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Abstract

The REFER (REFer for EchocaRdiogram) study: a prospective
validation and health economic analysis of a clinical decision
rule, NT-proBNP or their combination in the diagnosis of
heart failure in primary care

Clare J Taylor,1 Mark Monahan,2 Andrea K Roalfe,2

Pelham Barton,2 Rachel Iles2 and FD Richard Hobbs1*
on behalf of the other REFER investigators

1Nuffield Department of Primary Care Health Sciences, University of Oxford, Oxford, UK
2Institute of Applied Health Research, University of Birmingham, Birmingham, UK

*Corresponding author richard.hobbs@phc.ox.ac.uk

Background: Heart failure is a treatable condition but making a diagnosis can be challenging.

Objective: To evaluate the performance of a clinical decision rule (CDR) with or without a natriuretic
peptide assay for identifying heart failure in symptomatic patients presenting to primary care.

Design: Prospective, observational, diagnostic validation study and economic evaluation.

Setting: Twenty-eight general practices in central England, UK.

Participants: Primary care patients aged ≥ 55 years presenting with recent new-onset shortness of breath,
lethargy or peripheral ankle oedema of > 48 hours’ duration.

Instrument: The CDR included a clinical element (male, history of myocardial infarction, crepitations at the
lung bases and oedema) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) blood test. The
reference standard was an expert consensus panel of three cardiology specialists.

Main outcome measure: The main outcome measure was test performance of the CDR and the
natriuretic peptide test alone, and in combination, in estimating sensitivity and specificity, positive
predictive value (PPV) and negative predictive value (NPV) for a diagnosis of heart failure. Economic
evaluation of a decision tree with a NHS/Personal Social Services perspective determined the cost per
quality-adjusted life-year (QALY) gained.

Results: In total, 304 participants were recruited to the validation cohort. The mean age was 73.9 years
(standard deviation 8.8 years) and 124 (40.8%) participants were male. In total, 104 [34.2%, 95%
confidence interval (CI) 28.9% to 39.8%] had a confirmed diagnosis of heart failure. The CDR had a
sensitivity of 90% (95% CI 83% to 95%), specificity of 46% (95% CI 39% to 53%), PPV of 46%
(95% CI 39% to 53%) and NPV of 90% (95% CI 83% to 95%). NT-proBNP level alone with a cut-off
point of < 400 pg/ml had a sensitivity of 77% (95% CI 68% to 85%) and specificity of 92% (95% CI
87% to 95%). At the lower cut-off point of 125 pg/ml, sensitivity was 94% (95% CI 88% to 98%) and
specificity was 49% (95% CI 42% to 56%). The economic model results suggest that referring a patient
for a confirmatory diagnosis if they have had a previous myocardial infarction or have a NT-proBNP level
that is greater than a 400 pg/ml threshold (current practice in England) is the most cost-effective option,
with a cost of £4400 per QALY gained compared with a do nothing strategy. The base-case results were
robust to deterministic and probabilistic sensitivity analyses.
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Conclusions: Natriuretic peptide testing alone performed as well as the validated CDR in determining
which patients presenting with symptoms went on to have a diagnosis of heart failure. The current
NT-proBNP cut-off point of 400 pg/ml used in the UK is too high and means that one in five patients with
heart failure may not be appropriately referred for further investigation and diagnosis, but this threshold
was cost-effective in the REFer for EchocaRdiogram (REFER) trial. The study found only three patients with
heart failure with reduced ejection fraction (HFREF), which might limit the benefits of early detection.
The other diagnostic strategies with lower NT-proBNP referral levels become more cost-effective as the
proportion of HFREF patients increases. International consensus on the optimal cut-off point for natriuretic
peptide testing in patients with symptoms suggestive of heart failure should be sought.

Trial registration: Current Controlled Trials ISRCTN17635379.

Funding: This project was funded by the Efficacy and Mechanism Evaluation (EME) programme, a MRC
and NIHR partnership.
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Plain English summary

Heart failure is a common problem in which the heart muscle functions less well and this results in
unpleasant symptoms for patients (e.g. shortness of breath) and can shorten life. Fortunately, there are

treatments available that can improve symptoms and delay the condition becoming worse, but symptoms
can be vague, making diagnosis difficult. Accurate diagnosis requires referral for further investigation,
which usually includes an ultrasound scan of the heart.

The aim of the REFER study was to investigate whether or not a clinical decision aid (called the MICE rule),
with or without a simple blood test (called NT-proBNP), could improve the accuracy of general practitioner
(GP) diagnosis of heart failure in people over the age of 55 years. The results showed that the MICE rule
was not helpful in improving diagnosis but the blood test was helpful (and cost-effective) in deciding
which people needed referral for a heart scan. The REFER study also indicated that the cut-off point for
this blood test set by the National Institute for Health and Care Excellence (NICE) may be too high.

Patients and their carers should be reassured that this study showed that, if they go to see their GP with
heart failure symptoms, the best thing for the GP to do is to carry out a blood test for NT-proBNP, which is
what currently happens in the NHS. We recommend, however, that NICE considers lowering the blood test
threshold level for further testing to ensure that patients with a possible diagnosis of heart failure are
not missed.
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Scientific summary

Background

Heart failure is a chronic disease associated with significant mortality and poor quality of life for patients.
There are several evidence-based therapies that will delay heart failure progression, improve quality of life,
reduce cardiovascular events and help avoid hospital admissions. A reliable and early diagnosis is, therefore,
essential to guide the most appropriate management strategies. However, making an accurate and timely
diagnosis requires referral for objective testing, but deciding who to refer can be challenging. The symptoms
of heart failure are often non-specific and include gradual-onset breathlessness, fatigue and ankle swelling,
symptoms not unique to heart failure and often associated with other conditions, or patients may have
several coexisting diseases. Help with deciding who to refer and what tests to use is, therefore, crucial.

Clinical decision rules (CDRs) may help clinicians to assess the probability that a patient has a particular
condition. The ‘MICE’ CDR was developed from an individual patient database meta-analysis of
all (n = 11) prospective epidemiological studies of heart failure screening in primary care, which was
commissioned as a health technology assessment by the National Institute for Health and Care Excellence
(NICE). The CDR comprised four clinical elements – Male, history of myocardial Infarction, Crepitations at
the lung bases and oEdema – and was combined with natriuretic peptide levels to identify those likely to
have heart failure and who should be referred for further diagnostic testing.

Objectives

The REFER (REFer for EchocaRdiogram) trial aimed to assess the performance of the CDR, CDR and
N-terminal pro-B-type natriuretic peptide (NT-proBNP) testing or NT-proBNP testing alone in identifying
patients with heart failure presenting to primary care. The REFER trial was a prospective, observational,
diagnostic validation study of the MICE CDR – with natriuretic peptide testing – for diagnosing heart
failure in primary care.

The economic evaluation aimed to assess the cost-effectiveness of using the MICE CDR in heart failure
diagnosis in general practice from a NHS and Personal Social Services perspective.

Methods

Primary care patients aged ≥ 55 years presenting to their general practitioner (GP) with symptoms
suggestive of heart failure were recruited across 28 general practices in central England. All consenting
patients underwent a full clinical assessment, which included a NT-proBNP test, an echocardiogram and a
quality-of-life questionnaire, at a research clinic within 1 week of recruitment. Follow-up quality-of-life and
resource-use questionnaires were mailed to the patients at 6 and 12 months after attending the clinic.

The diagnosis of ‘heart failure’ or ‘no heart failure’ was determined by an expert panel of cardiologists
using the European Society of Cardiology 2012 definition. Clinical information, including the variables of
the MICE rule and NT-proBNP level, was presented in stages to quantify any incorporation bias.

For the economic evaluation, a decision tree was developed comparing different diagnostic strategies using
data from REFER participants to determine which symptomatic patients would receive the correct
diagnostic decision. The model used a lifetime horizon and a UK NHS perspective.
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Results

In total, 304 participants were recruited; the mean age of participants was 73.9 years (standard deviation
8.8 years) and 124 (40.8%) were male. In total, 104 participants [34.2%, 95% confidence interval (CI)
28.9% to 39.8%] had a confirmed diagnosis of heart failure. The CDR had a sensitivity of 90% (95% CI
83% to 95%) and a specificity of 46% (95% CI 39% to 53%). NT-proBNP level alone with a cut-off point
of < 400 pg/ml had a sensitivity of 77% (95% CI 68% to 85%) and specificity of 92% (95% CI 87% to
95%). At the lower cut-off point of 125 pg/ml, sensitivity was 94% (95% CI 88% to 98%) and specificity
was 49% (95% CI 42% to 56%).

The economic model used a lifetime horizon and a UK NHS perspective. The results suggest that use of the
current recommended NICE guidelines for identifying patients with heart failure is the most cost-effective
option, with a cost of £4400 per quality-adjusted life-year (QALY) gained compared with a do nothing
strategy. That is, patients presenting with symptoms suggestive of heart failure should be referred straight for
echocardiography if they have a history of myocardial infarction or if their NT-proBNP level is ≥ 400 pg/ml.
The MICE rule was more expensive and less effective than the other comparators. The base-case results were
robust to sensitivity analysis.

Conclusions

Natriuretic peptide testing alone performed as well as the validated CDR in determining which patients
presenting with symptoms went on to have a diagnosis of heart failure. The current NT-proBNP cut-off
level of 400 pg/ml used in the UK is too high and means that one in five patients with heart failure may
not be appropriately referred for further investigation and diagnosis.

The economics study represents the first cost–utility analysis comparing heart failure diagnostic strategies
for symptomatic patients. Current practice in England is the most cost-effective option for identifying
patients for confirmatory heart failure diagnosis. The low number of heart failure with reduced ejection
fraction patients (12%) in the REFER patient population limited the benefits of early detection.

Trial registration

This trial is registered as ISRCTN17635379.

Funding

This project was funded by the Efficacy and Mechanism Evaluation (EME) programme, a MRC and
NIHR partnership.

SCIENTIFIC SUMMARY
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Chapter 1 The REFER study: background

Much of this report has been reproduced from Taylor et al.,1 this article is Open Access: CC BY-NC 4.0
license (http://creativecommons.org/licenses/by-nc/4.0/), and Monahan et al.,2 this article is Open

Access: CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).

