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Executive Summary

Heart failure represents a progressive condition characterized by complex neurohormonal
adaptations that initially serve as compensatory mechanisms but eventually become mal-
adaptive. This comprehensive report synthesizes the current evidence regarding pharma-
cological approaches targeting these neurohormonal systems, with particular focus on com-
parative efficacy, optimal timing, and patient-specific considerations. The evidence demon-
strates a clear hierarchy of effectiveness among renin-angiotensin-aldosterone system (RAAS)
inhibitors, with angiotensin receptor-neprilysin inhibitors (ARNIs) superior to angiotensin-
converting enzyme (ACE) inhibitors, which in turn outperform angiotensin receptor blockers
(ARBs). Similarly, important distinctions exist between steroidal and non-steroidal miner-
alocorticoid receptor antagonists (MRAs), with emerging evidence suggesting phenotype-
specific benefits. The concept of natriuretic peptide resistance emerges as a critical consider-
ation for treatment timing, with evidence suggesting greatest benefit from early intervention
before significant resistance develops. This report integrates these insights into a framework
for optimizing heart failure therapy with emphasis on personalized approaches based on heart
failure phenotype, comorbidities, and individual patient characteristics.

1. Introduction

Heart failure affects approximately 64.3 million individuals worldwide, with prevalence con-
tinuing to increase.|[1] Despite advances in treatment, morbidity and mortality remain high,
with 5-year survival rates of 69.8% for heart failure with preserved ejection fraction (HFpEF)
and similar rates for heart failure with reduced ejection fraction (HFrEF).[1]

The pathophysiology of heart failure involves complex neurohormonal adaptations, includ-
ing activation of the renin-angiotensin-aldosterone system (RAAS), sympathetic nervous
system, and natriuretic peptide system. While initially compensatory, chronic activation of
these systems leads to maladaptive cardiac remodeling, fibrosis, and progressive myocardial
dysfunction.[2]



Current guideline-directed medical therapy (GDMT) focuses on comprehensive neurohor-
monal modulation through multiple complementary drug classes. The “four pillars” of mod-
ern heart failure therapy include: 1. RAAS inhibition (ACE inhibitors, ARBs, or ARNIs)
2. Beta-adrenergic receptor blockers 3. Mineralocorticoid receptor antagonists (MRAs) 4.
Sodium-glucose cotransporter-2 (SGLT2) inhibitors[3]

This report examines the comparative efficacy of different agents within these classes, with
particular focus on: - ACE inhibitors versus ARBs versus ARNIs - Steroidal versus non-
steroidal MRAs - The impact of natriuretic peptide resistance on treatment response - Op-
timal timing and sequencing of therapy - Considerations in specific patient populations

2. Comparative Efficacy of RAAS Inhibitors
Table 1. Comparative Efficacy of ACE Inhibitors vs ARBs in Heart Failure

Parameter ACE Inhibitors ARBs Difference
All-cause 11% No Significant
mortality significant

reduction reduction

(relative)

Absolute risk ~1.4% ~0.2% 1.2%

reduction

(all-cause

mortality)

Number needed 70 446 376 fewer patients
to treat (all-cause

mortality)

Cardiovascular 14% No Significant
mortality significant

reduction reduction

(relative)

Absolute risk ~0.8% ~0.1% 0.7%

reduction (CV

mortality)

Number needed 124 750 626 fewer patients
to treat (CV

mortality)

Absolute risk ~1.9% ~1.5% 0.4%

reduction (HF

hospitalization)

Coronary event 54 3,580 3,526 fewer patients
protection (NNT)

Absolute risk ~1.9% ~0.03% 1.87%

reduction

(coronary events)



Parameter ACE Inhibitors ARBs Difference

Cerebrovascular 1,415 173 ARBs superior
protection (NNT)
Absolute risk ~0.07% ~0.58% 0.51% in favor of
reduction ARBs
(stroke)
Proposed Additional Pure an- Different pathway
mechanism of bradykinin-mediated effects giotensin effects
difference beyond RAAS blockade IT receptor

blockade
Head-to-head Similar Similar No significant
comparison difference in direct
outcomes comparison

2.1 ACE Inhibitors versus ARBs

Despite similar mechanisms targeting the RAAS, ACE inhibitors and ARBs demonstrate
important differences in clinical outcomes for heart failure patients.

A meta-analysis by van Vark et al. demonstrated that ACE inhibitors reduce all-cause mor-
tality with a hazard ratio of 0.90 (p=0.004) compared to placebo, while ARBs showed no
significant mortality benefit (HR 0.99, p=0.68).[4] This translates to dramatically different
numbers needed to treat: approximately 70 patients with ACE inhibitors versus 446 with
ARBs to prevent one death.[5]

The differential benefit appears attributable to the additional mechanisms of ACE inhibitors
beyond simple angiotensin II blockade. ACE inhibitors decrease bradykinin degradation,
leading to increased release of nitric oxide and prostaglandins with resulting additional va-
sodilation and cardioprotective effects.[6] This bradykinin-potentiating effect may explain
the superior coronary protection seen with ACE inhibitors (NNT=54) compared to ARBs
(NNT=3,580).[5]

In direct head-to-head analyses, ACE inhibitors and ARBs show similar efficacy for ma-
jor clinical outcomes.[7] However, when each is compared to placebo, important differences
emerge, with ACE inhibitors consistently demonstrating mortality benefits not seen with
ARBs. When specifically examining heart failure with reduced ejection fraction (HFrEF),
ACE inhibitors reduce all-cause mortality by approximately 11% and cardiovascular mortal-
ity by about 14%, while ARBs generally fail to show significant mortality reduction.|7]

2.2 Angiotensin Receptor-Neprilysin Inhibitors (ARNIs)

ARNIs represent a significant advancement in RAAS modulation for heart failure. The
combination of sacubitril (a neprilysin inhibitor) and valsartan (an ARB) enhances levels of
beneficial natriuretic peptides while simultaneously blocking angiotensin II effects.

