detail later in this review.

1.3 Aetiology and pathophysiology of heart failure

1.3.1 Aectiology of heart failure

Heart Failure is the common end-result of many different conditions and
processes that impair cardiac function, both systolic and diastolic®. In the
westernised world coronary artery disease and hypertension are the
commonest causes of heart failure?®. However, it is often impossible to
determine the primary aetiology as patients may have multiple co-morbidities
that contribute to the development of heart failure, including coronary artery
disease, hypertension, diabetes mellitus, atrial fibrillation and valvular heart

disease.

Aetiology of heart failure can be inferred from population based studies,
cohorts attending clinics or from clinical trial databases and registers. Whilst
earlier Framingham data reported by Kannel and colleagues® in 1972
reported hypertension as the sole or contributory cause of heart failure in over
70% of patients®, more recent data confirms that coronary artery disease is
now the commonest cause®®. One has to remember that the earlier
Framingham data® was based on clinical assessment only and more recent
increases in invasive coronary investigations have undoubtedly increased the
importance of coronary artery disease. Furthermore, the decline of rheumatic
fever has also reduced the number of cases with valvular disease in the
Framingham cohort and the western world in general. Treatment advances in
anti-hypertensive drugs and more aggressive treatment thresholds have also
reduced the degree of heart and renal damage that may contribute to the

development of cardiac impairment.

McMurray and colleagues?®® studied seven large clinical trial registers (number
of patients from 1663 to 9580 in these studies) between 1991 and 1999.
Ischaemic heart disease was documented as the main cause of heart failure
in 54% to 71% of patients. Whilst hypertension was a co-morbidity in 27% to
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46%, it was only considered a cause of heart failure in between 4% to 20% of

these studies?.

In UK hospital or GP studies ischaemic heart disease appears to be the
commonest cause. Parameshwar and colleagues?® found 32% of 117 patients
with heart failure in primary care had IHD, 6% hypertension, 19% VHD and
4% cor pulmonale. Mair and colleagues®® found that in 266 GP patients, 45%
had IHD, 18% hypertension, 9% VHD, 2.3% cardiomyopathy and 6.8% cor
pulmonale. Lip and colleagues® in a survey in 3 West Birmingham general
practices found that of 118 heart failure patients 53% had IHD, 36%
hypertension, 7% VHD, 15% cardiomyopathy, 29% atrial fibrillation and 23%
diabetes. In a more recent study McCallum and colleagues™ in a Scottish
primary care setting found in 100 patients with LVSD, 66% had IHD, 11%
hypertension and 13% VHD.

In practice one of the most important aspects of the investigation of patients
with heart failure is the identification of a cause that may need specific
treatment or optimisation of therapy e.g. revascularisation in CAD, rate or
rhythm control in AF and aggressive treatment of hypertension, especially if
associated with LVH. This is a further argument for thorough investigation
including ECG, CXR and echocardiography.

1.3.2 Pathophysiology of heart failure

Heart failure was formerly known as a mainly a haemodynamic problem of
pump dysfunction but is know considered to be a highly compiex clinical
syndrome encompassing many extra-cardiac features including
neurohormonal alterations (renin-angiotensin-aldosterone system and the
sympathetic nervous system), skeletal muscle disturbance and cytokine

release.

Cardiac damage and remodelling (e.g. after Ml) leads to reduced cardiac
output, which in turn activates the sympathetic nervous system %. The cardiac
endocrine éystem tries to compensate by releasing natriuretic peptides that
increase diuresis, natriuresis and increased vascular dilatation. However,
increased heart rate and vasoconstriction often ensues and by reducing renal
perfusion activates the renin-angiotensin-aldosterone system. Production of
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angiotensin |l leads to sodium retention (via aldosterone production), fluid
retention (via posterior pituitary vasopressin production) and further
vasoconstriction that causes structural arteriolar changes with stiffness of
blood vessels via increased vascular total peripheral resistance. These
arteriolar changes contribute to the symptoms of HF by affecting skeletal
muscle (fatigue) and reducing respiratory function by increased physiological
dead space and airways obstruction (breathlessness). All of these changes
may cause further cardiac dilation and remodelling creating a cycle of
deteriorating symptoms unless therapies directed at reducing sympathetic
over activation (beta blockers), blocking the renin-angiotensin-aldosterone
system axis (ACE inhibitors or ARBs), reducing fluid overload (diuretics)
and/or blocking aldosterone action (spironolactone or eplerenone) are
initiated. In some instances further reduction in cardiac output can lead to
electrical instability and thrombus formation which can lead to sudden death
by inducing fatal arrhythmias or progressive pump failure.

