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Diagnostic Technology: Point of care B-type natriuretic peptide testing

Clinical Questions:

1. In adults with suspected heart failure how does point-of-care (POC) B-type natriuretic
peptide (BNP) testing compare with current practice in ruling out heart failure in the
primary care setting?

2. What is the impact on health outcomes when POC BNP is used for ruling in or ruling out
heart failure in primary care?

Advantages over Existing Technology:

Recent National Institute for Health and Clinical Excellence (NICE) and European Society for Cardiology
(ESC) guidelines on the initial diagnosis of chronic heart failure (CHF) and referral for echocardiography
recommend the use of BNP in combination with clinical assessment [1, 2]. NICE guidelines recommend
measurement of serum natriuretic peptides in patients with suspected heart failure without previous myocardial
infarction (MI), and those with previous MI should be referred for an urgent echocardiogram [1]. Timely
diagnosis and treatment of CHF may result in improved patient outcomes as has been demonstrated for acute
decompensated heart failure (ADHF) [3]. Although several hospital laboratories carry out BNP testing, few
return results within a day. POC BNP testing can considerably reduce turnaround time and could lead to earlier
initial treatment, more timely referral and less uncertainty for patients. Moreover, using POC BNP levels to
quickly rule out heart failure, could allow more rapid initiation of investigation of other causes of dyspnoea.

Details of Technology:

B-type natriuretic peptide is produced from heart muscle cells as a pro-hormone (proBNP) and released into the
cardiovascular system in response to ventricular dilation and pressure overload [9]. The pro-hormone is split by a protease
and secreted as the physiologically active C-terminal fragment (BNP) and the inactive N-terminal fragment (NT-
proBNP). Several POC BNP testing devices have been identified and they either measure BNP or NT-proBNP (the latter
has a longer half-life):

BNP:

1. Biosite Triage System BNP Test (Biosite Diagnostics Inc., San Diego, CA; Supplied in the UK by Alere,
Stockport [previously Inverness Medical]). CE marked. Immunoassay that measures BNP concentration
from capillary whole blood samples obtained by finger prick. Results are available in 12-15 minutes. The
device has reported lower and upper detection limits of 5 pg/ml and 5000 pg/ml, respectively [4]. This is a
desk-top device which weighs approximately 0.7kg and is portable. Initial studies claim the test has a 98%
diagnostic accuracy at a cut-off value of 80 pg/ml in an urgent care setting [5].

2. Alere Heart Check System (Alere, Stockport, UK). CE marked. Measures BNP concentration from a 15pul
sample (obtained by finger prick). Results are available in 15 minutes. The product is handheld.

3. Abbott iISTAT Analyser (Abbott Point of Care, IL, USA; Supplied in the UK by Axis-Shield). CE marked.
Measures BNP concentration from a 17ul sample (obtained by finger prick). Results are available in 10 minutes.
The device has reported lower and upper detection limits of 15 pg/ml and 5000 pg/ml, respectively [6]. The
product is handheld.

NT-proBNP:

1. RAMP 200 Clinical System (Response Biomedical, BC, Canada; no UK distributor identified). CE marked.

Measures NT-proBNP from an EDTA whole blood sample, results are available in 15 minutes. The device has a
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reported lower limit of detection 0f18 pg/ml and an upper limit of linearity of 23,450 pg/ml [7]. The product
weighs approximately 2 kg and is portable.

2. Cobas h 232/Cardiac Reader (Roche Diagnostics, Burgess Hill, UK). Measures NT-proBNP from a 150ul sample
of heparinised venous blood. Results available in 12 minutes. The device has reported lower and upper limits of
detection of 60 pg/ml and 3000 pg/ml, respectively [8]. The product is handheld.

Importantly, BNP levels have been found to vary with age, gender and certain diseases (e.g. renal failure) [9]. It has been
suggested that higher cut-off values are used when individuals are >75 years, female or in renal failure [9].

Patient Group and Use:
e Patients in primary care with suspected heart failure [1, 14].

