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Abstract

Systematic review and individual patient data meta-
analysis of diagnosis of heart failure, with modelling of
implications of different diagnostic strategies in primary

care
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*Corresponding author. Current address: General Practice and Primary Care Research Unit, University of

Cambridge.

Objectives: To assess the accuracy in diagnosing heart
failure of clinical features and potential primary care
investigations, and to perform a decision analysis to test
the impact of plausible diagnostic strategies on costs and
diagnostic yield in the UK health-care setting.

Data sources: MEDLINE and CINAHL were searched
from inception to 7 July 2006. ‘Grey literature’
databases and conference proceedings were searched
and authors of relevant studies contacted for data that
could not be extracted from the published papers.
Review methods: A systematic review of the clinical
evidence was carried out according to standard
methods. Individual patient data (IPD) analysis was
performed on nine studies, and a logistic regression
model to predict heart failure was developed on one
of the data sets and validated on the other data sets.
Cost-effectiveness modelling was based on a decision
tree that compared different plausible investigation
strategies.

Results: Dyspnoea was the only symptom or sign

with high sensitivity (89%), but it had poor specificity
(519%). Clinical features with relatively high specificity
included history of myocardial infarction (89%),
orthopnoea (89%), oedema (72%), elevated jugular
venous pressure (709), cardiomegaly (85%), added
heart sounds (99%), lung crepitations (81%) and
hepatomegaly (97%). However, the sensitivity of these
features was low, ranging from | 1% (added heart
sounds) to 53% (oedema). Electrocardiography (ECG),
B-type natriuretic peptides (BNP) and N-terminal pro-
B-type natriuretic peptides (NT-proBNP) all had high
sensitivities (89%, 93% and 93% respectively). Chest

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

X-ray was moderately specific (76-83%) but insensitive
(67-68%). BNP was more accurate than ECG, with a
relative diagnostic odds ratio of ECG/BNP of 0.32 (95%
Cl1 0.12-0.87). There was no difference between the
diagnostic accuracy of BNP and NT-proBNP. A model
based upon simple clinical features and BNP derived
from one data set was found to have good validity
when applied to other data sets. A model substituting
ECG for BNP was less predictive. From this a simple
clinical rule was developed: in a patient presenting with
symptoms such as breathlessness in whom heart failure
is suspected, refer directly to echocardiography if the
patient has a history of myocardial infarction or basal
crepitations or is a male with ankle oedema; otherwise,
carry out a BNP test and refer for echocardiography
depending on the results of the test. On the basis

of the cost-effectiveness analysis carried out, such a
decision rule is likely to be considered cost-effective to
the NHS in terms of cost per additional case detected.
The cost-effectiveness analysis further suggested that,

if likely benefit to the patient in terms of improved life
expectancy is taken into account, the optimum strategy
would be to refer all patients with symptoms suggestive
of heart failure directly for echocardiography.
Conclusions: The analysis suggests the need for
important changes to the NICE recommendations. First,
BNP (or NT-proBNP) should be recommended over
ECG and, second, some patients should be referred
straight for echocardiography without undergoing any
preliminary investigation. Future work should include
evaluation of the clinical rule described above in clinical
practice.
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Executive summary

Background

Heart failure is a syndrome resulting from a
structural or functional cardiac disorder. For a
diagnosis of heart failure to be made there should
be symptoms or signs such as breathlessness,
effort intolerance or fluid retention together with
objective evidence of cardiac dysfunction. Heart
failure is associated with significant morbidity and
mortality, and health-care expenditure. However,
there is a good evidence base for interventions to
improve prognosis. Diagnosis of heart failure in
primary care is often inaccurate. Current National
Institute for Health and Clinical Excellence
(NICE) recommendations are that patients in
whom heart failure is suspected should undergo
an electrocardiogram (ECG) and/or a B-type
natriuretic peptide (BNP) test, where available, and
that if either of these is positive, then they should
be referred for echocardiography as part of their
diagnostic workup. The purpose of this work is to
determine the potential value of clinical features
in the diagnostic assessment, and the relative value
of the different diagnostic tests that are available
in primary care, with the aim of producing clear
recommendations on the optimal approach to
diagnosis of heart failure in primary care in the
UK.

Objectives

1. To perform a systematic review to assess the
accuracy in diagnosing heart failure of:

i.  clinical features — both singly and, if
possible, in combination

il. potential primary care investigations —
plasma natriuretic peptides, ECG and chest
X-ray (CXR) (singly and, if possible, in
combination).

2. lo perform an individual patient data (IPD)
analysis to address the following questions:

i.  Can a clinical scoring system based on
symptoms and signs usefully predict the
presence of heart failure?

ii. To rule out heart failure in primary care,
what is the optimum decision cut-off point
for plasma natriuretic peptides (BNP)?

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

iii. Does the diagnostic performance of plasma
natriuretic peptides vary according to
patient characteristics?

iv. How accurate is the combination of
plasma natriuretic peptides with ECG at
diagnosing heart failure?

3. To perform a decision analysis to test the
impact of plausible diagnostic strategies for
the diagnosis of heart failure in primary care
on costs and diagnostic yield in the UK health-
care setting.

Methods

Systematic review
Data sources

Primary studies were identified by searching
MEDLINE and CINAHL, with supplementary
checks of reference lists of all studies that met the
inclusion criteria and any review articles. ‘Grey
literature’ databases and conference proceedings
were searched, and authors of relevant studies were
contacted for data that could not be extracted from
the published papers.

Study selection

Studies were included if they estimated the
diagnostic accuracy of symptoms, signs or
investigations for detecting heart failure. There
needed to be an adequate reference standard
[e.g. use of European Society of Cardiology
(ESC) criteria for diagnosis of heart failure].
Studies in which the reference standard was
echocardiographic assessment of left ventricular
systolic dysfunction (LVSD) alone were reviewed but
were not included in the meta-analysis.

Data extraction

Potentially relevant studies were assessed by two
reviewers against the inclusion criteria, with a

third reviewer arbitrating when necessary. Data
were extracted by both reviewers and quality was
assessed using the Quality Assessment of Diagnostic
Accuracy of Studies (QUADAS) criteria.

Data synthesis
Sensitivity and specificity were plotted on receiver
operating characteristic (ROC) graphs. The data
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were pooled using a bivariate random-effects meta-
analysis and summary estimates of test accuracy
calculated. To explore the impact of setting and
prevalence, predictive values were plotted against
heart failure prevalence.

Individual patient data analysis

Inclusion criteria for the IPD required the study
to be set in primary care and to have a minimum
of 100 recently symptomatic patients. A total of
11 studies were 1dentified, and data were obtained
from nine of these.

A logistic regression model to predict heart failure
was developed on one of the data sets. This was
then validated on the other data sets that had the
required variables. Validation included calculation
of the area under the ROC curve (AUC) and use of
goodness-of-fit calibration plots.

The resultant model was then simplified into
a decision rule that would be usable in clinical
practice.

The impact of potential effect modifiers (e.g. use
of drugs, co-morbidity) was examined by their
inclusion as interactions with BNP [and N-terminal
pro-B-type natriuretic peptide (NT-proBNP)]
adjusted for clinical score.

Cost-effectiveness analysis

The cost-effectiveness modelling was based

on a decision tree that compared different
plausible investigation strategies. The outputs

of the model were in terms of investigation costs
and cases detected, from which an incremental
cost-effectiveness ratio (ICER) was calculated
comprising the cost per additional case detected.
The amount of money that it would be worth
spending to diagnose an extra case of heart failure
was calculated in two ways. First, only the costs to
the NHS were taken into account (including extra
admissions through delayed diagnosis). Second,
patient benefit in terms of improved quality-
adjusted life-years (QALYs) was also taken into
account, based on estimates of improved survival
as a result of earlier diagnosis leading to earlier
initiation of treatments with proven effects on
survival. The robustness of the results of the model
was tested by sensitivity analyses that varied the
costs of the investigations and the time horizon
over which the benefits accrued.

Results

Systematic review

Dyspnoea was the only symptom or sign with

high sensitivity (89%), but it had poor specificity
(51%). Several clinical features had relatively

high specificity, including history of myocardial
infarction (89%), orthopnoea (89%), oedema (72%),
elevated jugular venous pressure (JVP) (70%),
cardiomegaly (85%), added heart sounds (99%),
lung crepitations (81%) and hepatomegaly (97%).
However, the sensitivity of all of these features was
low, ranging from 11% (added heart sounds) to
53% (oedema). ECG, BNP and N'T-proBNP all had
high sensitivities (89%, 93% and 93% respectively).
CXR was moderately specific (76-83%) but
insensitive (67-68%). BNP was more accurate than
ECG, with a relative diagnostic odds ratio of ECG/
BNP of 0.32 (95% CI 0.12-0.87). There was no
difference between the diagnostic accuracy of BNP
and N'T-proBNP.

Individual patient data analysis

A model based upon simple clinical features (male
gender, history of myocardial infarction, basal
crepitations, oedema; ‘MICE’) and BNP derived
from one data set was found to have good validity
when applied to other data sets, with an AUC
between 0.84 and 0.96 and reasonable calibration.
A model substituting ECG for BNP was less
predictive.

From this a simple clinical rule was developed and
is proposed by the authors:

e In a patient presenting with symptoms such
as breathlessness in whom heart failure is
suspected, refer directly to echocardiography if
the patient has any one of:

—  history of myocardial infarction or

— basal crepitations or

— male with ankle oedema.

e Otherwise, carry out a BNP test and refer for
echocardiography depending on the results of
the test:

— female without ankle oedema — refer if
BNP >210-360 pg/ml depending upon
local availability of echocardiography (or
NT-proBNP > 620-1060 pg/ml)

— male without ankle oedema — refer if BNP
>130-220 pg/ml (or NT-proBNP > 390-
660 pg/ml)

— female with ankle oedema — refer if BNP
>100-180pg/ml (or NT-proBNP > 190-
520 pg/ml).
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Cost-effectiveness analysis

On the basis of the cost-effectiveness analysis
carried out, such a decision rule is likely to be
considered cost-effective to the NHS in terms of
cost per additional case detected.

The cost-effectiveness analysis further suggested
that, if likely patient benefit in terms of improved
life expectancy is taken into account, the optimum
strategy would be to refer all patients with
symptoms suggestive of heart failure directly for
echocardiography.

Conclusions

The analysis that we have performed points to
the need for important changes to the NICE
recommendations. First, BNP (or NT-proBNP)
should be recommended over ECG and, second,
some patients should be referred straight for
echocardiography without undergoing any
preliminary investigation.

Implications for health care

* If there is sufficient local capacity, the evidence
synthesised here suggests that the optimal
diagnostic strategy for many patients with
symptoms indicating possible heart failure
would be direct referral for echocardiography.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

* In the presence of a limited supply of
echocardiography the authors suggest the
following:

—  patients with symptoms suggestive of
heart failure should be referred directly
for echocardiography only if they have a
history of myocardial infarction or if they
have basal crepitations on examination or
if they are male and have ankle oedema

— otherwise, they should have a BNP (or N'T-
proBNP) test performed and the decision
to refer for echocardiography should
depend upon the BNP (or N'T-proBNP)
result, interpreted in the light of their
gender and the presence or absence of
ankle oedema.

e There is no need to perform an ECG as part of
the assessment of whether or not heart failure
is present (although it is recognised that there
may be other indications for performing an
ECG).

Recommendations for research

1. Evaluation of the usability of the clinical rule
described above in clinical practice.

2. Evaluation of the diagnostic value of repeated
BNP (or NT-proBNP) measurements for the
diagnosis of heart failure.

3. Evaluation of the diagnostic accuracy of
automated ECG readings in the diagnosis of
heart failure compared with ECG reading by a
specialist.

4. Further development of methods to conduct

IPD meta-analysis for diagnostic tests.

Xi
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Chapter |

Background

Introduction

Heart failure is a syndrome resulting from a
structural or functional cardiac disorder. For a
diagnosis of heart failure to be made there should
be symptoms or signs such as breathlessness,
effort intolerance or fluid retention together with
objective evidence of cardiac dysfunction.

Heart failure is an increasingly important chronic
syndrome, associated with poor prognosis and
poor quality of life for patients, and responsible
for high health-care costs."? Annual mortality in
severe heart failure has been reported to be as
high as 60%.* In the general population, in which
all grades of heart failure are represented, 5-year
mortality is around 42%,* but when the diagnosis
is established during a hospital admission 5-year
mortality is between 50% and 75%.%°

Prevalence and incidence
of heart failure

Early studies of heart failure prevalence used
clinical diagnostic criteria known to be inaccurate,’
particularly early in the disease process.®?

More recent studies have included an objective
assessment of left ventricular (LV) function, usually
echocardiography,'®'! and indicate a prevalence

of left ventricular systolic dysfunction (LVSD) of
2.9% in patients under 75 years'’ and up to 7.5%
in 75- to 84-year-olds."! However, limitations of
these studies include not screening all adult age
groups,'® with data particularly lacking in the
elderly in whom heart failure is more common,
not examining representative populations, or

only examining heart failure due to LV systolic
dysfunction.!!

In the largest recent prospective evaluation of heart
failure in the community (ECHOES),"? LVSD [left
ventricular ejection fraction (LVEF) < 40%] was
found in 1.8% (95% CI 1.4-2.3) of the population
aged over 45 years; borderline LV dysfunction
(LVEF 40-50%) was found in a further 3.5%;
definite heart failure was found in 2.3% (95% CI
1.9-2.8) of the population (with LVEF <40% in
41% of cases); and using an LVEF cut-off of < 50%
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rather than 40%, 3.1% (95% CI 2.6-3.7%) of
people aged 45 years or over had heart failure.

Estimates on heart failure incidence are less
available and vary from 0.9'% to 2.2° cases per 1000
population per annum in women aged 45-74 years
and from 1.6" to 4.6° cases per 1000 population
per annum in men aged 45-74 years. Incidence
rises rapidly in the elderly, with 1% of men per year
developing heart failure after 75 years and almost
2% per year after 85 years.

Burden of heart
failure on patients

Mortality rates in heart failure are high. Annual
mortality in the placebo arms of recent trials, with
many patients on angiotensin-converting enzyme
(ACE) inhibitors, has ranged from 7%'* in mild
heart failure [New York Heart Association (NYHA)
class I1], to 11%" to 13%'? in moderate cases
(NYHA III), to 20%,” 23%!"'5 or 28%'7 in severe
heart failure. By comparison, the Framingham
cohort showed an overall 1-year heart failure
mortality rate of 17%, a 2-year mortality rate of
30% and a 10-year mortality rate of 78%.'® The
National Health and Nutrition Examination Survey
(NHANES) study, conducted from 1971-86 in the
USA, revealed 10-year mortality rates of 43% in
patients who self-reported heart failure and 38% in
patients who had heart failure defined by a clinical
score.'?

Mortality data from more recent epidemiological
studies provide more reliable case definitions

but mainly report on LVSD heart failure only,
younger patients only*® or patients presenting

to hospital, usually with incident symptomatic
heart failure. 2# In these last studies mortality is
particularly high with 50% 2-year mortality rates,
probably representing late presentations; these
rates equate to the prognosis of newly diagnosed
colorectal cancer in men or ovarian cancer in
women. A more accurate estimate of prognosis of
prevalent heart failure, across all ages and stages,
is available from follow-up of the ECHOES cohort.*
The 5-year survival rate of the general population
was 93%, compared with 58% in those with a
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prevalent diagnosis of LVSD and 58% in those
with prevalent definite heart failure. The median
survival time of definite heart failure was 7 years

7 months. Those with a diagnosis of heart failure
had the lowest survival compared with the general
population and survival improved significantly with
increasing ejection fraction. However, amongst
patients with ‘borderline’ ejection fraction levels
of between 40% and 50%, mortality rates were still
over 1.5 times higher than in those with ‘normal’
ejection fractions over 50%. Those with multiple
causes of heart failure had the poorest survival.
The ECHOES mortality data provide recent
confirmation of the poor prognosis of patients
suffering from heart failure across the community,
providing a mortality risk estimate of 8-9% per
year.* Importantly, outcomes in heart failure are
improving, which is presumed to be because of
better initiation and maintenance of evidence-
based therapies.*

Morbidity in heart failure is considerable, whether
measured by symptom severity, quality of life?!

or need for consultation, treatment or hospital
admission. Studies with comparative normative
data are few and suggest that heart failure worsens
quality of life more than other chronic diseases*
(although heart failure diagnosis in this study was
not determined on the basis of objective tests) and
that women may suffer worse impairment.?® Other
studies have shown that heart failure is associated
with depressive illness?” and, further, that this is
then linked to a worse prognosis.?® Those with
heart failure had significant impairment of all

of the measured aspects of physical and mental
health, not only physical functioning. Significantly
worse impairment was found in those with more
severe heart failure by NYHA class.** Patients

with asymptomatic LV dysfunction and patients
rendered asymptomatic by treatment had similar
scores to those of the random population sample.
Those with heart failure reported more severe
impairment of quality of life than those giving a
history of chronic lung disease or arthritis, and a
similar level to patients with depression.

Burden of heart failure
on health-care systems

Chronic heart failure remains one of the most
costly conditions to manage in many health
systems. This is principally because the syndrome is
common, it frequently results in hospital admission
(which is the disproportionate driver of health-

care expenditure), admissions are prolonged
(averaging 11 days in Europe) and readmission is
frequent (nearly 25% of patients are readmitted
within 12 weeks of discharge).?” In the UK, 4.9% of
admissions to one hospital were for heart failure,
extrapolating to up to 120,000 admissions per year
nationally,”® and these continue to rise.*?

As a consequence, heart failure accounts for at
least 2% of total health-care expenditure, namely
€26 million per million population in the UK,
€37 million per million in Germany, €39 million
per million in France and €70 million per million
in the USA.* The average cost per hospital
admission in Europe is €10,000.% The burden of
heart failure is expected to rise as prevalence rises,
which is presumed to be the result of improved
survival of patients post myocardial infarction,
better treatment of heart failure and an ageing
population.*

Management of heart failure

Angiotensin-converting enzyme inhibitors improve
both morbidity and mortality in all grades of
symptomatic heart failure due to LVSD,* and they
can delay or prevent progression to symptomatic
heart failure in patients with asymptomatic
LVSD.?-7 Beta-blocker therapy in heart failure

due to LVSD has also been demonstrated to
improve prognosis and reduce admission rates,*
although these agents have to be introduced slowly
and may be associated with slight worsening of
symptoms initially in a proportion of patients. ACE
inhibitors and beta-blockers** have been shown
to improve exercise tolerance and symptoms (as
assessed by NYHA functional class) in patients with
heart failure due to LVSD, as well as significantly
prolonging survival and reducing hospitalisation
rates. These drugs have also been shown to
improve global quality of life in sufferers,***' as
have other interventions producing symptom gains,
such as exercise training*® and intensive nurse-led
discharge and outreach programmes.** Aldosterone
blockers reduce hospitalisation and mortality in
severely symptomatic (NYHA grade II and 1V)
patients' or in post-myocardial infarction heart
failure or LVSD.** Care is needed with these agents
in the elderly community as they may be associated
with increased mortality if not used carefully in
routine practice.*” Recent data have demonstrated
the general utility of angiotensin receptor blockers
(ARBs) in patients intolerant of ACE inhibitors or
in addition to ACE inhibitors and beta-blockers in
those with impaired LV function.*
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Despite this extensive evidence base for treatments
that improve heart failure prognosis and
symptoms, heart failure remains suboptimally
diagnosed and treated in many countries,** due
at least in part to many patients with suspected
heart failure not receiving a formal assessment of
LV function.*®*

Diagnostic issues
in heart failure

Heart failure is a complex syndrome that can result
from any structural or functional cardiac disorder
which impairs the ability of the heart to function

as a pump to support a physiological circulation.*
The evaluation of a patient with suspected heart
failure therefore entails more than determining
whether or not the syndrome is present — it also
requires an identification of the underlying
abnormality of the heart.

The commonest cause of heart failure is ILVSD,
present in around half of cases, but other causes
include valve disease, atrial fibrillation and isolated
diastolic dysfunction of the left ventricle. In many
patients, particularly the elderly, several cardiac
abnormalities may be found concurrently, such

as systolic impairment with atrial fibrillation and
mild valve disease. The bulk of the evidence base
for treating heart failure, summarised above, is
derived from randomised controlled trials (RCTs)
on people with underlying IVSD.

An essential element for treatment success is the
reliable and precise diagnosis of heart failure.
The major issue in the diagnosis of the disease
relates to the criteria definitions. Guidelines for
the evaluation and management of heart failure
are established in both the USA [American College
of Cardiology (ACC)/American Heart Association
(AHA) and consensus recommendations®]

and Europe [European Society of Cardiology
(ESC)#]. These state that the diagnosis of heart
failure is justified when there are typical signs
and symptoms of heart failure and myocardial
dysfunction, confirmed by the objective evidence
of cardiac dysfunction at rest. In case of diagnostic
uncertainty, a clinical response to treatment
directed at heart failure is helpful in establishing
the diagnosis. Simple and reliable diagnostic
procedures are very important for primary care
physicians, who are responsible for the early
diagnosis of heart failure and the implementation
of adequate therapy.
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However, current diagnosis of heart failure in
primary care is often inaccurate. In one recent

UK study,’ only 34% of patients with an existing
clinical label of heart failure in routine general
practice records had this diagnosis confirmed
following echocardiography and blinded review

by a panel of three specialist clinicians. A recent
review by the Healthcare Commission® on progress
towards implementation of the National Service
Framework (NSF) for Coronary Heart Disease
found that only one in five patients with a diagnosis
of heart failure had had an echocardiogram, and
that the average wait for this investigation was 67
days.

This picture of general practice diagnosing heart
failure on mainly clinical grounds, with only a
minority of patients receiving confirmatory tests
before the diagnosis is confirmed, is replicated
across much of Europe.*®** Primary care physicians
often have variable or delayed access to tests such
as echocardiography. As a consequence, doctors
rely on alternatives such as the electrocardiograph
(ECG) or chest X-ray (CXR), with both tests
perceived as useful and actually used in most cases
of heart failure in the IMPROVEMENT study.**

A normal ECG recording will, in most cases,
exclude LVSD;**%® however, changes may be subtle
and the lack of ECG interpretation skills may

still require referral for specialist opinion. Chest
X-rays are often cited as useful in diagnosis, but a
normal result does not exclude heart failure.>”%
Furthermore, symptoms and signs may indicate
the possibility of heart failure but are not reliable
for establishing the diagnosis.” It is therefore
unsurprising that studies exploring the validity of
a clinical diagnosis of heart failure in primary care
report high rates of misdiagnosis when patients
are assessed against objective criteria (rates of
25-50% accuracy reported in different series).%-62
Furthermore, underdiagnosis of heart failure is not
confined to the primary care physician,* with only
31% of patients being offered echocardiography by
hospital physicians following referral with possible
heart failure in one study.®

In this context, the potential role of natriuretic
peptides in diagnosing heart failure on the basis of
a simple and inexpensive blood test has emerged.
Numerous studies have confirmed the stability and
feasibility of natriuretic peptide testing, although
there are relatively few data testing the peptides

in the clinical setting where they would be most
used, i.e. in adults presenting with persisting
breathlessness in the community. However, current
evidence suggests that selecting natriuretic peptide
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cut-off values to ensure a high negative predictive
value, which is important in a primary care setting,
reduces the specificity of the test. For example,
both N'T-proBNP and BNP assays set at cut-offs to

achieve a sensitivity of 100% showed a specificity of

70%, a positive predictive value of 7%, a negative
predictive value of 100% and an area under the
receiver operating characteristic (ROC) curve
(AUC) of 0.92 (95% CI 0.82-1.0) for diagnosing
heart failure in the general population.®® The
performance of the assays was similar whatever
the cause of heart failure and similar negative
predictive values were also shown for diagnosing
LVSD.*

These data indicate that a normal level of
natriuretic peptides virtually guarantees that
heart failure is not present, but that confirmatory
echocardiography is needed in patients with
elevated peptides to confirm the diagnosis. The
cost-effectiveness of natriuretic peptides versus
standard diagnostic triage is not established.
However, they may also have an important role
in guiding therapy, at least in specialist and
emergency room settings.%-%7

Current UK guidance

The current National Institute for Health

and Clinical Excellence (NICE) guideline®
recommends that patients with suspected heart
failure should have an ECG and/or natriuretic
peptide test performed, the latter ‘where
available’. If both are normal then heart failure is
unlikely and an alternative diagnosis to explain
the symptoms should be considered. If either
one is abnormal then the patient should have

a Doppler echocardiogram. This guidance was
based on the high sensitivity of BNP and ECG,
and the result of a health economic analysis

that demonstrated that the cost per life-year
gained through echocardiography is dependent
upon the proportion of patients referred for
echocardiography in whom the diagnosis of heart
failure is confirmed.

Clinical experience in the UK suggests that the
pretest probability of heart failure being present
in patients referred for echocardiography varies
markedly, with some centres performing many
echocardiograms but with few showing any
abnormality. Such inefficient use of the limited
resource of echocardiography is problematic, and
the NICE committee therefore wished to produce
simple guidelines as to which patients should be

referred by their GP for further investigation.
However, the amount of data available to the
committee was limited, and therefore the Health
Technology Assessment call that funded this work
was timely.

This study will therefore help address important
unanswered questions and thus refine the
national guideline in a number of areas. What

is the optimal decision cut-off point for plasma
BNP (or its co-secreted N'T-proBNP) in terms

of referral for echocardiography? Is performing
an ECG and carrying out a BNP test better than
carrying out only one of these investigations?
What is the diagnostic value added to clinical
examination by adding either a BNP test and/

or ECG interpretation to the diagnostic process,
when there is guidance to the general practitioner
as to which clinical features are most important in
distinguishing heart failure from other causes of
symptoms such as breathlessness?

Current evidence

There have been five recent systematic reviews
relevant to the diagnosis of heart failure, four of
which have involved the applicants.”*6570 T
of these reviews covered all symptoms, signs and
diagnostic tests, and two®7" were specifically
concerned with BNP. The fifth is a review of the
accuracy of 12-lead ECG.™ The following points
emerge from this evidence base.

Individual symptoms (such as breathlessness,
fatigue, exercise intolerance and fluid retention)
and signs (such as resting tachycardia, raised
jugular venous pressure (JVP), displaced apex beat,
third heart sound) are generally weak predictors
of heart failure and have poor reliability, with little
agreement between clinicians on their presence.

A number of clinical scoring systems have been
developed to diagnose heart failure, but these

are not highly specific.”” However, recent as yet
unpublished work led by Hoes in Utrecht suggests
that use of a clinical scoring system based on a
combination of symptoms and signs may be a
reasonable predictor of heart failure (AUC: 0.82)
(A Hoes, Utrecht, 2005, personal communication).

Both ECG and BNP have high sensitivity for

heart failure and so are good tests for ruling out
the diagnosis. UK-based studies restricted to the
use of ECG in primary care, however, give a more
mixed picture on the value of ECG, with sensitivity
in one study® as low as 73%. This may relate to
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both differences in population characteristics and
the skill of the practitioner interpreting the ECG.
Although the CXR may show evidence of heart
failure (e.g. cardiomegaly, pulmonary vascular
congestion), it is not a good independent predictor
of the syndrome and is of most value in identifying
alternative causes of symptoms.

Echocardiography is the ‘gold standard’
investigation for LVSD and valve disease. Indirect
measures of diastolic dysfunction can be made on
echocardiography, but the interpretation of the
findings may be difficult, particularly in the elderly
and in patients with atrial fibrillation (up to 30%
of new cases of heart failure in most series). Most
often, ‘diastolic’ (or ‘non-systolic’) heart failure is
a diagnosis of exclusion, i.e. symptoms and signs
for which other causes have been exhaustively
excluded and for which there is a response to
therapy for heart failure.

Although these reviews are reasonably
contemporary, only one has addressed the specific
population of patients presenting with suspected
heart failure in primary care, and this review was
restricted to only UK studies (of which there were
four).%

Complexities of the
evidence base

The complexities of the evidence base that this
study therefore seeks to address are discussed in
the following sections.

Choice of reference standard

There is no single ideal reference standard for
heart failure, as there is no single cardiac disorder
that accounts for the syndrome. The underlying
cardiac disorders can be classified in different
ways. An approach that has utility in the context
of this review is to divide heart failure into low
ejection fraction and normal ejection fraction heart
failure. Echocardiography is a suitable reference
standard for low ejection fraction heart failure

but not for normal ejection fraction heart failure.
The definitive tests to diagnose normal ejection
fraction heart failure (cardiac catheterisation with
calculation of pressure—volume loops) are often
not carried out and so the diagnosis often relies
upon clinical judgement and supportive evidence,
such as may be obtained from BNP or N'T-proBNP,
reflecting a potential value of these tests over and
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above their use as a tool to determine who should
undergo echocardiography. In diagnostic test
studies, evaluation of such supporting evidence is
often carried out formally through the use of an
expert panel.

Definition of what is
an abnormal ECG

Studies that have tested the value of the ECG in
the diagnosis of heart failure have used different
criteria with which to define abnormality, and
there has been variation in the experience and
expertise of those reading the ECGs. Many
general practitioners are unable to interpret
ECGs accurately.”™ Therefore, it is important to
consider both the criteria that are used and who is
required to read the ECG. This will have important
implications when the costs of different diagnostic
strategies are being considered.

Equivalence (or not) of
different BNP assays

Combining results from studies evaluating the

role of BNP is fraught with difficulty. The accuracy
of the assay may depend upon issues such as the
length of time after the blood was collected that the
assay was performed; storage of the sample; and
the assay that was used. These issues may preclude
meaningful meta-analysis.

Lack of data in the
correct populations

Most of the existing research has been carried out
in secondary care populations or in the context

of screening studies that identify prevalent cases
of heart failure or include patients with existing
diagnoses of heart failure. Inclusion of these
studies would introduce significant spectrum bias
for the question being addressed by this review.
Secondary care populations are likely to represent
more advanced cases of heart failure, in which

the sensitivity of tests is likely to be overestimated
and specificity underestimated. Prevalent cases of
heart failure will on average reflect milder cases
than incident cases, and so studies on these will
underestimate sensitivity. Treatment of heart failure
influences test performance and so inclusion of
patients with existing diagnoses will underestimate
the sensitivity of some tests (such as BNP). It is
important that this work focuses on patients drawn
from primary care populations being investigated
for suspected heart failure to avoid these biases.
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Impact of pharmacological

treatments on test performance

It is recognised that treatments for heart failure
such as diuretics and ACE inhibitors may lower
serum natriuretic peptide levels.”* These treatments
are not unique to heart failure. People presenting
with symptoms suggestive of heart failure may
already be receiving them for other indications
(e.g. existing coronary disease, diabetes or
hypertension), and thus the diagnostic test may
perform differently in such patients.

Impact of co-morbidity
on test performance

Co-morbidity may influence the performance of
the diagnostic tests not only through treatments
used (see above) but also through direct influence

on the symptoms, signs and test results. This is
especially relevant for evaluation of symptoms
suggestive of heart failure in conditions such as
chronic obstructive pulmonary disease (COPD) and
existing ischaemic heart disease (IHD).

Summary

Heart failure is a common disorder, especially in
the elderly, with major and increasing significance
for patients and health-care systems. There is a
need for better identification of patients and more
intensive attempts to introduce and maintain

the large evidence base for therapies. The most
clinically effective and cost-effective diagnostic
algorithms are currently not determined.
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Chapter 2

Hypotheses tested in the review
(research questions)

here were three components to this work: a
systematic review, an individual patient data
(IPD) analysis and a decision analysis.

The objectives of the systematic review were to
assess the accuracy in diagnosing heart failure of:

1. the clinical features — both singly and, if
possible, in combination

2. the potential primary care investigations —
plasma natriuretic peptides, ECG and CXR
(singly and, if possible, in combination).

These reviews aimed to include all studies assessing
the diagnostic accuracy of the symptoms, signs

and investigations of patients with heart failure,
but with a prespecified focus on the accuracy

and reliability of clinical features in patients with
suspected heart failure presenting in primary care.

The objectives of the IPD analysis were to address
the following questions:
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1. Can a clinical scoring system based on
symptoms and signs usefully predict the
presence of heart failure?

2. To rule out heart failure in primary care, what
is the optimum decision cut-off point for
plasma natriuretic peptides (BNP)?

3. Does the diagnostic performance of plasma
natriuretic peptides vary according to patient
characteristics (including age, gender, presence
of IHD, COPD, diabetes mellitus, obesity and
atrial fibrillation, and existing pharmacological
therapy at the time of the diagnostic test)?

4. How accurate is the combination of plasma
natriuretic peptides with ECG at diagnosing
heart failure?

The objective of the decision analysis was to model
costs and diagnostic yield for different plausible
diagnostic strategies for the diagnosis of heart
failure in primary care.
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Chapter 3

Systematic review methods

Inclusion and
exclusion criteria

Studies were included if they estimated the
diagnostic accuracy or reliability of symptoms,
signs or investigations for detecting heart failure.
Although the main focus of the review was on the
diagnostic accuracy for suspected cases of heart
failure in primary care, we also included studies
from all patient settings, including emergency
department, hospital and outpatient settings, as
well as population cohort or screening studies
and we grouped data by setting. Studies varied
in whether they included patients with previously
diagnosed heart failure or not; both groups of
studies were included in the review. No language
restriction was applied.

Studies were eligible if they compared a symptom,
sign, ECG, CXR or BNP with an adequate
reference standard comprising either a clinical or
an echocardiographic diagnosis of heart failure.
More specifically, adequate reference standards
were considered to be prospective planned
evaluation of: (1) a clinical diagnosis, including
all information, for example using ESC criteria;
(2) echocardiographic criteria for LVSD (such

as assessment of LVEF or global assessment of
ventricular function); or (3) echocardiographic
criteria for heart failure with preserved systolic
function. We excluded studies that (1) included
children; (2) used an inappropriate index test,
for example urinary natriuretic peptides; (3) used
a reference standard that was inappropriate for
the purposes of this review, such as measures of
diastolic function alone or pulmonary capillary
wedge pressure; (4) used a retrospective study
design (e.g. a reference standard using a hospital
discharge diagnosis of heart failure); (5) used a
case—control design; or (6) that provided results
such that 2x2 data could not be extracted.
Although studies that used echocardiographic
criteria for LVSD were included in our principle
results tables (see Appendix 4), the meta-analysis
was restricted to studies that used a diagnosis of
heart failure as the reference standard.
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Search strategy

MEDLINE and CINAHL were searched from
inception to 7 July 2006, including citations in
progress. Given that our previous searches on

this topic did not find any additional studies in
EMBASE, we did not search EMBASE during

this review.” The search combined terms for the
condition of interest (e.g. heart failure; systolic
dysfunction) with terms for the index tests of
interest. No language restriction or methodological
filters were applied as our previous study found
that such filters reduced the sensitivity of the search
strategy.” Details of the search strategy are shown
in Appendix 1.

To identify studies missed by the search we checked
the reference lists of all primary studies that met
the inclusion criteria and any review articles we
found in this area. In addition, ‘grey literature’
databases and conference proceedings of relevant
societies (ACC; AHA; ESC; British Cardiac Society;
Heart Failure Society of America; Royal College of
Physicians; International Academy of Cardiology;
International Heart Failure Society; and the
Cardiac Society of Australia and New Zealand)
were searched. Finally, authors of relevant studies
were contacted to clarify any questions regarding
overlapping studies or to provide 2x2 data where
possible.

Data extraction

For the ECG, CXR and BNP studies, two reviewers
screened the titles and abstracts for relevant
studies. However, given the size of the search
results only one reviewer carried out the initial
screening for relevant studies on symptoms and
signs. Potentially relevant studies were obtained in
hard copy and assessed by two reviewers against the
inclusion criteria for the review. When there was
disagreement over a study it was discussed with a
third reviewer.
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Data were extracted by both reviewers on potential
sources of bias, demographic details of included
subjects, operator and test characteristics (e.g.
who assessed the symptoms and signs; who read
the ECG; type of BNP assay), reference standard
characteristics and test performance results (2x2
tables comparing test with reference standard; test
reproducibility data when provided). Quality was
assessed using the QUADAS criteria.”

Data analysis

The data synthesis was performed using methods
recommended by the working group of the
Cochrane Collaboration on systematic reviews

of diagnostic test accuracy. We grouped the

studies by the index test, including the type of
assay (BNP and N'T-proBNP), and by the type

of reference standard (clinical diagnosis of heart
failure, echocardiographic criteria of LVSD,
echocardiographic criteria of LVSD plus heart
failure with preserved systolic function). The
studies were then further sorted by the clinical
setting (primary care, screening studies, emergency
departments, outpatient secondary care settings
and inpatients). From the 2x2 tables we calculated
sensitivity, specificity, negative and positive
predictive values, and likelihood ratios.

The sensitivity and specificity of each of the index
tests were plotted in ROC space. The data were
then pooled using a bivariate random-effects
meta-analysis to calculate summary estimates of
the sensitivity, specificity, diagnostic odds ratio
(DOR) and positive and negative likelihood

ratios for each of the index tests with software
codes kindly provided by Roger Harbord.” The
statistical software package stata 9 (StataCorp)
was used for these analyses. Tests of heterogeneity
were not used as such tests may be misleading for
systematic reviews of diagnostic test accuracy and
are not recommended by the Cochrane diagnostic
test accuracy group (Jon Deeks, University of
Birmingham, 2007, personal communication).

To understand any influence of setting and
prevalence we plotted the predictive values (post-
test probabilities) against the prevalence of heart
failure (pretest probability).

For studies that contained a direct within-study
comparison we pooled the data to compare the
diagnostic accuracy of BNP versus N'T-proBNP,
and BNP (or N'T-proBNP) versus ECG. The two
tests were compared in a hierarchical summary
ROC analysis using software codes kindly provided
by Petra Macaskill.”® This analysis was also used

to determine a relative DOR in those studies that
directly compared two tests for heart failure.
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Chapter 4

Studies included in and excluded
from the systematic review

he searches of the electronic databases

resulted in the retrieval of 87,389 titles and
abstracts. These were screened for inclusion in this
review. Based on these searches and checking the
reference lists of identified studies and systematic
reviews, 335 papers were identified as being
potentially eligible for the review and the full text
of the articles was retrieved. A total of 95 studies
were identified as having 2x2 data comparing
symptoms, signs, ECG, CXR or BNP with an
appropriate reference standard for the diagnosis

of heart failure. In addition, we identified 15
systematic reviews and 11 multivariate analyses.
The results of the four search strategies are shown
in Figures 1-4.

Descriptions of the individual studies included in
the review, the quality assessment of the included
studies, the data extracted from the primary studies
and the details of studies excluded from the review
are provided in Appendices 2-5, respectively, of
this report.

CINAHL n=1030

Titles and abstracts identified in searches of electronic databases
MEDLINE n = 60,1 12 indexed and in-process citations

v

( Full text citations obtained n = 78

)

!

Excluded studies n = 46

Reference lists of
review articles and
included studies
checked

v

Systematic review or pooled analysis n = 5
Commentary or narrative review n =5

All patients had heart failuren =9
Inappropriate index test n = 3
Inappropriate reference testn = 15
Case—control study n =3

Correlation study n = |

Subset or overlapping population n = |
Unable to extract 2x2 datan =3

Study size <20 n=1

Studies included in the review n = 32

Reference standard: clinical diagnosis of heart failure n = |5
Reference standard: left ventricular systolic dysfunctionn =17

FIGURE | Heart failure AND symptoms and signs of heart failure.
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Included and excluded studies

.

Full text citations obtained n = 65

)

!

Reference lists of
review articles and
included studies
checked

v

Excluded studies n = 33
Systematic review or pooled analysis n = 4
Commentary or narrative review n = 6
Inappropriate population n = |
Inappropriate index test n = 4
Inappropriate reference testn = | |
Correlation study n = 4
Subset or overlapping population n = |
Unable to extract 2x2 datan =2

Studies included in the review n = 34

Reference standard: clinical diagnosis of heart failuren =11
Reference standard: left ventricular systolic dysfunction n =23

FIGURE 2 Heart failure AND electrocardiography.

|

Full text citations obtained n = 36

)

!

Reference lists of
review articles and
included studies
checked

v

Excluded studies n = 16
Systematic review or pooled analysis n = 3
Commentary or narrative review n =3
All patients had heart failure n = 2
Inappropriate reference test n =5
Subset or overlapping population n = |
Cannot extract 2x2 datan = |
Comparison of CXR in systolic

vs dialostic function n = |

Studies included in the review n =20

Reference standard: clinical diagnosis of heart failure n =9

Reference standard: left ventricular systolic dysfunctionn = | |

FIGURE 3 Heart failure AND chest X-ray.
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Titles and abstracts identified in searches of electronic databases
MEDLINE n = 3752 indexed and in-process citations
CINAHL n =374

v
( Full text citations obtained n = 215 )
A

v Excluded studies n = 146 (see Appendix 5)
Reference lists of Systematic review or pooled analysis n = 7
review articles and Commentary or narrative review n = 10
included studies Al patients had heart failure n = |
checked Inapproprite population n = 4
Inappropriate index test n = 2
Inappropriate reference test n = 28
Subgroup or overlapping population n = 10
Case—control study n = 30
Retrospective study of patients who had
both BNP and echon =3
Prognostic study or trial n = 20
Unable to extract 2x2 datan =9
Correlation studies n = |9
Othern=3

\ 4

v
(" Studies included in the review n = 69 (see Appendix 2)
Reference standard: clinical diagnosis of heart failure n = 30
BNP n =20
NT-pro BNPn =16
(Data for both BNP and NT-pro BNP n = 6)
Reference standard: left ventricular systolic dysfunction n = 43
BNP n =36
NT-pro BNPn =18
(Data for both BNP and NT-pro BNP n = 11)

FIGURE 4 Heart failure AND B-type natriuretic peptides.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

13






DOI: 10.3310/htal 3320

Health Technology Assessment 2009; Vol. |3: No. 32

Chapter 5

Results of the systematic review

Symptoms and signs
for the diagnosis of
clinical heart failure

Fifteen studies — five in general practice, five in
patients referred from primary to secondary care,
and five in acute care — examined the diagnostic
accuracy of symptoms and signs of heart failure
compared with an adequate reference standard of a
clinically defined diagnosis of heart failure.

Of the general practice studies, the largest single
study™ recruited 5260 patients who attended a
practice in Portugal; if patients scored 3 or more
on the ‘Boston’ score they were further assessed
by echocardiography. The diagnostic accuracy

of symptoms and signs was assessed in these
1058 patients; 200 patients could not be assessed
by echocardiography or had uninterpretable
echocardiograms (and therefore were classified as
not having heart failure). The other four studies
were conducted in a random selection of patients
from general practice registers: three®*? in a
random selection of general practice patients
and one® in patients with COPD not previously
known to have heart failure. The ECHOES study
by Hobbs et al.** was divided into substudies of
(1) patients with symptoms and signs of heart

failure; (2) patients who were over the age of 45
years; (3) patients who were considered at risk of
heart failure; (4) patients who had previously been
diagnosed with heart failure; and (5) patients who
were currently taking diuretics. Unless otherwise
stated the data used in the analyses below are from
the ECHOES substudy conducted in patients who
had symptoms or signs of heart failure as this is the
patient group most relevant to this assessment.