Heart failure diagnosis

Heart failure is a chronic disease associated with significant mortality and poor quality of life for patients.3–5

Making an accurate and timely diagnosis is crucial and requires referral for objective testing but deciding who
to refer can be challenging.6 The symptoms of heart failure are often non-specific and include gradual-onset
breathlessness, fatigue and ankle swelling.7 However, these symptoms are not unique to heart failure and
can be associated with other conditions or patients may have several coexisting diseases.8–10 Patients with
symptoms that may be associated with heart failure often present to primary care. Identifying the patients
likely to have heart failure, and therefore requiring referral for diagnostic testing, can be difficult.11,12

Clinical decision rules

Clinical decision rules (CDRs) can help clinicians to assess the probability that a patient has a particular
condition.13 They are used widely in medicine to inform decisions about investigation and management.
For example, the Ottawa ankle rule can be useful when deciding if a patient with an ankle injury is likely to
have a fracture and, therefore, whether radiography would be beneficial or unnecessary.14 Similarly, the
CHA2DS2-VASc score can be used in patients with atrial fibrillation to determine the likely benefit of
anticoagulation to reduce the risk of stroke.15 There is not currently a CDR for patients with heart failure
presenting to primary care.

The ‘MICE’ rule was developed from a systematic review of the evidence for symptoms of heart failure.16

The review identified 11 prospective heart failure studies set in primary care. The decision rule was derived
from an individual patient data set from one of these studies (Zaphiriou et al.17) and externally validated on
four others that included relevant variables.18–21

The MICE rule comprised four clinical elements – Male, history of myocardial Infarction, Crepitations at the
lung bases and oEdema – and was combined with natriuretic peptide levels to identify those likely to have
heart failure and who should be referred for further diagnostic testing. The elements of the CDR are
shown in Box 1.

Natriuretic peptide testing

Natriuretic peptides can be used to identify those patients with symptoms who have an increased
likelihood of heart failure.22 B-type natriuretic peptide (BNP) and N-terminal pro-BNP (NT-proBNP) are
released from the chambers of the heart in response to pressure or fluid overload, acting on the kidneys
to induce a diuresis and on the vasculature to cause both arterial and venous dilatation, thereby reducing
preload and afterload. Heart failure is associated with an increased natriuretic peptide level. A rising
natriuretic peptide level can be an early sign of heart failure; however, other factors such as renal
impairment and angiotensin-converting enzyme (ACE) inhibitors can influence the results, which therefore
need to be interpreted in light of these other factors. The European Society of Cardiology (ESC)6 suggests
a NT-proBNP threshold of 125 pg/ml to rule out heart failure, whereas the National Institute for Health
and Care Excellence (NICE)7 in England suggests a NT-proBNP threshold of 400 pg/ml.
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Aim of the study

This study aimed to assess the performance of the CDR, NT-proBNP and their combination in identifying
patients with heart failure presenting to primary care.

BOX 1 The MICE CDR16

Refer straight for echocardiography if the patient has any one of:

l a history of myocardial infarction
l basal crepitations
l ankle oedema in a male.

Otherwise, carry out a B-type natriuretic peptide (BNP) [or N-terminal pro-BNP (NT-proBNP)] test and refer straight

for echocardiography if the BNP/NT-proBNP level is above one of three cut-off points set by sex/symptoms

recorded in the clinical rule:

1. female without ankle oedema: refer if BNP is > 210–360 pg/ml depending on local availability of

echocardiography (or NT-proBNP is > 620–1060 pg/ml)

2. male without ankle oedema: refer if BNP is > 130–220 pg/ml (or NT-proBNP is > 390–660 pg/ml)

3. female with ankle oedema: refer if BNP is > 100–180 pg/ml (or NT-proBNP is > 190–520 pg/ml).
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Chapter 2 The REFER study: methods

The full protocol for the REFer for EchocaRdiogram (REFER) study has been published previously23 and a
copy of the clinical record form used for each participant is available in Appendix 1.

Participants

The REFER study used a prospective, observational, diagnostic validation design to assess the performance
of the MICE rule and NT-proBNP levels in identifying patients with heart failure. The study population was
primary care patients aged ≥ 55 years presenting with recent new-onset shortness of breath, lethargy or
peripheral ankle oedema of > 48 hours’ duration for which there was no other obvious cause. Patients
were excluded if they were unable to give consent or had a previous confirmed diagnosis (i.e. with
objective evidence) of heart failure, an obvious alternative diagnosis, severe symptoms requiring immediate
management or recent (within 60 days) acute coronary syndrome.

Participants were recruited from 28 general practices around the West Midlands region of the UK (central
England) based on their presenting symptoms. Participating practices were asked to invite all presenting
patients who met the inclusion criteria to join the study consecutively. If a patient expressed an interest in
taking part, the general practitioner (GP) completed an online portal with contact details and printed out a
patient information sheet. Patients could choose whether to contact the study team using the designated
telephone number or provide their own number to be contacted by a member of the study team. An
appointment for participants to attend the research clinic was arranged during the initial telephone call.

Test methods

Participants attended the research assessment clinic within 7 days of recruitment. The clinics were held at
two practices – one in the north and one in the south of the region. Assessments were carried out by trained
research nurses and a British Society of Echocardiography (BSE)-accredited echocardiographer. The purpose
and process of the study was explained and written consent was taken from patients. A research nurse then
completed a clinical record form containing a clinical history and examination findings. Blood was sampled
for NT-proBNP testing and renal function. Two attempts at blood-taking were allowed. The NT-proBNP level
was determined using a point-of-care device (Roche Diagnostics, Burgess Hill, UK). The echocardiographer
then carried out an electrocardiogram (ECG) and an echocardiogram. Finally, participants were asked to
complete two quality-of-life questionnaires: the Short Form questionnaire-12 items (SF-12) (version 1)
and the European Quality of Life-5 Dimensions (EQ-5D) (three-level version). The SF-12 is a validated
questionnaire that has been used to measure health-related quality of life.24 The EQ-5D focuses on five
domains: mobility, self-care, activity, pain and anxiety.25

The test results were faxed back to the GP on the day of the research assessment clinic. Patients were
encouraged to make a follow-up appointment with their GP to discuss the results and allow any further
management to be arranged.

The reference standard was an expert consensus panel of three cardiology specialists, who reviewed each
case blinded to the assessments by other panel members. The ESC 2012 guideline was used to define
heart failure.6 The panel was presented with clinical information and investigation results in three separate
stages to assess incorporation bias. At step 1 the clinical assessment (excluding the MICE variables) and
ECG and echocardiogram findings were presented. At step 2 the CDR components (male, history of
myocardial infarction, crepitations and oedema) were added and, finally, at step 3 the NT-proBNP result
was included. The cardiology specialists were asked to record whether the patient did or did not have
heart failure at each of the three steps. At least two cardiologists needed to agree the diagnosis
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independently at each step before the panel could move on to the next step. In the case of disagreement
a third cardiologist adjudicated the case, blind to the other panel members’ assessments, before the panel
could move to the next step.

Statistical methods

A sample of 500 symptomatic patients attending their GP for breathlessness, lethargy or ankle swelling
was proposed. This sample size was sufficient to estimate the sensitivity of the CDR to within 4% and
specificity to within 6% at the 95% confidence level. Calculations were based on a sensitivity of 94% and
specificity of 48% obtained from the previous individual patient data meta-analysis22 and prevalence of
heart failure in a symptomatic population of 30%.

Participants with and without a diagnosis of heart failure at step 3 were compared using independent
t-tests or Wilcoxon rank-sum tests for continuous measures and chi-squared tests for categorical variables.
The main outcome measures were test performance of the CDR and natriuretic peptide test – alone
and in combination – in estimating a diagnosis of heart failure. The findings of the expert consensus
panel determined whether heart failure – the ‘observed disease’ – was present or absent. The CDR and
NT-proBNP results were also used to determine whether heart failure was likely to be present – the ‘test
disease’ – and referral for echocardiography would have been indicated. Observed compared with test
disease status was then cross-tabulated to determine the sensitivity and specificity, positive predictive value
(PPV) and negative predictive value (NPV) for the CDR, NT-proBNP and CDR and NT-proBNP in combination
and also by the NT-proBNP cut-off points of 125 pg/ml and 400 pg/ml suggested by the ESC4 and NICE5

guidelines, respectively; 95% confidence intervals (CIs) were calculated using the binomial exact method.
Receiver operating characteristic (ROC) curves were generated to determine the overall discriminatory
ability of each test in predicting a diagnosis of heart failure. Comparisons were made between the
performance characteristics of the current cohort and those observed in the original derivation data set.22
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Chapter 3 The REFER study: results

Participants

The recruitment phase of the REFER study started on 1 May 2011 and was completed on 31 August 2013.
Participants were recruited from a random sample of 28 general practices in central England, stratified by
practice list size and deprivation quartile.26 Assessment was undertaken at the research clinic within 7 days
of participants presenting to their GP.

Figure 1 shows a flow diagram of patient recruitment. In total, 397 patients were eligible for inclusion,
of whom 45 were excluded: 37 did not provide consent, three did not attend the appointment, four lost
contact with the study team and one was hospitalised before attending the study appointment. Of the
37 patients who did not provide consent, it was normally the case that they expressed an interest to their
GP at the time of the consultation but either did not subsequently contact the research team or did not
want to take part when the study team called to arrange an appointment at the assessment clinic. Of the
352 remaining participants, 48 did not have a blood test because of failed venepuncture or, in a small
number of cases, a nurse not being available. These participants did not proceed to step 3 for the
reference standard diagnosis of heart failure because of an unknown level of NT-proBNP and were
excluded from the analysis presented in this paper.

The remaining 304 participants formed our validation cohort; participants were similar to those excluded with
respect to demography and medical history except for previous record of heart failure, with those without a
NT-proBNP test having a higher prevalence (2.3% vs. 8.3%). These heart failure labels from the routine
clinical records were, however, not necessarily confirmed with objective evidence or a formal diagnosis.

The most common presenting symptom was breathlessness; however, over half of the participants had all
three symptoms of breathlessness, ankle oedema and lethargy, as shown in Figure 2.

