
Natriuretic Peptides in Heart Failure
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Heart failure is a major global health problem affecting
23 million people worldwide. As more cardiac patients
survive and live longer with this progressive disease,
heart failure is a condition for which the prevalence will
grow. Based solely on clinical presentation, heart fail-
ure can be difficult to diagnose since its presentation is
complex, with signs and symptoms that are nonspecific
and may not always be present. B-type natriuretic pep-
tide (BNP)7 and N-terminal proBNP (NT-proBNP)
are well established, clinically validated biomarkers
that have been shown to improve the diagnostic accu-
racy for heart failure and provide prognostic informa-
tion for risk stratification. The widespread clinical use
of these biomarkers for more than a decade is reflected
by their incorporation into national and international
medical guidelines for heart failure, at the highest clas-
sification for recommendation.

BNP is a cardiac hormone secreted by cardiomyo-
cytes into the circulation in response to states of vol-
ume expansion and pressure overload, as is the case
in heart failure. BNP’s diuretic, natriuretic, and va-
sodilatory actions, and its protective effects on en-
dothelial function and vascular remodeling, act to
relieve the adverse consequences of heart failure.
During the synthesis and processing of BNP, its 108
amino acid biologically inactive precursor, proBNP,
is proteolytically cleaved to form the 32 amino acid
peptide BNP and the 76 amino acid peptide NT-
proBNP. While BNP is physiologically active, NT-
proBNP is biologically inert. Due to its secretion at a
1:1 ratio to BNP and its longer half-life (90 –120 min

vs 20 min for BNP), the measurement of NT-
proBNP has proven to have an essentially equivalent
clinical performance to BNP as a biomarker for heart
failure.

In recent years, the simplistic model for the process-
ing of BNPs has undergone a dramatic shift, with a
better understanding of the complexity of their post-
translational modification and secretion. ProBNP is
now known to undergo O-linked glycosylation at
multiple amino acid residues within its N-terminal
and central portions to give rise to glycosylated
forms of NT-proBNP. In addition, proBNP itself has
been shown to be present in the circulation of
healthy individuals and to increase considerably in
heart failure patients. Furthermore, once in circula-
tion, BNP, NT-proBNP, and proBNP are subject to
proteolytic cleavage at both their N- and C-terminal
ends, giving rise to yet more molecular forms of
these peptides.

In this Q&A, 4 experts discuss the clinical utility of BNP
testing for the diagnosis, prognosis, and guided therapy
of heart failure, and the implications of the multiplicity
of molecular forms of BNP, NT-proBNP, and proBNP
on the measurement of these peptides and on the
pathophysiology of heart failure.

How are BNPs used in the clinical diagnosis of
heart failure? In what clinical circumstances do
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BNP and NT-proBNP provide the greatest diag-
nostic utility?

James L. Januzzi, Jr.: The
heaviest use of the natri-
uretic peptides has been in
the context of acutely de-
compensated heart failure.
The tests are often used to
evaluate dyspnea to cor-
rectly identify or exclude
the diagnosis of decom-
pensated heart failure as
the cause of shortness of
breath. They are also use-

ful in this setting to establish the severity of heart failure,
based on their concentrations, which are also very im-
portant from a prognostic setting.

These uses have all been shown in prospective tri-
als to be of substantial value to the clinician. In studies
where patients were randomized to routine BNP or
NT-proBNP measurement vs blinded BNP or NT-
proBNP measurement, those patients evaluated with
the biomarkers had more secure diagnosis, shorter
hospital lengths of stay, and less money spent on their
care. This informs the current support in the recent
American College of Cardiology/American Heart As-
sociation (ACC/AHA) clinical practice guidelines for
heart failure, where BNP and NT-proBNP received a
class I, level of evidence A for diagnosis and prognosis
in acute heart failure.

Clearly, a role for both peptides also exists in
chronic heart failure. They retain similar value for
the diagnosis or exclusion of heart failure as well as
prognosis. Additionally, there has been an emerging
interest in using both BNP and NT-proBNP to mon-
itor the progress of heart failure therapy, and even
use them as targets for therapy.

