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PATHOPHYSIOLOGY

*Initial Compensation for impaired myocyte contractility:
*Frank-Starling mechanism
*Neurohumoral activation
o[] intravascular volume




Vasodilation Vasocon striction
| Fibrosis 1 Fibrosis
Natriuresis/diuresis Ventricular hypertrophy

PATHOPHYSIOLOGY OF HF



PATHOPHYSIOLOGY: NEUROHUMORAL

MEDIAN PLASMA NOREPINEPHRINE LEVELS
(pg/mL)

”M"”'_! Fhm_l

system

600 ’
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. . . 00
Renin-angiotensin- ]

aldosterone system

Natriuretic peptides e

From: Francls. Circulation. 1990;82:1724-1729.



NEUROHUMORAL

Beta-Receptor Density in Healthy
Individuals and Patients with CHF
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Normal CHF
g (0=7) )
Mancini et al: Am J Cardiol 1989; 63:307-312.




RENIN-ANGIOTENSIN-ALDOSTERONE
PATHWAYS
Angiotensinogen
14— Renin

Angiotensin-I ’\’ACE—inhibitor
+«— ACE




ANGIOTENSIN-II EFFECTS

- Vasoconstriction - Apoptosis

« Aldosterone production « Pro-thrombotic




Increase sodium and
water excreation by:
*RAAS inhibition
*GFR increase
srenal SNS inhibition

NP

Natriuretic peptides

Vascular system

«Cardiac load *Vasodilation
reduction *Hypotensive efects
*Hypertrophy inhibition +Angiogenic efects
«Fibrosis inhibition

Nervous system

*SNS inhibition
*Lowering of vagal
afferents activation
treshold




THE KIDNEY AND THE HEART
FAILURE

Increased renin production

Increased tubular sodium reabsorption

Increased free water retention (vasopressin)




VENTRICULAR
REMODELING IN HEART




SCHEMA OF VOLUME CHANGES OCCURRING
IN THE LEFT VENTRICLE

Infarct  Wall thinning & Further
expansion LV dilatation LV dilatation

T~ BB

mL/kg
2.0

aVol/kg at
20 mm Hg

aVol/kg at
2.5 mm Hg

[

aVol/kg for large myocardial infarction

0.25 : 7 19 106
Time (days, log scale)

From: Pfeffer. Am J Cardiol. 1991;681:17D-25D.



CLINICAL FINDINGS

Biventricular Congestive Heart Failure

-Low forward Cardiac Output
-fatigue, lightheadedness, hypotension

-Pulmonary Congestion

-Dyspnea,
-orthopnea, & PND T ventricular filling
pressures
. . Pul
-Systemic Congestion c:n";‘.?;??n
-Edema sovepnos
: « orthopnea
-Ascites i
-Weight gain Systemic

Longestion
+ edema
« ascites
<JVD

Myocyte Injury

1 Contractility

1 stroke Volume

LV dilatation

Mitral
regurgitation

L Forward cardiac
output




PHYSICAL EXAM

Decreased C.O.
Tachycardia
[0 BP and pulse pressure
cool extremities (vasoconstriction)
Pulsus Alternans (end-stage)




DIAGNOSTIC STUDIES

CXR -enlarged cardiac silhouette,
vascular redistribution interstitial edema,
pleural effusions

EKG —normal
tachycardia, atrial and ventricular




INFLUENCE OF EF ON SURVIVAL IN
PATIENTS WITH HEART FAILURE

2 4 6 8 10
Years From Baseline Exam

Vasan RS et al. ] Am Coll Cardiol. 1999;33:1948-



HF IS A MAJOR AND GROWING PUBLIC

HEALTH PROBLEM

~18

~2%

ilon N[ LA e Increasing Improved
N -* prevalence of post-MI
of the population in Europe 704 risk factors5,6 survivals
have HF1

HF is the leading cause of An aging
hospitalization in people populations
As many as 1 in 5 people aged >65 years5,6
aged 70-80 years have HF 1

