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Before we start

» Biomarkers are a support to clinical judgment

» They do not replace clinical judgment

» They may inform useful information not otherwise obvious at
the bedside

| MASSACHUSETTS
GENERAL HOSPITAL

HEART CENTER
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Agenda

* Natriuretic peptide biology

« Established clinical applications

* Emerging uses

| MASSACHUSETTS
¥y GENERAL HOSPITAL

HEART CENTER

5
The heart as an endocrine organ
The American Journal of Medicine
Editorial
The Heart as an Endocrine Organ
Braunwald, Am Jour Med, 1964 &) CENERAL HOSPITAL
HEART CENTER
6
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The Natriuretic Peptides: Particulate Guanylyl
Cyclase (pGC) Activators

ANP URODILATIN BNP DNP CNP
Ca(ﬁ)é:—;rﬁ;de H(Ilgﬂtg,? N&sé;iﬂ?e (green mamba) (endothelium)

on] [coal . BB

* Ring plays key role in receptor activation
» Alteration of the C-termini plays a role in providing resistance to enzymatic
degradation

7‘ MASSACHUSETTS
! y GENERAL HOSPITAL
CNP, C-type natriuretic peptide; DNP, D-type natriuretic peptide; GC, guanylyl cyclase. 4 HEART CENTER

Meems LMG, Burnett JC Jr. JACC: Basic Transl Sci. 2016;1:557-567. Misono KS et al. Biochem Biophys Res Commun. 1984;123:444-51.

7
Biology of the NPs
pre-proBNP, ,;, ==« Signal peptide
\ (26 amino acids)
proBNP, ;55
rs
NT-proBNP, ;¢
P MASSACHUSETTS
g GENERAL HOSPITAL
* HEART CENTER
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NPs oppose the RAAS

Inactive NP ANP/CNP ANP ANP/CNP/
BNP BNP CNP BNP Ang Il

fragments

\ .'...""l.
4 /
Receptor 200¢)

recycling

Signaling
cascades

1

Internalization /

l Gene expression; I protein
synthesis; 1 cell proliferation
Inactive peptides 1
Vasodilation Vasoconstriction
} Cardiac fibrosis/hypertrophy t Cardiac fibrosis/hypertrophy
t Natriuresis/diuresis + Sodium/water retention

=8 MASSACHUSETTS
| GENERAL HOSPITAL
y
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Biology of the NPs

pre-proBNP, 3, < '« Signal peptide

|

(26 amino acids)

ProBNP; 44

rs

"

DPP-IV Meprin A
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Biology of the NP System

pre-proBNP, 3, == w Signal peptide

\

(26 amino acids)

ProBNP ;o5

-
- N

ProBNP 44 3

7. -
DPP-IV Meprin A
BN P7-32

P9 MASSACHUSETTS
N&J GENERAL HOSPITAL

V
HEART CENTER
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Natriuretic Peptide Clearance

BNP and NT-proBNP Clearance Are
° BN P1 Equally Dependent on Renal Function®”

° NPR 10,000 -
* Renal excretion
* Neprilysin 1000

* NT-proBNP12

NT-proBNP and BNP (pg/mL)

100
* Less well understood NT-proBNP:
P<.001
* Renal excretion 10 1
1 1 BNP:
partially responsible BN
1 — T T—T——T—T—T—T—T—T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
GFR (mL/min/1.73 m?)
BNP, B-type natriuretic peptide; GFR, glomerular filtration rate; NPR, natriuretic peptide receptor; NT-proBNP, N-terminal pro-brain natriuretic peptide. =N MASSACHUSETTS
*In patients with hypertension (N=165) undergoing renal arteriography with invasive renal plasma flow measurements and echocardiog132hy. Ngy GENERAL HOSPITAL
1. van Kimmenade RRJ et al. J Am Coll Cardiol. 2009;53:884-890. 2. Palmer SC et al. Eur J Heart Fail. 2009;11:832-839. HEART CENTER

12
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ANP, BNP, CNP Neprilysin Cleavage Sites

o % @“W; 8\ 00%e
s ANP $ '\ 2
G & © BNP v CNP ¢
%/ 5 14 ¥ % A
© % © ©
,(5,® @@ (w@ |
\Q / Q % \ HOOC
® ‘ NG / &
(S)‘U ' w ® G
[ | \{v % |
HN HOOC ® | N
G{ COOH
HoN
W MASSACHUSETTS
13 W GENERAL HOSPITAL
HEART CENTER
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BNP change in PROVE-HF and EVALUATE-HF PROVE-HF
e EVALUATE-HF Among 367 study participants treated
(active treatment arm) with S/V for 12 weeks, the average
BNP change was 0% and +1%
Pooled analysis of HFFEF respectively (compared to -30% and -
Paﬂenlstr(cate:sv;)lﬂls:dval 32% reduction in NT-proBNP)
n=
This is in contrast to PARADIGM-HF,
Week 4 where the increase was +19%
BNP change: 0% (-30%, +41%)
D e e ) These results call into question the
| dogma that “BNP should significantly
Week 12 rise” after treatment with S/V
BNP change: 1% (-36%, +50%)
NERTENE change: =2 p Caa% o) But it didn’t fall!
| MASSACHUSETTS
. GENERAL HOSPITAL
Myhre PL, et al, JACC Heart Fail. 2022 Feb;10(2):119-128. L S —
14
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ANP, BNP, CNP Neprilysin Cleavage Sites