The basis for using BNP or NT-proBNP in the
management/therapy of patients with heart failure is
predicated on the observation that their values fre-
quently change in response to heart failure decom-
pensation and recompensation (rising and then fall-
ing), and therapies used to treat heart failure
typically lead to parallel reductions in BNP or NT-
proBNP as the patient improves. The more reduc-
tion in BNP or NT-proBNP after a therapy change,
the better the prognosis.

Indeed, in the hospital, it has been shown that
robust reduction in either BNP or NT-proBNP in
the course of acute heart failure treatment is associ-
ated with superior outcomes compared to a less sig-
nificant (for example �30%) drop in the peptides.
Those patients with inadequate reduction have
higher rehospitalization and death rates, and there-

fore many clinicians have started using a robust re-
duction in BNP or NT-proBNP as a criterion for safe
hospital discharge.

In the physician’s office, there has been a major
focus on the use of BNP or NT-proBNP to “guide”
the care of patients with heart failure. In this regard,
both peptides have been studied as an addition to
standard clinical judgment for the care of patients
with ambulatory heart failure. In these studies, ther-
apies were adjusted to achieve clinical goals, but also
to reduce the natriuretic peptide below a target
value. In trials where low targets were selected and
met, biomarker guidance was typically superior to
clinical judgment alone. Pivotal studies are currently
examining this approach.

Alan Maisel: Natriuretic
peptides should be used in
all patients with dyspnea.
These peptides have excel-
lent sensitivity and speci-
ficity, depending on the
cut points one uses. Na-
triuretic peptides are not
used by themselves but as
adjuncts to history, phys-
ical exam, and other lab-
oratory tests. Of course,

the greatest utility would be in those patients for whom
the doctor is unable to come to a conclusion as to
whether or not heart failure is present.

Allan S. Jaffe: It is clear
that the greatest diagnos-
tic utility for natriuretic
peptides occurs in indi-
viduals in whom there is
ambivalence about the
diagnosis of heart failure.
One of the issues in the
field, however, is that dif-
ferent physician groups
may have different de-
grees of expertise, and so

natriuretic peptide measurement may be more helpful
for those without vast experience in heart failure and be
less important for those who are more familiar with
this patient group. Thus, I would argue that the use of
natriuretic peptides in the emergency room or in gen-
eral internist offices may be different than for cardiol-
ogists and, beyond that, heart failure specialists, at least
for this indication.
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Aldo Clerico: According
to all of the most recent
guidelines, the greatest di-
agnostic utility provided
by the measurement of
B-type natriuretic pep-
tides is high accuracy in
ruling out the diagnosis
of heart failure in a pa-
tient presenting with dys-
pnea. The measurement
of BNP or NT-proBNP

usually shows a very high clinical sensitivity and nega-
tive predictive value (both �90%). However, to
achieve the maximum clinical sensitivity (and there-
fore the best ability to correctly exclude heart failure),
the cutoff value should be corrected for sex, age, and
body mass index. Furthermore, although some inter-
national guidelines (i.e., those of the National Institute
for Health and Clinical Excellence and the European
Cardiology Society) suggest the use of a single cutoff
value for all BNP immunoassays, recent studies have
demonstrated that some BNP methods provide values
that are about half of the others, suggesting that the
cutoff values are method dependent. BNPs are not very
useful for ruling-in heart failure due to their relatively
low specificity and positive predictive value. In fact, the
circulating concentrations of BNP and NT-proBNP
may also be increased in several physiological (i.e.,
pregnancy and high-intensity physical exercise) and
pathologic conditions (i.e., renal, liver, metabolic, en-
docrinological, neoplastic, and inflammatory diseases)
and in response to some pharmacological agents (i.e.,
glucocorticoids, female sex steroid hormones, antineo-
plastics, and �-adrenergic agonists), drug abuse (i.e.,
amphetamine and alcohol), or poisoning (especially by
carbon monoxide).

While clinical studies have demonstrated that BNP
and NT-proBNP have relatively equivalent perfor-
mances as biomarkers for heart failure, are there
instances where one of these biomarkers would be
preferred over the other?

James L. Januzzi, Jr.: Honestly, I do not envision the
differences to be significant enough to mandate that
one be preferred over the other. Studies have shown
substantial equivalence in most groups, and even in
groups where the performance of the peptides is ham-
pered there is relatively equal influence on BNP or NT-
proBNP. Where there are relatively few data in terms
of comparative value, however, is in the guidance of
outpatient heart failure care. In this setting, few
studies have been done with BNP, so a clear need is

present in this regard. Fortunately, studies are
planned that should hopefully address this issue.