HF=heart failure; Ml=myocardial infarction; $Calculated using the incidence rate of HF in 1997 for Hong Kong and applying it
to the Chinese population

1. Dickstein et al. Eur Heart J 2008;29:2388-442; 2. Go et al. Circulation 2013;127:e6-e245; 3. Allender et al. Coronary Heart
Disease Statistics 2008; 4. Hung et al. Hong Kong Med J 2000;6:159-62; 5. Hunt et al. J Am Coll Cardiol 2009;53:e1-90; 6.
Kearney et al. Lancet 2005; 365:217-23; ; 5. Forman et al. Am Heart J 2009;157:1010-17; 6. Healthcare Cost and Utilization
Praiant 2000 (hitn-/hsnann hetinonie ahra anviranarte/facteandfinirac/2000/TOC. 2000 ian Arraccad lannars 2013



HF IMPOSES A SIGNIFICANT ECONOMIC
BURDEN ON THE HEALTHCARE SYSTEM

13
sonesexeecren ronererse. ~120% by 2030

HF=heart failure; {USA estimate includes direct costs (total annual medical spending) and indirect costs (lost productivity due to morbidity and
mortality)
1. Dickstein et al. Eur Heart J 2008;29:2388-442; 2. Hunt et al. ] Am Coll Cardiol 2009;53:¢1-90; 3.Go et al. Circulation 2013;127:e6-e245
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MORTALITY FOLLOWING ADMISSION FOR
ACUTE HEART FAILURE EXCEEDS THAT
OF MOST CANCERS

Bladde
- Prostate

48 54 onth of follow- i 48 54 Month of follow-
up up

| 0. 0.

Stewa
2

2 All patients with a first admission to any Scottish hospital in 1291 for HF, MI or the four most common types of cancer
specific to men and women were identified, and 5-year survival rates compared

et al. Eur J Heart Fail 2001;3:315— 0



3.8% ~20% ~40%

in-hospital i mortality after 1 mortality after 5
mortality rate} year{{2,3 yearst2

HF=heart faill

1Data from 1, ropean patients with acute heart failure in the European $@8lety of Cardiology Heart Failure (ESC-HF)

Pilot study

tAnalysis of HF data from 1,282 incident cases of heart failure in the Atherosclerosis Risk in Communities (ARIC)

population-based study of n=15,792 individuals from four communities in the USA (1987-2002)

1. Maggioni et al. Eur J Heart Fail 2010;12:1076—84; 2. Loehr et al. Am J Cardiol 2008;101:1016-22; 3. Maggioni et al. Eur J
VTS




HEART FAILURE IS A PROGRESSIVE
CONDITION WITH HIGH MORBIDITY AND
MORTALITY

Function
& quality
of life
(QolL)

Disease progression

Gheorghiade et al. Am J Cardiol 2005;96:11G-17G;
Gheorghiade & Pang. J Am Coll Cardiol 2009;53:557-73



HEART FAILURE HAS A NUMBER OF
COMMON CAUSES

The most common causes of HF are

*Including hypertension, diabetes, exposure to cardiotoxic agents, peripartum cardiomyopathy, etc.

CHD is the underlying cause of 60—70% of acute HF cases3

1. Hunt et al. J Am Coll Cardiol 2009;53:e1-90
2. Dickstein et al. Eur Heart J 2008;29:2388—442
3. Nieminen et al. Eur Heart J 2005;26:384—416



HIGH PREVALENCE OF MULTIPLE CO-
MORBIDITIES

[. Systolic "l

dysfunction
HF

ventricular arrhythmias . Diastolic
Obesity dysfunction

atrial fibrillation Diabetes

respiratory disorders
P Y Normal

cognitive dysfunction LV structure Subclinical
and function LV remodelling LV dysfunction Clinical HF

hyperlipidemia

Years Years/months
chronic anemia

renal failure

arthritis

*Major contributors to development of HF

Ty, Gilbert-anest 2933621475281 with multi ills per day. each with different dosage




Level of Evidence lass of Recommendation

1 Benefit >>> Risk

Procedure/Treatment SHOULD be performed/administered

Benefit >> Risk (Additional studies with focused objectives needed)