Eligible patients
(n = 397)

Step 1
(n = 352)

Step 2
(n = 352)

Step 3
(n = 304)

Study participants
(n = 352)

(from 28 general practices)

Excluded
(n = 45)

Reasons
• Did not consent, n = 37
• Did not attend, n = 3
• Lost contact, n = 4
• Hospitalised, n = 1

No NT-proBNP
(n = 48)

FIGURE 1 Flow diagram showing the number of participants in the REFER study. Step 1= clinical
information + ECG + echocardiogram; step 2= CDR variables; step 3=NT-proBNP result.
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The clinical and demographic characteristics of the study population are shown in Table 1. The mean age
was 73.9 years [standard deviation (SD) 8.8 years] and 124 (40.8%) participants were male. The cohort
had a mix of ethnicities, including 18.4% Asian or Asian British participants. Cardiovascular risk factors
such as hypertension and diabetes mellitus were prevalent: 221 (72.7%) participants reported being
hypertensive and 86 (28.3%) had diabetes mellitus. Comorbidities were common: 183 (60.2%) participants
had arthritis and 73 (24.0%) had depression. Seven participants had a record of previous heart failure but
this was not confirmed with objective evidence or a formal diagnosis. Cardiovascular medications were
commonly prescribed, possibly relating to the high rate of hypertension in the cohort.

Lethargy

2

157

28 39

3627 15

Ankle oedema Breathlessness

FIGURE 2 Venn diagram showing the presenting symptoms of participants.

TABLE 1 Characteristics of the REFER study participants

Characteristic REFER study participants, n (%) Derivation data set,17 n (%)

Age (years), mean (SD) 73.9 (8.8) 71.5 (11.5)

Male 124 (40.8) 122 (41)

Ethnicity

White 214 (70.4) –

Asian/Asian British 56 (18.4) –

Black/black British 16 (5.3) –

Other 18 (5.6) –

Presenting symptom

Ankle oedema 248 (81.6) 191 (64)

Breathlessness 247 (81.3) 283 (95)

Lethargy 226 (74.3) 185 (62.1)

Previous MI 34 (11.2) 42 (14)

Basal crepitations 16 (5.3) 81 (27)

Hypertension 221 (72.7) 166 (55.7)

Diabetes mellitus 86 (28.3) 58 (19.0)

COPD 17 (5.6) 58 (19.0)
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Comparison with the clinical decision rule derivation data set

The REFER cohort, although similar in age and sex to the derivation data set,17 had fewer referrals because
of shortness of breath and more referrals because of ankle oedema and lethargy. Hypertension and
diabetes mellitus were observed in greater frequency in the REFER population but a lower proportion of
patients had chronic obstructive pulmonary disease (COPD). The prescribing of diuretics was less frequent
in the REFER cohort but a higher proportion was prescribed ACE inhibitors.

Rates of confirmed heart failure

The expert panel reviewed the data for each participant in three steps and determined whether or not a
heart failure diagnosis was present at each stage. Forty-eight participants did not have a NT-proBNP level
measured and so could not progress to step 3. Of the 304 cases with a NT-proBNP level recorded,
66 (21.7%, 95% CI 17.2% to 26.8%) were diagnosed with heart failure at step 1, 89 (29.3%, 95% CI
24.2% to 34.7%) at step 2 and 104 (34.2%, 95% CI 28.9% to 39.8%) at step 3. The objective
abnormalities found on ECG and echocardiogram are shown in Table 2.

The characteristics of participants with and without heart failure are shown in Table 3. Participants with
heart failure were older. Half of those with heart failure were male, whereas about one-third of those

TABLE 1 Characteristics of the REFER study participants (continued )

Characteristic REFER study participants, n (%) Derivation data set,17 n (%)

Depression 73 (24.0) –

Arthritis 183 (60.2) –

Medications

ACE inhibitors 98 (32.2) 71 (23.2)

Beta-blockers 82 (27.0) 71 (23.2)

ARBs 58 (19.1) –

Diuretics 136 (44.7) 190 (63.8)

NT-proBNP (pg/ml), median (IQR) 214 (79–494) 381.5 (135–1187)

ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; MI, myocardial
infarction; SD, standard deviation.

TABLE 2 Objective abnormalities found on ECG and echocardiogram in participants with and without heart failure

Abnormalitya Heart failure, n (%) No heart failure, n (%)

Moderate to severe LVSD: ejection fraction < 40% 3 (2.9) 0 (0)

Borderline LVSD: ejection fraction 41–50% 9 (8.7) 1 (0.5)

Diastolic dysfunction 15 (14.4) 6 (3.0)

Significant valve disease 47 (45.2) 17 (8.5)

Atrial fibrillation 33 (31.7) 0 (0)

Total in group 104 200

LVSD, left ventricular systolic dysfunction.
a Some participants had more than one abnormality.
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without heart failure were male. The presenting symptom profile was similar between the groups.
Proportionately more patients with heart failure had a history of myocardial infarction (16.4% vs. 8.5%)
but there was no significant difference in other comorbidities such as hypertension, COPD and arthritis.
Depression was more common in the non-heart failure group. Cardiovascular medications were more likely
to be prescribed in those with heart failure than in those without heart failure. The median NT-proBNP
level was significantly higher in the heart failure group. At the lower 125 pg/ml cut-off point, over half of
patients without heart failure had a NT-proBNP level above the threshold for referral to echocardiography.

Diagnostic accuracy estimates

The diagnostic accuracy of the CDR, NT-proBNP level and CDR and NT-proBNP level in combination is
shown in Table 4. The clinical information (MICE symptoms) of the CDR had a sensitivity of 44.2%
(95% CI 34.5% to 54.3%) but, with the addition of the NT-proBNP level at the lower cut-off point, the
sensitivity improved to 90.4% (95% CI 83.0% to 95.3%) and specificity was 45.5% (95% CI 38.5% to
52.7%). The NT-proBNP level alone with a cut-off point of 400 pg/ml had a sensitivity of 76.9% (95% CI
67.6% to 84.6%) and a specificity of 91.5% (95% CI 86.7% to 95.0%). At the lower cut-off point of
125 pg/ml, sensitivity was 94.2% (95% CI 87.9% to 97.9%) and specificity was 49.0% (95% CI 41.9% to

TABLE 3 Characteristics of participants with and without heart failure

Characteristic Heart failure (N= 104), n (%) No heart failure (N= 200), n (%) p-value

Age (years), mean (SD) 77.4 (7.4) 72.1 (9.0) < 0.0001

Male 52 (50.0) 72 (36.0) 0.02

BMI (kg/m2), mean (SD) 29.1 (5.7) 31.1 (6.7) 0.008

Presenting symptom

Breathlessness 84 (80.8) 163 (81.5) 0.88

Ankle oedema 87 (83.7) 161 (80.5) 0.50

Lethargy 72 (69.2) 154 (77.0) 0.14

Basal crepitations 4 (3.8) 12 (6.0) 0.42

Previous MI 17 (16.3) 17 (8.5) 0.04

Hypertension 79 (76.0) 142 (71.0) 0.36

Diabetes mellitus 29 (27.9) 57 (28.5) 0.91

Depression 17 (16.3) 56 (28.0) 0.02

COPD 7 (6.7) 10 (5.0) 0.53

Arthritis 55 (52.9) 128 (64.0) 0.06

Medication

ACE inhibitors 38 (36.5) 60 (30.0) 0.25

Beta-blockers 46 (44.2) 36 (18.0) < 0.0001

ARBs 19 (18.3) 39 (19.5) 0.80

Diuretics 61 (58.7) 75 (37.5) 0.0004

NT-proBNP (pg/ml), median (IQR) 715.5 (413–1559) 126 (60–233) < 0.0001

NT-proBNP ≥ 125 pg/ml 98 (94.2) 102 (51.0) < 0.0001

NT-proBNP ≥ 400 pg/ml 80 (76.9) 17 (8.5) < 0.0001

ARB, angiotensin receptor blocker; BMI, body mass index; IQR, interquartile range; MI, myocardial infarction.
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56.1%). These performance characteristics were mostly lower in magnitude than the corresponding values
observed in the derivation data set. However, comparison of the CIs suggests that the differences were not
statistically different at the 5% level.

Figure 3 shows the ROC curves for each index test for predicting heart failure. Significant differences
(p < 0.0001) were observed between the areas under the ROC curves (AUROCs) shown in Table 4.
NT-proBNP had the best discriminatory power, with an AUROC of 0.91 (95% CI 0.88 to 0.95), and the
clinical element of the MICE CDR the poorest, with an AUROC of 0.54 (95% CI 0.48 to 0.60).

There were no significant differences in diagnostic accuracy measures of the CDR between those with and
those without missing NT-proBNP results, as shown in Table 5.

Assessing incorporation bias

The performance characteristics for the CDR and NT-proBNP at steps 1–3 are shown in Table 6.
The diagnostic accuracy of all tests increased at each step, with the largest changes observed when
NT-proBNP was used without the clinical element of the CDR. A NT-proBNP cut-off point of 400 pg/ml
showed a statistically significant increase in the detection of cases without heart failure from step 2
to step 3 (p < 0.05).

TABLE 5 Diagnostic accuracy measures for participants with and without a NT-proBNP measurement

Population AUROC (95% CI) Sensitivity (95% CI) (%) Specificity (95% CI) (%)

With NT-proBNP 0.59 (0.53 to 0.65) 51.7 (40.8 to 62.4) 66.5 (59.8 to 72.8)

Without NT-proBNP 0.63 (0.49 to 0.78) 58.8 (32.9 to 81.6) 67.7 (48.6 to 83.3)
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FIGURE 3 Receiver operating characteristic curves for CDR and NT-proBNP for predicting heart failure.
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TABLE 6 Performance characteristics of CDR and NT-proBNP at steps 1–3

Step Sensitivity (95% CI) (%) Specificity (95% CI) (%) PPV (95% CI) (%) NPV (95% CI) (%)

CDR and NT-proBNP (lower cut-off points)

1 78.8 (67 to 87.9) 36.6 (30.4 to 43.0) 25.6 (19.8 to 32.2) 86.1 (77.8 to 92.2)

2 85.4 (76.3 to 92.0) 40.9 (34.3 to 47.8) 37.4 (30.8 to 44.5) 87.1 (79.0 to 93.0)

3 90.4 (83.0 to 95.3) 45.5 (38.5 to 52.7) 46.3 (39.3 to 53.4) 90.1 (82.5 to 95.1)

CDR and NT-proBNP (upper cut-off points)

1 60.6 (47.8 to 72.4) 51.7 (45.1 to 58.2) 25.8 (19.1 to 33.4) 82.6 (75.5 to 8.3)

2 74.2 (63.8 to 89.2) 58.6 (51.7 to 65.3) 42.6 (34.7 to 50.8) 84.6 (77.7 to 90.0)

