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Relevant Aspects of Natriuretic Peptides in the Etiology of Dyspnea
in the Emergency Room: Evidence, Indications, Confounding Factors,

and Cost-Effectiveness

Humberto Villacorta’
Universidade Federal Fluminense,” Niteréi, R] — Brazil

Abstract

Natriuretic peptides are hormones released by the
heart after acute or chronic aggression. They are produced
exclusively by the heart and are, therefore, specific cardiac
biomarkers. Recent pivotal studies have confirmed that
they are useful in the diagnostic assessment of patients with
dyspnea in the emergency room, with a high predictive
value in ruling out acute heart failure, and they are indicated
when there are doubts in clinical examination. They are also
useful as prognostic markers and in monitoring response to
treatment. Multiple studies have demonstrated that they are
cost-effective in the emergency room. However, it is important
to underscore that they should always be used in conjunction
with clinical examination, and they have the limitation of
reduced accuracy in some subgroups, due to the influence
of some clinical variables, such as age, renal function, atrial
fibrillation, and obesity. The use of cutoff values stratified by
age group and machine learning techniques minimize the
influence of confounding factors.

Introduction

Heart failure (HF) is a severe disease, with elevated morbidity
and mortality, as well as a high rate of hospitalizations, and it
can have unfavorable progression if it is not treated properly.’
One of the main symptoms of the disease is dyspnea,
which can appear as intolerance to exertion in the initial
stages, progressing to resting dyspnea, a phase during which
the patient usually seeks emergency care for diagnostic
clarification and treatment. In other situations, the patient
presents with acute dyspnea, immediately seeking emergency
care. Itis important to highlight that dyspnea is a non-specific
symptom common to several disorders, which can make
diagnosis difficult, lead to errors, and harm patients.??

HF syndrome is diagnosed based on the universal
definition that defines HF as the presence of signs and
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symptoms suggestive of HF, in addition to elevated natriuretic
peptides or objective evidence of pulmonary or systemic
congestion.* Often, when typical findings of HF are present
(orthopnea, edema, third heart sound, hepatomegaly, jugular
vein distention), the diagnosis of HF can be made based only
on history and physical examination. In other situations,
in patients without specific signs on physical examination,
measurement of natriuretic peptides, B-type natriuretic
peptide (BNP) and N-terminal pro-B-type natriuretic
peptide (NT-proBNP), is used in conjunction with clinical
examination for HF diagnosis.’

Natriuretic peptides are hormones that are released
when the heart suffers stress or aggression, which, as they
are produced exclusively by the cardiac ventricles, are useful
in the diagnosis of HE'> When facing aggression, regardless
of the etiology, the neurohormonal systems responsible for
progression and perpetuation of HF are activated, mainly the
renin-angiotensin-aldosterone system and the sympathetic
nervous system.® To defend itself, the heart produces natriuretic
peptides, such as BNP and atrial natriuretic peptide, which
have biological properties,” as demonstrated in Figure 1.
Therefore, these peptides are elevated in HF and are useful
in its diagnosis. Even when HF is diagnosed clinically,
plasma levels of these biomarkers are useful for prognosis
and monitoring treatment. The higher they are, the worse
the prognosis.'?

In this article, we highlight the studies that have evaluated
the diagnostic accuracy of natriuretic peptides in patients
with acute dyspnea in the emergency room, the current
indications for using these biomarkers, the limitations, and
the cost-effectiveness of their use.

Evidence of the use of natriuretic peptides in the diagnosis
of acute heart failure

At the beginning of the 2000s, two studies with a small
number of patients showed that the use of BNP measurement
using a point-of-care system could be useful in diagnosing HF
in the emergency room.?'° Dao et al. demonstrated that BNP
was accurate in diagnosing HF, with a C statistic of 0.97, and
would have corrected 29 of the 30 incorrect diagnoses made
by the emergency physician.? Similar results were obtained by
Villacorta et al., with an area under the curve (AUC) of 0.99,
correcting all 16 cases of diagnostic error."