Five studies were conducted in general practice
patients with suspected heart failure who were
referred for further assessment at an open
access heart failure clinic or as part of the study
design.®** The other five studies were conducted
in patients presenting with dyspnoea in accident
and emergency departments.*** The studies
conducted by Dao et al.”* and Morrison et al.”
involved overlapping cohorts of patients: we
have used the Morrison study as it had more
participants.

Some of the data in this section were obtained from
the study authors as part of this assessment and
have not been published previously.®*-*

Figure 5 shows the numbers of patients with and
without heart failure in each of the included
studies. The outlier study, with the highest number
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=
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Patients without heart failure

FIGURE 5 Studies assessing the accuracy of symptoms and signs for the clinical diagnosis of heart failure.
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of patients with heart failure and the highest
proportion of patients with heart failure, was the
Fonseca study,” set in Portugal.

The quality of the included studies is shown in
Tables 37—46 in Appendix 3. The studies were

of variable quality, although most of the quality
criteria either were met or were unclear from the
study report.

Table 1 gives a summary of the overall results for
the symptoms and signs assessed in this review.
There was considerable variation across the studies,
which is illustrated in the figures in the following
sections. These differences may be due to differing
definitions or elicitation of the symptoms or signs,
or to differences in the patient groups studied.

In particular, it is likely that those presenting to
accident and emergency will be at the more severe
end of the heart failure spectrum.

History of myocardial infarction

Ten studies® 8791 estimated the accuracy of a
previous history of myocardial infarction for the
clinical diagnosis of heart failure (Figure 6). The
summary estimates of diagnostic accuracy are:

e sensitivity: 0.26 (95% CI 0.19-0.37)
e specificity: 0.89 (95% CI 0.85-0.91)

TABLE | Overall accuracy of clinical features of heart failure

Number of patients

*  DOR: 2.87 (95% CI 1.71-4.82)

* positive likelihood ratio: 2.37 (95% CI 1.58—
3.54)

* negative likelihood ratio: 0.82 (95% CI 0.73—
0.93).

Note that these studies used the patient’s self-
report of the history of myocardial infarction
and the diagnosis was not verified. Also, most of
these studies were conducted before 2003 and
were therefore likely to be using a definition of
myocardial infarction that did not include new
criteria which include serum troponin elevation.

Dyspnoea for the diagnosis of
clinically defined heart failure

Dyspnoea is an important presenting symptom of
heart failure. Several of the studies used dyspnoea
as an inclusion criterion for the study and therefore
it was not possible to estimate the diagnostic
accuracy of this symptom from these studies.

Five studies” 828492 estimated the diagnostic
accuracy of this symptom, with the results showing
considerable heterogeneity (Figure 7):

e sensitivity: 0.83 (95% CI 0.62-0.94)
* specificity: 0.54 (95% CI 0.40-0.67)
* DOR:5.71 (95% CI 1.78-18.31)

(studies) Sensitivity (%) Specificity (%) Youden index®

History of Ml 1769 (10) 26 89 I5
Dyspnoea 2187 (5) 87 51 38
Orthopnoea 2901 (6) 44 89 33
Paroxysmal nocturnal 1786 (3) No summary results

dyspnoea

Oedema 3736 (12) 53 72 25
Tachycardia 1582 (3) No summary results

Elevated |VP 3353 (7) 52 70 22
Cardiomegaly 405 (1) 27 85 12
Added heart sounds 2948 (6) I 99 10
Lung crepitation 4619 (11) 51 8l 32
Hepatomegaly 1058 (1) 17 97 14

JVP jugular venous pressure; Ml, acute myocardial infarction.

a Youden index = sensitivity% + specificity% — 100%. This is a measure of the overall diagnostic accuracy of the test, with

a maximum score of 100.
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O Summary point
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- - - 95% confidence region
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FIGURE 6 History of myocardial infarction for the diagnosis of clinically defined heart failure: summary receiver operating characteristic
(curve) (SROC) plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted
in a receiver operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical

summary receiver operating characteristic.

* positive likelihood ratio: 1.79 (95% CI 1.30-
2.47)

* negative likelihood ratio: 0.31 (95% CI 0.12—
0.79).

Because this symptom is one of the few symptoms
or signs with a relatively high sensitivity, this
feature may be a potential method for identifying
patients who have heart failure. For this reason,
in Table 2 and Figure 8§ we have included the data
from the original studies, including more specific
methods for eliciting this symptom as defined in

the individual studies. As might be anticipated, the
more restrictive definitions of breathlessness (e.g.
dyspnoea on exertion) led to higher specificity but
lower sensitivity.

The symbols in the ROC plot in Figure § illustrate
the considerable heterogeneity in the estimated
sensitivity and specificity of dyspnoea for the
diagnosis of clinically defined heart failure. The
lines between points in the ROC space illustrate
where different measures of dyspnoea have been
used in the same study. Dyspnoea on exertion

0.8+

0.6

Sensitivity

0.4

0.2

0.0

O Study estimate
O Summary point
— HSROC curve
- -- 95% confidence region

T T
1.0 0.8 0.6 0.4
Specificity

0.2 0.0

FIGURE 7 Dyspnoea for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve) (SROC)
plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in a receiver
operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical summary

receiver operating characteristic.
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- [ ) ’ @ Echoes: pts with symptoms and signs of HF
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Y o5 @ Dyspnoea

- Morrison O Dyspnoea at rest
M Dyspnoea on exertion
O Dyspnoea walking on flat

- A Dyspnoea walking fast
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Fonseca80
O
T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
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FIGURE 8 Methods for eliciting the symptom of dyspnoea: receiver operating characteristic (ROC) plot of studies. HF, heart failure.

has a higher sensitivity but lower specificity than e sensitivity: 0.44 (95% CI 0.33-0.56)
dyspnoea at rest or generally defined dyspnoea. e specificity: 0.89 (95% CI 0.69-0.96)
However, there is considerable variation between e DOR: 6.23 (95% CI 2.30-16.92)
studies in the estimation of the diagnostic accuracy ~ *  positive likelihood ratio: 3.91 (95% CI 1.51-
of dyspnoea. 10.11)

* negative likelihood ratio: 0.63 (95% CI 0.53—
Orthopnoea and paroxysmal 0.74).

nocturnal dyspnoea for

the diagnosis of clinically

defined heart failure

Six studies’88992 estimated the diagnostic
accuracy of orthopnoea for the diagnosis of
clinically defined heart failure (Figure 9). These

Paroxysmal nocturnal dyspnoea was evaluated in
three studies and showed similar sensitivity and
specificity to that of orthopnoea (Fonseca et al.”:
sensitivity 29%, specificity 98%; Morrison et al.®:
sensitivity 34%, specificity 86%; Mueller e al.”:
sensitivity 47%, specificity 73%).

showed low sensitivity and varying specificity:

Sensitivity

O Study estimate
O Summary point
— HSROC curve
- - - 95% confidence region

T T T T T 1
1.0 0.8 0.6 0.4 0.2 0.0

Specificity

FIGURE 9 Orthopnoea for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve) (SROC)
plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in a receiver
operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical summary
receiver operating characteristic.
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Oedema (as a symptom or
sign) for the diagnosis of
clinically defined heart failure

Twelve studies™ #8688 estimated the accuracy

of oedema (as either a symptom or a sign) for

the diagnosis of clinically defined heart failure.
Again, this clinical feature shows low sensitivity

and varying specificity (Figure 10). In the study by
Wright et al.,*” which enrolled patients with either
dyspnoea or oedema of recent onset, only 5% of
patients who were diagnosed as having heart failure
had oedema with no symptoms of dyspnoea:

sensitivity: 0.53 (95% CI 0.44-0.62)
specificity: 0.72 (95% CI 0.62-0.80)

DOR: 2.91 (95% CI 1.89-4.49)

positive likelihood ratio: 1.89 (95% CI 1.42-
2.51)

* negative likelihood ratio: 0.65 (95% CI 0.54—
0.78).

Tachycardia for the diagnosis of
clinically defined heart failure

Three studies™* estimated the accuracy of
tachycardia for the diagnosis of clinically defined
heart failure. The studies showed poor sensitivity
(23%, 24% and 36%) and varying specificity (92%,
82% and 40%).

Elevated jugular venous
pressure for the diagnosis of
clinically defined heart failure

Seven studies’#8% estimated the accuracy of
elevated JVP for the diagnosis of clinically defined
heart failure. One study® defined elevated JVP as
JVP > 6.cm; in the other studies, elevated JVP was
not further defined. This symptom also showed
poor sensitivity with relatively poor specificity
(Figure 11):

sensitivity: 0.52 (95% CI 0.41-0.63)
specificity: 0.70 (95% CI 0.56-0.80)

DOR: 2.52 (95% CI 1.51-4.22)

positive likelihood ratio: 1.73 (95% CI 1.23-
2.43)

e negative likelihood ratio: 0.68 (95% CI 0.56—
0.84).

Cardiomegaly for the diagnosis
of clinically defined heart failure

Only one study® examined the accuracy of a
displaced apex beat for the diagnosis of clinically
defined heart failure. This showed a sensitivity
of 27% and a specificity of 85%, with a positive
predictive value of 31% and a negative predictive
value of 82%.

Sensitivity

O Study estimate
O Summary point
— HSROC curve
- -~ 95% confidence region

I I
1.0 0.8 0.6 0.4
Specificity

0.2 0.0

FIGURE 10 Oedema for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve) (SROC)
plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in a receiver
operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical summary

receiver operating characteristic.
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FIGURE I Elevated jugular venous pressure for the diagnosis of clinically defined heart failure: summary receiver operating
characteristic (curve) (SROC) plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each
study plotted in a receiver operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC,

hierarchical summary receiver operating characteristic.

Added heart sounds for
the diagnosis of clinically
defined heart failure

Six studies”%% estimated the accuracy of added
heart sounds (third heart sound — S3 or gallop
rhythm) for the diagnosis of clinically defined heart
failure (Figure 12). This sign has very low sensitivity
but high specificity:

* sensitivity: 0.11 (95% CI 0.04-0.24)
e specificity: 0.99 (95% CI 0.97-1.00)

*  DOR: 13.4 (95% CI 6.58-27.3)

* positive likelihood ratio: 12.1 (95% CI 5.74—
25.4)

* negative likelihood ratio: 0.90 (95% CI 0.82—
0.99).

This means that if the sign is present it helps to
rule the disease in but if absent it does not rule the
disease out.

0.8

0.6

Sensitivity

k)

O Study estimate
O Summary point
— HSROC curve
- == 95% confidence region

T T
1.0 0.8 0.6 0.4
Specificity

0.2 0.0

FIGURE 12 Added heart sounds for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve)
(SROC) plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in
a receiver operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical

summary receiver operating characteristic.
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Sensitivity
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FIGURE 13 Lung crepitations for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve)
(SROC) plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in
a receiver operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical

summary receiver operating characteristic.

Lung crepitations for
the diagnosis of clinically
defined heart failure

Eleven studies 828587889095 estimated the accuracy
of the presence of lung crepitations for the
diagnosis of clinically defined heart failure (Figure
13). Lung crepitations have poor sensitivity and
moderate specificity:

e sensitivity: 0.51 (95% CI 0.44-0.58)

e specificity: 0.81 (95% CI 0.71-0.88)

e DOR: 4.34 (95% CI 2.91-6.47)

* positive likelihood ratio: 2.64 (95% CI 1.86—
3.74)

* negative likelihood ratio: 0.61 (95% CI 0.55—
0.68).

Hepatomegaly

One study™ evaluated the sign of hepatomegaly for
the diagnosis of clinically defined heart failure and
estimated a sensitivity of 17% and a specificity of

97%.

Summary of accuracy of
symptoms and signs for the
diagnosis of clinical heart failure

The data from these studies show that each of the
symptoms and signs of heart failure have varying
specificity but their poor sensitivity limits the
usefulness of these features in ruling out disease in
a general practice setting.

Investigations for the
diagnosis of clinically
defined heart failure

Electrocardiogram for
the diagnosis of clinically
defined heart failure

Eleven studies™* estimated the accuracy of
an abnormal ECG for the diagnosis of clinically
defined heart failure.

Figure 14 shows the numbers of patients with and
without heart failure in each of the studies that
assessed the diagnostic accuracy of ECG for the
clinical diagnosis of heart failure. The largest
study, which also had a much higher proportion of
patients with heart failure than the other studies
(the outlier), was the Fonseca study.”

In most of the studies the ECG criteria for defining
an abnormality used to determine the presence

of heart failure were quite broad. For example,

in the study by Rutten ef al.,* the criteria used
were abnormal Q) waves, complete or incomplete
left bundle branch block, LV hypertrophy, atrial
fibrillation, ST and/or T wave abnormalities and
sinus tachycardia. Using broad criteria for ECG
abnormality achieves a relatively high sensitivity
but only moderate specificity (Figure 15):

* sensitivity: 0.89 (95% CI 0.77-0.95)
e specificity: 0.56 (95% CI 0.46-0.66)
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FIGURE 14 Studies assessing the accuracy of electrocardiography for the clinical diagnosis of heart failure.

*  DOR: 4.80 (95% CI 4.36-25.7)

* positive likelihood ratio: 2.03 (95% CI 1.62—
2.53)

* negative likelihood ratio: 0.19 (95% CI 0.09-
0.42).

A completely normal ECG can help to rule out the
diagnosis of heart failure, but the presence of any
abnormality does not help to rule the diagnosis in.

It should also be remembered that in these studies
the diagnostic accuracy of the ECG was obtained
either from an ECG read by a cardiologist or

from the automatic reading of an ECG. In a

study comparing the diagnostic accuracy of

general practitioners and hospital physicians in
detecting heart failure on an ECG the sensitivity
and specificity of an ECG read by a general
practitioner were 53% and 63%, respectively, and
those read by a hospital physician were 95% and
47% respectively.” However, the mean sensitivity of
123 Scottish GPs reviewing 180 ECGs was higher at
94%.%

The studies of diagnostic accuracy indicate

how well a diagnostic test converts the pretest
probability of a disease into the probability that

a patient has the disease after the test. Figure 16
shows this graphically for the studies estimating the
diagnostic accuracy of ECG for heart failure. The

0.8

0.6

Sensitivity

0.4+

0.2

0.0
I I

O Study estimate
O Summary point
— HSROC curve
- -~ 95% confidence region
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1.0 0.8 0.6 0.4
Specificity

I 1
0.2 0.0

FIGURE |5 Electrocardiography for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve)
(SROC) plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in
a receiver operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical

summary receiver operating characteristic.
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Post-test probability
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< @ A &E studies
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FIGURE 16 Pretest/post-test graph of electrocardiography for the diagnosis of clinically defined heart failure. Note that the curved lines
are back calculated from the overall likelihood ratios and not by a regression fit. Closed symbols represent post-test probability when test
result is positive; open symbols represent post-test probability when test result is negative.

prevalence of heart failure in the patients who were
enrolled in the study is shown on the x-axis as the
pretest probability of disease. The probability that
a patient has heart failure after an abnormal ECG
is shown by the closed symbols, and the probability
that a patient has heart failure after a normal

ECG is shown by the open symbols. The summary
estimates of how well the test is able to rule in or
rule out the disease (as calculated by the positive
and negative likelihood ratios) are shown by the
curved lines. The further that these lines are from
the line at 45° to the x-axis, the better the test is
able to discriminate between those who have the
disease and those who do not have the disease.

Chest X-ray for the diagnosis of
clinically defined heart failure

Nine studies’®80-848587.89-92 measured the accuracy of
either any abnormality seen on CXR or an increase
in the cardiothoracic ratio.

Five studies™ 80848587 estimated the accuracy of any
sign of heart failure on CXR to detect the diagnosis
of clinically defined heart failure (Figures 17, 18
and 19). The estimates for the diagnostic accuracy
of this test varied greatly:

e sensitivity: 0.68 (95% CI 0.40-0.88)
e specificity: 0.83 (95% CI 0.66-0.93)
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FIGURE 17 Studies assessing the accuracy of chest X-ray for the clinical diagnosis of heart failure.
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FIGURE 18 Chest X-ray for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve) (SROC)
plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in a receiver
operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical summary
receiver operating characteristic.

* DOR: 10.7 (95% CI 4.45-25.5)
* positive likelihood ratio: 4.07 (95% CI 2.25—

Six studies™878-92 estimated the diagnostic

7.39)
* negative likelihood ratio: 0.38 (95% CI 0.18- * sensitivity: 0.67 (95% CI 0.53-0.78)
0.78). *  specificity: 0.76 (95% CI 0.65-0.84)

*  DOR: 6.25 (95% CI 3.60-10.8)

accuracy of increased cardiothoracic ratio on CXR:

An abnormal CXR is moderately helpful for ruling
the diagnosis in, but a normal CXR is not able to
rule out the diagnosis.

* positive likelihood ratio: 2.73 (95% CI 1.94—
3.86)
* negative likelihood ratio: 0.44 (95% CI 0.31-

0.61).
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FIGURE 19 Pretest/post-test graph of chest X-ray for the diagnosis of clinically defined heart failure. Note that the curved lines are
back calculated from the overall likelihood ratios and not by a regression fit. Closed symbols represent post-test probability when test
result is positive; open symbols represent post-test probability when test result is negative.
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B-type natriuretic peptides
for the diagnosis of clinically
defined heart failure

Twenty studies®?848891-93.97-110 examined the accuracy
of BNP for a diagnosis of clinically defined heart
failure (Figure 20). The largest single study was

the Breathing Not Properly Study'** (the outlier

in Figure 20), which recruited 1586 patients in 11
emergency departments in the USA and Europe.

The results of the studies show a consistently high
sensitivity but varying specificity for the diagnosis
of heart failure (Figures 21 and 22). An elevated
BNP does not confirm the diagnosis of clinically
defined heart failure but a normal level rules the
diagnosis out:

e sensitivity: 0.93 (95% CI 0.91-0.95)

* specificity: 0.74 (95% CI 0.63-0.83)

e DOR: 39.5 (95% CI 21.44-72.6)

* positive likelihood ratio: 3.57 (95% CI 2.44—
5.21)

e negative likelihood ratio: 0.09 (95% CI 0.06—
0.13).

Four studies®?#8897 estimated the diagnostic
accuracy of BNP for the diagnosis of clinical heart
failure in patients in general practice or patients
referred from general practice (Figure 23). The
studies in general practice showed slightly lower
sensitivity than, but similar specificity to, the
studies overall:

* sensitivity: 0.84 (95% CI 0.72-0.92)
e specificity: 0.73 (95% CI 0.65-0.80)
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FIGURE 20 Studies assessing the accuracy of BNP for the clinica

| diagnosis of heart failure.
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FIGURE 21 BNP for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve) (SROC) plot of
studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in a receiver operating
characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical summary receiver

operating characteristic.




DOI: 10.3310/htal 3320

Health Technology Assessment 2009; Vol. |3: No. 32

e DOR: 14.3 (95% CI 5.45-37.8)

* positive likelihood ratio: 3.12 (95% CI 2.22—
4.39)

* negative likelihood ratio: 0.22 (95% CI 0.11-
0.42).

N-terminal pro-B-type natriuretic
peptides for the diagnosis of
clinically defined heart failure

SiXteen Studiesﬁ()—ﬁﬁ,tﬂi—ﬁ{),{)&105),102,1()4,1 11-114 examined
the accuracy of NT-proBNP for the diagnosis of
clinically defined heart failure (Figure 24).

The results for N'T-proBNP again show generally
high sensitivity but varying specificity, with a
somewhat lower specificity than for BNP (Figures 25
and 26):

e sensitivity: 0.93 (95% CI 0.88-0.96)

e specificity: 0.65 (95% CI 0.56-0.74)

*  DOR: 24.6 (95% CI 14.4-42.2)

* positive likelihood ratio: 2.70 (95% CI 2.12—
3.43)

* negative likelihood ratio: 0.11 (95% CI 0.07—
0.18).
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FIGURE 22 Pretest/post-test graph of BNP for the diagnosis of clinically defined heart failure. Note that the curved lines are back
calculated from the overall likelihood ratios and not by a regression fit. Closed symbols represent post-test probability when test result is
positive; open symbols represent post-test probability when test result is negative.
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FIGURE 23 BNP for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve) (SROC) plot of
studies set in general practice. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted
in a receiver operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical

summary receiver operating characteristic.
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FIGURE 24 Studies assessing the accuracy of NT-proBNP for the clinical diagnosis of heart failure.
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FIGURE 25 NT-proBNP for the diagnosis of clinically defined heart failure: summary receiver operating characteristic (curve) (SROC)
plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted in a receiver
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Eight of the studies®*-#8688111 that examined

the accuracy of NT-proBNP for the diagnosis of
clinically defined heart failure were conducted in
general practice patients or patients referred from
general practice. Results for the studies conducted
in general practice patients were similar to the
overall results for NT-proBNP, with slightly lower
specificity than for the overall results (Figure 27):

* sensitivity: 0.90 (95% CI 0.81-0.96)

*  specificity: 0.60 (95% CI 0.50-0.70)

* DOR: 14.3 (95% CI 7.73-26.5)

* positive likelihood ratio: 2.28 (95% CI 1.82—
2.86)

* negative likelihood ratio: 0.16 (95% CI 0.09-
0.30).

Comparison of BNP versus
NTpro-BNP for the diagnosis of
clinically defined heart failure

Six studies®?8899.100.102104 (5 = 1623) compared

the diagnostic accuracy of BNP with that of N'I-
proBNP for the clinical diagnosis of heart failure.
There was no statistical difference in the diagnostic
accuracy between the two tests, with a relative DOR
of NT-proBNP/BNP of 1.20 (95% CI 0.30—4.80)
(p=0.77).

The performance of the individual assays is shown
in Figure 28. There is no clear evidence of the
superiority of one assay over another. In some
studies an individual assay performs better than the
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FIGURE 27 NT-proBNP for the diagnosis of clinically defined heart failure in general practice: summary receiver operating characteristic
(curve) (SROC) plot of studies. Each circle in the above plot represents the estimated sensitivity and specificity from each study plotted
in a receiver operating characteristic (ROC) space. The size of each circle is proportional to the size of the study. HSROC, hierarchical

summary receiver operating characteristic.
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FIGURE 28 Pretest/post-test graph of BNP and NT-proBNP by assay type for the diagnosis of clinically defined heart failure. Note that
the curved lines are back calculated from the overall likelihood ratios and not by a regression fit. Closed symbols represent post-test
probability when test result is positive; open symbols represent post-test probability when test result is negative.
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Results of the systematic review

TABLE 3 Overall accuracy of investigations for heart failure

Number of patients

(studies) Sensitivity (%) Specificity (%) Youden index®
ECG 4702 (11) 89 56 45
CXR: any abnormality 2323 (5) 68 83 51
CXR: increased 2797 (6) 67 76 43
cardiothoracic ratio
BNP 4744 (20) 93 74 67
NT-proBNP 4229 (16) 93 65 58

a Youden index = sensitivity% -+ specificity% — 100%. This is a measure of the overall diagnostic accuracy of the test.

overall group (i.e. the point representing the study
falls outside the curves); however, the same assay
performs worse than the overall group in other
studies.

Comparison of natriuretic
peptides versus
electrocardiogram for
the diagnosis of clinically
defined heart failure

Four studies®?#:889 (y = 1889) examined the
diagnostic accuracy of BNP and ECG for the
diagnosis of heart failure in the same patient
populations. BNP was shown to have a greater
diagnostic accuracy than ECG, with a relative DOR
of ECG/BNP of 0.32 (95% CI 0.12-0.87) (p = 0.03).

Seven studies®-838-88 (y = 2574) examined the
diagnostic accuracy of NT-proBNP versus ECG

for the diagnosis of heart failure in the same
patient populations. There was no difference in the
diagnostic accuracy between N'1T-proBNP and ECG
in these studies, with a relative DOR of ECG/NT-
proBNP of 0.43 (95% CI 0.59-3.15) (p = 0.38).

Summary of accuracy of
investigations for the diagnosis
of clinically defined heart failure

A summary of the test accuracy of the investigations
used for heart failure is shown in 7able 3. BNP

and ECG have relatively high sensitivity and so

are useful for ruling out heart failure. CXR has

the highest specificity and so is of some value in
making a positive diagnosis of heart failure.
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Chapter 6

Introduction to the individual
patient data analysis

he systematic review identified the diagnostic
value of individual symptoms and signs
and investigations for the diagnosis of heart
failure. However, in clinical practice these are not
interpreted in isolation of each other but rather as
awhole.

There are many well-developed heart failure
prognostic tools in the literature that combine the
results of different symptoms/signs and tests.”
Mosterd et al.” applied criteria from six established
heart failure scores including Framingham, Walma
and Boston to a sample of 54 participants in the
Rotterdam study. Most showed high sensitivity to
detect definite heart failure with AUC ranging
between 0.89 and 0.96. One of these, the Walma
study, was designed to assess heart failure in elderly
patients on diuretic therapy in general practice,
whereas all other scores were developed for use

in large epidemiological studies. However, use of
these would be impractical in primary care because
of the substantial number of variables in several of
the scores, and also because many of the clinical
signs have considerable interobserver variation
even amongst specialists (raised JVP, third heart
sound, hepatojugular reflux).'*!'® Furthermore,
four of the scores include specific CXR parameters,
which would be difficult to apply in general
practice.

Two unpublished studies have attempted to address
these difficulties. The first study by Barksfield'"”

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

developed several simple models from the UKNP®
study data (n =297). The models included
clinical features (age, gender, previous myocardial
infarction, ankle oedema, breathlessness,
crepitations) and BNP. External validation of the
models was demonstrated on the Hillingdon data
set® using AUC and Hosmer-Lemeshow tests. A
second study by Cost”” developed and compared
several heart failure models as part of a PhD
thesis. The research compared prognostic models
developed from participants of the Rotterdam
study (n = 149) and suggested that natriuretic
peptides, in addition to clinical signs/symptoms
(age, gender, orthopnoea, history of myocardial
infarction, history of COPD, crepitations), could
replace the use of ECG to detect the presence of
heart failure in patients suspected of heart failure
in primary care.

Given therefore that clinical scoring systems
relevant to general practice were already available,
we decided that the most efficient strategy for
determining whether a clinical scoring system
based on symptoms and signs could usefully
predict the presence of heart failure would be

to develop and test one of these. We decided to
develop the Barksfield models as opposed to the
Cost models as the former were based on a larger
sample size and had been successfully validated on
an external data set.
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Chapter 7
Methods of the individual patient data analysis

or a clinical decision rule to be acceptable

for use in practice, it requires validation
across at least one, and preferably several,
populations beyond the original population in
which it was developed.''® IPD analysis involves
the collection and reanalysis of ‘raw’ data from
all studies worldwide that have addressed a given
research question, with data obtained from those
responsible for the original studies.''” Hence,
obtaining raw data from other studies of patients
with symptoms of heart failure allows us to test
out our clinical prediction rule on data sets with
varying characteristics and therefore assess its
transferability and generalisability.

Studies included in
the individual patient
data analysis

Studies from the systematic review were deemed
suitable for inclusion in the IPD analysis if they (1)
were based in primary care and (2) had a minimum
of 100 recently symptomatic patients. This limit on
sample size was made to both reduce publication
bias and limit the inclusion of smaller studies of
lower methodological quality.

Description of
collaborating studies

Eleven studies were identified from the systematic
review as meeting the criteria for inclusion in the
IPD analysis. Authors of the following nine studies
gave us permission to use their data; data from two
studies'''2° were not available.

e Zaphiriou et al.® — UKNP, 2005

*  Cowie et al.®* - Hillingdon, 1997

*  Hobbs et al.?? - ECHOES, 2004

¢ Cost” — Rotterdam, 2000

* Fox et al.® - Bromley, 2000

*  Wright et al.¥” — New Zealand, 2003

e Alehagen et al.** — Sweden, 2003

e Lim and Senior® — Northwick Park, 2006
e Galasko et al.?' — Northwick Park, 2005.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Six®08488 of these studies were of patients referred
to a cardiologist for assessment following
presentation in primary care with symptoms of
heart failure. The symptoms of heart failure were
not described by four®# of these published
studies. Wright et al.% identified the symptoms

of heart failure as dyspnoea and/or oedema and
Alehagen et al.** as shortness of breath and/or
bilateral peripheral oedema and/or tiredness. The
remaining three data sets were from population
screening studies®*27 in which subsamples

of patients with heart failure symptoms were
extracted. The Hobbs et al.** symptoms included
shortness of breath, tiredness, ankle swelling or
prescribed diuretics; the Galasko et al.¥' symptoms
included shortness of breath on level or worse,
shortness of breath on hill, shortness of breath plus
ankle swelling or prescribed loop diuretics;*' and
Cost” included a subset of the Rotterdam study
participants who were referred by a GP if they
scored 3 or more points on the Rotterdam heart
failure score or if heart failure was suspected for
other reasons.

Validating databases

Rigorous checking of each data set was performed
by comparison of key fields with published

data. The data providers were contacted when
discrepancies or coding problems were identified.
Several variables of interest were manipulated in
an attempt to ensure consistency across data sets.
Blood natriuretic peptides that were measured in
pmol/l were converted to pg/ml. Definite heart
failure was defined by ESC criteria — namely,
appropriate symptoms (NYHA II or worse) plus
objective evidence of cardiac dysfunction. For data
in which this was not explicitly recorded, heart
failure was identified as symptomatic patients
(NYHA > 1) with an ejection fraction <40%,
atrial fibrillation or valve disease.’*8!% Current
medications in the Galasko data set were available
as text fields; these were categorised and coded as
ACE inhibitor, beta-blocker, diuretic or ARB.®!
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Model development

Model derivation using
Zaphiriou (UKNP) data

Logistic regression models were constructed using
backward elimination: the full model was fitted and
variables were then removed one at a time until all
those remaining contributed significantly (p <0.05)
to the model. Variables entered into the original
model are listed in Table 4. Prespecified two-way
interactions were also included: age by gender;
BNP (or N'T-proBNP) by age, gender, diabetes,
IHD, COPD and current medication.

Sample size

To allow a direct comparison of models, 299 (98%)
patients with complete data were included in the
model building for BNF, and 300 patients were
included in the development of a clinical rule for
NT-proBNP.

Model assumptions

As 95% of the Zaphiriou derivation sample was
found to have shortness of breath, it was recognised
that this symptom would have little discriminatory
power. Therefore, it was dropped from all analyses.

The linearity assumption for age was tested by
creating a categorical variable with four levels
using three cut-points based on the quartiles of the
age distribution.'?! The model was then refitted
with the categorical variable for age replacing

the continuous variable. A plot of the estimated
coefficients versus the mid-points of the groups
indicated a non-linear relationship. Various
parametric forms including quadratic and cubic
splines were then chosen and compared with

TABLE 4 Variables entered in the logistic regression model

Demographics Age, gender
Social history
Symptoms

Past medical history

the linear model using likelihood ratio tests. No
significant improvement was found between the
models and the simplest model with the linear
term for age, which was therefore adopted. The
distribution of BNP was positively skewed and
transformed using natural logs to improve the fit of
the model.

Adjusting for pretest probabilities
using Albert’s method

The post-test probabilities estimated by
conventional logistic analysis do not allow for
different pretest probabilities. By including the log
of the pretest odds of heart failure as an ‘offset’
term,'? the resulting logistic model estimates
likelihood ratios, which can then be applied

to different pretest probabilities using Bayes’
theorem. '

Model validation

Seven nested models with Albert’s adjustment were
identified as potential clinical prediction rules.
These were then externally validated on the three
data sets®***% that contained all of the required
variables. Models with more limited variable
requirements were further validated with additional
datasets.?>*7 Validation included the calculation

of the AUC and calibration plots. The AUC is a
measure of the model’s ability to discriminate
between those persons with heart failure and those
without; values range between 0 and 1, with a value
of 0.5 or less representing a useless test.

To measure each model’s goodness of fit,
calibration plots were used. Data were divided into
five groups according to the predicted probability
of heart failure (0 to < 0.2, 0.2 to <0.4, 0.4 to

Smoking status, alcohol consumption
Breathlessness, fatigue, ankle oedema

Angina, myocardial infarction, CABG, PTCA, hypertension, diabetes, stroke,

peripheral vascular disease, dyslipidaecmia, COPD

Physical examination
Current medication

Investigations

Obesity (> 30kg/m?), systolic blood pressure, diastolic blood pressure, crepitations
Diuretic, ACE inhibitor, angiotensin receptor blocker, beta-blocker
Abnormal ECG, BNP, NT-proBNP

ACE, angiotensin-converting enzyme; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease;

PTCA, percutaneous transluminal coronary angioplasty.
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< 0.6, 0.6 to <0.8, 0.8-1). Within each group the
observed prevalence of heart failure was calculated
with its corresponding 95% confidence interval.
These were then plotted against the average
predicted probability. A well-calibrated model will
have all points lying on the diagonal.

Parsimonious model

The seven models were then compared with each
other using likelihood ratio tests. Here, reductions
in deviance (-2 log likelihood value) were used

to assess whether extra variables resulted in a
significant improvement in model fit.

Simple clinical prediction rule

The model identified as the most parsimonious was
then simplified into a nomogram designed for use
in general practice. Validation of the nomogram
was then performed using the AUC across all data
sets for which sufficient data were available.
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Effect modifiers

The development of the clinical rules was based
on models derived from the Zaphiriou data set.
To provide further evidence that the performance
of BNP and N'I:proBNP does not vary with co-
morbidity or pharmacological treatment, the

data from all studies were initially pooled and
tests of heterogeneity were performed. Pooling
the data would give more power to detect any
significant interactions. However, there was
evidence of significant heterogeneity between

the data sets in terms of patient selection and

the relationship between heart failure and BNP
[%*(3) = 14.9, p = 0.002]. Therefore, pooling

was inappropriate and no pooled results are
presented. Data-dependent logistic regression
models were therefore evaluated. All potential
effect modifiers (age, gender, obesity, IHD, atrial
fibrillation, COPD, diabetes, use of diuretics, use
of beta-blockers) were examined by their inclusion
as interactions with BNP (and N'T-proBNP)
adjusted for clinical score. Statistical analyses were
performed using sas (version 9.1) and spss (version
14.0).
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Chapter 8

Results of the individual patient data analysis

he characteristics of the data sets utilised in

the model derivation and validation are shown
in Table 5. The mean age of subjects ranged from
66 years® to 76 years.”” The majority of patients
studied were female (53-65%). The derivation
data set had the highest prevalence of heart failure
(34%) and that of Hobbs et al.®? the lowest (13%).
The proportion of participants with breathlessness
ranged from 24% to 95%. The distribution of
patients in NYHA class IIT or IV ranged from 249%™
to 49%;%* NYHA class was unavailable for Cost®’
and Wright et al ¥

Table 6 presents the results of logistic models

predicting heart failure from BNP alone, clinical
features alone, ECG alone, and combinations of
all three. No significant interactions were found

TABLE 5 Characteristics of data sets utilised in the model validation

between age and gender, or between BNP and
the prespecified list of patient characteristics.

Age and ankle oedema were not significant in all
models but have remained to allow comparison
between nested models. The results show that the
odds of heart failure increase threefold for every
unit on the log of BNP, the odds are double for
men compared with women, and the odds for
past medical history of myocardial infarction,
ankle oedema and crepitations are 5.2, 2.5 and
4.8 times, respectively, those of patients without
these conditions. The odds of a person with an
abnormal ECG are six times greater than the odds
of someone with a normal ECG. These prognostic
clinical and ECG effects are greatly reduced when
used in combination with BNP.

Zaphiriou et Cowie et al., Hobbs et al., Foxetal., Wrightetal.,
Variable al., 2005% 19978 2004% Cost, 2000°7  2000% 2003%
UKNP n=299 Hillingdon, ECHOES, Rotterdam, Bromley, New Zealand,

n=105 n=392 n=143 n =380 n=297
Demographics
Heart failure 103 (34) 29 (28) 52 (13) 42 (29) 101 (27) 75 (25)
Age (years), mean  71.5(11.5) 66.4 (12.0) 68.0 (10.9) 76.5(7.2) 73.9 (9.6) 72.0(11.8)
(SD)
Gender male 123 (41) 49 (47) 177 (45) 58 (41) 165 (43) 103 (35)
Symptoms and signs
Shortness of breath 283 (95) 80 (76) 235 (60) 35 (24) 279 (73) 136 (46)
Ankle oedema 192 (64) 55 (52) 183 (47) 73 (51) 208 (55) 196 (66)
Previous Ml 42 (14) 7(7) 70 (18) 16 (11) 43 (11) 43 (14)
Crepitations 84 (28) 16 (15) 49 (13) 58 (41) 109 (29) 68 (23)
Investigations
Abnormal ECG 159 (53) 63 (60) 247 (63) 52 (37) 260 (68) 189 (64)
BNP (pg/ml), 86.8 59.2 74.2 52.0
median (IQR) (31.0-224.0) (37.8-143.4) (13.7-134.5) (36.0-86.0)
NT-proBNP (pg/ 381.5 412.6 442.0
ml), median (IQR)  (135.5-1200.5) (160.1-1037.8) (195.5-1071.0)

IQR, interquartile range; Ml, myocardial infarction.
a Peripheral oedema.
Figures given are number (%) unless stated otherwise.
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TABLE 6 Models to predict heart failure in individuals presenting with symptoms suggestive of heart failure, derived from the Zaphiriou
et al.®® (UKNP) data set

Model Beta coefficient SE of beta p-value OR (95% CI)
I. BNP model

Log(BNP+ 1) 1.19 0.14 < 0.0001 3.29 (2.47-4.37)
Constant -5.66 0.73 < 0.0001

2. Clinical model

Age 0.004 0.0l 0.74 1.00 (0.98-1.03)
Gender 0.66 0.29 0.02 1.94 (1.11-3.40)
Past medical history Ml 1.67 0.39 < 0.0001 5.30 (2.49-11.26)
Ankle oedema 0.93 0.31 0.003 2.55 (1.38-4.70)
Crepitations 1.58 0.30 <0.0001 4.84 (2.67-8.79)
Constant -1.99 0.97 0.04

3. ECG model

ECG 1.80 0.29 < 0.0001 6.03 (3.45-10.55)
Constant -1.07 0.24 < 0.0001

4. BNP + clinical model

Log(BNP+ 1) 1.24 0.17 < 0.0001 3.46 (2.46-4.87)
Age -0.05 0.02 0.008 0.95 (0.92-0.99)
Gender 0.90 0.35 0.0l 2.47 (1.25-4.89)
Past medical history Ml 1.25 0.46 0.006 3.50 (1.42-8.61)
Ankle oedema 0.62 0.37 0.10 1.85 (0.89-3.85)
Crepitations 1.35 0.36 0.0002 3.86 (1.92-7.79)
Constant -3.81 1.23 0.002

5. BNP + ECG model

Log(BNP+1) 1.07 0.15 <0.0001 291 (2.16-3.92)
ECG 0.75 0.34 0.03 2.11 (1.09-4.10)
Constant -5.54 0.73 < 0.0001

6. Clinical + ECG model

Age -0.01 0.0l 0.52 0.99 (0.96-1.02)
Gender 0.66 0.30 0.04 1.85 (1.02-3.35)
Past medical history Ml 1.56 0.41 0.0002 4.74 (2.10-10.68)
Ankle oedema 0.96 0.33 0.004 2.61 (1.36-5.01)
Crepitations 1.57 0.33 <0.0001 4.83 (2.55-9.16)
ECG 1.69 0.32 <0.0001 5.42 (2.90-10.11)
Constant -2.01 1.04 0.05

7. BNP + clinical + ECG model

Log(BNP+ 1) l.12 0.19 <0.0001 3.08 (2.14-4.43)
Age -0.05 0.02 0.0l 0.95 (0.92-0.99)
Gender 0.81 0.35 0.02 2.26 (1.13-4.50)
Past medical history Ml 1.21 0.46 0.009 3.34(1.35-8.28)
Ankle oedema 0.60 0.38 0.11 1.83 (0.88-3.82)
Crepitations 1.35 0.36 0.0002 3.86 (1.90-7.86)
ECG 0.60 0.38 0.11 1.83 (0.87-3.83)
Constant -3.59 1.22 0.004

MI, myocardial infarction; OR, odds ratio.
All models included log of pretest odds of heart failure as an additional intercept term (Albert’s method).



DOI: 10.3310/htal 3320

Health Technology Assessment 2009; Vol. |3: No. 32

Validation: area
under the curve

Tables 7 and 8 present the results of the internal
and external validation. BNP — both alone and in
combination — showed excellent discrimination

in the derivation and external data sets with the
AUC ranging between 0.83 and 0.96. The clinical
model and ECG models provided ‘acceptable’
discrimination with AUCs from 0.66-0.83 (Table 7).
Similar results were found for models that included
NT-proBNP, in which AUC ranged from 0.82 to
0.91 (1able 8).

Validation: calibration

Figure 29 shows the calibration plots for the
derivation data set. The post-test probabilities

fall reasonably close to the diagonal line for

all models indicating that the models are well
calibrated. Figures 30 and 31 show calibration plots
for the Cowie et al.®* and Hobbs et al.*? data sets
respectively. The Hobbs data were closer to the line
than the Cowie data with wide confidence intervals
reflecting the low prevalence. All models are well
calibrated at the low end of the probability scale.
The BNP and BNP + clinical models underestimate
the top end, whereas the other models overestimate
the top end. Figure 32 shows calibration plots

for the Cost” data. The ECG and clinical + ECG
models are well-calibrated models. The clinical
alone model overestimates the top end whereas all
other models underestimate across the range of
probabilities. The clinical + ECG model is the best
calibrated model of the Fox et al.* data (Figure 33)
whereas the clinical model is the best calibrated
model from the Wright et al.*" data (Figure 34).
Calibration plots of the corresponding NT-proBNP
models show similar goodness of fit and are
provided in Figures 35 and 36.

Parsimonious model

Table 9 shows the deviances calculated for each
logistic model developed from the derivation
data set. The BNP model improved by adding
either clinical features (model 1 versus model 4:
x3(5)=27.9, p <0.0001) or ECG (model 1 versus
model 5: x*(1) =4.9, p = 0.03). However, there was
no gain by the addition of ECG to BNP + clinical
(model 4 versus model 7: x*(1)=2.5,p=0.11),
whereas BNP + ECG did improve when clinical
features were added (model 5 versus model 7:

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

x2(5)=35.5, p <0.0001). Hence, BNP + clinical was
identified as the parsimonious model.

These model comparisons were also undertaken
with N'T-proBNP substituted for BNP. Similar
results were found, with N'T-proBNP + clinical
shown to be the most parsimonious model (1able
10).

Simplifying the heart
failure prediction model

For the BNP + clinical model to be used in practice
it was advantageous to simplify it further by
splitting the model into a two-stage process:

1. clinical
2. nomogram of clinical score with BNP.

