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Abstract

Aims When relying on clinical assessment alone, an estimated 22% of acute heart failure (AHF) patients are missed, so clin-
ical guidelines recommend the use of N-terminal pro-B-type natriuretic peptide (NT-proBNP) for AHF diagnosis. Since publica-
tion of these guidelines, there has been poor uptake of NT-proBNP testing in part due to concerns over excessive false positive
referrals resulting from the low specificity of a single ‘rule-out’ threshold of <300 pg/mL. Low specificity can be mitigated by
the addition of age-specific ‘rule-in’ NT-proBNP thresholds.
Methods and results A theoretical hybrid decision tree/semi-Markov model was developed, combining global trial and audit
data to evaluate the cost-effectiveness of NT-proBNP testing using age-specific rule-in/rule-out (RI/RO) thresholds, compared
with NT-proBNP RO only and with clinical decision alone (CDA). Cost-effectiveness was measured as the incremental cost per
quality-adjusted life year (QALY) gained and incremental net health benefit. In the base case, using UK-specific inputs,
NT-proBNP RI/RO was associated with both greater QALYs and lower costs than CDA. At a willingness-to-pay threshold of
£20 000/QALY, NT-proBNP RO was also cost-effective compared with CDA [incremental cost-effectiveness ratio (ICER) of
£8322/QALY], but not cost-effective vs. RI/RO (ICER of £64 518/QALY). Overall, NT-proBNP RI/RO was the most
cost-effective strategy. Sensitivity and scenario analyses were undertaken; the conclusions were not impacted by plausible var-
iations in parameters, and similar conclusions were obtained for the Netherlands and Spain.
Conclusions An NT-proBNP strategy that combines an RO threshold with age-specific RI thresholds provides a cost-effective
alternative to the currently recommended NT-proBNP RO only strategy, achieving greater diagnostic specificity with minimal
reduction in sensitivity and thus reducing unnecessary echocardiograms and hospital admissions.
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Introduction

In Europe, heart failure (HF) is prevalent in 1–2% of the
population, and rates are increasing as populations age.1

Acute heart failure (AHF) can develop as a new condition or
as a worsening of existing chronic heart failure (CHF)2 and
accounts for over 100 000 admissions in the United
Kingdom (UK) annually.3,4 Diagnosis of HF relies on clinical
judgement in combination with appropriate investigations,
including electrocardiography, chest X-ray, blood tests, and

echocardiography.5 Echocardiography is considered to be
the ‘gold standard’ tool for supporting the diagnosis of
HF.5,6 However, the most recent data from the UK suggest
that 40% of hospitals failed to meet the standard of
≥90% of patients presenting with AHF undergoing
echocardiography.6

Measuring natriuretic peptides in patients with suspected
AHF in the emergency department (ED) is recommended by
the National Institute for Health and Care Excellence (NICE)
and the European Society of Cardiology (ESC),2,7 with AHF
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diagnosis ruled out at N-terminal pro-B-type natriuretic
peptide (NT-proBNP) levels < 300 pg/mL. However, a 2018
review of patients who died in UK hospitals following an
admission with AHF found that while natriuretic peptides
are available in >80%, it was only measured in 17.9% of
newly diagnosed patients, and only 8.5% had natriuretic pep-
tides measured while in the ED.8 Diagnostic uncertainty led
to delays in triage, with patients receiving an array of
non-HF investigations and treatments, some of which may
be contributed to adverse outcomes.8

A barrier to the clinical adoption of NT-proBNP in the ED is
the low specificity of the 300 pg/mL rule-in threshold.8

Clinical demand for HF teams is already high and there are
concerns that implementation of NT-proBNP testing could
lead to increased false positive referrals and unnecessary
echocardiograms. While a result of <300 pg/mL may be diag-
nostically useful for ruling out AHF, a result of ≥300 pg/mL is
not necessarily a good predictor for the presence of AHF, as
NT-proBNP rises naturally with age and may be influenced
by a range of other cardiac and non-cardiac conditions.7

ESC guidelines therefore provide additional age-specific
rule-in thresholds for the diagnosis of AHF: >450 pg/mL if
aged <55 years, >900 pg/mL if aged 55–75 years, and
>1800 pg/mL if aged >75 years.7 Inclusion of these validated
age-specific rule-in thresholds to the NT-proBNP testing
strategy has the potential to provide greater specificity,9–11

thus reducing unnecessary admissions and echocardiography
referrals and potentially providing cost savings and pathway
efficiencies for national healthcare systems.