1.4 The diagnosis of heart failure

1.4.1 Introduction

The key to reduction of mortality, morbidity and cost of heart failure is
accurate and early diagnosis of LVSD. Unfortunately, heart failure is difficult
to diagnose accurately on clinical grounds’"”2. This is mainly due to the non-
specificity of the clinical symptoms and the non-sensitivity of the clinical

signs’>74

, especially in elderly patients who often have multiple co-morbidities
and are on polypharmacy. This would suggest that to establish positively a
diagnosis of heart failure in primary care, patients must be referred for cardiac

imaging.

1.4.2 Past medical history and the diagnosis of heart failure

The past medical history may provide useful clues in assessing patients with
suspected HF. A patient who has IHD and in particular previous M! is more

likely to have objective evidence of LVSD than a patient who does not®*7375.
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Hypertension, atrial fibrillation and diabetes mellitus also raise suspicions that
a patient presenting with breathlessness or oedema may have HF3%4%76,

Skaner and colleagues’’ report an interesting study on GPs’ clinical diagnosis
of HF. They used a clinical judgement analysis using 45 case vignettes based
on actual patients. Participants were 27 GPs from 9 health centres in
Stockholm. The GPs utilisation of clinical information in their judgement
strategies was measured using clinical variables as independent variables.
The variation between the GPs’ assessments of the probability of HF was
considerable. An important source of this variation was the difference in how
they made use of clinical information, with the most important variables being
lung and heart X-rays and a history of Ml. This shows the need for a better
understanding of the relationship between cues provided by clinical
information and a diagnosis of HF by GPs, and is at least one important
reason behind difficulties GPs face in achieving accurate diagnosis.

1.4.3 Symptoms in the diagnosis of heart failure

HF can present with very few symptoms in its early stages or a lot of
symptoms once well established. Typical symptoms include breathlessness
(at rest or on exercise), fatigue, reduced exercise tolerance and ankle
oedema. In elderly patients unexplained confusion and altered mental state
may also be present. Orthopnoea and paroxysmal nocturnal dyspnoea are
less common in the general population and may be useful and specific, but
less sensitive for suggesting the presence of HF due to LVSD®.

However, breathlessness is a very common symptom in primary and
secondary care with estimated prevalence of up to 25% in a community
cohort’®. Major medical textbooks document more than 30 possible causes for
breathlessness’®.

Interpretation of symptoms such as breathlessness, ankle oedema and
fatigue can be very difficult in elderly patients, the obese, women and those
with pre-existing pulmonary disease®. Indeed in elderly patients presenting
with dyspnoea it is particularly problematic to differentiate between pulmonary
and cardiac aetiologies®®. Other factors including physical deconditiohing or
lack of fitness can cause dyspnoea on exertion. Extra-cardiac causes of
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peripheral oedema not related to HF are common and include, venous
insufficiency causing dependent oedema, hypoproteinaemia, renal failure and
iatrogenic oedema caused by various commonly used drugs (e.g. calcium
channel blockers, corticosteroids and non-steroidal anti-inflammatory agents).

Inter-observer reproducibility of eliciting presence or absence of symptoms in
the diagnosis of HF is low®"®?, There have been several studies that have
examined the sensitivity, specificity, and positive and negative predictive
value of symptoms for the diagnosis of HF. These studies have concentrated
on dyspnoea on exertion, orthopnoea, paroxysmal nocturnal dyspnoea (PND)
and ankle oedema. See Table 1.3 below.

There is considerable variation between results and it is difficult for the
clinician to draw any conclusion from these studies, except that none of the
symptoms studied are consistently useful in the diagnosis of HF™.
Furthermore, reliance on symptoms and signs alone may lead to under or

over-diagnosis of HF and inappropriate care®8¢.

1.4.4 Clinical signs in the diagnosis of heart failure

The clinical signs of HF reflect the consequences more than the causes of
HF™. Cardiomegaly caused by ventricular dilatation may be detected by a
displaced apex beat, increased area of cardiac duliness and a third heart
sound; fluid retention is reflected in signs of congestion including ankle
oedema, a raised jugular venous pressure and pulmonary crepitations or
crackles; neuroendocrine activation causing increased sympathetic tone leads
to a resting tachycardia; and low cardiac output causes decreased
proportional pulse pressure due to poor perfusion.

