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Abstract

NT-proBNP to uptitrate medication improves prognosis.

Keywords

Normal brain natriuretic peptide (BNP) and N-terminal proBNP (NT-proBNP) levels are helpful in excluding chronic heart failure in the
ambulatory setting, although they have been studied less well and possibly less accurately than in acute care. They may also be of help
in screening patients at risk to intervene and reduce the development of heart failure. Natriuretic peptides are also excellent prognostic
markers of chronic heart failure, but the clinical value of such prognostic information is less clear. One possible application for this
information is guiding medical therapy in chronic heart failure. Many studies have investigated this approach, but results are mixed and do
not clearly show improvement in outcome. Still, it may be that in patients with reduced ejection fraction and few comorbidities, measuring
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Natriuretic peptides (NPs) are well established in the diagnostic
process of heart failure (HF). Low levels of NPs are particularly
useful to exclude heart failure (HF). Numerous studies, predominantly
in patients presenting with acute onset of symptoms suspected
of HF, have convincingly shown the value of NPs in this regard.
A meta-analysis published in 2015 clearly summarised the value of
brain (B-type) NP (BNP), N-terminal proBNP (NT-proBNP) and mid-
regional pro-atrial NP (MR-proANP) in the acute setting, uniformly
showing a very high negative predictive value when using low cut-
off levels (i.e. BNP <100 pg/ml; NT-proBNP <300 pg/ml, MR-proANP
<120 pmol/1)."

These cut-off values, recommended by the European Society of
Cardiology (ESC) guidelines, have an excellent ability to exclude acute
HF, missing only a few cases. They help to distinguish HF from non-
cardiac causes of dyspnoea.?® However, the specificity is modest and
variable, indicating that confirmatory diagnostic testing by cardiac
imaging is required if the result is positive. In addition, the negative
predictive value varies quite significantly between studies if higher
cut-off values are used."

For patients in the outpatient setting not presenting with acute
symptoms, the recommended cut-off values are lower, at 35 pg/ml for
BNP and 125 pg/ml for NT-proBNP? Levels above these values are also
required as part of the diagnosis of patients with HF and preserved
ejection fraction (HFpEF, LVEF >50%) or mildly reduced (mid-range;
HFmMrEF;, LVEF 40-49%) left-ventricular ejection fraction (LVEF).2 No
recommendation is given for MR-proANP as no larger studies in the
outpatient setting have been published.
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Outpatient cut-off values are less investigated than cut-off values in
the acute setting, particularly with respect to BNP. The best cut-off
values found in these studies are not as uniform as various guidelines
may recommend; only some are in this range, with many of them
being higher and more in the range of the values recommended in
the acute setting, as well as some being lower.*?

In addition, the negative predictive value may be less than it is in the
acute setting, which possibly relates to diagnostic accuracy reducing
with increasing age (i.e. c-statistics decreasing from 0.95 in patients
aged <50 years to 0.82 in patients aged >75 years), as shown in a
meta-analysis including >5,500 patients from 10 studies to test the
diagnostic value of NT-proBNP to detect LVEF<40%." These authors
suggested using an age-specific cut-off value to rule out HF in
primary care settings, which would be lower than recommendations
in the current US and ESC guidelines for young (<50 years, cut-off
value 50 pg/ml) and middle-aged people (50-75 years, 75 pg/ml), but
higher for elderly patients (>75 years, 250 pg/ml)."® Still, this analysis
has not been considered by the guidelines and the suggested cut-off
values differ between European, US and UK guidelings.>""

While the majority of these studies did not distinguish between HF
with reduced ejection fraction (HFrEF; LVEF <40%) and HFpEF, some
studies focused on diastolic dysfunction only.™ Although NP levels are
lower in HFPEF in general, the established thresholds for diagnosing
acute HF remain useful in patients with preserved ejection fraction,
with only minor loss of diagnostic performance (NPV 90% at a BNP
of 100 pg/ml)."* The distinction may be less relevant in the acute
setting, where therapy is largely similar regardless of LVEF. In chronic
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HF however, treatment of chronic HFrEF is well defined, in contrast
to that for HFpEFR? In addition and especially in the elderly, NPs have
a much poorer diagnostic performance for HFpEFR™

Another study showed the added value of NT-proBNP in diagnosing
HF, with increasing levels being added to a score including nine
clinical features (age, coronary artery disease, loop diuretics use,
pulse rate and regularity, displaced apex beat, rales, heart murmur
and elevated jugular vein pressure) to diagnose HFE This score had
high c-statistics of 0.86 in the derivation set and higher c-statistics
of 0.88 and 0.95 in two external validation sets.” The problems with
such a score are that it is not easily applicable in clinics and there is
a significant zone of uncertainty.