The landmark PARADIGM-HF trial established the superiority of sacubitril/valsartan over



enalapril in patients with HFrEF. The study demonstrated a 20% reduction in the primary
composite endpoint of cardiovascular death or heart failure hospitalization (HR 0.80, 95% CI
0.73-0.87, p<0.001) and a 16% reduction in all-cause mortality (HR 0.84, 95% CI 0.76-0.93,
p<0.001).[8]

This translates to an absolute risk reduction of approximately 4.7% for the combined
endpoint, indicating that 21 patients need to be treated with sacubitril/valsartan instead
of enalapril to prevent one heart failure hospitalization or cardiovascular death over 27
months.[8] For all-cause mortality, the absolute risk reduction was 2.8% (NNT=36), and
for cardiovascular mortality specifically, the absolute risk reduction was 3.2% (NNT=31).

The benefits of ARNI therapy emerge rapidly after initiation, with analyses showing signifi-
cant reductions in heart failure hospitalization within 30 days of treatment initiation.[9] This
early benefit supports the concept of initiating ARNI therapy promptly rather than waiting
for clinical deterioration on ACE inhibitors or ARBs.

Table la. Comparative Efficacy of ARNI vs ACE-I in HFrEF (PARADIGM-HF Trial)

Outcome ARNI  ACE-I Absolute Risk Reduction NNT Hazard Ratio

Primary 21.8%  26.5% 4.7% 21 0.80 (0.73-0.87)
compos-

ite

endpoint

(CV death

or first HF

hospital-

ization)

All-cause 17.0%  19.8% 2.8% 36 0.84 (0.76-0.93)
mortality

Cardiovasculad%  16.5% 3.2% 31 0.80 (0.71-0.89)
mortality

Heart 12.8%  15.6% 2.8% 36 0.79 (0.71-0.89)
failure

hospital-

ization

Sudden 6.0% 7.5% 1.5% 67 0.80 (0.68-0.94)
cardiac

death

All-cause 25.0%  27.0% 2.0% 50 0.88 (0.82-0.94)
hospital-

ization

Renal 2.2% 2.6% 0.4% 250 0.86 (0.65-1.14)
function

worsen-

ing




2.3 Impact in Clinical Practice

The aggregate treatment effect of comprehensive GDMT including ARNI is substantial.
Analysis from the Get With The Guidelines-Heart Failure (GWTG-HF) registry demon-
strated that using all four pillars of modern heart failure therapy reduces all-cause mortality
by approximately 24.8% compared to no GDMT.[10] This translates to only four patients
needing treatment with quadruple therapy to prevent one death.

Current guidelines now recommend ARNI as the preferred RAAS inhibitor for patients with
HFrEF who can tolerate it.[11] However, despite clear evidence of benefit, implementation
in real-world practice remains suboptimal, with only 15.3% of eligible patients receiving
quadruple therapy including ARNI.[10]

3. Mineralocorticoid Receptor Antagonists: Steroidal versus Non-
Steroidal

Table 2. Comparative Efficacy of MRAs vs nsMRAs by NYHA Class

NYHA  Steroidal MRAs Non-Steroidal MRAs Key

Class (Spironolactone, Eplerenone) (Finerenone) Differences  Evidence
Class I « Mortality reduction: e Limited data in e nsMRAs « Lim-
(Asymp- Relative risk | ~20% e asymptomatic patients have ited
tomatic  Absolute risk reduction: o Absolute risk balanced dedi-

LV ~1.0-1.5% o NNT for mortality: reduction: Unknown e  heart/kidney cated
dysfunc- ~80-100 e Prevents progression: Being investigated for  distribution trials
tion) Yes preventive use « Fewer in

endocrine NYHA
side effects I for

with both
nsMRAs ¢  classes
Data e On-
insufficient  going
to studies

recommend evalu-

either over  ating

the other pre-
ven-
tive
use



NYHA  Steroidal MRAs Non-Steroidal MRAs Key

Class (Spironolactone, Eplerenone) (Finerenone) Differences  Evidence
Class o Eplerenone: EMPHASIS-HF o FINEARTS-HF e nsMRAs o

IT (Mild showed 37% relative reduction  showed benefit in have fewer =~ EMPHASIS-

HF) in CV death/HF
hospitalization e Absolute risk
reduction: 7.6% (29.1% vs

HFmrEF/HFpEF .
Absolute risk
reduction: 5-7% for

hormonal HF
side effects  (eplerenone)
o Steroidal e

21.5%) o NNT=15 composite outcomes «  MRAs have FINEARTS-
Mortality ARR: 3% (13% vs Emerging data more HF

16%) o Strong suggests effectiveness ¢  extensive (finerenone)
recommendation in guidelines Reduced risk of evidence in ¢ Sev-

hyperkalemia HEFrEF o eral
compared to steroidal ~ nsMRAs obser-
MRAs potentially  va-
better for tional
patients studies
with kidney
disease
Class o Spironolactone: RALES trial e Limited specific data e Spirono- e
111 showed 30% relative mortality ~— in NYHA III « lactone has RALES
(Moder- reduction e Absolute risk Preliminary data from  strongest trial
ate HF)  reduction: 11.0% (46% vs 35%) ARTS-HF showed evidence in  (spirono-

e NNT=10 « CV mortality potential benefits e Class III «  lac-

ARR: 8% (40% vs 32%) « HF  Absolute risk nsMRAs tone)
hospitalization ARR: 8% (40%  reduction: 4-5% for have fewer
vs 32%) o Well-established composite endpoints ¢  anti- ARTS-

mortality benefit Less hyperkalemia androgenic  HF

than spironolactone side effects  (finerenone)
e Gyneco- e
mastia Meta-
(10% with ~ analyses
spironolac-  show-
tone vs ing
<0.5% with  spirono-
nsMRAs) lac-
tone
effi-
cacy