Those with a high probability of heart failure from
the clinical score alone could then be referred
directly for echocardiography; the remainder would
undergo a BNP test and then use a nomogram that
would give a probability estimate of heart failure
dependent on BNP result and clinical score.

As the age term in the clinical model alone (see
Table 6) was not significant, this was removed from
further analyses. The model was then rerun for the
clinical part only, with the resultant model being:

Log(p/1-p) =
-2.27 +0.59 x gender + 1.72 x myocardial
infarction + 0.84 x ankle + 1.55 X crepitations

where p = probability of heart failure.

The coefficients for this model are different from
those shown in Table 6 because of the omission

of age. This model was then simplified further
into a scoring system by creating new weights that
were related to the parameter estimates in the
model. The following weights were assigned (the
four features can be remembered as MICE: male
infarction crepitations oedema):

male: 2 points

history of myocardial infarction: 6 points
crepitations: 5 points

ankle oedema: 3 points

Thus, any individual presenting with symptoms of
heart failure could be given a clinical score between
0 (female with no history of myocardial infarction,
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FIGURE 29 Calibration plots using Zaphiriou®® data set-derived models. The circles represent the observed proportion in the data set
that had heart failure, and the vertical lines the 95% confidence interval around this proportion. (a) Model |: BNP only. (b) Model 2:
clinical only. (c) Model 3: ECG only. (d) Model 4: BNP + clinical. (e) BNP + ECG. (f) Model 6: clinical + ECG. (g) Model 7: BNP +
clinical + ECG.
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FIGURE 30 Calibration plots of Zaphiriou-derived® models applied to Cowie®* data. The circles represent the observed proportion in
the data set that had heart failure, and the vertical lines the 95% confidence interval around this proportion. (a) Model |: BNP only. (b)
Model 2: clinical only. (c) Model 3: ECG only. (d) Model 4: BNP + clinical. (e) Model 5: BNP + ECG. (f) Model é: clinical + ECG. (g)
Model 7: BNP + clinical + ECG.
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FIGURE 31 Calibration plots of Zaphiriou-derived®® models applied to Hobbs®? data. The circles represent the observed proportion in
the data set that had heart failure, and the vertical lines the 95% confidence interval around this proportion. (a) Model I: BNP only. (b)
Model 2: clinical only. (c) Model 3: ECG only. (d) Model 4: BNP + clinical. (e) Model 5: BNP + ECG. (f) Model 6: clinical + ECG. (g)

BNP + clinical + ECG.
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FIGURE 32 Cadlibration plots of Zaphiriou-derived®® models applied to Cost” data. The circles represent the observed proportion in

the data set that had heart failure, and the vertical lines the 95% confidence interval around this proportion. (a) Model |: BNP only. (b)
Model 2: clinical only. (c) Model 3: ECG only. (d) Model 4: BNP + clinical. (e) Model 5: BNP + ECG. (f) Model é: clinical + ECG. (g)

BNP + clinical + ECG.
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FIGURE 33 Cadlibration plots of Zaphiriou-derived®® models applied to Fox®> data. The circles represent the observed proportion in the
data set that had heart failure, and the vertical lines the 95% confidence interval around this proportion. (a) Model 2: clinical only. (b)

model 3: ECG only. (c) Model é: clinical + ECG.

no ankle oedema, no basal crepitations) and 16 (all
features present).

Impact of adding
breathlessness to the model

Given that breathlessness had been identified

in the systematic review as a useful symptom in
discriminating between heart failure and no heart
failure, the impact of adding breathlessness was
explored.

Table 11 shows the odds ratios for heart failure if
shortness of breath is present once adjustment has
already been made for presence of other clinical
features (the MICE score) and BNP or NT-proBNP
score. In two data sets®*® the additional effect

of breathlessness appeared to be significant, but
the estimates of the post-test odds for both of
these studies were unreliable as they depended

on only one case of heart failure who did not have
shortness of breath. The post-test odds for the
data sets in which there were sufficient numbers of

cases of heart failure without breathlessness varied
between 0.75 and 1.6, but none was significantly

> 1. Thus, addition of breathlessness was not found
to add diagnostic value in these data sets.

Performance characteristics
of the simple clinical rule

Table 12 gives the performance characteristics

of the simple clinical rule, likelihood ratios of

a positive test and post-test probability of heart
failure associated with a pretest probability of 30%.
A plot of the ROC curve demonstrated that the
optimal cut-point on performance characteristics
would be 5 (Figure 37).

This suggested the simple clinical rule shown in
Box 1.

The interpretation of the BNP result would
depend upon the clinical score, as shown in the
nomogram (Figure 38). For example, to obtain the
post-test probability estimate of heart failure for
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FIGURE 34 Cadlibration plots of Zaphiriou-derived®® models applied to Wright®” data. The circles represent the observed proportion in
the data set that had heart failure, and the vertical lines the 95% confidence interval around this proportion. (a) Model 2: clinical only.
(b) model 3: ECG only. (c) Model é: clinical + ECG.

BOX I Simple clinical rule
In a patient presenting with symptoms such as breathlessness in whom heart failure is suspected, if the patient has any
one of:
*  ahistory of myocardial infarction
*  basal crepitations
* is a male with ankle oedema

then refer straight for echocardiography

Otherwise, carry out a BNP (or NT-proBNP) test and refer to echocardiography depending on the results of the BNP

or NT-proBNP test
a female with no clinical features (score of zero) Validation of nomograms
with a BNP of 100 pg/ml, the clinician would draw AUCs were calculated for both nomograms for
a perpendicular line from the BNP value on the data sets in which items were available (1able
x-axis up to the appropriate curve and read the 13). The AUCs for both nomograms were very

corresponding probability off the y-axis (10%). The  similar to the AUCs for previous unsimplified
nomogram for N'T-proBNP and clinical features is models: BNP + simple clinical, 0.84-0.94; N'I-
presented in Figure 39. proBNP + simple clinical, 0.88-0.90. This indicates

47
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FIGURE 35 Cadlibration plots of model | (NT- proBNP only) by data set. The circles represent the observed proportion in the data set
that had heart failure, and the vertical lines the 95% confidence interval around this proportion. (a) Zaphiriou® data. (b) Hobbs® data.

(c) Wright® data. (d) Alehagen® data. (e) Lim® data. (f) Galasko®' data.
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FIGURE 36 Cadlibration plots of model 5 (NT-proBNP + clinical) by data set. The circles represent the observed proportion in the data
set that had heart failure, and the vertical lines the 95% confidence interval around this proportion. (a) Zaphiriou® data. (b) Hobbs®?
data. (c) Wright¥ data.

TABLE 9 Deviances obtained by logistic regression modelling TABLE." 0 Deviances obtqiqed by logistic regression moc{elling of
of the ability of BNP, clinical features and electrocardiography to the ab'l"ty of NT‘Pf OBNB C'"”{C.‘” features a"fj elec.tr ocardiography
predict heart failure in individuals presenting with symptoms to predict heart failure in individuals presenting with symptoms

Model Deviance Model Deviance

Null model (intercept only) 385.1 Null model (intercept only) 385.9

I. BNP only 274.5 I. NT-proBNP only 264.7

2. Clinical only 317.1 2. Clinical only 317.8

3. ECG only 338.6 3. ECG only 337.8

4, BNP + clinical 236.6 4. NT-proBNP + clinical 227.6

5.BNP + ECG 269.6 5. NT-proBNP + ECG 262.8

6. Clinical + ECG 285.4 6. Clinical + ECG 283.6

7. BNP + clinical + ECG 234.1 7. NT-proBNP + clinical + 226.8

ECG

All models based on sample size of 299.
All models based on sample size of 300.
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TABLE 11 Logistic regression modelling to test predictive value of shortness of breath in diagnosis of heart failure adjusted for prior
probability of heart failure obtained from MICE and natriuretic peptide rules

Odds ratio (95% CI)

Zaphiriou et al.,

200588
Post-test odds 21.831°
(MICE and BNP
rules)
Post-test odds 15.8712
(MICE and NT-
proBNP rules)

MICE, male infarction crepitations oedema.
a Unreliable estimates because of sparsity of data.
Models included log of post-test odds of heart failure as an additional intercept term (Albert’s method).

(2.24-212.6)

(1.67-150.6)

Cowie et al.,
19978

1.6 (0.30-8.62)

Hobbs et al.,

20042
155.412

(15.9 to > 999.9)

130.6

(13.8 to >999.9)

Cost, 2000%7
1.39 (0.38-5.08)

Wright et al.,
2003%

0.75 (0.33-1.67)

0.75 (0.33-1.67)

TABLE 12 Performance characteristics of the simple clinical rule to predict heart failure in individuals presenting with symptoms

suggestive of heart failure

Cut-point >

VO 00 N 6 U1 W N O

1S

I
13
14
16

LR+, likelihood ratio of a positive test.
Note: Because of division by zero, calculations cannot be made for the last three rows.

Sensitivity (%)

100
96.2
92.3
79.8
60.6
59.6
53.8
35.6
30.8
19.2

8.7
6.7
29

Specificity (%)

0
19.8
32.7
62.9
76.7
76.7
80.7
91.1
94.1
98.5
100
100
100

LR+

|
1.20
1.37
2.15
2.60
2.56
2.79
4.00
5.22
12.8
>20
>20
>20

Pretest
probability

30
30
30
30
30
30
30
30
30
30
30
30
30

Post-test

probability

30
34
37
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FIGURE 37 Receiver operating characteristic curve of the simple clinical rule predicting heart failure among patients with symptoms

suggestive of heart failure. Diagonal segments are produced by ties.
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FIGURE 39 Nomogram estimating the probability of heart failure in patients with symptoms using the clinical score and NT-proBNP
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TABLE 13 Area under the curve (AUC) for nomograms

Nomogram clinical score + BNP

Data set

Zaphiriou et al., 20052
Cowie et al., 1997%
Hobbs et al., 2004%2
Cost, 20007

Wright et al., 2003¥

AUC (95% CI)

0.87 (0.83-0.91)
0.94 (0.89-0.98)
0.86 (0.81-0.91)
0.84 (0.77-0.91)

that the nomograms show excellent discrimination
between those persons with and those without
heart failure.

Effect modifiers

Further evaluation of interactions between the
plasma concentration of natriuretic peptides and
patient characteristics in the prediction of heart
failure was performed on all available data. A
breakdown of patient characteristics by data set
is presented in Table 14. Results of the logistic

Nomogram clinical score + NT-proBNP

AUC (95% CI)
0.88 (0.85-0.92)

0.89 (0.85-0.93)

0.90 (0.85-0.94)

models, adjusting for clinical score, are given in
Table 15.

There was no evidence that age, atrial fibrillation,
diabetes or COPD had an effect on the
performance of BNP or N'T-proBNP. A marginal
effect of obesity on BNP®* and diuretics on N'I=
proBNP?” was found, although this effect was not
seen in the remaining data sets. The relationship
between BNP and the risk of heart failure varied
with gender of the individual for the Cost”” data
only (p =0.03). Several significant interactions were
found for the Hobbs et al.** data; the relationship
between N'T-proBNP and risk of heart failure
varied according to whether patients had ITHD

TABLE 14 Characteristics of data available for analyses of interaction effects

Zaphiriou et al., Cowieetal.,

200588 19978
Characteristic n=305 n=105
Obese 123 (42) 27 (26)
IHD 91 (30) 13(12)
COPD 58 (19) 10 (10)
Diabetes 58 (19) 44
Diuretic 192 (63) 53 (51)
ACE inhibitor 71 (23) 3(11)°
Beta-blocker 70 (23)
ARB

Hobbs et al., Wright et al.,
2004%2 Cost, 2000°7 2003%
n=392 n=143 n=297
97 (25) 36 (25) 117 (39)
136 (35) 43 (14)
22 (6) 46 (32) 42 (14)
51 (13) 17 (12) 42 (14)
182 (46) 70 (24)
93 (24) 78 (26)
58 (15) 72 (24)
10 (3)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease;

IHD, ischaemic heart disease.
a Furosemide recorded only.
b Based on 28 cases with available data.

Figures are n (%) unless stated otherwise; denominators vary slightly with completion of each characteristic.
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TABLE 15 Interaction tests between patient characteristic and blood natriuretic peptide by data set

p-value

Zaphiriou et Cowie et al., Hobbs et al., Wright et al.,
Interaction al., 20058% 199784 20042 Cost, 2000°’ 2003%
Age and BNP 0.16 0.39 0.58 0.69
Age and NT-proBNP 0.06 0.32 0.29
Gender and BNP 0.64 0.30 0.50 0.03
Gender and NT-proBNP 0.35 0.14 0.53
Obesity and BNP 0.08 0.08 0.8l 0.20
Obesity and NT-proBNP 0.05 0.77 0.28
IHD and BNP 0.49 0.51 0.09
IHD and NT-proBNP 0.86 0.04 0.21
AF and BNP 0.71 0.88 0.24
AF and NT-proBNP 0.80 0.44 0.27
Diabetes and BNP 0.36 0.79 0.32
Diabetes and NT-proBNP 0.09 0.77 0.36
COPD and BNP 0.15 0.20 0.93 0.25
COPD and NT-proBNP 0.64 0.70 0.76
Diuretic and BNP 0.55 0.69 0.51
Diuretic and NT-proBNP 0.56 0.45 0.05
ACE inhibitor and BNP 0.73 0.004
ACE inhibitor and NT-proBNP 0.56 0.003 0.24
Beta-blocker and BNP 0.35 0.09
Beta-blocker and NT-proBNP 0.64 0.03 0.85

ACE, angiotensin-converting enzyme; AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; IHD, ischaemic

heart disease.

(p = 0.04) or were on beta-blockers (p =0.03) or
ACE inhibitors (p = 0.003). Similarly there was
evidence from these data that ACE inhibitors had
a modifying effect on BNP (p = 0.004); however,
these effects were not replicated in the other data
sets.

Summary of results
of individual patient
data analysis in terms
of the objectives

1. Can a clinical scoring system based on
symptoms and signs usefully predict the
presence of heart failure? We found that

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

a simple clinical scoring system based

on previous myocardial infarction, basal
crepitations and ankle oedema did usefully
predict the presence of heart failure in

terms of determining whether or not an
individual should be referred immediately

for echocardiography or should have a

BNP test, with the decision to proceed to
echocardiography depending upon the results
of that test.

To rule out heart failure in primary care, what
is the optimum decision cut-off point for
plasma natriuretic peptides (BNP)? Figures

38 and 39 show the post-test probability of
heart failure for a given BNP result and a
given clinical score. The determination of the
optimum decision cut-point depends upon the
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value placed upon making a correct diagnosis
of heart failure. This is explored further in the
decision modelling.

3. Does the diagnostic performance of plasma
natriuretic peptides vary according to patient
characteristics (including age, gender,
presence of IHD, presence of COPD, diabetes
mellitus, obesity, atrial fibrillation, existing
pharmacological therapy at time of diagnostic

test)? We found no consistent evidence of
any significant interactions between the
performance of plasma natriuretic peptides
and patient characteristics.

How accurate is the combination of plasma
natriuretic peptides and ECG at diagnosing
heart failure? We found that adding ECG
to clinical features + BNP did not result in
improved accuracy of diagnosis.
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Chapter 9

Modelling the impact of different
plausible strategies for diagnosis of
heart failure in primary care

he IPD analysis developed and validated a

simple clinical rule to determine whether to
refer a patient in whom heart failure is suspected
in primary care directly for echocardiography or
whether to perform a BNP test first. The cut-point
at which to refer straight to echocardiography was
determined purely on the basis of the performance
of the clinical rule and not on any estimation of
the costs of unnecessary investigations or of missed
diagnoses of heart failure. Furthermore, on clinical
grounds alone, it is difficult to determine the
optimum threshold of BNP score at which to refer
for echocardiography, as, again, this requires some
estimation of how important it is to avoid missing a
diagnosis.

The purpose of the decision analysis model is
therefore to take account of the potential costs of
missed diagnoses (patients not referred who have
heart failure) and the costs of echocardiography
when the result is normal so that decision cut-
points can be recommended on the grounds of
cost-effectiveness.

Approach taken for
the decision analysis

The approach we took needed to take into account
the fact that BNP is a continuous variable, with no
predefined positive or negative value. Therefore
we needed to compare a large number of possible
strategies, corresponding to the many possible BNP
cut-points. To do this we first needed to define how
much it would be worth spending to diagnose a
case of heart failure — we refer to this as ‘willingness
to pay’ (WTP). Once we had established a WTP, we
could calculate what would be an appropriate cut-
point for BNP. This cut-point will vary according to
the pretest probability (which is given by the MICE
score) and the test performance of BNP (which we
have reported in the IPD analysis). Having done
this we could reduce the decision analysis to a
manageable number of alternatives: do nothing;

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

perform BNP and echocardiography depending
upon the result of the BNP test; or proceed straight
to echocardiography. Therefore a key first step was
to calculate plausible extremes for the WTP. This is
described in the following section.

Estimating the value of
diagnosing heart failure

To inform our estimation of the cost of a missed
diagnosis we updated the systematic reviews carried
out by NICE for the 2003 guideline on diagnosis
and management of heart failure.”® This updated
review is shown in Appendix 6.

There is good evidence that treatment of heart
failure with beta-blockers '** and ACE inhibitors '
can reduce mortality and the risk of hospital
admission from heart failure. Therefore, once a
diagnosis has been made, it can be assumed that
the diagnosis will precipitate treatment that will
reduce the risk of death and the risk of hospital
admission. Conversely, it can be assumed that if

a diagnosis is not made then the condition will
worsen and result in an acute admission to hospital
(when a diagnosis will be made), sudden death

or worsening symptoms such that the diagnosis

is reviewed and the correct diagnosis made. For
the purposes of the calculations below we have
assumed that the diagnosis will be delayed by 6
months (unless there is a hospital admission or the
patient dies) in patients with genuine heart failure
if they are not referred for echocardiography. The
potential costs of missed diagnoses are avoidable
hospital admissions and reduced life expectancy
and quality of life. The size of these costs will
depend upon the proportion of people who would
be treated with beta-blockers and ACE inhibitors
once a diagnosis has been made, as these are the
two treatments for heart failure that have been
shown to improve outcome and are considered
indicated for the vast majority of patients with
heart failure.
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How many patients with a
new diagnosis of heart failure
will be treated with beta-
blockers or ACE inhibitors?

In a follow-up of new cases of heart failure
identified in Hillingdon during 1995-6,'%% 65%

of patients were prescribed ACE inhibitors. An
ongoing analysis of a large GP database (the THIN
database, 315 practices, total population 2.97
million; Ronan Ryan, University of Birmingham,
2008, personal communication) identified 16,000
incident cases of heart failure between 1995 and
2005 and found that 69% of people with a definite
diagnosis of heart failure were on ACE inhibitors
within 2 years of diagnosis. A proportion of people
who were not on ACE inhibitors will have been on
ARBs instead. These drugs appear to have similar
eftects on mortality as ACE inhibitors.'?” In the
THIN database this represented an additional
16% of cases. The same database found that 34%
of patients with definite heart failure were on
beta-blockers. These data are consistent with the
findings of a survey carried out for the Healthcare
Commission, '* which found that 85% of patients
registered on GP systems with a diagnosis of LV
dysfunction and coronary heart disease are being
treated with an ACE inhibitor or an ARB and that
33% of people discharged from hospital with a
diagnosis of heart failure are on beta-blockers.

Therefore, for the purposes of our model we will
assume that 85% of new cases of heart failure are
started on an ACE inhibitor/ARB and 34% on
beta-blockers, and that the 34% of people on beta-
blockers are also taking an ACE inhibitor/ARB.

What is the likely survival
and QALY gain from early
detection of heart failure?

The 1-year survival rate from diagnosis of heart
failure in patients in the Framingham Heart
Study'® was 57% for men and 64% for women. The
mean age of these patients was 70 years and there
was no temporal change in survival over the 40
years that patients with heart failure were identified
(1948-88). As ACE inhibitors were not available

for most of that period, and beta-blockers were

not used to treat heart failure, the Framingham
survival data can be taken to be the prognosis in
the minimally treated population, i.e. symptomatic
treatment with diuretics alone, without use of drugs
known to improve the prognosis.

Systematic reviews of the beta-blocker and ACE
inhibitor trials'?*1% suggest that the relative risk of
death is reduced by 33% and 20%, respectively, by
these agents. From the data available from these
systematic reviews and the Framingham study'® it
is possible to generate survival curves (untreated)
for men and women separately and odds ratios for
mortality for those taking ACE inhibitors alone
(0.8) and ACE inhibitors combined with beta-
blockers (0.5). If we assume that these odds ratios
are stable over time and applicable separately to
men and women, it is possible to calculate survival
probabilities as shown in Table 16.

We then used these data to generate survival
curves by linear interpolation. A patient with a
6-month delay to diagnosis is assumed to have
the same probability of survival as someone who is

TABLE 16 Estimated survival probabilities for people with heart failure treated with angiotensin-converting enzyme inhibitors and beta-

blockers and on no therapy

Men Women
Time (year) Untreated ACEI only ACEIl + BB Untreated ACEI only ACEI + BB
0.25 0.73 0.77 0.84 0.72 0.76 0.84
| 0.57 0.62 0.73 0.64 0.69 0.78
2 0.46 0.52 0.63 0.56 0.6l 0.72
5 0.25 0.29 0.40 0.38 0.43 0.55
10 0.11 0.13 0.20 0.21 0.25 0.35

ACEI, angiotensin-converting enzyme inhibitor; BB, beta-blocker.
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untreated for that 6-month period. After 6 months
it is assumed that their probability of survival is
the same as someone who is on treatment. For
example, the estimated survival curves for men
diagnosed early (and therefore treated early),
diagnosed late (and therefore treated late) and
untreated are shown in Figure 40. In this illustrative
example the treatment entails ACE inhibitors.
Similar curves could be drawn for the effect of the
combination of ACE inhibitors and beta-blockers,
and for women.

The survival benefit due to early treatment is

the area between the upper and middle curves.
The longer the time horizon used to estimate the
quality-adjusted life-year (QALY) gain from early
diagnosis, the greater the benefit. Table 17, derived
from Figure 40 (and similar graphs not shown),
reports the estimated survival gain up to a time
horizon of 3, 5 or 10 years for men and women

separately treated either with an ACE inhibitor
alone or with an ACE inhibitor plus beta-blocker.
Assuming equal numbers of men and women, the
average increase in life expectancy for a person
diagnosed early is the mean of the increases in
life expectancy given in Table 17 weighted for the
proportions of people in each treatment category
(51% treatment with ACE. inhibitors alone;

34% ACE inhibitors plus beta-blockers; 15% no
treatment). This gives an overall estimated survival
gain of 0.163-0.390 years depending upon the
time horizon (Table 17).

In terms of QALY gain, a patient with significant
heart failure (NYHA class 11T or IV) has a mean
EuroQol 5 dimensions (EQ-5D) score of 0.6.'%*
Patients with all categories of heart failure are
likely to have a higher overall mean EQ-5D score,
for example 0.65. Using this estimate of 0.65, the
overall life-years gained shown in Table 17 can be

Proportion surviving

Treated early
- = = = Treated late
------- Not treated

0.0 T T

Time (years)

FIGURE 40 Estimated survival from earlier diagnosis of heart failure if treated with angiotensin-converting enzyme inhibitors.

TABLE 17 Estimated increases in survival and quality-adjusted life-years (QALYs) as a result of early diagnosis of heart failure by

treatment

Life-years gained (years)

Men Women
Time horizon
(years) ACEI ACEI + BB ACEI
3 0.104 0.307 0.113
5 0.150 0.459 0.174
10 0.218 0.697 0.278

QALY gain
ACEI + BB Overall Overall
0.326 0.163 0.106
0.511 0.247 0.161
0.854 0.390 0.254

ACEI, angiotensin-converting enzyme inhibitor; BB, beta-blocker.
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converted to estimates of overall QALY gain: 0.106,
0.161 and 0.254 for the 3-, 5- and 10-year time
horizons respectively.

What is the likely reduction in
hospitalisation as a result of
early detection of heart failure?

From a heart failure incidence study in Bromley,'*
59% of people with a new diagnosis of heart failure
(mean age 75 years) had a subsequent hospital
admission over the following 19 months. This is a
population who will have received treatment and so
the admission rate in the untreated population will
be higher. Both beta-blockers and ACE inhibitors
reduce admissions by 33%.'2412°

If we assume that the ‘hospital-free survival’

curve follows the same pattern (constant odds
ratio) as the survival curve for untreated men
(Figure 40), the chance of going to 19 months
without admission to hospital is 0.506 (odds 1.02
in favour of no admission) and to 6 months is
0.677 (odds 2.09). Given that the Bromley data
hospital-free survival at 19 months is 0.41 (odds
0.695), this gives an estimated odds at 6 months of
0.695x2.09/1.02 = 1.42, which gives a probability
of 0.587, hence a probability of admission if treated
of 0.413. Treatment is estimated to give a relative
risk of admission of 0.64'* and so the estimated
rate of admission within 6 months if untreated is
0.413/0.64 = 0.645.

What are the drug costs
from early diagnosis?

Offset against the additional hospitalisation costs
from late diagnosis must be the additional drug
costs for early diagnosis. These are as follows
(source British National Formulary (BNF); www.bnf.
org, accessed 18 September 2007):

* Dbeta-blocker (carvedilol): £12.30 per month for
34% of patients = £25 per patient

* ACE inhibitor (lisinopril): £2.41 per month for
69% of patients = £10 per patient

* ARB (losartan): £18.09 per month for 16% of
patients = £17 per patient.

These combine to give an approximate cost of £50
per patient for early diagnosis if we assume that it
results in an additional 6 months of treatment.

How much is it worth paying to
detect a case of heart failure?

The WTP per case detected is made up of three
consequences of early diagnosis:

* reduced service costs because of reduced risk of
hospital admission

e extra drug costs incurred as a result of
treatment

e value of ‘QALY gain’ for early detection.

Reduced service costs because of hospitalisation are
estimated on the basis that 23% extra cases (64%—
41%) will be admitted within 6 months if untreated
(see section above, What is the likely reduction

in hospitalisation as a result of early detection of
heart failure?). The reference cost for heart failure
is £1400 (source NHS reference costs: www.dh.gov.
uk, accessed 18 September 2007). This gives a ‘per
patient’ cost of 0.23 x£1400 = £320.

Offset against this is the £50 drug cost per patient
not incurred.

For the purposes of the model we have used two
WTP figures. The first takes into account the cost to
the NHS in terms of hospital admissions and drug
costs. This gives a WTP of £320-£50 = £270. In
other words, each diagnosis of heart failure made
will generate £270 of cost savings through reduced
admissions taking into account the increased drug
costs. Therefore, it is cost neutral to the NHS to
spend £270 on diagnosing each new case of heart
failure.

We have estimated that the average QALY gain
per patient is between 0.106 and 0.254 depending
upon the time horizon used (see Table 17). Using
the lower NICE threshold that a QALY is worth
£20,000, this would be valued at between £2100
and £5100 per patient (Zable 18). Taking into
account the cost savings from reduced admissions
this gives revised WIP values as shown in Table 18.

Methods for heart
failure modelling

The cost-effectiveness modelling is based on

the decision tree shown in Figure 41. Three
strategies are compared: ‘do nothing’, in which
no further investigation is made; ‘BNP’, in which
patients are given a BNP test and those whose
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TABLE 18 Willingness to pay (WTP) thresholds incorporating quality-adjusted life-year (QALY) gain from improved life expectancy

Time horizon (years) QALY gain
3 0.106
5 0.161
10 0.254

Value of QALY gain WTP to detect a case?
£2100 £2370
£3200 £3470
£5100 £5370

a Value of QALY gain + £270 (savings from reduced admissions less drug costs).

BNP score exceeds a given threshold are then
sent on for echocardiography; and ‘echo all’, in
which all patients are referred immediately for
echocardiography. The model is run for a patient
group defined by a clinical score (the MICE score
— see Chapter 8, Simplifying the heart failure
prediction model), to produce a preferred option
for that score. Running the model for a range of
clinical scores then gives a policy of a minimum
score for immediate referral for echocardiography,
and possibly a minimum score below which BNP
testing is not cost-effective.

The outputs of the model are in terms of
investigation costs and cases detected. For
convenience these are calculated per 1000 patients
with any particular clinical score. This produces

an incremental cost-effectiveness ratio (ICER)
between any two strategies, which is the additional
cost per additional case detected in comparing the
more effective strategy with the less effective. The
ICER is then compared against a threshold that
represents the WT'P for each additional case found.
The WTP is estimated from two viewpoints. In the

principal analysis only the NHS costs averted by
early detection are considered (including hospital
admissions), whereas a sensitivity analysis also
includes valuation of the estimated QALY gained
from early detection.

Definition of thresholds for
BNP and NT-proBNP

As BNP is a continuous variable, it is necessary to
define a BNP threshold above which a particular
patient should be referred for echocardiography.
By definition, the cost-effective BNP threshold
will be the one at which the cost of the
echocardiography matches the WIP. If we take the
WTP to diagnose a case of heart failure to be £270
(see How much is it worth paying to detect a case
of heart failure?), it follows that we would be willing
to perform echocardiography up to a cost of £270
to diagnose a case of heart failure. If the cost of an
echocardiogram is £100 then we would be willing
to accept a probability of heart failure of 100/270
for each case referred, i.e. a post-BNP probability
of 0.37. Thus, the BNP cut-off will vary according

Do nothing

Patient group L BNP
L1

0O

D)

True HF

True HF

BNP below threshold, HF missed
No HF

BNP below threshold, no echo

BNP above threshold, echo positive

BNP above threshold, echo negative

Echo positive

Echo all
No HF

A A A A A A A

Echo negative

FIGURE 41 Decision tree for heart failure diagnosis.
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to the pretest probability (i.e. the MICE score) and
will be that which will give a post-test probability of
0.37 for a given MICE score. This is the equivalent
of post-test odds of 0.588 [0.37/(1-0.37)]. The
appropriate cut-off for BNP can be derived from
the following formula (which is the equation for the
graph shown in Figure 38):

Ln(odds) =-6.4855 + 0.242 X clinscore
+1.019 X In(BNP+1)

Similarly, the appropriate cut-off for NT-proBNP
can be derived from the following formula, which is
the equation for the graph shown in Figure 39:

Ln(odds) =-7.9412 + 0.2389 x clinscore
+0.9367 X In(NTproBNP+1)

This gives the cut-offs for BNP and N'T-proBNP

by MICE score shown in Table 19. These cut-offs
are based upon a WTP of £270 per case of heart
failure detected. For a different WTP there will be a
different optimal post-test probability and therefore
different cut-off points (see sensitivity analysis).

Costs of testing for heart failure

For the baseline analysis we took the cost of
echocardiography to be £100 per investigation,
and the cost of BNP (or NT-proBNP) testing to be
£15 per test.

Base-case analysis and
sensitivity analyses

For the base-case analysis we used the following
inputs:

cost of echocardiography: £100

cost of BNP testing: £15

WTP: £270 per case of heart failure detected
blood test used: BNP.

TABLE 19 Cut-off points for BNP and NT-proBNP by MICE score

MICE score

0 2
BNP 490 305
NT-proBNP 1439 900

BNP and NT-proBNP units are pg/ml.

Methods of sensitivity
analysis

The parameters that go into the model are as
follows:

e cost of investigation (namely echocardiography
and BNP testing)

e WTIP

e test performance of the BNP test

e pretest probability of heart failure.

A probabilistic sensitivity analysis cannot be
performed here as the analysis is dependent upon
a quantitative variable, BNP, whose cut-off in turn
depends upon model parameters. In effect, the
true decision problem has a very large number of
options, and methods of probabilistic sensitivity
analysis are not readily applicable to such
problems. Therefore, we have used the approach
below to explore the effect of varying all of the
model parameters.

The pretest probability of heart failure is already
varied in the base-case analysis through the use of
the MICE score.

For cost of investigation sensitivity analysis

we used an ‘extreme case’ approach, looking

at the extremes in cost that would be most
favourable to echocardiography (namely low-
cost echocardiography and expensive BNP) and
least favourable to echocardiography (high-cost
echocardiography and cheap BNP).

With regard to WTP, the base-case analysis used a
low value in that it ignored potential benefits in
terms of increased life expectancy and quality of
life and only took into account potential benefits
in terms of reduced hospitalisation. Therefore,
the sensitivity analysis explored the impact of
increasing this WT'P, taking into account increased

3 5 6
240 149 117
712 445 352
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life expectancy due to earlier treatment. We did not
take into account improved quality of life as a result
of symptom improvement as we felt that this effect
would be relatively minor over the short time scale
(maximum of 6 months) that we anticipated that
treatment could be delayed relative to the effects

of emergency admissions avoided and improved
survival.

We varied test performance by repeating the
analysis using the test performance characteristics
for N'T-proBNP, which is the principal alternative
to BNP that is available.

The actual parameters that we changed were as
follows:

*  cost of echocardiography: £50-150

* cost of BNP testing: £10-20

*  WTP to detect a case of heart failure: up to
£5370 per case detected

* blood test used: NT-proBNP.

Results of heart
failure modelling

Base-case results ignoring

impact on QALYs

As described earlier (see Methods for heart
failure modelling), the aim is to compare two
possible strategies (performing a BNP test and
then performing echocardiography depending
upon the result of the BNP test, and performing
echocardiography without carrying out a BNP
test) with doing nothing. Table 20 shows the
results of the base-case analysis, comparing these
different strategies for 1000 patients stratified by
MICE score. The sensitivity and specificity data
show the test performance for BNP for the given
cut-off, and the pre-BNP probability data the
pretest probability that corresponds to the MICE
score. The next four rows give the additional
investigation costs and cases found for the two
strategies compared with doing nothing. The next
two rows give the incremental costs and benefits (in
terms of additional cases found) of moving from

a strategy of performing BNP first in all patients
to a strategy of performing an echocardiogram

on everyone without carrying out a BNP test.

The bottom section of the table provides the
incremental cost-effectiveness analysis. Thus, for a
MICE score of 0, performing a BNP test and then
echocardiography only if the BNP score is greater
than 490 will result in 32 cases of heart failure
detected at a cost of £21,470, i.e. a cost of £669
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per case detected. This is more cost-effective than
proceeding straight to echocardiography, which
costs £1111 per case detected, and the ICER for
moving from the strategy of doing BNP first to
performing an echocardiograph on everyone is
£1356. However, the cost of any of these strategies
exceeds the conservative WI'P threshold of £270.
Therefore, in this case the optimal decision for a
MICE score of 0 would be not to investigate the
patient (hence decision = no test in bottom row).
A similar conclusion is drawn for a MICE score

of 2 or 3. However, for a MICE score of 5-8, the
ICER for moving from a strategy of doing nothing
to a strategy of performing a BNP test first (with
echocardiography if the BNP test is ‘positive’) is
below the WTP threshold (hence decision = BNP).
For MICE scores above 8, the ICER for moving
from a strategy of performing a BNP test first

to performing an echocardiogram straight away

is below the WTP threshold and so the optimal
decision is to proceed straight to echocardiography.

This conservative baseline analysis, which ignores
the impact of the early diagnosis of heart failure on
improved survival, suggests that use of the MICE
score would enable triage of patients with suspected
heart failure into three groups:

1. MICE score 0-3 (i.e. men without ankle
oedema, basal crepitations or history of
myocardial infarction; women without basal
crepitations or history of myocardial infarction)
— optimal strategy is no investigation unless
clinical picture changes.

2. MICE score 5-8 — optimal strategy is
to perform a BNP test and refer for
echocardiography if the BNP (rounded to two
figures) exceeds the following thresholds:

i.  MICE score 5 — refer if BNP > 150 pg/ml
ii. MICE score 6 — refer if BNP > 120 pg/ml
iii. MICE score 7 — refer if BNP > 90 pg/ml

iv. MICE score 8 — refer if BNP > 70 pg/ml.

3. MICE score 9-11 — optimal strategy is to refer
straight for echocardiography.

This first analysis used a conservative estimate of
WTP that took into account the cost to the NHS (in
terms of costs saved through admissions averted
and costs spent on investigations) but did not take
into account benefits to patients in terms of QALY
gain. However, a strategy that is cost neutral is not
synonymous with the most cost-effective strategy, as
this does need to take into account likely benefits in
terms of improvements in survival. Therefore, our
next step was to incorporate these benefits into the
modelling.
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TABLE 21 Sensitivity analysis incorporating the impact of quality-adjusted life-year gain on decision analysis (willingness to pay £2370,

time horizon 3 years)

MICE score

0 2 3 5 6
BNP cut-off (pg/ml) 38 23 18 I 8
Sensitivity 0.934 0.963 0.972 0.985 0.988
Specificity 0.370 0.223 0.168 0.090 0.067
Pre-BNP probability 0.09 0.15 0.2 0.31 0.37
Strategy I: BNP test and then echocardiography if BNP +ve
Additional cost per 1000 patients £80,742 £95,458 £101,029 £108,311 £110,316
Additional cases found per 1000 patients 84 144 194 305 366
Strategy 2: Perform echocardiography on all
Additional cost per 1000 patients £100,000 £100,000 £100,000 £100,000 £100,000
Additional cases found per 1000 patients 90 150 200 310 370
Consequences of moving from strategy | to strategy 2
Additional cost per 1000 patients £19,258 £4542 —£1029 —£8311 —£10,316
Additional cases found per 1000 patients 6 6 6 5 4
Incremental cost-effectiveness analysis
ICER (echo vs BNP) £3227 £810 Echo® Echo® Echo®
ICER (echo vs nothing) £1111 £667 £500 £323 £270
ICER (BNP vs nothing) £961 £661 £520 £355 £302
Decision BNP Echo Echo Echo Echo

Echo, echocardiography; ICER, incremental cost-effectiveness ratio.
a In this case, echocardiography dominates BNP. This is because so many patients would be referred for echocardiography
that the cost of BNP tests for all exceeds the cost of the small number of echocardiograms avoided.

Impact of incorporating estimate

of QALY gain on results of model

For our base-case WTP calculation incorporating
QALY gain we used a 3-year time horizon (i.e. the
length of time following diagnosis that we took
into account the estimated QALY gain). With this
conservative time horizon of 3 years, the strategy
of performing an echocardiography on all patients
came out as the preferred option for all MICE
scores greater than 0 (Table 21).

It can be seen that, even with this conservative
estimate of QALY gain, the BNP cut-off values

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

are low and so in the ‘BNP first’ strategy the
majority of patients would be referred for
echocardiography. Indeed, for MICE scores of 3
or more, echocardiography dominates the ‘BNP
first’ strategy, being both less expensive and more
effective. For a MICE score of 0, the ICER of
£3227 is above the threshold for WTP of £2950
and so this low pretest probability of heart failure
is the only circumstance in which BNP before
echocardiography is the preferred option.
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Chapter 10

Analysis of the robustness of the

model results (sensitivity analyses)

Impact of changing the
costs of investigation

In the baseline analysis the cost of
echocardiography was set at £100 and BNP
testing at £15. We conducted sensitivity analyses
looking at the impact of changing these costs.
Two cases are considered: one most favourable to
echocardiography, in which the echocardiography
cost is lowered and the BNP cost raised; and the
other least favourable to echocardiography, in
which the echocardiography cost is raised and the
BNP cost lowered.

TABLE 22 Sensitivity analysis most favourable to echocardiography ignoring impact on quality-adjusted life-years

MICE score
0
BNP cut-off (pg/ml) 192
Sensitivity 0.645
Specificity 0.869
Pre-BNP probability 0.09

Most favourable to
echocardiography ignoring
impact on QALYs

In this case the cost of echocardiography is set

at £50 and the cost of BNP at £20. The results

are shown in Table 22. The optimal BNP cut-

offs are lower because of the lower costs of
echocardiography. As a result, many more patients
are referred for echocardiography. In the case

of MICE scores of 5 or more it is now both less
expensive and more effective to refer everyone
straight to echocardiography because the cost

2

119
0.769
0.764
0.15

Strategy |: BNP test and then echocardiography if BNP +ve

£28,869
Additional cases found per 1000 patients 58

Additional cost per 1000 patients

Strategy 2: Perform echocardiography on all
£50,000
Additional cases found per 1000 patients 90

Additional cost per 1000 patients

Consequences of moving from strategy | to strategy 2
Additional cost per 1000 patients £21,131
Additional cases found per 1000 patients 32

Incremental cost-effectiveness analysis

ICER (echo vs BNP) £661
ICER (echo vs nothing) £556
ICER (BNP vs nothing) £498
Decision No test

£35,783
115

£50,000
150

£14,217
35

£410
£333
£310
No test

Echo, echocardiography; ICER, incremental cost-effectiveness ratio.
a In this case, the strategy of performing echocardiography on all is less expensive and identifies more cases of heart failure.

Echocardiography therefore dominates BNP.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

94
0818
0.694
0.20

£40,418
164

£50,000
200

£9582
36

£263
£250
£247
Echo

58
0.892
0.526
0.31

£50,175
276

£50,000
310

—£175
34

Echo®
£161
£182
Echo

45
0918
0.437
0.37

£54,703
339

£50,000
370

—£4703
31

Echo®
£135
£l6l
Echo
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Sensitivity analyses

of all the BNP tests exceeds the cost of the small
number of echocardiograms avoided. For a MICE
score of 3, the ICER for proceeding straight to
echocardiography falls below the WTP threshold.
For a MICE score of 0 and 2, no investigation
remains the preferred option.

Least favourable to
echocardiography ignoring
impact on QALYs

Here the cost of echocardiography is set at £150
and the cost of BNP at £10. The results are shown
in Table 23. The BNP cut-offs are now higher
because of the increased cost of echocardiography.
In this case the results up to a MICE score of 8 are
the same as in the base case (apart from the higher
BNP cut-offs), i.e. no investigation for a MICE
score of 3 or less; BNP and then echocardiogram
if BNP positive at higher MICE values. However,
BNP first is now favoured up to and including a
MICE score of 11, with echocardiography first
favoured only for MICE scores of 13, 14 or 16.
Therefore, the table has been extended to show
higher MICE scores.

Impact of changing

time horizon (i.e.

changing QALY gain)

For the base-case analysis that incorporated

QALY gain, referral for echocardiography was the
preferred strategy for all patients except those with

a MICE score of 0. As the time horizon extends,
these benefits of echocardiography become greater.

We tested the robustness of this conclusion by
repeating the sensitivity analysis on costs but this
time using the WI'P derived from incorporating
QALYs. Because echocardiography came out as the
preferred option for all MICE scores other than

0 in the base-case analysis incorporating QALYs,
we have not reported the impact of lowering the
cost of echocardiography as this would inevitably
reach the same conclusion. When raising the cost
of echocardiography and lowering the cost of BNP
has led to a change in the conclusion, we have also
looked at the longer time horizons. The results of
this analysis are shown in Table 24.

The conclusion that echocardiography is the
preferred initial investigation if the impact of
early diagnosis on QALY is taken into account is
robust to increasing the cost of echocardiography
(and lowering the cost of BNP) at all MICE scores
except 0, 2 and 3. At a score of 0, BNP first is the
preferred strategy regardless of the time horizon
used, whereas the optimal decision changes back
to echocardiography at a score of 3 if a 5-year or
longer time horizon is used, and at a score of 2 ifa
10-year time horizon is used.