IT IS REASONABLE to perform procedure/administer treatment

Benefit > Risk (Additional studies with broad objectives needed; additional
registry data would be helpful)

Procedure/Treatment MAY BE CONSIDERED




Heart Failure

AHF, acute heart failure; HF, heart failure

N\



Based on the LVEF

<35%

pes ACCF-AHA 2013 HFSA 2010 NICE 2010

>50%

* >10% to be




HF with preserved EF (HFpEF:HFnEF:DHF) vs HF
with reduced EF (HFrEF.:SHF): distinct HF phenotypes

B Ventricular remodeling in diastolic and systolic heart failure

»

. ()
0 2 HFpEF Y HFrEF [ 4
2 ¢ HFE B

-=
ol N S < L),
<2 ,/1') -

Vor: £ ,
¢ J 7 ’
X - h R el & i

Dilated heart
(systolic heart failure)

Normal heart Hypertrophied heart

(diastolic heart failure)

HFpEF: HFrEF:
* Preserved systolic LV function * Systolic LV dysfunction
* No LV dilatation * LV dilatation

* Concentric LV remodeling/hypertrophy * Eccentric LV remodeling
* Diastolic LV dysfunction * Diastolic LV dysfunction
Jessup, NEJM 2003;348:2007



Based on the Functiona
Status

HF, heart failure; NYHA, New York Heart Association

Class

Severity of symptoms and limitation of physical activity

1

I

AR




Based on Clinical
Progression

Stages of HF

Development and progression of HF

Corresponding
NYHA Class

HE, heart failure; NYHA, New York Heart Association




Based on Hemodynami

Status

Congestion at rest?

(e.g. orthopnea, elevated jugular venous pressure,
pulmonary rales, S3 gallop, edema)

Low perfusion at rest?
(e.g. narrow pulse pressure, cool
extremities, hypotension)

HF, heart failure

N




LEFT SIDED @ FAILURE

® Paroxysmal Nocturnal
Dyspnea

* Elevated Pulmonary
Capillary Wedge
Pressure

* Pulmonary Congestion
- Cough
- Crackles
- Wheezes
- Blood-Tinged
Sputum
- Tachypnea

£y o Restlessness

) -~
o ™ ¢ Confusion

¢ Orthopnea
* Tachycardia
¢ Exertional

Dyspnea
* Fatigue

o Cyanosis

RIGHT SIDED WP FAILURE

(Cor Pulmonale)

* Fatigue

o1 Peripheral
Venous Pressure

* Ascites

® Enlarged
Liver & Spleen

* May be secondary to
chronic pulmonary
problems

* Distended
Jugular
Veins

* Anorexia &
Complaints of
Gl Distress

* Weight Gain

¢ Dependent Edema

28 62007 Nuroig Educaton Consitant, .
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7F-gure Zif)aghowmg Acute Decompensated
Heart Failure




ECG

suspected HF



INVESTIGATIONS TO CONSIDER IN
SELECTED PATIENTS

LABORATORY TESTS

s‘jl i rﬂ|

*ESC recommendation, class and level of evidence
NP: natriuretic peptide; RAAS: renin-angiotensin-aldosterone system



CARDIAC NATRIURETIC PEPTIDES

Secreted by cardiac myocytes (mainly left) in response to excessive distension of the
Heart ventricles

Similar to ANP (Atrial Natriuretic Peptide) but has longer t1/2 (~20mins, double that
of ANP)

Named after extracts found in Pig-brain
What is NT-proBNP?

NT-proBNP is a biologically inactive 76 amino acid N-terminal fragment

Co-secreted with BNP

Even longer t1/2 than BNP (~1-2hrs vs ~20mins)

Biological effects of Cardiac Natriuretic peptides




Pre-Pro-BNP | |5,

N-terminal proBNP | ;. BNP 77108
t,,. =60-120min t,, =18min
2 1



WHAT ARE THE ORAL
PHARMACOLOGICAL OPTIONS?

pharmacological
options

30 | Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010



WHAT ARE THE ORAL
PHARMACOLOGICAL OPTIONS?

