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Diseases Related to Elevated BNP

« COPD

* Pulmonary hypertension

* LV hypertrophy * Sepsi
* Hypertrophic CM * Hypertension
* Restrictive CM « Subarachnoid hemorrhage

» Constrictive pericarditis ¢ Renal failure
« Valvular heart disease

o Atrial fibrillation

« Cardiac amyloidosis




Ischemic Cascade

Perfusion abnormalities LV stress T 1

Relaxation
Regional systolic dysfunction
Elevated LV filling pressure

ECG changes
Angina
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BNP in relation to myocardial ischemia

Exercise PET study
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Sabatine MS et al. JACC 2004;44:1988-95




Prognostic Value of BNP
in Acute Coronary Syndrome

NT-proBNP quartiles
> 760

251-759

P<0.0001
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PRISM investigators. Circulation 2004;110:3206-3212




Multivariate Analysis for Prognosis

BNP is a powerful and independent determinant
beyond conventional risk markers in ACS

Age > 66 yr-old 2.5 (1.4 — 4.3)
LVEF < 47% 1.9 (1.1 - 3.1)
Killip class >1 3.2 (1.9 — 5.5)
BNP > 545 pmol/L 2.1 (1.1 — 3.9)

Omland T et al. Circulation 2002;106:2913-2918




Large Studies to Confirm the Prognostic
Value of BNP in Acute Coronary Syndrome

OPUS-TIMI 16 40 h post Sx BNP
Jernberg et al. Adm NT-proBNP
TACTICS-TIMI 18 Adm BNP
FRISC Il 39 h postSx NT-proBNP
GUSTO IV 9.5 post Sx NT-proBNP
Richards et al. 1-4 d post Sx both
ICTUS Adm NT-proBNP




Diagnostic Value of BNP for Chest Pain
Potential ACS in Emergency Setting (n=426)

Acute Ml (cutoff 51

pg/ml) 62.3 18.8
Myoglo, CKMB, cTnl 47.8 15.8
+ BNP

All ACS (cutoff 31 pg/ml)
Myoglo, CKMB, cTnl 75.2 61.8 20.6
+ BNP 88.1 43.9 18.0

Useful adjunct to conventional markers in
chest pain with non-diagnostic test

Brown AM et al. Ann Emerg Med 2007;49:153-163




Implication of BNP on Therapeutic Strategy

quartile 4 + early invasive

|—'J P= .32
J—rl ,—J quartile 4

+ selective invasive

quartile 1,2 or 3 + selective invasive
— ' P = .26

1 2 3

Tirofiban better Placebo better Months
quartile 1,2 or 3 + early invasive

PRISM substudy ICTUS substudy
Circulation 2004;110:3206 Am Heart J 2007;153:485-92




BNP According to CAD Activity
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Controls Stable Unstable Myocardial
n =195 angina angina infarction
n =385 n=108 n =191

Ndrepepa G et al. Am J Cardiol 2005;95:553-557




BNP In Stable Angina

NT-ProBNP is a Marker of Long-Term Mortality
in Patients with Stable Angina (n=1034)

—

o e

170-455 pg/ml

> 455 pg/ml
P<0.001

)
I
2
S
=
7p)

| |
8 10 12 Years

Kragelund C et al. NEJM 2005;352;666-675




Multivariate Analysis for Mortality

Hazard Ratio
Variable (95% CI) P Value

NT-pro-BNP (4th vs. 1st quartile) 2.4 (1.5-4.0) <0.001
Age (per 10-yr increase) 1.6 (1.4-1.9) <0.001
Diabetes 1.7 (1.3-2.2) <0.001
Cigarette smoking 1.6 (1.2-2.0) <0.001
CAD (severe vs. none) 1.8 (1.2-2.6) 0.002
LVEF (per 10% decrease) 1.2(1.1-14) <0.001
Suspected heart failure 1.8 (1.4-2.4) <0.001

Kragelund C et al. NEJM 2005;352;666-675




Large Studies to Confirm the Prognostic
Value of BNP in Stable Coronary Disease

Richards et al. Mortality, HF Both
Rothenbacher CVD events NT-proBNP
PEACE Mortality, HF Both
Heart and Soul S. Mortality NT-proBNP

Heart Protection S. VEEEIED NT-proBNP
events

HOPE CVD events NT-proBNP
Marz et al. Mortality NT-proBNP




NT-proBNP as a Strong Indicator of Future
Vascular Events (Heart Protection Study)

Major Vascular Events Heart Failure
| N=20536
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Heart Protection Study Collaborative Group. J Am Coll Cardiol 2007;49:311-9




Major coronary event
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BNP as a screening test to diagnose CAD

N =1034

Log(NT-proBNP)
10 -

P<0.0001

| | |
No CAD 1VD 2VvVD 3VD

Kragelund C et al. Am Heart J 2006;151:712.e1-e7




BNP or NT-ProBNP ?