Allan S. Jaffe: I cannot think of a situation where there
are large differences in clinical performance, with the
possible exception of amyloid heart disease, for which I
am unaware of the data with BNP but would suspect it
would work just as well as NT-proBNP. However, be-
cause the concentrations of NT-proBNP can be so high
at times, especially in patients with end-stage renal dis-
ease, clinicians are unsure of how to interpret the val-
ues; with time, I think, this is something clinicians learn
to cope with. The only other relevant difference that
can be important is that BNP is more prone to degra-
dation if samples are not processed expeditiously or
when they are stored.

Aldo Clerico: BNP is the active hormone while NT-
proBNP is an inactive peptide that shows better analyt-
ical characteristics than BNP. These include lower in
vivo and in vitro degradation, higher circulating con-
centrations, lower biological variability, and the ability
to measure in specimens collected with various tube
types (EDTA or heparinized plasma and serum). From
a theoretical point of view, the measurement of BNP
should be preferred in all physiological or pathophysi-
ological studies when the goal is the assessment of the
“true” degree of activation of the cardiac endocrine sys-
tem. Unfortunately, all of the commercially available
BNP immunoassays are markedly interfered with by
some inactive B-type related peptide, particularly the
precursor proBNP, which is probably the predominant
circulating form of B-type natriuretic peptide in pa-
tients with heart failure. These interferences may
greatly affect the analytical specificity of immunoassays
for active peptide BNP. For these reasons, BNP and
NT-proBNP usually show very similar results in pa-
tients with heart failure when assayed with commer-
cially available methods, which are subject to interfer-
ence by the precursor proBNP.

The prognostic values of BNP and NT-proBNP
have been well demonstrated. How best can the
prognostic information provided by measurement
of BNPs be used? Do you feel that the prognostic
information provided by BNP and NT-proBNP
has been underutilized?

James L. Januzzi, Jr.: There is no question that the
prognostic information from BNP or NT-proBNP may
be the strongest application for either peptide and, in
this regard, there is no question that they are under-
used. Both biomarkers have been unequivocally shown
to predict outcome across a wide range of patient types,
with incremental value from serial measurement. They
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are now the gold standard for biomarker-based prog-
nosis, clinically and in research studies.

Alan Maisel: In the emergency department, patients
with high concentrations need to be admitted while
those with very low concentrations can be discharged
after treatment. At the time of discharge, high natri-
uretic peptide concentrations predict early readmis-
sion. Stable concentrations during outpatient treat-
ment represent good prognosis. Outpatients with high
concentrations should be targeted with an increased
medical regimen. Yes, this is still an area that is very
underutilized.

Allan S. Jaffe: There is no doubt that on a statistical
basis highly increased concentrations of natriuretic
peptides are associated with adverse outcomes. The is-
sue is what can or should be done about that. From my
perspective, the lack of a proven treatment strategy is
what has led to the underutilization of natriuretic pep-
tides for risk stratification. From that perspective, hav-
ing a baseline concentration to refer to is very helpful
both to anticipate problems when concentrations are
rising and to make sure that, after treatment, concen-
trations have returned toward baseline. I believe that in
the long run the value of using natriuretic peptides to
titrate therapies will be proven, but in my view the sup-
porting data at present are not adequately robust.

Aldo Clerico: In my opinion, the prognostic informa-
tion provided by BNP/NT-proBNP assays is underuti-
lized by clinicians. Several studies indicated that serial
measurements in the same patient enable clinicians to
more accurately assess the response to treatment and pro-
vide more prognostic information than a single measure-
ment. Indeed, patients with acute heart failure who have
significantly decreased BNP/NT-proBNP values (�30%)
after treatment usually show fewer adverse events and
have lower mortality rates. However, serial measurements
are not currently performed in patients with heart failure
because they incur additional costs and discomfort to pa-
tients and require a particular interpretation by clinicians.
I hope that future guidelines will give this important point
more attention.

The observation that BNP and NT-proBNP concen-
trations are lowered as a result of treatment for
heart failure has led to efforts to guide therapy using
these measurements. What are the advantages of
BNP- or NT-proBNP– guided therapy and what do
you believe needs to be demonstrated before their
routine use?