3 78.8 (69.7 to 86.2) 63.5 (56.4 to 70.2) 52.9 (44.7 to 61.0) 85.2 (78.5 to 90.5)

NT-proBNP ≥ 125 pg/ml

1 81.8 (70.4 to 90.2) 38.7 (32.4 to 45.2) 27 (21.0 to 33.7) 88.5 (80.7 to 93.9)

2 84.3 (75.0 to 91.1) 41.9 (35.2 to 48.8) 37.5 (30.8 to 44.6) 86.5 (78.4 to 92.4)

3 94.2 (87.9 to 97.9) 49 (41.9 to 56.1) 49 (41.9 to 56.1) 94.2 (87.9 to 97.9)

NT-proBNP ≥ 400 pg/ml

1 48.5 (36.0 to 61.1) 72.7 (66.6 to 78.2) 33 (23.8 to 43.3) 83.6 (77.8 to 88.3)

2 58.4 (47.5 to 68.8) 79.1 (73.0 to 84.3) 53.6 (43.2 to 63.8) 82.1 (76.2 to 87.1)

3 76.9 (67.6 to 84.6) 91.5 (86.7 to 95.0) 82.5 (73.4 to 89.4) 88.4 (83.2 to 92.4)
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Chapter 4 The REFER study: discussion

Summary of findings

At a low cut-off point of 125 pg/ml, NT-proBNP testing alone showed similar diagnostic performance to
the CDR (clinical features and natriuretic peptide level) in determining which patients presenting with
possible heart failure should be referred for diagnostic testing. The current NT-proBNP cut-off point of
400 pg/ml recommended by NICE7 in the UK is too high. Sensitivity for a diagnosis of heart failure at this
level was 77% (95% CI 68% to 85%), meaning that one in five patients with heart failure presenting to
primary care may not be appropriately referred for further investigation and diagnosis.

Strengths and limitations

This study included patients presenting prospectively to their GP. A large proportion of health care in the
UK is provided through general practice and testing the CDR in a real-life clinical setting where most
patients are managed allows accurate validation of the rule.27

Participants underwent thorough phenotyping including clinical and objective assessment and then review
by a panel of three experienced cardiologists, using a staged system to allow for assessment of inclusion
bias, to agree a formal diagnosis so that the ‘observed disease’ was accurate.28

The study was slow to recruit and failed to meet the initial target of 500 patients. The main reason
for this slow recruitment, in common with many studies requiring opportunistic recruitment during
routine consultations, was the additional administrative burden on busy GPs. This was at a time
of unparalleled increased workloads in UK general practice. Furthermore, when the study was designed,
natriuretic peptide assays were not routinely available to UK GPs and, therefore, the provision of a
rapid natriuretic peptide and echocardiography service might have provided some ‘compensation’ for
the additional administration needed for the study. However, shortly after the study commenced,
natriuretic peptide assays became an open-access diagnostic for practices, alongside one-stop heart
failure diagnostic clinics.7

The number of participants with heart failure with reduced ejection fraction (HFREF) was unexpectedly low
in the cohort. This may reflect the nature of heart failure presentation, with those with HFREF perhaps
more likely to present acutely directly to secondary care or perhaps already being under the care of a
cardiologist for a known cardiovascular comorbidity such as coronary artery disease.29

The increase in performance across the stepped diagnosis suggests that the sensitivity of the index tests may have
been overestimated because of incorporation bias. However, evaluation of the results at step 2 (at which point
NT-proBNP testing is excluded from clinical diagnosis) confirms that the diagnostic accuracy of the NT-proBNP
test alone at the lower cut-off is similar to that of the CDR (in combination with NT-proBNP testing).

Comparison with existing literature

Heart failure can be a difficult diagnosis to make and the idea of a CDR to help primary care clinicians
make the decision of who to refer for objective testing is justifiable.30 The role of CDRs as an aid
to clinical decision-making however remains controversial. There are many examples of CDRs being
generated and validated with the hope of improving clinical accuracy but performance characteristics are
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often modest at best.13,31–33 Furthermore, remembering the components of a CDR and applying
them during the consultation can be challenging for busy generalist clinicians seeing patients with
undifferentiated illness.34

The reason why the CDR performed no better than NT-proBNP testing alone may be because the
diagnosis of heart failure in the cohort was largely heart failure with preserved ejection fraction (HFPEF).
The derivation and initial validation of the CDR relied predominantly on epidemiological studies that
included heart failure as a result of left ventricular systolic dysfunction, or HFREF, and so may not directly
apply to this population.16 In addition, the way that symptoms were recorded may have differed –

the study used to derive the CDR was carried out by cardiologists in a secondary care clinic, whereas the
REFER study data were collected by research nurses; however, both studies relied on referral from
primary care.

The prevalence of atrial fibrillation and valvular disease was also very high in the REFER cohort. However,
this is likely to be an increasing reality in primary care, with the number of patients with HFPEF and/or
other cardiovascular comorbidities increasing.35

The threshold for NT-proBNP below which heart failure can be reasonably excluded is also an area of ongoing
research.36 Guidelines differ in the threshold currently recommended. For example, the ESC4 suggests that
a NT-proBNP level of < 125 pg/ml should be used to rule out heart failure but, in the UK, NICE7 suggests a
much higher NT-proBNP threshold of 400 pg/ml. For any test there must always be a trade-off between
sensitivity and specificity.22 A high sensitivity will ensure that fewer cases are missed, but at the expense of
more patients undergoing echocardiography, which is an expense to the health-care system and may be an
unnecessary inconvenience for the patient. However, accepting a test with a sensitivity that is too low could
result in a diagnosis of heart failure being missed.

Implications for practice and research recommendations

Echocardiography remains the most commonly used modality for providing objective evidence of heart
failure,37 but all health-care systems must work within the constraints of finite resources and in many
countries there is a limited supply of adequately trained echocardiography technicians. Access to a CDR
and/or point-of-care blood test that can reliably rule heart failure in or out quickly would be attractive to
clinicians. This study shows that, in patients suspected of having heart failure, a negative NT-proBNP blood
test alone, at a threshold of 125 pg/ml, means that heart failure is unlikely and, thus, this could be used as
a ‘rule out’ test. Provision of point-of-care testing in a primary care setting could aid clinicians in their
decision on whether or not to refer for echocardiography, which could improve care for patients and
reduce the burden on echocardiography services.

In the REFER study, a large proportion of the participants with heart failure had HFPEF. Estimates of
the proportion of patients with HFREF compared with HFPEF vary but these findings may reflect the
contemporary population presenting to general practice with symptoms suggestive of heart failure. This
has important implications for how patients in general practice might be managed, given the current lack
of effective treatments. Further research to find strategies to improve quality of life, reduce hospitalisations
or extend survival in HFPEF patients is needed.

Natriuretic peptide levels are influenced by multiple factors. Arrhythmias such as atrial fibrillation are
associated with high circulating levels, whereas medications such as ACE inhibitors reduce natriuretic
peptide production. Interpreting the NT-proBNP level in clinical practice needs to be carried out in the
context of a patient’s comorbid conditions and treatment regime. Further research to provide guidance
on natriuretic peptide correction factors could be helpful to clinicians.
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Conclusions

Natriuretic peptide testing alone performed as well as a validated CDR, based on the best available
epidemiological evidence, in determining which patients went on to have a diagnosis of heart failure.
The current guidelines, which suggest measuring NT-proBNP in patients with symptoms suggestive of heart
failure, are justified, but the cut-off point must be low enough to ensure that GPs are not falsely reassured
that referral is not required.
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Chapter 5 The REFER study health economic
evaluation: background

Heart failure is a common clinical condition that has a major impact on patients and is associated with
high costs for health systems, but it is not easy to diagnose accurately or early in primary care.4,12,28

The optimal cost-effective strategy for diagnosing heart failure patients at primary care level is not known.

The main symptoms suggestive of heart failure are shortness of breath, tiredness and swollen ankles,
but these complaints are common in primary care and most patients presenting with them will not have
heart failure.38 Furthermore, referring symptomatic patients on for confirmatory investigations such as
echocardiography is expensive. However, early detection of heart failure is important as evidence-based
therapies can substantially improve quality of life, reduce premature mortality and reduce avoidable
hospital admissions.6,7

There are very few data on diagnostic strategies in patients presenting in primary care with symptoms
suggestive of heart failure in which the population are rigorously phenotyped for heart failure. Economic
analyses of diagnostic triage for this patient population are rarer still, but the REFER study provides
appropriate data to undertake an economic evaluation.

The REFER study data set

The REFER study was a prospective, observational, diagnostic validation study of the MICE CDR, with
natriuretic peptide testing, for diagnosing heart failure in primary care. The full methods for the REFER
study have been published previously.23 The CDR was developed from an individual patient data
meta-analysis of epidemiological studies of heart failure screening in primary care, commissioned as a
health technology assessment by NICE.4

Briefly, primary care patients aged ≥ 55 years presenting to their GP with symptoms suggestive of heart
failure were recruited across 28 central England practices in the UK. All consenting patients underwent
a full clinical assessment, which included a NT-proBNP test, an echocardiogram and a quality-of-life
questionnaire, at a research clinic within 1 week of recruitment. Follow-up quality-of-life and resource-use
questionnaires were mailed to the patients at 6 and 12 months after attending the clinic.

The diagnosis of heart failure or no heart failure was determined by an expert panel of cardiologists using
the ESC 2012 definition.6 Clinical information, including the variables of the MICE rule and NT-proBNP
level, was presented in stages to quantify any incorporation bias.

Economic evaluation

The aim of this study was to assess the cost-effectiveness of using the MICE CDR in heart failure diagnosis
in general practice from a NHS and Personal Social Services perspective. To do so, a decision tree was
developed comparing different diagnostic strategies against the CDR. The economic analysis utilised the
REFER data set to determine which symptomatic patients would receive the correct diagnostic decision.
The cost and quality of life consequences of a correct and incorrect referral were taken from the data set
and the literature. The economic evaluation took a lifetime horizon and all costs and outcomes were
discounted at 3.5% in accordance with NICE guidance on the methods of technology appraisal.39
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Chapter 6 The REFER study health economic
evaluation: methods

The six comparators are described in the following section. As the MICE rule has lower and upper cut-off
points for NT-proBNP referral levels, we treat it here as two different diagnostic comparators: MICE

upper cut-off points and MICE lower cut-off points. The strategies differ in terms of immediate actions.
All patients with true heart failure who are not referred at this stage are assumed to return 6 months later
and such patients will be referred immediately for echocardiography.