Impact of using NT-proBNP

Finally, we repeated all of the analyses using test
performance data for N T-proBNP rather than for
BNP. The results were the same as for BNP.
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Sensitivity analyses

TABLE 24 Sensitivity analysis incorporating quality-adjusted life-year gain and using costs least favourable to echocardiography

MICE score

0

Time horizon 3 years, WTP £2370
BNP cut-off (pg/ml) 58

Incremental cost-effectiveness analysis

ICER (echo vs BNP) £6488
ICER (echo vs nothing) £1667
ICER (BNP vs nothing) £1083
Decision BNP

Time horizon 5 years, WTP £3470
BNP cut-off (pg/ml) 39

Incremental cost-effectiveness analysis

ICER (echo vs BNP) £6934
ICER (echo vs nothing) £1667
ICER (BNP vs nothing) £1281
Decision BNP

Time horizon 10 years, WTP £5370
BNP cut-off (pg/ml) 24

Incremental cost-effectiveness analysis

ICER (echo vs BNP) £6409
ICER (echo vs nothing) £1667
ICER (BNP vs nothing) £1469
Decision BNP

36

£3882

£1000
£809

BNP

24

£3491

£1000
£900

BNP

£2231

£1000
£972

Echo?

28

£2605
£750
£659

BNP

£2017
£750
£712

Echo?

£915
£484
£472
Echo?

Echo, echocardiography; ICER, incremental cost-effectiveness ratio; WTP, willingness to pay.
a Echocardiography all dominant over BNP first strategy.

£273
£405
£408
Echo?
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Chapter 1|

Discussion

Symptoms and signs
of heart failure

The systematic review identified a number of
symptoms and signs that were potentially helpful
in the diagnosis of heart failure. Only one of these
(dyspnoea) had a sensitivity over 80%. A number
were reasonably specific, including history of
myocardial infarction (89%), orthopnoea (89%),
cardiomegaly (85%), added heart sounds (99%),
lung crepitations (81%) and hepatomegaly (97%).
In primary care the most potentially useful
symptoms/signs in this context would be those
with high sensitivity, as this might enable the
clinician to rule out heart failure, if the symptom/
sign was absent, without the need to refer for
further investigation. Dyspnoea is the only clinical
feature that comes close to this category with a
sensitivity of 87%. As observed in the IPD analysis,
in practice this symptom is present in the majority
of patients in whom heart failure is suspected,
with a frequency as high as 95% in one of the data
sets.® Nevertheless, a sensitivity of 87% is not high
enough to rule out heart failure if dyspnoea is
absent.

Symptoms and signs with high specificity are
useful for making a positive diagnosis, but their
absence does not mean that the diagnosis can be
excluded. Therefore, in the primary care context,
clinical features of high specificity are of less value.
A second factor is that the highly specific signs —
added heart sounds and hepatomegaly — are not
picked up reliably, even by specialists. For example,
in a study of three clinicians examining 80 patients
after myocardial infarction,'"” the agreement

as measured by the kappa co-efficient was low,
ranging from 0-0.16 for hepatomegaly to 0.14—
0.37 for a gallop rhythm.

In practice, clinicians do not interpret symptoms
and signs in isolation, but rather in the context
of the overall clinical picture. The IPD analysis
validated a model for diagnosing heart failure
based on clinical features that had been derived
from the UK BNP study.*® A clinical model based
upon the combination of gender, age, past history
of myocardial infarction, presence of ankle
oedema and presence of basal crepitations was

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

found to have reasonable predictive validity, with
the AUC ranging from 0.66 to 0.79 in the five
data sets in which it could be validated. Although
breathlessness had been identified from the
systematic review as the symptom with the highest
sensitivity, it was not included in the clinical model.
This was because its prevalence was very high
(95%) in the derivation data set, reflecting how
often breathlessness is the presenting symptom

of heart failure. Nevertheless, the model worked
equally well in populations with a lower prevalence
of breathlessness. The Cost” and Wright et al.”
data sets had the lowest proportions of people
with breathlessness (24% and 46% respectively;
see Tuble 5) and had AUCs of 0.73 and 0.79, which
are similar to the AUC of 0.76 achieved in the
Zaphiriou et al.*® derivation data set (Table 7). We
explored whether adding breathlessness back into
the full model (i.e. including BNP or N'T-proBNP)
would improve its overall accuracy, but we found
that this was not the case, with the odds ratio for
heart failure in the presence of breathlessness not
being significantly greater than 1 once adjusted
for the other clinical features and BNP score in
the three data sets for which we could provide
robust estimates (see Table 11). This may reflect
the close correlation between factors already in
the model, such as basal crepitations, and this
symptom, so that, although in univariate analysis
(as demonstrated in the systematic review) it was an
important predictive symptom, it was less so when
its diagnostic value was adjusted for these other
factors.

Investigations for
heart failure

The systematic review confirmed that ECG and
BNP (or NT-proBNP) have high sensitivity for
heart failure, and that CXR abnormalities are
reasonably specific for heart failure. A problem
with ECG reading in primary care is that the high
sensitivity obtained when an ECG is read by a
cardiologist or by automated reading may be lost
if it is read by a GP? However, it is clear that many
GPs can detect relevant abnormalities accurately®
and so the key issue may be one of quality
assurance of the ECG reading.™
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Discussion

There are a number of different BNP assays
available but we found no evidence of superiority of
any one assay (BNP or N'1-proBNP) over another.

The IPD analysis explored the value of ECG and
BNP in addition to clinical features in the diagnosis
of heart failure. We found that the best results

were obtained when BNP testing was combined
with clinical features. BNP plus clinical features
performed better than ECG plus clinical features.
Therefore, if BNP is available then ECG is not
necessary as a screening investigation for heart
failure.

Strengths and weaknesses
of the systematic review

The report has synthesised all available published
data on the diagnosis and investigation of heart
failure, including data on symptoms, signs, ECG,
CXR and the natriuretic peptides. The main focus
of the report has been on the diagnostic accuracy
of these tests for the diagnosis of heart failure,
using clinical criteria such as the ESC criteria,
rather than for the diagnosis of LVSD. The results
of studies that investigated the diagnostic accuracy
of these tests for the diagnosis of LVSD are shown
in Appendix 4. This approach was taken as many
patients who present with heart failure requiring
further investigation and management in the
primary care setting will have preserved systolic
function. However, the lack of an objective and
universally agreed definition for the reference
standard and variability in the way that the
reference standard is applied introduce uncertainty
into the estimate of the diagnostic accuracy of the
tests and increase the heterogeneity of the results.

As the main purpose of the report was to provide
assistance for the diagnosis of heart failure in

the primary care setting, we have included a
prespecified subgroup analysis of those studies that
examined the diagnostic accuracy of ECG, CXR
and natriuretic peptides for the diagnosis of heart
failure in general practice, those referred from
general practice, and in accident and emergency
and hospital and outpatient settings. There were
no differences in the diagnostic accuracy of each
of the investigations observed between the clinical
settings.

There was considerable heterogeneity in the
estimates of sensitivity and specificity for many

of the individual clinical features. This is likely to
reflect the poor reliability of some of the signs and

the varying definitions of the symptoms/signs used
in the studies. For example, with the symptom of
breathlessness, the more restrictive definitions led
to higher specificity and lower sensitivity. Statistical
tests of heterogeneity were not used as they may

be misleading in the context of systematic reviews
of the accuracy of diagnostic tests and they are not
supported by the Cochrane diagnostic test accuracy
working group.

Development of a
simple clinical tool

For a tool to be useful in clinical practice it needs
to be straightforward to apply. A potential use of
the clinical tool would be to discriminate between
patients who had a sufficiently high probability

of heart failure that they should be referred for
echocardiography and those who should have
further investigation before proceeding (or not) to
echocardiography. A simplification of the model
developed by the IPD analysis led to a simple rule:

* in a patient presenting with symptoms in whom
heart failure is suspected, refer straight for
echocardiography if the patient has any one of:
—  history of myocardial infarction
- basal crepitations
— ankle oedema in a male patient

e otherwise carry out a BNP test and refer to
echocardiography depending on the results of
the test.

Cost-effectiveness of
this clinical rule

We tested the cost-effectiveness of this clinical

rule by determining the optimum decision points
at which to perform a BNP test and/or refer for
echocardiography by using a decision analysis
based upon willingness to pay (WTP). We used two
approaches to WI'P. One was highly conservative
and assumed that the diagnostic strategy should
be cost neutral, with costs of diagnosis offset by
savings in terms of admissions avoided as a result
of diagnosis. The second approach also took

into account the impact that earlier diagnosis
would have on survival, using an assumed WTP of
£20,000 per QALY gained. This is the threshold
that is likely to be considered cost-effective within
the NHS, as this is the threshold adopted by NICE.
A summary of the results is shown in Zable 25.

For comparison, the simple clinical tool that was
developed purely on the basis of its performance
characteristics (i.e. not taking cost-effectiveness into
account) is shown at the foot of the table.
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TABLE 25 Summary of the results of modelling of the cost-effectiveness of different strategies for the diagnosis of heart failure

MICE score

0 2 3 5 6

WTP cost neutral to NHS
Base case
Most favourable to echo

Least favourable to echo

WTP based upon £20,000 per QALY, 3-year time horizon
Base case
Most favourable to echo

Least favourable to echo

WTP based upon £20,000 per QALY, 5-year time horizon
Base case
Most favourable to echo

Least favourable to echo

Performance characteristics of simple clinical rule alone (i.e. not taking cost-effectiveness into account)

Base case

Echo, echocardiography; QALY, quality-adjusted life-year; WTP willingness to pay.
Mid-grey shading, no investigation; light grey shading, BNP first; dark grey shading, refer for echocardiography.

Key points to make are:

1. The conclusions of the modelling are sensitive
to the assumptions made. If the aim was a
cost-neutral strategy for the NHS there were
some scenarios in which it was appropriate at
low MICE scores (i.e. scores of 3 or less, which
correspond to a pretest probability of up to
20%) not to investigate further.

2. However, for a cost-effectiveness analysis it
is important to take into account the likely
impact of early diagnosis on survival. If this is
taken into account then the analysis suggests
that virtually all patients with suspected
heart failure should be referred straight for
echocardiography.

3. When BNP (or N'T-proBNP) testing is used it
is important to take into account the clinical
features (i.e. the MICE score) in interpreting
the result, as the appropriate cut-off points
vary by MICE score.

The simple decision rule that was derived in
Chapter 8 sits fairly centrally within the bounds

of the modelling in that it falls between the highly
conservative analysis based upon a WTP that is cost
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neutral to the NHS and a WIP that is based upon
£20,000 per QALY.

Strengths and weaknesses
of the individual patient
data analysis

The quality of an IPD analysis is determined

both by the willingness of authors to make data
sets available and by the definitions of key fields
used in the analysis. Our group had authorship

of a number of the original data sets and the
majority of our colleagues made their data
available. We have attempted to eliminate any bias
in characterisation of fields by applying, when
data were available, a common definition of heart
failure, ensuring that peptides were converted to
standard units (pg/ml) when necessary and using a
consistent classification of an abnormal ECG across
data sets when possible.

The clinical rule was developed on a breathless
population and therefore designed for use on
patients presenting with shortness of breath,
which is the most common presentation of
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heart failure. However the external validation
provides evidence of its discriminatory ability
across populations of varying prevalence of
breathlessness and therefore it could be used in
patients presenting with any symptom of heart
failure. Included clinical variables, although
elicited by cardiologists in the original studies, are
either ‘yes/no’ clinical history items (gender and
previous medical history of myocardial infarction)
or straightforwardly ascertained examination
points (oedema and crepitations) and so should be
transferable to a primary care setting. Nomograms,
although novel for BNP interpretation, are
commonly used in primary care, for example in
the cardiovascular risk charts printed in the back
of the BNF. The nomogram could be used by the
clinician to estimate the post-test probability of
heart failure for a given BNP result. Alternatively,
simply the ‘cut-off”’ values for BNP for referral

for echocardiography as derived from the
decision analysis could be used (for instance by
incorporation into standard laboratory results),
without need of the nomogram.

There is no ‘gold standard’ test for all cases of
heart failure, particularly in cases of heart failure
with preserved ejection fraction. We used the

ESC criteria for heart failure, namely appropriate
symptoms plus objective evidence of cardiac
dysfunction. It is reassuring that the validation
and calibration results for the clinical rule across
different data sets was reasonably good, despite
the subjective nature of the ESC criteria. We could
have restricted ourselves to cases with a low ejection
fraction, for which echocardiography is an agreed
reference standard. However, from the perspective
of diagnosis in primary care this would have
limited the utility of the approach, as the general
practitioner needs to ensure that a diagnosis is
made in all patients with suspected heart failure
and thus needs to know who should be referred
for further investigation (regardless of whether the
underlying diagnosis is low ejection fraction heart
failure).

The calibration plots indicate that, with the
exception of the Cost” data, the clinical rule gives
reasonably accurate estimates of the probability
of heart failure at the lower end of the probability
scale. It is in this area of the scale, where primary
care patients typically present, that GPs would
benefit the most with help in determining whether
a patient might have heart failure and should
undergo further tests. The variability across the
BNP calibration plots could be due to differences
between the tests, in particular laboratory versus
near patient tests and differing coefficients of

variation. The use of the lower prevalence studies
to validate the clinical rule also increases the face
validity of the results as studies relying on GP
referral to secondary care are inevitably adding a
‘filter” as opposed to the undifferentiated person
with breathlessness who might be considered the
typical diagnostic issue for heart failure in primary
care.

We were unable to pool individual-level data sets
because of evidence of heterogeneity between
them. The characteristics that were found to
alter the performance of the measurement of
plasma concentration of natriuretic peptides
were from studies of non-incident participants
and may therefore reflect the case selection. The
few significant effect modifiers that we identified
are likely to reflect spurious effects given the
multiple statistical tests that we performed.
Indeed, interactions were no longer significant
when the Bonferroni adjustment was applied to
the probabilities. Therefore, we found no evidence
that the test performance of BNP or NT-proBNP
is significantly influenced by factors such as age,
gender or co-existent disease.

There is a lack of methodology published in the
area of IPD meta-analysis in diagnostic testing and
further research is therefore warranted in this area.

Strengths and weaknesses
of the decision analysis

Not surprisingly there have been no clinical trials
to determine the clinical impact of early diagnosis
of heart failure and so our estimate of the likely
benefit of diagnosis has to be to some extent
speculative. In particular, it is difficult to estimate
for how long the diagnosis of heart failure will

be delayed if it is not made at presentation. In

the decision analysis we assumed that if a patient
was not referred for echocardiography then the
diagnosis would be made after an average delay
of 6 months if the patient did not die or was not
admitted to hospital before that time interval.
There are no data on which to base such an
assumption. If the time delay is shorter, the WIP to
diagnose a case of heart failure would be reduced.
However, in our cost-effectiveness analysis we
adopted a conservative time horizon of 3 years. In
other words, we did not take into account survival
benefits that would be anticipated more than 3
years after diagnosis, although we estimated (see
Figure 40) that there would be some residual benefit
beyond this time. Therefore, despite the inherent
limitations of the modelling, it is unlikely that the
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general conclusion that echocardiography would
be the preferred option for investigation would be
overturned. The likelihood is that benefits from
early diagnosis are greater than we assumed.

We did not take into account waiting lists for
echocardiography, and the model assumed that
there was sufficient capacity. In reality in the

NHS this is not the case. Recent data from the
Healthcare Commission'® show that 72% of
patients referred for echocardiography receive the
investigation within 13 weeks. If we built in a 13-
week delay to echocardiography this would nullify
much of the benefit of early diagnosis.

Costs of BNP tests vary by manufacturer.
Nevertheless, we found that the conclusions of our
decision analysis were robust to significant changes
in the costs of BNP tests and echocardiography.
Even in the circumstance most adverse to
echocardiography, the cost-effectiveness analyses
incorporating quality of life showed that the
threshold for referral straight to echocardiography
only increased to a clinical score of 5, but the BNP
cut-point for referral in these circumstances was
low, with a cut-point varying from 17 to 58 pg/ml.

The decision analysis was based upon the
assumption that all patients with a diagnosis of
heart failure should proceed to echocardiography
to inform the diagnosis and provide information
on the underlying cause of the heart failure. It is
recognised that alternative ‘reference standard’
investigations might become available/be used, but
at the current time our use of echocardiography
reflects standard practice, as reflected in the NICE
guideline.” Furthermore, it is recognised that BNP
analysis is increasingly being used as a test with
diagnostic value in its own right, independent of
the results of echocardiography. For example, heart
failure with preserved ejection fraction may have
normal echocardiography findings but abnormal
BNP. However, this does not remove the need for
echocardiography in a patient with abnormal BNP
and so does not affect the overall conclusions of
this review.

Other recent
systematic reviews

Our systematic review findings are broadly
consistent with those of other systematic reviews
in this area that have been recently published.
Khunti and colleagues™ reviewed four studies
that had evaluated the diagnostic accuracy of
ECG in the specific context of referral from
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primary care to echocardiography. They found
that sensitivity in these studies varied from 73%

to 91% and concluded therefore that the ECG

was an inadequate screening tool. Davenport and
colleagues™! reviewed the diagnostic accuracy of
natriuretic peptides and ECG in the diagnosis

of LVSD and found similar diagnostic accuracy
between ECG, BNP and N'T-proBNP and no value
from combining BNP with ECG. Although we
found no value from combining BNP with ECG,
we did find evidence that BNP was superior to
ECG in both the systematic review and the IPD
analysis. Davenport identified two studies '#%!%*
that provided data evaluating the combination of
BNP and ECG. One of these'?? was excluded from
our review because the index test was deemed
inappropriate (the ECG abnormality was simply
prolonged QRS duration) and the other'* because
the reference standard was assessment of ILVSD and
not heart failure. We found four studies that had
data on both ECG and BNP, but only one of these
had published the data.” The remaining three®?548
provided us with the relevant data so that we could
perform the calculations. It is likely that BNP is a
more accurate test for heart failure than it is for
LVSD. Indeed, a recent systematic review'** of BNP
studies concluded that, although BNP is useful for
excluding heart failure, it is more limited for ruling
out systolic dysfunction, with an AUC of 0.93 for
heart failure but only 0.75 for systolic dysfunction.
Clerico and colleagues,'® like our review, found

no evidence of any significant differences in test
performance between BNP and N'T-proBNP. Other
recent reviews of BNP have confirmed its value as a
‘rule out’ test for heart failure.!6-138

Interpretation of the
research findings in the
context of the NHS

The current NICE guideline for heart failure
recommends that, in patients with suspected

heart failure, a 12-lead ECG and/or a BNP or N'T-
proBNP test should be performed to exclude heart
failure, and only those patients with a positive
ECG or BNP should proceed to echocardiography.
The systematic review and the IPD analysis have
demonstrated that, when taken in combination
with clinical features, BNP (or NT-proBNP) is
superior to ECG, and performing ECG adds
nothing if a BNP test has been performed. The
IPD analysis has further demonstrated that a
simple clinical score (the MICE score — male

2 points, infarction 6 points, crepitations 5

points, oedema 3 points) can usefully predict the
presence of heart failure. On the basis of the test
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performance of BNP it was possible to provide

a rational strategy by which patients should
proceed straight to echocardiography, namely if
their MICE score was 5 or more, they should be
referred straight for echocardiography, otherwise
they should have a BNP test first with referral for
echocardiography dependent upon the results of
the BNP test. Thus, the analysis we have performed
points to the need for important changes to the
NICE recommendations. First, BNP (or N'T-
proBNP) should be recommended over ECG and,
second, some patients should be referred straight
for echocardiography without undergoing any
preliminary investigation. Therefore, BNP (or N'I=
proBNP) testing should be available in primary
care.

The third part of our research, the decision
analysis, sought to refine these conclusions by
considering cost-effectiveness. Our base-case
analysis took into account the cost to the NHS.

We estimated that missing a case of heart failure
would on average cost the NHS £270 in terms

of avoidable hospital admissions, and therefore
assumed that the NHS would be willing to pay

at least this amount of money to diagnose a new
case of heart failure. We then estimated how much
the NHS would be willing to pay if we also took
into account the impact of improved survival from
earlier diagnosis, valuing an additional QALY at
£20,000. From these analyses the simple decision
rule that we developed is likely to be considered
cost-effective as it sits fairly centrally within the
bounds of these two analyses. However, the analysis
also suggested that the preferred option may be

to refer virtually all patients with suspected heart
failure straight for echocardiography without
undergoing preliminary BNP testing, given that
this strategy falls within a WI'P threshold that takes
into account likely improved survival resulting from
earlier diagnosis.

The reality of availability of echocardiography
services in the NHS means that referral of all
patients straight to echocardiography may not be
an immediately viable option. Furthermore, it is
not likely to be an option in the near future because
of the implications for both training and service
provision. In this context the strategy of using the
MICE score to determine who should be referred
straight to echocardiography and who should be
referred after a BNP test has been performed

is an attractive option in that it is more cost-
effective than current recommended practice and
will make less demand on already overstretched
echocardiography services than referring all
patients straight for echocardiography. If this
strategy is adopted, then the question remains

of what should be the appropriate cut-points for
BNP (or N'T-proBNP). It is clear from our analysis
that the cut-points should take into account the
underlying risk of heart failure (i.e. the MICE
score). Given that the rationale for using the MICE
score in this instance would be to make optimal
use of a scarce resource, it follows that a rational
cut-point could be determined by the proportion
of patients referred for echocardiography who
turn out to have heart failure (i.e. the post-BNP
probability). Table 26 shows what these cut-points
would be for different post-test probabilities for
BNP and N'T-proBNP using the methodology
described in Chapter 9 (see Methods for heart
failure modelling) and adjusting the WTP to obtain
the desired post-test probability. Thus, applying
the clinical decision rule, for a MICE score of 0, the
appropriate cut-point for BNP might lie between

210 pg/ml (in which case one in five people
referred to echocardiography would have heart
failure) and 360 pg/ml (in which case three in ten
people referred would have heart failure).

TABLE 26 Cut-points for BNP and NT-proBNP for different post-test probabilities

MICE score

Post-test probability Test* 0

30% BNP 360
NT-proBNP 1060

25% BNP 280
NT-proBNP 820

20% BNP 210
NT-proBNP 620

a Units for BNP and NT-proBNP are pg/ml.

2 3

220 180
660 520
170 140
510 410
130 100
390 190
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Chapter 12

Conclusions

A number of symptoms and signs are of some
diagnostic value in the clinical assessment of a
patient with suspected heart failure. Dyspnoea
is the symptom with the highest sensitivity, but
it is not sufficiently high that heart failure can
be ruled out in its absence.

ECG, BNP and N'T:proBNP all have high
sensitivity for heart failure.

Head-to-head studies identified for the
systematic review suggest that BNP is a more
accurate investigation than ECG. This was
confirmed by the IPD analysis.

There was no evidence from either the
systematic review or the IPD analysis that
performing both BNP and ECG led to
improved diagnosis of heart failure.

There was no evidence of any significant
differences in accuracy between different BNP
assays.

There was no evidence of any significant
differences in accuracy between BNP and N'T-
proBNP assays from the systematic review.
There was no evidence from the IPD

analysis of any effect modification of patient
characteristics on the performance of BNP or
N1T-proBNP testing.

A simple clinical score based upon gender,
history of myocardial infarction, presence of
oedema and presence of basal lung crepitations
can usefully discriminate between people with

BOX 2 Simple clinical rule

suspected heart failure who should be referred
straight for echocardiography and people for
whom referral should depend upon the result
of a BNP test.

This score can be simplified to a simple
decision rule proposed by the authors (Box 2).
On the basis of the analysis carried out, such
a decision rule is likely to be considered cost-
effective to the NHS

The cost-effectiveness analysis further
suggested that, if patient benefit in terms

of improved life expectancy was taken into
account, the optimum strategy would be to
refer all patients with symptoms suggestive of
heart failure for echocardiography.

Implications for health care

The analysis that we have performed points
to the need for important changes to the
NICE recommendations. First, BNP (or
NT-proBNP) should be recommended over
ECG and, second, some patients should be
referred straight for echocardiography without
undergoing any preliminary investigation.
Therefore, natriuretic peptide testing should
be available in primary care.

If there is sufficient local capacity, the
evidence synthesised here suggests that many

In a patient presenting with symptoms in whom heart failure is suspected, refer straight to echocardiography if the

patient has any one of:

* history of myocardial infarction
*  basal crepitations
*  male patient with ankle oedema

Otherwise, carry out a BNP test and refer for echocardiography depending on the result of the test:

e female patient without ankle oedema — refer for echocardiography if BNP > 210-360 pg/ml depending on local
availability of echocardiography (or NT-proBNP > 620-1060 pg/ml)
*  male patient without ankle oedema — refer for echocardiography if BNP > 130-220 pg/ml (or NT-proBNP > 390—

660 pg/ml)

e female patient with ankle oedema — refer for echocardiography if BNP > 100-180 pg/ml (or NT-proBNP > 190-

520 pg/ml)
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patients with symptoms indicating possible

heart failure should be referred straight for

echocardiography.

In the presence of a limited supply of

echocardiography, the authors suggest the

following:

—  patients with symptoms suggestive of heart
failure such as breathlessness should be
referred straight for echocardiography
only if they have a history of myocardial
infarction or if they have basal crepitations
on examination or if they are male with
ankle oedema

— otherwise, they should have a BNP test
performed and the decision to refer for
echocardiography should depend upon the
BNP result interpreted in the light of their
gender and the presence/absence of ankle
oedema.

There is no need to perform an ECG as part of
the assessment of whether or not heart failure
is present (although it is recognised that there
may be other indications for performing an
ECG).

Recommendations
for research

Evaluation of the diagnostic value of repeated
BNP measurements for the diagnosis of heart
failure.

Evaluation of the diagnostic accuracy of
automated ECG readings in the diagnosis of
heart failure.

Evaluation of the usability of the clinical rule
described above in clinical practice.
Development of methods to conduct IPD meta-
analysis for diagnostic tests.
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Appendix |

Search strategy

he searches for this review were based on
search terms for:

heart failure AND

symptoms and signs of heart failure
electrocardiogram

chest X-ray OR

B-type natriuretic peptides.

GU 00 N0 =

The search terms used in MEDLINE to identify
studies of heart failure were:

exp Heart Failure, Congestive/

exp Ventricular Function/

heart failure.ab,ti.

cardiac failure.ab,ti.

ventricular dysfunction.ab,ti.

ventricular dysfunction.ab,ti.

ventricular systolic dysfunction.ab,ti.
cardiac dysfunction.ab,ti.

cardiac overload.ab,ti.

10. systolic dysfunction.ab,ti.

11. myocard$dysfunction.ab,ti.

12. cardiac insufficiency.ab,ti.

13. heart insufficiency.ab,ti.

14. CHF.ab,ti.

15. CCF.ab,ti.

16. HF.ab,ti.

17. IVSD.ab,ti.

18. diastolic dysfunction.ab,ti.

19. lor2or3or4orb5or6or7or8or9orllor
Ilorl12orl13orl4orl15o0rl16or17or 18

© PN O 00N =

We then combined this search (using AND) with
four separate searches using terms for symptoms
and signs of heart failure, electrocardiogram, chest
X-ray and B-type natriuretic peptides respectively.

Search terms for symptoms and signs of heart
failure were:

jugular venous pressure.ab,ti.
jugular venous pulse.ab,ti.
jugular pressure$.ab,ti.
jugular pulse.ab,ti.

jugular vein pressure.ab,ti.
JVPab,ti.

venous distention.ab,ti.

vein distention.ab,ti.

PN o O 00N

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.

lor2or3or4orbor6or7or8
exp Heart Sounds/

heart sound$.ab,ti.
gallop.ab,ti.
oscillation$.ab,ti.

S3.ab,ti.

S4.ab,ti.

crepitation$.ab,ti.
crackle$.ab,ti.

rale$.ab,ti.
10or1lorl12or13orl14orl15o0r16orl17or
18

exp Cardiomegaly/
cardiomegal$.ab,ti.
displaced apex.ab,ti.

apical impulse.ab,ti.

20 or 21 or 22 or 23

exp Hepatomegaly/
hepatomegal$.ab,ti.
enlarged liver.ab,ti.

25 or 26 or 27

exp Edema/

edema$.ab,ti.
oedema$.ab,ti.

venous insufficiency.ab,ti.
(swelling adj3 limb$).ab,ti.
(swelling adj3 leg$).ab,ti.
(swelling adj3 extremit$).ab,ti.
29 or 30 or 31 or 32 or 33 or 34 or 35
Physical Examination/
physical examination.ab,ti.
clinical examination.ab,ti.
sign$.ab,ti.

(sign$adjb symptom$).ab,ti.
37 or 38 or 39 or40 or41
exp Fatigue/

fatigue.ti,ab.

asthenia.ti,ab.

malaise.ti,ab.

tired$.t1,ab.

43 or 44 or 45 or 46 or 47
exp Dyspnea/
dyspnea.ti,ab.

SOB.ti,ab.

breath$.ti,ab.
dyspnoea.ti,ab.

49 or 50 or 51 or 52 or 53
orthopnoea.ti,ab.

orthopnea.ti,ab.
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57. 55 or 56

58. 9 or 19 or 24 or 28 or 36 or 42 or 48 or 54 or

57

Search terms for electrocardiogram were:

1. exp Electrocardiography/
2. electrocardiogra$.ab,ti.

3. cardiogra$.ab,ti.

4. ECG.ab,ti.

5. EKG.ab,ti.

6.

lor2or3or4orb
Search terms for chest X-ray were:

1. exp Radiography/

© Gtk Lo

thoracic radiogra$.ab,ti.
chest x-ray$.ab,ti.
thoracic x-ray$.ab,ti.
CXR.ab,ti.
lor2or3or4orb

Search terms for B-type natriuretic peptides were:

N O otk o=

Natriuretic Peptide, Brain/
BNPab,ti.

natriuretic peptide$.ab,ti.
natruretic peptide$.ab,ti.
natiuretic peptide$.ab,ti.
pro?BNPab,ti.
lor2or3or4orbor6
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Appendix 3

TABLE 37 Quality of studies assessing the diagnostic accuracy of symptoms and signs versus a clinical diagnosis of heart failure

Consecutive series or random sample of
Reference standard likely to correctly
standard and index test short enough
to be reasonably sure that the target
condition did not change between the
Whole or random selection of sample
received verification using the reference

o
1)
0 ]
- (%]
) g g
c [} c =~
Q@ o 2 Q
] > B [
a e T =~
[} (= c "
"6 [)] o ) o
) v 0 2
7] w ]
2 8 ® 2 £
= < oo 7] %”
Q (] ) 0 -
n B s b
[ = bl T =
2 v e .2 6
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2 S S g g T
g g & 9 g 3
2 [} ] e o =
5 o o £ S
Reference o 7] I} - E ]
GP setting

Alehagen et al., 2003%°
Fonseca et al., 20047

Galasko et al., 20058

Hobbs t al. 2002° ] E—
Rutten et al., 2005% _——

GP patients referred to open access heart failure or echocardiography clinics
Cowie et al., 1997%

Fox et al., 2000% _—
Lim et al., 20068
Wight e o, 20037 I N I
Zaphiriou et al., 2005% _— _—

Emergency department settings

Knudsen et al., 2004%°

Logeartet o 2007 -/ ! 1

Morrison et al., 2002%

Mueller et al., 2005%

Cc

Dark grey shading, yes; light grey shading, unclear; unshaded, no; U, unpublished.
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Appendix 3

TABLE 38 Quality of studies assessing the diagnostic accuracy of electrocardiography versus a clinical diagnosis of heart failure

Consecutive series or random
sample of consecutive series of
Reference standard likely to
correctly classify the target
Time period between reference
standard and index test short
enough to be reasonably sure
that the target condition did not
change between the two tests
Whole or random selection of
sample received verification
using the reference standard of

Selection criteria clearly

o c n

[] (] o ‘@

€ ] =] o

k) 5 3 &

g g £ &

Reference o L] 0 b~
GP setting

Alehagen et al., 2003%
Fonseca et al., 20047
Galasko et al., 20058
Hobbs et al., 200282

Rutten et al., 20058

GP patients referred to open access heart failure or echocardiography clinics
Cowie et al., 19975

Lim et al., 20068

Emergency department settings

Dark grey shading, yes; light grey shading, unclear; unshaded, no; U, unpublished.
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Appendix 3

TABLE 39 Quality of studies assessing the diagnostic accuracy of chest X-ray versus a clinical diagnosis of heart failure

Consecutive series or random
sample of consecutive series of
patients

Reference standard likely to
correctly classify the target

condition
Time period between reference

standard and index test short
enough to be reasonably sure
that the target condition did not

change between the two tests
using the reference standard of

diagnosis
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Selection criteria clearly
sample received verification

described

Reference

GP setting

Fonseca et al., 20047°
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Appendix 3

TABLE 40 Quality of studies assessing the diagnostic accuracy of BNP versus a clinical diagnosis of heart failure

Reference standard likely to correctly classify
and index test short enough to be reasonably
sure that the target condition did not change
Whole or random selection of sample received
verification using the reference standard of
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TABLE 41 Quality of studies assessing the diagnostic accuracy of NT-proBNP versus a clinical diagnosis of heart failure

Reference

GP setting
Alehagen et al., 2003%°

Galasko et al., 20058
Hobbs et al., 20028

Rutten et al., 2005%

change between the two tests
Whole or random selection of
sample received verification
using the reference standard
of diagnosis

£
° g
T o=
€%
8 8
(]
o2
7]
23
.
o 3
w
28
£%
]
§7“-
S &
O w

Reference standard likely to
correctly classify the target

condition
be reasonably sure that the

Selection criteria clearly
described

Time period between
reference standard and
index test short enough to
target condition did not

of patients

GP patients referred to open access heart failure or echocardiography clinics

Lim et al., 20068
Nielsen et al., 2004'"
Wright et al., 2003%”
Zaphiriou et al., 20052

Emergency department
setting

Alibay et al., 2005'®
Bayes-Genis et al., 2004'?
El Mahmoud et al., 2006'%
Januzzi et al., 2005'"?
Lainchbury et al., 2003'%
Mueller et al., 2005%

Outpatient setting
Jose et al., 2003¥

Inpatient setting
Berdague et al., 2006''*

Dark grey shading, yes; light grey shading, unclear; unshaded, no; U, unpublished.



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

paurejdxs
S3IpN3s 9Y) WO S|eMBIPYIIM

3593 2UdI33 dY)
JO s3|nsaJ ay3 jo aSpajmowy]
INoyIM pa3aadiajui
S3|NS3J 3S9) IDUIIDJRY

Is93 {3yy

jo uonyesijdau jwaad o3 reysp
JUSIDIYNS Ul PAQIIDSIP ISV
dU43j34 Y3 JO UOIINIAXTF

3so3

ay3 jo uonesijdau jwiad oy
|1e39p JUBIDIYNS Ul PAQIIISIP
3593 X3pul Y3 JO UONIAXF

3593 Xapul 3y3 jo juapuadapul
pJepue)s 25ua.3j3y

3|NSaJ 3s33 Xapul 3y3 Jo
ssa|p.Je3aJ pJepue)s 9dua43)a.4
awies paAladaJ sjudyed

123

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



124

Appendix 3

TABLE 42 Quality of studies assessing the diagnostic accuracy of symptoms and signs versus left ventricular systolic dysfunction

Consecutive series or random sample of
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condition did not change between the

Reference standard likely to correctly
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Appendix 3

TABLE 43 Quality of studies assessing the diagnostic accuracy of electrocardiography versus left ventricular systolic dysfunction

Consecutive series or random
sample of consecutive series of
Reference standard likely to
correctly classify the target
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Appendix 3

TABLE 44 Quality of studies assessing the diagnostic accuracy of chest X-ray versus left ventricular systolic dysfunction
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Appendix 3

TABLE 45 Quality of studies assessing the diagnostic accuracy of BNP versus left ventricular systolic dysfunction
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TABLE 45 Quality of studies assessing the diagnostic accuracy of BNP versus left ventricular systolic dysfunction (continued)
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Appendix 3

TABLE 46 Quality of studies assessing the diagnostic accuracy of NT-proBNP versus left ventricular systolic dysfunction
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Gustafsson et al., 2005'#
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Population cohort or screening studies
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Outpatient setting
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2005'7
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Appendix 3

The quality of the included studies was assessed
using items from QUADAS, a validated tool

for assessing the quality of diagnostic studies.”
QUADAS contains 14 items relating to patient
spectrum, reference standard, disease progression
bias, verification bias, review bias, incorporation
bias, test execution, study withdrawals and
intermediate results.

The items that were included in the assessment of
quality and how they were assessed are as follows:

1. We included an item on the method of
recruitment (random or consecutive sample
of patients). This was included to demonstrate
the representativeness of the patient sample
to those of interest to this review, that is,
patients presenting in whom the diagnosis
of heart failure is suspected. The usual first
question from the QUADAS list on the
representativeness of the patient spectrum
was dropped, and studies were grouped by the
clinical setting, including subgroup analyses of
studies conducted in primary care settings.

2. Was a clear description given of selection
criteria?

3. Is the reference standard likely to classify
the target condition? This was assessed as
satisfactory in studies using a diagnosis of
heart failure if the study used a recognised
clinical definition of heart failure (such as
ESC criteria) and more than one clinician was
involved in the assessment of the diagnosis. In
studies that used a reference standard of LVSD,

this was considered satisfactory if the method
for establishing the left ventricular ejection
fraction was described and was satisfactory.

4. Time between the index and reference tests.

5. Was partial verification prevented?

6. Was differential verification prevented?

7. The independence of the index test and the
reference test.

8. Was the execution of the index test reported in

sufficient detail to allow replication?

9. Was the execution of the reference test reported
in sufficient detail to allow replication?

10. Was the index test interpreted blind to the
reference test? This item was omitted for the
BNP and N'T-proBNP studies as the results are
objective and do not require interpretation.

11. Was the reference test interpreted blind to the
index test?

12. Was the same information provided to
the researchers as would be available in
clinical practice? This question was omitted
as it was unclear from study reports what
clinical information was provided within the
research studies and if this was similar to the
information that would be available in clinical
practice.

13. Were uninterpretable or intermediate results
reported? This item was omitted from the
quality assessment of diagnostic accuracy
studies involving BNP and N'I:proBNP as the
tests are automated and uninterpretable or
intermediate results are unlikely to occur.

14. Were withdrawals from the studies explained?



DOI: 10.3310/htal 3320 Health Technology Assessment 2009; Vol. |3: No. 32

Appendix 4

Summary of results from included studies

137

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

¥S0

€9°0

0€0

1£°0

6.0

[4A0)

860

680

680

SL°0

¥9°0

18°I

I°s

99l

¥6'C

88'¢

8T'¥y

o'l

144

(44

19°C

18C

+41

€C

99

6¢

)4

9L

88

0¢

9¢

S€

N4

6¥C

144

99¢

(114

881

01T

6¥C

¥8

96

(1144

09¢

NL

[44|

5143

idl

8l

0¢

9¢

dd

44

6

8¥C

8¢

8¢

9T

€l

0€

dL

aJn|ie} 1esy

Jo swoidwiAs pue
uone||liqy [erae
10 %0 > 43A1

SNSUasSUOD [ed1ul]D
SNSUasUOD [ed1ul]D
sjnsau
Aydeu3olp.aedoyds
Suipnpou elR3LI
wey3ujwe.
BRI DST
SNSUasUOD [ed1ul]D

BLI9IID OS]

BLIRILD DST

SNSUasUOD [ed1Ul]D

BLRIL DST

eLRIL> DT

JS9) 9dUa.43j)9Yy

eaoudsAq

I Jo Auo3sip

IW Jo AuoasiH

IW Jo AtoasiH

IW Jo AuoasiH
I Jo Auo3siH
IW Jo A1oasiH

IW Jo Aso3siH

I Jo Auo3siH

IW Jo Aso3siH

IIN Jo Auo3siH

3593 Xapu]

sisougelp snolAa.ud ou Yaim aun|rej 1uesy
Jo suBis pue swoldwiAs yam Sunuasaud sjuairey

eaoudsAp 949A3S 9INDE YIIM Sjudljed

wojdwAs
jueujwopaud se eaoudsAp YIIm sjuaired

(sBumss juanedino ui
syuaiyed sapnjdul ‘SOV Yam sjuanzed papn(oxa)
eaoudsAp 21UoJyD 4O SINdE YIIM SIudlred

1[I}

aJn|ie} 1ueay ssadde pide. 03 pauiajed sjuslied
ApnIs Ul JUSWISSISSE 10} pa.Iaja.

BWAPI0 J0/puk BaoudsAp YlM sjudiled

211D 24n|iey

1J4eay ssadde uado Ue 03 pauJajad sjudlled
e[V}

aJn|ie} Jueay ssadde pided & 0) paJiajeJ sjuailed

0s€00C
Sl “Ip 19 usdeya|y

Sunias 92115044 [DI2UD
paoudsiqg

16€00T

€91 “ID 13 1uea307

0s700C
088 “D 19 Uaspnuy|

6s£00C
611 “Ip 3 @50[

Sunies swiindap Aousdiawzg

88500C
70€  “[p 19 nouydez
18€00C
S0€ “ID 33 IS

€8€  000T “IP 33 X0

1oL 66
144! “Ip 39 9IMOD

sojulp> AydpiSoipipo0yd3 10 3.n|IpJ 2103y $5922D U3GO 01 paLidfas s1ua1IPd 4o

JUSISSOSSE 10} paiaje.
aJn|iej 1eay jo swoldwAs yum sjusied

aJn|ie} 1eay Jo sudis pue
swoidwAs yum Supuasaud syuaired jo dnoudqgns
:(e3e Aq payne.ss) syusned paldses Ajwopuey

sonaJnip dooj
uo Jo a.Jnjiej 1uesy jo swolidwiAs Yyam syusned

sjuaned

6¥1 16000T 350D

00T
€LT “Ip 39 sqqoH

18500C
9.¢ “|p 13 oyjseje)

Sumas 9o1o0.4d p12URD

Iw Jo kiorsiH

u CRUEREIEN]

24n|Ipj) 14p3Y Jo sisouspip |p31ulf> D SNSIdA susls pup swordwids Jo Aopinddy [ 3719VIL

138



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panunuod

S¥°0

¥6'0

080

910

8C°0

590

L¥'0

S0

060

880

8¥'0

000

o1o

88

L1°]

1€

€8'¢

8C'¥

00'9¢

T4l

104

00°I'l

(44l

[4:N

€00l
+41

89

ey

99

LTI

€9¢

0¢

911

06t

¥9

0s
N4

34

6€C

¥0S

06€

91y

€0s

09

9ty

€0s

101

9¢

Sl

19
NL

€8

L11

LTI

98

11

9

dd

[44

S¢

8¢l

98

1444

861

40

ey

19

(174

0¢

Ll

109

dL

BLIDIID
wey3uiwe.