The objective of this study was therefore to assess the cost-
effectiveness, from a European perspective, of an NT-proBNP
rule-in/rule-out (RI/RO) strategy vs. an NT-proBNP RO strategy
and vs. clinical decision alone (CDA), by updating and modify-
ing the economic model developed for the NICE acute HF
guidelines (CG187) in 2014.2 The updated model has been ap-
praised by Health Technology Wales (HTW), which concluded
that NT-proBNP RI/RO is the most cost-effective strategy,
and published guidance supporting the routine adoption of
NT-proBNP RI/RO in Welsh EDs.5,12 BNP is also currently rec-
ommended by both the NICE and the ESC; this study does
not aim to compare the biomarkers directly, but its main aim
is to demonstrate the health economic benefit of moving from
an RO to RI/RO strategy for NT-proBNP.

Methods

Model scope

A hybrid decision tree/semi-Markov model was developed to
evaluate the cost-effectiveness of an NT-proBNP RI/RO strat-
egy for the diagnosis of AHF compared with an NT-proBNP
RO strategy or CDA. The model was applied to a hypothetical

population of 1000 patients presenting to EDs with suspected
AHF. Clinical and cost data sources were aligned with the
NICE CG187 model and updated using newer trials or
datasets where available, including the ICON-RELOADED and
BASEL V studies.9,10 Costs were inflated where necessary
using published inflation indices,13 in line with the NICE
guidelines development manual.14

The model used a lifetime horizon; costs and
quality-adjusted life years (QALYs) were estimated using a
healthcare payer perspective and were discounted at an an-
nual rate of 3.5%. Cost-effectiveness results were estimated
as incremental cost per QALY gained, as well as net health
benefit (NHB), which assigns an opportunity cost to new in-
terventions to account for the fact that funding must be
reassigned from other healthcare activities. A higher NHB
therefore indicates greater cost-effectiveness. Key base case
model parameters are presented in Table 1, and additional
inputs and methodology are covered in the supporting
information.

Model structure

The model comprised a decision tree, covering initial diagno-
sis and short-term events occurring within the hospital stay,
and a longer term semi-Markov component, covering
follow-up care and hospital readmission. Within the decision
tree, patients were assigned a diagnosis and then entered the
downstream pathway where a proportion of patients were
admitted and received an echocardiogram (Figure 1);
patients exiting the decision tree were categorized as true
positive (TP), true negative (TN), false positive (FP), or false
negative (FN).

Surviving patients entered the semi-Markov model, in
which they could occupy one of three health states during
each 3 month cycle: ‘alive no admission’, ‘alive with admis-
sion’, or ‘dead’. Each patient then accrued QALYs and health-
care costs according to their hospitalization and follow-up
care status. In line with the NICE acute HF guideline
(CG187), out-of-hospital follow-up resource use was catego-
rized into four components: drug therapy, hospital outpatient
visits, primary care general practitioner visits, and community
HF specialist nurse visits. The proportion of admitted patients
in any given cycle was dictated by cycle-specific probabilities,
and the proportion of surviving patients was determined
based on a parametric survival curve.

Diagnostic test accuracy

For CDA, diagnostic accuracy was based on the IMPROVE CHF
study of 500 patients with dyspnoea assessed in seven
emergency rooms (ERs) in Canada.15 The prevalence of AHF
in the modelled population was based on a meta-analysis of
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diagnostic test accuracy studies identified in a systematic
review (conducted for the 2014 NICE CG187 model) along
with additional recent studies. Diagnostic accuracy for the
RO strategy was also based on a meta-analysis of these
studies. For the RI/RO strategy, the central estimates of sensi-
tivity and specificity from the ROmeta-analysis were first used
to quantify the proportion of patients with and without AHF
falling below the 300 pg/mL threshold. In the base case, the
BASEL V study of more than 2000 patients presenting with
acute dyspnoea to two Swiss hospitals was used to inform
the proportion of patients that were above the age-specific
thresholds.10

The RI/RO strategy also has a ‘grey zone’, in which test re-
sults may be higher than the RO threshold but lower than the
age-specific RI threshold. For these patients, it was assumed
that positive/negative status would be determined based
on clinical decision. However, it is expected that the accuracy
of clinical decision for grey zone patients would be lower
than in the CDA strategy, as the grey zone would not include
those patients with extreme NT-proBNP results who may
have a clearer clinical presentation. To account for this, a lo-
gistic regression model was produced using individual patient
data for grey zone patients from the ICON-RELOADED study
of almost 1500 patients with acute dyspnoea assessed in 19
ERs in North America.9,19 A point at the shoulder of the
modelled curve was then used to estimate a sensitivity/spec-
ificity pair of around 80/60% for grey zone clinical decision.18

Alternative values were explored in scenario analyses.