Economic evaluation diagnostic pathways

MICE clinical decision rule
The MICE CDR was developed from a previous individual patient data meta-analysis.40 The MICE CDR states
that patients presenting with heart failure symptoms to their GP will be referred straight for echocardiography
if they have a history of myocardial infarction or basal crepitations or are male with ankle oedema. Otherwise,
a NT-proBNP test is carried out and the patient is referred straight for echocardiography if the test results are
above one of three cut-off points set by sex/symptoms recorded in the clinical rule (with the upper MICE
NT-proBNP cut-off points in parentheses):

1. A female patient without ankle oedema should be referred if NT-proBNP is ≥ 620 pg/ml (≥ 1060 pg/ml).
2. A male patient without ankle oedema should be referred if NT-proBNP is ≥ 390 pg/ml (≥ 660 pg/ml).
3. A female patient with ankle oedema should be referred if NT-proBNP is ≥ 190 pg/ml (≥ 520 pg/ml).

National Institute for Health and Care Excellence-recommended strategy
The NICE guidelines for the management of chronic heart failure7 suggest that a patient presenting with
symptoms suggestive of heart failure should be referred straight for echocardiography if they have a
history of myocardial infarction. Otherwise, a NT-proBNP test should be carried out and the patient
referred for an echocardiograph if the NT-proBNP level is ≥ 400 pg/ml.

Echo all strategy
In the echo all strategy, all patients presenting to their GP with heart failure symptoms would be referred
straight for echocardiography. We made a simplifying assumption that there would be no problems with
access to echocardiography and that there would be a sufficient number of trained echocardiographers for
all patients.

NT-proBNP 125 strategy
In the NT-proBNP 125 strategy, all patients presenting to their GP with heart failure symptoms would have a
NT-proBNP test carried out and be referred for echocardiography if their NT-proBNP level was ≥ 125 pg/ml.

Do nothing strategy
In the do nothing strategy, no patients presenting to their GP with heart failure symptoms would be
referred straight for echocardiography or undergo a NT-proBNP test.

Decision tree structure

A decision tree, presented in TreeAge Pro 2014 (TreeAge Software, Inc., Williamstown, MA, USA) and
developed in Microsoft Excel®, version 2010 (Microsoft Corporation, Redmond, WA, USA), was structured
to represent the various diagnostic strategies (Figure 4). A decision tree was the most appropriate method
to use here as a ‘one-off’ decision is involved (i.e. whether or not to send patients on for a confirmatory
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FIGURE 4 Decision tree of the different diagnostic strategies for patients presenting with heart failure symptoms in
primary care. Echo, echocardiogram; HF, heart failure; MI, myocardial infarction.

diagnosis for heart failure). The branch probabilities were estimated from the REFER data set. To ensure
correct representation of the statistical uncertainty in the model, patients were categorised into groups on
the principle that two patients would be in the same group if and only if they followed the same pathway
in all strategies considered. For example, consider four patients of the same sex and with the same clinical
signs, with no previous history of myocardial infarction but with NT-proBNP levels of 110 pg/ml (A),
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220 pg/ml (B), 330 pg/ml (C) and 440 pg/ml (D). Under the NT-proBNP 125 strategy, patients B, C and D
would be referred for echocardiography but patient A would not, whereas under the NICE strategy only
patient D would be referred. However, no strategy in the model has a cut-off point between 220 pg/ml
and 330 pg/ml and so patients B and C can be placed in the same group. Table 7 shows the breakdown of
patients into groups based on this principle.

Effects of early heart failure diagnosis

The methodology behind the benefits of each strategy was drawn largely from a previous Heart Failure
Health Technology Assessment report.40 It was assumed that a confirmed heart failure diagnosis leads to
patients being initiated on heart failure drug treatment if they have HFREF. Current trials do not suggest a
survival advantage of ACE inhibitors or beta-blockers for patients with HFPEF.15 Thus, the benefits from
early detection of heart failure were weighted by the number of heart failure patients in the population
(11.5%) who have a reduced ejection fraction.

TABLE 7 Patient clinical characteristics

Clinical parameters
Heart failure
(N= 104), n (%)

No heart failure
(N= 200), n (%)

Patients with a previous MI and a NT-proBNP level of < 125 pg/ml 1 (1.0) 10 (5.0)

Patients with a previous MI and a NT-proBNP level of ≥ 125 pg/ml 16 (15.4) 7 (3.5)

Patients with basal crepitations without a previous MI and with a
NT-proBNP level of < 125 pg/ml

0 (0.0) 5 (2.5)

Patients with basal crepitations without a previous MI and with a
NT-proBNP level between 125 pg/ml and 399 pg/ml

0 (0.0) 4 (2.0)

Patients with basal crepitations without a previous MI and with a
NT-proBNP level of ≥ 400 pg/ml

3 (2.9) 2 (1.0)

Male patients with ankle oedema without basal crepitations or a
previous MI and with a NT-proBNP level of < 125 pg/ml

0 (0.0) 22 (11.0)

Male patients with ankle oedema without basal crepitations or a
previous MI and with a NT-proBNP level between 125 pg/ml and
399 pg/ml

4 (3.8) 17 (8.5)

Male patients with ankle oedema without basal crepitations or a
previous MI and with a NT-proBNP level of ≥ 400 pg/ml

22 (21.2) 5 (2.5)

Female patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level of < 125 pg/ml

0 (0.0) 9 (4.5)

Female patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level between 125 pg/ml and 399 pg/ml

0 (0.0) 6 (3.0)

Female patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level between 400 pg/ml and 619 pg/ml

0 (0.0) 2 (1.0)

Female patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level between 620 pg/ml and 1059 pg/ml

1 (1.0) 0 (0.0)

Female patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level of ≥ 1060 pg/ml

0 (0.0) 0 (0.0)

Female patients with ankle oedema and without the MICE criteria
and with a NT-proBNP level of < 125 pg/ml

4 (3.8) 43 (21.5)

Female patients with ankle oedema and without the MICE criteria
and with a NT-proBNP level between 125 pg/ml and 189 pg/ml

3 (2.9) 15 (7.5)

continued
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The type of heart failure drug and dose used were obtained from a UK retrospective cohort study of
patients treated for heart failure in primary care; 36.6% of patients were treated with beta-blockers,
58.9% with ACE inhibitors and 13.4% with angiotensin receptor blockers (ARBs).40 Patients can be on
more than one heart failure drug therapy; to determine the proportion of patients on ACE inhibitors but
not on beta-blockers (not reported in the study) we took a simple average of the upper bound and lower
bound range of the possible values. This gave a value of 36.3% for patients on ACE inhibitors but not on
a beta-blocker.

The initiation of heart failure treatment after correct early detection was assumed to have a survival benefit
for the heart failure patient compared with a missed heart failure diagnosis.

Effects of delayed heart failure diagnosis

A missed heart failure diagnosis was assumed to delay the diagnosis by 6 months. The delayed diagnosis
patients were assumed to incur a further GP visit and an echocardiogram scan to confirm the diagnosis.
We assumed that the delayed diagnosis patients had the same prognosis as untreated patients for the first
6 months. After 6 months, the delayed diagnosis patients were put on treatment and thereafter had the
same survival probability as someone who was already on treatment.

Treatment effects on mortality

As in a previous model,41 we took the survival data from patients with heart failure in the Framingham
Heart Study to estimate prognosis in the absence of drug therapy. An individual patient data meta-analysis
indicated that beta-blockers compared with placebo gave a hazard ratio of 0.73 (95% CI 0.67 to 0.80) for
all-cause mortality; 95% of these beta-blocker patients were also on ACE inhibitors/ARBs.42 The results of
a systematic review showed that the mortality odds ratio for patients taking ACE inhibitors compared with
a placebo was 0.80 (95% CI 0.74 to 0.87).43 A Cochrane review found no significant effect of ARBs on
mortality and we made a conservative assumption based on this analysis that patients on ARBs have the
same survival rate as untreated patients.44

TABLE 7 Patient clinical characteristics (continued )

Clinical parameters
Heart failure
(N= 104), n (%)

No heart failure
(N= 200), n (%)

Female patients with ankle oedema and without the MICE criteria
and with a NT-proBNP level between 190 pg/ml and 399 pg/ml

4 (3.8) 31 (15.5)

Female patients with ankle oedema and without the MICE criteria
and with a NT-proBNP level between 400 pg/ml and 519 pg/ml

4 (3.8) 5 (2.5)

Female patients with ankle oedema and without the MICE criteria
and with a NT-proBNP level of ≥ 520 pg/ml

30 (28.8) 0 (0.0)

Male patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level of < 125 pg/ml

1 (1.0) 9 (4.5)

Male patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level between 125 pg/ml and 389 pg/ml

2 (1.9) 7 (3.5)

Male patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level between 390 pg/ml and 399 pg/ml

1 (1.0) 0 (0.0)

Male patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level between 400 pg/ml and 659 pg/ml

2 (1.9) 0 (0.0)

Male patients without ankle oedema and without the MICE criteria
and with a NT-proBNP level of ≥ 660 pg/ml

6 (5.8) 1 (0.5)
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The survival data and the drug efficacies were used to plot sex-specific survival curves for the untreated
patients and patients on different drug therapies (assuming no temporal changes in drug efficacy). The
survival curves were extended beyond the 10-year survival data by linear extrapolation to achieve a lifetime
horizon. Tables 8 and 9 depict the estimated probabilities associated with treatment and no treatment of
men and women, respectively. The patients who were put on treatment earlier after correct detection of
heart failure (treat early) and the patients with a delayed diagnosis (treat late) were weighted by the
proportion of patients on the different drug therapies.