A recent meta-analysis investigated cut-off values using point-of-
care devices in both the acute and ambulatory outpatient settings.”
This analysis may provide the currently most accurate overview
of the diagnostic accuracy of NPs in the ambulatory setting. Data
from primary care were scarce and ranges of cut-off values varied
widely, particularly for BNP. The ESC recommended cut-off level for
the non-acute setting (35 pg/ml) was not used in any of the included
studies, whereas the value for NT-proBNP (125 pg/ml) was used in four
studies.” However, results depend on the patient population included
and may vary, depending on the prevalence of HF. Additional studies
are needed to identify the best cut-off values in the non-acute setting
to diagnose HF. In addition, many factors independent of HF may
influence NP levels (Table 7).

Although there is an obvious overlap of the cardiac causes and HF
itself, interpretation of NP levels in individual patients must be done
against the background of additional factors influencing these values.
For example, in a young patient with no comorbidities, expected NP
levels are very low, whereas in elderly patients with reduced renal
function and atrial fibrillation levels clearly above the cut-off value are
common even in the absence of HF.

Recent data support the application of different thresholds of
NT-proBNP for the diagnosis of HFpEF in patients with AF versus those
in sinus rhythm." Importantly, obese patients with HF can have normal
values of NPs, even if they are volume overloaded; the Breathing-Not-
Properly study found that the best cut-off value in severely obese
subjects is much lower than in lean patients.” However, prospective
validation of these types of individualised cut-offs is lacking and so is
not yet supported by HF guidelines.

Measurement of NPs may also help as screening tool in primary care
to stratify patients and reduce risk. The Irish Screening To Prevent Heart
Failure (STOP-HF) study randomised patients at risk for developing HF
into either usual care or additional measurement of BNP levels.? If BNP
was 50 pg/ml or higher, patients were referred for echocardiography.
This resulted in more cardiovascular investigations and more treatment,
but less HF and left ventricular dysfunction.? The measurement of BNP
in this setting was likely to be cost effective.?” Although these results
are promising, confirmation in other populations and healthcare
systems is still absent.

The finding that intensifying medical therapy may result in less chronic
HF in high-risk patients with elevated NP levels is supported by
the Austrian NT-proBNP Selected PreventiOn of cardiac eveNts in a
populaTion of dlabetic patients without A history of Cardiac disease
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Table 1: Factors Influencing Natriuretic Peptide Levels
Independent of Heart Failure

Increase in natriuretic peptides

Cardiac

e Acute coronary syndromes
e Atrial fibrillation

e Valvular heart disease

e Cardiomyopathies

e Myocarditis

e Cardioversion

e Left ventricular hypertrophy

Noncardiac

o Age

e Female gender

¢ Renal impairment

e Pulmonary embolism

e Systemic bacterial infections (e.g. pneumonia, sepsis)
e Obstructive sleep apnea

e (Critical lllness

e Severe burns

e Cancer chemotherapy

e Toxic and metabolic insults

Decrease in natriuretic peptides

e QObesity

(PONTIAC) trial in people with diabetes with NTproBNP levels >125 pg/mll
but free from any cardiac diseases.? MR-proANP has not been studied
in this regard but was shown to stratify risk for the development of
cardiovascular mortality and incident HF in patients with coronary artery
disease. In addition, only patients with at least two of three biomarkers
elevated — MR-proANP, MR-proADM and CT-proET-1 — showed an
improvement in outcome with ACE-inhibition.?® Obviously, this is no
proof that interventions based on MR-proANP levels would result in
better outcome, which needs to be prospectively investigated.