NYHA  Steroidal MRAs Non-Steroidal MRAs Key
Class (Spironolactone, Eplerenone) (Finerenone) Differences  Evidence
Class  Spironolactone: RALES e Limited data in o Steroidal
v showed significant mortality advanced HF e MRAs RALES
(Severe  benefit « Absolute risk Potential usefulness in ~ remain the (spirono-
HF) reduction: ~13% in NYHA IV patients with standard of lac-
subset ¢ NNT=8 « Strong cardiorenal syndrome care e tone)
recommendation for use e « Absolute risk nsMRAs e Lim-
Eplerenone: Less evidence in reduction: Unknown e« may offer ited
NYHA IV Currently being advantages  dedi-
studied in renal cated
dysfunction trials
» Risk of of
hyper- nsM-
kalemia RAs in
remains NYHA
with both v
types
HFpEF « Spironolactone: TOPCAT o FINEARTS-HF e nsMRAs o
(Pre- showed heterogeneous results ¢  showed 29% relative showing TOP-
served Americas region ARR: 3.4% reduction in CV more CAT
EF) (HR 0.82) o Overall trial ARR: death/HF consistent  (spirono-
1.5% (not significant) e hospitalization e benefit in  lac-
NNT=29 (Americas) « Weak  Absolute risk HFpEF « tone)
recommendation in guidelines reduction: 5.9% e Improved .
NNT=17 « First MRA tolerability FINEARTS-
to show significant profile with HF
benefit in HFpEF o nsMRAs «  (finerenone)
Better safety profile Better effi- o Indi-
than steroidal MRAs cacy /safety  vidual
ratio for pa-
nsMRAs in  tient
HFpEF meta-
analyses



NYHA  Steroidal MRAs Non-Steroidal MRAs Key
Class (Spironolactone, Eplerenone) (Finerenone) Differences  Evidence
Overall « Relative risk reduction: » Relative risk o Tissue o Mul-
(Across  20-30% e Absolute risk reduction: 20-30% e distribu- tiple
NYHA  reduction: varies by NYHA Absolute risk tion: RCTs
classes) class from 2-11% e reduction: 4-6% e kidney- and
Well-established CV mortality ~ Balanced heart/kidney  predominant meta-
benefit in HFTEF « More tissue distribution e (steroidal)  analyses
kidney-focused distribution e Superior endocrine side vs balanced o Net-
Higher rates of endocrine side  effect profile e (non- work
effects o Higher hyperkalemia  Emerging evidence for  steroidal) o meta-
risk: 10-15% broader efficacy e Selectivity:  analyses
Lower hyperkalemia nsMRAs show-
risk: 5-8% have higher ing
MR poten-
selectivity — tial
. superi-
Endocrine  ority
effects: of
significant ~ nsM-
with RAs »
steroidal, Ongo-
minimal ing
with non- com-
steroidal e  para-
Evidence tive
base: more  effec-
robust for tive-
steroidal in  ness
HFrEF studies

3.1 Steroidal MR As: Established Benefits and Limitations

Steroidal MRAs (spironolactone and eplerenone) have well-established benefits in heart fail-
ure based on landmark trials. In the RALES trial, spironolactone reduced all-cause mor-
tality by 30% in patients with severe HFrEF (NYHA class III-IV) with an NNT of only
10, representing an absolute risk reduction of 11.0% (mortality rates 46% vs. 35%).[12]
The EMPHASIS-HF trial subsequently demonstrated that eplerenone reduced cardiovascu-
lar death or heart failure hospitalization by 37% in patients with mild HFrEF (NYHA class
IT) with an NNT of 13, representing an absolute risk reduction of 7.6% (event rates 29.1%
vs. 21.5%).[13]

Table 2a. Major MRA Trials: Absolute Risk Reduction and NNT



Primary Relative Risk Absolute Risk Hyperkalemia

Trial PopulationEndpoint Reduction Reduction NNT Incidence
RALESYHA  All-cause 30% 11.0% 9 Severe: 2% vs
-1V mortality 1% Any: 14%
LVEF vs 8%
35%
n=1,663
EMPHASIS- CV death 37% 7.6% 13 Severe: 2.5% vs
HF 11 or HF hos- 1.9% Any:
LVEF pitalization 11.8% vs 7.2%
35%
n=2,737

TOPCAYBEF  CV death,  11% (overall) 1.5% (overall) 67  Severe: 3.2% vs
LVEF  HF hospi- 18% (Americas) 3.4% (Americas) (over-2.4% Any:

45% talization, all) 18.7% vs 9.1%
n=3,445 or aborted 29
cardiac (Amer-
arrest i-
cas)

FINE AR /HHonHHF 29% 5.9% 17 Severe: 1.2% vs
HF LVEF  events and 0.8% Any: 5.8%
40% CV death vs 2.8%

n=>5,076

ARTSWorsening>30% Similar between Not applicable Not 4.3%

HF HF decrease in  finerenone and ap- (finerenone) vs
with NT- eplerenone pli- 4.3%
T2DM/ClInoBNP ca- (eplerenone)
n=1,066 ble