\ " , ®
& anp & é‘“w; %%% cu“}\ ““1?%
@ ANP @ BNP g cL CNP

‘ 4
f €

¢
‘b HOOC
I

| MASSACHUSETTS
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" HEART CENTER

15

\

Does nep inhibition affect BNP assays differently? PROVE-HF

NS NS NS NS NS NS§ NS NS

a0 o - Siemens * These rt'esults_provide
- reassuring evidence BNP
-+ Alere methods are reasonably
-=- Abbott similar in their

vulnerability to bias from
neprilysin inhibition

BNP, ng/L

* Use of the Siemens assay
may result in modestly
higher concentrations

Geometric mean (95%Cl)

0 T l ! | T | 1 than other methods
o v
Q\O Sty q\",t\"'*\"-',‘f’
e'b
J DGAE\I\SI%?{%IE lIJ{SOESTPTISTAL
Myhre PL, et al, Clin Chem 2022 e —

HEART CENTER
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What drives NT-proBNP in acute heart failure?

Cardiac
structure and
function
Volume
overload

* HEART CENTER

17

What drives NT-proBNP in chronic heart failure?

Volume
overload

Cardiac structure
and function

| MASSACHUSETTS
GENERAL HOSPITAL

~ HEART CENTER
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Cardiac Correlates for NP Values

* Left ventricle « Valves
+ Systolic function < AS, Al
+ Diastolic function * MR, MS
* Chamber size « TR, TS
» Wall thickness

« Filli
* Right ventricle Hing pressures

* Pulmonary

* Systolic function « Left ventricle, left atrial

* Chamber size
. Atria » Coronary ischemia

. Size » Heart rhythm

» Aortic capacitance

| MASSACHUSETTS
¥y GENERAL HOSPITAL

" HEART CENTER
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Clinical correlates of elevated NPs

* Heart failure

| MASSACHUSETTS
y GENERAL HOSPITAL

HEART CENTER

20
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Clinical correlates of elevated NPs

* Heart failure + Cardioversion

*+ ACS » Advancing age

* Heart muscle disease * Anemia

* Pericardial disease * Pulmonary embolism
 Valvular heart disease » Sleep apnea

« Atrial fibrillation * Critical illness

* Pulmonary hypertension » Sepsis

* Myocarditis * Burns

« Cardiac surgery * Toxic-metabolic insults
» Congenital heart disease * Renal failure

| MASSACHUSETTS
§ GENERAL HOSPITAL

" HEART CENTER
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HF Clinical Practice Guidelines

Indication Class LOE
NPs for diagnosis'-3 I A
NPs for prognosis’-3 I A
NPs for predischarge risk assessment’-3 lla B-NR
NPs to prevent HF onset’-3 lla B-R
NPs to guide HF therapy* lla B

oope Circulation

JOURNAL ofthe AMERICAN COLLEGE of CARDIOLOGY

| MASSACHUSETTS
LOE, level of evidence. GENERAL HOSPITAL
1. Yancy CW et al. J Am Coll Cardiol. 2017. doi: 10.1016/j.jaac.2017.04.025. 2. Yancy CW et al. Circulation. 2017. doi: 10.1161/CIR.0000000000000509. HEART CENTER
3. Yancy CW et al. J Card Fail. 2017. doi: 10.1016/j.cardfail.2017.04.014. 4. Yancy CW, et al. Circulation. 2013;e240-327.

22
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HF Clinical Practice Guidelines

Indication Class LOE
NPs for diagnosis'-3 I A
NPs for prognosis'-3 I A
NPs for predischarge risk assessment’-3 lla B-NR
NPs to prevent HF onset'-3 lla B-R
NPs to guide HF therapy* lla B

JACC )| KGN0 MEARDIAC FAILURE

JOURNAL of she AMERICAN COLLEGE of CARDIOLOGY

| MASSACHUSETTS
LOE, level of evidence. \ GENERAL HOSPITAL
4

1. Yancy CW et al. J Am Coll Cardiol. 2017. doi: 10.1016/j.jaac.2017.04.025. 2. Yancy CW et al. Circulation. 2017. doi: 10.1161/CIR.00000000000005
3. Yancy CW et al. J Card Fail. 2017. doi: 10.1016/j.cardfail.2017.04.014. 4. Yancy CW, et al. Circulation. 2013;e240-327.
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NT-proBNP Levels Were Elevated in Patients
With Acute HF in the PRIDE Study*

4500 —

3500 —

4054

3000 —
2500 —
2000 —

1500 — 1175

Median NT-proBNP (pg/mL)

1000 —

500 —
114

0

No Prior CHF (n = 355) Prior CHF (n = 35) Acute CHF (n = 209)

Not Acute CHF (n = 390)

CHF, congestive heart failure; PRIDE, N-Terminal Pro-BNP Investigation of Dyspnea in the Emergency Department.