Taken together, BNP and NT-proBNP levels are diagnostically useful not
only in the acute setting but also in the diagnostic process of chronic
HF and possibly in the identification of patients at risk of developing HF.
Still, more research is needed in the ambulatory setting. Therefore, cut-
off values to exclude HF are not yet clearly defined and their diagnostic
value might be less than in the acute setting. In addition, the value of
MR-proANP has not yet been tested in this setting. Confirmatory studies
are required to define the role of NPs in identifying patients at risk who
need advance diagnostics and more aggressive medical therapy.

Prognostic Value of Natriuretic Peptides in
Chronic Heart Failure

Without doubt, NPs are strong prognostic markers in patients with
chronic HE This is true for all NPs for which tests are commercially
available. However, although NPs may be considered as the most robust
prognostic markers in chronic HF, individual studies indicate some
variety, showing some other biomarkers having a better prognostic
value. Despite this, no single biomarker is clearly prognostically
superior to NPs. In many instances, other biomarkers representing
different pathophysiological pathways provide additional prognostic
information to NPs.?* A 2005 systematic review showed the prognostic
value of BNP including identifying changes over time, in a large number
of studies and this number has increased considerably since then.
It is beyond the scope of this review to discuss these studies and
recent reviews discussing the prognostic value of NPs in detail.%
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Table 2: Some Criteria of Natriuretic Peptide Guided Trials Including Patients with Heart Failure with Reduced Ejection Fraction

Troughton Beck-da- STARS- TIME- BATTLE- PRIMA3®  SIGNAL- Berger UPSTEP#2 STARBRITE*® PROTECT4' GUIDE-IT?®
et al.3? Silva et BNP3% CHF3¢ SCARRED?? HF40 et al.37
al.34
n 69 41 220 499 (622) 134 (364) 229 (345) 252 177 (278) 279 137 151 894
Blinded No No No Single Double Single Single No Single Single No No
Marker NT-proBNP  BNP BNP NT-proBNP NT-proBNP  NT-proBNP NT-proBNP NT-proBNP BNP BNP NT-proBNP  NT-proBNP
Target (pg/mi) 1,692 Not stated 100 400/800 1,270 Discharge 50% 2,200 150/300 Discharge 1.000 1.000
reduction
Control HF score  HF spec Usual care < NYHA  Two groups Usual care HF spec Two groups Usual care  HF spec Usual care HF spec
class Il
Primary Death, CV  Mean beta- HF death, Death, all- All-cause Days alive Days alive HF hosp, Death, HF  Days alive CV events CV death,
endpoint hosp HF blocker doseHF hosp  cause hosp mortality outside outside CV death hosp/worse outside HF hosp
achieved hospital ~ hospital hospital
Age (mean) 70 65 66 77 76 72 77 71 71 61 63 63
NT-BNP/BNP 1,981 ~600 350 4,328 2,008 2,940 ~2,500 ~2,350 851 450 2,118 2,650
at baseline
(pg/mi)
Study 12 months 90 days 450 days 18 months 3 years 2 years 9 months 18 months At least 1 90 days 1 year 24 months
duration year

The total number of patients included if different is shown in parentheses, differences concern patients with heart failure with preserved ejection fraction or undetermined left ventricular ejection fraction, or two
control groups. BNP = B-type natriuretic peptide; CV = cardiovascular; HF = heart failure; HF spec = heart failure specialists, hosp = hospitalisation; NT-proBNP = N-terminal pro-B-type natriuretic peptide.

Table 3: Medication Intensification

Troughton Beck-da- STARS- TIME-CHF3¢ BATTLE- PRIMA32 SIGNAL- Berger UPSTEP#2 STARBRITE*® PROTECT*' GUIDE-IT?®
et al.3 Silva et BNP35 SCARRED® HF4° et al.¥”
al.34

ACE/ARB 100% 100% 99% 95% 82% 79% ~90% 89% 98% 86% 81% 77%
Beta-blocker 8% 100% 98% 79% 68% 77% 97% 77% 94% ? 96% 93%
Diuretics 100% ? 100% 93% 95% 96% 68% 81% 90% 94% 91% 49%
ACE/ARB 1 Yes ? Yes Yes Yes (Yes) (Yes) Yes No/Yes Yes Yes No
Beta-blockert  No No Yes Yes Yes No No Yes No Yes Yes No
Spironolac t Yes ? Yes Yes No No No No No No Yes No
Diuretics 1 No ? No No Yes Yes No Decrease No No Decrease  No
More adverse No No No No No No No NR No No Trend No
events
Primary endpoint Positive Negative Positive Negative Negative ~ Negative Negative  Positive  Negative  Negative Positive Negative
Mortality p=0.06 2/4 7/11,ns p=0.06 Identical p=0.21 Identical |dentical  Identical  1/3 Identical p=0.37