James L. Januzzi, Jr.: Together with the substantial
value of BNP and NT-proBNP to prognosticate and

their ability to monitor heart failure care, it is natural to
assume that BNP and NT-proBNP would be useful to
“guide” heart failure care.

The reason that the opportunity exists to add bio-
markers to standard clinical care includes the fact that
the ability to judge the adequacy of heart failure thera-
peutics may be challenging, even for the experienced
physician. Additionally, there is the strong possibility
that BNP or NT-proBNP are direct barometers reflect-
ing the pathophysiology of heart failure, wherein ther-
apies that are adjusted to reduce their values are essen-
tially driving to the core of the abnormal biology
present in each patient. Of course, there is resistance in
the heart failure community, where the belief is that
each patient with heart failure should be treated to the
maximal degree with each and every therapy available.
The reality is that this goal is rarely met and, as such,
patients go undertreated. The use of biomarkers in this
setting also provides an objective assessment of risk, so
that the highest-risk patients can be identified.

The studies that have addressed BNP- or NT-
proBNP– guided care have been generally small and
underpowered, although many have suggested sub-
stantial benefit from the approach as long as certain
provisos are met. A low target must be selected, and this
target is crucial. If a patient is treated with a goal BNP
or NT-proBNP value that is too high, then the treat-
ment will be inadequate. Those clinicians choosing a
lower target value (e.g., BNP of 100 ng/L; NT-proBNP
of 1000 ng/L) have been more often successful in re-
ducing cardiovascular events when compared to clini-
cians who use standard management. Therapies must
be adjusted to achieve that goal. Studies with low rates
of therapy adjustment to achieve target BNP or NT-
proBNP concentrations were not successful, but the
strategy went untested! There is no such a thing as a
“stable” patient with a markedly increased BNP or NT-
proBNP concentration, no matter how clinically stable
the patient may appear. The target must be reached: it
is important to reduce BNP or NT-proBNP concentra-
tion in the course of heart failure treatment or the
prognosis of the patient is not improved.

As stated earlier, a multicenter, randomized
National Heart, Lung and Blood Institute trial, the
Guiding Evidence-Based Therapy Using Biomarker-
Intensified Treatment study (GUIDE IT), is currently
under way to evaluate NT-proBNP– guided care, while
studies focusing on BNP are currently planned.

Beyond their use in patients with ESTABLISHED
heart failure, the recent St Vincent’s Screening to Pre-
vent Heart Failure (STOP-HF) and NT-proBNP Se-
lected PreventiOn of cardiac eveNts in a populaTion of
dIabetic patients without A history of Cardiac disease
(PONTIAC) studies demonstrated that a BNP- or NT-
proBNP– (respectively) driven strategy for “at risk” pa-
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tients was superior to clinical judgment for reducing
incident heart failure. This exciting finding could have
even greater impacts on the care of patients if these
markers could be applied in patients even before heart
failure has developed.

Alan Maisel: Either marker can be used to guide ther-
apy. Randomized trials must demonstrate reduced ad-
missions and death. Trials should attempt to drive
down the natriuretic peptide concentrations to low
concentrations. Actions must be taken as a result of
these concentrations. Finger-stick home BNP moni-
toring will also allow the doctor to monitor rising na-
triuretic peptide concentrations.

Allan S. Jaffe: It is very difficult to discern when pa-
tients with heart failure are starting to decompensate or
when, after treatment, they have returned to baseline
because so much of the evaluation of symptoms is sub-
jective. Thus, objective measures are needed and natri-
uretic peptides can provide that objective information.
I believe the mixed results of the studies reflect less
aggressive treatment than is needed to cause major
changes in natriuretic peptide values and thus, out-
comes. Multiple publications have touted changes
that are much less than one might expect from the
biological variation data. Our own data suggest that
much larger changes are needed to influence out-
comes. Such a conclusion is also consistent with
the Pro-BNP Outpatient Tailored Chronic Heart
Failure Therapy (PROTECT) data from Januzzi and
colleagues.

