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AHFS
Epidemiology

* 1 million admissions per year with the
primary diagnosis of HF

e 3,000,000 admissions per year with primary
or secondary diagnosis of HF

e Post discharge event rate (readmissions/
death): 35%* at 60 days

Much higher in pts. with BP<120;hyponatremia or high BUN*



AHFS: Hospitalizations

* Worsening chronic heart failure (HF)*

e Acute de novo heart failure (diagnosed
for the first time)

 Advanced/end-stage/refractory HF

Gheorghiade et al Circulation 2005




Demographic and Clinical
Characteristics of AHES Patients

Data on approximately 200,000 patients

Hx of Atrial

Median age (years) 75 Fibrillation 30%
Women >50% Renal abnormalities  30%
Hx of CAD 60% SBP >140 mm Hg 50%
Hx of Hypertension 70% SBP 90-140 mm Hg 45%
Hx of Diabetes 40% SBP <90 mm Hg 5%

Adams KF, et al. Am Heart J. 2005:149: 209.
Cleland JGF et al. Eur Heart J. 2003; 24: 442;
Fonarow GC, et al. 3 Am Coll Cardiol. 2004; 844 — 4A.



AHFS: Clinical Presentation in US

 HF with SBP > 150 mm Hg (= 35%)

* HF with SBP 90 - 150 mm Hg (= 55%)
* HF with SBP < 90 mm Hg (= 8%)

e Cardiogenic shock (< 1%)

e Pulmonary edema (< 3%) *

*CXR in 91%; Radiographic pulmonary congestion in 74%.

e Isolated right-sided HF (?)

e ACS with HF
—25% of ACS have HF; 10% of AHFS have ACS

Gheorghiade M et al. Circulation. 2005; 112: 3958-3968.




Clinical Presentation of Patients Hospitalized

with Heart Failure
(200,000 pts.)

Any Dyspnea (%) 89
Dyspnea at Rest (%) 34
Fatigue (%) 32
Rales (%) 68
Peripheral Edema (%) 66

Initial CXR Assessed (%) 91
Chest X Ray Congestion (%) 75

Fonarow GC. Rev Cardiovasc Med. 2003; 4 (Suppl. 7): 21

Cleland JG et al. Eur Heart J. 2003; 24: 442
D,



AHFS

ADHERE EURO HF OPTIMIZE-HF
(>150,000.) (11,327 pts.) (46,812 pts.) ¥

Prior heart failure (%) 75 65 87

New onset heart failure o 57 13

(%)

Cardiogenic shock (%) 2 <1 <1
‘ LVEF < 40% 59 46 52

Adams KF, et al. Am Heart J. 2005:149: 209.
Cleland JGF et al. Eur Heart J. 2003; 24: 442;
Fonarow GC, et al. 3 Am Coll Cardiol. 2004; 844 — 4A.



AHFS: Outcomes

ADHERE EURO HF OPTIMIZE-HF
(>150,000 pts.) (11,327 pts.) (46,812 pts.) T

> 2.5 kg weight loss (%) 50 N/A 50
HF Symptoms

Unchanged/worse <1 <3

Better (symptomatic) 40 40

Better (asymptomatic) 50 51
Length of stay (days) 4.3 (3,7) 11 4(3,7)
In-hospital mortality (%) 4 / 4
Mortality at 2-3 mos. (%) N/A 6.5 9
Readmissions at 2-3 mos. (%) N/A 24 31

Adams KF, et al. Am Heart J. 2005;149: 209.
Cleland JGF et al. Eur Heart J. 2003; 24: 442;

Fonarow GC, et al. J Am Coll Cardiol. 2004; 844 — 4A.
D,



AHFS

Emerging Predictors of Prognosis:

a)

b) Serum Sodium

c) BUN

d)Troponin
)

e)Congestion




The Relation Between Admission Systolic Blood Pressure and Outcomes
In Hospitalized Patients with Heart Failure: An OPTIMIZE-HF Analysis