E—— s
(ACEls)

40 | Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010



ACEIS: HOW THEY WORK - RAAS

Angiotensinogen

—
Angiotensin |

3 Ace
Angiotensin Il

AT, receptors

%

Sodium reabsorption
Potassium excretion




ACEIS: RISKS

Hypotensi Worsenin
on g renal potassit
function levels

42 | Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010



ARBS: HOW THEY WORK - RAAS

Angiotensinogen

‘ Renin

Angiotensin |

¥ Ace

Angiotensin I

Sodium reabsorption
Potassium excretion




Adrenergic
beta
antagonist/
blockers (BBs)

What are the oral
Digoxin pharmacological
options?

Diuretics

| Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010

44



BETA BLOCKERS: RISKS (1)

Side effects (excluding rare and very rare) ‘ Bisoprolol ‘ Carvedilol | Nebivolol

Dizziness

Heart failure

Conduction disorders

Dyspnoea

Sleep disturbances
Vertigo

Psychosis

Sexual dysfunction

8 Postural hypotension. A Exacerbation of prev| tion, f Also painful extremities.

45| Day 3: Treatment options | July 2015 | Business Use Only



What are the oral
pharmacological
options?

Mineralocort-
icoid receptor
antagonists

(MRAs)

6 | Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010



MINERALOCORTICOID ANTAGONISTS
(MRAS): THE FACTS

Mechanism of action In Types & brands

Adjunct ther
Inhibit the binding of who continue
aldosterone to the symptoms

Spironolactone
(Aldactone®)*
Eplerenone (Inspra®)**

mineralocorticoid receptor treatment witt
BE

Dosage Ris Key trials

Both agents associated with

gastrointestinal disturbances, RALES (Spironolactone)
dizziness, electrolyte

disturbances, gynaecomastia EMPHASIS-HF (Eplerenone)
and renal impairment

Both start at relatively low
dose, then titrated up
according to efficacy and
tolerability

*A non-proprietary drug is available
** A non-proprietary drug is not available

47 | Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010




What are the oral
pharmacological -
options?

| Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010
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DIURETICS: THE FACTS

®

Mechanism of action . Senarotiamentiti

AP OX®
reabsorption of sodium in the . . Naclex®)*
kidney’s distal convoluted Patients wit re Chlortalidone (thiazide-
tubule deemed to hav. ~erload related) (Hygroton®)**
Loop diuretics - inhibit Furosemide (loop)
absorption from the kidney’s (Rusyde®, Frusol®)

Dosage INDS Key trials

Bendroflumenthiazide: 5-10 mg = ! ¥ : Paucity of trial evidence for the
daily as.somat.ed W',th mild efficacy of diuretics in HF.
Chlortalidone: 25-30 mg daily | 9astrointestinal side effects, | 1oy are recommended for
Furosemide: 40 mg mg daily postural hypotension, their beneficial effects on

Bendroflumenthiazide: 5 mg _metabolic and electrolyte dyspnoea and oedema
daily disturbances, blood disorders

*A non-proprietary drug is available
** A non-proprietary drug is not available

| Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010
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IVABRADINE

What are the oral
pharmacological
options?

Ivabradine

| Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010




on the sino-atrial node controlled by
cardiac ionic currents. It has no negative inotropic effect and has
beneficial effects on left-ventricular systolic dysfunction. The only
negative effects are vision disturbances which are mild and transient.

51 | Day 3: Treatment options | July 2015 | Business Use Only




a peak plasma level reached in approximately 1 hour under fasting
condition.
The absolute bioavailability of the 10mg\dose is around 40%

No side effects like sexual disturbances, respiratory side effects,
bradycardia or rebound phenomena

52 | Day 3: Treatment options | July 2015 | Business Use Only




b b

failre patients inadequately controlled with optimal dose of beta-blocker
(or intolerant) and whose heart rate is >75 bpm in EU and >70 bpm in US

53 | Day 3: Treatment options | July 2015 | Business Use Only



DIGOXIN

What are the oral
pharmacological
options?

| Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010
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DIGOXIN

Cardiac glycoside

Addresses heart failure symptoms by increasing myocardial
contraction and reducing conductivity in atrioventricular node

55 | Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010




DIGOXIN: THE FACTS

®

Mechanism of action In Brand

Improves the symptoms of HF N Chronic HF
by increasing myocardial systolic dy Lanoxin®*
contraction and reducing therapet
conductivity in the is greatest in ants
atrioventricular node with ventricul ation

Dosage Side effects Key trial

arrhythmias, conduction
disturbances, dizziness, visual DIG
disturbances, rash,
eosinophilia and, less
commonly, depression

62.5 mg -125 mg once daily

AN\ N

*A non-proprietary drug is available

56 | Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010




HYDRALAZINE AND ISOSORBIDE
DINITRATE

Hydralazine
and isosorbide
dinitrate

What are the oral

| Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010
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HYDRALAZINE AND ISOSORBIDE DINITRATE: THE

G

Mechanism of action | Brand

HF (reduces where
Both have vasodilatory (and optimal dose s and
hence hypotensive) effects, cardiac glyc .love Apresoline®*

while nitrate therapy also insufficient. Ir ts with
reduces venous return, high left vent filling
thereby lessening the work of pressure, it is r mended

=3

Dosage Side effects Key trial

AN N

25 mg 3-4 times daily, Both agents may cause
increased every 2 days if tachycardia, flushing,
necessary. Usual maintenance | hypotension, gastrointestinal
dose 50-75 mg 4 times daily effects, headache, dizziness

*A non-proprietary drug is available

55 | Day 3: Treatment options | August 2015 | Business use only | ENT15-C0010




SUCCESSFUL INTERVENTION BY ADRESSING
NEUROHORMONAL ACTIVIATION

mor v /0 0
talit (4.5% ARR; (3.0% ARR;
yvs mean follow up median follow-up

| of 41.4 months) of 33.7 months)
plac SOLVD1 CHARM-
ebo

Alternative2
ernative 3 0 %
34% i

of 24 months)
5.5% ARR;
: RALES4

mean follow up
. e . . of 1.3 years)

However, significant mortality remains5 CIBIS-II3
*On top of standard therapy at the time of study (except in CHARM-Alternative where background ACEI therapy was excluded). Patient populations varied
between trials and as such relative risk reductions cannot be directly compared. SOLVD (Studies of Left Ventricular Dysfunction), CIBIS-II (Cardiac Insufficiency
Bisoprolol Study I1) and RALES (Randomized Aldactone Evaluation Study) enrolled chronic HF patients with LVEF<35%. CHARM-Alternative (Candesartan in
Heart failure: Assessment of Reduction in Mortality and Morbidity) enrolled chronic HF patients with LVEF<40%.

risk reduction; i icoid receptor i ive risk reduction

1. SOLVD Investigators. N Engl J Med 1991;325:293-302; 2. Granger et al. Lancet 2003;362:772-6
3. CIBIS-Il Investigators. Lancet 1999;353:9-13; 4. Pitt et al. N Engl J Med 1999;341:709-17; 5. Roger et al. JAMA 2004;292:344-50




Mechanism of action of LCZ696

Damage

v < - s

NEP
3 AT, receptor
Inactive 1

fragments
Vasodilation Vasoconstriction

1 blood pressure HF t blood pressure

} sympathetic tone t sympathetic tone
1 aldosterone levels l symptoms/ t aldosterone

4 fibrosis progression 1 fibrosis

¢ hypertrophy t hypertrophy
Natriuresis/Diuresis @

Neurohormonal balance

ARNI (SACUBITRIL/VALSARTAN)



apical / tubular

Na

~90% of glucose
fitered reabsorption

Glucose «—{oLut2) Glucose j

reabsorption
SGLT-2
inhibitors

SGLT2 INHIBITORS




Drug Classes

ACCF-AHA 2013

ESC 2012

HFSA 2010

NICE

Pharmacological therapies CHF-2010

NICE 2010

*ARBs are used as alternatives to ACEI (level of recommendation lla A); tNot graded; fin patients with severe H| (strength

of evidence A), for patients with HF of B); ially in patients with to s class Ill-
IV or has had an MI within the past month; **MRAs are recommended in patients with NYHA class IlI-1V, LVEF<35%

ACEI, angiotensin converting enzyme inhibitor; ARB; angiotensin receptor blocker; BB, beta blockers; EF, ejection fraction; HFrEF, heart failure and reduced ejection
fraction; HF, heart failure; M, infarction; MRA, receptor ; NYHA, New York Heart Association.