Importance:

Around 900,000 people in the UK currently have heart failure (HF) [10]. In a prospective community screening study,
definitive HF according to European Society of Cardiology (ESC) criteria was present in 2.3% (95% CI 1.9%-2.8%) of
the population [11]. The prevalence rose to 8% in individuals >75 years old [11]. The ageing population and improved
survival of individuals with ischaemic heart disease are likely to lead to a continuing rise in the prevalence of heart
failure. The incidence of HF in the UK is less clear but the crude rate has been estimated to be 1.3 cases per 1000
population per year for those >25 years. As expected the incidence increases with age reaching 7.4 cases per 1000
population per year for 75-84 years and 11.6 cases per 1000 population per year for >85 years [12]. The British Heart
Foundation reported the incidence of heart failure in the UK in 2009 as 39.1 per 100 000 person years [29]. Overall a GP
with a patient population of 2000 will care for approximately 40-50 patients with heart failure and see 2-3 new cases each
year.

Since heart failure may be reversible in the early stages it is important that CHF is diagnosed as quickly as possible.
However, because it has a low incidence, GPs are unlikely to have sufficient experience to identify more subtle
presentations of CHF. For example, whilst CHF is frequently diagnosed by GPs, it is only confirmed by echocardiography
in approximately a third of cases [13]. A recent health technology assessment of the use of BNP in the diagnosis of HF,
compared with ECG and echocardiography found that a normal ECG can be used to exclude a diagnosis of heart failure
but it is relatively non-specific. Whilst ECG is a sensitive test when performed by cardiologists (sensitivity = 89%; 95%
CI 77%-95%) [14], its sensitivity was much lower (53%) when carried out by GPs [15]. It is for this reason that the most
recent NICE guidelines on CHF have refined the diagnostic algorithm for heart failure, replacing ECG with serum BNP
measurement [1]. POC BNP testing would enable GPs to rapidly refer the appropriate patients or, if CHF can be
excluded, investigate alternative causes of dyspnoea.

Previous Research:

Accuracy compared to existing technology

A 2003 study compared Biosite Triage system to the Roche Elecsys 2010 laboratory based analyser, both operated in a
laboratory setting, on 3 different sample concentrations of BNP or NT-proBNP generated from pooled patient plasma.
Depending on the concentration of BNP or NT-proBNP, the POC test had a coefficient of variation (CV) of 9.9% to
12.2% whilst the laboratory based test had a CV of 2.9% to 6.1% [16]. This is similar to the total CV reported by the
manufacturer.

The diagnostic accuracy of the Biosite Triage system compared to the Roche Elecsys analyser was tested in 306
consecutively presenting patients referred from their GP to rapid access heart failure clinics in the UK [13].
Echocardiography was used as the reference standard. At a cut-off BNP concentration of <100pg/ml recommended by the
manufacturer, the Triage system had a sensitivity of 79%, a specificity of 72%, a positive predictive value (PPV) of 59%
and a negative predictive value (NPV) of 87%. The positive likelihood ratio (LR+) was 2.8 and the negative likelihood
ratio (LR-) 0.3. In contrast, when an alternative cut-off point of <65pg/ml was applied the Triage system displayed a
sensitivity of 87%, a specificity of 57%, a PPV of 51% and a NPV of 90%. The LR+ becomes 2.02 and the LR- 0.23.
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A 2009 Swiss study compared the diagnostic accuracy of BNP and NT-proBNP, using the Triage system and Roche
Elecsys immunoassay respectively, to echocardiography in patients referred to outpatient clinics from primary care with
suspected CHF [17]. Whilst sensitivity and specificity were not calculated, the area under the receiver operator curve
(AuROC) was 0.691 for the BNP test and 0.742 for the NT-proBNP assay.

A 2010 study evaluated the diagnostic accuracy of POC Abbott iSTAT BNP assay and the laboratory based Abbott
ARCHITECT BNP assay in 150 samples from patients presenting to the emergency department or as cardiology
outpatients; analyses were all performed retrospectively in the laboratory [18]. The range of BNP values obtained on both
the iSTAT and ARCHITECT varied from Spg/ml to 5000pg/ml matching the manufacturer’s reported range [6]. The
study reports a correlation coefficient of 0.977 but an average bias of -36.01%. The precision of the iISTAT is also
considerably poorer than its laboratory counterpart. The between day CV of 15 samples run over 15 days ranged from
9.8% to 14% for the iISTAT, whilst for the ARCHITECT it varied from 3.2% to 5.5%.. The investigators concluded that
whilst the iISTAT demonstrates poor precision, it shows good clinical agreement relative to the lab based platform [18].
However, the sample population was from the Veterans Affairs Healthcare System of San Diego, 96% of which were
male. In addition, the study reports a conflict of interest.