Despite their proven benefits, steroidal MRAs have important limitations: 1. High rates
of hyperkalemia, particularly in patients with reduced kidney function (absolute increase
of 5-10% over placebo) 2. Significant endocrine side effects, especially with spironolactone
(gynecomastia in 10% of men with an absolute difference of 9% compared to placebo) 3.
Predominantly kidney-focused tissue distribution that may limit cardiac effects 4. Underuti-
lization in clinical practice due to safety concerns

3.2 Non-Steroidal MR As: Emerging Evidence

Non-steroidal MRAs like finerenone offer several potential advantages: 1. Balanced heart-
kidney tissue distribution 2. Superior selectivity for the mineralocorticoid receptor 3. Min-
imal off-target effects on androgen and progesterone receptors 4. Reduced risk of hyper-
kalemia compared to steroidal agents

The ARTS-HF trial directly compared finerenone with eplerenone in patients with heart



failure and reduced ejection fraction who also had diabetes and chronic kidney disease.
Finerenone demonstrated similar efficacy in reducing N'T-proBNP levels but with signifi-
cantly lower rates of hyperkalemia and less decline in kidney function.[14]

More recently, the FINEARTS-HF trial evaluated finerenone in patients with heart failure
with preserved ejection fraction (HFpEF), demonstrating a significant 29% reduction in the
composite of total heart failure events and cardiovascular death compared to placebo (HR
0.71, 95% CI 0.60-0.85, p<0.001).[15] This represents one of the few positive trials in the
challenging HFpEF population.

3.3 Differential Effects by Heart Failure Phenotype

A landmark individual patient-level meta-analysis published in The Lancet in 2024 revealed
important differences in treatment effects by heart failure phenotype.[15] This analysis found
that:

1. Steroidal MRAs (spironolactone and eplerenone) demonstrated significant reduction
in cardiovascular death or heart failure hospitalization in patients with HFrEF

2. Non-steroidal MRAs (finerenone) showed significant reduction in cardiovascular death
or heart failure hospitalization in HFmrEF /HFpEF

This pattern suggests that the optimal MRA class may differ based on ejection fraction
phenotype - a paradigm-shifting concept that challenges the traditional approach of treating
all MRAs as essentially interchangeable agents with different side effect profiles.

3.4 Considerations in Patients with Kidney Disease

For patients with both heart failure and chronic kidney disease, the evidence increasingly
favors non-steroidal MRAs, particularly as kidney function declines:

1. In patients with eGFR >45-60 ml/min/1.73m?, steroidal MRAs maintain robust mor-
tality evidence but require careful monitoring

2. In patients with eGFR 30-45 ml/min/1.73m?, evidence increasingly favors non-steroidal
MRASs due to lower hyperkalemia risk and potential direct renoprotective effects

3. In patients with eGFR <30 ml/min/1.73m?, evidence for either class is limited, but
non-steroidal MRAs appear to offer a better safety profile

The non-steroidal MRA finerenone has established itself as a foundational guideline-
recommended therapy in diabetic kidney disease, with strong evidence from dedicated
trials.[16] This makes it particularly attractive for the common scenario of combined heart
failure and diabetic kidney disease.
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4. Natriuretic Peptide System and Resistance
4.1 Natriuretic Peptide Physiology and Resistance Development

Natriuretic peptides serve as counter-regulatory hormones that promote natriuresis, vasodila-
tion, and inhibit the RAAS and sympathetic nervous systems. However, their effectiveness
diminishes as heart failure progresses - a phenomenon known as natriuretic peptide resis-
tance.

Natriuretic peptide resistance develops through several mechanisms: 1. Receptor downreg-
ulation after chronic exposure to high levels 2. Post-receptor signaling defects 3. Enhanced
degradation by neprilysin and other proteases 4. Production of biologically inactive frag-
ments

The development of resistance follows a continuum rather than a sudden shift, but evidence
suggests certain clinical thresholds where resistance becomes more pronounced:

1. Early resistance begins to develop in NYHA class IT heart failure or CKD stage 3a,
but often remains subclinical

2. Clinically significant resistance typically manifests in NYHA class III or CKD stage
3b-4

3. Advanced resistance with minimal remaining natriuretic peptide effect is generally seen
in NYHA class IV or CKD stage 5[17,18]

4.2 Biomarker Thresholds Indicating Resistance
Several biomarker thresholds have been associated with natriuretic peptide resistance:

1. NT-proBNP levels >1,000 pg/ml correlate with the onset of measurable natriuretic
peptide receptor downregulation, but more significant resistance typically develops
once levels exceed 3,000-4,000 pg/ml[8]

2. The ratio of cGMP (the second messenger for natriuretic peptide signaling) to BNP
provides insights into pathway responsiveness. Studies show that ¢cGMP/BNP ra-
tios <0.15 pmol/pg are strongly associated with established natriuretic peptide resis-
tance[19]

3. Spot urine sodium concentration <50-70 mmol/L after loop diuretic administration
strongly correlates with diuretic and natriuretic peptide resistance[20]

4.3 Implications for ARNI Therapy
The concept of natriuretic peptide resistance has important implications for ARNI therapy:

1. Theoretically, neprilysin inhibition may offer greatest benefit when initiated before
significant natriuretic peptide resistance develops

2. However, clinical trial evidence shows more nuanced outcomes. In PARADIGM-HF,
the relative risk reduction with sacubitril /valsartan was consistent across NYHA classes
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and NT-proBNP quartiles, though there was a trend toward attenuated benefit in the
highest NT-proBNP quartile (>2,995 pg/ml)[§]

3. PIONEER-HF demonstrated that the relative NT-proBNP reduction with sacubi-
tril /valsartan was greater in patients with de novo heart failure compared to those
with acute-on-chronic decompensation (61% vs. 46% reduction), suggesting better re-
sponsiveness in newer-onset disease[21]

This evidence supports the concept of earlier ARNI initiation while acknowledging that
clinically meaningful benefits extend across the spectrum of heart failure severity, even in
populations with expected natriuretic peptide resistance.