Characteristic % (SD) Admission SBP mmHg
<119 120-139 140-161 >161
(n=12,252)  (n=12,096) (n=12,099) (n=12,120)
Mean Age, Yy 72.9 (14.0) 74.0 (13.5) 73.8(13.6) 72.1(14.6)
Women 43.4 49.1 45.2 48.7
African American 12.4 14.0 18.8 25.7
Mean EF (%) 33.3(17.4) 37.8(17.6) 40.9 (17.1) 44.4(16.5)
ICD 9.3 5.2 3.6 2.3
Ischemic Etiology 50.7 48.8 44.1 39.2
HTN Etiology 13.4 18.1 25.4 34.8
Serum Cr>2 (mg/dl) 20.7 18.0 18.1 21.5
Mean Wt change (kg) -2.45 (5.00) -2.68 (4.82) -2.60 (4.64) -2.42 (4.62)
Mean SBP Admission 104.8 (10.9) 129.3(5.8) 149.6 (6.5) 187.4 (21.7)
Mean SBP DC 111.6 (18.7) 120.6 (19.1) 128.3(20.2) 138.2(22.5)
Edema Admission 63.9 65.1 65.6 63.9
Edema DC 30.1 27.1 27.0 23.8
Total mortality in-hospital 7.2 3.6 2.5 1.7
Total mortality 60-90 days D/C 14.0 8.4 6.0 54
Readmission 30.6 29.9 30.3 27.6
Mean LOS, days 6.5 (6.6) 5.7 (5.3) 5.4 (5.0) 5.1 (4.8)

Gheorghiade M et al. J Card Fail. 2005; 11 (6A)
D,



OPTIMIZE - HF

SBP SBP Range Total # of # of Inhospital Inhospital
Deciles Patients Deaths Death Rate (%)

50 - 104 (mmHg) 5140 498 9.69
104 - 114 (mmHg) 4673 262 5.61

114 - 123 (mmHg) 5042 233 4.62
123 - 131 (mmHg) 4750 176 3.71
131 - 139 (mmHg) 4743 153 3.23
139 - 147 (mmHg) 4918 133 2.70
147 - 156 (mmHg) 4865 110 2.26
156 - 168 (MmHQ) 4760 95 2.00
168 - 188 (mmHg) 4955 98 1.98
188 - 300 (MmHQ) 4721 70 1.48

50 - 300 (mmHg) 48567 3.76
Gheorghiade M et al. J Card Fail. 2005; 11 (6A)




Clinical Presentation: Normal vs. High BP

H I g h (VASCULAR FAILURE)

Rapid worsening
-luid redistribution
PCWP acute +++

CXR pulm. congestion
+++

Weight gain/ Edema +

LVEF relatively
preserved

N orm al (CARDIAC FAILURE)

Gradual worsening
(days)

Fluid accumulation
PCWP chronic +++
CXR pulm. congestion +

Weight gain/ Edema
+++

LVEF usually low

Gheorghiade, Metra et al Am J Cardiol
2005



AHFS: Therapeutic Groups

e High Blood Pressure
e Normal Blood Pressure
e | ow Blood Pressure




AHFS

Emerging Predictors of Prognosis:

a) Blood Pressure
b

)
C)
d)Troponin
)

e)Congestion




Lower Serum Sodium 1s Assoclated With Increased
Short-Term Mortality in Hospitalized Patlents With
Worsening Heart Fallure
Results From the Outeomes of a Prospective Tral of Intravensus Milrnone

for Exacerbations of Chronic Heart Failure (OPTIME-CHF) Study

Livin Elein, MOy, Christopher M. O"Connor, MOy keffrey T, Leimbenger, PO

Wendy Gattis-Spough, Phannl®; lleana L. Pifia. MTx G, Michael Pelker. MTx Earkoood F. Adame. Jr, MO
Bober b, Califf, MLy, Miha Gheorghiade, MO, for the GFTIMELCHF [ivestigaiors

Backgrowad —The prognostic value of semm sodium In polents bospitalizzd & womening heort foilure hos not been well
defned.

