Chapter 17
Heart Failure: Natriuretic Peptide Use
in the Hospital

Kevin Shah and James Iwaz

Abstract Acute decompensated heart failure (ADHF) is a leading cause of hospi-
talization amongst elderly in the U.S. The role of natriuretic peptides (NPs) is
clear in the evaluation of acute dyspnea to help diagnose ADHF. NPs are quantita-
tive markers of wall stress and reflect severity of heart failure. In the inpatient
management of ADHF, serial sampling and recognition of down-trending NPs is a
powerful indicator of patients who are at lower risk for future adverse events.
Serial monitoring at least once during hospitalization (or if clinical uncertainty
exists) and a pre-discharge NP should be checked to ensure patients are appropri-
ate for discharge. If persistent elevation occurs, alternate etiologies for this should
be considered and medications should be further up-titrated and optimized prior to
discharge.
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Background and Physiology

The natriuretic peptides (NPs), B-type natriuretic peptide (BNP) and N-terminal
proBNP (NT-proBNP), have an established role in the approach to undifferentiated
dyspnea. As discussed in earlier chapters, BNP and NT-proBNP are secreted from
cardiac myocytes in response to increased wall tension, usually from volume over-
load and expansion. While NPs have a powerful relationship with cardiac pressure,
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they have a relationship with valvular heart disease, pulmonary artery pressure,
heart rhythm abnormalities and coronary ischemia. BNP is the biologically active
hormone with a half-life of about 21 min, while NT-proBNP is not biologically
active and has an estimated half-life of 70 min.

Signs and symptoms in the diagnosis of heart failure can be non-specific and the
NPs have a role in the diagnosis of acute decompensated HF (ADHF). Patients
with heart failure who suffer acute decompensations are admitted and decongested
to a point where they appear near euvolemia with medication optimization and
then discharged with outpatient follow up. Although these patients may feel symp-
tomatically improved, they have high rates of readmission for heart failure, possi-
bly due to inadequate decongestion and subclinical hypervolemia [1]. Risk
stratification for future events in patients with ADHF is difficult since prognosis is
often determined by factors such as New York Heart Association (NYHA) and
functional class.

Readmissions for HF contribute greatly to the cost of medical care in the United
States. Thus, if one could find ways to optimize medical therapy for those with
ADHEF, one could lower the rates of readmissions and decrease associated health-
care costs. The inpatient management of heart failure and incorporation of NPs is
evolving. The rationale behind the routine use of NPs for inpatient HF monitoring
is simple. Most proven HF therapies have been shown to decrease NP concentra-
tions [2-5] and decreases in NP concentration over time have also demonstrated
favorable outcomes. Therefore, strategies involving titration of therapy towards spe-
cific NP targets may improve outcomes (Fig. 17.1).

Value of NPS in ADHF

One of the difficulties in our ability to optimize patients admitted with ADHF is our
limitations in clinical assessment of volume status. Accurate assessment of volume
status is difficult. We rely on exam findings including jugular venous pressure,
crackles on pulmonary exam, S3 gallop on cardiovascular exam, and lower
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extremity edema. Additionally, weights are often checked as an indicator of total
body volume depletion with diuresis and decongestion. Therefore, accurate volume
status can be considered to some extent an art with low inter-rater reliability. In
contrast, NPs are quantitative, reproducible, and can serve as a potential surrogate
for hypervolemia. In studies with invasive hemodynamic monitoring, NPs have had
a positive relationship with pulmonary capillary wedge pressure (PCWP) [6].
However, placement of a pulmonary artery catheter has complications and as such
is mainly reserved for patients with severe decompensations usually requiring ino-
trope therapy and/or those in undifferentiated shocks. Appropriate management can
be difficult with over-diuresis running the risk of significant electrolyte abnormali-
ties, acute kidney injury, orthostatic hypotension, syncope, and acute renal failure.
Under-diuresis may lead to non-optimization of volume status prior to discharge
with subsequent re-hospitalizations and increased cost, hypoxia, or cardiorenal syn-
drome. Thus, a more objective guide to management of fluid status would be benefi-
cial. NPs may represent subclinical congestion that is difficult to assess on exam and
persistently elevated concentrations may indicate mild hypervolemia.

In addition to volume status estimation, NPs also indicate persistent elevation of
the renin-angiotensin aldosterone system (RAAS). The NPs are in fact the counter-
regulatory measure to the deleterious overactivation of RAAS in ADHF [7].
Treatment of ADHF decreases NPs, endothelin, and circulating norepinephrine [8].
Therefore, the persistent elevation of the deleterious systems including RAAS and
catecholamines are also indicated by elevations of NPs during treatment of
ADHF. Therapies which lower NPs would indirectly indicate down-regulation of
RAAS.

