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Abstract

Natriuretic peptides (NPs) play a significant role in the pathophysiology of heart failure (HF) and are considered
reliable diagnostic and prognostic indicators of congestive HF. Pulmonary congestion in HF patients leads to clinical
deterioration and hospitalizations. It remains an important aspect to address the management and treatment tailoring in
HF patients. However, the role of NP-guided therapy remains debatable due to contrasting reports in the literature.
Current guidelines do not recommend the use of NP-guided therapy in the treatment monitoring of HF. Therefore, there
is an urgent need to identify reliable markers for treatment monitoring in congestive HF. For early detection of
congestion, a technology-based approach to monitor pulmonary hemodynamics and absolute lung fluid measurement is
found to be effective in guiding treatment. Remote dielectric sensing technology is one such non-invasive approach that
measures pulmonary fluid levels in the lungs which results in reduced hospitalization and re-admission rate in HF
patients. In this review, we summarized the role of natriuretic peptides and the need for a reliable tool to assess pul-
monary congestion for treatment monitoring in HF.
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1. Introduction

H eart failure (HF) is a highly progressive con-
dition that is associated with substantial

morbidity and mortality. The estimated prevalence
of HF in India is about 10 million individuals. It is a
major public health concern because of its high
prevalence, poor prognosis, and high healthcare
cost. HF is characterized by the inability of heart
muscles to pump adequate blood. As a result, fluid
builds up in the lungs that leads to pulmonary
congestion. Pulmonary congestion is recognized as
the primary reason for hospitalization in patients
with HF therefore, HF in such cases, is referred to as
“congestive HF” (CHF).1 Congestion often remains
unrecognized due to a lack of reliable biomarkers
for therapy assessment and monitoring thus,
resulting in adverse outcomes. Lately, the

importance of early detection of congestion has
been recognized and correlated with the assessment
of circulating biomarkers in patients with HF. For
this purpose, the natriuretic peptide (NP) system is
frequently used in clinical practice for diagnosis,
severity grading, and prediction of HF progression.1

NP system comprises of three family members:
Atrial natriuretic peptide (ANP), B-type natriuretic
peptide (BNP), and C-type natriuretic peptide
(CNP). Physiologically, both ANP and BNP circulate
as hormones and induce vasodilation, diuresis,
natriuresis, and inhibition of the renine
angiotensinealdosterone system (RAAS) and sym-
pathetic nervous system (SNS).2 The activation of
RAAS and SNS systems may lead to cardiac hy-
pertrophy and fibrosis. In response, NPs are
secreted that exhibit antagonistic effects against
renin and angiotensin II. NPs display paracrine
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effects to prevent hypertrophy and fibrosis.1,2 The
molecular mechanism of NPs i.e., synthesis of NP as
pre-prohormone to cleaving into mature and amino
terminal (NT) proBNP is explained in Fig. 1.
NPs are the most widely used biomarkers in HF.

Among the three NPs and their pre-hormones, BNP
and NT-proBNP biomarkers are the most important
clinical tools for the diagnosis, prognosis, and risk
stratification in cardiac practice and are considered
the reliable point of care testing for HF. A study
done in a tertiary care center in India has shown that
Pro-BNP values above 2000 pg/ml in patients with
acute heart failure requiring emergency admission
are associated with a poor prognosis.3 Studies such
as Breathing Not properly Multinational Study
(2002)4 and ProBNP Investigation of Dyspnea in the
Emergency Department (PRIDE) study (2005)5 sug-
gested BNP and NT-proBNP as good diagnostic
biomarkers to “rule out” HF.4,5

Clinical management of CHF is challenging. Di-
uretics have been used as the first line of treatment
for congestion.6 As congestion is also associated
with cardiac, renal, and liver injury, the use of di-
uretics may not improve clinical outcomes. Rapid
relief of congestion is highly recognized therapeu-
tically to improve prognosis, and to reduce hospital
stays and cost burden. For the same, recent clinical
trials and research reported Angiotensin receptor-
neprilysin inhibitor (ARNI) and sodium-glucose co-
transporter-2 inhibitor (SGLT2i) as new class of
drugs used for the management of diabetic patients
with HF.7,8 Notably, the European Medicines
Agency (EMA) and the Food and Drug Adminis-
tration (FDA) provided the guidelines to demon-
strate cardiovascular safety in patients with T2DM

in order to prevent cardiovascular complications
Based on these guidelines, the CardioVascular
Outcome Trials (CVOTs) are designed to assess the
safety of SGLT2 inhibitors concerning three-point
Major Adverse Cardiovascular Agents (MACE)
including, HF-related events, cardiovascular deaths,
and non-fatal stroke.9 Both the drugs i.e., ARNi and
SGLT2i have shown potential benefits in treating
HF by reducing the risk of cardiovascular events,
hospitalization, and mortality. However, the un-
derlying mechanisms remain conjectural.7

Further, NPs were considered for guided-thera-
pies in patients with HF due to their strong diag-
nostic and prognostic values. However, several
studies including Guiding Evidence Based Therapy
Using Biomarker Intensified Treatment in Heart
Failure (GUIDE-IT) trial have failed to establish that
NPs can be used to improve outcomes with this
approach.10 In addition, the sensitivity and speci-
ficity of NPs also depend on several confounding
factors such as age, gender, obesity, BMI, hepatic,
pulmonary, and renal dysfunction.11-15 Thus, the
role of NPs and NP-guided therapy remains
debatable in the treatment monitoring of HF.