Meihendy g Resonls—The Cukcomes of o Prospactive Trial of Iniravenous Mikipon: for Exncerbations of Chmoni: Heori
Fallure iGFTIME-CHF shdy mndomimed 49 pabiemiz with sysiolc dysfundion bosplinlizsd for worszning heort
filure o receiwe 48 0 72 hours of inmvenous mildnone or placebo in oddidon o dondand therapy. Ino relmspecive

mmalyse. we nedigaied e relofionship beiwesn admiszion =2um =odivm and the pAdmary end point of dops
hoapitnlinsd for cardiovisoulor comses within &0 dovs of randombzotion, & well @ the scondery 2nd ponis of

in-hospiial mosialicy, “0udoy moriality, and sCeday modalityrebospiializnton The number of doys hoaplialized o
conciovascular cawres was higher ' the lowesl sodium quanike: S0 (4.5 15.5) s & (4, 12jversus & (4, 11.5) wraus
64 120 daws (P 0015 for comparieon with the lowest quartikey Lower =2um sodum wis oseccnied with higher

in-hceplial ond &0-day morality: 59% wmous 1% verus 23% versie 2.05% (P<001 5 and 15.9% verun 4% wrous
T.83% s 7% (F=0002, respectively, Ther was @ trand boward higher mortality/rehospdinlization Tor patients who

wer2 in the lowesl sodiumquanile. Multdvarinblz afusied Con proporioml hezands analysis showed thal s nm sedum
ol mdmisyion, when modeled linzarly, prediced moemed &0day modality: sodiom (per 2mEg/L deoreme) tad o
hezard ot of 118 with 8 95% CTof 103 o 138 (P=0.013).

Copclishoms —In patents hospiblized for worsening baert Toilne, admisalon serum sedum is on independent predcior of
incremead number of daps bosplialized Tor candiorasculer couses ond mor2mesd modality within &0 dops of dischargs.
(Chrmiaion. Z0OS111:2454- 2460,

Key Words: heat fuilre g prognosis m sodum m sk T




OPTIME-CHF: Hyponatremia as Predictor

Na <136 Na> 136 p-value
mEq/l mEq/|
(N=256; 27%) (N=687; 73%)
60-day mortality (%) 16 7 0.0001*
Readmission or 42 33 0.017

death within 60 days

* Log - rank statistic

Klein L et al. Circulation 2005
e



1075-149 Hemodynamic Characterization and Prognostic Value of
Persistent Hyponatremia in Patients With Severe Heart
Failure in the ESCAPE Trial

Mihai Gheorghiads, Anne 5. Hellkamp, lleana L. Pina, Gregg C. Fonarow, Teresa De
Marco, Danial F Pauly, Josaph Rogers, Thomas DiSalvo, Javed Butler, Joshua M. Hare,

Gary 3. Francis, Chrizstopher M. O'Connor, Northwestern Feinberg School of Madicine,
Chicago, IL

Background: The significance of hyponatremia (HN) and its  comelation  with
hamodynamics have not been studiad in haart failure (HF) patients (pts).

Methods: The ESCAPE trial ranclomly assigned 433 pts with severs HF to receive therapy
guided by pulmonary artary cathatar or by clinical aszasament alone. Of theza, 400 pts had
serial serum Ma measuremeants during hospitalization. Parsistent HM was defined as Ma
= 134 mEq/L throughout hospitalization. Cox proporional hazans models, with discharga
Ma as a continuous variable and adjusted for other pradictors, were used to examing the
association of Na and postdizchange outcomes. Results: At baseling, 82 ptz (21%) had
HM; 71 of them had HM at discharge. Also at bazeline 318 pts (79%%) had normal Ma; of
thase, 266 had normal Na throughout hospitalization, while 52 had a dacline by dizcharge.
Dizcharge Ma was a significant pradictor of subsequent martality (p=0.003; HR=1.25;
95% Cl=1.08, 1.46 for each 2-mEqgL decreasza) (Table) and of rehospitalization for HF
(p=0.024; HR=1.11;925% Cl=1.01, 1.22 for sach 3-mEq/L decrease). Conclusions: In pts
with severe HF, HM iz relatively common and usually not corrected during hospitalization.
Comparad with pts with nomal Na, pts with HN have a highar pulmonary capillary wadoe
pressure and right atrial prassure after treatment, despite receiving higher diuretic dosas
and undergoing similar reductions in body weight. HN at discharge is associated with very
high risk of early mortality and rehospitalization for HF.