SNSUasUOD [ed1Ul]D

BlI9IID OS]

BLIDILD DS

BLI9IID OS]

BLRILD DST

SNSUasUOD [ed1Ul]D

BLRIL DST

BLRILD DST

SNSUasUOd [esiul|D

BLRILD DST

219D OS]

BLRILD DST

JS3) 9dU3.43j)9Yy

eaoudoyiQ

eaoudoylQ

eaoudoynQ

[1ydn Supjjem
usym eaoudsAqg

Iydn Apy3ys
J0 3se) upjjlem
uaym eaoudsig

e}
a1 uo 3upjjem
uaym eaoudsAq

uol3I9Xd
uo eaoudsAQq

uol3I9Xd
uo eaoudsAQq

3504 Je BOOUdSAQ

eaoudsAQq

eaoudsAq

eaoudsAq

eaoudsAQq

3593 Xapu|

(sBumyss jusnedino ui
syuanyed sapnjoul ‘SOV Yum siuaited papnjoxa)
ea0udsAp 21UO.YD IO 9INDE YIIM Sjusiied

aJnjrey 1ueay
Jo sisouZelp snoiaaud ou yum syuanined QoD

(a8e Aq payresss) syusned padajes Ajwopuey

(e8e Aq payness) syusned pardsjes Ajwopuey

(a8e Aq payreass) syusned padajes Ajwopuey

(a8e Aq payizeass) syuaned padajes Ajwopuey

eaoudsAp yum sjuaied
(e8e Aq payness) syusned pardsjes Ajwopuey
(a8e Aq payizeass) syuaned padajes Ajwopuey

eaoudsAp yum sjuaied

ol
aJn|ie} 1ueay ssadde pided & 0) paJiajeJ sjusiled

611

139

8€00C
“Ip 1 aso[

Sunies uswiipdap Aousgdiowg

0¥

8501

8500C
I 39 UaNINY

«.700C
““ID 19 B235UO

Sunas 9o1o04d |p1oURD

8501

8501

8501

9/¢

8501

8501

911

paoudoy1rio

6¥00T
““Ip 19 B295UO

«700T
“D 19 BD9SUOY

«.700C
“*|p 19 BD9SUO

2%¢00T
“*|D 19 UOSLIIO|L|

6700T
“|p 19 B29sUO

«.¥00C
“*|p 19 BD9SUO

%¢00T
“|D 19 UOSILIO]

Sunies swiindap Aousdiawz

[44

18l 66|
“|D 33 3IMOD

sojulp> AydpiSoipipo0yds 10 3.in|ipJ 1103y $$322D U3GO 01 paLidfas s1ud1IPd do

aJn|re} 1ueay jo suis pue

swoydwiAs yum Bunuasaud syuaned jo dnoasqns
:(e3e Aq payne.ss) syuaned paldsas Ajwopuey
(e8e Aq payneus) syusiyed pards|as Ajwopuey

sjuaned

€LC

8501

sC00T
“|p 19 sqqoH

6¥00T
“D 19 BI9SUOL

CRUEFETEW]

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

aJn|ie} 1eay
Jo swoidwiAs pue
9SEOSIP SA[BA U0

uone||Lqy [eLIe AydeaSoipaedoyds
£8°0 YA Al L9 6€ i4d 10 %01 > 43A1 BW9p=0Q 404 31un 3s1[e1>3ds € 03 Pa.LID). sIUDIIR LEl  $900T “[D 19 wr]
S1uld aJn|rey
vL0 9l 8Y 74 001 €9 BlI93ILD ST BUWSPSO 13y 59008 Uado U 03 pa.LIda.l sIUdNe] €8€  000T “ID 19 X0
P 18l 66|
€80 1IN S| Sh W 0t BLI9ID DST BWOPSQ  aJn|ie} 1uesy ssedde pided B 0) padlaje. sjusied 44| D 19 3IMOD

sojulp> AydpaSoipapo0yd3 10 3.in|Ipj 2103y $S932D U3GO 01 paLidfas s1ud1IPd 4o

a4n|rey 1reay £500T

88°0 85’1 19 897 ¥S r44 SNSUaSUOD [edIulD BWSpPRO Jo sisouZelp snoiaaud ou yum syuanined qdOD Sov “*|p 19 ua3INYy
aJn|re} 1ueay jo suis pue

swoydwiAs yum Bunussaud syusned jo dnoasqns 6200T

180 Sl 8 8¢l 8l 6 LRI DS ewapaO  :(98e Aq payne.s) syusied paidajas Ajwopuey €11 “|p 39 sqqoH

«.¥00C

6v°0 LO'S wi 1Sy 9 60€ eLI9ILID DST ewopaQ  (o8e Aq payne.s) suaned pa1dsjes Ajwopuey 80| “Ip 32 BD3sUOY

Sumas 9o11o0.4d p12URS

Dwapa0

BLISILID £500C

€L°0 €L Sl 1L 9 201 weysujuwe.4 and eaoudsAp yum siuaned (474 “Ip 33 J3|jaN|y

2%6¢00T

9.0 Lyt 88 191 9z 9%  snsuasuOD [edIUID and eaoudsAp yum suaned 9/T  “[p 3 UOSLLIO}

«.¥00C

$8°0 9L 16€ Lé 86 091 eLI9ILID DS aNd  (s8e Aq paynens) syuaned pandajes Alwopuey 8501 “Ip 32 BD3s5UOY

Sumas 9o11o0.4d |p1oURD

and

%¢00T

590 0LC u (ol € 79 SNSUISUOD [eDIUID eaoudoynp eaoudsAp yum sjuaied 9/ ‘*|D 19 UOSIIIO

16€00C

190 6T 99 ¥ / 13% SNSUaSUOD [edIulD eaoudoyliQ ea0oudsAp 9.49A8s 9INdE UM Sjudiley €91 “ID 13 14e9301

woydwis 0¥00T

090 €571 51 IvT 98| G67  SNSUIsSUOD [ed1ulD eaoudoylQ jueujwopa.d se eaoudsAp YIIm sjuaired 088 ‘| 19 USSpNUY)

-1 +¥1 N4 NL dd dlL 3593 9dUdI3)9Y 3593 Xapuj sjuanjed u 9DUIDRY

(panunuod) ainjip) 1u03y Jo sisousbip [p21ul> D snsidA susis pub swoldwiAs Jo Aopin2dy [ 319VL

140



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panuiuod

€80

£9°0

S0

I1+'0

690

060

690

00

980

6¥°0

[4NV]

850

¥S€

LE'S

¥8'C

98°C

08¢

vel

0011

66’1

88’I

T

959

o€l
+d1

891

¥8

Ly

€C

LLT

LS

69¢

911

86

191

T4
N4

()[44

YLl

8¢

113

06¢

LyT

(434

08l

¥8
N1

Sl 6%

€l 0S

0l 89

I 0S

134 0/1

174 9C

Sl 8l

SS 101

L LE

€l 98¢

8l 6L
dd dL

BIIDILID
weysuiwe.

SNSUSSUOD [BD1UI)D
SNSUISUOD [BDIUI]D

BII9ILID
wey3uiwelq

SNSU3SUOD [edIUl]D

SNSUasUOD [edIul]D

BRI DS

SNSUISUOD [eDIUI]D
SNSUSSUOD [ed1ulD
SNSUISUOD [ed1Ul]D

BlID3IID

weysulwe.

©I931I> D53

JS9) 9dU3.3j)3Yy

dAl parens|3
dAl pasers3

dAl pa1eA9|3

dAl paers3

dAl paieAs|3

dAl pateas|3

dAl pasers3

BWSPIO
BWIPIO

BWIPIO

BUWSPIO

BWIPIO

3593 Xapuj

141

£500¢

eaoudsAp yam sjuaneq Sy “ID 13 J3||]PNY

26¢00T

eaoudsAp yam siusneq 9/7 “*|D 33 UOSLLIO|

16C00C

ea0UdsAp 249A9s 9INdE YUM Ssjuaired €91 “Ip 19 34e9307
(s8umas juanedino uj

sjuanzed sapnpul ‘SOV Yaim sjusined papnjoxa) «£00C

eaoudsAp d1uoJypd 10 33NdE YIIM SIudled 611 “|p 33 3sof

woiduwis 0#00T

jueuiwopaJd se eaoudsAp YIm siuaiied 088 “ID 13 UasSpnUY|

Sumas quawiindap Aouadiowz

a4njre} esy £8500C

Jo sisoudelp snolasud ou yum syusined q4OD SOb “Ib 19 usnny
«¥00C

(a8e Aq paynieass) syuaized pajdsjes Ajwopuey 8501 “ID 19 BD9SUO

Sumias 9ono04d [pI2UID

dAl P310A313

2%¢00C

eaoudsAp yum sjuaney 9/7 “*|D 13 UOSLLIO|

16¢00T

eooudsAp 249ASS 93N UM Ssjudlieyd €91 “|D 13 34ea307

woydwiks 0¥00T

jueujwopaJd se esoudsAp Yim siuaiied 088 ““ID 39 USSpNUY)
(s8umyas juanedino uj

sjuapzed sapnpul ‘SOVY Yim siuaied papn|oxa) «£00T

eaoudsAp d1uoJyd 10 33NdE YIIM SIudley 611 “|p 32 3sof

Sunias quawiipdap Aousgdiowg

P 83500¢
2Jn|ie} Jueay ssadoe pided 03 paJJajaJ syusled 70§ “Ip 19 nouydez
sjuaned u dUIBJRY

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

aun|re} 1eay £2500T

060 A 5 ST 16 € snsuasuod [ediul)  suoneydaud Sun Jo sisouelp snolaaud ou yum syuained Q40D SO “Ip 39 U9INY
aJn|ie} 4eay jo sudis pue

swoldwiAs yum Bunussaud sjusned jo dnoasqns 8200T

80 ¥S'€ €] 65T /1 ¥ BLRID DS suoneydaud Sun :(93e Aq payiyeas) syuaned paldsas Ajwopuey €/T “ID 39 sqQqOH

«¥00C

590 98°| | Y€ (43 S| 0T BlLI9IUD DS suoneydaud Sun (e8e Aq paynesss) syusied paydsjes Ajwopuey 8501 ““ID 13 BD3SUO4

Sumas 9o1o04d pI2UID

suonodats Sun

aje|Nd[Ed B9 spunos £500T

860 jouur) SEC (K4 0 9 wey3uiwe.y 1.iesy psppy eaoudsAp yam sjusied [4°14 “Ip 19 J3j)eNLY

spunos 1600C

680 ¥9'T 96 Sp 3 6l SNSUISUOD [BDIUID 1eay pappy eo0UdsAp 949A3S 9INE YIIM SIUSlIEd €9] “Ip 19 14ea307
(s8unyes juanedino ul

BIISIID spunos  sjuaned sapnjaul ‘SO Yam sjuaized papnjoxa) «£00T

€50 PE11 /€ vy 4 9¢ weyuiwe. €3y pappy eaoudsAp dIUO.YD JO 3INDE UM SJudlIed 611 “Ip 12 9sof

spunos 00T

880 98I | L1 a8l C A SNSUSsSUOD [ed1ul|D 3.1esy pappy eaoudsAp yum siusneq 91T “[D 19 UOSLIOLY

spunos woydwAs 0s700T

680 059 68€ Yy 6 8  SNsuasuod [edIulD 1Ie3y pappy jueuiwopaud se eaoudsAp yim sjuaizeq 088 “|D 13 Uaspnuy;|

Sunies quawiindap Aousgdiowg

spunos «700C

£6°0 00°0€ €€s 905 [ 8l LIS ST 1esy poppy  (93e Aq payire.ss) syusned pardsjes Ajwopuey 850 “Ip 19 BO9sUOY

Sumas 9on1o04d pI2UD

Spunos 1pay pappy

a.n|ie} .resy £8500¢

980 8/’ 19 ¥1T 8y 7T Shsuasuod [ediuld Aje3awolped Jo sisou3elp snolaaud ou yum syuaied q4OD SO¥ “Ip 39 USNINY

Sumas 9o1o04d pI2UID

AipSawoipip>

-1 +¥1 N4 NL dd dlL 3593 9dusJoy 3593 Xopu| syused u CRITENETEN]

(Panunuos) ainjipj 1pay Jo sisouspip [p1UIf> D snsidA sudis pub stwoidwiAs Jo Aopinddy 1 J1GVL

142



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

143

aAnisod anuy | ‘oAnedau anuy ‘N ‘esoudsAp jeuinidoou

[ewsAxoJed ‘QNd ‘UondJejul [BIPJe20AW ‘|L] {UONDE. UONDS(S JBNJLIIUBA 13| YIAT 3591 SAIESaU B JO Ol3ed pooyl|dy|]] ‘—yY {3593 dAnIsod € Jo oneJ pooyl|ay|]] ‘+Y7 ‘2Jnssaid snousa

aen3nl gA[ ‘eanjrey 1ueay YH ‘oAnisod asjey 44 ‘@Ane3au aspey ‘N4 ‘A3ojoip.eD) jo A3a100g ueadoung ‘)g3 faseasip Areuow|nd 9A13ONIISGO dIUOIYD ‘dQD) ‘OWO.PUAS AIBUOIOD 9INDE ‘SO

980

090

€9°0

6£°0

€9°0

¥9°0

090

¥9°0

£9°S

€8I

95°C

w't

LST

95°C

1€

86'I

+41

LSy

L8

89

8¢

€8l

¥S

oy

Ly

N4

99¢

891

191

0€

€ee

¥91

s6l

90¢

N1

14|

LL

9¢

8l

00l

8¢

[43

9L

dd

¥6

o€l

99

/8

¥9C

0S

LE

¥S

dL

eSO ST

BIIDIID
weysulwe.l

SNSUasUOD [ed1Ul]D

SNsUasuoDd [ed1ul]D

SNSUasUODd [ed1ul]D

BLRILD DST

SNSUasUoDd [ed1ul]D

BLRILID DST

3593 dURIBJRY

AleSswoledaH

suoneyidaud SunT
suopyeydaud Sun
suonyeyidaus SunT

suonejidaud SunT

suonejidaud un
suoneyidaus SunT

suone)idaud Sun

3593 Xapu|

6.700C

(a8e Aq payreass) syuaired pajdsjes Ajwopuey 8501 ““ID 73 BD3SUO

Sumas 9o1o04d pIoUD

ApSawoipdap

£500¢

eaoudsAp yaim sjuaned Sy “ID 13 J3||PNy

26¢00T

eaoudsAp y3im sjuaney 9/7 ““[D 33 UOSIIIOL|

16€00C

ea0udsAp 2.49A9s 9INdE YUM Sjuaiied €91 “ID 13 1489301
woydwiAs 0s700C

jueujwopaud se esoudsAp Yyaim syusied 088 “|D 13 Uaspnuy;|

Sunies quawiipdap Aousgdiowg

i 88900C
2.n|1e} 34eay ssadoe pided 03 pa.usja. sjudlied 70€ “|p 33 nopydez
APN3s Ul JUSWSSISSE 10} Pa.LIDJ. 15£00T
BWIPD0 J0/pue eaoudsAp Yim sjuaied S0€ “ID 19 JYSIIAA
21Ul 2Jn|iey
3Je9Y ssad0e uado Ue 0) paJJajaJ sJualed €86 000 “'[p 19 X04

so1ulp> Aydpasoipapooyd3 10 a.njip) 1pay ss920D U3GO 03 pa.tsdfal spuanpd 4o

sjuaed u dUIRJRY

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

[AN]

€10

S0

LE0

0¥'0

£8°0

LL7]

8C'C

991

€Y

+41

S0l

4

N4

ocl

£81

6SC

(433

NL

1€

9¢1

144

8+T

6S

dd

S

91

69

b4

144

dL

(3s13ojouowind
3UO puE do) 3uo ‘sisio|olpJed
OM]}) SNSUSSUOD [B1UID

(sese> [eooAinba ui suepiulP
2a.y3 jo [aued) eLLILD DS

aJnjiey 3ueay jo swoidwiAs
pUE SSEaS|p SAJEA JO

UOIE||lIqY [BLIE 1O %0 > 43

(uepiu 2uo) BLIBIID DST

aJn|re) 1ueay
Jo swoidwis pue uone|jLqy
[BL3® 10 9601 > 43AT

JS9) 9SOU.J3j)9Yy

(3s130j01p.Ied
Aq peau) eip.aedAyde) snuis pue
SaNI[EW.IOUGE SABM-] J1O/pUE

LS ‘uone||Lqy [e13e ‘HAT ‘gdd

19| @39|dwodui Jo 39|dwod
‘I SNolAa.d Jo SouSpIAg

Ajjewaouqe Auy

Ayjewaouqe Auy

(3s180j01p.ed Aq peau) sadueyd
9ABM-| JuswSss-| § [ew.iouqe
‘HAT ‘spes] [eipJodaud ul
uoissau3o.d srem-y Jood
‘saAem Q) [ewdouge jo
@oussa.d ‘seduequnisip
UoII2NPUOD ‘saNI[ELIOUGE
[el3e ‘WYIAYJ [BLUIOUqQY

a3ewep [eIpJedoAwW djwaeYdS|
1sed jo uSis 4o uone||lIqy [ele
Jo wy3AyJ snuis uf jJou HHJ

3593 X3apu]|

aJn|iey
1J4eay jo sisousdelp snoiaaud
ou yym sauaned A4doD

aJnjie}

14eay jo sudis pue swoldwiAs
yum Sunuasaud syuaned jo
dno.3qns :(a8e Aq payne.s)
sjusned pa3osjes Ajwopuey

sop3aJnip
dooj| uo Jo aunjie} Juesy jJo
swoldwAs yum sjuaned

(a8e Aq payne.ass)
sjuaized pa3dajes Ajwopuey

sisou3elp

snoiaa.d ou ym adnjiey
14eay jo susis pue swoldwiAs
yam Sunuasaud syusiyey

sjuaned

9500C
So¥ “Ip 2 UsTINY

00T
€LT “Ip 39 sqqoH

18500C
9.€ “|p 13 oyjse[eD)

«.¥00T
850]  “[p 19 ®d9sUO

0s€£00C
SIy b 12 usSeyaly

Sumas aonop.4d [pIUID)

u CRUEFETEN]

a.njipJ 14pay Jo sisouspip [po1ulf> D snsiaa AYdpiSoipip20.4323j3 Jo Aopind>dy @ J19VL

144



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

¥S0

(43"

L1°0

€10

000

000

145

aAnIsod anuy g ‘oAeSau anJ) ‘N L ‘uondJeyul [eIpJedoAw ‘|4 ‘AydoaisadAy JendLiusa 349 ‘HAT UOIIdE) UOIIdS[S JBINDLIJUSA 13| YIAT 1591 9AESSU B JO oied pooyldyl| ‘—y]
13593 2AlRIsod e Jo oied pooylRy|l] ‘+y7 ‘e4n|ie) 3uesy YH ‘oAnisod asfey 44 ‘2AeSau asjey ‘N4 ‘ASojoipaeD) jo A3a1p0g ueadoung ‘DS ‘uolidedy uodafe 43 Hdo|q youedq S|pung ‘gdd

€9C (444 LET

10°C 0¢ 1l
89°I 9 €0l
161 C ¥S
vL| 0 (74
[4 4 0 IS

+d1 N4 N1

L9

Scl

[4

091

9¢

dd

£33

¥8

6¢

101

S€

dL

(s3s180j01paEd
OM3) SNSUISUOD [ed1Ul|D)

(3s130]01pJed BUO) BLISILID DST

(do auo pue sysi3ojoipaed
99.U3) SNSUISUOD [BIUI|D

aJn|ie} 1ueay jo swoidwAs
pUE 9seasIp 9AJEA U0
uone||liqy [eliIe Jo 950 > 43

(3s130]01pJEd BUO) BLISILID DST

(s3s130j01ped
99.y3) BlISIID DST

JS9] 9d3Ua.43j)9Yy

(uedisAyd

Suipuayie Aq peaJ) uoneiAsp
juswiBas-| § ‘ggg 19| 4o y3u
4amn|} [eIe ‘uone||liqy [ele
‘| snolaaud jo aduapiag

Ajlewaouqe Auy

swQgZ| < uoneinp SYO ‘ddd
‘HAT ‘Senijewlouqe sAem-|
‘sanijewouqe | S ‘seAem O Jo
9ouasaud ‘wyIAyJ snuis Ul JoN

Ajewaouqge Auy

(A3oj01paed
uy Jeusi3ad isijerdads Aq
peaJ) Aljewouge Auy

Ajewiouqge Auy

woldwiAs jueuiwopaud
se eaoudsAp yum sjuaireq

088

0s700C

*|p 19 Uaspnuy|

Sumas juswnupdap Aouadiswy

21Ul]> 2JN|Ie} 1By SS9008
pideJ 03 pauJsjeu syusney

Apnis ul JUSWISSSSSE
10} pa.Ja)a] BUISPIO JO
/pue eaoudsAp yum syusiyeq

Ayde.3oip.aedoyds Joj 3un
1slje1>ads & 03 pauJajad sjuslled

21Ul]> 2un|ie} 1UBaY SS9208
uado ue 03 paJJajeJ sjusied

J1UI|> aJn|ie} 14esy Ssadde
pideJ & 01 pauJsjeu syusney

0¢

S0€

LE]

€8¢

[44

88900T

“Ip 33 nolydez

18£00C
“ID 39 B

98900C
“1p 39 wir]

s000C
““ID 33 X04

8L 661
*|D 19 IMOD

so1uip> Aydp.aSoip.apd>0yd3 10 3.njIpj 1.1D3Y ss335D uddo 03 pa.idjad spuanpd 4o

3593 Xapu]

sjuaned

u

CRIIEREIEN

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

S0

o

9C'0

6¥'0

LS50

€9°0

000

S9°0

&0

TS

088

96°¢

80°¢

699

SO0l

06T

65°C

€6'l

+41

€9

142

¥6

6C

014

LET

8l

N4

891

[43

9 €

LE

oIt

89¢

LS

96¢

[a44

NL

6l

91

L8

91

0¢

48

81

dd

€9¢

144

9¢

o¥

13

1413

4

dL

*aAIIsod anu3 g ‘9AESSU SnJ3 ‘N ‘UOIIDE.) UO[IDD[S JeINdLIIUDA 13| YIAT I NSS4 SA13ESSU € Jo pooyIal| ‘—yT ‘InsaJ
aAnisod e Jo pooyl@yl] ‘+y7 ‘@4njrej 1uesy qH ‘oAnisod aspey 44 ‘9Ae3au asje} ‘N4 (ASojoip.aed) jo A19120G ueadoung ‘DS {Ol3ed DIDBIOYIOIPIED ‘Y| D) ‘DWOIPUAS AIBUOIOD 9INdE ‘SO

(e14931u0 weyBuiwe.y
Buisn sysi3ojoipaed
OM]J) SNSUISUOD [ed1Ul|D)

(3s130j030Wwnaud

auo pue s3sidojolpJed
OM]) SNSUasSUOD [eDIUlD)
(s3s180j01paed

OM]J) SNSUISUOD [ed1Ul|D)

sy|nsau
weJ3olpJedoyds 3uipnpaul
B149314> weySujwe.l

(do auo pue sysi3ojolp.aed
994Y3) SNSUIsUOD [ed1Ul]D

(3s180j01paed
3UO) eI DST

(s3s130j01paed
99443) BLILIID DST

(uemiul suo) BLISILD DST

2Jn|ie} 3eay jo
swojdwis pue uone||liqy
[Bl3E 10 9601 > 43AT

JS9) 90URJ3JY

W1D paseaJou|

W1D paseaJou|

W1D paseaJou|

W1D paseaJou|

uonsaduod Aseuownd
40 Y] D paseatou]
uonsaduod Aseuownd
40 Y1 D paseasou)

uonsaduod Areuow|nd
40 Y1D paseasou]

ea0oudsAp yum sjuainey

NwOCQm%U 9J9ASS 9INdE YJIM sjualied

woldwis jueuiwopaud
se eaoudsAp Yiim sjuaned

(s8unyes

juanedino ui syuaied sepnpdul ‘SO
yum syuaiyed papnpxa) eaoudsAp
31UOJYD IO 3INJE YIIM SIUSIIEY

2%6¢00C
9/T “|D 19 UOSILIO|

16€00C
€91 “ID 13 14e9301

0s700C
088 “ID 19 UISpNUY]

6s€£00C
611 “Ip 12 3s0[

Sumas yusunupdap Aouadiswy

Apnis
Ul JUSLUSSISSE 10} Pa.LI9JS. BLUSPSO
Jo/pue eaoudsAp yum sjusirey

J1UlpD 2Jn|iey 1esy
sso2oe uado ue 0} padiajeJ sJuSley

J1Ulp> 2Jn|iey 14eay
ssadde pided & 0 pa.JajeJ sjuailed

18£00C
S0€ “ID 13 YBLIp

€8€  000T /P 33 x04

v8L661
(44 “Ip 19 3IMOD

so1ui> AydpaSoip.apd0y>3 .10 3.4njipJ 1103y ss335D uado 0} pa.iadjat spuanopd do

uonsasuod Aseuow|nd
10 Y1D paseatou]

uonsaduod Aseuow|nd
40 Y1 D paseasou]

3593 Xxapu|

(e8e Aq payness)
sjuaied pa3dsas Ajwopuey

sisoudelp snoiaaud
Ou YIIM Jn|rej 14eay jo suis pue
swoidwiAs ym Sunuasaud sjuairey

sjuaneq

6¥00T
8501 “|D 33 BJ9SUO

08€00T
Sy “Ip 12 usBeydly

Sumas aonop.4d [pI3USD

u dUIRRY

2.n|Ipj 24p3Y Jo sisouspip [p1Ul[D D snsiaA Ap-X 1say> Jo Aopinddy 6 F1GVL

146



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panuiuod

80°0

£0°0

1€°0

¥0°0

11°0

€00

620

1T0

¥0°0

810

€l'e

129

Se’l

686

6€'C

€6'C

[4: N4

171

079

/80

69°C

+41

[44

N4

96

0¢

8l

LE

(44

€l

99

Ll

N1

9¢

6€

qS

L4

Cl

1€C

¥8

dd

99

S8

144

SS

99

91

8

[44

8¢

[4

Sl

dL

(s3s180j01p.ed Juspuadaspul
OM3) BLISILID DSJ

sisouselp [eau1D

(s3s130]01pJed Juspuadapul
oM1) sisouelp [ea1ulD)

(3s130j01paed
auo) sisouelp [e21ulD)

(s3s18001paed
OM3) SNSUISUOD [eD1UI]D)

(s3s18001paed
OM3) SNSUISUOD [eD1UI[D)

(3s18001paed
2UO) eI DST

uondUNYsAp dijo3selp

pUE J1|0ISAS JO BLIDILID
s1ydea3oipaesoyds pue
susis pue swoydwAs [esiud

(s3s180j01paed
99.y3) BLIRIID DS

(3s18ojouownd sauo
pue 4o auo ‘sisiSojoip.ed
OM]J) SNSUISUOD [ed1UlD)

(sesed [eooAInba ul suepiulP
224y} jo [oued) B9 DS

JS9) 9dU3.43)9Y

80¢ ‘a8enL

00€ *a8en|

001 *o8euL

011 o8

0S| ‘o3ew|

0§ ‘@3eL|

001 @3ew

0T “18ouoiys

6/ ‘e|nsuiuad

eaoudsAp 23nde Yum sjuaireyd
eaoudsAp yum sjuaized

eaoudsAp YlIM sJeak G/ < sjuailed
eaoudsAp 23nde yum sjuaireq
eaoudsAp yum sjuaiey

2Jn|ie} Jueay paydadsns pue
eaoudsAp yum sieak G/ < sjuaned

147

¢01£00T “IP

S0T 1 Aunqudure
901C00C

STI “Ip 13 urepanof
201900C “[P

€01 9 pnowyel |3
101¥00C

86 “*|p 19 9sJed.Jeg
001500C

091 “Ip 32 Aequy
66700C

[4] “[p 19 BSqeqy

Sumas wwawiipdap Aoussiswg

J1UID 2Jn|rey 34eay
ssadoe pided 03 pa.iajeJ s3ualled

aJn|ie} 1eay
JO sIsou3eIp YIm pauJajeJ sjusiled

JIUl> aJn|rey 14eay
ssodoe pidedJ & 0) paJJajeJ sjusiled

88500C
70¢  “/p 12 nolydez

86C00C
€8 “ID 19 BORUNSI|A|
v8L66 1
(44 “|p 13 31MOD

so1ui> Aydp.aSoip.apd0y>3 .10 3.1njipj 11D3Y ss335D uddo 03 pa.idjad spuanpd do

95 'ayd0y

€8 113ouolys

Jw/3d gz 03 3saso|d
}0-Ind £35393 Xapu|

2Jn|ie} Jueay jo sisoudelp
snoiAaud ou yum syuaned qdoOD

2Jn|ie} 3ueay Jo susis pue
swoidwAs yum 3unussaud syuaied
Jo dnou3qns :(a3e Aq payne.s)
sjuaiyed pa3dsas Ajwopuey

sjuaned

a.njin} 203y Jo sisouSpip |po1ul> D snsiaA NG Jo Aopinddy 0§ FT1GVL

8500C
Sob /3o uemny
00T
€T “Ip195q90H

Sumas aono0.d |pIdUSD

u dUIRjRY

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

“aAlIsod anuy g ‘@AneSau anuy ‘N1 ‘nsaJ aAieSaU B Jo pooylddl| ‘—y ‘InsaJ aAnisod e

JO pooyIa|I| ‘4+yT 3Un aJed SAISUSIUIL ‘(D] Ddn|iey 1ueay YH ‘©Anisod asje) ¢4 DAieSau asfey ‘N4 (ASojolpJeD) jo A1a1p0g ueadoung ‘HS3 ‘aseasip Adeuow|nd 9A1IONIISAO dIUOIYD ‘AdOD

600

61°0

£0°0

000

£1°0

80°0

S0

S0°0

o1o

699

I1L°€

8¢'6

00'+€

0t

¥9't

18'6€

S9°C

vel
+41

ol

4l

6l

[44

N4

09

0¥

8l

€€

86

€L

[&:11

[44

€l
N1

Cl

89

1143

113
dd

¥l

09

0€¢

9¢

8¢l

o€l

€l

[444

48
dL

SISIAISU3UL
Joluas Aq sisoudelp [ea1ulD

(3s13oj01paed
auo Aq uoneUIWEXS [EDIUI|D)
eI weySuiwe.

(3s13oj01pea pue suepisAyd
Jo |oued) snsuasuod [ediul)D

(3s13oj01paed
auo) sisoudelp [e21ulD

(sueisAyd juspuadapui
OM]) SNSUISUOD [eD1Ul|D

(3s130]01p.ed 2U0) UoIPUNYSAP
21|0ISEIp JO DI1|0ISAS 4O
eL19311d d1ydeaSoipaeooyds
PUE ©1433140 Wey3ujwe.

(e119310 weySuiwedy
Buisn sysiSojolpJed
OMI) SNSUSSUOD [BJIUI)D

(s3s130j01paed
OM]) SNSUASUOD [eD1UI)D)

(3s130j030winaud
auo pue s3si3ojolp.Jed
OM]) SNSUISUOD [ed1ul]D

JS9) 9dU3.43)9Y

p| ‘o8el]

05T ‘ausiog

9L N

00 ‘o8el]

05T ‘o8el]

811 ‘noqqy

¥6 ©3el|

0§ ‘@8el|

08 ‘o3eu|

Jw/8d gz 03 3saso|d
}0o-Ind £3593 Xapu|

D] O3 panIwpe sjualied

2Jn|ie} 1eay pa3dadsns 4o} 9dIAISS
AdouB)NSUOD 0] pa.Iajad sjusiey

eaoudsAp
9)NDE 10} PaNIWPE SIUSIIEY

eaoudsAp 23nde Yum sjuaied

eaoudsAp
9INdE YIIM SJeak G9 < sjuaied

ureldwod Arewrud ayy
se eaoudsAp 21nde Yum sjuaiey

eaoudsAp yum sjuaied

eaoudsAp yum sjuaied

eaoudsAp 249A9s YlM sjusied

sjuaned

¥8

(44

[4]

(174

k3

16T

1T€

9891

€91

011€00T
“|p 19 ueaD|

601700C

“Ip 32 ysiueioQ

801766
“|D 19 siAeq

Sumas woanoduj

501C00C
*|D 19 B1IOD||IA

101¥00T
“Ip 19 Aey

£6500¢
“*|p 19 J3||PN||

%6¢00T
“|D 19 UOSILIO|

+01C00T
“Ip 19 |9siel

1600C
“ID 13 14e9301

dUIRjRY

(panunuod) ainjip) 1103y Jo sisoudbip [po1uld D snsida Ng Jo Aopinody 0§ 319V.L

148



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panunuod

€00

S0°0

900

[AN0)

000

L1°0

8¢0

(N0

910

[AN0)

98|

19°C

1971

wy

0S'C

[44)

08’l

L6°]

(43|

§9°C

+d1

0¢

8l

Sl

N4

€9

69

88l

09

6L

[4:3

gel

61

e

N1

LE

6Cl

oy

oy

LT

orl

[44

€91

611

dd

€L

89

0l

LS

bid

LT

99

91

69

(4

dL

(s3s130j01paed
OM]) SNSUaSUOD [eD1Ul]D

(s3s130j01paed
OM]) SNSU3SUOD [eD1Ul]D

(3si3oj01ped
3UO0) BLIAILID DS

(4o auo pue s3sidojoipJed
9324Y3) SNsUasuod [ed1UlD

(3s130j01paed
2U0) eI DST

aJn|rej 1ueay jo swoldwAs
pUe 9sB3SIP SA[BA JO
uong||Lqy [el3e 1o 901 > 43

(3s13ojouowind suo
pue 4o auo ‘sisi3ojolp.Jed
OM3) SNSUISUOD [ed1ul]D

(sosed [eooAInba ur suepulP
2a.43 jo [gued) el HS3

a.n|rej 1ueay jo swoidwAs
pue 95eSSIP 9A[BA JO
uone||liqy [el3e 1o 9501 > 43

aJn|ie} 1esy
Jo swoidwis pue uone||liqy

[el43e U0 9501 > 43A]

JS9] 9dUa.43)9Y

£5T 0Yo0y

0001 Y20y

STI oyooy

948 :asnoy-u|

£6 P20y

948 2420y

eaoudsAp yum sjusned

eaoudsAp yum sjusned

149

1¥00T “IP

68 19 sluaD)-sakeg
001500C

091 “Ip 35 Aeqly

Sumas wawnipdap A>uadiawzg

d1Ul> a4n|iey 14eay
ssoode pided 01 paJisje. sjusied

Apnis uj
JUSWUSSISSE IO} Pa.LISJo. BUISPIO
Jo/pue eaoudsAp yim sjuaned

uopeInNp S)eoM 7 >

Jo eooudsAp yum pauJsjeu syusied

AydeaSoipaedoyda Joj 3un
1si[e>ads & 01 pauJajeu sjusiied

88500¢
70€ ‘o33 nouydez

8£00C
S0€ “ID 33 3B
1¥00T
18T “Ip 19 USSPIN
98900C
LE| “Ip 19 Wi

so1ul> Aydp.aSoip.apd0y>3 10 3.4njipJ 1ID3Y ss335D U3do 0} pa.tadjat syuanopd do

STI oydoy

OE ‘oyd0y

9L1 PY0y

99 ‘@snoy-u|

Jw/3d go€ 03 Isasopd
JJ0-3nd {3593 Xapu|

a4njipJ 24p3y Jo sisouspip [po1uld D snsiaa gNGo4d-[ N Jo Aopinody | § 319VL

a.n|iej 1ueay jo sisoudelp
snoiraud ou yum syusized QdOD

aJn|rej 1ueay jo susdis pue
swoldwiAs yum Sunussaud syusied
jo dno.3qns :(a8e Aq payze.ls)
sjuanzed pajdajes Ajwopuey

sop3aJnip dooj uo Jo aun|ie}
14eay jo swoldwAs yum sjusneq

sisouelp snoiaaud
ou Y3IM 3un|ie} Jueay jo susis pue
swoldwAs yum Sunuasaud syuaied

sjuaned

6900C
{014 “Ip 39 usnNY
00T
€LT “Ip 19 sqqoH
18500C

995 "D 12 OdlseleD)

08€£00C
85y “Ip 13 uadeyaly

Sumas a5nop.4d [DIUSD)

u CRUEREIEN]

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

‘aAlIsod

anJ3 g | ‘oAizeSau anu3 ‘N ‘uonde.y uodale JeNdLIURA 33| YIAT 3593 2AIESaU B JO O13ed pooylDd|l] ‘—yT 3593 SARISod € JO o13ed POOYIB|I| ‘YT 3IUN 48D DAISUSIUI ‘D] ‘4N|Ie} J4edy
4H aAmisod asje} 44 ‘aAneSau asje) ‘N4 ‘A3ojolpaeD) jo A3a1dog ueadouny ‘DS ‘uonded) uondafe 43 aseasip Aureuow|nd 9A1IONIISO DIUCIYD ‘QdOD PWOIPUAS AIBUOI0D 9INdE ‘SO

00

910

€0

€00

[4NY

1T°0

18°C

95°¢

009

w66

509

(|
+H1

idl

idl

N4

801

vL

L11

9%

[4%3

1T
N1

LS

(014

8l

89

€€
dd

8¢l

€Tl

99

881

4
dL

(s3s18001paed
OM3) SNSUISUOD [ed1Ul|D)

(3s180j01p.Jed SUO) uondUNySAp
31|03SEIp 40 J1|0ISAS 4O
el19311d d1ydeaSoipaedoyds
pue e3> wey3uiwe.4

(s3s130]01p.ed Juspuadapul
OM]) BIISILID ST

sy|nsaJ weaSolp.edoydd
Suipnpdui 93140 weydujwe.

