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Learning Objectives

* Explain the signs and symptoms of HF

* Discuss the optimal diagnostic thresholds for NT-proBNP to
diagnose HF

* Explain the prognostic implications of an elevated natriuretic
peptide levels and their role for staging HF

 Review American Diabetic Association guidelines for measuring
NT-proBNP to risk stratify asymptomatic patients with diabetes

* |dentify potential confounders whether they be medical
comorbidities or treatments for HF that may influence natriuretic
peptides and recognize if these might impact the threshold to
diagnose HF

* Evaluate how NT-proBNP levels may be used along with clinical
judgement to optimize HF medical management




The Role for Natriuretic Peptides in Cardiovascular
Disease
* Review of acute decompensated heart failure

— Epidemiology
— Pathophysiology
— Clinical presentation

* Diagnosis of heart failure in patients presenting with
dyspnea

—|CON Reloaded

— Considerations in patients with known heart failure
* Staging heart failure with natriuretic peptides
* NT-proBNP for screening for HF risk

* Emerging use of NT-proBNP to guide optimization of
medical therapy post acute heart failure hospitalization



Heart Failure in the United States

Prevalence, 2017-2020,

Hospital discharges,

Population group =20 y of age Mortality, 2021, all ages* 2020, all ages Cost, 2012+

Both sexes 6700000 (2.3%) 85037 1111500 $30.7 billion
[95% CI, 1.9%—-2.8%]

Males 3700000 (2.7%) 40344 (47.4%)*

Females 3000000 (1.9%) 44693 (52.6%)%

NH White males 2.9% 31993

NH White females 1.6% 35873

NH Black males 3.8% 4902

NH Black females 3.3% 5208

e American
Heart
Association:

Martin et al. Circulation. 2024;149:e347-e913. DOI: 10.1161/CIR.0000000000001209
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Prevalence of Heart Failure Among US Adults
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A New Cough

Case Presentation

73 year male with 10 days of cough
productive of yellow-green phlegm.
1-2 days of increased dyspnea with
exertion, and now at rest. At
baseline he could climb a flight of
stairs and walk several blocks

Positive for orthopnea, and
paroxysmal nocturnal dyspnea.

No fever or chills, chest pain,
diaphoresis or nausea.

Past history:
- CABG and MI 10 years ago
- HTN, diabetes and hyperlipidemia

Netter’ s cardiology, 2004



Physical Findings

Case Presentation

Pulse 92 beats/min and regular
Blood pressure 121/74 mm Hg
There is jugular venous distension

Lateral displacement of the cardiac
apical beat on the left side of the
chest

Edema of the lower limbs
The lung examination is normal

Netter’s cardiology, 2004



Criteria for Heart Failure

Table 1. Criteria of CHF.*

Major CRITERIA

Paroxysmal nocturnal dyspnea or orthopnea
Neck-vein distention
Rales
Cardiomegaly
- Acute pulmonary edema
S, gallop
Increased venous pressure ->16 cm of water
Circulation time =25 sec
Hepatojugular reflux

MiNOR CRITERIA

Ankle edema

Night cough

Dyspnea on exertion

Hepatomegaly

Pleural effusion : S

Vital capacity | ¥Ys from maximum

Tachycardia (rate of =120/min)
MAJOR OR MINOR CRITERION

Weight loss =4.5 kg in 5§ days in response to
treatment

*For establishing a definite diagnosis of congestive heart failure in this study, 2
major or 1 major & 2 minor criteria had to be present concurrently.

The NEW ENGLAND
JOURNAL of MEDICINE McKee PA et al. N Engl J Med 1971;285:1441-1446
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The Role for Natriuretic Peptides in Cardiovascular
Disease

* Diagnosis of heart failure in patients presenting with
dyspnea

—|CON Reloaded

— Considerations in patients with known heart failure
* Staging heart failure with natriuretic peptides
* NT-proBNP for screening for HF risk

* Emerging use of NT-proBNP to guide optimization of
medical therapy post acute heart failure hospitalization



Poll Question #1

How is NT-proBNP best used to diagnose acute heart
failure?

a) Single cut-off for all patients being presenting with dyspnea (shortness of
breath) of uncertain etiology

b) Age specific cut-offs to “rule-in” heart failure and a single cut-off to “rule-
out” Heart failure

c) Gender specific cut-offs to “rule-in” and “rule-out” heart failure

d) Renal function specific cut-offs (i.e. above and below an eGFR of 60
mL/min/1.73m?) to “rule-in” and “rule-out” heart failure
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Receiver-Operating-Characteristic Curve for Various Cutoff Levels of BNP in
Differentiating between Dyspnea Due to Heart Failure or Due to Other Causes
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Primary Endpoint