A 2007 study carried out a multicentre validation of the RAMP 200 NT-proBNP assay compared to the Roche Elecsys
2010 NT-proBNP immunoassay using whole blood samples, analysed by both methods retrospectively in the laboratory
from 335 individuals of variable health and 271 cases of heart failure [7]. Between day CV was measured by duplicate
analysis of 3 different sample concentrations over 10 days and ranged from 8.9% to 10.3% for the RAMP 200 System.
Linear regression analysis of 540 samples gave a correlation coefficient of 0.98 but a Bland-Altman plot was not drawn.
Using the available data, the RAMP 200 System has a sensitivity of 92%, specificity of 63%, PPV of 67% and NPV of
91%. The calculated LR+ is 2.5 and the LR- 0.12. The authors conclude that both the performance characteristics of the
RAMP 200 System and its clinical performance compare favourably to those of the Roche Elecsys 2010 immunoassay
and recommend its use in a variety of scenarios.

A Swedish study from 2008 compared the performance and clinical characteristics of the Roche Cobas h232 and Roche
Elecsys 2010 NT-proBNP immunoassays using whole blood samples from 440 patients admitted to a cardiology ward or
attending a heart failure clinic as outpatients, with the analysis performed in the clinical setting [19]. Total CV was
between 8.6% and 12.8% for the Cobas h232. Regression analysis of the 440 samples gave a correlation coefficient of
0.96 and a Bland-Altman plot showed an average bias of -5.4%. The Cobas h232 provides limited information on NT-
proBNP concentration; values below 60pg/ml are shown as <60 pg/ml and values higher than 3000 pg/ml as >3000 pg/ml.
Values between 60pg/ml and 3000pg/ml are reported quantitatively. For each of these analytical ranges the authors report
the sensitivity and specificity of the Cobas h232 compared to the Elecsys 2010. In the range <60pg/ml, the Cobas h232
had a sensitivity of 82%, a specificity of 99%, a PPV of 82% and a NPV of 99%. Between 60pg/ml and 3000pg/ml, the
Cobas h232 had a sensitivity of 97%, a specificity of 83%, a PPV of 95% and a NPV of 89%. Finally in the range
>3000pg/ml, the Cobas h232 had a sensitivity of 82%, a specificity of 99%, a PPV of 97% and a NPV of 92%. The study
concludes that in spite of the imprecision relative to its laboratory counterpart, the Cobas h232 is sufficiently robust for
clinical practice and should prove useful for the rapid diagnosis of heart failure in the hospital setting.

A UK Health Technology Assessment (HTA) carried out a comprehensive systematic review and meta-analysis of all
studies comparing the diagnostic accuracy of BNP testing to clinical examination by cardiologists in heart failure in all
settings until 2006 [14]. The review included 20 studies on the accuracy of BNP for the diagnosis of clinically defined
heart failure, 16 of which took place in the emergency department and 13 used the point-of-care Triage system. The study
of Zaphiriou et al [13] mentioned above was included in the analysis, however the study by Zuber et al [17] was not
included as it was published after the cut-off date for inclusion. The review found that for a cut-off of >100pg/ml BNP
assays had a sensitivity of 93% (95% CIl 91%-96%), a specificity of 74% (95% CI 63%-83%), a LR+ of 3.57 (95% ClI
2.44-5.21) and an LR- of 0.09 (95% CI 0.06-0.13). Four studies took place in primary care, one used the point-of-care
test and three used laboratory-based tests. These demonstrated a slightly lower sensitivity (84% [95% CI 72%-92%]) but
similar specificity (73% [95% CI 65%-80%]).
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A total of 16 studies reported data on the accuracy of NT-proBNP for the diagnosis of clinically defined heart failure and
showed a pooled sensitivity of 93% (95% CI 88%-96%) and specificity of 65% (95% CI 56%-74%), a LR+ of 2.70 (95%
Cl 2.12-3.43) and an LR- of 0.11 (95% CI 0.07-0.18). Eight of the studies were conducted on samples from patients
presenting in primary care with similar findings — pooled sensitivity of 90% (95% CI 81%-96%), a specificity of 60%
(95% CI 50%-70%), a LR+ of 2.28 (95% CI 1.82-2.86), and a LR- of 0.16 (95% CI 0.09-0.30). The HTA report also
highlighted that the utility of BNP testing will depend on the pre test probability of CHF in the patient. An individual
patient data analysis was used to derive and validate a simple clinical prediction rule (MICE score) that can be used to
estimate the pre test probability [14]. When the pre-test probability is low but there is some clinical suspicion of heart
failure (not accounted for by MICE score) and for situations where the MICE score is inconclusive (at a score of 5-8 the
MICE has a specificity of 60-80% and sensitivity of 80-50%), BNP testing would contribute important diagnostic
information as a negative test would reduce the post-test probability. A US technology assessment gave similar results

[9].