Rows 1-3 show medication at baseline. Rows 4-7 show medication intensification in the natriuretic peptide guided groups as compared to the control group. Rows 8-9 show if more adverse
events were present, the primary endpoint was reached and if mortality was changed. ACE = angiotensin-converting-enzyme-inhibitor; ARB = angiotensin receptor blocker; NR = not reported.
Mortality: p-value if positive trend; numbers indicate number of deaths in natriuretic peptide group and control group.

More important are the clinical consequences of knowing the prognosis
of an individual patient. Guidelines recommend risk assessment by
using risk scores to inform management decisions on advanced
therapy such as ventricular assist devices and cardiac transplantation,
despite no studies showing the clinical value of this recommendation.
One may argue that patients at high risk should be monitored more
closely. To the best of the authors’ knowledge, it has not yet been
investigated whether basing frequency of consultations on prognostic
markers results in better outcomes and if such an approach would be
cost-effective. However, more specialised treatment with scheduled
follow-ups does not seem to improve outcome as the NorthStar
trial shows.? Also, the number of visits per se also does not seem to
influence outcome.?

Nevertheless, NPs are increasingly used in clinical trials, based on their
prognostic value to better predict event rate and to increase the study
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power by including patients at higher risk. A prominent recent example
is the Prospective Comparison of ARNI with ACEI to Determine Impact
on Global Mortality and Morbidity in Heart Failure (PARADIGM-HF)
trial, which investigated the effect of sacubitril/valsartan compared
to enalapril in chronic HFrER* To meet the inclusion criteria, patients
had to have a BNP level of >150 pg/ml or NT-proBNP level of >600 pg/
ml or 100 pg/ml and 400 pg/ml, respectively, if hospitalised within the
previous 12 months. Such inclusion criteria based on NPs are not the
result of specific underlying pathophysiology but related purely to the
strong prognostic value of NPs. In addition, NPs may predict sudden
cardiac death and, therefore, might be helpful for indication of ICD
implantation.® However, such an approach needs to be prospectively
tested before NPs can be recommended as selection criterion.
Combining the strong prognostic value of NPs, together with the fact
that NP levels change with altered therapy, make them an interesting
guide for therapy in HE*

CARDIAC FAILURE REVIEW
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Therapy guidance using natriuretic peptides in
chronic heart failure

Due to the prognostic power of NPs and because many patients with
HF do not meet the target doses of HF drugs as recommended by
guidelines, many studies have been conducted to test the hypothesis
that therapy guided by repeated measurements of NPs improves
outcome compared to usual care.

The first study investigating this hypothesis was published in 2000 but,
19 years and more than a dozen trials later, it has not been established
whether this hypothesis is true or not.® This is in part related to the
fact that none of the NP-guided trials was large enough to convincingly
show the effects of this approach. This may be true even for the
GUIDE-IT trial, which is the latest and largest study investigating this
topic, which was stopped early so did not meet the predefined sample
size and follow-up.?? Even more importantly, there is a large variation
between the trials? %% with regard to several aspects, including that:
the included populations differed significantly; the interventions were
not uniform; and follow-up length and the number of time-points to
adjust therapy varied (Tables 2 and 3).