NT-proBNP versus Clinical Judgment, p=0.006
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NT-proBNP versus Clinical Judgment, p=0.006
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NT-proBNP for diagnosis of acute heart failure in patients with
shortness of breath (ICON-RELOADED)
The Icon Reloaded Study
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NT-proBNP for diagnosis of acute heart failure in patients with
shortness of breath (ICON-RELOADED)
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Diagnostic threshold for acute heart failure with NT-proBNP
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The Role for Natriuretic Peptides in Cardiovascular
Disease

* Diagnosis of heart failure in patients presenting with
dyspnea

— Considerations in patients with known heart failure
* Staging heart failure with natriuretic peptides
* NT-proBNP for screening for HF risk

* Emerging use of NT-proBNP to guide optimization of
medical therapy post acute heart failure hospitalization



Poll Question #2

For outpatients with heart failure, are there special
considerations for BNP and NT-proBNP interpretation?

a) Expect levels of both BNP and NT-proBNP to be always elevated and
therefore can’t be used to diagnose if a heart failure exacerbation is a
cause of worsening shortness of breath

b) BNP and NT-proBNP levels can change in the opposite direction
depending on the type of medical therapy limiting the use of BNP for the
diagnosis of a heart failure exacerbation

c) Knowing a baseline level of BNP or NT-proBNP in a stable outpatient with
symptomatic heart failure is recommended

d) Following serial NT-proBNP levels could be an effective way of
determining if patients are on optimal medical treatment to prevent
hospitalizations and death




ACC Expert Consensus Decision Pathway for HF Treatment
The role of BNP/NT-proBNP testing in outpatients

Studies to Consider Initially: (see full guidelines for details)
* BNP/NT-proBNP
* CBC, basic metabolic panel, liver function, iron studies, thyroid studies, HbA1c
* EKG
* Chest X-ray
* Echocardiogram

* Coronary angiogram, cardiac MR, biopsy, other imaging as appropriate

N
_§ " —g 3 Serial Evaluation and Titration of Medications
T 'FE 5" * Clinic visit with history/symptoms, vitals, exam, labs
E;—__’ o -at, Y * If volume status requires treatment, adjust diuretics, follow up 1-2 weeks
2 E 0;’ * If euvolemic and st-able, surt/increa‘se/switch §DMT, follow up ‘l-? weeks via
8 o = v phone or repeat clinic visit with basic metabolic panel as may be indicated
£ & * Repeat cycle until no further changes are possible or tolerated
S v
oo Lack of response/instability — — — — — — 1
_5 2 End-intensification/maintenance Remember acronym to assist in
® e * Ongoing assessment decision making for referral to
% g * Additional adjustments as indicated advanced heart failure spedaIiSt:
-g Py * Repeat objective data as needed to I-NEED-HELP (also see Table 6)
5 : Dsatibins progioons I: IV inotropes
E N: NYHA HlIB/IV or persistently elevated

natriuretic peptides
Assess response to therapy and E: Enid-otgun dyafunction
cardiac remodeling

* Repeat laboratory tests, for example, BNP/NT-proBNP
andp?;sic metabglic panel v ks D: Defibrillator shocks

H: Hospitalizations >1

E: Ejection fraction <35%

* Repeat echocardiogram (or similar imaging modality for

cardiac structure and function) E: Edema despite escalating diuretics
* Repeat EKG L: Low blood pressure, high heart rate
* Consider EP referral for those eligible for CRT or ICD P: Prognostic medication - progressive

intolerance or down-titration of GDMT

Yancy et al. )] Am Coll Cardiol 2018;71:201-230
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Studies to Consider Initially: (see full guidelines for details)
* BNP/NT-proBNP
* CBC, basic metabolic panel, liver function, iron studies, thyroid studies, HbA1c
* EKG
* Chest X-ray
* Echocardiogram
* Coronary angiogram, cardiac MR, biopsy, other imaging as appropriate

Serial Evaluation and Titration of Medications
* Clinic visit with history/symptoms, vitals, exam, labs
* If volume status requires treatment, adjust diuretics, follow up 1-2 weeks

* If euvolemic and stable, start/increase/switch GDMT, follow up 1-2 weeks via
v phone or repeat clinic visit with basic metabolic panel as may be indicated

* Repeat cycle until no further changes are possible or tolerated

oo Lack of response/instability — — — — — — 1
End-intensification/maintenance Remember acronym to assist in

* Ongoing assessment decision making for referral to

* Additional adjustments as indicated advanced heart failure spedaIiSt:

* Repeat objective data as needed to I-NEED-HELP (also see Table 6)
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* Repeat EKG L: Low blood pressure, high heart rate
* Consider EP referral for those eligible for CRT or ICD P: Prognostic medication - progressive

intolerance or down-titration of GDMT
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Changes in NT-proBNP and BNP
Patients With HF treated with Sacubitril/Valsartan (Entresto)
PARIDIGM-HF
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Changes in NT-proBNP and BNP
Patients With HF treated with Sacubitril/Valsartan (Entresto)
PARIDIGM-HF