Several studies and systematic reviews have determined the value of clinical
signs and clinical examination in diagnosis of HF by examining sensitivity,
specificity and predictive values. See Table 1.4 below.
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Table 1.3: Sensitivity, specificity, positive predictive value (PPV) and

negative predictive value (NPV) of symptoms for diagnosis of HF (%)

Harlan®® | Chakko® | Stevenson® | Echeverria® | Davie’®
Dyspnoea
on exertion
Sensitivity 66 97 100
Specificity 52 16 17
PPV 23 63 18
NPV 75 100 |
Orthopnoea
Sensitivity 21 66 91 73 22
Specificity 81 47 100 40 74
PPV 2 61 100 65 14
NPV 37 64 50 83
Paroxysmal |
nocturnal
dyspnoea
Sensitivity 33 50 39
Specificity 76 745 80
PPV 26 58 27
NPV 38 37
Ankle
oedema
Sensitivity 23 46 23 23 49
Specificity 80 73 100 70 47
PPV 22 79 100 54 15
NPV 37 18 38 83
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Table 1.4: Sensitivity, specificity, PPV and NPV of signs for the

diagnosis of HF (%)
Harlan® | Heckerling” | O'Neill® | Chakko® | Butman®™ | Stevenson® | Echeverria® | Davie™
Resting 7
tachycardia
Sensitivity 7 22
Specificity 99 92
PPV 6 33
NPV 86
Pulmonary
crackles
Sensitivity 13 66 24 19 70 29
Specificity 91 84 100 100 35 77
PPV 27 87 100 100 62 19
NPV 61 35 17 44 85
Ankle
Oedema
Sensitivity 10 46 23 40 20
Specificity 93 73 100 70 86
PPV 3 79 100 67 21
NPV 46 18 44 85
Third heart
sound
Sensitivity 31 73 68 98 63 24
Specificity 95 42 73 14 55 99
PPV 62 66 86 88 68 77
NPV 85 48 50 50 87
Jugular
venous
distension
Sensitivity 10 70 57 58 47 17
Specificity 97 79 93 100 65 98
PPV 2 85 95 100 67 64
NPV 62 47 28 45 86
Increased
percussion
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Harlan® | Heckerling” | O'Neill® | Chakko® | Butman® | Stevenson®® | Echeverria® | Davie™
distance '
Sensitivity 94
Specificity 67
PPV
NPV
Displaced
apex beat
Sensitivity 59 60 66
Specificity 76 50 7 96
PPV 59 64 75
NPV 77 45 7 94
Proportional
pulse
pressure
Sensitivity 91 0
Specificity 8 100
PPV 91 0
NPV 87 84
Wheeze
Sensitivity 12
Specificity 82
PPV 1
NPV 83
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Similar to symptoms suggestive of HF, utility of clinical signs show variation
between studies in terms of specificity, sensitivity, PPV and NPV for detecting

HF. Systematic reviews’®%

also came up with differing utility of certain signs.
Mulrow and colleagues™ concluded that the initial assessment was
approximately 70% accurate in determining cause in patients presenting with
dyspnoea. Badgett and colleagues® concluded that abnormal apical impulse
and a third heart sound were the best clinical indicators of systolic
dysfunction. Davie and colleagues’ also found in a study of hospitalised
patients that a displaced apex beat was the best predictor of LVSD with a
sensitivity of 66% and specificity of 96%. However, patients with HF may not
have signs such as displaced apex beat, raised JVP® or a third heart sound®'.

Furthermore, there is wide variability in the precision and reliability of eliciting

clinical signs between clinicians®*%

It would appear that the most useful
signs are probably the most subtle: third heart sound, increased width of
cardiac dullness and displaced apex beat’ but are likely to be difficult signs

for GPs to be able to elicit with confidence.

in summary, whilst symptoms and signs are important as they alert a clinician
to the possibility that HF exists, the clinical suspicion must be confirmed by
more objective tests particularly aimed at assessing cardiac function.