2. NP and recommendations for the
management of HF

The ESC guidelines recommend algorithms for
the diagnosis and exclusion of HF sub-types based
on clinical representation, elevated NP levels, and
structural or functional alterations.16 Levels of NPs
are inversely proportional to ejection fraction (EF),
suggesting a rise in BNP and NT-pro BNP levels are
positively correlated with decreased and worsened

Fig. 1. Basic mechanism, functions, and factors affecting BNP levels in the management of heart failure.
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EF. Studies highlight that BNP is an excellent
marker for HFrEF diagnosis but less sensitive for
HFpEF.17,18

Evidence-based guidelines such as the ESC (2021)
and the American Heart Association (ACCF/AHA,
2022) recommended BNP and NT-proBNP levels
assessment as (Class I) diagnostic markers of HF to
determine prognosis or disease severity. Similarly,
the ESC guideline recommends BNP and NT-
proBNP for ruling out HF, establishing post-
discharge prognosis, and risk stratification (Fig. 2). A
single NP value provides prognostic details whereas
serial measurement provides risk stratification
including major cardiovascular events, all-cause
mortality, and cardiovascular deaths.16,19 The ACC/
AHA guidelines (2022) do not recommend serial NP
measurements in guiding therapy for the manage-
ment of HF reduction.

3. Factors affecting NP levels in HF

The onset or development of HF may be delayed
or prevented by modifying risk factors and using
interventions. These factors affecting the levels of
BNP and NT-proBNP in the management of HF
include:

3.1. Obesity

High body mass index (BMI), a major risk factor
for HF, suppresses NP synthesis resulting in lower
levels of BNP and NT-proBNP.20 Therefore, lower
cut-offs are recommended in obese individuals so as
to not miss patients with mild acute HF.

3.2. Neprilysin inhibitors

Neprilysin inhibitor drugs cause pharmacologic
‘raising’ of BNP levels. The utility of ARNIs is well-
studied in the management of HF and it has
received a Level I recommendation in ESC (2021)
and ACC (2022) guidelines. ARNI therapy reduces
NT-proBNP levels and increases BNP levels which
may complicate NP value interpretation for the
clinician.21

3.3. Other comorbidities

Several other factors such as age, gender, and
comorbid conditions, including diabetes, renal
dysfunction, and hypertension, are found to be
associated with increased levels of NP. The BNP

Fig. 2. AHA/ACC/HFSA recommendations for the Use of Biomarkers for Prevention, Initial Diagnosis, and Risk Stratification.
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levels are altered by co-existing cardiovascular dis-
eases (HF, acute coronary syndrome, atrial fibrilla-
tion, etc.) and non-cardiovascular diseases
(pulmonary embolism, hypertension, sepsis, etc.).20

4. NP-guided therapy for HF management

At present, there is no common approach to
medication adjustments for NP-guided therapy.
BNP/NT-proBNP measurements or use of titration
of therapy according to serial plasma concentrations
of BNP/NT-proBNP for treatment monitoring in
patients with HF is debatable. The multicentric
STARBRITE study evaluated therapy titration basis
clinical assessment and BNP measurement in pa-
tients presenting to HF clinic. This study failed to
demonstrate significant benefits in mortality or
hospitalization rates.22 Several other studies and
meta-analysis have been conducted to determine
the role of NP in guiding treatment for HF patients
however, these studies have yielded inconsistent
results.23-27

GUIDE-IT is by far the largest multicentric trial
which planned to recruit 1100 participant patients at
45 clinical sites in the United States and Canada
with an aim to compare the efficacy of NT-
proBNPeguided therapy with usual care for the
management of patients with HF with reduced EF
(HFrEF).10 The trial failed to establish any significant
difference in combined outcome of hospitalization
or cardiovascular mortality. The strategy addition-
ally increased the cost of therapy. Moreover, the
trial was stopped early due to futility on composite
outcome of HF admission and cardiovascular mor-
tality. Moreover, this strategy had additional impli-
cations on the cost of the therapy. A meta-analysis of
18 randomized controlled trials (RCTs) conducted
by Khan et al. (2018) reported no additional benefits
of NP-guided therapy in terms of all-cause mortality
and HF hospitalizations.28 The usefulness of therapy
for reduction in hospitalization or mortality is not
well established.24 Some patients are either non-
responsive or less responsive to intensified NP-
guided therapy as no significant improvement in NP
levels are attained in these patients. Evidently,
studies support that the concept of biomarker-
guided therapy or serial measurement of NPs is not
ideal for the management of HF in real-time.

