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Abstract
Purpose of Review Explore controversial biomarker-guided management of patients with heart failure (HF) with reduced
ejection fraction.
Recent Findings Natriuretic peptides (e.g., BNP, NT-proBNP) are elevated in HF as a result of end-diastolic stress and are used in
the diagnosis and prognosis of heart failure. Natriuretic peptide levels decrease with guideline-directedmedical therapy (GDMT).
Multiple small studies examined whether the use of biomarker-guided therapy would be beneficial to guide HF care and
potentially improve outcomes. Guiding Evidence-Based Therapy Using Biomarker Intensified Treatment in Heart Failure
(GUIDE-IT), the largest randomized control study seeking to answer that question, did not find biomarker guided therapy to
be more effective than usual care in improving the primary endpoints of HF hospitalization or cardiovascular mortality in HF
patients.
Summary Natriuretic peptides are important for diagnosis and prognosis in HF. GUIDE-IT showed that patients with HF and
reduced ejection did not benefit from biomarker-guided strategy in terms of clinical outcomes. Future studies could focus on
additional routine clinical care settings and take into account other HF phenotypes including preserved ejection fraction.
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Introduction

Heart failure morbidity and mortality has been substantially
reduced with the advent of medical therapies such as
angiotensin-converting enzyme inhibitors, angiotensin II re-
ceptor antagonists, angiotensin receptor neprilysin inhibitors,
beta-blockers, and mineralocorticoid receptor antagonists as
well as device-based therapies. Current guidelines recom-
mend that the guideline-directed medical therapies (GDMTs)
should be uptitrated to reach target dosing; however, not all
heart failure (HF) patients are on appropriate therapy nor have
they achieved target dosing [1••, 2–4].

Biomarkers, specifically natriuretic peptides (NPs),
brain natriuretic peptide (BNP) or N-terminal pro-B-type
natriuretic peptide (NT-proBNP), represent one potentially
appealing strategy to personalize the approach. NPs are
powerful predictors of adverse outcomes in HF patients
whose concentrations decline in response to guideline-
directed medical therapy [5–7].

Given this data, it has been suggested that NP-guided ther-
apy may be useful to guide medication titration and improve
HF outcomes [8]. In this review article, we summarize con-
temporary literature and give clinical recommendations re-
garding the use of BNP-guided therapy.

Background of Natriuretic Peptides

BNP is a product of pro-BNP (pro brain natriuretic peptide)
which is continuously produced by the heart under normal
demands. When pro-BNP is cleaved enzymatically, it releases
BNP and NT-proBNP, its active and inactive forms, respec-
tively (Fig. 1). These NP levels vary with age, gender, obesity
status, other cardiac, and noncardiac causes [8, 9].
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In heart failure, BNP and NT-proBNP are released into
circulation from the myocardium as a result of end-diastolic
stress from increases in volume or pressure. Significant evi-
dence supports the use of NP biomarkers to assist in the diag-
nosis of heart failure in both chronic and decompensated HF
especially when the cause of dyspnea is unknown [1••]. These
molecules have significant predictive value in assessing the
risk of incident heart failure. In fact, BNP accurately diagno-
ses HF in patients and supports the clinical diagnosis of acute
decompensated or chronic ambulatory HF.

Kelder et al. estimated the quantitative diagnostic contribu-
tion of elements of history and physical exam in the diagnosis
of heart failure in primary care outpatients and found that the
largest additional quantitative diagnostic contribution was
provided by measurement of NT-proBNP [5]. The utility of
NPs in an urgent care setting found that BNP measurements
added significant, independent explanatory power to other
clinical variables in models predicting which patients had
HF [10]. When evaluating patients presenting to urgent care
or emergency rooms, BNP was found to be elevated in dys-
pneic patients with HF but not in dyspneic patients with a
primary lung disorder, thus making it an important way to
distinguish between lung disease and HF [6, 11].

In patients with acutely decompensated HF, measurement
of BNP or NT-proBNP (in addition to cardiac troponins) can
help establish disease severity. Predischarge BNP and NT-
proBNP values are stronger markers of post-discharge out-
comes than either baseline or percent change in BNP during
hospitalization [8].

While BNP and NT-proBNP are useful clinical tools in the
diagnosis and identification of HF, biomarker-guided therapy
in the outpatient setting is more controversial and not advised
per current HF guidelines [8]. Additionally, serial measure-
ment of BNP or NT-proBNP to guide management in order
to reduce HF hospitalization or mortality is not well
established.