B. Change in NT-proBNP: Effects of Treatment C. Change in BNP: Effects of Treatment
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The Role for Natriuretic Peptides in Cardiovascular
Disease

* Staging heart failure with natriuretic peptides
* NT-proBNP for screening for HF risk

* Emerging use of NT-proBNP to guide optimization of
medical therapy post acute heart failure hospitalization



Diagnosis, NT-proBNP and the
grey zone




Incorporation of Biomarkers to Define Pre-
Symptomatic Heart Failure
ACC/AHA/HFSA 2022 Guidelines

STAGE A:
At-Risk for Heart Failure

Patients at risk for HF but
without current or previous
symptoms/signs of HF
and without structural/
functional heart disease or
abnormal biomarkers

Patients with hypertension,
CVD, diabetes, obesity,
exposure to cardiotoxic

agents, genetic variant for
cardiomyopathy, or family
history of cardiomyopathy

STAGE B:
Pre-Heart Failure

Patients without current or
previous symptoms/signs
of HF but evidence of
1 of the following:

Structural heart disease

Evidence of increased
filling pressures

STAGE C:
Symptomatic Heart Failure

Risk factors and

« increased natriuretic
peptide levels or

» persistently elevated
cardiac troponin

in the absence of

competing diagnoses

Marked HF symptoms
that interfere with daily
life and with recurrent
hospitalizations despite
attempts to optimize
GDMT

Patients with current or
previous symptoms/signs
of HF

Heidenreich P et al. ] Am Coll Cardiol. 2022 doi.org/10.1016/j.jacc.2021.12.012



Natriuretic peptides and integrated risk assessment for HF
An individual-participant-data meta-analysis of 16 general
population cohorts without HF to predict future incident HF

16+

: !
¥l 7
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ey e
S 10 20 S0 100200 5001000
NT-proBNP concentration (pg/mL)

* Risk ratio = top third/bottom third
* Median follow-up 7.8 years

e 2212 incident heart failure outcomes

Heart failure risk ratio

Willet P. Lancet Diab Endo 2016;4:840-849



American
Diabetes
- Association.

Stepwise approach for screening and diagnhosis
across HF stages
Recommendations for Diabetics

STAGE A iy ETY ¥ smeop
High risk for HF Structural disorder Symptoms of HF

* Obesity

* LV systolic dysfunction * Exertional dyspnea
* Hypertension « LV diastolic dysfunction * Orthopnea
- Hyperlipidemia * LV hypertrophy * Paroxysmal nocturnal dyspnea
« DKD * Chamber enlargement * Weakness/fatigue
* CAD * Valvular disease * Weight gain
* Sex * Increased filling pressures OR
* SDOH

Elevated biomarkers

Biomarkers

(NT-proBNP, BNP, » Elevated
hs-cTN)

JVD

Lower extremity edema
YES '« Displaced lateral apical impulse
(HFrEF)

Sustained apical impulse (HFpEF)
53 (HFrEF),

S4 (HFpEF)

Normal

A A

v Imaging | HEpEF
Repeat in at least 1 year (CXR, Echocardiogram) | HFrEF

Diabetes Care. 2022;45(7):1670-1690. doi:10.2337/dci22-0014



The Role for Natriuretic Peptides in Cardiovascular

Disease
v'Review of acute decompensated heart failure

— Epidemiology
— Pathophysiology
— Clinical presentation

v’ Diagnosis of heart failure in patients presenting with
dyspnea

v'ICON Reloaded

v'Considerations in patients with known heart failure
v’ Staging heart failure with natriuretic peptides
v NT-proBNP for screening for HF risk

* Emerging use of NT-proBNP to guide optimization of
medical therapy post acute heart failure hospitalization



GUIDE-IT

GUIDing Evidence Based Therapy
Using Biomarker Intensified Treatment

Primary Hypothesis of NIH GUIDE-IT trial

In high risk heart failure patients with LV systolic
dysfunction, a strategy: of titrating medical therapy
based on minimizing natriuretic peptide levels will
be superior to usual care with regard to the
composite endpoint of heart failure hospitalizations
or CV mortality

Duke Clinical Research Institute



GUIDE-IT Primary Endpoint
First HF Hospitalization or Cardiovascular Death

0.6+
HR, 0.983 ( 95% Cl, 0.791-1.222)

P=.88
0.5+

0.4+

0.3+

0.2+

Probability of Heart Failure
Hospitalization or Cardiovascular Death

0.1+

O T T Y T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24

Months Since Randomization

No. at risk
Biomarker-guided therapy 446 376 331 293 254 225 202 175 152 128 128 93 78
Usual care 448 381 330 278 257 227 199 175 153 138 115 90 77