TABLE 8 Estimated undiscounted survival probabilities for male patients with heart failure on and off therapy

Years Untreated ACE inhibitors Beta-blockers Treated early Treated late

0 1.00 1.00 1.00 1.00 1.00

0.25 0.73 0.77 0.79 0.77 0.73

0.5 0.68 0.72 0.75 0.72 0.68

1 0.57 0.62 0.66 0.62 0.59

2 0.46 0.52 0.57 0.52 0.49

5 0.25 0.29 0.36 0.31 0.29

10 0.11 0.13 0.20 0.15 0.14

11 0.08 0.10 0.16 0.12 0.11

12 0.05 0.07 0.12 0.08 0.07

13 0.03 0.03 0.07 0.04 0.04

14 0.00 0.00 0.02 0.01 0.00

15 0.00 0.00 0.00 0.00 0.00

TABLE 9 Estimated undiscounted survival probabilities for female patients with heart failure on and off therapy

Years Untreated ACE inhibitors Beta-blockers Treated early Treated late

0 1.00 1.00 1.00 1.00 1.00

0.25 0.72 0.76 0.79 0.76 0.72

0.5 0.69 0.74 0.77 0.74 0.69

1 0.64 0.69 0.72 0.69 0.65

2 0.56 0.61 0.65 0.61 0.58

5 0.38 0.43 0.49 0.44 0.41

10 0.21 0.25 0.32 0.26 0.25

11 0.18 0.21 0.28 0.23 0.21

12 0.14 0.17 0.24 0.19 0.17

13 0.11 0.13 0.20 0.15 0.14

14 0.07 0.09 0.15 0.11 0.10

15 0.04 0.05 0.10 0.06 0.06

16 0.01 0.01 0.02 0.01 0.01

17 0.00 0.00 0.00 0.00 0.00
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Figures 5 and 6 show the discounted survival curves of patients treated early and treated late for men and
women, respectively. The survival benefit from early treatment is the area between the treated early and
treated late curves. These curves were discounted at 3.5% to obtain discounted life-years gained from
early treatment. The sex-specific survival benefit was then combined by the weighted average number of
men and women in the data set with heart failure.
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FIGURE 5 Discounted survival curves for male patients on and off treatment.
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FIGURE 6 Discounted survival curves for female patients on and off treatment.
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Patients with heart failure in the REFER data set who answered the 6-month follow-up questionnaire gave
a mean EQ-5D score of 0.615 (SD 0.31) (Table 10). The discounted quality-adjusted life-year (QALY) gain
can be estimated from the product of the EQ-5D and the discounted life-years gained. Current trials do
not suggest a survival advantage of ACE inhibitors or beta-blockers for patients with HFPEF.45 Thus, the
survival gain from early detection of heart failure is weighted by the number of heart failure patients in the
population (11.5%) who have a reduced ejection fraction (HFREF).

Early heart failure treatment effect on hospital admissions

The early detection of heart failure also has the benefit of a reduction in hospitalisations. Patients on
beta-blockers compared with placebo have a hazard ratio of 0.71 (95% CI 0.65 to 0.77) for first heart
failure-related hospital admission. Similarly, treatment with ACE inhibitors reduces the likelihood of a
hospital admission, with an odds ratio of 0.67 (95% CI 0.61 to 0.74).42

For the purpose of the model we were interested in the increased rate of admission to hospital for an
untreated population because of a 6-month delay in heart failure diagnosis. In a treated population
following a new diagnosis of heart failure, 59% of people in a south London heart failure incidence study
had a subsequent hospital admission over a span of 19 months.46 This would result in a 19-month
‘hospital-free survival’ probability of 41% (odds 0.70). We assumed that the ‘hospital-free survival’ curve
followed the same pattern (constant odds ratio) as the survival curve for untreated males. From this, the
estimated survival at 19 months was 50.6% (odds 1.02 in favour of survival), with survival at 6 months of
67.7% (odds 2.09). This gave estimated odds of no admission at 6 months if treated of 1.42, which gave
a probability of no admission of 58.7%, hence a probability of admission if treated of 41.3%.

Using the odds ratio of hospital admission with ACE inhibitor treatment, the estimated rate of admission
within 6 months if untreated is 0.41/0.67 = 0.62. Using the hazard ratio for treatment with beta-blockers
(0.71), assuming a constant hazard over the 6 months, the estimated rate of admission within 6 months
if untreated is 71.2%. A simple average was taken to calculate the estimated rate of admission with
6 months if untreated (66.4%). Thus, the increased number of hospitalisation cases if untreated is 25.1%
(41.3−66.4%). This was then weighted by the number of HFREF patients in the population as only these
patients receive a prognostic benefit from treatment.

TABLE 10 Health utility states for the REFER patient population

Health utility states Heart failure (n= 104) No heart failure (n= 200)

EQ-5D 6-month utility

Number of observations 80 (missing 24) 158 (missing 42)

Mean 0.615 0.556

Median 0.690 0.620

SD 0.305 0.329

EQ-5D 12-month utility

Number of observations 76 (missing 28) 147 (missing 53)

Mean 0.634 0.553

Median 0.675 0.660

SD 0.287 0.333
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Costs associated with the diagnostic strategies

A list of costs and their sources are shown in Table 11. The cost of an avoidable heart failure hospital
admission was calculated from weighted average 2013/14 reference costs of heart failure admissions.48

The cost of an echocardiography referral, consisting of a simple echocardiogram and a consultant-led
outpatient first attendance, was taken from the Payment by Results mandatory tariff 2013/14.47

The cost of a NT-proBNP test was taken from a NICE costing report,7 which based it on a provider contract
price. As there was no mention of a cost year, for inflation purposes the NT-proBNP test cost was assumed
to have been obtained when the report was published (2010). This cost was then inflated to 2013/14
prices using the Hospital & Community Health Service (HCHS) pay and prices index.50 The early treatment
heart failure drug cost was estimated from the drug resource usage combined with drug prices from the
British National Formulary (BNF).49 The heart failure drug therapy prescription mix was taken from a 5-year
retrospective cohort study of general practices involved in the Doctors Independent Network (DIN-LINK)
database.41 As the typical drug dose for a heart failure patient is variable, we pragmatically assumed that
the same percentage of patients reached the target dose, as defined by the 2005 ESC guidelines51 and the
remainder achieved half the target dose. When the drug listed was not recommended by the 2012 ESC
guidelines,6 the target dose indication for heart failure in the BNF was used. The drug therapy costs were
weighted by the percentage of patients on the different regimes (ACE inhibitors, beta-blockers and ARBs).
For the base-case analysis, the cost of the generic drugs for the first 6 months was used (£10); the cost of
the equivalent drug therapy with branded drugs was substituted in the sensitivity analysis (£30).

The results are presented as the total costs and effects of each strategy. Effectiveness was measured in
QALYs. The total costs and outcomes of each strategy are ordered by increasing effectiveness. Incremental
cost-effectiveness ratios (ICERs) were calculated from the difference in costs and effects between two
options. Options that are more costly and less effective (dominated) are excluded from consideration.
Likewise, options that suffer from extended dominance are removed from consideration. Extended
dominance occurs when an option would be dominated compared with a mixed option of two
other strategies.

The incremental analysis was designed to generate the cost per additional QALY gained of using one
diagnostic strategy over another. Cost-effectiveness was assessed in relation to the lower NICE
cost-effectiveness threshold of £20,000 per QALY gained.

To assess model robustness, deterministic and probabilistic sensitivity analysis was performed.

TABLE 11 Cost parameters

Cost parameters Value (£) Source

NT-proBNP testing 30 2010 NICE costing report7

Echocardiograph plus specialist assessment 241 Payment by Results 2013/14 tariff (currency code
RA60Z and treatment function 320 Cardiology)47

Avoidable heart failure hospital admission 2107 Weighted average 2013/14 reference costs of heart
failure admission (currency codes EB03A–EB03E)48

Early diagnosis heart failure generic drug therapy 10 BNF49 combined with typical heart failure doses for
heart failure patients in the UK42

Early diagnosis heart failure branded drug therapy 30 BNF49 combined with typical heart failure doses for
heart failure patients in the UK42

Discount rate for costs and outcomes 3.5% NICE39

GP visit 46 Curtis50
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Deterministic sensitivity analysis

For the deterministic sensitivity analysis the following scenarios were explored to test the robustness of the
base-case results:

l doubling and halving the cost of a BNP test
l altering the drug efficacies to their lower and upper CIs
l substituting in branded drug prices for drug therapy prices
l increasing the proportion of HFREF patients from 12% to 24%, 50% and 100%.

Probabilistic sensitivity analysis

For the probabilistic sensitivity analysis, distributions were attached to the clinical parameters, drug
efficacies and heart failure utility (Table 12). The model was run for 10,000 iterations and the results
presented as a cost-effectiveness acceptability frontier (CEAF). The CEAF shows the uncertainty associated
with the optimal diagnostic option across a range of different cost-effectiveness thresholds.

Positive count data in groups formed the parameters for the Dirichlet distribution (see Table 12). On each
replication a vector of probabilities was sampled from the appropriate distribution. When there were no
count data (no patients) in a patient group, we assumed that the appropriate combination was impossible
and no distribution was attached to clinical parameters with zero occurrences in the data set. Treating the
probability as fixed for these empty patient groups will slightly underestimate the uncertainty in the model
rather than the alternative of adding an occurrence and positively biasing the amount of occurrences for
these groups.52

TABLE 12 Parameter distributions for the probabilistic sensitivity analysis

Parameters Distribution Parameter estimatesa Source

Patient’s true diagnosis Beta α= 104, β = 200 REFER data set

Heart failure utility (EQ-5D) Beta α= 0.95, β = 0.59 REFER data set

Beta-blocker effect on mortality Log-normal µ= –0.31, σ = 0.05 Patient-level meta-analysis by
Kotecha et al.42

Beta-blocker effect on hospitalisation
risk

Log-normal µ= –0.34, σ = 0.04 Patient-level meta-analysis by
Kotecha et al.42

ACE inhibitor effect on mortality Log-normal µ= –0.22, σ = 0.04 Flather et al.43

ACE inhibitor effect on hospitalisation
risk

Log-normal µ= –0.40, σ = 0.05 Flather et al.43

Patients on each drug therapy
(beta-blockers, ACE inhibitors, other)

Dirichlet (α1,α2,α3) = (3403,3378,1908) Calvert et al.41

a For the log-normal distributions, µ is the mean and σ is the SD of the underlying normal distribution, which gives the
logarithm of the model parameter.
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Chapter 7 The REFER study health economic
evaluation: results

The total costs and effectiveness of each strategy under base-case assumptions and parameters are
shown in Table 13. Both CDRs of MICE are excluded because of being dominated outright or weakly

dominated (extended dominance). Given a willingness-to-pay threshold of £20,000 per QALY, only the
NICE strategy would be cost-effective. The mean total costs and effects (measured in QALYs) of each
strategy are depicted on a cost-effectiveness plane in Figure 7.