Guideline-directed therapy for HF including angiotensin-
converting enzyme inhibitors (ACEi), beta-blockers, aldoste-
rone antagonists, and cardiac resynchronization therapy
(CRT) has been shown to favorably decrease NP levels after
initiation and uptitration [12]. Concentrations of NPs decline
in response to use of guideline-recommended therapies for
HF, and rising levels portend poor patient outcomes which
have led to the hypothesis that serial measurements of natri-
uretic peptides may be used to guide titration of chronic med-
ical therapy in patients with HF [13••]. Multiple studies have
sought to test this hypothesis, with pivotal studies discussed
below.

Trials Data and Key Secondary Analyses

RCTs

Early studies of natriuretic peptide-guided therapy were mixed
with respect to clinical outcome benefits (Table 1). The first of
these studies to compare whether NP-guided care was superi-
or to usual care was performed by Troughton et al. in 69
patients with heart failure with reduced ejection fraction
(HFrEF) with primary endpoints being death, cardiovascular
hospitalization, or worsening HF. During the follow-up peri-
od, there were fewer total CVevents in the BNP group than in
the usual care group (19 vs 54, p = 0.002). At 6 months fol-
low-up, 27% of patients in the BNP group and 53% in the
clinical group had experienced their first cardiovascular (CV)
event (p = 0.034) [15•].

Over the following two decades, multiple studies have fur-
ther investigated whether the use of NP-guided therapy im-
proves outcomes (Table 1). The primary outcome in the ma-
jority of these studies included HF mortality and HF admis-
sion. However, there was significant variability in design of
these studies. As demonstrated in Table 1, there was lack of
consistency on NP level goals and participant selection, and

Fig. 1 Cleavage of proBNP to
NT-proBNP and BNP
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study size tended to be modest. Berger et al. and STARS-BNP
demonstrate the widely variable BNP and NT-proBNP goals,
with levels varying from as low as 100 up to 2200 pg/ml [17,
20]. Studies such as PRIMA, STARBRITE, and SIGNAL-HF
did not set NP goals, and instead based goal levels off of the
patient’s study admission or hospitalization discharge values
[22, 24, 25]. Additionally, heterogeneity in participants has
also caused issues. Both BATTLESCARRED and TIME-
CHF had different BNP goals based on participant age and
ended up recruiting older patients (average age 76 and
77 years, respectively) than other studies [16, 23].
BATTLESCARRED and PRIMA included patients with heart
failure with preserved ejection fraction (EF ≥ 45%) in addition
to those with reduced ejection fraction [16, 25]. Troughton
et al. contained the smallest sample size of 69 participants
while others recruited up to 499 patients [15•, 23]. For the
most part, these studies sought to examine the same overall
strategy and end points—how do serial NP measurements and
medication titration affect CV death or hospitalization?
Overall, studies with results that favored biomarker therapy
tended to have smaller sample sizes without consistent NP
goals. The lack of definitive results due to varied NP goals,
heterogeneity in inclusion criteria, and differing treatment
strategies makes it difficult to truly garner the potential benefit
of NP-guided therapy [9].

Systematic Review

A Cochrane Review on BNP-guided treatment for heart fail-
ure published in 2016 had similar overall conclusions as noted
above [26]. This review included 3660 participants using NP-
guided treatment with the evidence for all-cause mortality or
heart failure showing “uncertainty.” Notably, heart failure ad-
mission was reduced, but evidence for all-cause admission
showed uncertainty.

Recent RCTs and Meta-Analysis

Given this lack of definitive results in the aforementioned
studies, a large prospective randomized control trial was de-
signed to further investigate this question. GUIDE-IT
(Guiding Evidence Based Therapy Using Biomarker
Intensified Treatment in Heart Failure) was a randomizedmul-
ticenter clinical trial conducted between 2013 and 2016 in the
US and Canada which planned to randomize 1100 patients
with HFrEF, elevated natriuretic peptide levels within the pri-
or 30 days, and history of a prior HF event (HF hospitalization
or equivalent) to either an NT-proBNP-guided strategy or usu-
al care [13••]. Those in the NT-proBNP strategy arm
underwent HF therapy titrated with the goal of achieving
a target NT-proBNP less than 1000 pg/ml with primary
end point being time-to-first HF hospitalization or cardio-
vascular mortality. GUIDE-IT enrolled 894 patients with

chronic HFrEF and did not find NP-guided therapy to be
more effective than the usual care group. The primary
endpoint occurred in 164 patients (37%) in the
biomarker-guided group and 164 patients (37%) in the
usual care group (adjusted hazard ratio (HR), 0.98; 95%
confidence interval (95% CI), 0.79–1.22; P = .88).
Cardiovascular mortality was 12% (n = 53) in the
biomarker-guided group and 13% (n = 57) in the usual
care group (HR, 0.94; 95% CI; 0.65–1.37; P = .75)
[14••]. None of the secondary end points nor the de-
creases in the NT-proBNP levels differed significantly be-
tween groups. The study was stopped early for futility per
the data safety monitor board recommendations as there
was no difference in primary or secondary end points.