(s3s130j01paed

2a.y3 pue uepisAyd
Juawiaedap A>usdiswa)
SNSUaSUOD [ed1Ul]D

(s1s180j01p.ed Juspuadaspul
oM3) sisouelp [ea1ulD)

JS9] 9d3Ua.43j)9Y

1691 Y20y

9L 1oqqy

S/8T ®Yd20Y

169| -edipawolg

006 2420y

005 240y

Jw/3d gog 03 Isaso|d
}J0-3nd 3593 Xapu]

eaoudsAp
yaim juswyaedap Aduadiaws wo.y
panIWpE sueak O/ < Ssjudliey

wureldwod Asewyud ayy
se eaoudsAp 93nde yam sjusned

eaoudsAp 23nde YIM sjusireq

(s8unyes juanedino

ul syusied sepnpul ‘SOV YIm
syuaned papnjpxa) eaoudsAp
5]UOJYD JO 3INDE UYIIM SJuSiIey

ea0oudsAp YlM sueak |7 < Sjuailed

ea0oudsAp YlMm sueak G/ < sjualled

sjuaned

1474

(74

S0¢

611

665

€01

+1900C
“Ip 15 an3ep.Jag

8umas qanoduj

£500C
“ID 19 J3||IPN|Y

01€00T P
19 Aunqypuren]

€00C
“Ip 13 aso[

£11500C
“Ip 39 1IZznue[

201900T “[P
13 pnowlyely |3

CRIIERETEN]

(panunuod) ainjipj 1pay Jo sisouspip [p21uld D snsiaa Ngo4d-I N Jo Aopinddy [ F1gVL

150



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panunuod

880

000

80

000

Lo

880

590

590

L¥'0

o€l

STl

0¥'¢C

o'l

L1°]

8y

(343

ol

+H1

861

(V14

98

[4%

YT

8¢

N4

0ce

6¢

LE

911

€eL

6

€8

€l

N1

L8

91

181

161

€C

€6

(]

dd

911

Ll

Sl

8CC

8l

98

dL

%0¥ > 43A1

%08 > 43A1

%08 > 43A1

%SC> Sd

%0¥ > 43A1

asAl

%0¥ > 43A1

%S¥ > 43A1

%0% > 43A1

JS9) 9dU3.J3j)9Y

eaoudoynio

uoiJaxa uo esoudsiq

uoiJaxa uo esoudsiq

uoiJaxa uo esoudsig

uolJaxa uo esoudsiq

3upjjem uo eaoudsAq

eaoudsiq

eaoudsiQq

eaoudsig

3593 Xapuj

sonaunip dooj paquosaud sjuaiyeq

adoo
Jo su3is pue swoydwiAs yaum syusnedu)

AydeuSo|nd1ujusA Joj paJiajed syuslied

AydeuSoipaedoyds o} pa.usjad sjualied

179

151

or1€£00C
“*Ip 19 mo.ueds

Sunias 921105044 [DI2UD

LE

66

6SC

paoudoylrio
0s1€861
“'ID 19 BWDZ

Sumas uanpdu)

w1£861
“D 19 UBWID[IIE|

8umas uanpdinQ

1512661
“|p 19 alAeq

sojulp> AydpiSoipipo0yd3 10 3.in|IpJ 1103y $5322D U3GO 01 paLidfas s1ud1IPd o

sopaJnip dooj paquidsaud syusieq

sqeak
18—0/ pa3e syusned jo s|dwes wopuey

I 3sod syuaneq

Aydeu3olpsedoyds
10} pauJajaJ syuspzedu)

aJn|ie} 34eay jo susis pue swoidwiAs Yam
Bunuasaud syuaned jo dnoudqns :(a8e Aq
paynels) syuanyed pajdsjes Ajwopuey

Sunyesg

179

L18

0»1€00T
“Ip 19 mo.ueds

1666 |
“Ip 15 ued.ol,|

3unias 2212044 [DI2UD

86

00€

€LT

91686 |
“Ip 33 |logspeD

¢»1000C
“Ip 15 eloue]

Sumas wwanoduy

00T
“Ip 10 SqqOH

Sunas 9o1o0.4d |p12URD

u

paoudsiqg

Apmig

uonounfsAp s1jo1sAs ipjnoLiuaa Y| Jo sisoudpip ay1 Joj susis pub swordwids Jo Aopinddy 7§ FT19V.L

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

adod 0s1€86 |

8L°0 S9'l 0l Sl S L %05 > 43A1 ewepaO o sudls pue swoldwiAs yum sauanedu L€ “'Ip 19 BWIDZ
Aydea3olpJedoydd 1000C

660 01 18 9Il 09 134 %Sh > 43A1 BWAPI0 [eIq1I3.d 40} pa.iaja sjuanedy 00€ “Ip 13 efouje)
a1e|noed 191686

880  3ouued L€ 95 0 S %0% > 43A1 eWapa0 juspuadaq I 3s0d sjuaneq 86 “Ip 39 ||ogspeD

Sumas uanpdu)

171661
€| 080 1z 701 191 0T %S7 >S4 woldwAhseseewspa  AydeiBoipiedoyde oy paliesed sjusned 65T “Ip 19 BIARQ

sojulp> AydpaSoipapo0yd3 10 3.n|ipj 21D3Y 932D U3GO 01 paLidfal suaIIPd 4o

BWSPIO 16661

060 00'C 0§ 889 89 I asAl [esaydiiad [esare|ig syuaned aonded [esausn L18 “|p 33 ued.oly
aJn|rey 1ueay jo sudis pue swoldwiAs Yyam

Bunuasaud syuaned jo dnoudqgns :(a3e Aq ¥00T

€60 801 S 171 (44 q %0¥ > 43A1 Sapjue Jo Bul|loms payne.s) syuaned paidsjes Awopuey €LT “'Ip 32 sqqoH

Sumas 9o11o0.4d |pI2URS

Dwapap

adoo 051€861

120 88l 6 Sl S 8 %08 > 43A1 aNd Jo sudis pue swoidwAs yam syuanedul LE “'Ip 39 BWSZ

Sumas wwanoduy

171661
9.0 €6°1 T4 VLI 144 91 %ST> S4 aNd  AydeiBoipaesoyds .10} paiojeu sjudleq 6ST “|p 13 aneq

soiulp> AydpaSoipipo0oyda 1o 2.injipJ 13y $s920D U3GO0 03 paiidfal spudNDd 4o

0»1€00T

660 4N 8¢ 6/L¢ 8¢ [43 %01 > 43A1 aNd sona.nip dooj paquinsaud siuaieq 179 “Ip 39 mo.reds
Sumas 9o11o0.4d p12URS

aNd

adod 051861

140 wt S €l L Cl %05 > 43A1 eaoudoyiio Jo sugis pue swoidwiAs yam syuaneduy LE “Ip 313 BWISZ

Sumas wwanoduy

171L661
90’ ¥8'0 43 191 L5 6 %ST > S eooudoyllo  Ayde.3olp.edoydd Jo} paLIRfR. SIUBIIE] 65T “Ip 39 3reQ

sojulp> AydpaSoipapo0yda 1o 3.injipj 1p3Y $s930D U3GO0 01 paiidfas spuaNDd 4o

-u1 +y1 N4 NL dd dl 3593 dusiopRYy 3593 X°pu| 8uyes u Apms

(panunuod) uonounfsAp o1jo1sAs upjnoLiuaa sy Jo sisousoip ayr 4oJ susis pup swordwiAs Jo Aopinxdy 7§ 319V.L

152



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panunuods

61°l

44l

60°|

61°l

1l

JAN|

19°0

980

¥S0

890

660

€90

0£0

8.0

160

98’1

18°C

16'€

+H1

8l

6C

€8

134

SL1
0l

[43

N4

4

o

0Lt

48

9¢

6T
€l

10T

96

N1

8L¢€1

¥9

113

6CC

Ll

Sl

dd

LT

911
4l

dL

%0¥ > 43A1

%S¢ > 43A1

%0¥ > 43A1

asAl

%SS > 43A1

%0¥ > 43A1
%0% > 43A1

%SC> S4

%S¥ > 43A1

JS9) 9dU3.43j)9Yy

SHWwW g <

aJnssaud poojq dijoselp
Jo SHWWI QG| <
aunssaud poojq d1j01sAg

SHww g <

aJnssaud poojq dijo3selp
Jo/pue 3HWW O | <
aunssaud poo|q 21|03sAg

uoisualiadAH

uoisualiedAH

uoisuayuadAH

wdqoQ| < 9184 1esH

wdqoQ| < 984 1esH

wdqQQ| < 9Ied JuesH

(BHww)

aunssa.d poo|q
dljoiselp < (wdq) aed
34eay auidns Supsay

3593 Xapu]

153

IW3sod sjuened  €f 11€661 *[p 32 ure

Sumas wwanoduy

Apnis mo3se|D 01661

VDINOIW WoJj pajindaJ syusied y6€1 “Ip 15 ySeuod
1500C

a1l Aydea3oipaesoydy /9¢ “'Ip 75 UOSSJeISND)

1ul> aJn|rey Jesy
SS9D2B 103.Ip © 01 paJJajad sjusiied 16T 1900€ “'[P 19 3Bn4

sojulp> AydpaSoipapo0yds 10 3.in|ipJ 2103y 932D U3GO 01 paLidfal sua1IPd 4o

aun|rej 1ueay jo swoldwiAs 1500T
ou Inqg || Jo AJolsIy B Yyum sjusiied %1 “'D 13 9qBUBIIBAA

Sunias 9211504d [DI2URD

uoisudriadAH

618861
1 3sod sjuanrey 718 *|D 19 BJRWEBN]D|A|
IW3sod siuened  gf €661 “[D 33 ure(

Sumas uanpdu)

171661
Ayde.iSoipaedoyos Joy peisjel slusled 65T ““Ip 19 aIARQ

so1ul)> Aydpagoipapo0oyo3 1o 3.injipJ 1paYy $$923D USGO 01 palidfal spuRNDd 4o

aseasIp ueay Jo susis Jo swoldwiAs «21000T
yum ao130eud [esaual uj syualjed 97| “*Ip 79 USS]PIN

Sumas 9o11o0.4d |p12URS

91D LIDIH

Sunyes u Apms

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

89°0

1£°0

9¢€°0

€1l

81°0

60

060

¥80

060

160

8l

£99

09°€l

96'G1

90

178

8¢€'C

9)e|Nd[Ed
jouue)

0€'6

99T

LL'€

/80
+H1

LT

8¢

4l

€9¢

8¢

143

99¢

1£]

0¢
N4

€9

&

60¢

LTT

891
8l

99

14X

68¢

€€l

19
NL

08

8l

8l

€C

L8
dd

Sl

Ll

LT

[44

6

1T
dL

%0 > 43A1

%08 > 43A1

%S> S4

%0 > 43A1

%SY > 43A1
%0¥ > 43A1

%0 > 43A1

%S> S4

%0 > 43A1

AasAl

%S€ > 43A1

JS93) 90U3.93j)3Y

auy|
Je[NDIAE|DPIW SPISINO
Jo uo jeaq xady

asindu

[eoide paseidsiq

paoce|dsip jeaq xady

paoce|dsip jeaq xady

dAl pa3eas|3
dAl paieAd|3

dAl paieAd|3

dAl paieAd|3

dAl paieAS|3

wd g < dAl

uoisualuadAH

3593 Xapuj

| 3sod sjuaney

Aydeu3o|nd1ijuaA Joy patsjad sualied

AydeuSolpedoydas 40} pa.Jsjau sjusied

86

66

6S¢

191686 |
“Ip 19 |]ogspeD

Sunies wanodu|

€861
““|p 19 UeWS|IIE|

Sumas wanodinp

112661
““|p 19 3lAeQ

so1ul> Aydp.aSoipipooysa 4o 2.njip) 1D3Y $$323D U3GO 01 paLidfal suRIIDd 4O

sopaJnip dooj paquiosaud sjuaiyeq

AydesSoipsesoyds
Joj pauuayad syuapzedu)

|l 3sod sjusizey

|l 3sod sjusizey

Ayde.Soipedoyda .o} padiajad syusijed

179

o»1€00T
“Ip 39 MoJuedg

Sumas 9o11o04d pIaUID

00¢
(34

86

6SC

1Daq xady
&+1000C

N RERICN]]
€661 D 39 ure[

191686 |
“Ip 39 [|ogspeD)

Sumes wanodu|

112661
“*|p 19 3lAeQ

so1ul> Aydp.goipipooyda 4o 2.njipj 1D3Y $$925D U3GO 01 paLidfal sudDd 4O

soiaJnip dooj paquiosaud sjusied

aonoeud [euaual 243uad-Inoj B Ul SJeak
18—0/ pa3e syuaned jo s|dwes wopuey

aJn|ie} 1ueay 9|qeIs Yum siusned s snid
UOIIEN[BAS DBIP.IED U0} PAJIIWPE SIUSIIEd

3unjeg

179

18

or1€00C
“Ip 39 moJuedg

16661
“Ip 13 ueSJol.

EVENERT BV IETIED)

2.4nssa.d snouda apjnsnf

08I

v61700C
“Ip 19 J3||9N|

Apmyg

(panuiuod) uonounjsAp o1j01sAs upjnoLiuaa 3Jaj Jo sisouspip ay o) susis pub swolrdwis Jo Aopinddy s 319VL

154



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panuiuod

w60

9560

890

980

¥80

S0°0
£8°0

€0

€60

¥9°0

9.0

9560

8Tl

1Z4!

9T

LLT

Se'e

Sy
00’8

99°C

88'¢

LR

65°9¢C

991

+41

6C

1444

142

86

9¢

0£0€

I€

14T

N4

891

(414

029

1444

991

Sl
S99

19

€880l

6¢

91¢

08¢

NL

0S

SS9

9¢1

6l

114

LT

dd

4

0L

LT

9T

€C

61

66¢

¥l

0l

134

dL

%SC> S4

%0% > 43A1

AsAl

%0F > 43A1

%Sy > 43A1

%Sy > 43A1
%0% > 43A1

%0% > 43A1

%08 > 43A1

%08 > 43A1

%S> S4

%0 > 43A1

3593 dURIBJRY

suoneyds.d

suoneyda.)

suoneyda.)

suonejdald

€S

€S
€S

€S

€S

€S

dojen

punos jJeay pappy

3593 X3pu]|

Aydeu3olpedoyds o} pauJsjad sjusieq

6SC

155

11L661
D 19 BIARQ

so1ulp> Aydpasoipapooyd3 10 a.njipj 3paYy $s920D U3GO 03 patiafas spuanpd 4o

sopaJnip dooj paquiosaud sjusiyeq

sjusned adnoeud [edsuan)

aun|rej 1ueay jo sudis pue swoldwAs yum
Bunuasaud syusnyed jo dnou3qns :(a3e Aq
payize.3s) syuaiyed paidsjes Ajwopuey

Aydeu3oipsecoyds
40} pauJaya. syuspzedu)

SWO.PUAS
AJeuOo.J0D 9INdE YIIM PaNIWpE Sjudlied

IW 3sod sjuairey

IW 3sod sjuaireyq

ured 3s3Y> Yum sjuaijed

Aydeu3o|nd1ijuaA Joy patajad sualied

Aydeu3olpedoydas 40} pa.Jsjau sjusied

179

L18

€LC

o»1€00C
“Ip 39 moJuedg

16661
“Ip 13 uesJol

s¥00C
“Ip 12 sqq0H

Sumas 9on1o04d pI2UD

00€

orl
34

86

L0y

66

6S¢

suonoudatn
6+1000C
“Ip 15 eloupe]

8»1500C
*|p 19 uleJeN

mE661 “Ip 19 uref

91686 |
“Ip 13 |]ogspeD

Sunias wanodu|
19661 1P 19 [eyry

w1€861
““|p 19 UewW=I|IE|

Sunmas anodinp

111661
“Ip 19 IARQ

so1ul> Aydp.Soipapooyda 4o 2.njib) 1D3Y $$923D U3GO 01 paLidfal suRIDd 4O

sopaJnip dooj paquiosaud sjuaiyeq

8unyag

179

o»1€00C
“Ip 39 moJuedg

Sunas 9o11o04d psaUID

SpuUnos 1.ID3H

Apms

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

10°1

LL°0
L1°0

60

L60

8.0

£9°0

81l
€ee

00C

€6'C

0¥°0l

+41

9¢

LI1€

[44

N4

¥S

9L
4

(4

6401 |

&

NL

001

¥81

dd

€8
1T

LS1

€l

dL

%0¥ > 43A1

%S¥ > 43A1
%0% > 43A1

%0t > 43A1

%08 > 43A1

%08 > 43A1

JS9) 9dU3.9j9Y

wd ¢ < ueds JaAI

suoneydau)
suoneyidaud

saseq 8un| aAoqe
wd g suoneydaud

suoneydaud

suoneyidaud

3593 Xxapu|

aAnIsod anuy ¢ ‘eAnedau anJy ‘N ‘esoudsAp [euanidou
[ewsAxoJed ‘QNd ‘UOIDJBUl [BIPJEIOAW ‘|| ‘UOIDUNISAP D1|O3ISAS JBINDLIIUSA 13| ‘JSAT ‘UOIIDE UOIIDS(S JBINJLIIUSA J3| AT 3593 SAIESaU © Jo oned pooyl|dy|| ‘—y 3593 dAnIsod e
Jo oned pooydy|l| ‘+Yy7 ‘@4nssaid snouaa sein3nl gA[ ‘ean|rey 1ueay YH ‘Buiuslioys [euondedy ‘S4 9AnIsod as[ey 44 ‘9AIe3au asjey ‘N4 ‘aseasip Aseuownd 9A1ONIISGO dUCIYD ‘AdOD

|W-3sod syusned

AydeuSolpsedoyds
Joj pauuajad syuapedu)

|\ 3sod syuaneq

| 3sod syuaneq

AydeaSoipaecoyda pey oym
Ansi3ad ured 3sayd Ul pajjoJud syuaned

Aydeu3o|nd1ujusA Jo} paJiajad syualed

Sunyesg

86

00¢€
&

86

L0y

66

91686 |
“Ip 19 |]ogspeD

Sumas uanpdu
upds JaAI7
«+1000C

“Ip 15 eloufe]
mE661 [D 19 uref

91686 |
“Ip 19 ||logspeD

Sumas uanpdu)

19661 “IP 19 Yy

w1£861
“ID 19 UBRLIS[IEBL

Sumas wwanpding

Apms

(panunuod) uonounfsAp o1jo1sAs upjnoLiuaa sy Jo sisousoip ay 4of susis pup swordwiAs Jo Aopin>dy 7§ 319V.L

156



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panunuod>

€l

990

(AN}

o1o

£90

iZ4Y

610

9%°0

000

S0

€90

£60

ST

¥6'l

&'e

o€l

96|

SCC

€0l

98l

8C'C

09°C

+H1

66

8¢

N4

L1

LE

901

69C

4l

9

861

[/

1Tl

£81

LTE

NL

0L

0s

LL

691

1

6

919

sel

(44

174

9L

dd

6¢

9¢

€6

06

SIC

€l

Sl

[44

0l

65

1T

dL

uols9|
SAJEA JO SAT

uols9|
SAJEA JO SAT

AasAl

asAl

%0¥ > 43A1

%Sy > 43A1

< IWM1

%0€ > 43A1

%0¥ > 43A1

AasAl

%0t > 43A1

JS93] 9dU3.43)9Y

AydouyuadAy [elase pue
sa3ueyd aABM ] /] § dljIdads-uou +
aA0qe :AljewJlouqe Joulw Jo Jofel|

anem O 10 ggg ‘HAT
‘uoiyel|lqy [ele :Aljew.ouqe Jofel
Ajjewaouqe Auy

av ‘agd
‘HAT ‘IIW snoiaaud ‘uone|jliqy [elay

Aydeu3olpsedoyds
40} pa.aja. sjuslieyq

Aydeu3olpsedoyds
40} pa.aja. sjuslieyq

J1UID 2Jn|rey 14eay
SSO2OE 303Ip B O} PaJJa)aJ s3ualed

Aydeu3olpsedoyds
40} pa.aja. sjusliey

157

%1966 1 [P

yAY| 19 Jex3pueyy)
%9661 [P

yAY| 19 Jex3pueyyy
%1900C

L6T “Ip 19 3BN4
111966 |

yES “|p 13 alAeQ

so1ul> Aydp.aSoip.apd0oyd3 .10 3.1n[ipj 11D3Y ss335D uddo 03 pa.idjad spuanopd go

Ajjewaouqe Auy

sa3ueyd | § Jo/pue uoneduojoid SO

BIpJedAYdR)

Jo eipJedApe.q snuis ‘@3ueyd | §
‘Aydo.yuadAy Jelze ‘uoissaudoud
aAeM-Yy Jood ‘Qy] ‘uone||lqy
[el38 ‘HAT ‘gdg ‘soARmM O
uone||qy [elIe ‘HAT
‘saljljeulIouqe 9ABM-| ‘uoissaidap
Juswdas-| S ‘ggg Y| ‘soAem O

Ajewouqge Auy

Ajewouqge Auy

a3ewep |elpJedoAw
J1waeyds| 3sed jo uSis 4o uone||lIqy
[el3B JO WiyIAYJ snuis ul 30U HHJ

3593 Xapu]

uonounfsAp s1joasAs ipjnoLiauaa Y| Jo sisoudpip ay1 10) Aydp.idoipip3041333 Jo Aopinddy £ FJ19VL

sopaJnip dooj paquidsaud syusiyeq

aJn|ie} 34eay jo sudis 4o swoydwAs
yum sauaned sonoeud [eususn)

saonoeud [eususs |7
w0y pa3dajas Auopue. s3usied

Apnis mo3se|)
VOINOIW Wodj pajinJdad sjusiied

aJnjrej 14eay jo sudis pue
swoidwAs yym Supuasaud syuaized
Jo dnou3qns :(a8e Aq payne.as)
syuaned pa1dsjas Ajwopuey

S$2[32.NIP UO IO dJNn|ie}
11eay jo swojdwiAs yum sjuaieq

sisouselp snoiaaud
ou Y3IM 3.n|ie} Jueay jo susis pue
swoldwAs yum 3unussaud syuaned

Sunyesg

o1£00T
129 “Ip 19 mo.uedg

61000C
9Tl “Ip 39 USS]RIN

151€£00CT
I€€1 “Ip 19 3N

0l661 “Ip
veel 12 y3euodl

00T
€11 “Ip 32 sqq0H

18500C
9/€  “Ip10 OyserED

0s€00C
85y “Ip 12 uddeyaly

Sumas ao1nop.4d [DI3UID)

u Apmig

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

61°0

980

85°0

S0°0

1970

S0

110

9.0

69°0

(AN

€l

99T

[4R3

S5l

65T

LL7]

171

€1'e
+41

0¢

Sl

LT

6l

144
N4

[444

90¢

4K

9T

68

60¢

qS

vL

S
NL

9¢E1 |

LET

60

L11

08

41

€9

144

dd

6L¢

€C

[43

LT

[4

98

8l

0l

91
dL

%095 > 43A1

%05 > 43A1

%ST> Sd

AasAl

AasAl

AasAl

AasAl

JS9] 9dUa.43j)9Yy

Ajlewuouqe

Jay3o Aue ‘109ys siendip ‘wiypkya
JejndoLijusA ‘HAT ‘dgdg ‘seAem

O ‘senijewiouqe sAem-| IO | S

| snoiaaad ‘HAT
‘sa)3i[EWIOUqE SIXe pUE UOIIDNPUOD)

499 ‘HA1 ‘uone||qy [eLay
apmyjdwe arem-y y3iy Jo

aABM Q) aulliep.oq ‘ggg 19|dwodul
‘av ©20|q JejndLiusAoLile ‘HAT
JO UOISJIaAUl 9ABM-] ‘93ueyd

1S ‘arem O ‘gdq ‘uone||uqy
[el13e :s93ueyd Jouiw Jo Jolel

Ajfew.ouqe Auy

uoissai3o.d anem-y

Jood Jo ypo|q 1iesy ‘uone||lqy
[ele ‘ggg ‘Juswaie|us [elije 1|
‘v ‘se8ueyd | /1S ‘sonem D

(uepisAyd jeyndsoy

AqQ peaJ) HA ‘OABM D ‘OAem
1/1§ ‘UolIoNpUOD JBNDLIJUSAB.IUI
“elYIAYIe JB[NDLIIUSA

4913IN[} JO UOIIE|[1IQY [BLIIY

(dD Aq pead) HAT ‘@Aem D ‘@rem
1/1§ ‘UoIIPNPUOD JBNDLIJUSARIIUI
‘BIWYIAYJIE JBJNDLIIUSA

4933N[} 4O UOIIE|[1IQY [BLIIY

999 %3l ‘HA
‘uoissausoud anem-y Jood ‘sarem O

3593 Xapu]

AydeaSojnoLiuaa
J0} pa.iajaJ sjualred

24n|le} JUeSY PAJUBWNDOP
OU pUE SJI01DB} YSII YIIM SIUlIEd

(Apnas
Wwiep.19130y) 14104od dAndadso.y

sJeak G/
pa3e uonejndod jo sjdwes wopuey

851,661
19TT  “Ip 18 uenslyD
£51€£00T
18¥ “|p 19 J9¥eg

Sumas woanodinp

951,661
0861  “Ip 13 pioISOl

ss1700C
L0¥ “Ip 19 B43gpaH

saipnis Suluaa.ds 1o 110yod uonojndod

Aydeu3olpsedoyds
Jo} paJJajad sjuaied

AydeaBoipaesoyda
10} paJiaja. syusied

aJn|iey
3Jeay paldadsns yum sjuaized

aJn|iey
3Jeay paidadsns yum sjusized

AydeuSolpaedoyds
10} pa.Jaja. syusied

Sunyesg

+51000C
(044 “|p 19 J9|pues

¢51000C
91y “Ip 19 Aespur

98900C
L€ “Ip 19 Wi

98900C
LEI “Ip 19 Wi

251000C
97| “Ip 39 AeJpuen]

u Apmg

(panunuod) uonounfsAp oijoasAs upjnoLiuai sy Jo sisouspip ayz 4oj AydpiSoipipd0113)3 Jo Aopinddy £¢ F1GVL

158



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

€00

€00

00°¢

0€0

£0°0

¥Co0

LLT

81°¢

€90

Se’l

6’|

¥9l
+H1

48

(433

8l
N4

911

8l

144

0Le

€€l

91
NL

¥9

0l

L0EL

Sel

61
dd

811

144

¥8

£56T

0¢

Lyl
dL

%St > 43A1

AasAl

Tl <IWM1

%085 > 43A1

AasAl

AasAl

JS9] 9dU3.43j)9Yy

"aAnIsod anuy 4] 9AnESSU BnJ) ‘N L ‘UOIIBIASP SIXE JYSI ‘QVY ‘UOIIDJB)UI [BIPJEDOAW ‘|| XapUl UojoWw
|[eM JBJNDLIIUBA 13| ‘|INAT ‘UOIIIUNYSAP D1j03SAS JBINDLIIUBA 13| ‘QSAT ‘AydouiuadAy Jejnoiausa 1a| ‘HAT ‘uonde.y uonidale JendLIusA 13| YIAT 3593 SAI3eSaU € Jo ol3ed pooyl|dy)|
‘=47 3591 9AnIsod € Jo onjeJ pooyi|ay|]] ‘+YT ‘UOIIBIASP SIXE Y3| ‘Y] ‘@4N|Iey 1esy YH ‘Suiuslioys [euonided) ‘'S4 aAnisod as[ey 44 ‘@Ane3au asje) ‘N4 9[20|q Yduedq |punq ‘gdd

senl[ewouqe | S ‘ggd #o| ‘HA
‘uoissaudo.ud saem-y Jood ‘serem O

D)3 uo sanljew.Iouqe Jofey

Juswas.e|us [elIe X20|q
14eay 99.39p-1s4l) ‘sadueyd | /]S
‘avy ‘uoissaudoid saem-y Jood

‘eipJedAyde) ‘eipJedApe.q ‘ggqg 49|
‘AV1 ‘HAT ‘I snoiaaud ‘uoizel|Liqy
[el13e :s93ueyd Jouiw Jo Jolel|

Ajlewaouqe Auy

J233n|} Jo uone|Lqy [eLse
‘HAT ‘senifew.ouqe Juswdes | /]S
‘309J9p UoIIdNPUOD ‘gdq ‘SeAeM O

SOABM () [BWL.IOUqE
‘ASojoydiow arem-] [ewiouge
‘leAtaaur ] O [ewdouqe ‘saueyd | §
‘uone.np Jo adeys gy |ew.ouqe
‘[eAIDIUI Y4 [BWIOUGE ‘UOIIE|[1IqY
[el3e ‘Qy] ‘elpJedAyde) Jo -Apeug

3593 Xapu]

Aydeu3olpsedoyds
Joj} paJiajad syuanedu|

pJem [edipawl
3)JNde UE 0} Pa3IWPE SjudlIed

AydeuSolpaedoyds
1o} pa.Jsja. sjusied

AydeuSolpaedoyds
pey oym Ansi3ad ured
159U Ul pajjo.us sjuslied

[endsoy Aep
3Y3 03 pa.Jaja. J9M OUM sjudliey

Ayde.u3olpaedoyds
pue 53 Yaim dlul|d> aJn|rey 3aesy
ui syuaned jo Apnis aAndadsoaiay

Sunies

&+1000C
00¢ “Ip 19 eloJfe].

1912661
1L “[p 13 21ds3||1D

Sumas wwsnoduj

091666 |
(444 D 13 Jemfe|
19661
£0S¥1 “Ip 19 [eyry
£61C00C

$0€  “[p 19 uoaydINH

651661 [P
00T 19 uoly3noH

u Apmg

159

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

160

24"

¥9°0

SL°0

L¥'0

JANY]

1€°0

¥C0

990

1€°0

690

LL°0

aAIsod anuy Y| ‘9AnESauU anJ) ‘N L {UOIDJBUI [BIPIBDOAW ‘|| {UOIDUN)SAP DIJOISAS JBJNDLIJUSA 13| ‘QSAT (UOIIDE.) UOIID3[S JBINDLIIUSA 13| YIAT 1591 2ANESSU B JO Onel
pooy1a)i| ‘=Y ‘3593 2AIIsod e Jo of3ed pooy3l| ‘+Y7 24N} sy YH ‘oAiisod asjey g ‘oAeSau as[ey ‘N4 ‘Ol3ed dIoBIOYIOIpIeD ‘Y| D) ‘aseasip Aseuownd SA13dNIISGO dIU0IYd ‘AdOD

9Ll

6501

¥6'l

24!

¥S'S

[4N]

144

1671

09°S

0¥0l

€€

+41

19

LS

(o

(]

€l

143

91

6C

idl

6l

N4

LLEL

L1

LT

LS

L1

YT

[44

96

6¢

N1

6

6

€€

€€

06

Ly

dd

SLy %08 > 43A1
0l %08 > 43A1
L9 %Sy > 43A1
89 %08 > 43A1
id %0¥ > 43A1
[43 AasAl
[43 asAl
8¢ %0¥ > 43A1
1T %08 > 43A1
6€ %08 > 43A1
€9 asAl
9¢ asAl

dlL 3593 92Uy

W1D paseaJou|

uonsasuod Aseuow|nd
Jo/pue Y] D paseatou|

uonsasuod Aseuow|nd
Jo/pue Y] D paseatou|

uonsasuod Aseuow|nd
Jo/pue Y] D paseatou|

uonsasuod Aseuow|nd
Jo/pue Y] D paseatou|

uonsaguod Aseuow|nd
Jo/pue y | D pasea.ou|
uonsaguod Aseuow|nd
Jo/pue y | D pasea.ou|

W1D paseaJou|

uonsaduod Aseuowng

W1D paseaJou|

Ajjewiouqe Auy

uonsaguod Areuow|nd
Jo/pue ] D pasea.ou|

Aydeu3oip.aedoyds
pey oym Ansi3ad ured
3S9YPD Ul pajoJud SsIudlIey

AdOD jo sudls pue
swoldwAs yum syuanedu)

Aydeu3olpaedoyds
Joy pauuajaJ syusnedu|

IW 3s0d

JIW 3sod sjusney

aJn|ie} 1eay
YIIM paniwpe sjuslied

pJem [edipaw ajnde
UE 03 PaIIWpE SIUSIeY

JIW 3sod sjusney

AydeaSojnoLiuaa
1o} paJiajal sjualred

AydeaSojnoLiuaa
Joj} pauJaja. syusied

Aydeu3olpaedoyds
Joj} pa.Jaja. syusied

Aydeu3olpaedoyds
1o} pauJaja. sjusied

19661
“Ip 19 [eyry

0s1€861
L€ “|p 19 BUWIRZ

L0S'p1

&+1000C
00¢ “Ip 39 eloupe).

917861
61T “Ip 19 usspel|

€661
£ “Ip 39 ure[

291666 |
19 “Ip 12 AipusH

1912661 P
1L 10 aldsa||19

1916861 [P
86 19 ||]ogspeD

Sumas juanoduj

wi€861 [P
66 19 UBWIBIIE|
wi€861 [P
66 39 UBWIBIIE

Sumas wenoding
+51000C
19T “|D 19 Jo9|pueg

251000C
97| “Ip 39 AeJpue]

soui> Aydp.aSoip.apo0y>3 10 3.4njipj 1ID3Y ss335D Uddo 03 pa.idjat syuanopd do

3593 Xapu]|

F{TTRRETS

u Apmg

uonounfsAp s1joasAs ipjnoLiauan Y| Jo sisoudpip ayz 10 Abi-x 1say> Jo AopinddYy $§ F1GVL

160



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

panunuod
L1°0 1971
00 799
€90 66/
wo 0L
Y0 60/
€C0 6TV
00 80§
IT0  6¥1
080 9TI
€10 791
91'"0  S6°I
¥5°0  9¢€T
-H1  +¥1

991

¥el

0s

N4

(4l

orel

9l
(o]
LEE

981

S/

0L

€L1

€6
19

961

NL

oy

911
[44

9¥E

idl

€l

14!

899

L9

dd

6¢

0t

[44

0¢

9¢

S0l

€L1

144

dL

AasAl
JO JuaWISSasse

aAnelend

%TT > Sd Jo/pue
%0t > 43A1

%TT > S4 Jo/pue
%0t > 43A1

%0% > 43A1
AasAl

%0¥ > 43A1

AasAl
JO jJuswssasse
aAREeNd

AasAl

%0¥ > 43A1

asAl
JO JusWIssasse
aAeEend

%0¥ > 43A1

%0% > 43A1

eI
3593 9dUdI3Y

6¥ ‘e|nsuluad

05 ‘18ouolys

16 ‘18ouolys
1T “18ouolys
€/ “18ouoiys

99 ‘a3el|

8] ‘18ouolys

Oy ‘e3el|

€5 ‘gjnsuiuad

$9 ‘e|nsuiuad

8 ‘B|nsuiuad

¥ 11 “18ouoiyg

Jw/3d gg 03 3saso|d>
3J0-3nd £3593 Xapu]

SSEaSIp Je|NdSEAOIp.JED
pa1dadsns yam [eaidsoy Aep 03 padJajau syuaied

syueddiised Apnis weysujwed el

syuedpiaed Apnis weySuiwel sjewa
Apnis YDINOW ‘84ngs8ny ui syuedidiyaey

sueak G/ < uonendod jo sjdwes wopuey

sueak Gf < uonejndod jo sdwes wopuey

2Jn|ie} Jueay
pa39adsns yum o1l [elidsoy 03 pa.iajad sjuslied

dD Wouj pa.sjad sjuslied

66C

0L¥1

£0L1
8/91
YAV 4

6981

161

61200 “’[P 29 UodYdINH
Sumas uanodinp

21700T “'[D 19 UBSEA

21T00T [P 19 Uesep
121G00T [P 12 ZoIMOodINT
s51#00T “'[D 12 B19qpaH

691900C
“Ip 19 493811190g-0||9350D)

saipnis Suluaa.ds 1o 110yod uonojndod

9tl
€9¢

251000 [P 19 Aepue
21900 '[P 10 3BN4

so1ul> Aydp.aSoip.apd0oy>3 .10 3.1n[ipj 11D3Y ss335D uddo 03 pa.idjad spuanopd go

sopaJnip dooj paquidsaud syusiyeq

puej3ug

‘saeak $,8—(0/ paSe sjuaned aonoeud [eusuan)
sueak 4,/—G7 pade syuaned paidsjes Ajwopuey

aJn|re} 1ueay jo suis pue
swoldwAs yym Sunuasaud sjusired jo dnoudqgns
:(93e Aq payies) syuaned paldsas Ajwopuey

Sunyesg

(VAY

SS|
(414!

€LC

0»1£00T “'[P 18 Mo.edg

191000T '[P 19 Yuws
61€00T [P 19 USS]RIN

s¥00T “IP 39 SqqoH
Sumas aono0.d [pIdUSD

Apmg

uonounjsAp 1j01sAs Ip[noLIIUBA 3] 10 Op 0% > U0IIODLJ U0 UDjNdLIIURA Y3) Jo sisouSpip aya Jo) dNg Jo Aopinddy §§ FT1gVL

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

aAnisod anuy Y| ‘9AneSau anJy ‘N {UOIIDJBUI [BIPJBDOAW ‘|4 UOIIDUNYSAP D1JOISAS JBJNDLIIUSA 3] ‘QSAT (UOIIDE.) UOIIDS[S JBJNDLIIUSA 13| YIAT 591
aA3eSaU ® Jo ol3ed pooyldd)l] ‘—YT ‘3593 dARIsod € Jo o1ed PooylBY|l| ‘+YT ‘OSessIp 3eay dlwaeyds! ‘qH| ‘o4n|iey 3eay YH ¢ Suiusidoys [euonded) ‘S4 ‘aAnisod asfey 44 ‘oAeSau asfe) ‘N4

1T0 e 9 ¥9 YT 14 %0% > 43A1 ['1] 8snoy-uj IW 3sod sjuaned L6T 218661 “P 19 spLeydry
[eudsoy

110 181 8z €9 0 6 %0F > 43AT 17019 SID Ul UOI3BSLISIBYIED DBIPJED U0} PRI sjudlieq 0S1 51C00T “'[D 13 J433slyd

Yoo  6CT €l [44 9 143 %0 > 43A1 7§ "E|nsulusd W 3s0d +¢ Aep sjusneq SL %1661 [P 19 AoyD

LT0  9LT 6l 9% L 6C %0 > 43A1 | “13ouoiysg IIW 3s0d G pue 4 sAep sjusned 101 +81000C /[P 19 34n0dUSY3RY

Sumas quanoduj

AydeuSojnoLijuaa

610 WUy LI 8. 6 6v %0 > 43A1 75 o1g SID SpI|PNUOIPE. 10} pa.LIdjel SJUdled €S| 61100T “ID 39 l|[eA
vE0 WL €L L9% TST  LST %0F > 43A1 pG fesnoy-u|  [eLd B Ul QM| 4O 34n|ie B3y S|qEIS YIM SIUBNEd 640 819007 “*ID 39 SpaeYIRy
-4l +¥1 N4 NL dd diL elR)d  |w/3d g 03 3sasop Sunyeg u Apmys

3593 dUdIBRY J0-Ind £3533 Xapu|

(Panunuos) uonsunjsAp s1joasAs IpjnoLuaA Y3) 10 90% > UOIIIDIY U0ND3fe IDNDLIIUSA 3] Jo sisouSpip ay1 40f NG Jo Aopinddy §§ FT1gVL

162



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

163

aAnisod anuy | ‘oAneSau anJy ‘N ‘paidodau Jou ‘YN ‘UondIejUl [BIPJEIOAW ‘[l {UOIIDUNISAP DI[OISAS JENDLIJUDA 13| ‘QSAT ‘UOnDE.) uondale
Je[NDLIIUSA 33| YJAT (3591 SA1ESSU B JO ORI PooyI||I| ‘—yT 3591 9AIIsod & Jo ofed pooyil| ‘Y {9sessip 1esy diwseyds! ‘QH| ‘o4n|ie) 1esy YH ‘eAnisod asje) ¢4 oAne3su asfe) ‘N4

Auewuan) ‘sudojo)) ‘jeudsoy ui 31200T

800 €0'¢ 14 06 0 6 %0 > 43A1 09€ @Yoy uohyesli=19y3ed Seip.Jed .10j pa.lisje. sjusied 0s1 “[p 33 J33SlYd
21866 |

970 9T 9 19 LT LT %0 > 43A1 9TT| ®snoy-u| IW 3sod sjuaneq L6T “[D 19 spJeydRy

Sumas wwanoduj

[ 51900T
Y0 ¥0T 96 LSy g4 vET %0F > 43A1 88§ ‘@snoy-u| B Ul QH] 40 4n|ie} 1IE3Y D|GEIS YIIM SIUSNEY 6¥01 “[p 23 spaeydry
uadeyuado) ‘fendsoy ¢61€00C

€€°0 9%  L9¢€ 6991 Sl %0F > 43A1 610€ N Ao [elsuad e 01 paniwpe sjudned ||y €612 “Ip 13 Aeg
261900C

LEO 67T 8l LT] 9 b %0b > 43A1 85TT ‘edlpawolg 21u1p sewaded Buipuaie siuahed 197 “Ip 13 Aenpey
e1500C

L00 081 | Sl 081 [£3 %0k > 43A1 ST1 Y20y 4n|rey 11e3Yy pa3dadsns yaim susled L9€  “[P 13 uosjeIsno

Sumas wanodinp
%1900C
000 99°I 0 €L ol1l £01 asAl 0§1 ‘3y20y dD Wouy pa.Lisjal syuslyed €9¢ “Ip 39 3eny

so1ul> Aydp.aSoip.apd0y>3 .10 3.1n|ipj 31D3Y ss335D uddo 03 pa.idjad spuanopd go

aJn|re} 34eay jo susis pue swoldwiAs

yum Sunuasaud syuaned jo dnoudqgns :(a3e 700

6€0 991 T 9€| 9zl 8 %0% > 43AT 8E€ Byd0Y Aq payne.s) siusied pa1dsjes Ajwopuey €Lt "I 12 sqq0H
uagdeyuado) 061700C

SE0 €T 60T 144 6 6 %0 > 43A1 706 YN ‘@21310eud [J2US3 WOy pa3INIdDL SIUBNE 7.9  “Ip 12 Buluusoln
sonaUNIp 18500C

S0 0Ll [4 4 S8l LT asAi 0O 9Y20Y  UO Jo aun|ie} 1iedy Jo swoldwAs yam siuaired 9L€ “ID 39 OXjse[RD)

Sumas aonop.4d [pIUID)

-1+l N4 NL dd dlL ey |jowdg] 03 3sesop Bumes u Apms
3593 3dUdI3Y J0-Ind £3533 Xapu|

uonoUNsAp 21j01sAs Ip|NdLIIUSA 23] 10 90 > UONDD.A) U0IIDAfB IDJNdLIIUSA 3] Jo sisousbip ay1 Jo) dNGO4d-I N Jo Aopinody 9¢ F1gVL

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

810

LE0

¥eo

0€0

S1°0

800

veo

61°0

910

9%°0

¥80

000

9%0

€61

144

81T

134

60°C

86|

80°C

[/

00°C

44!

£0°C

+41

4l

6¥1

Cl

8¢

LL

9

vié

Cl

N4

S¢

id

99¢

89

(V14

9l

€91

14

66

9l

8/¢€

98¢

YT

NL

61

YT

[4

0C

[4

8¢

Ll

dd

134

Ll

014

8l

¥9

€C

69

¥0T

Ll

0¢

8¢

dL

%S5 > 43A1

%08 > 43A1

%S¥ > 43A1
%Sy > 43A1
%S5 > 43A1
%Sy > 43A1

%S > 43A1

%08 > 43A1

Ajl[ewaouge uoow
Jlem Jo sisaupjodAy
[2q0|8 10 9605 > 43A1

%08 > 43A1

%87 > S4

91 <
IWMT 40 %Sy > 43AT

%S¥ > 43A1

eLIILID
3593 dURIBJRY

9 ‘18ouoiys

17T 981

L€ ‘18ouoiys

16 ‘13ouolys

68 ‘Il yosoL

S @8eL|

GE| ‘ensulusd

08 ‘@3eL

¥ ‘o3eu|

09 ‘18ouoiys

€ ‘18ouolys

99 ‘Bjnsujuay

2171 esnoy-u|

Jw/3d gg 03 3saso|d>
JJo-3nd {3593 X3pu]

2.n|le} 1UeSY 10} PaJIIWPE SjuSIEd

20ys Jo/pue ssa.3sip Aioje.idsad
9INDE J0j ND| 01 PaNIIWPE SIuSNEY

d1ullD OABJy| ‘UOIIDUNY JBINDLIIUDA SSISSB
03 Aydeu3oip.aedoyda Jo} paJJaja. sjualled

21Ul OAely ‘UONIESLISISYIED
JeIp.ED 0} pa.iajed sjusied

aJn|re} 1ueay
Jo swoydwAs ou yum Inq |1 3sod syusiey

uonesLIIeyIed
SAI1D39 .10} pPaJJa)a. SJUBIEY

aJn|ie} 3ueay jo usis
39A0 OU UJIM SISA[BIp [BUS. UO Sjudlied

Auewan) ‘usydey
‘24N|Ie} 1B UMOUD| IO SSESSIP DBIPJED
pa32adsns ym D1UID 03 pPaJJa)aJ SIUBIEY

03a1q ueg
‘Aydeu3olpaedoyds o} pa.tsjed sjualied

AydeuSojnoLijusa
SpI[2NUOIpPE. U0} Pa.JJ3. SIUBIIEY

8angs8ny ‘syuedidied Apmis WOINOWW

101

14

99

¥6

14!