Aldo Clerico: In our institution, clinicians have been
routinely using the measurement of natriuretic pep-
tides to guide therapy in patients with heart failure
since the 1990s. The BNP-guided therapy allows a tai-
lored administration of drugs according to both the
activation of endocrine cardiac function as well as elec-
trolyte and fluid balance of patients. Patients who do
not respond to standard pharmacological treatment
with a substantial decrease of BNP or NT-proBNP con-
centrations should be clinically reevaluated for possible
presence of comorbidities and/or considered for alter-
native and more aggressive treatments. I think that
some well-designed clinical trials are needed to defini-
tively demonstrate the subset of heart failure patients
that may benefit (or not) from BNP-guided therapy.
Indeed, it is theoretically conceivable that a cardiovas-
cular biomarker assay could be more useful in the early
stage of heart failure, when patients are usually respon-
sive to treatment, than in stage D of heart failure, a
point at which they are refractory to standard pharma-
cological treatment and require specialized interven-
tions. Patients who respond to treatment are usually

younger (�70 years) and without relevant comorbidi-
ties. In addition, when designing such a trial, research-
ers should consider as an end point the baseline, euv-
olemic “dry” BNP concentration rather than a fixed
concentration, given the high variability of BNP con-
centrations among stable patients. In some patients, a
very good clinical stability is achieved in the presence of
relatively increased BNP or NT-proBNP concentra-
tions. In these patients, an aggressive therapy (e.g., di-
uretics) with the aim of further reducing natriuretic
peptide concentrations may have detrimental results.

Recent evidence has shown that the processing and
secretion of BNPs is complex. Multiple variably gly-
cosylated and proteolytically cleaved forms of BNP
and NT-proBNP as well as intact proBNP are pres-
ent in the circulation of healthy individuals and
heart failure patients. Given that all current immu-
noassays cross-react with proBNP and that immu-
noassays for NT-proBNP do not effectively measure
glycosylated forms, do you feel there is a need for
next generation assays with a greater specificity?

Alan Maisel: Only if the following can be demonstrated:
An altered form is more prevalent in acute heart failure.
An altered form might better separate heart failure with
preserved ejection fraction from heart failure with re-
duced ejection fraction. An altered form might be used
to screen asymptomatic patients for disease.

Allan S. Jaffe: Present assays simply reflect how
strongly this compensatory system is being stressed.
The results do not provide any information concerning
the functional consequences of such stimulation. In the
long run, it likely would be valuable to know how much
active natriuretic peptide is present and eventually to
even know which forms are present. The latter has the
potential to allow for targeted approaches to reduce the
less active forms and to improve the functional conse-
quences of in vivo stimulation. It may also eventually
provide insights into what drugs might be necessary in
individual patients to either improve processing of the
natriuretic peptides or to replace them.

Aldo Clerico: The NT-proBNP assay by Roche Diag-
nostics is not affected by glycosylated proBNP, while
the commercially available methods for BNP are af-
fected, although at different degrees of cross-reactivity.
At present, the pathophysiological relevance of the gly-
cosylated compared to nonglycosylated forms of BNPs
is not well understood. Therefore, further studies are
needed to better evaluate the physiological and/or clin-
ical role of glycosylated forms of BNPs and to recom-
mend the clinical use of immunoassays specific for gly-
cosylated or nonglycosylated forms of BNPs.
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Do you feel there is a clinical value in measuring
proBNP as a biomarker for heart failure and how do
you think it can be integrated into current measure-
ments for BNP or NT-proBNP?

James L. Januzzi, Jr.: There are conflicting data in this
regard. Some individuals have suggested the ratio of
proBNP/BNP or proBNP/NT-proBNP to be more in-
formative regarding prognosis than just BNP or NT-
proBNP alone. That said, most studies do not indicate
that there is a clear need, and given the huge amount of
data existing that support BNP or NT-proBNP alone, it
is hard to envision a change in direction at this point.

Alan Maisel: If a ratio of proBNP to one of the others
can be shown to reflect acuity of disease, then yes. Un-
fortunately, with some of the assays there are multiple
binding sites of antibodies and much cross-reactivity.

Allan S. Jaffe: In the few studies available, the assay for
proBNP seems to provide comparable information to
the other natriuretic peptides but the sampling at pres-
ent is small. However, this assay is a good start on the
way to trying to unravel the issues described earlier in
regard to the specific forms that are present in any
given patient. In our experience doing these separa-
tions with mass spectrometry, we could not find a con-
sistent pattern, but we studied only 70 patients. One
analysis has suggested that the ratio of proBNP and
BNP may contain important prognostic information.
However, in our data sets, such an approach has not
been revealing.