A recent meta-analysis from Pufulete et al. (which included
GUIDE-IT and additional international trials) showed that
BNP guided therapy did not reduce all-cause or cardiovascu-
lar mortality [27]. Notably, BNP-guided therapy was found to
reduce HF hospital admission. Additionally, subgroup analy-
ses showedmore benefit for NP guided therapy in patients less
than 75 years old and in HFrEF.

Key Secondary Analyses

Secondary analyses of GUIDE-IT assessed treatment-related
quality of life (QOL) and economic outcomes of the study
[28•]. QOL measures were collected for usual care and
biomarker-guided therapy groups using two multiple ques-
tionnaires [Kansas City Cardiomyopathy Questionnaire
(KCCQ) Overall Summary Score and the Duke Activity
Status Index (DASI)], measured at 3, 6, 12, and 24 months
post-randomization. Both of the questionnaires demonstrated
improvement in QOL at 6 months, but no evidence was found
for a strategy-related difference (mean difference [biomarker-
guided—usual care] at 24 months of follow-up 2.0 for DASI
(95% confidence interval (CI) − 1.3 to 5.3) and 1.1 for KCCQ
(95% CI − 3.7 to 5.9)). Total costs averaged $5919 higher in
the biomarker-guided strategy (95% CI − $1795, + $13,602)
over 15-month median follow-up. Based on these analyses, it
was found that natriuretic-guided therapy had high total costs
and was not more effective than usual care in improved QOL
outcomes for HF patients.

Guidelines

Current 2017 HF Guidelines regarding the use of NP have
been updated to emphasize that admissionNP levels are useful
in establishing prognosis in acute decompensated HF [1].
These guidelines along with updated recommendations are
presented in Table 2.

Curr Heart Fail Rep (2019) 16:250–256 253



Clinical Application

& BNP measures are useful in the diagnosis or exclusion of
heart failure in patients who present with dyspnea.

& NP levels in chronic heart failure patients are a good way
to establish severity or disease prognosis.

& Admission levels of NP can be useful in establishing the
severity of a heart failure exacerbation.

& For patients with chronic HF, measuring NPs and tropo-
nins may be useful in risk stratifying patients.

The two cases below demonstrate the application of these
guidelines.

Case 1: A 60-year-old Caucasian female with HTN,
COPD, and DM2 presents to a local Emergency Department
complaining of new dyspnea. She is found to have a new
oxygen requirement with crackles heard in bilateral lung bases
and 2+ lower extremity edema on exam. A BNP is drawn
which is found to be elevated > 1000 pg/ml.

In this case, checking a natriuretic peptide level would be a
class I indication given his new dyspnea. His BNP is found to be
elevated which suggests the diagnosis of new heart failure. As
discussed above, studies have shown BNP elevation in HF pa-
tients but not found to be elevated in patients with a primary lung
disorder. Thus, BNP becomes an important way to differentiate
if the cause of dyspnea is related to HF versus lung pathology.

Case 2: A 69-year-old African American male with heart
failure with reduced ejection fraction, CAD s/p CABG, HTN,
and hyperlipidemia presents to a local Emergency Department
complaining of dyspnea. He is found to have a new oxygen
requirement with crackles heard in bilateral lung bases and 2+
lower extremity edema on exam. His weight is up 10 lbs since
last being seen by his primary care physician 1 month ago. A
BNP is drawn which is found to be elevated > 1000 mg/dL
whereas his baseline has been 200–300 pg/ml. He is admitted
to the hospital and undergoes diuresis back to dry weight.
Upon discharge, another BNP is drawn which is found to be
300 pg/ml.

In this case, checking a natriuretic peptide level on admis-
sion is a class I indication as it is useful in establishing acutely
decompensated heart failure. The elevated BNP from his prior
baseline suggests that this presentation is consistent with an
acute exacerbation. The BNP level drawn on discharge is a
class II recommendation, as this can help suggest post-
discharge prognosis. He has returned to his dry weight with
BNP found to be elevated above his baseline which may sug-
gest worsening heart failure.