TABLE 13 Base-case results

Strategy

Proportion of
true heart failure
detected (%)

Proportion of
not heart failure
ruled out (%) Cost (£)

QALY gain vs.
‘do nothing’ ICER (£ per QALY)

Do nothing 0.00 100.00 119 –

NICE 78.85 63.50 142 0.0051 (Dominated)

MICE upper cut-off
points

81.73 84.00 167 0.0050 4400

MICE lower cut-off
points

90.38 45.50 191 0.0057 (Extended dominance)

NT-proBNP 125 94.23 49.00 196 0.0059 69,000

Echo all 100.00 0.00 241 0.0063 125,100

Echo, echocardiogram.
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FIGURE 7 Cost-effectiveness plane. Echo, echocardiogram.
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The MICE upper cut-off point strategy is dominated by the NICE strategy. Similarly, the MICE lower
cut-off point strategy is excluded by extended dominance between the NICE strategy and the NT-proBNP
125 strategy. ICERs (rounded to the nearest multiple of £100 per QALY) have been given relative to the
previous non-dominated strategy.

Deterministic sensitivity analysis results

The results of the sensitivity analysis are shown in Table 14. The MICE cut-off point options are excluded
from the table as they remained dominated in each scenario. As in the base-case results, the NICE
strategy remained the most cost-effective option for each sensitivity analysis scenario except when the
proportion of HFREF changed to ≥ 50%. When the proportion of HFREF patients is 50%, the NT-proBNP
125 strategy becomes cost-effective, and when this proportion reaches 100% it becomes cost-effective
to refer all patients for immediate echocardiography. Threshold analysis indicated that the NT-proBNP
125 strategy becomes cost-effective compared with the NICE strategy when the proportion of HFREF rises
above 36%.

Probabilistic sensitivity analysis results

Figure 8 illustrates the overall uncertainty related to the optimal decision across a range of plausible
willingness-to-pay values, where willingness to pay is measured in cost per additional QALY. Taking
NICE’s willingness to pay for an additional QALY as £20,000, the likelihood of the NICE strategy being
the optimal option (i.e. highest net monetary benefits) is 99.9%. As the willingness-to-pay threshold
increases beyond £68,000, the NT-proBNP 125 option becomes more likely to be the optimal option.

TABLE 14 Sensitivity analysis scenario results

Scenarioa

Cost per additional QALY (£)

NICE strategy vs.
do nothing strategy

NT-proBNP
125 strategy vs.
NICE strategy

Echo all strategy
vs. NT-proBNP
125 strategy

Base-case results 4400 69,000 125,100

Double NT-proBNP test cost 9600 73,300 42,100

Halve NT-proBNP cost 1800 66,800 166,600

Branded drug price therapy 9700 68,900 125,200

Higher drug efficacy for mortality 3300 52,000 94,200

Lower drug efficacy for mortality 6600 104,200 189,100

Proportion of HFREF patients doubled to 24% 600 32,900 60,900

Proportion of HFREF patients increased to 50% Dominates do nothing
strategy

13,300 26,400

Proportion of HFREF patients increased to 100% Dominates do nothing
strategy

5000 11,600

Echo, echocardiogram.
a The MICE cut-off point options were excluded from the table as they remained dominated in each scenario.
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FIGURE 8 Cost-effectiveness acceptability frontier showing the optimal diagnostic strategy across a range of
willingness-to-pay thresholds.
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Chapter 8 The REFER study health economic
evaluation: discussion

Summary of findings

The results indicate that, for the REFER population, the current NICE guidelines on diagnosing heart failure
provide the most cost-effective strategy compared with the MICE CDRs and other diagnostic strategies.
The MICE CDRs with upper and lower cut-off points were excluded from the base-case and the sensitivity
analyses because of dominance by the other strategies. The cost-effectiveness results were robust to
deterministic and probabilistic sensitivity analyses.

The modest gains in effectiveness for each strategy, even with a lifetime horizon, can be largely explained
by the patient characteristics in the REFER data set. The benefits of early detection of heart failure and the
subsequent prognostic window of improvement (treated early vs. treated late) used in the model are
limited as only 12% of the heart failure participants in the REFER study were found to have a reduced left
ventricular ejection fraction. In this analysis, survival benefit and reduced hospitalisation risk from early
detection are restricted to this subgroup, that is, we model no benefits from earlier detection in the 88%
of the REFER population detected with non-HFREF. This is an appropriate conservative assessment but it is
unlikely that these patients will derive zero benefit from detection.

In a sensitivity analysis scenario, increasing the proportion of HFREF patients raised the total QALYs
produced by each diagnostic strategy because of the higher rewards of correct early detection. Most
population surveys suggest that approximately half of patients with heart failure have HFREF,53 in contrast
to the 12% detected in this study, and in this scenario the dominant cost-effective strategy is the reduced
NT-proBNP cut-off point of 125 pg/ml for referral for echocardiography rather than the NICE level of
400 pg/ml. The echo all strategy becomes the most cost-effective option when we assume that all of the
heart failure patients will receive a prognostic benefit from treatment. However, it must be acknowledged
that there may be practical barriers to the implementation of such a strategy. Delays to echocardiography
may potentially offset the advantage of early detection and referring all patients for an echocardiogram
will put pressure on local diagnostic services. The cost used for a NT-proBNP test was an inflated cost
from 2010.

Strengths and limitations

Since NT-proBNP testing came into more general use in the health-care system, the cost per test may have
dropped and so the cost-effectiveness of natriuretic peptide testing may be greater than the estimates
presented. This was explored in the sensitivity analysis by halving the cost of a NT-proBNP test, which resulted
in the NT-proBNP 125 strategy becoming more cost-effective than the echo all and do nothing strategies.

The heart failure therapy drug mix for patients used in the economic evaluation relates to a 2009 publication.41

As it is very likely that there are now higher rates of drug use, the proportion of patients on ACE inhibitors and
beta-blockers may be more than assumed and so the benefits of diagnosis may be greater.

The main strength of this analysis is that the diagnostic accuracy of the various strategies tested was
calculated based on a consistent primary data set. This was reinforced by the process used in the clinical study
to develop an appropriate gold standard against which to compare imperfect diagnostic strategies. The main
limitations are that the REFER data set may not be typical of patients in other geographical areas and that
assumptions have had to be made in projecting the lifetime costs and outcomes of a correct diagnosis.
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Comparison with existing literature

This is the first cost–utility analysis of heart failure diagnosis in this patient population, making comparison
with other studies difficult. A cost–consequence analysis, in which only costs are considered, suggested
that a diagnostic strategy using a BNP referral level of 100 pg/ml had a higher test accuracy and was only
marginally more expensive than a consultant-led ECG strategy.54 Other studies55,56 have looked at the
costs of using NT-proBNP testing as a means to rule out heart failure and to reduce the levels of
echocardiography referrals but these do not come close to answering the question of the optimal
cost-effective strategy and also do not place a cost on a missed heart failure diagnosis.

Implications for practice and research recommendations

The findings of this study suggest that further research around the cost-effectiveness of different
natriuretic peptide thresholds in specific heart failure populations (HFREF vs. HFPEF) is needed to determine
the optimal strategy for diagnosis in primary care. The organisation of health-care systems globally is
associated with differing costs of and access to investigations. Cost-effectiveness analyses must be carried
out in the context of individual health-care economies to determine the most cost-effective local strategy.

Conclusions

Overall, this analysis provides evidence based on primary data that the current strategy recommended by
NICE for the diagnosis of heart failure is appropriate, that is, patients presenting with symptoms suggestive
of heart failure should be referred straight for echocardiography if they have a history of myocardial
infarction or if their NT-proBNP level is ≥ 400 pg/ml. However, based on sensitivity analysis, as the
proportion of patients with HFREF increases from the 12% seen in the REFER study, it becomes more
cost-effective to change the NT-proBNP threshold from 400 pg/ml to 125 pg/ml.
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Appendix 1 The REFER study clinical record form

REFER STUDY: Nurse CRF      
            
          PATIENT INITIALS         ID NUMBER 
 
General instructions 
 
Each patient is provided with a unique 5 -digit ID number. Please enter this code at the top right 
hand corner of every page. 
 
 
CRF completion 
 
Units are provided for all measurements.  Data should be entered in the units provided. If 
necessary please convert values to the unit specified. 
 
Dates must be entered in the format DD MM YYYY using a leading zero if necessary. 
 
Any errors should be corrected with a single strike through without obliterating the original entry.   
Any corrections should be initialled and dated. 
 
 
Please check the calibration of all instruments prior to start 
 
Stadiometer:  Check recorded height of standard 1 metre rule once the instrument is set up and 
record the result.  
 
Scales:  The zero setting on the scales should be checked by pressing the reset button with the 
scales empty.  This should read 0.00. 
 
 
Taking measurements 
 
Height:  Participants should be asked to stand on the stadiometer. Please check: 
   

• Feet: Ankles should be together and resting on the bar at the back. Ensure the participant 
doesn’t stand on tiptoe. 

• Arms:  Should be resting at sides. 
• Head:  Should face straight ahead. 

 
Weight:  Participants should stand as reasonable straight if possible. 
 
Blood Pressure:  Subject should sit at the measurement table and rest their arm on the table.  
The cuff should be placed around the upper arm with the bladder centre over the artery.  Ensure 
that the upper arm is at chest level. 
 
 

Blood sampling 
 

• Prepare label for vaccutainer 
• Wash hands between patients and wear rubber gloves. 
• Ensure patient is sitting comfortably and check for previous problems with blood sampling. 
• Clean the area with an alcohol wipe if obviously unclean. Allow skin to dry. 
• After venepuncture raise subjects arm and ask patient to apply cotton wool to avoid 

bruising 
• Dispose of needle in sharps box. 
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Any second attempt must be in the opposite arm.  
 