These initial findings were definitively confirmed by the
publication of the first multicenter study, Breathing Not
Properly (BNP) Multinational Study,*'" led by Professor Alan
S. Maisel, after which these biomarkers began to be included
in HF guidelines. In this pivotal publication, which studied
1586 patients with acute dyspnea, Maisel et al. demonstrated
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Flowchart for the use of natriuretic peptides in the diagnosis of heart failure in patients with acute dyspnea in the emergency room. BNP: B-type natriuretic peptide; HF:
heart failure; NT-proBNP: N-terminal pro-B-type natriuretic peptide.
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Figure 1 - The natriuretic peptide system. After aggression to the heart, regardless of the etiology, the heart releases peptides, such as BNP and atrial natriuretic
peptide, which are molecules that protect the heart, promoting vasodilation, diuresis, natriuresis, and inhibition of the renin-angiotensin-aldosterone system and
sympathetic nervous system. BNP: B-type natriuretic peptide; RAAS: renin-angiotensin-aldosterone system,; SNS: sympathetic nervous system.
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that BNP alone was more accurate than any data from
medical history, physical examination, or laboratory tests
in diagnosing HE'" A cutoff of 100 pg/mL showed accuracy
of 83.4%, and the negative predictive value for BNP values
< 50 pg/mL was 96%."" In an additional publication from the
same study, McCullough et al. demonstrated that, even when
the clinical probability estimated by the emergency physician
was > 80%, BNP added information, increasing accuracy
from 74% to 81.2%.% In patients with intermediate clinical
probability (between 21% and 79%), the cutoff of 100 pg/mL
for BNP correctly classified 74% of cases.? It is important to
highlight that the best AUC observed was for clinical judgment
combined with BNP, with AUC of 0.86, 0.90, and 0.93 for
clinical judgment alone, BNP alone, and clinical judgment
combined with BNP, respectively.?

The use of NT-proBNP was validated shortly afterwards
by the PRIDE study," led by Professor James L. Januzzi,
which found results similar to those observed with BNP. The
study included 600 patients with dyspnea in the emergency
department. A cutoff point of 300 pg/mL for NT-proBNP had
excellent performance in ruling out the diagnosis of HF, with
a negative predictive value of 99%. The authors of the study
tested a strategy to minimize the effects of age on natriuretic
peptides. To rule in the diagnosis of HF, stratified cutoff points by
age group were validated. Cutoffs of 450 pg/mL and 900 pg/mL
had good sensitivity and specificity for the diagnosis of HF
for the age groups of < 50 and = 50 years, respectively.'?
NT-proBNP was the main predictor of HF diagnosis and
was superior to clinical judgment (AUC 0.90 versus 0.94).
However, the combination of clinical judgment with NT-
proBNP obtained the highest AUC (0.96).

One year later, in a multicenter study with 1,256
patients, Januzzi et al. derived and validated NT-proBNP
cutoffs stratified by 3 age groups, using bootstrapping and
multi-variable logistic regression techniques.'® Cutoffs of
450, 900, and 1800 pg/mL, for age groups < 50, 50 to
75, and > 75 years of age, showed a sensitivity of 90%
and specificity of 84%. It is worth mentioning that patients
with admission values > 5180 pg/mL had an elevated risk
of death within 76 days."

More recently, these age-stratified cutoffs were revalidated
in the ICON-RELOADED study,' in 1461 patients with acute
dyspnea. The cutoffs showed good sensitivity and specificity.
The cutoff of 300 pg/mL had a negative predictive value of
98% for ruling out HF. Additionally, several meta-analyses
and systematic reviews have confirmed the findings of these
pivotal studies, showing good diagnostic accuracy of BNP and
NT-proBNP in patients with acute dyspnea.’*'?