Plasma NT-proBNP might be superior to BNP to
assess disease severity of CAD (n=251)

NT-proBNP (pg/ml) BNP (pg/ml)

N=49
350 -

300 -
250
200
150 _
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NO CAD 1-VD >2-VD NO CAD 1-VD >2-VD
Sakai H et al. Circ J 2007; 71:499-505




BNP or NT-ProBNP ?
Multivariate Analysis in PEACE Trial

BNP NT-ProBNP
HR(95%CI) p value HR(95%CI) p value

Outcome

Cardiovascular 1.06 1.69
mortality (0.87-1.28) 0.57 @-2.07) <@

Fatal/nonfatal 0.91 1.02

Ml (0.77-1.07) %%* (0.87-1.19) 084

Fatal/nonfatal 1.62
CHF 1.32-1.97)

Fatal/nonfatal 1.15
stroke (0.91-1.45)

Omland T et al. JACC 2007;50:205-14




Elevated BNP in Myocardial Ischemia

Ventricular < Myocardial
Dysfunction / » \_ Ischemia

Another
Pathway?

T Ventricular BNP Gene Expression

A 4

T BNP and NT-proBNP




Myocardial Ischemia vs LV filling pressure

20 min ischemia ALVEDP > 10 mmHg
© PTCA( n=30); pcwp 9+3 mmHg 5 min ischemia ALVEDP ; no change

e CAG (n=49); pcwp 8+4 mmHg 2 min ischemia ALVEDP ; no change
no ischemia ALVEDP ; no change

* <0.05 vs control
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Before PTCA/CAG Ischemia 2-26 min reperfusion

Tateish J et al. D’Souzs SP et al.
Clin Cardiol 2000;23:776-780 Am J Physiol 2003:284:H1592-H1600




Suggested Reason for Elevated BNP
in Myocardial ischemia and CAD

Myocardial ischemia augment BNP gene
expression and release (Cardioprotection ?)

Atherosclerotic plaques stimulate BNP
synthesis and release (protective effect ?)

Schirger JA et al. JACC 2000;35:796-801

Hypoxia is a direct stimulus for BNP release
from human cardiac myocyte

Hopkins WE et al. Circulation 2004;109:2872-2877




Summary
Role of BNP in Coronary Disease

BNP has a strong prognostic value in CAD

To diagnose ACS, BNP is useful in case of non-
diagnostic conventional markers

Elevation of BNP in CAD may related to both LV
wall stress and myocardial ischemia itself

Threshold of BNP and sampling time have to be
resolved for future studies




Impact of LV Geometry on Plasma BNP in
Patients with Essential Hypertension
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no HTN

HTN with normal geometry

Concentric remodeling
Nishikimi T et al. Eccentric LVH

Hypertension 1996;28:22-30 Concentric LVH




Prognostic Value of 4 Different LV Geometry

== Concentric LVH Eccentric LVH
Concentric remodeling mm Normal
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Verdecchia et al. (1995, 1996) Lavie et al. (2006)

Verdecchia P et al. Curr Opin Cardiol 2007;22:329-334




BNP as a Prognostic Marker in Hypertension

N=569; 50-89 yr-old

S

Quartile 1, HR=1
Quartile 2, p=0.5
Quartile 3, p=0.1

EF > 50%

Composite End-Point
stroke/TIA
Mi

All cause death

| Quartile 4,
HR = 7.3; p<0.001

Free of compostie endpoint
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Pedersen F et al. J Card Fail 2005;11(suppl 5):s70-s75




BNP as a Prognostic Marker in Hypertension

Multivariate Analysis for Survival curve in old age
cardiovascular events with hypertrophy

BNP
1 <68 pg/mL

H-I'H_‘_ p=0.016
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Suzuki M et al. Hypertens Res 2002;25:669-676




Cardiac Influence of Hypertension

LV LV Systolic
Hypertrophy Dysfunction

S

LA LV Diastolic
Enlargement Dysfunction




Screening Strategy of BNP Indicating
Structural Abnormalities in Hypertension

ng/L

N =149 180-
Asymptomatic HTN

150

Structural Abnormalities 120:

 Systolic dysfunction _
- Diastolic dysfunction 90-
* LA enlargement

+ LV dilatation 60
* LV hypertrophy

 Pulmonary hypertension %9

p<0.001

BNP

Clin Chem 2005;51:2245-2251

p<0.001

| ™= Normal (n=31)
@l Abnormal (n=118)

"NT-ProBNP




BNP might have limited value for screening
of cardiac abnormalities in hypertensives
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Clin Chem 2005;51:2245-2251




Progression of LVH Related to Baseline
BNP in Hypertensive Patients (n=82)

Multivariate analysis showed only BNP at baseline were
independently related with progression of LVH (r=0.78;
p<0.01) after adjusting various clinical parameters
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Suzuki M et al. Am J Med 2000;108:627-633




BNP and BP Tracking (Framingham HS)

Higher BNP In non-hypertensives is associated with
increased risk of BP progression in men but not women
(4 year follow-up, n=1801)

Plasma BNP Men Women
Category Odd Ratio Odd Ratio

C1 1.0 (referent) 1.0 (referent)
C2 0.68 (0.43-1.07) 0.98 (0.67-1.44)
C3 1.51 (0.99-2.28) 1.09 (0.75-1.60)

C 4 1.37 (0.89-2.12)  0.92 (0.61-1.36)

Trend across 1.15 (1.00-1.32) 0.99 (0.87-1.12)
categories P=0.046 P=0.82

Freitag MH et al. Hypertension 2003;41:978-983




Summary
Role of BNP in Hypertension

BNP is elevated in HTN, especially associated
with structural changes including LVH

BNP is a prognostic marker in HTN

Elevated BNP in HTN predicts LVH progression
and in normotension predicts HTN progression

Screening strategy of BNP, however, in HTN Is
not recommended.