When assessing elevated concentrations of NPs, it is important to note that there
is no cutoff that is 100 % diagnostic of HF. Alternate etiologies for elevation of NPs
should always be considered. It should be noticed that heart failure with reduced
ejection fraction (HFrEF) is known to have greater NP concentrations than in pre-
served ejection fraction (HFpEF). Alternate causes of NP elevation include dys-
rhythmias, cor pulmonale, pulmonary embolism, pulmonary hypertension and
valvular heart diseases. Furthermore, renal dysfunction may cause higher concen-
trations of NPs and obesity may cause falsely lower concentrations. It is important
to keep these caveats in mind when interpreting initial NP concentrations and dur-
ing hospitalization when assessing response to therapy.

Prognostic Value of NPS

Knowledge of which patients admitted with ADHF are at highest risk for future
adverse events is important in a disease with such morbidity and mortality. The NPs
have a significant role in prognostication; many believe BNP values have two com-
ponents. One represents the “dry” or euvolemic component, and the other repre-
sents the “wet” or hypervolemic component due to acute congestion.
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Fig. 17.2 BNP levels less than 350 pg/mL on discharge have the improved long-term outcomes
(From Logeart et al. [14], with permission)

BNP measured on admission in ADHF is an independent predictor of in-hospital
and future mortality and cardiovascular events in patients who presented with acute
heart failure [9—12]. Given its association with reduced left ventricular ejection frac-
tion (LVEF) and worsened NYHA functional status, this is not an unexpected
finding but important for identifying high risk patients and establish closer follow
up. Interestingly, NPs measured on discharge from HF hospitalization have been
increasingly more useful. Multiple studies have demonstrated persistently elevated
NPs on discharge (absolute and as compared to admission) portend poor outcomes
[13-15]. Those with pre-discharge BNP less than 350 pg/mL have the lowest inci-
dence of 6 month events [14] (Fig. 17.2). Incorporation of a pre-discharge
NT-proBNP has also demonstrated similar prognostic ability as BNP [15]. Whether
admission, discharge, or change in NP during hospitalization, is the most significant
prognostic indicator has also been analyzed. The most important indicator in an
analysis of 7,039 elderly patients with ADHF demonstrated discharge BNP was the
most important characteristic for predicting 1-year mortality or re-hospitalization
[16]. In addition to assessment of decrease prior to discharge, individuals have also
studied whether an absolute versus percent change of NP has greater prognostic
value. One study demonstrated that a percent change of NT-proBNP is more impor-
tant for prediction of HF hospitalization-free survival than absolute value [15] while
others demonstrated that a lower absolute BNP on discharge is more predictive than
a percent decrease [16]. These data provide us the framework for creating an algo-
rithm for how to utilize inpatient NP monitoring for those with ADHF (Fig. 17.3).
Timely prognostic information by serial NP measurements allows clinicians to
intensify treatment during hospitalization and improve prognosis.
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Fig. 17.3 Algorithm for inpatient NP use in ADHF

Case 1

A 63-year-old male with a history of ischemic cardiomyopathy (LVEF 48 %, dry
BNP 180 pg/mL), chronic kidney disease (baseline serum creatinine 1.5 mg/dL),
persistent atrial fibrillation (on novel anticoagulant rivaroxaban), presents with
shortness of breath at rest, 8 1b of weight gain, and leg swelling. His exam is signifi-
cant for elevated jugular venous pressure (14 cm H20), bibasilar rales, S3 gallop
and peripheral edema. His labs are unchanged from baseline except for BNP of
930 pg/mL.

The patient was admitted to general cardiology service and started on afterload
reduction with his home dose of ACE inhibitor, beta blocker, and was diuresed with
IV bumetanide with appropriate response. Patient’s symptoms and exam findings
improved on hospital day 2, with a decrease in weight by 3 1b. His BNP on hospital
day 2 was 860 pg/mL.

Patient’s current regimen was continued with mild improvement of signs and
symptoms of congestion on hospital day 3. Patient was ambulating without symp-
toms and his BNP was 870 pg/mL.

Alternate etiologies for persistence of NP elevation were considered which
included renal failure, pulmonary embolism, and dysrhythmia. There was no sugges-
tion of any of these alternate causes, therefore it was concluded that the patient was
far from optimization even though his symptoms and exam findings have improved.
Patient’s medications were reviewed and his beta blocker dose was increased and
addition of low-dose mineralocorticoid antagonist was initiated given this persis-
tence of BNP elevation. His diuresis was continued and on discharge his BNP had
decreased to 380 pg/mL with resolution of his initial symptoms and exam findings.
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Conclusion

The natriuretic peptides have a solidified role in the diagnosis of ADHF in those
with undifferentiated dyspnea. Their measurement at baseline in those with ADHF
correlates with degree of HF severity and reflect long-term prognosis. While active
treatment of HF ensues, NPs have been shown to downtrend reflecting improvement
of hemodynamics and the RAAS system as well. During hospitalization, re-check
of NP concentration during hospitalization should be considered if a patient’s clini-
cal status is in question. More importantly, NPs should be checked prior to dis-
charge and if a decrease is not observed these patients should be considered highest
risk for adverse event and aggressive medical up-titration should be considered.
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