A recent meta-analysis came to conclusion that NP-guided therapy
does not result in any benefit.** However, this meta-analysis did not
properly account for the large diversity between the trials, nor did
it perform sufficient sensitivity analyses despite including different
kind of studies that are not directly comparable. Strikingly, the use of
NPs both in the acute setting and in chronic HF was combined in this
investigation and studies were included regardless of whether they
included patients with HFrEF, HFpEF or both. It is well known that
HFPEF does not respond to classic HF therapy, and a previous meta-
analysis based on individual patient data showed a different response
to NP-guided therapy in HFrEF and HFpEF2% In addition, one study
(Northstar) included in this meta-analysis suggested action should
be taken only if NT-proBNP levels significantly increased but not if
they remained elevated and it included both HFrEF and HFpEF. Not
surprisingly, adjustments in therapy were limited and identical in the
two treatment arms and, consequently, NT-proBNP hardly changed.*
Most other NP-guided trials showed a significant reduction in NP
levels in both treatment arms (e.g. Felker, et al, 2017; Pfisterer, et al,
2009).%3¢ The only genuinely relevant group of patients in whom NP
guidance in chronic HF should be investigated are those with HFrEF.
When only results in chronic HFrEF from the previous trials (1,507 in
the NP-guided group and 1,516 in the control group) are included,
NP-guided therapy — mostly using NT-proBNP. some using BNP —
resulted in a significant reduction in mortality (Figure 1).2%% Qverall,
222 (14.7%) patients died in the NP-guided group and 275 (18.1%) in
the control group.

As far as we can say, NP-guided therapy seems to be safe, even
in elderly patients with significant comorbidities, and may be cost-
effective as well.#~ However, further evidence from more trials on
NP-guided therapy is required.

Trials where adjustment in therapy did not differ between the
NP-guided versus the clinical guided group, or where increasing loop
diuretics was the main difference, usually showed a neutral outcome.
In contrast, trials where the focus was mainly on intensifying
guideline-recommended medication (e.g. angiotensin-converting
enzyme [ACE] inhibition or angiotensin-receptor blockers, beta-
blockers or mineralocorticoid receptor antagonists) showed some
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positive results although, because of a lack of statistical power, the
primary endpoint of the trials was not always reached (Table 3). This
shows that applying guidelines when managing patients with HFrEF
is crucial to improve outcome.

The fact that NP guidance in TIME-CHF resulted in significantly larger
uptitration of evidence-based treatment even in patients aged >75
years indicates that, in many patients with HFrEF, the maximum
tolerated has not been reached and forced uptitration is feasible.®
Unfortunately, this is often not done in reality and the question arises
over what may encourage physicians to do more for these patients.
Measuring NPs to indicate the importance of uptitration may help in
this regard.

Sacubitril: A Problem for Measuring

Natriuretic Peptides?

Among the bioactive peptides, sacubitril reduces the breakdown
of the biologically active NPs by inhibiting the enzyme neprilysin,
a circulating neutral endopeptidase involved in the degradation of
NPs.% This is true for both ANP and BNP, but BNP is a poorer substrate
for neprilysin than ANP. Therefore, the increase of BNP may be less.”’
The increase in BNP was only small although significant whereas the
increase in urinary cGMP was much larger with sacubitril/valsartan in
the PARADIGM-HF study.®

Sacubitril has no direct influence on NT-proBNP because neprilysin has
no effect on cleavage of NT-proBNP. However, it might be speculated
that an increasing level of BNP results in a negative feedback regarding
production of proBNP. thereby reducing NT-proBNP. To the best of
our knowledge, this has not been properly tested. In clinical trials,
sacubitril/valsartan resulted in a reduction of NT-proBNP, as well as
a small increase in BNP as mentioned above.®>* This reduction was
accompanied by a better outcome. Therefore, it is likely that the
decrease in NT-proBNP is, at least in part, related to more effective
treatment of HFE. To what extent NT-proBNP levels are influenced by a
negative feedback mechanism remains to be determined.

With the more widespread clinical use of sacubitril/valsartan, the
measurement of serum NP levels in patients taking this drug may
change and a rethinking of their interpretation is required. In patients
taking sacubitril/valsartan, levels of BNP may rise because of decreased
serum breakdown rather than because of a change in underlying
disease state (such as volume overload in AHF), which potentially
interferes with the prognostic and diagnostic utility of BNP?” However,
this does not impair the clinical utility of BNP testing to rule out HF
rapidly. Also, the clinical interpretation of NT-proBNP levels in patients
with HF is probably not affected in a clinically meaningful way by
neprilysin inhibition, based on published data.

When to Measure Natriuretic Peptides in
Chronic Heart Failure

First, NPs are useful in the initial diagnosis or exclusion of HF. They
may also help to identify patients at risk of developing HF where early
intervention may reduce risk.