1.4.5 Clinical scoring systems in the diagnosis of heart failure

The combinations of symptoms and signs suggestive of HF have been used
to devise several scoring systems for the diagnosis of HF****%_Mosterd and
colleagues® compared the usefulness of six HF scores in non-hospitalised
subjects. They demonstrated that five of the six scores were broadly similar in
the detection of manifest HF, but felt that there was generally low sensitivity
for detecting possible HF. The authors concluded that given the atypical
presentation and low sensitivity in suspected HF clinical scoring systems were
unlikely to be useful in clinical practice and suggested that all such patients

need objective assessment of cardiac function by echocardiography.

In summary, clinical scoring systems are interesting but of limited use in
practice®®. Clinical evaluation must be combined with objective assessment in
confirming LVSD®.
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1.4.6 Symptoms and severity of heart failure

Once a diagnosis of HF has been established, symptoms can be used to
classify severity and may be used to monitor progress and the effects of
therapy. The New York Heart Association (NYHA) classification'®, initially
developed for patients with angina, is widely used in practice and in clinical

trials. See Table 1.5 below.

However, symptoms are often very subjective and may not correlate
particularly well with degree of cardiac impairment”"®2. In practice it is not
always easy to apply an NYHA class to all patients, and clinicians often simply
label patients as having mild (NYHA [l), moderate (NYHA IlIl) or severe (NYHA
IV) HF. Guidelines'®" suggest the use of walking distance or number of stairs
climbed in a given time as an objective measure of functional capacity and
hence HF severity. Most GPs are unlikely to be aware of or routinely use such
measures, although no formal assessment of their knowledge has been
made.

A simpler and more practical method of classifying and staging HF has been
proposed by American College of Cardiology/American Heart Association
guidelines'®. However, it remains to be seen whether this will be used in
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everyday clinical practice or indeed in future clinical trial staging and
assessment of HF (See table 1.6 below).

Table 1.6 American College of Cardiology/American Heart Association
Staging System for Heart Failure 2001

Stage Patient Description
High risk for e Coronary artery disease
A | developing heart * Hypertension
failure (HF) ¢ Diabetes mellitus
e Family history of cardiomyopathy

Previous myocardial infarction
B | Asymptomatic HF e Left ventricular dysfunction
Asymptomatic valvular disease

e Known structural heart disease
C | Symptomatic HF e Shortness of breath and fatigue
Reduced exercise tolerance

o Marked symptoms at rest despite maximal
D | Refractory end- medical therapy (e.g., those who are
stage HF recurrently hospitalized or cannot be
safely discharged from hospital without
specialized interventions)

1.4.7 The electrocardiogram in the diagnosis of heart failure

822101104 and NICE guidance'® for the diagnosis and

All guidelines
management of heart failure due to LVSD suggest that if a 12 lead ECG is
normal then LVSD is very unlikely. This has led to suggestions that a normal
ECG be used to screen out patients with suspected HF prior to referral for
echocardiography. This advice appears to be largely based on a trial by Davie
and colleagues'® suggesting that LVSD is unlikely to be present if an ECG is
normal, with a sensitivity of 94% and NPV 98%. However, these claims have
been contradicted by other studies. The following Table 1.7 summarises the
available studies where ECG has been assessed against an

echocardiographic diagnosis of LVSD.
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Table 1.7: Sensitivity and specificity of ECG studies in identifying HF

Study author/year Sensitivity 95% CI Specificity 95% CI
Davie 1996 | 0.94 0.86-0.97 0.61 0.57-0.66
Khandekar 1996'"’ 0.78 0.64-0.88 0.20 0.12-0.30
Gillespie 1997' 0.98 0.88-1.00 0.69 0.48-0.86
Houghton 1997'% 0.89 0.85-0.94 0.46 0.31-0.66
Lindsay 2000'"° 0.91 0.82-0.95 0.65 0.60-0.70
Sandler 2000""! 0.73 0.61-0.83 0.53 0.45-0.60
Nielsen 2000'"? 0.87 0.60-0.98 0.56 0.46-0.65
Landray 2000'" 0.42 0.26-0.58 0.87 0.78-0.93
Hutcheon 2002'" 0.96 0.83-1.00 0.50 O.44l0.56
Ng 2003'%* 0.88 0.64-0.99 0.617 0.58-0.64

It is obvious from this table that there is considerable variation between
sensitivity and specificity of studies. Relying on an abnormal ECG as a screen
for echocardiography would have failed to detect between 2% to 58% of
individuals with LVSD in the various study cohorts. In a further study in
patients randomly selected from those attending a heart failure clinic, Talwar
and colleagues''® found that using the ECG as a screening tool would have
led to failure to diagnose significant systolic impairment (left WMI < 1.2) in
33% (n= 12) of patients with a normal ECG (n = 36), and a further 17% (n =6)
with mild to moderate systolic impairment (left WMI between 1.3 and 1.9).