Felker et al. JAMA. 2017;318:713-720



GUIDE-IT Outcomes Based on 90-day NT-proBNP Level
First HF Hospitalization or Cardiovascular Death
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Number at risk:

1 440 354 280 21 157
2 198 167 133 105 78
—— NT-proBNP >1,000 pg/ml —— NT-proBNP <1,000 pg/ml

JanuzziJ et al. ) Am Coll Cardiol. 2018;74:1205-17



GUIDE-IT Outcomes Based on 90-day NT-proBNP Level
First HF Hospitalization or Cardiovascular Death
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Number at risk:

1 440 354 280 21 157
2 198 167 133 105 78
—— NT-proBNP >1,000 pg/ml —— NT-proBNP <1,000 pg/ml

Findings independent of treatment strategy!

JanuzziJ et al. ) Am Coll Cardiol. 2018;74:1205-17



Safety, tolerability, and efficacy of up-titration of guideline-
directed medical therapies for acute heart failure
(STRONG-HF): a multinational, open-label, randomised, trial

Alexandre Mebazaa, Beth Davison, Ovidiu Chioncel, Alain Cohen-Solal, Rafael Diaz, Gerasimos Filippatos, Marco Metra, Piotr Ponikowski,
Karen Sliwa, Adriaan A Vioors, Christopher Edwards, Maria Novosadova, Koji Takagi, Albertino Damasceno, Hadiza Saidu, Etienne Gayat,
Peter S Pang, Jelena Celutkiene, Gad Cotter

Background There is a paucity of evidence for dose and pace of up-titration of guideline-directed
medical therapies after admission to hospital for acute heart failure.

Lancet 2022; 400: 1938-52



STRONG-HF
Strategy and Protocol

L

Visit 2 o Further screen for eligibility. o ”NT-proBN P/
N Handomlzahqn Perform baseline E_Jssessmenta. Safety Labs
Within 2 d before discharge Randomize.

“High intensity
care”

"Usual care”

Study therapy 2 optimal doses.

NT-proBNP/
Safety Labs

Visit 3
Follow-up Perform safety assessments.
1 week from randomization

Visit 4 o= = Yy __ __ _ | Perform safety assessments. NT-proBNP/
Follow-up I Perform follow-upand | Study therapy full optimal Safetv Labs
2 weeks from randomization | therapy adjustments per | doses. y
| physician’s usual I i
Visit 5 -- - PECE . NT-proBNP/
Follow-up Perform safety assessments.* Safety Labs

3 weeks from randomization




Strong-HF

Oral guideline-directed medical therapies for heart failure
prescribed, in high-intensity care and usual care groups by visit

High- intensity care group Usual care group

1 None I Mone

[ Less than half of a full optimal dose [ Less than half of a full optimal dose
I Half to less than a full optimal dose I Half to less than a full optimal dose
I Full optimal dose or more Il Full optimal dose or more

ACE inhibitors, ARBs, B blockers
of ARN inhibitors

e, e,
]

e T e T M
Q0

B0

70+

60+

L0

304

Proportion of Patients (%)

20+

104
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Study timepoint Lancet 2022; 400: 1938-52



Optimization of Heart Failure Medications in 2 Weeks After an Acute Heart Failure Admission
Association with Heart Failure Admission or Death

All-cause mortality or heart failure readmission through day 180
(all participants)
1.0

0.7

Probability of event-free survival

T T I T 1
0 20 40 60 80 100 120 140 160 180
Study day

Average % of optimal doses of HF Medications by 2-Weeks
290%  — 50-<90% <5000 —

JAMA Cardiol. 2024;9(2):114-124. doi:10.1001/jamacardio.2023.4553



Optimization of Heart Failure Medications in 2 Weeks After an Acute Heart Failure Admission
Association with Heart Failure Admission or Death

All-cause mortality or heart failure readmission through day 180
(all participants)
1.0

0.7 T T T I T T I T 1
0 20 40 60 80 100 120 140 160 180

Study day

Probability of event-free survival

Average % of optimal doses of HF Medications by 2-Weeks
290%  — 50-<90% <5000 —

Patients per Category 43% 49% 8%
JAMA Cardiol. 2024;9(2):114-124. doi:10.1001/jamacardio.2023.4553



Role of Natriuretic Peptides in HF
Conclusions

NT-proBNP now has clearly defined values based on age
for the diagnosis of Heart Failure in patients presenting
with shortness-of-breath with clinical suspicion for Heart
Failure

NT-proBNP can assist with prognosis and in the absence
of symptoms defines an early stage of a Heart Failure
(stage B) that at least for diabetics warrents further
evaluation

NT-proBNP is an important adjunct to optimize medical

treatment post acute Heart Failure hospitalization
59
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