Downstream patient pathway

Modelled admission probabilities varied depending on both
the strategy and the patient’s TP/FP/TN/FN categorization.
For non-grey zone TP/FP/TN/FNs in the CDA and RI/RO
strategies, admission probabilities were aligned with the
ICON-RELOADED economic evaluation.18 For the RI/RO
strategy grey zone, admission probabilities for TP/FPs were
set equal to the CDA strategy, and the decision tree was
then used to calculate admission probabilities for TN/FNs
that would result in an overall admission probability equal
to the observed clinical data from the ICON-RELOADED
study.9 For the RO strategy, admission probabilities for TP/
FN/TN/FPs were aligned with the composite admission
probabilities (across both non-grey zone and grey zone re-
sults) for TP/FN/TN/FPs in the RI/RO strategy. This assump-
tion ensures that any differences in admission rates be-
tween NT-proBNP strategies are due to differences in the
proportion of TP/FN/TN/FPs, rather than differences in the
likelihood of TP/FN/TN/FPs being admitted within each
strategy.

Following admission, it was assumed that 86% of TP/FPs6

and 80% of FNs would receive an echocardiogram during
their hospital stay, in line with CG187. The latter assumption
was varied to zero and 100% in sensitivity analysis. Echocar-
diography was assumed to be 100% accurate, such that all
assessed FPs were converted to TNs and all assessed FNs
to TPs.

Figure 1 Decision tree structure for AHF diagnosis for the RO and RI/RO NT-proBNP strategies and downstream patient pathway. The decision tree for
CDA is equivalent to the RO strategy, with the exception that TP/FN/TN/FP categorization is based on clinician’s assessment in the absence of
NT-proBNP testing. AHF, acute heart failure; CDA, clinical decision alone; FN, false negative; FP, false positive; NT-proBNP, N-terminal pro-B-type na-
triuretic peptide; RI, rule-in; RO, rule-out; TN, true negative; TP, true positive.
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Mortality

Inpatient mortality was applied to admitted patients in the
decision tree, using mortality data from a UK-wide annual
HF admission audit dataset (NICOR).6 Mortality was weighted
by the proportion of patients who saw a specialist; it was as-
sumed that no FNs would see a specialist. As a further simpli-
fying assumption, mortality for non-admitted patients was
applied in line with admitted patients. Both assumptions
were varied in sensitivity analysis.

In the longer term semi-Markov model, survival for TPs
was based on a parametric curve fitted to a Kaplan–Meier
analysis of AHF patients diagnosed in the UK.20 The survival
curve for FNs was calculated by applying weighted hazard
ratios to the survival curve for TPs, as these patients have
AHF but would not benefit from disease modifying
interventions.

Costs and resource use

In the decision tree, resource use included costs of
NT-proBNP testing, admission, and echocardiography. All
patients in the NT-proBNP strategies received a single
NT-proBNP test. The cost of initial admissions and length
of stay for TP/TNs were estimated from NHS reference
costs.16,17 Initial admission costs for FNs and FPs were as-
sumed to be equal to TPs and TNs, respectively, with the
additional cost of two excess bed days due to delayed diag-
nosis (in line with CG187, and sourced from NHS
reference costs).16

The longer term model included costs associated with out-
of-hospital follow-up and readmissions. Drug therapies in-
cluded angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers, beta-blockers, aldosterone antagonists,
and sacubitril/valsartan. Drug costs were estimated in line
with the methodology from CG187, using updated cost, dos-
ing, and prescribing sources.2,21–23 For cardiology and HF spe-
cialist nurse follow-up, probabilities were sourced from na-
tional audit data,6 resource use estimates were sourced
from CG187, and unit costs were sourced from appropriate
reference costs.13,16

Hospital readmission rates were based on cycle-dependent
probabilities. For TPs, readmission probability was aligned
with CG187, based on 4 year follow-up data from a UK
study of AHF patients.24 Beyond 4 years, the admission rate
was assumed to remain constant. For FNs, readmissions were
adjusted by applying intervention-related weighted hazard
ratios to the survival curve for TPs, down-weighted by
the proportion of TPs receiving the interventions.6 Costs of
readmission were assumed equal to initial admission costs
for TPs.