[Normal Na [Persistent Hypenatremia
Characteristic (n=265) (n=T1) p

miedian{25th. 75th) redian (25th, 75th)
Basaline ajaction fraction (%) 20 (15, 25) 16 (14, 20} 0.006
Basaline BLIN (mgidL) 18 (13, 26) 3324, B (0.004
Basaline systolic Hood pressura (mm Ha) 111 (97, 126) 102 (89, 118) 0.0a7
Basaline candas index (Liminm®) 1.4 (1.60, 2.40) 180 (1.57, 21400 0073
Basaline PCWP {mm Ha) 24 18, 32} 27.6(19,32) .82
Last measurad PCWP (mm Ha) 16 (12, 20} 21 (16,5, 25) 0.5
Changs in waight k) -2.5 5.5, -0.6) -3.7 -84, 401 0.21
Furosamide dosa (mgiday) 133 B0, 218) 166 (108, 252) 0,003
Dicsath within & manths 16% (41} % (22) 0.003




Mortality at 6 months in pts. admitted with HF in the

ESCAPE TRIAL
307"
251
201"
151" _
O/ B Mortality
0 id
5_/
0_
NA: 121-134 135-136 137-139 140-147
ci 1823 19> 12 21>21 1921
PCWP 27 > 19 22 > 18 25> 15 22 > 17
RAP 1979 AR 12>8 =i Gheorghiade 2005
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1075-148 Improvement in Hyponatremia During Hospitalization
for Worsening Heart Failure ls Associated With
Improved Outcomes: Insights From the Acute
and Chronic Therapeutic Impact of a Vasopressin
Antagonist in Chronic Heart Failure (ACTIV in CHF)

Mihai Ghaorghiade, Kirkwood Adams, Christopher O'Connor, Christopher Zimmer,
Frank Czamnviac, Ouvang John, Odandi Casare, Feinberg School of Medicine-
Morthwastem University, Chicago, IL

Background: Hyponatremia (HYPO) is a known predictor of mortality in pts hospitalized
for worsaning heart failure. However, it is not known whether improving sodium levels
in hyponatramic patients would l2ad to improved cutcomeas. We studied the relationship
betwesan changas in serum sodium during hospitalization and mortality in hyponatramic
patientz admitted for decompensated heart failure (HF) in a post-hoc analysis of the
ACTIV in CHF trial.

Methods: Tha ACTIV in CHF trial randomizad 319 pta with syatolic dysfunction hos pitalized
for wioraaning HF to receive placebo or 20, 60, or 20 mg tolvaptan, a novel vasoprazsin
Y, receptor antagonist. Cox proportional hazards regression-analysis was used to explors
the relationship batwean HYPO (Mar<136 mEg/L) at bazaline and improvemeants =2 mEqg/
L im s2rum sodium by hospital discharge, and mortality within sixty days.

Resultz: Mild to modarate HYPO was obzarved in 69 patients (21.6%%), with median
(IR} levals of 133 (121, 124) mEg/L at baseline. Aftar adjustmant for other covariates,
HYPC was a highly statistically significant predictor of mortality at 60 days post hospital
discharge (p<0.005). At hozpital discharge, 45 out of 69 pts (65.2%) had improvements
in sarum sodium levels =2 mEg/L. These pts had a median (IR) basaling sodium of 132
(131, 134) mEg/L, as comparad with 133 (132, 135) mEg/L in those who did not improve
by hospital discharge. Pts with a serum 2odium improvemeant at discharge had a mortality
rate of 15.6% at 60 days post discharge, as comparad with a 30.4% mortality rate in thoza
showing no improvemeant (p=0.0842, logrrank). After adjustmeant for other covariates,
change in serum sodium at hospital discharge was a statistically significant pradictor of
mortality at 60 days post hospital discharge (p<0.0269).