4.4 BNP as a Hormone More Effective in Health Than Disease

An important conceptual framework for understanding heart failure progression is that BNP
functions as a homeostatic hormone that loses effectiveness in advanced disease, while other
neurohormones like aldosterone and vasopressin (ADH) maintain or increase their biological
importance.

In healthy individuals, BNP serves primarily as a counter-regulatory hormone that balances
the effects of RAAS and sympathetic activation. As heart failure progresses, several changes
occur:

1. BNP effectiveness diminishes due to receptor downregulation and signaling defects

2. Aldosterone and vasopressin pathways maintain their effectiveness or even upregulate

3. The relative importance shifts from natriuretic peptides toward aldosterone and vaso-
pressin

This shifting balance helps explain why therapies targeting the RAAS and aldosterone (ACE
inhibitors, ARBs, and MRAs) maintain their effectiveness even in advanced heart failure,
while strategies solely enhancing natriuretic peptides may show diminishing returns in more
advanced disease.[22]

5. Biomarker Monitoring in Heart Failure Management
5.1 Serial Natriuretic Peptide Monitoring

Several landmark trials have evaluated whether using serial BNP or NT-proBNP measure-
ments to guide therapy improves outcomes compared to standard clinically-guided care:

The TIME-CHF trial randomized 499 patients with heart failure to NT-proBNP-guided
treatment versus symptom-guided treatment. The primary outcome of survival free from
hospitalization was not significantly improved in the overall population, but patients younger
than 75 years showed benefit with biomarker-guided therapy.[23]

The GUIDE-IT trial was designed to be the definitive study of natriuretic peptide-guided
therapy, planning to enroll 1,100 patients with HFrEF. The trial was stopped early for futility
after 894 patients, as NT-proBNP-guided therapy did not improve the composite of time to
first HE hospitalization or cardiovascular mortality compared with usual care.[24]
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A comprehensive individual patient-data meta-analysis of 2,431 patients from eight random-
ized trials showed that NT-proBNP-guided therapy was associated with an 18% reduction
in all-cause mortality compared with clinically guided therapy. The benefit was most pro-
nounced in patients <75 years old and those with HFrEF rather than HFpEF.[25]

The 2022 AHA/ACC/HFSA Heart Failure Guidelines give a Class 2a recommendation (Level
of Evidence B-R) for measuring natriuretic peptide biomarkers during hospitalization for
heart failure and after discharge. However, they give a Class 2b recommendation (Level

of Evidence B-R) for using biomarker-guided therapy, noting inconsistent evidence across
trials.[11]

5.2 Special Considerations with ARNI Therapy

When interpreting natriuretic peptide levels in patients receiving sacubitril/valsartan, it’s
important to note that BNP is a substrate for neprilysin and levels increase with neprilysin
inhibition independent of heart failure status. Therefore, NT-proBNP (which is not a sub-
strate for neprilysin) is the preferred biomarker for monitoring patients on ARNI therapy.[26]

5.3 Spot Urine Sodium for Assessing Resistance

Spot urine sodium concentration provides valuable insights into diuretic and natriuretic
peptide responsiveness. In normal physiology, natriuretic peptides promote sodium excretion,
resulting in higher urinary sodium concentrations. As natriuretic peptide resistance develops,
this response becomes blunted.

Studies examining the relationship between spot urine sodium and diuretic resistance have
found that urinary sodium concentration <50-70 mmol/L after loop diuretic administration
strongly correlates with diuretic resistance and poor clinical outcomes in heart failure.[20]

In contemporary practice, spot urine sodium measurement can identify patients with di-
uretic and/or BNP resistance using the following thresholds: - >70-100 mmol/L: Normal
natriuretic response - 50-70 mmol/L: Mild resistance - 20-50 mmol/L: Moderate resistance -
<20 mmol/L: Severe resistance[18§]

5.4 Inpatient Monitoring

While NT-proBNP provides valuable prognostic information at admission and discharge,
daily measurements during hospitalization have not been shown to definitively improve out-
comes or decision-making compared to careful clinical assessment and more established mon-
itoring parameters.

Several important limitations affect the interpretation of daily NT-proBNP measurements:
1. Significant lag time exists between clinical improvement and biomarker changes 2. Day-
to-day variations of 15-20% can occur due to analytical variability 3. The half-life of NT-
proBNP means that significant changes typically require 1-2 days

A pragmatic approach includes obtaining NT-proBNP at admission and discharge, with
perhaps one additional measurement at the midpoint of hospitalization if clinical response
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is unclear.[27]

6. Optimization of Heart Failure Therapy
6.1 Timing of Intervention

The concept of “the earlier the better” for initiation of GDMT is supported by multiple lines
of evidence:

1. Benefits of comprehensive GDMT emerge rapidly, with reductions in heart failure
hospitalization observed within 30 days of treatment initiation|9]

2. Delaying optimal therapy results in preventable events during the waiting period, as
demonstrated in PARADIGM-HF analyses showing early divergence of event curves|[§]

3. Pathophysiologically, earlier intervention may preserve cardiac function before irre-
versible remodeling and fibrosis develop