Health-related quality of life

In line with CG187, patients in the ‘alive no admission’ health
state were assigned a utility value for CHF, patients in the
‘alive readmission’ experienced a disutility relative ‘alive no
admission’ health state, and patients in the ‘dead’ health
state were assigned a utility of zero.

Accounting for false negatives/false positives

In the long-term model, all FNs received an elevated mortal-
ity risk for one cycle, after which they converted to TPs (in
line with CG187). Time to conversion was explored in sensi-
tivity analysis. Due to a lack of data on the negative effects
of false positivity, FPs were conservatively assumed to incur
the cost of one cycle of follow-up and lose zero QALYs. FN/
FPs were also assigned a 2 day length of stay penalty during
admission, in line with CG187.

Sensitivity and scenario analysis

Probabilistic sensitivity analysis (PSA) was performed using
5000 runs employing probability distributions for input pa-
rameters. One-way sensitivity analyses (OWSAs) were per-
formed by varying key parameters to plausible extremes to
evaluate their effect on the incremental NHB. Scenario anal-
yses using alternate assumptions or sources for input param-
eters included examining poorer sensitivity/specificity of clin-
ical decision in the grey zone; adjusting the length of stay
penalty associated with FN or FP hospital admissions; exclu-
sion of the admission node such that 100% of patients were
admitted from the ED (in line with CG187); modelling two al-
ternative European countries (the Netherlands and Spain);
and exploring a societal perspective in the Netherlands. Addi-
tional details are provided in the supporting information.

Results

Base case analysis

The RI/RO strategy had a substantially higher estimated spec-
ificity than the RO strategy, with only a small reduction in es-
timated sensitivity due to imperfect decision-making in the
grey zone (Table 2). Use of echocardiography was 15.9%
lower with the RI/RO strategy compared with the RO strat-
egy. The RI/RO strategy also had the lowest number of initial
admissions, approximately 6% fewer admissions than the RO
strategy and 1.5% fewer than the CDA strategy.

At the standard willingness-to-pay (WTP) threshold for
the UK healthcare setting of £20 000/QALY gained, both
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NT-proBNP strategies were cost-effective compared with
CDA, with RI/RO being both less costly and more effective
than CDA (Table 3). NT-proBNP RO was marginally the most
effective strategy as, in the base case, no QALY penalties
were modelled for FPs and thus the most sensitive strategy
produced the most QALYs. However, NT-proBNP RI/RO was
the most cost-effective strategy, as the incremental cost-
effectiveness ratio (ICER) for RO vs. RI/RO was £64 518/QALY,
substantially above the WTP threshold.

Total costs were lower with RI/RO than with RO or CDA,
largely driven by a reduction in bed days. When opportunity
cost was set equal to the WTP threshold, the RI/RO strategy
was associated with the highest NHB. This implies that QALYs
gained by switching from the RI/RO to the RO strategy would
be insufficient to outweigh QALYs lost by moving the neces-
sary funding away from other healthcare activities.

Probabilistic sensitivity analysis

Cost-effectiveness acceptability curves (CEACs) generated
from the PSA show that the RI/RO strategy has the highest
likelihood of being the most cost-effective strategy at WTP
thresholds up to approximately £64 000 (Figure 2). At a
£20 000/QALY WTP threshold, the PSA estimated RI/RO was
the most cost-effective strategy in all 5000 simulations, with
55% of simulations finding RI/RO to be not only cost-effective
but also cost-saving vs. CDA.

One-way sensitivity analysis

The OWSA results indicate that there are no parameters that
plausibly influence the conclusion that the NT-proBNP strat-
egies are cost-effective compared with CDA (Figure 3). The
per-test cost for NT-proBNP could be varied up to ~£430
(€500) without the NT-proBNP strategies becoming cost-
ineffective, which is highly implausible given the list price

Table 2 Intermediate outcomes predicted by the model

Intermediate outcomes

Clinical
decision
alone

NT-proBNP
RO strategy

NT-proBNP
RI/RO strategy

Sensitivity 78.0% 98.0% 95.3%
Specificity 81.0% 45.4% 66.2%
PPV 75.9% 57.9% 68.4%
NPV 82.8% 96.7% 94.8%
HF deaths during
the decision tree

42.7 38.9 39.4

Initial admissions 753 793 742
Total bed days during
initial admissions

4945 5367 4888

Total echocardiograms
during initial admissions

417 579 487

Readmissions 337 343 342
Life years for AHF patients
in the long-term model

1955 1991 1968

AHF, acute heart failure; HF, heart failure; NPV, negative predictive
value; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PPV,
positive predictive value; RI, rule-in; RO, rule-out.