*Patients (N = 599) were consenting adults 221 years of age presenting to the emergency department of the Massachusetts General Hospital with complain of dyspnea. 'P value
represents the comparison of acute CHF with patients with not-acute CHF.

Januzzi JLJr et al. Am J Cardiol. 2005;95:948-954.

I MASSACHUSETTS
y GENERAL HOSPITAL
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PRIDE Study

1 -
0.9 1
§ 0.8 - NT-proBNP versus Clinical Judgment, p=0.006
2 0.7 - Combined versus NT-proBNP, p=0.04
806 Combined versus Clinical Judgment, p<0.001
o 0.5
=)
=04
20.3 — Combined, AUC=0.96
202 - —— NT-proBNP, AUC=0.94
£0.1- —— Clinical Judgment, AUC=0.90
» O T T T T 1
0 0.2 0.4 0.6 0.8 1 S
1-Specificity (False Positives) @ GENERAL HOSPITAL
HEART CENTER
25
Performance of BNP or NT-proBNP
When using a single cut-point strategy for BNP or NT-
proBNP, we trade off reduced utility for simplicity!
Cut point Sens Spec LR+ LR-
BNP, 100 ng/L 90% 76% 3.8 0.13
NT-proBNP, 900 ng/L  90% 85% 4.2 0.12
LR+ = Positive likelihood ratio; results >1 increase probability for disease; >10 is large
increase
LR-= Negative likelihood ratio; results <1 reduce probability for disease; <0.10 is a large
decrease ) CENERAL HOSPITAL
26
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Causes of lower PPV

Table 3. Variables associated with elevated BNP in the absence of acute heart failure

Atrial

Variable Univariate OR Univariate CI 95% oR iate C1 95%
Demographics

Age /104y increase 16 14-18 13 1.0-16
Medical history

Chvors ~~arasehe haae dalon_. - — . - — . 2a 1A

Hypet
cive Variable

WD

Multivariate OR Multivariate ClI 95%

Abset

wer Demographics

Cardiorfiegay **
Pleural effusior

nterstiial edema

Blood value

Creatinine (increase per mg/dL
Hemoglobin (decrease per g/l
ECG abnormal

Eh‘ Age/10+y increase 1.3

Among the most
predictive variables for
an elevated BNP in the
absence of heart failure

Per decade increase in
age, a 30% adjusted

was age.
1.0-1.6
24 e y L risk for a BNP>100 was

noted.

Knudsen, et al, Ann Emergency Med, 2005

| MASSACHUSETTS
§ GENERAL HOSPITAL

* HEART CENTER
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European Heart Journal Advance Access published November 17, 2005

European Heart Journal clin-ical research
doi:10.1093/ eurheartj/ehi631

[EUROPEAN
SOCIETY OF
CARDIOLOGY*

NT-proBNP testing for diagnosis and short-term prognosis
in acute destabilized heart failure: an international
pooled analysis of 1256 patients

The International Collaborative of NT-proBNP Study

James L. Januzzi'*', Roland van Kimmenade?!, John Lainchbury®, Antoni Bayes-Genis*,
Jordi Ordonez-Llanos®, Miguel Santalo-Bel®, Yigal M. Pinto?, and Mark Richards®

! Cardiology Division, Massachusetts General Hospital, Yawkey 5984, 55 Fruit Street, Boston, MA 02114, USA; *Cardiology
Department, University Hospital, Maastricht, The Netherlands; * Christchurch Cardioendocrine Research Group, Department
of Medicine, Christchurch School of Medicine and Health Sciences, Christchurch, New Zealand; *Cardiology Department,
Hospital de la Santa Creu i Sant Pau, Barcelona, Spain; ® Biochemistry Service, Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain; and E'Emergency Medicine, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain

| MASSACHUSETTS
GENERAL HOSPITAL

HEART CENTER

28
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Tele] M Age-independent “rule out” cut point

Severty of acute CHF?
- 300 ng/L, age independent )

bl 5564

egn B 5000+
* 99% sensitive =
0 P = 3438

* 60% specific B sono-

i)