[44

9T

8¢l

00t

6Ly

"aAnIsod anuy g ‘oAne3au anuy ‘N L ‘paltodau Jou ‘YN ‘UOIIDIBUI [BIPJEIOAW ‘[l XSPUI UOIIOW |[EM JBJNDLIIUDA 13| ‘|NAAT UOIIDE.} UOIDS(S JBJNDLIIUSA 3] YIAT IS9) 2A13ESSU

B Jo ofjed pooyal| ‘=Y ‘3591 2AnIsod e Jo ol pooy ]| ‘Y7 ‘OSeasIp 1eay dIWakYDS] ‘H]| ‘HUN 34D SAISUSIUI ‘D] ‘3uluaLIoys [euondel) ‘S4 ‘aAnIsod asjey 44 ‘9Ane3au asje) ‘N4

51T00T [P 19 B3SO

£21900C “'IP 32 [Bg
Sumas woanoduj
61000C

“|D 39 cjoWEWEL

181966 |
*|p 19 Ol0WRWEL

91500C
““|p 19 9qEUBIIBAA

081900C
“Ip 39 uapAayJopueA

11100T
“|p 19 1DRWE||EL

1#00T [P 19 4o3n1y|
921 100C
“[p 39 AweMsBUYSLIY|

s21500C
“ID 19 JoWILLIBSUD)|[B4

8umas wwanodinp

01000 [P 19 Jsuydn

saipnis Sujuaa.ds 1o 1i0yod uonojndod

aJ1ysJ)sadieT ‘seondedd [essusd
| ¢ WouJj pa109|9s Ajwopuel a.njie) Juesy
Jo sisou3elp snolaaud & 3noyam sjusied

yaany2asuyD
‘2.n|ie} 3ueaY U0} pajea.) 3ulaq sjusied

Sunyes

€€l

16

1$1€00T I 39 8N

991C00C
“|D 19 Y2095)D|4|

Sumas a51nop.d [pIdUSD

u

Apmg

%S$5—SH S 437 Jo sisoudpip ay 1o} NG Jo Aopinddop Yy £§ F1GVL

164



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

110

600

000

1o

91’0

110

paje|noed
2q jouueD)

L¥'0

6L°C

€T

9’|

STl

19°¢

619

6L°C

00°l

6l

+41

10€1

0ce

N4

8

14

Sl

9481

8

SLE

N1

9T

[43

9s¢

€C

dd

€l %08 > 43A1
oy %Sy > 43A1
¥ %08 > 43A1
[43 %08 > 43A1
8¢ %08 > 43A1
[43 %08 > 43A1
€l %08 > 43A1
91 < IWM1

0€ 10 %Sy > 43A1
¥S %0% > 43A1
dL LIPEL TR )

JS9) SOUdJ3jJ3Y

165

aAnisod anuy g ‘9AneSau anuy ‘N ‘pardodad 3ou ‘YN ¢ ‘JINAAT (UOIIDR. UoDSIS JendLIuSA
3] Y3 ‘3591 2AESaU B JO Ol pooyIddl] ‘—yT ‘1593 aAnIsod B Jo oed pooyl|ayl| ‘Y7 9seasIp 14eay dIwaryds] ‘QH| un aJed aAIsualul ‘ND)] ‘@AnIsod asie) 44 DAeSau asie) ‘N4

USWOM pue uswl Joj

s}j0-1nd ajededas ‘aydoy

85¢ ‘aydoy

by ByPoy

7965 ‘asnoy-u|

0£T '3yo0y

87T 3yooy

8E€ BYd0Yy

8 UN

706 YN

jw/3d gog 03 3sasopd
}0-3nd £3593 X3apu|

>Poys Jo/pue ssaJisip Alojedidsau
3)NdE 40} MD| O3 PaNIWpPE SIUBIEY

uolesLIa)ayIed
9AI1D9D 10} PaJJB)aJ SIUBIEY

Aydea3olpaedoyds 1o} paJJsjau sjusied

[e13 & Ul QH
10 2un|rey 14eay 9|qeIs YIIMm sjusiied

AydeuSo|ndLauan
SpI[2NUOIPE. 0} PaJJa)aJ SJUBlEY

sJeak
G < uonejndod jo sjdwes wopuey

[44

001

6¥01

6981

£81900C '[P 33 [Bg
Sumas wanoduj

081900C
““Ip 13 USpASYIOpUEBA

161900C
..\U 19 LNE—.—V_N>_W

821900C
“Ip 19 SpJRYIIY

s21500C
“Ip 19 JoWWeSUS|[e4

Sumas wanodinp

€1900T “Ip 19
191311490g-0]|9150D)

saipnis Suluaa.ds Jo 1ioyod uonojndod

aonoeud [euaual wody padiajed sjualed

911

%6900T [P 30 W]

so1ul> Aydp.aSoip.ap30y>3 10 JH $s335D uado 01 paJtaja. syuanpd 4o

saonoedd [essuald |7
WoJ) pa1d3[as A|WOpUe. a.n|ie) 1Iesy Jo
sisoudelp snolaa.d & Inoyam syusied

2o130e.4d
[e12ua8 WoJ} pajINIdaU sjudliey

Sunyeg

€€

L9

151€00T [P 19 3N

061700C
“|p 33 Sujuus0.D)

Sumas a511op.d [p43USD)

u

Apms

9%§$—§# uonop.j uondafe pjnotiausa Yaj Jo sisouspip aya 1o) NgoId-I N Jo Aopinddp 3y 8§ F19VL

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 4

"aAnIsod anu3 ¢ ‘aAie3au anuy ‘N ‘pa3Jodad Jou ‘YN XSpul UOIIOW [[BA JBJNDIIIUSA

23| ‘|IWMT ‘uondely uondale JendLIIURA 3| YIAT (1591 9AnESaU B Jo oleJ pooylDy|l] ‘—y 1591 SAIsod € Jo oned pooylsy| ‘4T 2Jn|ie) ueay YH DAnisod asje) 44 oAnessu asie) ‘N4

£1°0

€e0

¥0'0

900

8C°0

6°€l

81°¢

96|

08l

(48

+41

Cl

6¢

[4A

891

N4

6¢1

9¢

8¢

89

£S01

N1

dd

LT

113

9C

L1

8¢

dL

%S¢ > 43A1

%0¢€ > 43A1

%S¢ > 43A1

C< IWM1
10 9%S€ > 43A1

%0€ > 43A1

eLIDIID
3593 dURIBJRY

+61700C
/€| ‘dokeg 11> A3ojolp.ed & Sulpualie syualied /51 “ID 39 J3J]PN|A
81966 |
UN I 3sod syuaneq ¥6 “ID 19 QuJAg
Sumas wanodinp
ao1A49s Aydes3olpaesoyds
6] ‘waydeg ssao0e uado Ue 03 paJJaja. Sjudley €8 g91£00T '[P 19 WIS

so1ul> Aydp.aSoip.apd0oyd3 .10 3.njIpj 31D3Y ss335D uddo 03 pa.idjad sauanpd do

saopoead

[e42UaS |7 WOy pa3d3|9s A|Wopue. d.n|ie}
99 ‘B|nsuludy 14eay jo sisouselp snoiraud ou YIIm syuaijed €€ 151€00T /0 29 3N
591866
8| ‘e|nsuiuag syuedired Apnis YOINOWW 75T “Ip 18 ySeuo o
8umas aonop4d [pIUID)
Jw/3d gg 03 3saso]d> Sunyesg u Apmg

Jo-3nd {3593 X°pu|

%§E—0E S uoidDpij uondala upnoLiuaa sy Jo sisousolp ay1 Jof JNgG Jo Aopindop 3y 6§ 319VL

166



No. 32

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3320

800 6'¢ 9¢ 48 C 0¢ %S€ > 43A1
000 8C'C 0 861 SS| 4l %0 > 43A1

< INM1
900 L8] 3074 119 0 Ll 40 %S€E > 43A1
-1 +41 dd N1 N4 dL el

JS9) 9dU3J3)9Y

167

aAnisod anuy g ‘eAneSau anuy ‘N ‘paldodad Jou ‘YN XSpul UOIIOW |[BM JB|NDLIJUSA
W3] ‘IIWAAT ‘uondE. UoD3fe JeNdLIIUSA 13| YIAT 3593 SANESSU © JO Oljed pooylddl] ‘—yT {1591 aAnIsod e jo oned pooylayl| ‘+Y7 4njie) 1uesy YH DAnisod ase) g4 oAneSau asje) ‘N4

11T @Yooy

STl /Y20y

81€ AN

Jw/3d g€ 03 3sesopd

J0-3nd £3s3) xapu|

9%§E£—0€ uonop.j uonsafe pjnoLiausi Yaj Jo sisouspip aya 1o) gNgoid-I N Jo Aopindop 3y 09 F19V.L

v61700C

s1ul> ASojolpJed e Suipusiie sjusiey /S| D 13 J9|IPN|N
8umas wanodinp

1500C

a4njrey 1Jeay pajdadsns YIm sjusned /9€  “Ip 39 uosyeisno)

so1ul> AydpaSoip.apo0yd3 10 JH $s335D uado 03 pa.iadja. syuanpd 4o

saonoead

[eJoUa3 |7 WO.y pa3dd|as Ajuopue. ain|ie}
3ueay jo sisoudelp snoiaaid ou ym syusizeq I€E1  15:€00T /P 19 8N
Sumas a511op.d [p43URD)
3unysg u Apmig

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.






DOI: 10.3310/htal 3320

Health Technology Assessment 2009; Vol. |3: No. 32

Appendix 5

Studies excluded from the systematic review

TABLE 61 Studies excluded from the review of symptoms and signs for heart failure

Reference

Ahmed et al., 2003
Ahmed et al., 2004

Butman et al., 1993
Cease et al., 1986
Chakko et al., 1991
Clark et al., 2000

Collin-Chavagnac et dl.,
2006

Costanzo et al., 1988
Dans et al., 1995
Ducas et al., 1983
Eagle et al., 1988

Echeverria et al., 1983
Eilen et al., 1983
Eriksson et al., 1987

Ewy et al., 1988
Harlan et al., 1977
Heckerling et al., 1993
Heckerling et al., 1991
Knudsen et al., 2005
Lien et al., 2002
McNamara et al., 1988
Marantz et al., 1990
Marcus et al., 2004
Marcus et al., 2005
Mittal et al., 1985
O’Neill et al., 1989
Patel et al., 1993
Remes et al., 1991
Rohde et al., 2004
Rusconi et al., 1991

Reason for exclusion

All patients had heart failure; study assessed the sensitivity and specificity of symptoms and signs
to differentiate between systolic and diastolic heart failure

All patients had heart failure; study assessed the sensitivity and specificity of dyspnoea at rest
versus the Framingham criteria

All patients had heart failure

Logistic regression of heart rate, blood pressure and chest X-ray measurements

All patients had heart failure

All patients had heart failure; correlation between cardiothoracic ratio on chest X-ray and LVEF

Case—control study

Inappropriate reference test (pulmonary arteriolar resistance)
Inappropriate reference test ( LVEDP)
Case—control study

Study assessed the correlation between symptoms, signs, ECG, chest X-ray findings and gated
blood pool scan results

All patients had heart failure
Only included patients with a palpable apex beat

Study compared the symptoms and signs of heart failure versus a pulmonary and cardiac scoring
system

Inappropriate reference test (PCWP > |8 mmHg)

Inappropriate reference test (LVEDP)

Inappropriate reference test (LVEDV)

Inappropriate reference test (enlarged cardiothoracic ratio on chest X-ray)
Subset of Maisel et al., 2002'* (patients with atrial fibrillation)

All patients had heart failure

Used logistic regression, cannot extract data for 2 X 2 table

Inappropriate reference test (Boston criteria for heart failure)

Study assessing diagnostic accuracy of S3 against elevated BNP
Inappropriate index test (computerised S3 and 54)

Commentary on JVP

Assesses the diagnostic accuracy of a displaced apex beat versus cardiomegaly on chest X-ray
Inappropriate reference test (LVEDV)

Inappropriate reference test (Boston criteria)

All patients had heart failure

Commentary on Remes et al., 1991

continued
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TABLE 61 Studies excluded from the review of symptoms and signs for heart failure (continued)

Reference Reason for exclusion

Shah et al., 2004 Provides negative predictive value for ECG and chest X-ray, cannot extract data for a 2x2 table
Singhetal., 1973 Study size only n=11

Sjoland et al., 1997 Inappropriate reference test (LVEF < 60%)

Spodick et al., 1994 Commentary on Heckerling et al., 1991

Stapleton et al., 1987 Commentary on Ismail et al., 1987

Stevenson and Perloff, All patients had heart failure

1989

Wang et al., 2005 Systematic review

Wyer et al., 2006 Commentary on Wang et al., 2005

Zemaetal., 1980 Signs were considered positive if at least one physician of three detected the sign
Zhao et al., 2006 Case—control study

JVP jugular venous pressure; LVEDP, left ventricular end-diastolic pressure; LVEDV, left ventricular end-diastolic volume;
LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; PCWP, pulmonary capillary wedge pressure.

TABLE 62 Studies excluded from the review of electrocardiography for heart failure

Reference Reason for exclusion

Al-Meslmani et al., 2005 Correlation between BNP and echocardiography results in different types of cardiac disease

Atisha et al., 2004 Inappropriate reference test (any ventricular dysfunction)

Bettencourt et al., 2000 Inappropriate reference test (any ventricular dysfunction)

Bibbins-Domingo et dl., Inappropriate reference test (any ventricular dysfunction)

2004

Epshteyn et al., 2003 Inappropriate reference test

Felker et al., 2006 Review article

Halling et al., 2003 Study looking at how heart failure is diagnosed and managed in elderly with non-insulin-
dependent diabetes mellitus

Hoilund-Carlsen et al., Inappropriate reference test (ischaemic heart disease)

2005

Hurst et al., 2005 Review article

Kelly et al., 2000 Review article

Krishnaswamy et al., 2001  Inappropriate reference test (any ventricular dysfunction)

Kruger et al., 2004 Inappropriate index test (ECG abnormality: prolonged QRS duration)

McClure et al., 1998 Cannot extract 2 x2 data

Mattleman et al., 1983 Inappropriate reference test (ECG abnormality: evidence of MI)

Mikkelsen et al., 2005 Inappropriate reference test (any ventricular abnormality)

Murkofsky et al., 1998 Inappropriate index test (ECG abnormality: QRS prolongation and Q waves)

continued
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TABLE 62 Studies excluded from the review of electrocardiography for heart failure (continued)

Reference

Nakae et al., 2005
Nakamura et al., 2005
Pfister et al., 2002
Pope et al., 2004
Porter et al., 2000
Segawa et al., 2005
Shah et al., 2004

Steg et al., 2005
Wang et al., 2005
Wyer et al., 2006

ACS, acute coronary syndrome; EF, ejection fraction; LWMI, left ventricular wall motion index; MI, myocardial infarction;

Reason for exclusion

Correlation of levels between echocardiography, SPECT and BNP
Inappropriate reference test (any heart disease)

Inappropriate reference test (right ventricular dysfunction)

Prognosis in ACS

Correlation between ECG and LWMI

Inappropriate reference test (patients at risk of heart failure)

Cannot extract 2x2 data

Subset of Maisel et al., 2002'% (only those patients who had an echocardiogram)
Systematic review

Commentary on Wang et al., 2005

SPECT, single photon emission computerised tomography.

TABLE 63 Studies excluded from the review of chest X-ray for heart failure

Reference

Badgett, et al., 1997
Butman et al., 1993
Chakko et al., 1991
Collins et al., 2006
Dao et al., 2001
Harlan et al., 1977
Hendry et al., 1999
Henriksson et al., 2004
Kragelund et al., 2006
Kundel et al., 1982
Quinones et al., 2005
Render et al., 1995
Shah et al., 2004
Wang et al., 2005
Wyer et al., 2006

Reason for exclusion

Systematic review

Inappropriate reference test (PCWP)

All patients had heart failure

Inappropriate reference test (discharge on diagnosis)

Subset of Morrison et al., 2002°

Inappropriate reference test (LVEDP)

Inappropriate population (patients admitted with heart failure)
Commentary on Knudsen et al., 2004%

Inappropriate reference test (coronary atherosclerosis)

All patients had heart failure

Review article

Comparison of chest X-ray patients with systolic vs diastolic function
Cannot extract 2x2 data

Systematic review

Commentary on Wang et al., 2005

LVEDP, left ventricular end-diastolic pressure; PCWP, pulmonary capillary wedge pressure.
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Reference

Al-Meslmani et al., 2005
Apple et al., 2003

Arad et al., 1996
Arques et al., 2005
Barclay et al., 2006
Bassan et al., 2005
Belovicova et al., 2005
Bettencourt et al., 1999
Bettencourt et al., 2000
Bhalla et al., 2005
Cabanes et al., 2001
Campbell et al., 2000
Campbell et al., 2001
Castro et al., 2001
Chen et al., 2006
Chung et al., 2006
Clerico et al., 1998

Collin-Chavagnac et al., 2006

Collins et al., 2006
Conen et al., 2006
Daggubati et al., 1997
Davidson et al., 1996
De Boer et al., 2001
Del Ry et al., 2000
Dokanish et al., 2006
Falcao et al., 2004
Fleischer et al., 1997
Folk et al., 2005
Fonseca et al., 200480
Francis et al., 1998
Friedl et al., 1996
Fruhwald et al., 1999
Furumoto et al., 2006
Galasko et al., 2006
Gegenhuber et al., 2006
Groenning et al., 2001
Groenning et al., 2002
Hall et al., 2003

Hammerer-Lercher et al.,
2001

TABLE 64 Studies excluded from the review of BNP and NT-proBNP for heart failure

Reason for exclusion

Correlation study (BNP and echocardiography results in different types of cardiac disease)

Inappropriate reference test (hospital discharge diagnosis including BNP)
Case—control study

Case—control study

Correlation study (BNP and left ventricular filling pressure)

Inappropriate reference test (acute myocardial infarction)

Correlation study (BNP and NYHA)

Case—control study

Provides ROC curves but not 2x2 data

Retrospective study of only patients with both BNP and echocardiography results
Case—control study

Case—control study

Inappropriate reference test (chest X-ray findings)

Inappropriate reference test (diastolic heart failure)

Substudy of PRIDE (comparison of BNP and echocardiography for prognosis)
Review article (references checked)

Case—control study

Case—control study

Inappropriate index test (electronically detected S3 or S3 + BNP)
Inappropriate reference test (LVH)

Case—control study

Comparison of BNP and NT-proBNP for LVSD using AUC

Case—control study

Case—control study

Comparison of BNP and echocardiogram for predicting outcome
Case—control study

Inappropriate reference test (emergency room diagnosis)

Retrospective study of 17 obstetric patients and only two had cardiac dysfunction
Case—control study

Commentary on McDonagh et al., 1998

Case—control study

Correlation study (BNP and echocardiogram)

Correlation study (BNP and hypertension + diastolic dysfunction)
Cost-effectiveness study using data from Galasko et al., 2005®'

Comparison of BNP and NT-proBNP in the same cohort as in Mueller et al., 2005%
Case—control study

Case—control study

Case—control study

All patients had heart failure
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TABLE 64 Studies excluded from the review of BNP and NT-proBNP for heart failure (continued)

Reference

Heidenreich et al., 2004

Hetmanski et al., 2000
Hirata et al., 2001
Huntet al., 1997
Ingelsson et al., 2005
Iwanaga et al., 2006
Januzzi et al., 2006
Jefic et al., 2005
Joung et al., 2003
Kanda et al., 2005
Knudsen et al., 2003
Knudsen et al., 2005
Koulouri et al., 2004
Kragelund et al., 2006
Kupari et al., 2004
Kuster et al., 2002
Lang et al., 1994

Lee et al., 2006
Leuchte et al., 2004
Li et al., 2005

Lim et al., 2005
Linden et al., 2006
Lubien et al., 2002
Luchner et al., 2005a

Luchner et al., 2005b
McClure et al., 1998
McCullough et al., 2003
McDonagh et al., 2004

Maisel et al., 2001
Maisel et al., 2003
Maisel et al., 2004

Maisel et al., 2005
Mak et al., 2004
Maron et al., 2004
Mockel et al., 2005
Mottram et al., 2003
Mottram et al., 2003

Reason for exclusion

Cost-effectiveness study using data from Vasan et al., 2002'7

Provides ROC curves but not 2x2 data

Case—control study

Case—control study

Assessment of the validity of a hospital discharge diagnosis of heart failure
Correlation study (BNP and LVEDP left ventricular end-diastolic wall stress)
Prognostic study for heart failure outcomes

Inappropriate reference test (pulmonary arterial wedge pressure)
Case—control study

Study to determine risk factors for high BNP levels

Subset of Maisel et al., 2002'%

Study to determine risk factors for high BNP levels

Inappropriate population (children)

Inappropriate reference test (coronary atherosclerosis)

Inappropriate reference test (PCWP > 14 mmHg)

Correlation study (BNP with NYHA, LVEDP, LVEF and 6-minute walk test)
Case—control study

Correlation study (NT-proBNP and extracellular water)

Inappropriate reference test (disease severity in primary pulmonary hypertension)
Review article

Comeparison of BNP and diastolic function

Letter

Inappropriate reference test (diastolic heart failure)

Same cohort as in Luchner et al., 2002' (effect of renal dysfunction on BNP and NT-proBNP
levels)

Same cohort as in Luchner et al., 2002'"’
Cannot extract 2x2 data
Subset of Maisel et al., 2002'% (study of incremental increase in clinical diagnosis with BNP)

Pooled analysis of McDonagh et al., 1998,'%> Luchner et al., 2002'"” and Groenning et al.,
2004'%°

Subset of Krishnaswamy et al., 2001 '7¢
Subset of Maisel et al., 2002'*

A trial designed to illustrate relationship between BNP levels, clinical decision-making and
outcomes

Review article

Inappropriate reference test (diastolic heart failure)

BNP levels in patients with hypertrophic cardiomyopathy

Study to determine distributions of BNP in groups, factors influencing BNP and prognosis
Correlation study (BNP and echocardiogram)

Inappropriate reference test (diastolic heart failure)

continued
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Reference

Motwani et al., 1993
Muders et al., 1997
Mueller et al., 2004

Mueller et al., 2005
Mueller et al., 2006
Nakae et al., 2005
Nakamura et al., 2002
Nakamura et al., 2003
Nakamura et al., 2005
Ng et al., 2002

Ng et al., 2004
Nikolaou et al., 2005
Norozi et al., 2005

O’Donoghue et al. 2005

Omland et al., 1996
Omland et al., 2005
Orlowska et al., 2005
Pieralli et al., 2006
Post et al., 2004
Pfister et al., 2004
Puschita et al., 2005
Ray et al., 2005
Redfield et al., 2004
Ribeiro et al., 2006
Richards et al., 1999
Richards et al., 2004
Rutten et al., 2005
Sakhuja et al., 2005
Seino et al., 2004
Shao et al., 2005a
Shao et al., 2005b

Sirithunyamont et al., 2003

Song et al., 2005
Steg et al., 2005
Suzuki et al., 2000
Talwar et al., 2000a
Talwar et al., 2000b
Tang et al., 2003

TABLE 64 Studies excluded from the review of BNP and NT-proBNP for heart failure (continued)

Reason for exclusion

Case—control study
Provides ROC curves but not 2x2 data

Randomised trial of BNP versus standard assessment for time to discharge and cost of
treatment

Inappropriate reference test (any structural cardiac disease)
Cost-effectiveness study based on Mueller et al., 2004’
Correlation study (BNP, echocardiogram and SPECT)
Inappropriate reference test (any cardiac abnormality)
Inappropriate reference test (LVH)

Inappropriate reference test (any heart disease)
Case—control study

Inappropriate index test (urinary BNP)

Inappropriate reference test (myocardial ischaemia)
Case—control study

Levels of BNP and NT-proBNP in systolic and preserved systolic heart failure from PRIDE
data

Provides ROC curves but not 2x2 data

Review article (references checked)

Inappropriate reference test (left ventricular mass)
Inappropriate reference test (right ventricular dysfunction)
Inappropriate reference test (cardiac cause for dyspnoea)
Review article (references checked)

Correlation study (NT-proBNP and heart failure)

Inappropriate reference test (pulmonary oedema)
Inappropriate reference test (preclinical ventricular dysfunction)
Comparison of conventional diagnosis with BNP + ECG strategy
Prognostic study for development of heart failure

Narrative review

Prevalence of unrecognised heart failure in patients with COPD

Substudy of PRIDE study of the diagnostic accuracy of combination of BNP and QRS duration

Case—control study

Correlation study (BNP and echocardiogram)

In Chinese

Case—control study

Inappropriate reference test (NYHA classes [I-1V)

Subset of Maisel et al., 2002'* (only those patients who had an echocardiogram)
Correlation study (BNP and echocardiogram)

Correlation study (BNP and LWMI)

Case—control study

Inappropriate population (all patients had heart failure)
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TABLE 64 Studies excluded from the review of BNP and NT-proBNP for heart failure (continued)

Reference

Tang et al., 2005
Thackray et al., 2006
Tjeerdsma et al., 2002
Troughton et al., 2004
Tschope et al., 2005
Vasan et al., 2002
Waku et al., 2000

Wei et al., 2005

Wei et al., 2005
Wieczorek et al., 2002
Williams et al., 2004
Wau et al., 2004

Wau et al., 2006
Wyer et al., 2006
Yamada et al., 1997
Yuetal., 1996
Zaninotto et al., 2005
Zhao et al., 2006

Reason for exclusion

Case—control study

Inappropriate reference standard (LVEF and NYHA classes II-1V)

Case—control study

Study of determinants of BNP levels in patients with systolic heart failure
Inappropriate reference test (diastolic heart failure)

Retrospective study of only patients with BNP and adequate echocardiogram

Not clear which patients had the reference test

Inappropriate reference test (diastolic heart failure)

Study of differences in BNP levels in heart failure patients with different aetiologies
Case—control study

Correlation study (BNP and echocardiogram with peak VO, and exercise duration)

Study comparing readmissions for heart failure or pulmonary disease before and after BNP
testing introduction

Prognostic study

Commentary on other research

Correlation study (BNP and echocardiogram)
Correlation study (BNP and transmitral flow velocity)
Inappropriate reference test (various cardiac diseases)

Case—control study

AUC, area under the curve; COPD, chronic obstructive pulmonary disease; LVEDP, left ventricular end-diastolic pressure;
LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LVSD, left ventricular systolic dysfunction; LWMI,
left ventricular wall motion index; NYHA, New York Heart Association; PCWP, pulmonary capillary wedge pressure; ROC,
receiver operating characteristic; SPECT, single photon emission computerised tomography.
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Appendix 6

Update of systematic review performed for
the NICE heart failure clinical guideline

Pharmacological therapy

The question updated from the heart failure
guideline® was: What licensed drug therapy can
be used to modify the outcome of heart failure in
terms of quality of life, morbidity and mortality
(including acute decompensation or chronic heart
failure)?

Any studies from September 2002 to 10 November
2006 were considered. Only relevant systematic
reviews, meta-analyses and RCTs with sample sizes
> 30 participants were included. Other inclusion
criteria were:

* relevant drugs — angiotensin receptor blockers
(ARBs), angiotensin-converting enzyme (ACE)
inhibitors, beta-blockers and spironolactone

*  relevant outcomes — hospitalisation/
rehospitalisation, mortality, quality of life and
cost-effectiveness.

Data extraction was carried out for those studies
that met the inclusion criteria. Any studies
considering cost-effectiveness were not subjected to
data extraction but kept aside for future reference.
Furthermore, studies that could be indirectly
related to the model construction were also kept
aside. Table 65 shows the number and types of
studies retrieved for each of the drug groups for
which data is included in the evidence tables.

Overall summary
Angiotensin receptor blockers

Although it was demonstrated that adding an
ARB (namely candesartan) to an ACE inhibitor
was effective in reducing cardiovascular mortality
and morbidity in the CHARM-Added trial, pooled
analysis of four similar trials (including CHARM-
Added) showed that using an ARB alone or an
ARB in conjunction with an ACE inhibitor had no
effect on mortality. This is in line with a previously
reported finding in the heart failure guideline.
There were some benefits of ARB therapy in those
taking an ACE inhibitor without a beta-blocker.
The eftects seen in CHARM-Added were present
regardless of the background dose of ACE inhibitor
therapy.

In CHARM-Alternative it was shown that, if an
individual is intolerant to ACE inhibitor therapy,
candesartan is not only tolerated well but is also
beneficial in reducing heart failure hospitalisation.

In individuals with preserved LVEF (CHARM-
Preserved), candesartan reduced hospitalisation
but had no effect on mortality. On the other
hand, subgroup analysis of patients with low LVEF
demonstrated improvement in both mortality and
hospitalisation rates for those taking candesartan
compared with those taking placebo.

In terms of quality of life, improvement was more
apparent in the candesartan group; however, the

TABLE 65 Numbers and types of studies summarised in the evidence tables

Drug group
ARBs ACE inhibitors Beta-blockers Spironolactone
Systematic reviews/meta- | 0 0 0
analyses
Randomised controlled trials 3 | 4 I
Relevant additional papers (i.e. 4 0 0

post hoc analysis, etc.)

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.
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effects were not substantial (37.7% versus 33.5%
improved in the candesartan and placebo groups
respectively).

Overall, ARBs, especially candesartan (for which
the dosage was titrated up to the maximally
recommended dose of 32mg/day in all of the
studies), have been shown to have a more
prominent benefit in reducing hospitalisation.

Angiotensin-converting

enzyme inhibitors

Only one study was identified, in which use of
quinapril did not result in any improvement

in quality of life; however, the assessment tool
used to detect any changes in this outcome was
questionable.

Beta-blockers

Nebivolol therapy was considered in two RCTs of
which one reported no effects on quality of life.
The same trial reported no effects on mortality
either but marginal improvements in both
mortality and hospitalisation rates were established
in the second trial. This drug, however, is licensed
for use in hypertension and not heart failure.

Of those drugs that are licensed for use in heart
failure, one trial found that carvedilol therapy
resulted in a reduction in combined mortality

and cardiovascular hospitalisation, regardless

of whether administered at a low or high dose.
Another trial found that, in comparison with
metoprolol, carvedilol therapy was associated with
fewer deaths — a finding that was not available in
the earlier systematic review in the heart failure
guideline.

Spironolactone

Only one study with a very small sample size of

30 participants was identified. This reported that
spironolactone had no effect on quality of life. The
earlier systematic review of aldosterone antagonists
did not reveal any studies that considered quality of
life as an outcome measure.

Although eplerenone was not one of the drugs
being specifically considered for the purposes of
this review and is not licensed for use in the UK,

a large RCT was discovered that reported very
favourable results for this drug over placebo. Both
mortality and hospitalisation were significantly
reduced in patients with left ventricular
dysfunction. This trial was mentioned in the
earlier systematic review but the findings were not
available at that time.

Costing studies
Five potentially relevant studies were identified and
have been referenced.
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Evidence tables

Angiotensin receptor blockers

Reviews

Paper

Description

n

Intervention

Outcomes

Results

Comments

Reference

Studies
included

Dimopoulos K, Salukhe T, Coats A, Mayet |, Piepoli M, Francis D. Meta-analyses of mortality and morbidity
effects of an angiotensin receptor blocker in patients with chronic heart failure already receiving an ACE
inhibitor (alone or with a -blocker). Int | Cardiol 2004;93:105-1 1

Meta-analysis

Four RCTs included, in which information was available on combined ARB and ACE inhibitor therapy vs ACE
inhibitor and placebo alone; 40.5% were also on beta-blockers

Age: 63.2 years; male: 79.8%; NYHA class II: 49.3%, class IlI: 48.3%, class IV: 2.3%; LVEF: 25.6%
Interventions considered included three ARBs — losartan, valsartan and candesartan

Outcome measures reported include mortality and combined end point of mortality and morbidity. All
studies had a follow-up duration of at least 6 months

Three separate meta-analyses were performed: (1) all patients (n = 7666), (2) all patients on concomitant
beta-blockers, (3) patients not on concomitant beta-blockers

(1) n=3950 in the combined ARB and ACE inhibitor group, n = 3716 in the no ARB, only ACE inhibitor and
placebo group. Addition of ARB had no significant effect on all-cause mortality. Only slight improvement with
ARB treatment on combined end point was established [overall odds ratio (OR) 0.89; 95% CI1 0.81-0.98]
and no heterogeneity was found with either end point

(2) Of the 3163 patients on beta-blocker therapy, 1569 received ARB and demonstrated a mortality rate of
23.3%. For the 1594 on no ARB the mortality rate was 24.1%. No significant effects were seen between
the two groups for either all-cause mortality or combined end point

(3) In total, 4029 patients were not receiving beta-blocker therapy. Mortality was similar in those on ARB
and those on no ARB. However, combined end point of mortality—morbidity was significantly reduced in
those in the ARB group (overall OR 0.83; 95% CI 0.73-0.94)

Details on the dosages and duration of ARB therapy have not been reported in this review

Relevant data regarding those with/without concomitant beta-blocker therapy was available for only two
RCTs

Only a small number of studies merited inclusion in this review

Briefly states that the fixed-effects model was used in terms of the methodology for pooled analysis. In
instances in which heterogeneity was evident, further analyses using a random-effects model confirmed
initial findings

The authors state that the combined mortality and morbidity end points varied in the studies

Although patients with a variable degree of functional impairment were considered in this review, one of the
larger trials included only those in the more severe range (i.e. NYHA of classes lll-1V)

ARB therapy was beneficial in those taking ACE inhibitor without a beta-blocker
|

Hamroff, 1999; McKelvie, 1999 — the RESOLVD pilot study investigators; Cohn, 2001 — Val-HeFT;
McMurray, 2003 — CHARM-Added
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Experimental studies

Paper

Description

n

Intervention

Outcomes

Results

Comments

Reference

Granger C, McMurray |, Yusuf S, Held B, Michelson E, Olofsson B, et al. Effects of candesartan in patients
with chronic heart failure and reduced left-ventricular systolic function intolerant to angiotensin-converting-
enzyme inhibitors: the CHARM-Alternative trial. Lancet 2003;362:772-6

RCT

n = 2028 (treatment = 1013, control = 1015)

Treatment group: age: 66.3 years; male: 68.2%; ischaemic origin: 69.7%; LVEF: 29.8%; NYHA class II:
48.1%, class lll: 48.4%, class IV: 3.6%

618 centres in 26 countries

Use of candesartan in patients who were intolerant to ACE inhibitors [defined as previous discontinuation
by a physician because of intolerance for a number of reasons primarily including cough (70%), hypotension
(14%) and renal dysfunction (13%)] at doses of up to a target of 32 mg a day for a median duration of
follow-up of 33.7 months vs placebo

Primary end point was cardiovascular death or chronic heart failure-related hospitalisation. Also individual
analysis of each of these two outcomes

Three patients were lost to follow-up, two in the candesartan group and one in the placebo group

In total, 334 (33%) on candesartan vs 406 (40%) on placebo encountered cardiovascular death or
hospitalisation for chronic heart failure [adjusted hazard ratio 0.70 (95% CI 0.60-0.81, p <0.0001)]

In relation to the individual outcomes, 219 (21.6%) and 252 (24.8%) experienced cardiovascular death in
the candesartan and placebo groups, respectively [adjusted hazard ratio 0.80 (95% CIl 0.66-0.96, p = 0.02)],
and 207 (20.4%) vs 286 (28.2%), respectively, experienced hospitalisation [adjusted hazard ratio 0.61 (95%
Cl1 0.51-0.73, p < 0.0001)]

Discontinuation of medication because of any adverse event/abnormal laboratory investigation occurred

in 218 (21.5%) vs 196 (19.3%) in the candesartan and placebo groups respectively. Renal dysfunction,
hyperkalaemia and hypotension were the main reasons for discontinuing, more so for candesartan than for
placebo, and this was more apparent in those presenting with a medical history of such events

A 23% relative risk reduction in cardiovascular mortality or chronic heart failure hospitalisation with
candesartan is reported, and the need to treat |4 patients with candesartan to prevent one patient from
experiencing any of the two outcomes

This study demonstrated that individuals who were intolerant to ACE inhibitors tolerated candesartan well

The need to monitor serum creatinine and potassium levels during candesartan administration is highly
encouraged, especially in those individuals with a history of renal insufficiency and hyperkalaemia

2
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McMurray ), Ostergren |, Swedberg K, Granger C, Held P, Michelson E, et al. Effects of candesartan
in patients with chronic heart failure and reduced left-ventricular systolic function taking angiotensin-
converting-enzyme inhibitors: the CHARM-Added trial. Lancet 2003;362:767-7 |

RCT

n = 2548 (treatment = 1276, control = 1272)

Treatment group: age: 64.0 years; male: 78.8%; ischaemic origin: 62.2%; LVEF: 28.0%; NYHA class II:
24.5%, class Ill: 73.0%, class IV: 2.6%

618 centres in 26 countries

Use of candesartan in patients who were already being treated with ACE inhibitors. The dose of candesartan
was up to a target 32mg a day for a median duration of follow-up of 4| months vs placebo

Primary end point was cardiovascular death or chronic heart failure-related hospitalisation. Also individual
analysis of each of these two outcomes

Four patients were lost to follow-up, three in the candesartan group and one in the placebo group

In total, 483 (37.9%) on candesartan vs 538 (42.3%) on placebo encountered cardiovascular death or
hospitalisation for chronic heart failure [adjusted hazard ratio 0.85 (95% CI 0.75-0.96, p <0.01)]

In relation to the individual outcomes, 302 (23.7%) and 347 (27.3%) experienced cardiovascular death
in the candesartan and placebo groups, respectively [adjusted hazard ratio 0.83 (95% CI10.71-0.97,
p=0.021)], and 309 (24.2%) vs 356 (28.0%), respectively, experienced hospitalisation [adjusted hazard
ratio 0.83 (95% Cl 0.71-0.97, p = 0.018)]

Whether or not the patients were receiving beta-blockers in addition to ACE inhibitor made no difference to
the degree of benefit achieved with candesartan. Furthermore, treatment had a similar effect in those taking
higher or lower doses of ACE inhibitor

Discontinuation of medication because of any adverse event/abnormal laboratory investigation occurred

in 309 (24.2%) vs 233 (18.3%) of the candesartan and placebo groups respectively. A twofold increase in
creatinine level from baseline in the candesartan group compared with the placebo group was responsible
for treatment discontinuation. Hypotension and hyperkalaemia were other reasons for discontinuation in
both groups with the latter adverse event being more evident in those administered candesartan

The need to treat 23 patients to prevent one first occurrence of either cardiovascular death or
hospitalisation for chronic heart failure is reported, as well as a | 5% relative risk reduction in cardiovascular
mortality

The addition of candesartan to ACE inhibitors was shown to be beneficial in the reduction of cardiovascular
mortality and morbidity

The majority of the patients were at the moderate stage of heart failure (NYHA class Ill)

3
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McMurray J, Young J, Dunlap M, Granger C, Hainer |, Michelson E, et al. Relationship of dose of background
angiotensin-converting enzyme inhibitor to the benefits of candesartan on the Candesartan in Heart failure:
Assessment of Reduction in Mortality and morbidity (CHARM)-Added trial. Am Heart | 2006;151:985-91

Post hoc subgroup analysis of patients in CHARM-Added trial

n =529 on ‘maximum dose’ vs n =2019 on ‘not maximum dose’ of background ACE inhibitor

Maximum dose group: age: 64 years; male: 81%; ischaemic origin: 56%; LVEF: 30%; NYHA class II: 22%,
class Ill: 76%, class IV: 2.5%

Not maximum dose group: age: 64 years; male: 78%; ischaemic origin: 64%; LVEF: 30%; NYHA class II:
25%, class Ill: 72%, class IV: 3.2%

As in CHARM-Added
As in CHARM-Added

Candesartan effects on cardiovascular mortality and hospitalisation were not modified in relation to the
background ACE inhibitor dose: maximum dose hazard ratio for mortality was 0.76 (95% CI 0.54—1.08) vs
0.86 (95% Cl 0.73-1.03) for not maximum dose. Maximum dose hazard ratio for hospitalisation was 0.70
(95% C10.51-0.96) vs 0.87 (95% CI 0.73—1.03) for not maximum dose

Rates of discontinuation of candesartan and placebo in those receiving maximum dose ACE inhibitor
were 7.4% vs 8.1%, respectively, because of creatinine increase; 4.5% vs 3.1%, respectively, because of
hypotension; and 4.1% vs 1.5%, respectively, because of hyperkalaemia

This post hoc analysis considered the effects of an ARB when added to either a maximum dose of ACE
inhibitor or not a maximum dose of ACE inhibitor

In total, 80% of the ACE inhibitors used were enalapril, lisinopril, captopril, ramipril and trandopril

Beneficial effects with candesartan were achieved in patients taking both a high and a low dose of ACE
inhibitor

4
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Yusuf S, Pfeffer M, Swedberg K, Granger C, Held P McMurray |, et al. Effects of candesartan in patients
with chronic heart failure and preserved left-ventricular ejection fraction: the CHARM-Preserved trial.
Lancet 2003;362:777-81

RCT

n=3023 (treatment = | 514, control = 1509)

Treatment group: age: 67.2 years, male: 60.8%, ischaemic origin: 56.4%, LVEF: 54.0%; NYHA class II:
61.5%, class Ill: 36.7%, class IV: 1.8%

618 centres in 26 countries

Use of candesartan in patients who had preserved LVEF. The dose of candesartan was up to a target 32 mg
a day for a median duration of follow-up of 36.6 months vs placebo

Primary end point was cardiovascular death or chronic heart failure-related hospitalisation. Also individual
analysis of each of these two outcomes

Three patients were lost to follow-up, two in the candesartan group and one in the placebo group

In total, 333 (22.0%) on candesartan vs 366 (24.3%) on placebo encountered cardiovascular death or
hospitalisation for chronic heart failure [adjusted hazard ratio 0.86 (95% CIl 0.74-1.00, p = 0.051)]

In relation to the individual outcomes, 170 (11.2%) and 170 (I 1.3%) experienced cardiovascular death
in the candesartan and placebo groups, respectively [adjusted hazard ratio 0.95 (95% CI1 0.76-1.18,
p=0.635)], and 241 (15.9%) vs 276 (18.3%), respectively, experienced hospitalisation [adjusted hazard
ratio 0.84 (95% Cl 0.70-1.00, p = 0.047)]

Discontinuation of medication because of any adverse event/abnormal laboratory investigation occurred in
270 (17.8%) vs 204 (13.5%) in the candesartan and placebo groups respectively

More patients in the candesartan than placebo group had raised creatinine (4.8% vs 2.4%, respectively)
and potassium (1.5% vs 0.6%, respectively) levels. Hypotension was more apparent in the candesartan
(2.4%) than placebo (1.1%) group

A 14% relative risk reduction is reported

The main benefit of candesartan in this trial was on hospital admissions; mortality rates were similar in both
groups

All patients had an LVEF >40%

Although physicians were responsible for diagnosing heart failure at entry to the trial, it was noted that

this study included more women, patients were older and two-thirds of patients had been previously
hospitalised for heart failure and so probably had heart failure

5
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Pfeffer M, Swedberg K, Granger C, Held P, McMurray |, Michelson E, et al. Effects of candesartan on
mortality and morbidity in patients with chronic heart failure: the CHARM-Overall programme. Lancet
2003;362:759-66

Combined overall analysis of the three CHARM trials

n = 7599 (treatment = 3803, control = 3796)

Treatment group: age: 65.9 years; male: 68.8%; LVEF: 38.8%; NYHA class II: 45.5%, class Ill: 52.0%,
class IV: 2.5%

618 centres in 26 countries

Candesartan was administered up to a target dose of 32 mg a day for a median duration of follow-up of
37.7 months vs placebo

Primary end point was cardiovascular death or chronic heart failure-related hospitalisation. Also
individual analysis of each of these two outcomes

Altogether 10 patients were lost to follow-up, seven from the candesartan group and three from the
placebo group

In total, 1150 (30.2%) on candesartan vs 1310 (34.5%) on placebo encountered cardiovascular death or
hospitalisation for chronic heart failure [adjusted hazard ratio 0.82 (95% CI 0.75-0.88, p <0.0001)]

In relation to the individual outcomes, 691 (18.2%) and 769 (20.3%) experienced cardiovascular death
in the candesartan and placebo groups, respectively [adjusted hazard ratio 0.87 (95% CI 0.78-0.96,

p =0.006)], and 757 (19.9%) vs 918 (24.2%), respectively, experienced hospitalisation [adjusted hazard
ratio 0.77 (95% CI 0.70-0.84, p < 0.0001)]

Discontinuation because of any adverse event/abnormal laboratory investigation was more prominent

in the candesartan group — 797 (21.0%) vs 633 (16.7%) for the candesartan and placebo groups
respectively. The occurrence of hypotension, hyperkalaemia and increased creatinine values resulted in a
greater discontinuation rate in the candesartan group

Candesartan effectiveness was similar in patients with LVEF of > or <40%
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Young |, Dunlap M, Pfeffer M, Probstfield ], Cohen-Solal A, Dietz R, et al. Mortality and morbidity
reduction with candesartan in patients with chronic heart failure and left ventricular systolic dysfunction:
results of the CHARM low-left ventricular ejection fraction trials. Circulation 2004;110:2618-26

Pooled analysis of two RCTs — CHARM-Added and CHARM-Alternative

n =4576 (treatment = 2289, control = 2287)

Treatment group: age: 65.1 years; male: 74.1%; LVEF: 29%; NYHA class II: 34.9%, class Ill: 62.1%, class
IV: 3.0%

618 centres in 26 countries

Candesartan was administered up to a target dose of 32 mg a day for a median duration of follow-up of 40
months vs placebo

Primary end point was cardiovascular death or chronic heart failure-related hospitalisation. Also individual
analysis of each of these two outcomes