One of the systematic reviews and meta-analyses of the diagnostic accuracy of BNP testing for heart failure in the
emergency department, in which 9 of the 11 studies used the Triage system, showed that at a cut-off of <100pg/ml (the
cut-off value used in most studies), BNP testing has a sensitivity of 0.93 and specificity of 0.66 [20]. This corresponded to
a positive likelihood ratio (PLR) of 2.7 (95% CI = 2.0-3.9) and negative likelihood ratio (NLR) of 0.11 (95% CI = 0.07-
0.16). The review concludes that BNP testing is effective in ruling out heart failure when the BNP concentration in a
patient with suspected CHF is <100pg/ml. However, it also concludes this cut-off is ineffective at confirming heart failure
because its PLR is only 2.7. Two other systematic reviews that included the same studies only pooled likelihood ratios
and achieved similar results [21,22]. It is also worth noting that the majority of the studies on the Triage BNP system
were performed in the emergency setting in the USA; cut off values for primary care may therefore be different.

Impact compared to existing technology

A systematic review and meta-analysis has evaluated the impact of BNP testing in the emergency department on a
number of different outcomes, such as admission, length of stay in hospital and inpatient mortality [23]. Of the 5 studies
included in the meta-analysis, 2 used the point-of-care Triage system, while the others used a laboratory-based assay.
Combined results on hospital admission showed no significant difference between the BNP testing and usual care groups
where no BNP testing was performed, although there was a trend towards reduced admission in the intervention group
(combined risk ratio: 0.82; 95% CI1 0.67-1.01; p = 0.06). This trend was weighted by the results from one study in which a
47% reduction in admission to hospital was seen, in contrast to the small reductions observed in other studies. Combined
results from 5 studies that reported inpatient mortality and 4 studies that reported 30 day mortality also found no
significant difference between the BNP testing and control groups (no BNP testing); in patient mortality combined risk
ratio = 0.96; 95% CI = 0.65-1.41; p= 0.83 and 30 day mortality combined risk ratio = 0.82; 95% CI = 0.58-1.16; p = 0.27.
However, synthesis of data from all five studies on length of hospital stay and four studies on length of critical care unit
(CCU) stay found that patients in the BNP testing group spent approximately 1 less day in hospital (mean difference —
1.22; 95% Cl —2.31 to —0.14) and half a day less in CCU (mean difference —0.56; 95% CI —1.06 to —0.05). The review
concludes that knowledge of BNP levels may reduce length of stay in hospital but again the authors acknowledge that
only a limited number of heterogeneous studies were analysed. A second systematic review and meta-analysis, in which 1
of the 4 studies used the Triage system and all of which are included in the previous review, gave similar results [24].

Although a study investigating the impact of POC NT-proBNP testing with the Cobas h232 has yet to be carried out,
feedback on its ease of use has been documented [19]. In this study the nurses on duty in the coronary care unit, who
operated the device, found it simple to learn and handle.

A recent UK study has developed appropriateness ratings for the diagnostic application of BNP testing or
echocardiography for heart failure in general practice [28]. The study concluded that BNP testing should be the routine
test for suspected heart failure where referral for diagnostic testing is considered appropriate and that abnormal BNP
testing should be followed up with referral for echocardiography.
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Guidelines and Recommendations
NICE guidelines on the diagnosis of heart failure recommend using BNPs in place of ECG [1], although patients with
previous MI should be referred urgently for ECG within 2 weeks. The ESC also promotes the use of BNP assays in the
diagnosis of CHF [2] and both NICE and ESC recommended cut-off values for CHF referral are different for BNP and
NT-proBNP and are as follows:
1. BNP>400pg/ml (>116pmol/L) or NT-proBNP>2000 pg/ml (>236 pmol/l): Refer for echocardiogram and
specialist clinical assessment within 2 weeks of presentation.
2. BNP 100-400 pg/ml (29-116 pmol/l) or NT-proBNP 400-2000 pg/ml (47-236 pmol/l): Refer for echocardiogram
and specialist clinical assessment within 6 weeks of presentation.
3. BNP <100 pg/ml (<29 pmol/l) or NT-proBNP <400 pg/ml (<47 pmol/l), in the absence of CHF therapy: CHF is
an unlikely cause for the presentation.