:E 2000 - 1561
* LR- of 0.11 T 1000

= ._'_Ji‘ -} 2300 pgdml

non acute |l 1 W
CHF NYHA class
7‘ MASSACHUSFTTS
Januzzi, et al, Eur H Jour 2006;27:330 @w

* HEART CENTER

29

ICON Age-stratified “rule in” cut point

To diagnose acute HF: the “triple cut point”

Age strata Optimal cut-point Sens Spec LR+
<50 years 450 ng/L 97% 93% 13.9
50-75 years 900 ng/L 90% 82% 5.0
>75 years 1800 ng/L 85% 73% 3.2
Overall 90% 84% 5.6

Age stratification was substantially superior to single cut-point strateqy

| MASSACHUSETTS
Januzzi, et al, Eur H Jour 2006;27:330 @w

HEART CENTER

30
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A new trial was needed to validate NT-proBNP cut-offs in
the ED setting

International
Collaborative of NT-
proBNP:

Re-evaluation of Acute
Diagnostic Cut-Offs in the
Emergency Department

RELOADED

| MASSACHUSETTS
§ GENERAL HOSPITAL

Gaggin,et al, Am Heart J, 2017; 192:26-37; Januzzi, et al, J Am Coll Cardiol, 2018;71(11):1191-1200 " HEART CENTER

31

Aims of the study

*The primary aim of this study was to validate
the ICON cutoffs in the contemporary cohort.

» Age-stratified “rule in” cut-offs

» Age-independent “rule out” cut-off

| MASSACHUSETTS
¢ GENERAL HOSPITAL

Gaggin,et al, Am Heart J, 2017; 192:26-37; Januzzi, et al, J Am Coll Cardiol, 2018;71(11):1191-1200
HEART CENTER

32
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ICON-RELOADED Results: NT-proBNP

40000

30000

Sensitivity

20000

NT-proBNP (pg/mL)

10000

| E=

T
ADHF (N=277) No ADHF (N=1184)

Januzzi, et al, J Am Coll Cardiol, 2018;71(11):1191-1200

0.8

0.6 -

0.4+

0.0

AUC= 0.9148; 95% C1,0.8978-0.9317

0.0

T T T T T
02 04 0.6 0.8 1.0

1 - Specificity AL

" HEART CENTER

33

RELOADED

Performance of Cut-points

54% 99% 14.1 0.15
58% 94% 4.96 0.25
62% 85% 3.04 0.32

58%  95% .24

Category Optimal Cut-Point Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR+ LR-
Confirmatory (‘rule in') cut-points

<50 years (n=462) 450 pg/mL 86% 94%

50-75 years (n=833) 900 pg/mL 79% 84%

>75 years (n=166) 1800 pg/mL 76% 75%
Rule in, overall 79% 87%
Exclusionary (‘rule out’) cut-

300 pg/mL 94% 72%

point

Januzzi, et al, ) Am Coll Cardiol, 2018;71(11):1191-1200

44%  98% 3.3

| | MASSACHUSETTS
gy GENERAL HOSPITAL

3 HEART CENTER
4

34
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ICON RELOADED in context

RELOADED

Study AUC LR+ LR- Comment

Maisel, et al, 2002 0.91 2.6 0.05 Breathing Not Properly Multinational Study
Januzzi, et al, 2006 0.94 5.60 0.11 LR+ for age stratified cut off; LR- for 300 ng/L
Maisel, et al, 2010 0.91 2.51 0.07 Biomarkers in Acute Congestive HF Study
ICON-RELOADED 091 597 0.09 LR+ for age stratified cut off; LR- for 300 ng/L

Similar AUC compared with
other studies

| MASSACHUSETTS
GENERAL HOSPITAL

Januzzi, et al, ) Am Coll Cardiol, 2018;71(11):1191-1200 HEART CENTER
35
,%f\ o : .
ICON RELOADED in context
RELOADED
Study AUC LR+ LR- Comment
Maisel, et al, 2002 0.91 2.6 0.05 Breathing Not Properly Multinational Study
Januzzi, et al, 2006 0.94 5.60 0.11 LR+ for age stratified cut off; LR- for 300 ng/L
Maisel, et al, 2010 0.91 2.51 0.07 Biomarkers in Acute Congestive HF Study
ICON-RELOADED 091 597 0.09 LR+ for age stratified cut off; LR- for 300 ng/L
The age-stratified diagnostic cut-
point strategy provides comparable
to superior LR+ compared with prior
Stu d i es | | MASS/\CHUSETTS
Januzzi, et al, ) Am Coll Cardiol, 2018;71(11):1191-1200 o HEART CENTEI;
36
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RELOADED

Study AUC LR+
Maisel, et al, 2002 0.91 2.6
Januzzi, et al, 2006 0.94 5.60
Maisel, et al, 2010 0.91 2.51
ICON-RELOADED 091 5.97