Seven patients were lost to follow-up, five in the candesartan group and two in the placebo group
In total, 817 (35.7%) on candesartan vs 944 (41.3%) on placebo encountered cardiovascular death or
hospitalisation for chronic heart failure [adjusted hazard ratio 0.82 (95% CIl 0.74-0.90, p < 0.001)]

In relation to the individual outcomes, 521 (22.8%) and 599 (26.2%) experienced cardiovascular death
in the candesartan and placebo groups, respectively [adjusted hazard ratio 0.84 (95% CI 0.75-0.95,
p=0.005)], and 516 (22.5%) vs 642 (28.1%), respectively, experienced hospitalisation [adjusted hazard
ratio 0.76 (95% Cl 0.68-0.85, p < 0.001)]

An adverse event or laboratory abnormality resulted in medication discontinuation in 528 (23.1%) in the
candesartan group and 429 (18.8%) on placebo. Creatinine increase in 7.1% vs 3.5%, hypotension in
4.2% vs 2.1% and hyperkalaemia in 2.8% vs 0.5% were other causes of study medication discontinuation
in the candesartan vs placebo groups respectively

Candesartan therapy proved beneficial regardless of whether patients were on an ACE inhibitor or not
All patients had a mean LVEF < 40%
In total, 44% of the patients were not taking an ACE inhibitor

7
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O’Meara E, Lewis E, Granger C, Dunlap M, McKelvie R, Probstfield ], et al. Patient perception of the effect
of treatment with candesartan in heart failure. Results of the Candesartan in Heart failure: Assessment of
Reduction in Mortality and morbidity (CHARM) programme. Eur | Heart Fail 2005;7:650-6

Secondary analysis of patients in the CHARM programme

n=2498
Age: 65.4 years; male: 66.8%; LVEF: 0.40; NYHA class II: 37.1%, class Ill: 60.8%, class IV: 2.0%

Candesartan was administered up to a target dose of 32 mg vs placebo

Quality of life: the McMaster Overall Treatment Evaluation (OTE) questionnaire was a secondary outcome
measure in CHARM-Overall. On this, patients rated the perceived effect of treatment in terms of
improvement in symptomatic well-being and functional capacity

479 patients had died by the end of the study

Scores on the OTE questionnaire for overall symptom improvement were more favourable for the
patients in the candesartan group (37.7%) than for the patients in the placebo group (33.5%)

Deterioration in OTE score was reported in 10.8% vs 12.0% on candesartan and placebo respectively

The OTE score remained unchanged in 51.4% in the candesartan group and 54.4% in the placebo group

Only those patients in the trial from Canada and the USA (33% of the overall CHARM patients) completed
the questionnaire

A single subjective outcome measure is used

8
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Zi M, Carmichael N, Lye M. The effect of quinapril on functional status of elderly patients with diastolic heart
failure. Cardiovasc Drugs Ther 2003;17:133-9

RCT

n =74 (treatment = 36, control = 38)

Treatment group: age: 77 years; male: 38.9%; LVEF: > 40%; NYHA class I: 5.5%, class II: 77.8%, class IlI:
16.7%

Quinapril was titrated up to a target dose of 40 mg a day vs placebo for a period of 6 months
Quality of life was assessed by the McMaster quality of life (QolL) questionnaire

There were no significant differences in the QoL scores for either group when compared with baseline
scores

The number of adverse events did not differ between groups, although there was a non-significant tendency
for the quinapril group patients to have a lesser chance of worsened heart failure or being hospitalised

This study has a small sample size

The authors report that the QoL questionnaire utilised in this study may not have been sensitive enough for
detecting drug-related changes in QoL

9

Edes |, Gasior Z, Wita K. Effects of nebivolol on left ventricular function in elderly patients with chronic heart
failure: results of the ENECA study. Eur | Heart Fail 2005;7:631-9

RCT

n =260 (treatment = |34, control = 126)

Treatment group: age: 72 years; male: 70.2%; LVEF: 25.4%; NYHA class II: 52.2%, class Ill: 45.5%, class IV:
2.2%

Nebivolol was titrated up to a maximum possible dose of 10mg a day vs placebo for a period of 8 months

The Minnesota Living with Heart Failure questionnaire was used to assess quality of life
Documented hospital visits determined the hospitalisation rate
Mortality rate

The total score on the quality of life questionnaire decreased by 9.13% vs |1.01% for the nebivolol and
placebo groups respectively (p = 0.34)

1535 hospitalisations were recorded for those in the nebivolol group and 1411 for those in the placebo
group
The mortality rate was identical — seven patients died from each group

Kaplan—Meier analysis revealed non-significant survival rates of 67.47% in the nebivolol group and 62.89% in
the placebo group

In total, 81 (60.45%) patients in the nebivolol group and 78 (61.9%) in the placebo group experienced at
least one adverse event; there was no significant difference in safety parameters between the two groups

Nebivolol was well tolerated and reported to have a similar effect to other beta-blockers (metoprolol and
carvedilol) considered in previous trials

10
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Flather M, Shibata M, Coats A, Van Veldhuisen D, Parkhomenko A, Borbola ] et al. Randomised trial to
determine the effect of nebivolol on mortality and cardiovascular hospital admission in elderly patients with
heart failure (SENIORS). Eur Heart | 2005;26:215-25

RCT

n =2128 (treatment = 1067, control = 1061)

Treatment group: age: 76.1 years; male: 61.6%; LVEF: 36%; NYHA class I: 3.0%, class Il: 56.5%, class llI:
38.7%, class IV: 1.8%

Patients were enrolled from | | different countries
Nebivolol was titrated up to a target dose of 10mg a day vs placebo for a maximum period of 16 weeks

Combined all-cause mortality or cardiovascular hospitalisation was used as the primary measure to
determine the effect of treatment on quality of life and risk of death. Mortality and hospitalisation were also
considered separately as secondary outcomes

In total, 31.1% in the nebivolol group vs 35.3% in the placebo group experienced the primary outcome
[adjusted hazard ratio 0.86 (95% Cl 0.74-0.99, p = 0.039)]

An absolute risk reduction of 4.2% suggested the need to treat 24 patients for 2| months to avoid one
event

In relation to the secondary outcomes, all-cause mortality occurred in 15.8% vs 18.1%, cardiovascular
mortality in 11.5% vs 13.7%, cardiovascular hospitalisation in 24% vs 26% and all-cause hospitalisation in
33.6% vs 34.3% in the nebivolol vs placebo groups respectively

The only differences between the two groups with regards to adverse events were more reports of
bradycardia and decreased occurrence of angina pectoris and unstable angina in the nebivolol group

Treatment discontinuation rates were similar in both groups

This trial was performed in patients with heart failure aged > 70 years, regardless of ejection fraction, and
demonstrated that beta-blockers are of benefit in the elderly

Beneficial effects of nebivolol were seen after 6 months of treatment with continual treatment resulting in
increased risk reduction
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Hori M, Sasayama S, Kitabatake A, Toyo-oka T, Handa S, Yokoyama M, et al. Low-dose carvedilol improves
left ventricular function and reduces cardiovascular hospitalisation in Japanese patients with chronic

heart failure: the Multicenter Carvedilol Heart Failure Dose Assessment (MUCHA) trial. Am Heart |
2004;147:324-30

RCT

n =173 (treatment low dose =47, high dose = 77, control = 49)
Low-dose treatment group: age: 59 years; male: 77%; LVEF: 30%; NYHA class II: 81%, class IlI: 19%
High-dose treatment group: age: 60 years; male: 74%; LVEF: 30%; NYHA class II: 75%, class Ill: 25%

Low-dose carvedilol (5mg) vs high-dose carvedilol (20 mg) for a maintenance therapy phase of 24-48 weeks
vs placebo

Combined all-cause mortality or cardiovascular-related hospitalisation, cardiovascular hospitalisation and
hospitalisation for worsening of heart failure were all relevant secondary outcome measures

The death or cardiovascular hospitalisation rate was significantly lower in both the low- and high-dose
carvedilol groups than in the placebo group. A 71% risk reduction was reported in the low-dose group and
an 80% risk reduction in the high-dose group

Risk reduction rates for cardiovascular hospitalisation were 86% and 85% for the low- and high-dose
groups, respectively, as compared with placebo including worsening of heart failure-related hospitalisation
risk reduction rates of 91% for the low-dose and 88% for the high-dose groups

There were no significant differences in adverse events between the three groups

Dose-related improvements with carvedilol were established
Improvement with the low dose was almost at the level of that achieved with the high dose

The results of this study may be specific to a Japanese population as a similar study in the USA identified a
recommended carvedilol dose of 12.5-50mg a day rather than 5-20 mg as suggested in the present study

12
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Poole-Wilson P, Swedberg K, Cleland ], Di Lenarda A, Hanrath P Komajda M, et al. Comparison of carvedilol
and metoprolol on clinical outcomes in patients with chronic heart failure in the Carvedilol or Metoprolol
European Trial (COMET): randomised controlled trial. Lancet 2003;362:7—13

RCT

n = 3029 (carvedilol = 151 |, metoprolol = 1518)

Carvedilol group: age: 61.6 years; male: 79%; ischaemic origin: 51%; LVEF: 0.26; NYHA class II: 48%, class
1l: 48%, class IV: 3%

Metoprolol group: age: 62.3 years; male: 80%; ischaemic origin: 54%; LVEF: 0.26; NYHA class II: 49%;
class lll: 47%, class IV: 4%

Patients were enrolled from 34| centres in |5 European countries

Carvedilol was administered up to a target dose of 25 mg twice a day vs metoprolol up to a target dose of
50mg twice a day. The study duration was for an average of 58 (SD 6) months

All-cause mortality was the primary outcome measure. Combined all-cause mortality or all-cause
hospitalisation was the secondary outcome measure

In total, five patients were lost to follow-up from both groups and 28 withdrew consent; however, analysis
was conducted on an intention to treat basis

In relation to all-cause mortality the results were in favour of carvedilol with 512 (34%) deaths in this
group and 600 (40%) in the metoprolol group [hazard ratio 0.83 (95% Cl 0.74-0.93, p = 0.002)]. In total,
438 (29%) and 534 (35%) deaths were cardiovascular related in the carvedilol and metoprolol groups
respectively [hazard ratio 0.80 (95% Cl 0.70-0.90, p = 0.0004)]

The secondary end point was experienced at a similar rate in both groups — | | 16 (74%) patients in the
carvedilol group and 1160 (76%) in the metoprolol group. For this, the hazard ratio for hospitalisation was
0.97 (95% CI1 0.89-1.05, p = 0.45)

Treatment discontinuation rates were similar in both the carvedilol (32%) and metoprolol (32%) groups

In total, 94% of patients experienced at least one adverse event in the carvedilol group and 96% in the
metoprolol group. Beta-blocker-related adverse events of bradycardia and hypotension occurred at a
similar rate in both groups

The yearly mortality rates were 8.3% and 10.0% for the carvedilol and metoprolol groups respectively
Carvedilol has been shown to be more beneficial than metoprolol

13
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Spironolactone

Paper Agostoni P Magini A, Andreini D, Contini M, Apostolo A, Bussotti M, et al. Spironolactone improves lung
diffusion in chronic heart failure. Eur Heart | 2005;26:159-64

Description RCT

n n =30 (treatment = |5, control = 15)
Treatment group: age: 60.3 years; male: 66.7%; LVEF: 40%

Intervention Spironolactone 25mg a day was administered vs placebo and the total follow-up period was 6 months

Outcomes The Minnesota quality of life questionnaire was used to assess quality of life

Results Quality of life was not significantly affected by spironolactone intervention

Comments Inclusion criteria specified that only those patients within NYHA classes Il and lll were eligible for this study,
although the number falling into each range is not mentioned
A very small sample size is used

Reference 14

Eplerenone

Paper Pitt B, Remme W, Zannad F, Neaton |, Martinez F, Roniker B, et al. Eplerenone, a selective aldosterone
blocker, in patients with left ventricular dysfunction after myocardial infarction. N Engl | Med 2003;348:1309—
21

Description RCT

n n= 6642 (treatment = 3319, control = 3313)
Treatment group: age: 64 years; male: 72%; LVEF: 33%
Patients were enrolled from 674 centres in 37 countries

Intervention Eplerenone increased up to a maximum dose of 50 mg a day was administered vs placebo and the mean
duration of follow-up was |6 months (range 0-33 months)

Outcomes All-cause mortality and cardiovascular-related mortality or hospitalisations were the primary outcomes
All-cause mortality or any-cause hospitalisation was also analysed as a secondary outcome

Results All-cause mortality occurred in 478 (14.4%) patients in the eplerenone group and 554 (16.7%) in the
placebo group [0.85 relative risk reduction was reported (95% Cl 0.75-0.96, p = 0.008)]
Cardiovascular-related mortality or hospitalisation occurred in 885 (26.7%) in the eplerenone group and 993
(30.0%) in the placebo group [relative risk reduction 0.87 (95% Cl 0.79-0.95, p = 0.002)]
In total, 1730 and 1829 patients experienced the secondary outcome in the eplerenone and placebo groups
respectively [relative risk reduction 0.92 (95% CI 0.86-0.98)]
An estimated number of the need to treat of 50 patients to prevent one death per year and of 33 patients to
prevent one cardiovascular related death or hospitalisation per year is reported

Comments Left ventricular dysfunction determined by a LVEF of < 40% and documented heart failure formed some of
the inclusion criteria
From each group, 90% showed symptoms of heart failure, and 14% in the treatment group and 15% in the
placebo group had a medical history of heart failure
The trial was designed to continue until 1012 deaths had occurred

Reference 15
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Packer M; the COPERNICUS Study Group. Carvedilol
reduces the costs of medical care in severe heart failure:
an economic analysis of the COPERNICUS study applied
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economical evaluations
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Rehabilitation and

exercise training

The question updated from the heart failure
guideline® was: What is the evidence for
recommending rehabilitation and/or a period of
exercise training for patients with chronic heart
failure?

Any relevant studies from September 2002 to 19
November 2006 were searched. In total, nine RCTs
met the inclusion criteria (same population and
outcome measures as for the drugs therapy search)
for this review; however, as the majority of them
consisted of very small sample sizes (i.e. 30-46
participants in six studies) it was decided that an
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TABLE 66 Number of relevant papers summarised in the
evidence tables

Systematic reviews/meta-analysis 3
RCTs 3

arbitrary cut-off of = 50 participants would be the
most appropriate way forward for practical reasons
and for the purposes of obtaining meaningful data
for model construction. Table 66 shows the number
of relevant papers for which data extraction was
completed.

Overall summary

Since the previous findings on exercise and
rehabilitation effectiveness were reported in the
heart failure guideline, newer systematic review
and meta-analysis evidence has emerged that
reports on mortality rates. This evidence indicates
that there has been only one study reporting
reduced mortality, over a long-term period of 3.3
years. In the two new papers identified there were
discrepancies in some of the included studies, as
was the case with the results — those included in the
systematic review showed that exercise training had
no effect on mortality, whereas those pooled in the
meta-analysis demonstrated lower mortality with
exercise training over the control. Only one recent
study was identified that considered this outcome,
which reported that exercise training had no effect
on mortality.

On the whole, the evidence suggests that, in
patients with heart failure, exercise training can
be extremely beneficial for improving quality of
life. This point is reinforced by the fact that, in
nearly all of the studies reviewed, quality of life
improved in those undergoing exercise training
but remained the same in those not exposed to
this intervention. All studies included within the
reviews were conducted either during or before
2002 and so it is unsurprising that similar results
were previously reported in the heart failure
guideline. Furthermore, pooled analyses of several
trials showed that exercise training can be useful in
lowering the incidence of hospital admissions.
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Reviews
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Qutcomes

Results

Comments

Reference

Studies included

Rees K, Taylor R, Singh S, Coats A, Ebrahim S. Exercise based rehabilitation for heart failure. Cochrane
Database Syst Rev 2004;3:CD00333 |

Systematic review

29 RCTs included on exercise-based interventions
n = 1126 altogether; all patients were within NYHA classes Il and Il and had a LVEF of < 40%
Mean age range: 51-77 years; with the exception of two studies, all other studies mostly recruited men

Aerobic intervention was considered in 23 studies and resistance training of peripheral muscle groups in six
studies

Outcome measures included all-cause mortality, hospital admissions/rehospitalisation and validated
measures of health-related quality of life. Mean follow-up duration was 20 (SD 14) weeks (range 4-60
weeks); only one study had 3.3 years of follow-up

The one study (n = 99) with 3.3 years of follow-up demonstrated a significant reduction in cardiac
mortality [odds ratio (OR) 0.32 (95% CI 0.13-0.8)] and rehospitalisations for heart failure [OR 0.28 (95%
C10.09-0.85)]

Mortality was reported as the reason for ‘dropouts’ in eight studies; these deaths were not related to the
study intervention. Pooled analysis of the data from these studies showed that there was no significant
difference between intervention and control groups in terms of all-cause mortality

Quality of life was reported as an outcome in nine studies; seven reported improvement with intervention
compared with control. Four out of five studies that utilised the Minnesota Living with Heart Failure
questionnaire found significant short-term improvements in the intervention group; of these five studies,
one also showed that the beneficial effects of the intervention were maintained at 12 months of follow-up

‘Usual medical care’ or an ‘attention placebo’ formed the control group

In total, 23 of the studies were of a parallel group design and six were crossover trials. With crossover
designs only the data from the first arm of the study was used, unless combined data from the two arms
was presented, in which case these were included as long as there were no reports of carryover effects or
there was a washout period

Authors have mentioned that included studies were largely of small sample size and poor methodology.
Furthermore, the findings of this review can be applied only to those with stable chronic heart failure

It appears that not many women were recruited into such exercise-based interventional programmes
Only studies up to the year 2001 were searched

Belardinelli, 1992; Belardinelli, 1995; Belardinelli, 1999; Cider, 1997; Coats, 1990; Coats, 1992; Dubach et
al.; Gottlieb, 1999; Hambrecht, 1995; Hambrecht, 1998; Hambrecht, 2000; Jette, 1991; Keteyian, 1996;
Kiilavuori, 1996; Maiorana, 2000; Meyer, 1996; Oka, 2000; Owen, 2000; Parnell, 2002; Ponikowski, 1997;
Pu, 2001; Quittan, 1999; Teo, 1995, EXERT; Tyni-Lenne, 1997; Tyni-Lenne, 2001; Tyni-Lenne/Gordon,
1996; Wielenga, 1998; Wielenga, 1999, CHANGE; Willenheimer, 1998
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Paper

Description

Results/
comments

Reference

Paper

Description

n

Intervention

Outcomes

Results

Comments
Reference

Studies included

Smart N, Marwick T. Exercise training for patients with heart failure: a systematic review of factors that
improve mortality and morbidity. Am | Med 2004;116:693-706

Systematic review

This systematic review also reports on mortality rates following exercise training in heart failure patients.
The studies included within this review are very similar to those already included in the Cochrane
systematic review (Rees et al., 2004) for which data extraction has been completed. The main difference
between the reviews is that this review considers all study designs whereas Rees et al. considers only
RCTs. As with Rees et dl., this review also reported that there were no deaths directly related to the
intervention. In the RCTs (n = 30 trials) the mortality rates were 4.2% and 7.1% for the exercise and
control groups respectively. Death during the activity or follow-up period was associated with an odds
ratio of 0.71 (95% Cl 0.37-1.02, p = 0.06) for exercise vs control patients

2

Piepoli M, Davos C, Francis D, Coats A, ExXTraMATCH Collaborative. Exercise training meta-analysis of
trials in patients with chronic heart failure (ExTraMATCH). BMJ 2004;328: 189

Meta-analysis

Nine RCTs were included in which patients had undergone at least 8 weeks of exercise training and for
which individual patient follow-up data on survival for at least 3 months were available

n =801l (exercise training = 395, control = 406)

Exercise group: age: 60.5 years; male: 88.4%; mean NYHA class: 2.6; LVEF: 27.9%

Exercise training programme

All-cause mortality was the primary outcome. Mortality or first hospitalisation was the secondary end
point

88 (22%) deaths vs 105 (26%) deaths were reported in the exercise and control groups, respectively,
and so there was a significantly lower mortality rate in the exercise group (log-rank y?>=15.9, p =0.015);
hazard ratio for mortality = 0.65 (95% CI 0.46-0.92). The need to treat | 7 patients to prevent one
death in 2 years is reported

The incidence of hospital admissions was also significantly lower in the exercise group, with 127
experiencing the secondary end point in the exercise group and 173 in the control group (log-rank
x?=6.4, p =0.011); hazard ratio for combined end point = 0.72 (95% CI 0.56-0.93)

3

Belardinelli, 1999; Dubach, 1997; Giannuzzi, 1997; Hambrecht, 1995; Kiilavuori, 2000; McKelvie, 2002;
Zanelli, 1997; Wielenga, 1999; Willenheimer, 1998
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Results

Comments
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Austin ], Williams R, Ross L, Moseley L, Hutchison S. Randomised controlled trial of cardiac
rehabilitation in elderly patients with heart failure. Eur | Heart Fail 2005;7:411-17

RCT

n =200 (exercise = 100, control = 100)

Exercise group: age: 71.9 years; male: 44%; 15% had LVEF of < 40-35%, 49% LVEF < 35-30%, 36%
LVEF < 30%; NYHA class ll: 56%, class Ill: 44%

The exercise training group underwent an 8-week cardiac rehabilitation programme in which patients
were required to attend two 2.5-hour classes weekly. Patients then went on to a | 6-week community-
based exercise regimen, which involved | -hour weekly sessions. Aerobic, low resistance and high
repetitive muscular strength training made up the exercise programme

Health-related quality of life was assessed by the Minnesota Living with Heart Failure and EuroQol
questionnaires

Hospital admissions and mortality, although not included as outcome measures, were also recorded

Scores on both of the quality of life instruments were significantly better at 24 weeks than at baseline
for the experimental group compared with the control group

Total hospital admissions were significantly fewer in the experimental group (10.6%) than in the control
group (20.2%) (p <0.01)

The mortality rate was similar in both groups

Beneficial effects of exercise training were seen as early as 8 weeks when the patients were undergoing
the most intense phase of the programme

The authors suggest that the increased contact of patients with the rehabilitation team may have been
responsible for the improved quality of life and lower incidence of hospitalisation in the exercise group
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n
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Results
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Reference

Giannuzzi P, Temporelli B Corra U, Tavazzi L. Antiremodeling effect of long-term exercise training in
patients with stable chronic heart failure: results of the Exercise in Left Ventricular Dysfunction and
Chronic Heart Failure (ELVD-CHF) trial. Circulation 2003;108:554-9

RCT

n =90 (exercise = 45, control = 45)

Exercise group: age: 60 years; patients were ‘predominantly male’; LVEF: 25%; NYHA class II: 62%,
class lll: 38%

Patients were enrolled from |15 unselected cardiac rehabilitation centres throughout Italy

Those in the exercise training group underwent 30 minutes of bicycle training 3—5 times a week for an
overall period of 6 months. Additionally, patients were advised to take > 30 minutes of brisk walks daily
and undertake intermittent 30 minutes of callisthenics as part of their home-based programme

Modified 6-point Likert symptom questionnaires were used to assess quality of life. These considered
symptoms relating to breathlessness, tiredness, chest pain, daily activity and emotional status

The perceived symptoms score on the quality of life questionnaires significantly improved from a mean
of 13.4 at baseline to 10.9 at 6 months’ follow-up in the exercise training group (p < 0.05). This score
remained unchanged in the control group

There was one sudden cardiac death in the control group but none in the exercise training group

Two patients in the exercise training group were admitted to hospital because of temporarily worsening
dyspnoea and congestion at 3 and 4 months into the study, compared with one patient in the control

group

The exercise training programme in this study was considered as moderately intensive

Not much detail has been provided about the quality of life outcome measures and so it is uncertain
whether these were validated assessment tools

5

Passino C, Severino S, Poletti R, Piepoli M, Mammini C, Clerico A, et al. Aerobic training decreases
B-type natriuretic peptide expression and adrenergic activation in patients with heart failure. /| Am Coll
Cardiol 2006;47:1835-9

RCT

n =85 (exercise = 44, control = 41)

Exercise group: age: 60 years; male: 89%; LVEF: 35.3%; NYHA class I: 13.6%, class Il: 63.6%, class IlI:
22.7%

The exercise group underwent a 9-month home-based physical training programme, which included
cycling on a bike for at least three times a week for 30 minutes each time

The Minnesota Living with Heart Failure questionnaire was used to assess quality of life at baseline and
on completion of the study

The quality of life score significantly improved in the exercise group from a mean of 54 at baseline to 32
at 9 months’ follow-up (p <0.01), but patients in the control group showed no change

Initially, 95 patients were recruited for this study, of whom 85 completed and were included in the
analysis

6
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Overall summary

All of the evidence gathered in this update revealed
similar findings to those reported previously in the
heart failure guideline.

Studies on both nurse-led and overall
multidisciplinary care interventions suggested
that there was no real benefit of either approach
on mortality rates unless specialised follow-up or
discharge planning was incorporated within the
care programme.

Not many studies looked into quality of life as a
primary outcome. In general, this outcome was

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

improved, but more studies are needed to establish
any definite effects.

There was a vast amount of evidence indicating
that both nurse-led and overall multidisciplinary
care approaches reduce the incidence of
hospitalisation. It should, however, be noted that
any improvements in this outcome were largely
apparent during the intervention period and any
effects were generally absent post intervention.

The evidence tended to indicate that these
interventions were cost-effective.
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200

Phillips C, Singa R, Rubin H, Jaarsma T. Complexity of programme and clinical outcomes of heart failure
disease management incorporating specialist nurse-led heart failure clinics. A meta-regression analysis. Eur |
Heart Fail 2005;7:333-41

Meta-analysis

Six RCTs were included
n = 949 [intervention = 464, usual care (control) = 485]
Pooled data: age:73 years; male:58%; LVEF: 34%; NYHA class Il: < 5%, class Ill: 70%, class IV: 25%

Specialist nurse-led heart failure clinics; the programmes largely consisted of the following across trials —
chronic heart failure education for patients and carers to enhance self-care, medication review, counselling,
telephone contact, a home visit, follow-up at nurse-led heart failure clinic and discharge planning

The average follow-up period was 8.5 months

Relevant outcomes included rehospitalisation, mortality, combined end point of mortality and hospitalisation,
heart failure hospitalisation, number of hospital days utilised per patient during follow-up, quality of life and
medical costs

Overall relative risk for rehospitalisation was 0.91 (95% CI 0.72-1.16) for intervention vs usual care. The
point estimate for rehospitalisation was 1.00 (0.86—1.17) for programmes with fewer components (i.e.
without any hospital discharge planning) vs 0.30 (0.04-2.60) for programmes with more components (i.e.
containing discharge planning). These values were 0.65 (0.43—1.00) vs 0.09 (0.10-0.65) for heart failure
hospitalisation and 0.09 (=1.17 to 1.34) vs —0.26 (—0.49 to —0.02) for the number of hospital days utilised, for
fewer vs more component programmes respectively

The overall relative risk for mortality was 0.80 (0.57—1.13). The estimates were 0.75 (0.55-1.03) for fewer
component programmes vs 0.96 (0.63—1.47) for more component programmes

Results for the combined mortality and hospitalisation end point were 0.91 (0.80-1.03) for fewer
component programmes vs 0.6 (0.18-2.02) for more component programmes

Quality of life scores were available for five out of six studies, which demonstrated a greater percentage
improvement in the intervention group (30+20.7%) than in the control group (19.3+12.6%; p =0.13)

The savings for medical costs per patient per month were not significantly different between groups (n =3
trials), although it appeared that utilising the intervention approach could save more than usual care

More complex programmes were defined as comprising more components

Random allocation of at least 100 patients was one of the criteria for inclusion of studies into this review;
hence, only six studies were reviewed

The authors mention that the very few studies included in this review were not powered to detect changes
in the range of outcomes evaluated

Although discharge planning appears to have played a significant role in improvements seen in those with
this aspect of care within their management programme, it is not clear how much the other aspects of the
programmes (i.e. patient education, specific nurse-led clinic visits) may have contributed to any benefits

None of the included trials was conducted in the UK
|

Cline, 1998; Ekman, 1998; McDonald, 2002/Ledwidge, 2003; Doughty, 2002; Kasper, 2002; Stromberg,
2003
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Kimmelstiel C, Levine D, Perry K, Patel A, Sadaniantz A, Gorham M, et al. Randomized controlled
evaluation of short- and long-term benefits of heart failure disease management within a diverse provider
network: the SPAN-CHF trial. Circulation 2004;110:1450-5

RCT

n =200 (intervention = 97, control = 103)
Intervention group: age: 70.3 years; male: 57.7%; LVEF: 0.30; NYHA class II: 50.5%, class IlI: 49.5%

Patients were enrolled from six diverse sites including academic/medical centres, community hospitals/
cardiology practices

A 3-month nurse-driven heart failure disease management programme — specialised and networked care in
heart failure (SPAN-HF)

The nurses held an initial meeting with the patients and their families in which issues such as diet, weight
and self-monitoring were discussed. Patients were also provided with a teaching handbook that informed
them of further details such as clinical signs and symptoms that would prompt a call to the nurse or their
GP. The meetings lasted 45-90 minutes and were followed up by weekly/biweekly telephone calls from the
nurse managers; the total study period lasted for 90 days

Data on hospitalisations was extracted from patient medical records. Data collection was carried out at 3
(90-day short-term follow-up) and 12 months (long term)

Four deaths in the intervention group and five in the control group occurred during the 90-day study
period. Also during the 90 days of intervention, significantly fewer heart failure hospitalisations were
recorded for the intervention group than for the control group [relative risk (RR) 0.48, p = 0.027]. The
mortality or hospitalisation rates for heart failure were 16% and 23% for the intervention and control
groups respectively [RR 0.66, p = 0.16]. The number of days in hospital for heart failure was significantly
reduced in the intervention group compared with the control group [RR 0.54, p <0.001]. Hospitalised
days for cardiovascular causes were also reduced for the intervention group

Over the long-term follow-up period the mortality rates were 11.3% and 13.6% for the intervention
and control groups respectively. Only the significant reduction in days in hospital for cardiac causes was
apparent in the long term; all other benefits seen in the short-term follow-up were no longer evident

This was a multicentre study

The benefits of the intervention were only short-lived; discontinuation of the intervention had a substantial
impact on hospitalisation. The authors therefore suggest that more active chronic intervention is required
for sustained benefit in the present population

2
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Martensson |, Stromberg A, Dahlstrom U, Karlsson J, Fridlund B. Patients with heart failure in primary
health care: effects of a nurse-led intervention on health-related quality of life and depression. Eur | Heart
Fail 2005;7:393-403

RCT

n = 153 [intervention = 78, usual care (control) = 75]
Intervention group: age:79 years; male: 54%; NYHA class II: 38%, class Ill: 51%, class IV: 10%

Patients were enrolled from eight primary health-care centres in Sweden

Following a short heart failure education course for primary health-care nurses and physicians during
which the study intervention was discussed, the nurse-led intervention was initiated. This consisted of
a single 2-hour home-based session in which the patient and their family were educated and counselled
in relation to heart failure management in an attempt to improve health-related quality of life. Nurses
followed this visit up 12 months later by telephone interview

Both generic (SF-36 health survey) and disease-specific (Minnesota Living with Heart Failure questionnaire)
instruments were used to evaluate health-related quality of life. These questionnaires were completed at
the start of the study and then at 3 and |12 months’ follow-up

At the 12-month telephone follow-up there were 10 (13%) deaths in the intervention group and three
(4%) in the control group

Neither group showed any significant improvement in any of the dimensions of the SF-36 health survey.
Quality of life remained the same in the intervention group, whereas significant deterioration in ‘role
functioning’, ‘vitality’ and the ‘mental component summary’ dimensions was seen in the control group.
There was a tendency towards significant improvement in role functioning due to physical limitations,
vitality and social functioning at 3 months in the intervention group; however, no such development was
apparent at |2 months

There was no significant improvement for either group on the Minnesota Living with Heart Failure
questionnaire

Study was conducted in a primary health-care setting, therefore very relevant population
The main benefit of the nurse-led intervention was that it appeared to prevent patients’ quality of life from
getting any worse

The nurse-led intervention itself appears brief with minimal follow-up contact. Perhaps nurse contact
in person would have been a more appropriate means of follow-up at 12 months than telephone-based
interviewing

It has been suggested that the higher mortality rate in the intervention group may have been because
these patients had more severe heart failure (6 of 10 patients were within NYHA class IV) than those in
the control group

3
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Sisk J, Hebert B, Horowitz C, McLaughlin M, Wang ], Chassin M. Effects of nurse management on the
quality of heart failure care in minority communities: a randomised trial. Ann Intern Med 2006;145:273-83

RCT

n =406 [intervention = 203, usual care (control) = 203]

Intervention group: age: 59.6 years; male: 55.2%; LVEF <40% in all patients; NYHA class |: 17.7%, class
I: 24.6%, class lll: 16.3%, class IV: 41.4%

Patients were enrolled from four hospitals in Harlem, New York

The nurse-led intervention involved an initial appointment with the patient in which heart failure education
and counselling were provided. The nurses then followed-up the patients by telephone contact in which
heart failure management progress was monitored. Subsequent to each visit the nurses liaised with the
patients’ clinicians to discuss any examinations and prescription changes. The overall trial period was 12
months. A subset of patients (127 patients from each group) was also followed-up for a further 6-month
period after the trial

Data regarding any hospital admissions during the trial period were obtained from the participating
hospitals

The Minnesota Living with Heart Failure questionnaire was administered at quarterly interviews

Mortality was determined through deaths recorded in the National Death Index and reports from patients’
families

Hospital admissions were fewer in the intervention group (n = 143 total hospitalisations) than in the
control group (n = 180) by the end of the trial [adjusted difference —0. 13 hospitalisations/person-year*
(95% Cl1-0.25 to -0.001)]. There were 55 fewer cumulative hospitalisations in the intervention group
than in the control group at 18 months’ follow-up [adjusted difference —0.23 hospitalisations/person-year
(95% CI -0.39 to —0.07)]. The probability of being hospitalised at least once during the 12-month period
was similar in both groups

‘Better functioning’ at 12 months’ follow-up was apparent for the intervention group compared with the
control group, as assessed on the Minnesota Living with Heart Failure questionnaire; scores for each group
were 38.6 vs 47.3 respectively [difference —8.8 (95% CI —15.3 to -2.2)]

In total, 22 deaths occurred in each group during the |12-month trial period, with three fewer deaths in the
intervention group at 18 months (risk ratio 0.88, 95% Cl 0.48-1.61)

All patients had to be community dwelling on entry to the study

*The number of cumulative hospitalisations per person-year was calculated whereby ‘a person-year’ was
equivalent to the number of days that each person survived during the trial/post-trial period divided by 365
days

This trial supports the use of nurse-led interventions in minority communities; however, the authors

were unable to establish the exact aspects of the intervention programme that were accountable for the
improvements

4
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Appendix 6

Multidisciplinary care in general

Reviews
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Description
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Outcomes

Results
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Studies
included

Gonseth |, Guallar-Castillon P, Banegas |, Rodriguez-Artalejo F The effectiveness of disease management
programmes in reducing hospital re-admission in older patients with heart failure: a systematic review and
meta-analysis of published reports. Eur Heart | 2004;25:1570-95

Systematic review and meta-analysis

27 RCTs on disease management (DM) programmes, |3 of which were carried out in the USA
Sample size in the studies ranges from 34 to 1966
Mean age: 70 years in most studies; LVEF <40% in |3 studies

The definition used to select studies with relevant DM programmes was ‘an intervention designed to manage
heart failure and reduce hospital readmissions using a systematic approach to care and potentially employing
multiple treatment modalities’

Typically, interventions included the following components: patient education, counselling, telephone calls
and nurse involvement. Intervention duration varied from a single home visit to 12 months

Heart failure/other cardiovascular disease hospital readmission, all-cause readmission, and combined
readmission or death

Six of the | | studies eligible for meta-analysis showed a homogeneous and significant reduction in
readmission for heart failure or cardiovascular disease. Relative risk (RR) reduction based on a total of 3160
patients across the | | studies was 0.70 (95% Cl 0.62-0.79, p < 0.0001), suggesting a 30% reduction in
frequency of readmission

Of 16 studies, only three reported a significant reduction in all-cause readmission. On the basis of 4440
patients included in a random-effects model, a 12% reduction in all-cause admission is reported (pooled RR
0.88, 95% C10.79-0.97, p =0.01).

Four out of 10 studies reported a statistically significant reduction in combined readmission or death. With
the inclusion of a total of 2985 patients, an 18% reduction in this combined end point is reported (pooled RR
0.82, 95% CI 0.72-0.94, p = 0.004). Only one study looked into long-term mortality effects over a period of
4.2 years; this showed a marginally significant reduction (p = 0.06) for the DM programme group (56%) vs
usual care (65%)

In total, 13 of the 27 studies explored the cost of the DM intervention vs the cost of usual care, of which 10
estimated reduced costs with the former strategy and one reported similar costs in both groups

Included RCTs spanned the years from 1993 to August 2003
Only I'l of the included studies scored 3/5 on JADAD quality assessment

5

DIAL, 2003; Laramee, 2003; Stromberg, 2003; Doughty, 2002; Harrison, 2002; Kasper, 2002; Krumholz,
2002; McDonald, 2002; Riegel, 2002; Stewart, 2002; Blue, 2001; Jerant, 2001; McDonald, 2001; Hughes,
2000; Philbin, 2000; Jaarsma, 1999; Naylor, 1999; Rainville, 1999; Stewart, 1999a; Stewart, 1999b; Cline,
1998; Ekman, 1998; Serxner, 1998; Stewart, 1998; Weinberger, 1996; Rich, 1995; Rich, 1993
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Other systematic reviews/meta-analyses

Paper

Gwadry-
Sridhar et
al., 2004

McAlister et
al., 2004

Taylor et al.,

2005

Whellan et
al., 2005

Windham et

al., 2003

Reference
no.

6

8

No. of RCTs included

8 RCTs?

29 identified but not pooled
because of significant
heterogeneity; any
additional trials included in
this review that were not

in the review of Gonseth

et al. are of post-discharge
patients and so not relevant
population

16 RCTs?

19 RCTs?

I5 RCTs?

Outcomes/comments

Outcomes included readmission and mortality rates. As this
review is very similar to that of Gonseth et al. the results are
not reported here. Furthermore, fewer studies are included in
this review than in that by Gonseth et al. because in this review
searches were carried out only up to the year 2000 whereas in
Gonseth et al. the search was extended to 2003

All-cause mortality: Two trials found a significant difference
between the intervention and control groups. Summary risk
ratio (RR) for all 22 trials reporting mortality end point (3781
patients) is 0.83 (95% CI 0.70-0.99); however, heterogeneity
testing was not significant (p = 0.15). Significant mortality
reduction was primarily apparent for multidisciplinary teams
providing specialised follow-up (RR 0.75, 95% CI 0.59-0.96) —
number needed to treat (NNT) = |7. Telephone follow-up or
self-care approaches were not as effective

All-cause hospitalisation: Of 23 trials reporting this outcome,
only three reported a reduction in hospitalisation. Summary RR
for 23 trials (4313 patients) is 0.84 (95% CIl 0.75-0.93); there
was, however, significant heterogeneity in the results (p <0.01)

Heart failure hospitalisation: Six out of |9 trials reported
significant reductions in the need for at least one hospitalisation
with the intervention; pooled effect estimate of 19 trials:
RR0.73 (95% CI 0.66-0.82, p = 0.36 for heterogeneity),

NNT = | | to prevent one heart failure hospitalisation

Total number of hospitalisations: Of 21 trials, | | reported that
the intervention arm of the trial was associated with fewer
hospitalisations. Pooled effect estimate of 21 trials: RR 0.70
(95% Cl10.62-0.80)

Total heart failure hospitalisations: This outcome was markedly
reduced as established in 20 trials: RR 0.57 (95% CI 0.49-0.67)

Quality of life: Nine out of |8 trials reported significantly better
quality of life with the intervention

Cost-effectiveness: |5 out of |8 trials reported that the
intervention was more cost-effective than usual care

The searches were conducted up to July 2003

Similar outcomes to those of previous reviews of readmission
and mortality rates were reported. Secondary outcomes not
fully considered in previous reviews were health-related quality
of life and cost analyses

Eight studies reported on quality of life of which four reported
significant improvement with the intervention and four reported
no change

Of all seven studies that reported some sort of cost analysis,
none reported significant differences between the intervention
and control

The search was conducted up to June 2003

A significant decrease in all-cause hospitalisation with the
intervention is reported

The search was conducted up to March 2002

No new outcomes are reported, although results are analysed
for RCTs and non-randomised studies overall

a All RCTs included in these reviews have already been covered in the review by Gonseth et al.
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Experimental studies
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Smith B, Forkner E, Zaslow B, Krasuski R, Stajduhar K, Kwan M, et al. Disease management produces
limited quality-of-life improvements in patients with congestive heart failure: evidence from a randomised
trial in community-dwelling patients. Am | Manag Care 2005;11:701-13

RCT

n = 1069 [disease management (DM) = 356, augmented disease management (ADM) = 354, control = 359]

DM group: age: 70.6 years; male: 71.6%; LVEF: 61.9% (diastolic heart failure), 35.8% (systolic heart
failure); NYHA class I: 20.8%, class II: 57.9%, class Ill: 20.2%, class IV: |.1%

ADM group: age: 71.4 years; male: 69.8%; LVEF: 62.4% (diastolic heart failure), 34.6% (systolic heart
failure); NYHA class I: 15.5%, class Il: 58.8%, class Ill: 21.5%, class IV: 4.2%

Patients were enrolled from six diverse sites including academic/medical centres, community hospitals/
cardiology practices

Patients were randomised to one of three groups: usual care (control), DM and ADM

Those in the DM group were assigned a disease manager and specialist cardiac nurse who provided patient
education and medication management via telephone contact. This was carried out in conjunction with the
patient’s primary care provider

Those in the ADM group experienced a similar intervention but were also given a blood pressure cuff, a
finger pulse oximeter and an activity monitor for additional data exploration purposes

Health-related quality of life was measured with the Medical Outcomes Study 36-ltem Short-Form Health
Survey (SF-36); this was completed at baseline and then at 6-month intervals over the |18-month trial
period (hence four data collection points)

In total, 349 (32.6%) patients did not complete the study for various reasons
There was no statistical difference in quality of life at baseline as expected

At 6 months, 34.6% in the DM group and 25.6% in the control group reported improvement (p = 0.04).
At 12 months, 36.9% in the ADM group and 26.8% in the control group reported improvement

(p =0.004). At 18 months, 36.9% in the ADM group, 29.9% in the DM group and 30.2% in the control
group reported at least some improvement

This was a single-centre study

Patients and staff were not blinded to the identity of the group to which patients were randomised and this
could have potentially confounded the results, e.g. any short-term benefits claimed by the patients in the
experimental group may have been because they were aware of being in the experimental group and so
probably expected to improve

Both interventions in this study failed to show any long-term major benefits in health-related quality of life.
It should, however, be noted that, even though the SF-36 is deemed to be a valid and reliable instrument, a
single self-administered tool was used for the purposes of assessing this outcome
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