Indications and practical use

The main HF guidelines recommend the use of natriuretic
peptides to assist in diagnosis of acute HF, in patients with
acute dyspnea, and in conjunction with clinical examination
when there are doubts regarding diagnosis based solely
on clinical examination.”'2° Even in cases where HF has
been diagnosed on clinical grounds, measurement of these
biomarkers is indicated for prognostic purposes and to monitor
the response to treatment.’ %20
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The Central Illustration displays the suggested cutoffs
for natriuretic peptides as diagnostic aids for HF in the
emergency room. The cutoffs to rule out the diagnosis of HF
are BNP < 100 pg/mL or NT-proBNP < 300 pg/mL."519:20
To confirm diagnosis, the cutoff for BNP is 400 pg/mL. For
NT-proBNP, Januzzi et al. created stratified cutoff points
by age group, corrected for age and renal function. For
patients in the age groups < 50 years, 50 to 75 years, and
> 75 years, the suggested cutoffs are 450, 900, and 1800
pg/mL, respectively.® The range between both cutoff points,
ruling out and ruling in, is known as the gray zone. When
values are in this range, the biomarker is of little use, given
that it cannot exclude or confirm the diagnosis. The gray
zone may include patients with HF or other diagnoses,
such as chronic obstructive pulmonary disease, pneumonia,
bronchoaspiration, pulmonary thromboembolism, and
others. In this situation, clinical reasoning should be used,
and other diagnostic tests should be requested as necessary.

Confounding factors and limitations to the use of
natriuretic peptides

In addition to the gray zone, other limitations should be
taken into account when interpreting natriuretic peptide
results.?! Some variables influence their levels. Age, reduced
renal function (glomerular filtration rate < 60 mL/min),
and atrial fibrillation increase the concentrations of these
biomarkers. On the other hand, obesity reduces BNP and
NT-proBNP levels, for the same severity, compared to non-
obese patients.?' In some situations, natriuretic peptides
may be unexpectedly low during the first few hours, such
as rapid onset cardiogenic shock, acute mitral insufficiency,
and flash pulmonary edema.?' Finally, it is worth noting that
the medication sacubitril/valsartan targets the inhibition
of neprilysin, an enzyme that degrades BNP. Therefore, in
patients using this medication, BNP values may be elevated,
although there are variations depending on the test brand
used.?? In these cases, measurement of NT-proBNP, which
is not the target of the medication, would be indicated.

Therefore, although natriuretic peptides generally
have good accuracy in diagnosing acute HF, this accuracy
is reduced in some subgroups, mainly elderly patients,
patients with glomerular filtration rates below 60 mL/min,
and patients with obesity. For example, in the collaborative
study by Januzzi et al., the AUC was 99%, 93%, and 86% for
age groups < 50 years, 50 to 75 years, and > 75 years."

One way to minimize the effects on ruling-in diagnosis
is to use cutoffs stratified by age group, given that atrial
fibrillation and renal dysfunction are more common in
elderly patients.® In the case of obesity, the problem lies
in ruling out the diagnosis of HF, because obese patients
may present HF with values below the traditional cutoffs.
Some authors suggest reducing the cutoff for ruling out
diagnosis in patients with obesity. In a study with NT-
proBNP, compared to the traditional cutoff of 300 pg/mL,
cutoffs stratified by body mass index (33% reduction in
the cutoff for body mass index between 30 and 34.9 and
50% for index of body mass = 35) improved the accuracy
of the test.??
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Another strategy to minimize the effects of confounding
factors on the diagnostic accuracy of natriuretic peptides is
the use of models created by machine learning techniques.
Lee et al., in an international collaborative project led by
Professor Nicholas L. Mills, created a machine learning
model called CODE-HF?* The model consists of 10 clinical
variables combined with NT-proBNP as a continuous
variable. This tool ruled out and ruled in the diagnosis of
acute HF more accurately than any other approach using
NT-proBNP cutoffs alone. It is important to highlight that the
traditional cutoffs had limited accuracy in some subgroups,
such as elderly patients, patients with obesity, and patients
with renal dysfunction, while CODE-HF worked consistently
in all subgroups.?

Finally, the accuracy of natriuretic peptides in diagnosing
HF can be improved with the joint use of other tools, such
as lung ultrasound and echocardiography.?