 
REFER STUDY: Nurse CRF: PATIENT DETAILS 1 
            
         
PATIENT INITIALS                     ID NUMBER 
 
Consent form                                 Date consented      _ _ / _ _ / 
_ _ _ _ 
 
Please tick to confirm:              Yes            No 
 

· Consent form completed and signed 
 

· One copy given to patient 
 

· One copy filed in medical notes  
 

· One copy kept for research file   
 
 
 
 
 
Date of birth       
 
          DD          MM  YY 
 
 
 
Gender                                 Male                    Female 
 
 
 
 
Post Code              ..   ..                                     
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REFER STUDY: Nurse CRF: PATIENT DETAILS   1  
            
      
PATIENT INITIALS                  ID NUMBER 
Marital status 
 

Single            Divorced 

 

Married          Separated 

 

Cohabiting          Widowed 

 
Your occupation (if retired – occupation before retirement) 
  

  

If married or cohabiting, partners occupation 
 

………………………………………………………………………………………………………

Your ethnic origin 

White British                 

White Irish  

White - Other Background       
 

Mixed – White & Black Caribbean 

Mixed – White & Black African 

Mixed – White & Asian 
 

Asian / Asian British – Indian 

Asian / Asian British - Bangladeshi 

Asian / Asian British – Other background 

Black / Black British - Caribbean          

Black / Black British - African      

Black / Black British – Other background 

Other – Chinese 
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Other – Any other ethnic group     Please specify: . 
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 REFER STUDY: Nurse CRF: CLINICAL HISTORY 1  
            
          PATIENT INITIALS           ID NUMBER 
Clinical History 
 
 
Previous MI                Angina 
 
Arrhythmias (specify type below)   Heart Failure  
 
Cardiac Devices (PPM / ICD)   Revascularisation (CABG/PTCA)  
   
 
High cholesterol     Hypertension     

H/O of rheum/scarlet fever    Valve Surgery 
 
Diabetes      Peripheral artery disease   
 
Stroke       TIA    
 
 COPD      Stomach ulcer  

Arthritis      Depression 

Other        Kidney Problems  

Shortness of Breath 
Other please specify:   

 
 
. 

Do you have a family history of :                                      Yes        No    Don’t 

know 

     Heart attack (<65 years of age) 

     High blood pressure (<65 years of age) 

     Diabetes 

 
Do you get short of breath when you walk?       

     If yes, how far can you manage when walking on level 

     ground at your own pace:                                                  .. yards 
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         For how long can you keep walking:                                         ..  mins

  

    If no, is there any other reason that you have to stop walking?  

    . 
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REFER STUDY: Nurse CRF: CLINICAL HISTORY 2 
            
           
PATIENT INITIALS                    ID NUMBER 
 
                                                                                                     Yes                No      
 
Do you get shortness of breath?                          

a) walking up hill 

b) climbing upstairs 

c) walking on the level with someone of you own age 

d) during heavy housework (lifting/moving heavy furniture) 

e) during moderate housework (vacuuming, sweeping)  

f) during leisure activities 

If yes, please specify activity: ..  

g) during light housework (dusting, washing dishes) 

h) while washing or dressing 

i) sitting at rest 

j) lying down in bed 

k) Do you wake during the night with shortness of breath 

If yes, how many pillows do you sleep on?                               

 

How long have you had these symptoms              .   months .. years 

 
Are your symptoms?        Improving          stable               getting worse  

 
Do you get tired easily             yes                        no 
 

Do your ankles/feet swell             yes                        no 

 

Do you get chest pain                        yes                        no  
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REFER STUDY: Nurse CRF: CLINICAL HISTORY 3 
          
 
  PATIENT INITIALS      ID NUMBER 
        
                                                                                                      
        
Do you have a cough in the daytime           yes                        no 

 

Do you have a cough at night           yes                        no 

 

Do you get wheezy                       yes                        no  

 

Do you cough up phlegm            yes                        no 

 

 
Which one is your main symptom that brought you to this consultation? 
 
Shortness of breath  

Tiredness 

Ankle swelling 

Chest pain 

Cough 

None 

 

 

What diagnosis were you given? 
 
None 

Heart trouble  

Heart failure 

Angina 

Bronchitis/asthma 

Other   

     

 If other please specify:  

APPENDIX 1

NIHR Journals Library www.journalslibrary.nihr.ac.uk

48



REFER STUDY: Nurse CRF: TREATMENT 1 
            
                
PATIENT INITIALS       ID NUMBER 
 
Are you under the care of a Consultant Cardiologist?   Yes                  No 
 

Name:  

Hospital:  

Date (approximately) referred:     _ _ / _ _ / _ _ _ _ 

 
Number of previous hospitalisations with Cardiac Events 
 

 

Details with dates:  

 1)  .Date:     

2)  .Date:  

3)  .Date:  

4)  .Date:  

5)  .Date:  

 

Has your GP recently (e.g since the consultation when this study was discussed) 
referred you for a chest x-ray?          Yes                  No  
 
Before this consultation with your GP: -   
Have you ever had?          Yes                  No 
 

An electrical recording of your heart (ECG)   

 

A chest X-ray because of ill health       

 
If yes, was it    normal     abnormal            don’t know  
            Yes                  No 

An ultrasound recording of your heart (echo) 
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Do you have a Cardiac device? 
 

No cardiac device                  Standard pacemaker              ICD (defibrillator) 
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REFER STUDY: Nurse CRF: TREATMENT 2 
            
                                               
PATIENT INITIALS            ID NUMBER 
 
Medication 

 
  

Name 
 

 
Dose / Day 

 
Diuretic 

 

 
 

 

 
Digoxin 

 

 
 

 

 
ACE Inhibitor 

 

 
 

 

 

Angiotensin Receptor 
Blocker 

 
 

 

 
Beta Blocker 

 

 
 

 

 
Oral Nitrate 

 

 
 

 

 
Calcium Antagonist 

 

 
 

 

 
Other Hypertensive 

 

 
 

 

 
Anti - arrhythmic Drug 

 

 
 

 

 
Lipid Lowering Drug 

 

 
 

 

 

Anti Platelet 
 

  

 
Anticoagulant 

 

  

 
Others 

 
 
 

 

 
Over The Counter 
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REFER STUDY: Nurse CRF: LIFESTYLE 1    
            
               
PATIENT INITIALS           ID NUMBER 
 
 
 
Have you ever smoked                                             yes       no  
 

If you have smoked - Do you still smoke           yes                 no 

 
 
If NO, how long ago did you give up smoking          .... months     .. ..   years 

 

For how many years did you smoke             . ..  years 

 
How many did you smoke each day:          cigarettes             cigars         Grams  
      Tobacco 
 

 
If YES, for how many years have you smoked               .  years 

 
 
How much do you smoke each day           cigarettes            cigars         Grams  
                 Tobacco 
 
 
Do you drink alcohol          yes                  no  

 

If yes, how much do you drink in an average week (number) 

 

     ½ pints of beer               glasses of wine            measure of spirits 
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REFER STUDY: Nurse CRF: PHYSICAL EXAM   1   
 
            
               PATIENT INITIALS       ID NUMBER 
Physical Examination 
 
 
     Pulmonary function                           FEV1                   l/min        FVC           
l/min       
       
 
     Height         .              metres           Weight                           kg                 
     
     
    Waist Circumference                       cm                     Hip Circ                          cm    
 
 
     Blood pressure                               /            mm Hg              
                                          systolic               diastolic  
      
     After 5 mins or more                                     /           mm Hg 
                     systolic               diastolic  
 
 
     Resting Pulse                 Beats per minute 
 
 
 
    Rhythm              Regular            Irregular   
   
    
 
 
   Peripheral oedema  Present   Absent 
 
Lung Auscultation 
 
 Clear                         Basal Creps                    Extensive 
Creps               
 
 Wheeze                             Reduced Air entry / dullness                   
 
  
 Other                Please specify     .............................................................                     
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REFER STUDY: Nurse CRF: QUESTIONNAIRE 1    
            
           
      
PATIENT INITIALS       ID NUMBER 
Questionnaires 
 
 
SF 12 Completed                                           Yes                  No 
 
Reason if no:  
 
 
EQ-5D questionnaire completed            Yes            No 
 
Reason if no:  
 
 
 
 
Blood sampling 
 
 
Consent for blood sampling obtained?                    Yes  No 
 
Reason if no:  
 
 
Blood sample obtained?                        Yes  No 
 
Reason if no:  
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Appendix 2 Patient and public involvement

Heart failure is a prevalent condition associated with poor quality of life and reduced survival rates and,
therefore, it represents a major public health problem. Effective treatments are available that improve

both quantity and quality of life but patients must first receive a diagnosis. The symptoms of heart failure
overlap with those of other conditions and can be gradual in onset, making the diagnostic process more
challenging than for some other chronic diseases.

The importance of heart failure, the concept for the study and its design were discussed with a small group
of people who later contributed as our trial steering committee; this included lay input (a non-patient
representative with ethics committee experience), methodological expertise (statistics and trials) and clinical
content expertise (cardiologist). As well as sitting on the trial steering committee, the lay representative also
piloted our patient materials after their initial piloting with other experienced research staff not working on
the REFER study.

The REFER study aimed to investigate the use of a CDR, NT-proBNP testing or their combination in helping
clinicians make the diagnosis of heart failure. Eligible participants were those aged ≥ 55 years presenting
to their GP with new-onset breathlessness, tiredness or ankle swelling of < 48 hours’ duration, with no
obvious recurrent, acute or self-limiting cause. The study involved prospective recruitment of patients
during the GP consultation. To successfully recruit participants, the study relied on GPs first considering
patient eligibility within each consultation and second inviting eligible patients to take part in the study.
If a patient was willing to participate, the GP completed a simple online form, which included inclusion
(and exclusion) criteria and asked for brief clinical details.

Recruitment rates were initially quite low and so we encouraged practices to display the study poster in
their waiting rooms so that patients could be made aware of the study and could ask their GP about
taking part. We also discussed the possibility of using social media such as Twitter (Twitter, Inc., San
Francisco, CA, USA; www.twitter.com) and Facebook (Facebook, Inc., Menlo Park, CA, USA; www.
facebook.com) to raise public awareness of the study but, given the fairly complex eligibility criteria and
the requirement for recruitment by a GP within a patient symptomatic consultation, the study team agreed
that this would not be helpful. Mouse mats and drinks coasters with study information were also produced
to encourage GPs and patients to consider the study during consultations.

The results of the study have been written up for publication in open-access peer-review journals.
The results broadly show that a NT-proBNP blood test is most helpful in determining the likelihood of a
diagnosis of heart failure and therefore the clinical decision to refer for echocardiography (which provides
objective evidence of cardiac function required for a formal diagnosis). Public awareness of the symptoms
and signs of heart failure, and the appropriate use of blood testing by GPs, are important to facilitate
earlier diagnosis and we will be publicising the results of the study once complete via our website
(which has between 8000 and 18,000 hits per week, mostly from the public) and Twitter feeds. We will
also prepare a press release aimed at raising public awareness of heart failure, the difficulties of accurate
early diagnosis and the implications of the research for patients and their carers.
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