Conclusions : Hyponatramia appears to be a modifiable therapeutic target and not puraly
a marker of dizease sevarity. Improvemants in serum sodium levals during hospitalization
were associated with improved mortality at 60 days. Prospective studies are nacessary
in thiz population to assass if therapies aimed at increasing ssrum sodium will result in
improved outcome,




Serum Sodium Concentration and Mortality in Patients Admitted with Heart Failure: An OPTIMIZE-HF Analysis
Mihal Gheorghlade, MD*, Wendy Gattls Stough, PharmD+, Christopher M. O°Connar, MD!, Willlam T. Abraham, MD¢, Barry H. Greeabarg, MDY, James B. Young, MDI, Nancy M. Albert, PhD, RMY, Clyda W. Yancy, MD¥, Lilin She, PhDt,

and Gragyq C. Fonarcw, MO, on bahalf of tha OPTIMIZE-HF Inveetigators and Coordinalors
Tisitkan of Carc gy, Rerivmeuiem Linumretiy, Foiviy fchial of Wi, Caicage, L i06sion of Carclfugs, Dl Uni sy Blecicad Cario¥0iia Chinical Srumme<h i, Cuptooms, R S¥vicien of € undiokagy, Tha Dt it Uridvarei, Cafmisay, D64 CED Wirdica] Camiwr—Hilicrmud, Uniwerily of Caifumds, Bon Divga, £ faparmei o8 Cunifi i adicing,
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AHFS

Emerging Predictors of Prognosis:
a) Blood Pressure
b) Serum Sodium

)
C)
d)Troponin
)

e)Congeston




The Cardio-Renal Syndrome in Heart Failure

; Decreased cardiac output

t o
Decreased cardiac 7
performance g Neurohormonal
Activation
Increased

Increased water
VENous pressure

& Na* retention
(Congestion) Diminished

blood flow

Impaired renal

function Decreased renal

perfusion

Modified from Abraham WT
T



Effect of increasing central venous pressure on GFR in
Intact dogs with constant BP

Firth et al Lancet 5/7/88

14
g Raised Venous
E p<.05 Pressure: A
E 1.1 direct cause of
= | renal sodium
E retention
N— 0 < .05
Y 0.8
LL High CVP significantly
(D Impairs GFR

0.5 | | | .

0O 625 12 1875 25 O Central Venous Pressure
mm Hg



Predictors for In-hospital Mortality

<— Less than BUN 43  Greaterthan —

‘ N=33,324
2.68%
n=25,122
SYS BP 115
n=24,933
2.14% 15.28%
n=20,834 N=2,048
|
Highest to Lowest Risk Cohort Cr 2.75
OR 12.9 (95% CIl 10.4-15.9) ‘7 2.045 —|
12.42% 21.94%
n=1,425 n=620

Fonorow GC et al. JAMA. 2005; 293: 572




Death or HF Rehospitalization: ACTIV in CHF Trial

o o o =
N o) © o

PROPORTION OF REMAINING IN STUDY
o
o))

0.5

[i—

[ I
1 = I
I

| — BUN < 18 mg/dL

l——‘l—

S

i |- BUN 19-26 mg/dL

. BUN 27-39 mg/dL

BUN > 40 mg/dL

Log-Rank Test
P-Value = 0.0005

10 20 30 40 50 60 70
DAYS IN STUDY

Gheorghiade M et al. Circulation. 2004; 110: l1I-749
e



Prognostic value of baseline serum Na, BP and BUN
In 4442 pts admitted with HF in The Everest Trial