Cost-effectiveness of natriuretic peptides in the diagnosis
of acute heart failure

Multiple studies have evaluated the cost-effectiveness
of using natriuretic peptides in the diagnosis of acute HF in
patients with dyspnea in the emergency room.?* The first
study to assess this question was led by Professor Christian
Mueller, at the University of Basel, Switzerland.?® In this
randomized study including 452 patients with acute dyspnea,
the use of BNP reduced the average cost from USD 7,264
to USD 5,410 per patient, saving USD 1,854 per patient.
The cost reduction was basically caused by less need for
hospitalization and use of intensive therapy and by the
reduced length of hospital stay, a median of 3 days less, in the
BNP group.?® Similar results were observed for NT-proBNP?728
Siebert et al. demonstrated that the use of NT-proBNP would
be associated with a 9.4% reduction in costs, with savings

of USD 474 per patient.”” Data from the IMPROVE-CHF
study showed savings of USD 949 per patient with the use of
NT-proBNP, due to reduced length of emergency room stay,
reduced direct medical costs in the emergency room, reduced
hospitalizations, and reduced costs of outpatient services
within 60 days of inclusion in the study.?®

A recent study carried out by Ontario Health concluded
that the use of BNP or NT-proBNP would be cost-effective
in Ontario, reducing the length of hospital stay by at least
one day.*® In Brazil, Araljo and de Souza®* demonstrated
that use of BNP through the public network, Unified Health
System (SUS), would reduce the need for echocardiogram
exams by 58% and hospitalizations by 12%. The costs
per patient in the BNP group and the group with clinical
diagnosis alone were BRL 652.04 and BRL 659.53,
respectively.?” Analyses carried out by the Brazilian Ministry
of Health also concluded that natriuretic peptides are
cost-effective in the SUS.?'3? Table 1 summarizes the main
cost-effectiveness studies on natriuretic peptides in HF
diagnosis in the emergency room.

Conclusions

Natriuretic peptides are useful in the diagnostic evaluation
of patients with dyspnea in the emergency room. They have
a high predictive value in ruling out acute HF, and they are
indicated when there are doubts in clinical examination.
Even with confirmed clinical diagnosis, their measurement
is indicated for prognostic purposes and for monitoring
response to treatment. It is a cost-effective tool, and, since its
introduction two decades ago, its use has been expanding.
However, itis important to underscore that they should always
be used in conjunction with clinical examination, and they
have the limitation of reduced accuracy in some subgroups,
due to the influence of some clinical variables, such as age,

Table 1 - Main cost-effectiveness studies on the diagnostic role of natriuretic peptides in the emergency room

Study Study type

Prospective, randomized, controlled, single-
26 ’ ’ )
Mueller C et al. blind, single-center (Basel, Switzerland)
Prospective, blind, single-center; subanalysis

H 27
SR e of the PRIDE study (Boston, USA)

Prospective, randomized, controlled, double-

28
Moe et al. blind, multicenter (Canada)

Analytical decision model, designed for the
Brazilian Unified Health System, using the
algorithm from the PRIDE™ study (Brazil)

Araujo et al.?®

Systematic review, with economic analysis of

1 30
Ontario Health 12 studies

Brazilian Ministry

of Health®'% Technical opinion

Not applicable

Not applicable

Not applicable

n Main findings

Savings of USD 1854 per patient; less need for
452 hospitalization and use of intensive care; reduced length
of hospital stay

599 9.4% reduction in costs, with savings of $474 per patient

Savings of USD 949 per patient; reduced length of
emergency room stay; reduced direct medical costs in
the emergency room; reduced hospitalizations; reduced
costs of outpatient services within 60 days of inclusion

500

The costs per patient in the BNP group and the group
with clinical diagnosis alone were BRL 652.04 and BRL
659.53, respectively; potential to reduce the need for
echocardiogram exams by 58% and hospitalizations by
12%

Reduced length of hospital stay by at least 1 day; highly
cost-effective

Natriuretic peptides are useful in ruling out acute HF in
patients with dyspnea in the emergency room, and they
are cost-effective in the Brazilian Unified Health System

BNP: B-type natriuretic peptide; HF: heart failure.
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renal function, atrial fibrillation, and obesity. The use of cutoff
values stratified by age group and machine learning techniques
minimize the influence of confounding factors.
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