Only four of these studies'%6107:110.111

were broadly representative of patients
seen by GPs with suspected HF as they were all based on studies of OAE
services, in a UK setting. Others studies were either patient referred to
secondary care clinics, acute admissions with dyspnoea or cohorts enrolled in
research projects in secondary care. Even within these 4 studies there was
considerable heterogeneity between studies in NPV and PPV, where NPV
could be used to estimate the utility of ECG in excluding HF. The results were

Davie et al'® PPV 35%, NPV 98%; Lindsay et al''®, PPV 43%, NPV 96%:
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Khandekar et al'”’, PPV 36%, NPV 61%, and Sandler et al''!, PPV 39%, NPV
82%. One possible explanation of this variation was that in the first two
studies displaying high NPV both the ECG and echocardiograms were
reported by cardiologists, who are more likely to have expertise in this area.

The variation in studies may be explained by several other factors.
Dependence on case selection (consecutive patients studied in an attempt to
reduce potential selection bias) and the prevalence of LVSD in the population
studied; differences in referral criteria; differences in echocardiographic
reporting criteria (LVEF, WMI or semi-quantitative measures) and ECG
classification (i.e. what constitutes an abnormal ECG?) and the experience of
the person reporting these tests. Most studies used very similar ECG

criteria’'” but only the Khandekar et al study'”’

reported that consecutive
patients were studied. Very recently Khunti and colleagues''® evaluated the
accuracy of a 12-lead ECG in screening patients with suspected HF for OAE
by means of a systematic review and meta-analysis. They concluded that a 12
lead ECG is an inadequate screening tool for identifying patients with

suspected HF who require echocardiography’ 2.

Furthermore, GPs and hospital doctors may not have sufficient skills and
express lack of confidence in interpretation of ECG changes''®'?°. Clinicians
are also doubtful as to the accuracy of interpretive ECG machines'?'. This has

led to calls for courses on interpreting ECGs to improve GPs’ skills'?2.

In summary these findings would suggest that use of a normal ECG to rule out
HF due to LVSD may miss a significant number of patients with this condition.
It is likely that previous studies may not have been representative of patients
referred by GPs with suspected HF. More research is needed to investigate
the role of the ECG in triage of patients with suspected HF by GPs.
Furthermore, studies of GP confidence of interpreting ECGs and educational
initiatives to improve skills in this area are needed. With developments in
natriuretic peptides to rule out HF, studies comparing the ECG with natriuretic
peptides and the incremental value of using both tests are also needed.
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1.4.8 The chest X-ray in the diagnosis of heart failure

Patients are often referred by their GP to diagnostic clinics due to
cardiomegaly (defined as a cardio thoracic ratio of over 50%). However, there
is considerable doubt as to the usefulness of the chest X-ray as a diagnostic
tool or as a means of selecting which patients to refer for echocardiography.
Research shows that there is a poor relationship between heart size on a
chest X-ray and left ventricular systolic dysfunction'® and conversely
significant LVSD may occur in the absence of cardiomegaly'?. Furthermore,
there are significant differences between GPs use of clinical information
provided by the chest X-ray in their judgement of heart failure diagnosis”’.

Whilst pulmonary oedema with classical bats wing appearance, upper lobe
venous diversion or redistribution, fluid in the horizontal fissures, Kerley B
lines in the costophrenic angles with or without effusions, may be helpful signs
in diagnosing left ventricular failure, this does not always mean the patient has
LVSD. Furthermore, inter-observer agreement in interpretation of pulmonary

oedema is only modest'?®.

The cardiac silhouette in valvular calcification may point to aetiology, e.g. left
atrial enlargement in rheumatic mitral disease or a calcified aortic stenotic

valve'?,

Badgett and colleagues conducted a review of the evidence for the diagnostic
utility of the chest X-ray for left ventricular dysfunction®®. Two independent
readers reviewed 29 studies. They found that upper lobe venous
redistribution best diagnosed increased 