LR-
0.05
0.11
0.07
0.09

ICON RELOADED in context

Comment
Breathing Not Properly Multinational Study
LR+ for age stratified cut off; LR- for 300 ng/L
Biomarkers in Acute Congestive HF Study
LR+ for age stratified cut off; LR- for 300 ng/L

Rule out cut-point of 300
pg/mL provides excellent LR-
to exclude acute HF

| MASSACHUSETTS
GENERAL HOSPITAL

Januzzi, et al, ) Am Coll Cardiol, 2018;71(11):1191-1200 HEART CENTER
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Managing unexpectedly high NPs

For unexpectedly HIGH values:

» Heart failure
« ACS
» Heart muscle disease

Pericardial disease

» Valvular heart disease
Atrial fibrillation

* Pulmonary hypertension
Myocarditis

» Cardiac surgery
Congenital heart disease

» Cardioversion, ablation

* Advancing age

* Anemia

* Pulmonary embolism

» Sleep apnea

* Critical illness

» Sepsis

* Burns

» Toxic-metabolic insults

* Renal failure e

| GENERAL HOSPITAL
HEART CENTER

38
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 Obesity

» HFpEF

 Mild acute heart failure

* Isolated right heart failure

* Treated heart failure

Managing unexpectedly low NPs

For unexpectedly LOW values:

| MASSACHUSETTS
§ GENERAL HOSPITAL

" HEART CENTER

39
Predictors of grey zone results m
Characteristic (0] 95% CI p-value
Cough 0.18 0.06-0.52 0.001
Use of loop diuretic on presentation 3.99 1.58-10.1 0.003
Paroxysmal nocturnal dyspnea 450 1.32-15.4 0.02 Clinical variables assist
Jugular vein distension 3.05 1.06-8.79 0.04 with interpretation of
Prior heart failure 2.63 1.02-6.80 0.05 grey zone NT_proBNP
Lower extremity edema 296 0.94-9.31 0.06 values!
S3 Gallop 10.4 0.82-130.7 0.07
Prior COPD/Asthma 0.48 0.20-1.19 0.1
Orthopnea 2.06 0.73-5.83 0.17
Wheezing 0.81 0.29-2.22 0.17
van Kimmenade, et al, AJC, 2006 | MASSACHUSETTS
&y GENERAL HOSPITAL
HEART CENTER
40
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Grey zone results have prognostic meaning

1.00—

Grey zone results have
intermediate outcomes and

0.90

Log rank p<0.001

Cumulative Survival

hould not be i d!
snould not be Ignored:
0.80—
— — — Not acute heart failure, diagnostic NT-proBNP (n=437)
| i Not acute heart failure, grey zone NT-proBNP (n=99)
i — Acute heart failure, grey zone NT-proBNP (n=116)
_ Acute heart failure, diagnostic NT-proBNP (n=604)

T T T T
0 10 20 30 40 50 60
Days from Enroliment

| MASSACHUSETTS
¥y GENERAL HOSPITAL

" HEART CENTER

van Kimmenade, et al, AJC, 2006

41
NT-proBNP Consensus Algorithm NT-proBNP
International Consensus Panel
‘ Patient presents with acute dyspnea
History, physical exam, CXR, ECG
Measure NT-preENP
NT-proBNP NT-proBNP NT-proBNF NT-proBNP
<300 ngfL grey zone ~age-adjusted >10000 ng/L
HF very unlikely HF possible Severe HE veny
. o likely and
Evaluatl_on for a Clinical corre Iaf.-mﬁ e e
non;cdardlac ca_use necessary high risk
QY=o Triage and treat as )
recommended appropriate, possible Admit, close
early dic ulgnitdde) MASSACHUSETTS
GENERAL HOSPITAL
HEART CENTER
42
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ICON-RELOADED Results: Cost-effectiveness

Hospitalization Readmission to hospital

issi
NT-
ProBNP- Discharge t
driven hom Later admission to hospital
diagnost
Grey zone
(inconclusive) No new admi
EE—
Negative
(rule-out)
Suspected —e
aHFinep M
[noase o
Clinical
sssssssss t
alone
—®

Siebert, et al, Am Jour Cardiol, 2021

* 14% fewer initial
hospitalizations

* 15% fewer admissions to
cardiology or ICU

» 30% reduction in
echocardiograms

» 26% fewer ED or hospital
readmissions

| MASSACHUSETTS
¥y GENERAL HOSPITAL

" HEART CENTER
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» Use of NT-proBNP decreased the
average inpatient management costs
by a relative 10.4% ($20,247 vs.
$22,584) and reduced the total length
of stay in ED and hospital, yielding cost
savings of $2,337/pt

* NT-proBNP reduced SAEs by 5.9%
compared to clinical assessment alone

Siebert, et al, Am Jour Cardiol, 2021

ICON-RELOADED Results: Cost-effectivess

| MASSACHUSETTS
y GENERAL HOSPITAL

HEART CENTER

44
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What about out-patient uses?