%)
e
e
c
o
e [ Serum Na
O
— EBP
(qv]
> Bl BUN
lt
©
o
-
s
O _
Na<137 Na 137-140 Na 140-142 Na>142
BP<105 BP 105-118 BP 118-130 BP>130 Gheorghiade 2006

BUN>37 BUN 27-37 BUN 20-27 BUN<20



AHFS

Emerging Predictors of Prognosis:
a) Blood Pressure

Serum Sodium

BUN

o O

Y
)
)
)

e)Congestion




Myocardial Injury in AHFS: “The Perfect Storm”

 Decreases coronary perfusion due to:

— High LV and RV diastolic pressure +/-
decreased systemic blood pressure

* Further activation of
neurohormones/endothelial dysfunction

« CAD/ischemia/hibernating myocardium

Gheorghiade M et al. Am J Cardiol. 2005; 96 (6A)




Acute Exacerbations Contribute to the
Progression of the Disease

With each event, myocardial injury
may contribute to progressive LV
dysfunction

Acute event

Functional ability

Time
Gheorghiade M et al. Am J Cardiol. 2005; 96 (6A)



Pilot Randomized Study of Nesiritide vs. Dobutamine
In Heart Failure (PRESERVD-HF) Patients with CAD

e At the time of admission for HF, elevations of TnT and Tnl
are present in 43% and 74% of pts.

* During hospitalizations, among those without elevated Tn
at baseline, 42% of pts. will release Tnl and 8% of pts. will
release TnT.

 TnT/l correlated with short term outcomes.

Gheorghiade M et al. Am J Cardiol. 2005; 96 (6A)



AH

FS: Prognostic Value of Tn T

0.9 -
0.8 -
0.7 -
0.6
Survival g5 -
0.4 -
0.3 -
0.2 -

0.1

Tn T <0.1 ng/ml (N=46)

Tn T > 0.1 ng/ml (N=32)

0 3 6 9 1215 18 21 24 27 30 33 36
Months

Perna ER et al. Am Heart J. 2002; 143: 814.



AHFS

Emerging Predictors of Prognosis:
a) Blood Pressure

b) Serum Sodium

c) BUN

d)Troponin

€)




Congestion (PCWP/LVDP) In Heart
Failure*

* Subendocardial ischemia/cell death by necrosis/apoptosis®
 Changes in extra cellular matrix structure and function?
« Changes in LV shape:

- Increased afterload

- |leads to mitral regurgitation

» Impaired cardiac venous drainage from coronary veins (diastolic
dysfunction)

 Lower threshold for arrhythmias
 Progression of LV dysfunction/ remodeling

Gheorghiade et al Circulation 2006




High PCWP at Hospital Discharge Is
Associated with Higher Long-Term Mortality

60 -

50 7

40 1

30 o

20 1

10 A

60 _
Mortality (%) Mortality (%)
=50 =
. 4
-— J
_PCWP > 16 mmHg P 40 A .
N=199 _ . Cl>26L/min/m? » =
‘ P =0.001 30 - NEZES o
/ Vs
J P=NS Z
- 1 2
/ PCWP <16 mmHg 20 - = ﬁl—ng)ﬁ L/min/m
/ N=257 - N
/ 10 - 4
/ -
| 4
| T | | 1 0 - T - . .
0 §) 12 18 24 0 6 12 18 24

Time (months)

Time (months)

Fonarow GC et al. Circulation 1994: 90: 1-488



Predictors for 60-day Mortality

20%-
14.5
11.4
10%- 7.8
= 3-5
| 69 250 | 140 179 | 204 115
(21.6%)  (78.4%) (44%) (56%) (64%) (36%)
Overall Na<136 Na>136 BUN>29  BUN<29 Severe No Severe

Congestion* Congestion*
* Edema, Dyspnea, and JVD at baseline

Adapted from Gheorghiade M et al. JAMA. 2004; 291: 1963




AHFS

a) Blood Pressure
b) Serum Sodium