Aldo Clerico: There is a need for next generation assays
with greater specificity for both the active peptide BNP
and the precursor proBNP. From an analytical point of
view, proBNP has some theoretical advantages as a bio-
marker (i.e., more stable molecule, higher molecular
weight, lower biological variability) compared to the
active hormone BNP. As a future perspective, the si-
multaneous measurement in the same plasma sample
with 2 methods, one specific for the intact precursor
proBNP and the other for the active peptide BNP,
could allow a more accurate estimation of both pro-
duction/secretion of B-type related peptides from car-
diomyocytes and overall activity of the cardiac endo-
crine function compared to the single measurement of
either peptide. Information obtained by contempora-
neous measurement of proBNP and BNP with specific
assays should likely extend our present understanding
of pathophysiological mechanisms linking disease pro-
gression and cardiac endocrine dysfunction. A recent
study in ambulatory patients with chronic systolic
heart failure showed that the combined assessment of
conventional BNP and proBNP immunoassays pro-

vides additional information in determining the risk of
adverse clinical outcomes, particularly in patients with
low BNP concentrations. However, clinical studies will
be necessary to determine and compare the diagnostic
and prognostic accuracy of specific assays for the dif-
ferent B-type related peptides, BNP, NT-proBNP, and
intact proBNP, when used alone or in combination.

It has been suggested that the increased release of
biologically inactive proBNP in heart failure may
reflect impaired processing of BNPs. Are there pos-
sible implications for the failing endocrine function
of the heart on the pathophysiology of heart failure?

James L. Januzzi, Jr.: Yes, indeed. In contrast to my
ambivalence about the potential role of proBNP as a
diagnostic or prognostic tool, there may be value in-
formed by its measurement regarding the actual biol-
ogy of heart failure. proBNP is released in very small
amounts in healthy individuals, and its production
starts to rise only as heart failure progresses. In this
regard, the loss of biologically active BNP comes at a
time when the heart can least sustain such a loss. Thus,
understanding why proBNP cleavage is lost would be a
large advance, as would be developing strategies to aug-
ment its cleavage, with an effort to clinically favor pa-
tients with very advanced heart failure.

Alan Maisel: There are definite implications for heart–
endocrine interactions in the pathophysiology of heart
failure. We just don’t yet know if inactive proBNP in
heart failure may reflect impaired processing of BNPs,
and if so, what the clinical implications might be. NT-
proBNP is the inactive moiety that is already measured
in practice.

Allan S. Jaffe: There certainly is evidence to suggest
that heart failure is characterized by dysfunction of the
natriuretic peptide system. Whether it is primary or
secondary is not clear as yet but we do know it occurs.
However, measurement of the circulating convertases
like corin has not been terribly illuminating to date.

Aldo Clerico: A blunted natriuretic response after
pharmacological doses of cardiac natriuretic hormones
has been observed in experimental models and in pa-
tients with chronic heart failure, suggesting a resistance
to the biological effects of these cardiac hormones. Re-
sistance to the biological action of cardiac natriuretic
peptides can be attributed to different mechanisms,
acting at prereceptor, receptor, and postreceptor levels.
Considering the possible causes of resistance at the pre-
receptor level, recent findings suggest that, in patients
with heart failure, there may be insufficient posttrans-
lational maturation of biosynthetic precursors of the
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BNP system. The soluble form of corin, a transmem-
brane serine protease able to cleave proBNP, is also
capable of processing the circulating intact precursor
of natriuretic hormones, indicating that the precursor
proBNP may be a circulating prohormone. The pe-
ripheral processing of circulating proBNP could likely
be submitted to regulatory rules, which might be im-
paired in patients with heart failure, opening new per-
spectives in the treatment of heart failure. Related to
this hypothesis, some studies using quantitative mass
spectral analysis reported very low circulating concen-
trations (or even the absence) of the active peptide BNP
in patients with severe heart failure. Therefore, a novel
pharmacological target may be enzymes (such as corin)
that regulate the maturation of the prohormone
proBNP into the active hormone (i.e., BNP).
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