* For the outpatient evaluation of dyspnea in those without
established heart failure, optimal application of NT-proBNP is:

v'To EXCLUDE the diagnosis (NPV-based)

v'Using much lower cut-points than in acute dyspnea

| MASSACHUSETTS
¥y GENERAL HOSPITAL

" HEART CENTER

45
NT-proBNP: utility in outpatient dyspnea
¥
4 L\
History
& A Physical examination
3 i v : 1’—‘,4.’»’
Measure NT-proBNP
NT-proBNP <125 pg/mL? NT-proBNP 2125 pg/mL?
HF unlikely: HF possible:
Seek alternative diagnosis Cardiac work up
MASSACHUSETTS
@‘ GENERAL HOSPITAL
Hildebrandt P, Collinson PO. Am J Cardiol. 2008 Feb 4;101(3A):25-8 HEART CENTER
46
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HF Clinical Practice Guidelines

Indication Class LOE
NPs for diagnosis™-3 I A
NPs for prognosis'-3 I A
NPs for predischarge risk assessment’-3 lla B-NR
NPs to prevent HF onset'-3 lla B-R
NPs to guide HF therapy* lla B

JACC | |

LOE, level of evidence.

1. Yancy CW et al. J Am Coll Cardiol. 2017. doi: 10.1016/j.jaac.2017.04.025. 2. Yancy CW et al. Circulation. 2017. doi: 10.1161/CIR.00000000000005
3. Yancy CW et al. J Card Fail. 2017. doi: 10.1016/j.cardfail.2017.04.014. 4. Yancy CW, et al. Circulation. 2013;e240-327.

Circulation &
JOURNAL of the AMERICAN COLLEGE of CARDIOLOGY e e

| MASSACHUSETTS
§ GENERAL HOSPITAL
y

* HEART CENTER
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HF Clinical Practice Guidelines
Indication Class LOE
NPs for diagnosis'-3 I A
NPs for prognosis’-3 I A
NPs for predischarge risk assessment’-3 lla B-NR
NPs to prevent HF onset’-3 lla B-R
NPs to guide HF therapy* lla B
J AC C II J I0URNAL OF
el CARDIAC FAILURE
LOE vl of i, o o ) &) CENERAL HOSPITAL
3 Vaney OW et al.J Card il 2017, dof 10,1016/ cardfal 3017 04.014. & Yancy O o . Circuiaton. 2013:6540.327, | oo 000", HEART CENTER
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NT-proBNP and prognosis after ADHF treatment

70 =1 NT-proBNP at discharge <1500pg/m| 701
NT-proBNP at discharge 1500-5000pg/ml
=¥ NT-proBNP at discharge 5001-15000pg/m| =1 NT-proBNP reduction during hospitalization <30%
60 =¥ NT-proBNP at discharge >15000pg/ml =11 NT-proBNP reduction during hospitalization >30%
60
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¥y GENERAL HOSPITAL
Salah, et al, Heart, 2014 o
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NT-proBNP Monitoring in AHF

 Two measurements:

» At presentation for diagnosis, triage, and prognostication.

» At the end of hospitalization to evaluate for treatment response
and provide hospital to home link.

v'30% drop is desirable, and lower is always better
v'If baseline not available discharge NT-proBNP <4000 pg/mL is desirable

v'Non-falling or rising values identify a patient at imminent risk for
rehospitalization and/or death

| MASSACHUSETTS
y GENERAL HOSPITAL

HEART CENTER
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Individualized care based on discharge NT-proBNP

Discharge NT-proBNP concentration

Rehab stay
Early follow up
Home nursing

Early follow up
Home nursing

Telemonitoring

| MASSACHUSETTS
§ GENERAL HOSPITAL

" HEART CENTER
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NT-proBNP to bridge from hospital to home

| MASSACHUSETTS
¢ GENERAL HOSPITAL

HEART CENTER
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Outcomes and achieved NT-proBNP

Incidence Rate (%)

Number of events per 100 patient-
years of follow-up

All-course death CV death or HF hosp

<1000 1001-2000 2001-3500 >3500 <1000 1001-2000 2001-3500 >3500

NT-proBNP concentration at 90 days

BNP, B type natriuretic peptide; Cl, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio; =8 MASSACHUSETTS

NT-proBNP, N-terminal-pro-B type natriuretic peptide.
Januzzi J, et al. J Am Coll Cardiol.2019;74:1205-17.

Log2 of NT-proBNP at 90 days
and clinical outcomes

Adjusted

Outcome HR (95% CI) P-value

All Cause Death? 0.58 (0.50-0.68) <.001

HF Hosp/CV Death® 0.65 (0.57-0.73) <.001

HR is with respect to halving of NT-proBNP

AAdjusted for history of ischemic heart di depi ion treated
with medication, third heart sound, age, diastolic BP, congestion
score, HF duration, heart rate, Sp0O2, sodium, and 6-minute walk
distance.