4. The window of opportunity for maximal natriuretic peptide system enhancement may
close as resistance develops with disease progression

Current guidelines now recommend rapid initiation and titration of the “4 pillars” of GDMT
to maximize early benefits. The target is reaching maximally tolerated doses of all four
medication classes within 3 months of diagnosis.[3]

6.2 Sequencing and Phenotype-Guided Approaches

The optimal approach to heart failure management increasingly appears to involve
phenotype-guided medication selection:

1. HFrEF:
o ARNI preferred over ACE-I/ARB when tolerated
 Steroidal MRASs (spironolactone, eplerenone) appear more beneficial based on the
2024 Lancet meta-analysis[15]
e Rapid initiation of all four pillars recommended
2. HFpEF:
e SGLT2 inhibitors have the strongest evidence base
o ARNI and non-steroidal MRAs show promise where traditional therapies have
failed
« Phenotype-specific approaches based on predominant mechanisms (volume over-
load, atrial fibrillation, etc.)
3. CKD with heart failure:
o Non-steroidal MRAs may offer advantages due to lower hyperkalemia risk
e SGLT2 inhibitors provide significant cardiorenal protection
o Careful dosing of ARNI based on kidney function

6.3 Patient-Specific Considerations

Beyond heart failure phenotype, several patient factors should influence treatment selection:
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1. Age:
o Biomarker-guided therapy appears more beneficial in younger patients (<75
years)
¢ Older patients may require more careful medication titration but still benefit from
comprehensive GDMT
2. Comorbidities:
o Diabetes: SGLT2 inhibitors provide particular benefit
o Hypertension: ARNIs and MRAs offer additional blood pressure control
o Atrial fibrillation: Rate control remains essential alongside GDMT
3. Tolerability:
e Endocrine side effects: Eplerenone or finerenone preferred over spironolactone in
younger men
o Hypotension: Sequential rather than simultaneous initiation may improve tolera-
bility
o Hyperkalemia risk: Non-steroidal MRAs may allow RAAS modulation in higher-
risk patients

7. Conclusion

The neurohormonal management of heart failure has evolved substantially over the past
two decades, with evidence now supporting more nuanced, phenotype-specific approaches to
therapy optimization. Key insights from this review include:

1. A clear hierarchy of RAAS inhibitor effectiveness exists, with ARNIs superior to ACE
inhibitors, which in turn outperform ARBs for mortality reduction.

2. Different MRA classes appear to offer phenotype-specific benefits, with steroidal agents
more effective in HFrEF and non-steroidal agents showing promise in HFpEF.

3. Natriuretic peptide resistance develops progressively with advancing heart failure, with
significant thresholds around NYHA class III and CKD stage 3b where resistance
becomes clinically meaningful.

4. Earlier intervention with comprehensive GDMT offers the best opportunity for im-
proved outcomes before irreversible cardiac remodeling and resistance phenomena de-
velop.

5. Biomarker monitoring provides valuable prognostic information, but has shown incon-
sistent benefits for guiding therapy in randomized trials.

6. The shifting balance of neurohormonal importance as heart failure progresses (with
declining natriuretic peptide effectiveness but maintained aldosterone impact) helps
explain observed treatment effects across the disease spectrum.

The future of heart failure management lies in personalized approaches that match the
right therapies to the right patients at the right time, based on heart failure phenotype,
comorbidities, biomarker profiles, and individual risk factors. Ongoing research will continue
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to refine our understanding of optimal treatment sequencing and combination strategies to
further improve outcomes in this challenging condition.

8. Confidence Matrix for Clinical Recommendations

Table 3. Confidence Levels for Heart Failure Treatment Recommendations

Level of Supporting Absolute Risk Implementation
Recommend4éiemfidence Evidence Reduction Limitation€onsiderations
ARNI High . o 4.7% for . o Requires
pre- PARADIGM- primary Higher = washout period
ferred HF trial composite cost e when switching
over (n=8,442) «  endpoint e Limited from ACE-I
ACE- PIONEER-  2.8% for data in  Start at lower dose
I/ARB HF trial all-cause ad- in elderly or
in Multiple mortality e vanced  hypotension-prone
HFrEF meta- 3.2% for CV kidney  patients

analyses e mortality disease

Class I

recommenda-

tion in

guidelines
ACE-I Moderate- o Meta- o 1.2% . o Individual
pre- High analyses difference in Limited tolerability may
ferred showing all-cause head-to- differ « ARBs
over mortality mortality (1.4% head associated with less
ARB benefit with ~ vs 0.2%) e trials «  cough
when ACE-I not 0.7% difference  Similar
ARNI seen with in CV effects
not ARB o mortality on HF
available Mechanistic hospi-

studies taliza-

showing tion

bradykinin-

mediated

effects
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Level of Supporting Absolute Risk Implementation
Recommendéiomfidence Evidence Reduction Limitation€onsiderations
Steroidal High « RALES e 11.0% in . o Regular
MRAs and NYHA II-IV Hyper-  potassium
in EMPHASIS- (RALES) « kalemia monitoring
HFrEF HF trials «  7.6% for risk essential e