Drug Classes
ACCF-AHA 2013

ACCF-

HFSA ESC NICE
Pharmacological therapies AHA 20150 2012 (‘HFCZUIU
2013 - —
Digoxin
. In patients with persisting symptoms despite treatment
with ACE/ARB, BB and MRA s AL &
. In patients with sinus rhythm, EF<45% who are unable to - b B -
tolerate a beta-blocker (should be given with ACEI+MRA)
H-ISDN
. 1A - 1
’ IlaB b B A
. - 1Ib B -
Ivabradine
. In patients with sinus rhythm with an EF <35%, HR >70
bpm, and persisting symptoms despite treatment with beta- - Ila B i#
blocker, ACEI and an MRA
. Patients with sinus rhythm with an EF <35% and a HR b C o

>70 bpm who are unable to tolerate beta-blocker




2021 ESC HF GUIDELINES
RECOMMENDATIONS FOR THE
MANAGEMENT OF PATIENTS WITH HFREF

. Management of patients with HFrEF1

An ACEi is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death




Recommendations;

[ ]

|

1 [ 71 [ ]

\

( Treatment of
hypertension and
lipid disorders
Prevent/treat other
comorbidities such
as obesity,
diabetes, tobacco
use, metabolic
syndrome
vascular/coronary
disease

ACEl or ARB in

‘ patients with

or diabetes

In patients with or \
without previous
history of Ml or ACS,
LVH and reduced
EF:
ACEI/ARB
Beta blockers
Statins
Control of
hypertension

f

In selected patien

ICD*
Revascularization

or valvular surge

ic ischemic car

'Patienﬁs with
melfiEM

Statins as
appropriate

( Diuretics

ACEI/ARB
Beta blockers
MRAs
Prophylactic
anticoagulant
therapy

H-ISDN
Digoxin
CRT

ICD

or valvular surgel

In selected patients:

\

\

Advanced care
measures

Heart transplant
Chronic inotropes
Mechanical
circulatory support
Palliative care and
hospice

ICD deactivation

-

ry
who are at least 40 days post-MI, have an R;EF of 30% or less, are on appropriate

%?apy, and have reasonable expectation of survival with a good functional status for more than 1 year

ACEI, angiotensin converting enzyme inhibitor; ACS, acute coronary syndrome; ARB; angiotensin receptor blocker; CRT, cardiac resynchronization therapy; EF, ejection
fraction; H-ISDN, hydralazine and isosorbide dinitrate; ICD, implanatable cardioverter-defbrillator; LVH, left ventricular hypertrophy; MI, myocardial infarction; MRA,

mineralocorticoid receptor antagonist



Drug Classes

Level of
Recommendations;

ESC 2012

HFSA 2010

NICE 2010

Treatment strategy for HFrEF (Stage C)




LBBB

Sinoatrial

——J (sA) node,

Atrioven-
tricular
(AV) node

S

The QRS duratipn must be = 120 ms

67| Presentation Title | Presenter Name | Date | Subject | Business Use Only



Device implantable inside the body, able to perform both cardioversion, defibrillation and pacing of the heart

Indications

Prevention of sudden cardiac death (SCD).Patients with an EF <35% (Primary prevention)



CRT: CARDIAC RESYNCHRONIZATION
THERAPY

2. Reverse LV

remodeling/architecture
Decreased LVES/ED volumes
Increased LVEF




CRT
INDICATION NYC II-IV WITH LBBB

Reduced mortality

Reduce need for hospitalization rhythm
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