BAdjusted for sleep apnea, depression treated with medication,

Hi: i ity, ICD or p ker, atrial fibrillation at baseline,
Black race, history of ischemic heart disease, NYHA class, diastolic
BP, creatinine, heart rate, potassium, and sodium.

N&Y GENERAL HOSPITAL
p ot b A
HEART CENTER
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GUIDE-IT

When does NT-proBNP rise relative to events?

NT.peeB\P [pairl)

Average Estimated NT-proBNP

18000
16000 ~
14000

10000
8000
8000 Ll.;"

4000 4 gy
2000 - |

o - P L
T T T T T T T

700 600 S00 400 300 200 100

Time: lo Event (Days)

= Patients with Fvent — Patients without Fyvernt

Fuery M et al in preparation

Serial results of NT-proBNP
differed considerably among
study participants with and
without events
(CV death/HF hospitalization)

| MASSACHUSETTS
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Change in LV structure and function at 1 year GUIDE-T
by NT-proBNP reduction

EDVi (mL/m?) ESVi (mL/m?)

EF (%)

ANT-proBNP (pg/mL): =-1000  =-2000  =-3000  ®=-4000  =-5000

EF, ejection fraction; EDVi, end-diastolic volume index; ESVi, end-systolic volume index; LV, left ventricular; WS MASSACHUSETTS
NTproBNP, N-terminal-pro-B type natriuretic peptide. & | GENERAL HOSPITAL
Daubert MA, et al. JACC Heart Fail. 2019;7:158-168. g HEART CENTER
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Operationalizing NP monitoring to enhance clinical
decision-making in chronic HF

* Hospital to home: In recently decompensated patients, measure 1—
2 weeks after discharge (office or home).
» Outpatients: measure every 3 months
* Facilitates GDMT decision making (removal of diuretic after GDMT)

+ Stable concentrations <1000 pg/mL (NT-proBNP) or <100 pg/mL
(BNP): imaging and other testing may be reasonably deferred

 Elevated/rising concentrations: repeat imaging, further evaluations,
review medication/lifestyle program and adjust as appropriate

* Markedly elevated concentrations: Consider transplant referral, consider
diagnoses associated with “unexpectedly elevated” NP (amyloidosis).

. . o . | MASSACHUSETTS
HF, heart failure; NT-pro-BNP, N-terminal pro-B type natriuretic peptide. GENERAL HOSPITAL
Yancy CW, et al. J Am Coll Cardiol. 2018;71:201-230. HEART CENTER
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HF Clinical Practice Guidelines

Indication Class LOE
NPs for diagnosis'-3 I A
NPs for prognosis'-3 I A
NPs for predischarge risk assessment’-3 lla B-NR
NPs to prevent HF onset'-3 lla B-R
NPs to guide HF therapy* lla B

JACC | | CARDIAC FAILURE

JOURNAL of the AMERICAN COLLEGE of CARDIOLOGY

| MASSACHUSETTS
LOE, level of evidence. @ GENERAL HOSPITAL
1. Yancy CW et al. J Am Coll Cardiol. 2017. doi: 10.1016/j.jaac.2017.04.025. 2. Yancy CW et al. Circulation. 2017. doi: 10.1161/CIR.00000000000005 A HEART CENTER

3. Yancy CW et al. J Card Fail. 2017. doi: 10.1016/j.cardfail.2017.04.014. 4. Yancy CW, et al. Circulation. 2013;e240-327.
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UDHF Stages of heart failure

If we were going to aim at the

biggest opportunities for

prevention of heart failure, where
B would we focus our energy?

Structural heart disease, no symptoms

LVH, M, low EF, diastolic dysfunction, valve
disease, abnormal natriuretic peptide or hs-cTn

A
High risk for HF
Diabetes, hypertension, CAD, FH, cardiotoxic drugs
| MASSACHUSETTS

GENERAL HOSPITAL
 HEART CENTER

58

29 of 35



MHIF Cardiovascular Grand Rounds |
February 20, 2023

UDHF Stages of heart failure

B

Structural heart disease, no symptoms

LVH, M, low EF, diastolic dysfunction, valve
disease, abnormal natriuretic peptide or hs-cTn

A
High risk for HF

Diabetes, hypertension, CAD, FH, cardiotoxic drugs

Stages A and B represent the
earliest and best opportunity to
detect and prevent HF

| MASSACHUSETTS
§ GENERAL HOSPITAL

" HEART CENTER
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Stage B heart failure and biomarkers for early detection

Diastolic Systolic
Stiff and thick Stretched Biomarker .
chambers and thin - base_d Clinical
s chambers _ﬁ detection avent
4 \ 32 Current .
@ i Structural intervention g
2 Earliest changes
A molecular
Baseline  detection
risk
| MASSACHUSETTS