Table 3 Cost-effectiveness results

Country UK The Netherlands Spain

Cost inputs
Cost of an AHF admission (for TP patients) £3149 €4920 €3396
Cost of a non-AHF admission (for TN patients) £3625 €3269 €2157
Cost of an excess bed day for admitted FP patients £358 €479 €386
Cost of an excess bed day for admitted FN patients £325 €479 €386
Cost of echocardiogram £88 €117 €137

Clinical decision alone
Cost £4 418 157 €5 823 430 €4 842 477
QALYs 1251 1378 1263
NHB 1030 1262 1102

NT-proBNP RI/RO
Cost £4 403 196 €5 964 560 €4 973 426
QALYs 1271 1401 1285
NHB 1051 1281 1119

NT-proBNP RO
Cost £4 615 078 €6 403 897 €5 295 815
QALYs 1274 1405 1288
NHB 1044 1277 1111

ICER
RI/RO vs. clinical decision alone RI/RO dominates €6252 €6339
RO vs. clinical decision alone £8322 €22 135 €18 890
RO vs. RI/RO £64 518 €120 368 €96 523

AHF, acute heart failure; FN, false negative; FP, false positive; ICER, incremental cost-effectiveness ratio; NHB, net health benefit; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; QALYs, quality-adjusted life years; RI, rule-in; RO, rule-out; TN, true negative; TP, true
positive; UK, United Kingdom.
NHB = incremental gain in QALYs � (incremental cost/opportunity cost threshold). Opportunity cost threshold: UK £20 000; the
Netherlands €50 000; Spain €30 000.
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(£24.53; €29). There were also no parameters that plausibly
influenced the conclusion that the RI/RO strategy is
cost-effective compared with RO alone.

Scenario analyses, including the Netherlands and
Spain

Across scenario analyses, NHB was always the highest for RI/
RO, and the only scenario in which the RO strategy had an
NHB lower than CDA was when the prevalence of AHF was re-
duced to 19%, sourced from the ICON-RELOADED study. This
shows that the conclusions of the analysis are highly insensi-
tive to alternate input parameters or plausible variations in
model assumptions. When considering resource use and cost
estimates for both the Netherlands and Spain, RI/RO was still

the most cost-effective strategy in both countries, although it
no longer dominated CDA (Table 3). When exploring societal
costs in the Netherlands (results presented in the supporting
information), RI/RO remained the most cost-effective strat-
egy, with both RI/RO and RO likely to dominate CDA due to
the productivity loss of working age patients dying due to
the lower sensitivity of CDA vs. NT-proBNP.

Discussion

The poor and inconsistent uptake of NT-proBNP testing is
likely due to clinician’s concerns regarding its lower specificity
vs. CDA resulting in greater resource costs, due to increased
false positive HF referrals, unnecessary echocardiography
referrals, and increased hospital admissions. However,

Figure 2 Cost-effectiveness acceptability curves showing the probability that each strategy was cost-effective at different WTP thresholds. NT-proBNP,
N-terminal pro-B-type natriuretic peptide; WTP, willingness-to-pay.

Figure 3 Tornado diagram of the 10 most impactful parameters and NT-proBNP cost varied in the OWSA for RI/RO vs. CDA. AHF, acute heart failure;
CDA, clinical decision alone; FNs, false negatives; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OWSA, one-way sensitivity analysis; RI, rule-in;
RO, rule-out; TPs, true positives.
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maintaining the status quo of CDA means that a substantial
proportion of patients with AHF are missed (22%), preventing
them from rapidly accessing specialist care and full
guideline-directed medical therapy (GDMT). Improved detec-
tion in the ED leads to better triage, more appropriate place
of care, specialist review, and GDMT, thus resulting in im-
proved survival and fewer admissions overall. The RI/RO
strategy can mitigate the specificity concerns of NT-proBNP
testing through the addition of age-specific RI thresholds
and may be cost-saving, largely driven by a reduction in bed
days.