Consistent composite (5-10%  Consider
mortality endpoint in abso- eplerenone in
benefit e NYHA II lute younger men
Long-term (EMPHASIS- in-
clinical HF) « 3.0% for crease)
experience mortality in .
NYHA II Gyneco-
mastia
with
spirono-
lactone
(9% ab-
solute
in-
crease)
Non- Moderate . e 5.9% for . e Emerging
steroidal FINEARTS- primary Single therapy o Cost
MRAs HF trial e composite large considerations e
in 2024 Lancet  endpoint in trial e Still requires
HFpEF meta- FINEARTS-HF Limited potassium
analysis e e NNT=17 long- monitoring
Mechanistic term
plausibility data
Non- Moderate o FIDELIO- « 2-3% for .  Consider in
steroidal DKD and cardiorenal Limited patients with
MRAs FIGARO- outcomes in dedi- eGFR 30-60
in car- DKD trials  diabetic kidney cated ml/min/1.73m? e
diorenal o ARTS disease e trials in  Monitor renal
syn- pharmacody- Lower com- function
drome namic study  hyperkalemia bined
« Tissue absolute risk HF/CKD
distribution (3% vs 7-10%)
data
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Level of Supporting Absolute Risk Implementation
Recommendéiomfidence Evidence Reduction Limitation€onsiderations
Early Moderate . » Potential « No « Balance with
ARNI Physiological additional large need for careful
initia- plausibility « ARR of 1-2% trial initiation e
tion PARADIGM- based on specifi-  Practical barriers
before HF subgroup subgroup cally to very early
natri- analyses e analyses testing  implementation
uretic PIONEER- timing
peptide HF hypoth-
resis- biomarker esis
tance data
Rapid Moderate- o STRONG- « 24.8% .  Consider
initia- High HF trial e absolute Limited sequential
tion of Registry reduction in evi- vs. simultaneous
4-pillar data showing mortality dence approach based on
GDMT reduced vs. no GDMT on patient risk e

events e e NNT=4 for optimal  Close monitoring
Class 1 quadruple se- during initiation
recommenda- therapy quence  phase
tion in o Toler-
guidelines ability
con-
cerns
with
simulta-
neous
initia-
tion
NT- Low- o Positive o 1-3% based .  Consider in
proBNP- Moderate meta- on Incon- selected patients e
guided analyses e meta-analyses sistent Use NT-proBNP
therapy Negative o No significant trial rather than BNP
GUIDE-IT ARR in results  with ARNI
trial o Class GUIDE-IT e Most
2b recom- benefit
mendation in in
guidelines younger
patients
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Level of Supporting Absolute Risk Implementation
Recommendédimrfidence Evidence Reduction Limitation€onsiderations
Daily Low e Observa- o Unknown * No o More useful at
NT- tional positive  admission and
proBNP studies o RCTs o discharge e
monitor- Physiological Lag Consider cost
ing rationale between implications
during clinical
hospital- im-
ization prove-

ment

and

biomarker

change
Spot Low- . o Unknown . e Most useful in
urine Moderate Physiological Limited diuretic-resistant
sodium studies e large patients e
monitor- Observa- out- Consider in
ing for tional data e come conjunction with
resis- Small inter- trials o clinical assessment
tance ventional Stan-

trials dardiza-

tion

issues
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al. (2014) A) design, supported by  guidelines
8] adequate subsequent to
PARADIGM- power, ap- studies recommend
HF propriate ARNI

endpoints
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al. (1999) A) designed, with MRAs as
[12] appropri- mechanistic  standard of
RALES ate understand-  care

endpoints ing
ZannadRCT 2,737 High High - Low  High - High - High
et (Level Well- Consistent Extended
al. (2011) A) designed, with other MRA use
[13] appropri- MRA trials to NYHA
EMPHASIS- ate class II
HF statistical

analysis
VelazqRe'T 881 High High - Low-  High - Moderate-  High
et (Level Rigorous  Moderat€onsistent High -
al. (2019) A) methodol- with Supported
9] ogy PARADIGM- early ARNI
PIONEER- HF initiation
HF
FilippaR&T Moderate Moderate ModeratModerate - Moderate -  Moderate
et (Level - Limited Early
al. (2016) B) Surrogate head-to-head evidence for
[14] primary comparison nsMRAs
ARTS- endpoint data
HF (NT-

proBNP)
The Meta- Multipldigh High - In- Low  High - Com-  High - High
Lancetanalysigrials  (Level dividual prehensive Supports
(2024) A) patient analysis of phenotype-
[15] data available specific
Meta- meta- trials MRA
analysis analysis selection
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Referenitgpe Size  dence Quality Bias  Evidence Practice dence
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Re-
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[18] design thresholds diagnostic

use
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23] design effects stratified
TIME- but approach
CHF limited

power
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Level of Risk  Consistency  Impact on  Overall
Study Sample Evi- Methodologiodl with Other Clinical Confi-
Referenitgpe Size  dence Quality Bias  Evidence Practice dence
GreeneRegistry,365 Moderate Moderate ModeratHigh - High - Moderate-
et (Level - Large Consistent Highlighted High
al. (2018) B-NR)  registry with other treatment
[10] but obser- implementa-  gaps
CHAMP- vational tion data
HF
Bakris RCT 5,734 High High - Low  High - High - High
et (Level Well- Consistent Established
al. (2020) A) designed, with other finerenone
[16] appropri- CKD trials in CKD
FIDELIO- ate
DKD endpoints
ArmstrBggl’ 5,050 High High - Low  Moderate - Moderate -  High
et (Level Robust Different Added to
al. (2020) A) design mechanism treatment
[30] than other options
VIC- GDMT
TO-
RIA
Heidenttxglert N/A  Moderate High - Low  High - Com- High - High
et con- (Level Rigorous prehensive Current
al. (202®n- C) guideline review of standard of
3, sus methodol- evidence care
11] ogy
Guide-
lines
Wang Networkd7,407 Moderate Moderate- ModerathModerate- Moderate -  Moderate-
L, et meta- pa- (Level High - High - Supports High
al. (2023nalysigients B) Uses both Consistent ARNI
[29] from frequen- findings with  superiority
Net- 28 tist and direct
work RCTs Bayesian comparison
meta- ap- trials
analysis proaches
VodovaReviewN/A  Low Moderate  Moderathoderate - Moderate -  Moderate
et (Level - Compre- Consistent Theoretical
al. (2020) C) hensive with framework
[19] but mechanistic
narrative models
review
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Level of Risk  Consistency  Impact on  Overall