GENERAL HOSPITAL
 HEART CENTER
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NT-proBNP and prognosis in Stage A HF

-
(=]

rp<om-rI

©

0> 25% Decline O No Significant Change @ >25% Increase

. )

Rate of incident HF (per 100 person years)
o
HE
%
8
|

<190 pg/mL 2190 pg/mL
Initial NT-proBNP W MASSACHUSETTS

Seliger et al, JACC, 2010 " HEART CENTER
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Sharp increase in NT-proBNP preceding hospitalization for
heart failure in patients with T2D

* Randomized Phase 3 study including 5450
patients with T2D with a recent coronary event, NP levels in the 6 months preceding heart failure hospitalization

with and without history of HF
* NPs measured at baseline and at 24 weeks No history of HF History of HF
* Median follow-up: 26 months

— Control (n=4200) HFH (n=67) — Control (n=1099) HFH (n=84)

1600 3200

« Levels of natriuretic peptides (BNP and NT-
proBNP) were significantly greater when
measured closer to the time of the event in those
who experienced HF hospitalization (BNP,
p<0.001; NT-proBNP, p<0.001).

+ At the time of HHF, patients with and without a mDays befor:,:DHF B mDays befor::HF o
history of HF reached comparable levels of
natriuretic peptides .

400 800 1600 3200

400
!

NT-proBNP, pg/mL
L
NT-proBNP, pg/mL
00
L

200
!
200
!

NT-proBNP may help identify patients with type 2 diabetes at risk for hospitalization for heart failure
6 months before the cardiac event, regardless of the history for heart failure

BNP, B-type natriuretic peptide; HHF, hospitalization for heart failure; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
Wolsk et al. Circulation. 2017;136:1560-2.
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Stages of heart failure: Stage B (pre-HF)

Presence of structural heart disease
and/or congestion as evidenced by
elevated filling pressures or abnormal
natriuretic peptide or high sensitivity
cardiac troponin

B

Structural heart disease, no symptoms

LVH, MI, low EF, diastolic dysfunction, valve
disease, abnormal natriuretic peptide or hs-cTn

A

High risk for HF
Diabetes, hypertension, CAD, FH, cardiotoxic drugs

| MASSACHUSETTS
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Impact of markers in Stage A>B

What is the impact of adding elevated biomarkers to the distribution of UDHF Stages in the community?
And does it affect prognostication?

2021 UOHF 2013 ACC/AMA Guideline

« With the 2021 definition, a more
than doubling of the proportion of
Stage B was observed

 Larger shift among women vs men

» Unique shifts in race / ethnic
groups

o Hispanic women

i v s mach  sre s sanms S o Black men
| MASSACHUSETTS
X GENERAL HOSPITAL

Mohebi R, et al, JACC Revised HEART CENTER
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Impact of markers in Stage A>B

What is the impact of adding elevated biomarkers to the distribution of UDHF Stages in the community?
And does it affect prognostication?

2021 UDHF stages
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Impact of markers in Stage A>B

What is the impact of adding elevated biomarkers to the distribution of UDHF Stages in the community?
And does it affect prognostication?

2021 UDHF stages
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Evaluation and Diagnosis

STAGE A R 4
High risk for HF

* Obesity
* Hypertension
« Hyperlipidemia

* DKD
* CAD
* Sex
* SDOH

* LV systolic dysfunction
* LV diastolic dysfunction

* LV hypertrophy

* Chamber enlargement

* Valvular disease

* Increased filling pressures OR

Elevated biomarkers

Normal

Repeat in at least 1 year é

Pop-Busui R, et al; Diabetes Care, 2022;45:1-21

Elevated

[ smacp
o

« Exertional dyspnea

= Orthopnea

+ Paroxysmal nocturnal dyspnea
* Weakness/fatigue

- Weight gain

Dy e

o
Lower extremity edems
il

YES e
e
Sustained apual impulse (MIpLT)
3 (Wrewn),
54 (W per)
Imaging HEpPEF
(CXR, Echocardiogram) HFrEF

American
Diabetes
. Association.

Among those with diabetes,
routine assessment for
symptoms and control of
risk factors is crucial

Measurement of a
natriuretic peptide or high
sensitivity troponin at least
yearly is recommended in
Stages A/B

In those with abnormal
biomarkers and/or
symptoms/signs of HF,
referral for imaging is
recommended
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Agenda

* Natriuretic peptide biology

* Established clinical applications

* Emerging uses
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Conclusions

* In the past 20 years, NT-proBNP has gone from a curiosity to
an essential tool in the everyday care of individuals with
suspected heart failure

« Established uses of the biomarker include aid in diagnosis and
prognosis of heart failure

* Emerging uses will include a role for prevention of heart failure
onset in those at highest risk
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