5. Pulmonary congestion and role of NPs

A failing heart results in excessive accumulation
of fluid in the alveolar walls and lung spaces causing
pulmonary congestion. The acute decompensated
heart failure (ADHF) National Registry report (2007)

of >50,000 patients revealed that significant pro-
portion of admitted patients are discharged with
unresolved congestion. Congestion remains unrec-
ognized until the condition of the patient worsens
and requires hospitalization or re-admission. Some
HF exacerbations may be prevented through early
identification of congestive changes.29 The ESC
guidelines recommend measurement of NPs in pa-
tients with pulmonary edema. However, it is to be
noted that there are other causes of elevated NPs,
cardiac and non-cardiac, that might reduce their
diagnostic accuracy.18 In a study, Komarov & Kirov
(2015) evaluated the relationship between plasma
concentrations of NT-proBNP and pulmonary
congestion.30 The authors reported significantly
higher levels of NT-proBNP at baseline with a trend
of decreasing values during hospitalization, sug-
gesting limited diagnostic value for pulmonary
congestion. Current evidence does not support NP-
guided titration of pharmacotherapy in HF patients
especially in elderly patients.18 For instance, The
Trial of Intensified vs Standard Medical Therapy in
Elderly Patients With Congestive Heart Failure
(TIME-CHF) study reported that NP-guided HF
therapy in elderly patients did not reduce all-cause
hospitalizations.31 Though advancements in medical
therapy have reduced the rates of HF hospitalization
by 30%, there has been no reduction in the rates of
HF re-admissions. The HF re-admission rates range
from 19 to 31% at 30 days and 50% at 6 months.
Several studies have shown that 50e80% of hospi-
talizations can be avoided when physicians pre-
scribe medicines in accordance with accepted
guidelines and when patients adhere to prescribed
medication regimens.32 The effectiveness of
implantable pulmonary artery hemodynamic
monitoring system to assess impending volume
overload was highlighted in the CHAMPION
study.33 The implantable device allowed regular
hemodynamic monitoring of pulmonary artery and
ensure treatment guidance. This lead to a significant
decrease in HF related hospitalizations. However,
the implantable nature and expertise required for
the placement of device limits its used in the ma-
jority of patient population.34,35

Non-invasive measurement of lung fluid volume
to guide the HF decongestion therapy was studied
using a non-invasive electromagnetic energy-based
technology (Remote Dielectric Sensing, ReDS™).29

ReDS system is a miniature radar system that em-
ploys low-power electromagnetic energy that
quantifies changes in the concentrations of pulmo-
nary fluid in 90 s by wearing a noninvasive vest
(Fig. 3). It also identifies the state of “euvolemia”
during admission and early phase after discharge in
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patients with HF, patients on diuretic or new treat-
ment regimen viz. ARNI and SGLT2i, or patients
recovering from other CVD events. Both these
phases are considered vulnerable for congestion
recurrence. The system is beneficial in early detec-
tion of congestion.
Substantial studies have determined the efficacy

of the technology to monitor lung congestion and
treatment decisions and reported significant reduc-
tion in hospitalisations and re-admissions in HF
patients.36,37 An absolute value of 37% of lung fluid
determined by ReDS technology had sensitivity,
specificity, positive predictive value, and negative
predictive value of 89%, 83%, 74%, and 93%,
respectively.38,39 A meta-analysis of seven studies to
determine effect of ReDS monitoring yielded a 60%
reduction in 3 month rehospitalization rates.29 This
make non-invasive monitoring of lung fluid for
treatment monitoring a potential tool in the man-
agement of HF patients to reduce rehospitalization.

6. Conclusions

BNP and NT-proBNP are the gold standard bio-
markers for the diagnosis and prognosis of HF.
However, the NP levels are found to vary according
to age, comorbidities, and treatment strategies. The
evidence and recommendations for use of NPs in
treatment monitoring of HF are limited. This makes
concept of NP-guided therapy inconclusive for
treatment monitoring of HF patients. The hemody-
namic monitoring and direct lung fluid measure-
ment are promising technology with evidence for

reduction in rehospitalization when used for treat-
ment monitoring of HF patients. The invasive pro-
cedure and expertise required for invasive
hemodynamic monitoring makes it less prevalent.
Remote dielectric sensing technology is a non-
invasive approach for measuring the fluid levels in
the lungs. This technology may consider as a new
paradigm for early detection of pulmonary conges-
tion and treatment monitoring of HF patients.
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