Study Sample Evi- Methodologiodl with Other Clinical Confi-
Referenitgpe Size  dence Quality Bias  Evidence Practice dence
EuropeAistradnclear Low Unable to  Unable Unable to Unknown Low
Heart (Level assess - to assess
Jour- C) Limited assess
nal citation
(2013) details
[5]
BaylissClinicalSmall Low Low- ModeratModerate - Low- Low-
et study (Level Moderate High  Consistent Moderate -  Moderate
al. (1987) C) - Older with Historical
[22] methodol- physiological  context

ogy principles

VerbrugheviewN/A  Low Moderate Moderathloderate - Moderate -  Moderate
et (Level - Compre- Focused on Specialized
al. (2015) C) hensive renal aspects — application
[20] review

Evidence Level Definitions: - High (Level A): Multiple high-quality randomized con-
trolled trials or meta-analyses of high-quality trials - Mloderate (Level B): Single random-
ized trial or meta-analyses with limitations, or high-quality non-randomized studies - Low
(Level C): Expert opinion, case studies, or standard of care

Overall Confidence Evaluation: - High: Strong evidence from well-designed studies with
consistent results and little risk of bias - Moderate-High: Good evidence from relatively
strong studies with some limitations - Moderate: Adequate evidence but with significant
methodological limitations - Low-Moderate: Weak evidence with substantial limitations -
Low: Very limited evidence or significant concerns about methodology or relevance

This confidence matrix provides a comprehensive assessment of the key literature sources
used in the report. The majority of pivotal clinical recommendations are supported by high-
quality evidence from large randomized controlled trials (Level A) with low risk of bias, such
as PARADIGM-HF, RALES, and EMPHASIS-HF. The 2024 Lancet meta-analysis offers
particularly robust evidence for phenotype-specific MRA selection with individual patient
data methodology.

Areas with moderate confidence generally involve comparisons between medication classes
where direct head-to-head trials are limited (such as ACE-I vs ARB comparisons), or where
findings show some inconsistency across studies (as with biomarker-guided therapy). The
lowest confidence ratings are assigned to older studies with methodological limitations by
current standards, or to citations with incomplete information that couldn’t be fully evalu-
ated.

This assessment reinforces that the report’s primary conclusions regarding ARNI superior-
ity, MRA effectiveness, and early intervention strategies are well-supported by high-quality
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evidence, while some of the more nuanced or emerging concepts (like natriuretic peptide
resistance thresholds) are based on moderate-quality evidence that warrants further investi-
gation.

Appendix: Prompts from Discussion Thread

1.

10.
11.

12.
13.
14.
15.

16.
17.
18.
19.

“Review the medical literature from 2020 onwards including Gregg Fonarow’s work and
determine if there is a difference in outcomes in HHF and CV mortality if GDMT uses
ACE-I, ARB or ARNI and what is the relative and absolute benefit”

“Give absolute risk improvement for each of the 3 drugs in 4 drug GDMT”

“When using ACE vs ARB as the fourth pillar what is the risk reduction when com-
paring them?”

“Let’s do as you suggest”
“Expand on the reasoning as to why ACE has benefit and ARB does not”

“Create a table summarizing the literature that shows these differences between ACE
and ARB in heart failure. Categorize by NYHA class”

“Do a similar analysis for MRAs and nsMRAs”

“Expand on the evidence in eGFR 45 and below”

“Provide a review of the ARTS study”

“Discuss the FINEARTS trial and compare it to TOPCAT”

“Expand on any studies with these meds in HFrEF that are recent 2020 or after and/or
head to head comparisons”

“Expand on the 2023 meta analysis”
“Discuss the 2024 lancet trial”
“Compare the 2024 meta analysis with the 2023 meta analysis”

“Is this because the 2024 meta analysis used trials before nsMRA didn’t exist? Will
any ongoing trials answer the question definitively regarding superiority or therapeutic
equivalence between nsMRA and MRA?”

“Do ARNIs work better earlier NYHA classes?”
“Is neprilysin inhibition affecting BNP more effective in healthier patients?”
“How does CKD affect BNP levels and outcomes with neprilysin inhibition?”

“Targeting Earlier Disease: Neprilysin inhibition may offer greatest benefit when
initiated before significant natriuretic peptide resistance develops- explore this state-
ment and provide evidence to support with references”
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20.

21.

22.

23.

24.

25.
26.

27.

“When does natriuretic peptide resistance develop? Is there a class of heart failure or
CKD stage that is a key threshold?”

“Does this correlate with the literature on effectiveness on HHF and mortality with
ARNIs?”

“Explore the concept that BNP is a hormone more effective in health than in disease
and that in CKD and heart failure it is less important that aldosterone or ADH”

“Review the evidence for trending NT-proBNP or BNP levels in the treatment of heart
failure. Also review the evidence for following spot urine sodium levels as a marker of
diuretic resistance and BNP resistance”

“Synthesize all of this thread”
“Does daily NT-proBNP help direct heart failure therapy in the hospital?”

“Combine this entire thread into a comprehensive report with citations and a reference
page77

“Please add the tables in this thread to the report. Add a confidence matrix for recom-
mendations and literature. At end of report add an appendix including all prompts in
this thread”
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