Future Directions

While GUIDE-IT sought to investigate the utility of BNP-
guided therapy in a large trial given the significant variability

Table 2 ACC 2017 BNP guidelines

COR, LOE Recommendation Updates from 2017

Recommendation for
Prevention of HF

IIa, B-R For patients at risk of developing HF, natriuretic
peptide biomarker–based screening followed by
team-based care, including a cardiovascular specialist
optimizing GDMT, can be useful to prevent the
development of left ventricular dysfunction
(systolic or diastolic) or new-onset HF

New: New data suggest that natriuretic
peptide biomarker screening and early
intervention may prevent HF.

Recommendation
for Diagnosis

I, A In patients presenting with dyspnea, measurement of
natriuretic peptide biomarkers is useful to support a
diagnosis or exclusion of HF

Modified: 2013 acute and chronic
recommendations have been combined
into a diagnosis section.

Recommendation
for prognosis

I, A Measurement of BNP or NT-proBNP is useful for
establishing prognosis or disease severity in
chronic HF

I,A Measurement of baseline levels of natriuretic peptide
biomarkers and/or cardiac troponin on admission to
the hospital is useful to establish a prognosis in
acutely decompensated HF

Modified: Current recommendation
emphasizes that it is admission levels
of natriuretic peptide biomarkers that
are useful

IIa, B-NR During a HF hospitalization, a predischarge natriuretic
peptide level can be useful to establish a post-discharge
prognosis

New: Current recommendation reflects
new observational studies.

IIb, B-NR In patients with chronic HF, measurement of other
clinically available tests, such as biomarkers of
myocardial injury or fibrosis, may be considered
for additive risk stratification

Modified: 2013 recommendations have
been combined into prognosis section,
resulting in LOE change from A to B-NR.

Reprinted from the Journal of the American College of Cardiology, volume 70, issue 6, Yancy CWet al., 2017 ACC/AHA/HFSA Focused Update of the
2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines and the Heart Failure Society of America, Pages 776–803, 8 August 2017, with permission from Elsevier
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within earlier, smaller biomarker studies, it had several limi-
tations. The care in GUIDE-IT was commonly performed by
more specialized heart failure cardiologists and may be con-
sidered more intensive than routine practice. These specialists
have more experience with this subset of complex patients.
Both patient groups (biomarker guided and usual care) were
followed at 2-week intervals after medications changes until
the target of maximum tolerated doses was achieved. A dis-
crepancy exists between how frequently patients were seen in
the biomarker guided arm vs patients in the usual care arm,
with the latter being seen on a monthly basis on average and
the former being seen even more frequently.

Results from GUIDE-IT suggest that aggressively man-
aged, frequently seen patients may not necessarily benefit
from incremental data from a biomarker-guided strategy to
drive better care. The study design of GUIDE-IT may be less
generalizable to routine clinical care settings including prima-
ry care clinics. Future studies could be performed in a more
real-world settings compared to routine non-biomarker-based
care.

Unaccounted for in prior HF biomarker-guided therapy
studies, recent investigations have suggested that there is a
high degree of disease heterogeneity that exists within chronic
HF patients even within those with reduced ejection fraction
[29]. A cluster analysis was performed to explore clinical phe-
notypes in chronic HF patients using 1619 participants in the
HF-ACTION (Heart Failure: A Controlled Trial Investigating
Outcomes of Exercise Training) study. Four clusters were
identified (ranging from 248 to 773 patients in each), in which
patients varied considerably among measures of age, sex,
race, symptoms, comorbidities, HF etiology, socioeconomic
status, quality of life, cardiopulmonary exercise testing param-
eters, and biomarker levels. Taking into account different HF
phenotypes could also be another consideration in future bio-
marker studies as well as the consideration of a multi-marker
approach.

Conclusion

Natriuretic peptides remain the gold standard biomarker for
the diagnosis, prognosis, and risk assessment in HF. Multiple
studies sought to utilize natriuretic peptides in attempts to
guide personalizedGDMT. GUIDE-IT, designed as the largest
RCT designed to answer this question, showed that there was
no difference between usual care and biomarker-guided ther-
apy. However, the study design of GUIDE-IT was not “usual
care” as commonly applied in clinical practice. Future studies
could focus on testing biomarker therapy in different settings
compared to more routine non-biomarker based clinical prac-
tice. Studies centering around phenotypes and multimarker
approaches to HF prognosis suggest that further exploration

is needed and biomarkers are one piece of the approach to
optimize clinical outcomes in patients with heart failure.
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