An older SIGN guideline continues to recommend using either BNP testing or ECG in their diagnostic algorithm for CHF
and suggest considering referral to echocardiography on a similar basis to NICE [25].

Combined AHA/ACC guidelines encourage the use of BNP assays in the urgent care setting in whom the clinical
diagnosis of HF is uncertain [26]. It also states that BNP levels ‘can be useful in risk stratification” in such patients.

Cost-effectiveness and economic impact of BNP testing:

Few economic evaluations and economic impact studies of BNP testing exist [30-36], with only one study focussed on
POC BNP in a primary care setting [37]. This decision-tree based cost-consequences analysis concluded that the adoption
of BNP in primary care is likely to lead to fewer delayed diagnoses for symptomatic heart failure patients at a very small
increased cost relative to referring all patients for an ECG. The results were, however, subject to significant uncertainty
relating to a number of key parameters such as the relative unit cost of the BNP test and ECG, and the accuracy and
sensitivity of the assays. These uncertainties were tackled in the HTA systematic review and economic model of different
diagnostic strategies for heart failure in primary care [14]. A rigorous analysis of the impact of varying the cut-off point
for BNP and its resulting sensitivity/specificity on the cost-effectiveness of BNP versus echocardiography was reported.
In the base-case analysis a BNP cut-off point above 150 resulted in the ‘no-test” option being the preferred cost-effective
option, while a BNP cut-off between 72 and 149, the cost-effective strategy is to perform a BNP test first, with
echocardiography for positive test results, whereas, for cases where the BNP cut-off is below 72 the cost-effective
strategy is for all patients to receive an echocardiogram.

QIPP Evidence has provided documentation to assist primary care organisations in implementing BNP or NTproBNP
testing [38]. Heart failure referrals costs the NHS more than £5 million per annum, computer modelling using a ‘Scenario
Generator’ of pathway costs for Lancashire, Cumbria and East Yorkshire showed a 30-40% reduction in referral to
cardiology outpatient departments resulting in a 25-40% cost-saving [38]. NICE has recently provided an estimated whole
pathway saving of £3.8 million after the introduction of the test [1].

Research Questions:

What is the diagnostic accuracy of the various POC BNP tests in primary care when operated by primary care staff?

What is the impact of POC BNP tests on diagnosis (rule out) and monitoring of heart failure in primary care?

How does the diagnostic accuracy of the MICE score compare to both that of a POC BNP assay and a combination of
MICE score and a POC BNP assay in primary care?

What is the diagnostic accuracy of POC BNP tests when used for screening patients at risk of developing HF?

Which cut-off values should be used in the primary care setting?

What is the economic impact of using POC BNP testing in primary care?

Suggested next step:
a) Carry out a systematic review and meta-analysis of studies that investigate the diagnostic accuracy of POC BNP
tests in patients with dyspnoea/suspected heart failure in primary care.
b) Examine how the use of POC BNP tests and/or MICE score impacts on the rate of referral to echocardiography
and acute hospital or outpatient referral from primary care in a multi-centre study across the U.K.
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c)

Horizon Scanning Reports on the available evidence for using POC BNP tests both to screen for CHF and to
guide CHF therapy.

Expected outcomes:

a)
b)

c)

Many of the published studies have investigated the use of BNP in the ED or hospital setting, therefore more
studies on the diagnostic accuracy of POC BNP tests in primary care are required.

POC BNP tests alone or combined with the MICE score may reduce referral rates by excluding some patients
with a low post-test BNP level, who would otherwise have been referred on the basis of an intermediate pre-test
probability of CHF and/or inconclusive ECG.

Studies using POC BNP tests for CHF screening and to guide therapy are limited and this may hinder such a
report. However, there are currently at least five trials underway [27] that examine BNP guided therapy.
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