Second, NPs should be used in the outpatient management of
HFrEF when deciding whether to start a patient on eplerenone (BNP
>250 pg/ml or NT-proBNP >500 pg/ml in men or >750 pg/ml in women,
unless they have been hospitalised within the previous 6 months
because of HF) or sacubitril/valsartan (BNP >150 pg/ml or NT-proBNP
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Figure 1. Mortality in Natriuretic Peptide Guided Trials in Chronic Heart Failure with Reduced Ejection Fraction

Hazard ratio

Hazard ratio

Study or subgroup Weight Exp ([O - E]/V), fixed 95% Cl Exp ([O - E]/V), fixed 95% ClI
Beck-da-Silva®* 0.6% 0.48 (0.05-4.85) ¢

STARBRITE® 0.6% 0.33(0.03-3.18) ¢

Troughton et al.®® 0.7% 0.15(0.02-1.20) ¢

SIGNAL-HF* 2.4% 0.87 (0.27-2.80)

PROTECT# 2.9% 1.28 (0.44-3.68)

STARS-BNP3 3.3% 0.61(0.23-1.64)

BATTLESCARRED® 6.2% 0.82 (0.40-1.69) - ]

Berger et al.¥’ 7.8% 1.04 (0.55-1.99) '—
UP STEP* 12.6% 1.03 (0.62-1. 71) B
PRIMA3® 13.7% 0.71(0.44-1.15) L
TIME-CHF3¢ 20.1% 0.67 (0.45-1.00) —

GUIDE-IT? 29.1% 0.86 (0.62-1.20) ——

Total (95% Cl) 100.0% 0.81(0.67-0.97) ’

Total events

Heterogeneity: chi-squared = 7.07; df = 11 (p=0.79); 12 = 0% 2).1 012 015 J '2 é 1(')

Test for overall effect: Z = 2.34 (p=0.02)

Favours NP-guided Favours control

Forest plot of mortality among participants in natriuretic peptide (NP) guided trials in chronic HFrEF, showing unadjusted individual and mean hazard ratios with 95% confidence intervals (Cls)
for 12 studies (individual patient data in eight studies - Troughton, et al. 2000, Pfisterer, et al. 2009;* Berger et al. 2010, Eurlings, et al. 2010,% Lainchbury, et al. 2010, Persson, et al. 2010,
Januzzi, et al. 2011, Karlstrom, et al. 2011,%) and aggregate data in four studies (Felker, et al. 2017, Beck-da-Silva, et al. 2005,* Jourdain, et al. 2007;* Shah, et al. 2011%).

>600 pg/ml; in case of a HF, hospitalisation within the previous
12 months, BNP >100 pg/ml or NT-proBNP >400 pg/ml), in line with
the ESC HF guidelines, which are based on the inclusion criteria of the
respective drug trials.?

Third, despite a lack of sufficient evidence for the superiority of
natriuretic guided-therapy overall, NPs can help to decide whether a
patient is being treated optimally. This is supported by the American
College of Cardiology/American Heart Association guidelines (class
IIA level of evidence), although this recommendation might change
after the recent GUIDE-IT trial, and is not mentioned in the ESC HF
guideline.2™ Based on (pre-stratified) subgroup analyses, we would
recommend this approach mainly in patients who have HFrEF and few
comorbidities.” Based on trials, it seems best to use a target around
normal values, meaning ~125 pg/ml for BNP and ~1,000 pg/ml for

The focus should be on improving and intensifying drugs that improve
outcomes, such as renin-angiotensin system blockers, beta-blockers and
mineralocorticoid receptor antagonists in patients whose (NT-pro)BNP
levels remain elevated, not on the use of intensified diuretic therapy. This
could be done merely to convince patients or their caregivers that (further)
uptitration of evidence-based medicine is crucial.

As to whether a lack of elevated NPs means that further uptitration
of medication is not required remains to be prospectively tested in
a randomised trial. This may be relevant in patients who are most
susceptible of side effects (e.g. frail elderly people).

Fourth, NPs may help to distinguish whether an increase in symptoms
is related to worsening HF or deterioration of another condition (e.g.
chronic obstructive pulmonary disease). When patients are using

NT-

ProBNP (Table 2).

sacubitril/valsartan, the preferred NP is definitely NT-proBNP.
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