Other published economic analyses have evaluated the
cost-effectiveness or cost impacts associated with
NT-proBNP,2,15,18,19,25,26 but to our knowledge, this model
represents the first analysis comparing an NT-proBNP strat-
egy incorporating age-specific RI thresholds with an
NT-proBNP strategy using only a fixed RO threshold. As with
NICE’s approach, the analysis did not attempt to directly
compare NT-proBNP with BNP, both are recommended by
the NICE and the ESC, with NICE demonstrating the
cost-effectiveness of BNP vs. CDA.2 The paper’s aim is not
to advocate for one biomarker over another but to demon-
strate that moving from a single NT-proBNP cut-off to RI/RO
is a cost-effective option. Similar results may be seen with
this approach for BNP, but little evidence both exploring
and validating age-specific BNP cut-offs exists.

There are some data limitations that may increase uncer-
tainty in the model’s conclusions. The post-2014 studies
used to update the diagnostic test accuracy meta-analysis
are believed to represent the totality of the evidence
base; however, no systematic review of diagnostic test ac-
curacy trials was undertaken. It is therefore possible
that additional trials may have been published since 2014
that were not included in the updated meta-analysis
informing NT-proBNP diagnosis test accuracy. The central
estimates were very similar to those reported in NICE
CG187 as the new studies had a similar proportion of pos-
itive and negative patients with NT-proBNP < 300 pg/mL; it
is therefore expected that the addition of any further stud-
ies would not have a substantial impact on the model
inputs.

However, the studies of diagnostic test accuracy that
were identified were heterogeneous in terms of patient
characteristics, with no UK-specific data, and the average
age of patients diagnosed with AHF in hospital in the UK
is 81 years,6 which is somewhat older than the population
in the studies. Furthermore, although there is a degree of
convergent validity in the estimates for the sensitivity and
specificity of CDA, none are from high-quality UK sources,
and there were no data available on the differential accu-
racy of clinical decision in the grey zone vs. CDA. Despite
this uncertainty, extensive sensitivity and scenario analyses
were undertaken and the model’s conclusions were not
found to be sensitive to any plausible variations in these

parameters. The conclusions were also consistent following
adaptation for the Netherlands and Spain, and it is there-
fore likely that this strategy will be cost-effective in any
country that closely follows ESC guidelines and has a WTP
threshold in the range of £20 000–£50 000/QALY.

An additional area of uncertainty is the assumption that a
small number of FP patients will continue into the longer
term model, either because they are not admitted or because
they are admitted but do not receive an echocardiogram.
There is also no mortality applied to FP patients during the
decision tree. It is therefore possible that the number of
FPs entering the longer term model is overestimated relative
to clinical practice. However, as these FP patients were con-
servatively associated with only one cycle of follow-up costs
and no loss of QALYs, this is not expected to alter the model’s
conclusions.

Furthermore, the methods used for the modelling match
those used for decision-making in the UK,2,14 and the
model was submitted to HTW as part of their ‘Natriuretic
peptides to rule-in and rule-out a diagnosis of acute heart
failure’ appraisal process.5 As such, the model has been ap-
praised by the HTW health economics team and committee.
Following their appraisal of NT-proBNP, HTW published a
recommendation for the routine adoption of NT-proBNP
RI/RO in the diagnosis of AHF in the ED setting, stating that
NT-proBNP measurement may reduce length of hospital
stay and the rate of re-hospitalizations.12 These findings
have wider implications for decision-makers as they demon-
strate that the RI/RO strategy can both mitigate concerns
about the specificity of NT-proBNP and provide a
cost-effective strategy for the diagnosis of AHF in the ED.
NT-proBNP testing may also be associated with other plau-
sible benefits that were not explicitly modelled, such as
faster diagnosis, improved risk stratification, and enhanced
prioritization of patients.

Conclusions

NT-proBNP-aided clinical decision represents a marked im-
provement in the ability to diagnose AHF in the ED,
preventing missed diagnoses of AHF compared with CDA.
Concerns about the low specificity of NT-proBNP resulting
in potentially unnecessary increases in resource use can be
mitigated through the addition of age-specific RI cut-offs. A
combined RI/RO strategy is cost-saving vs. CDA, and the
small reduction in sensitivity vs. a single RO threshold is
outweighed by a large gain in specificity, resulting in
reductions in unnecessary admissions and echocardiography
referrals. This model therefore demonstrates that age-
specific NT-proBNP RI thresholds could be a cost-effective
addition to the diagnostic pathway for AHF in EDs in the
UK, the Netherlands, and Spain.
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