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Neurohumo
T intravascular volume

*Eventual decompensation
ventricular remodeling
*myocyte death/apoptosis

evalvular regurgitation



Vasoconstriction
T Fibrosis
Ventricular hypertrophy

PATHOPHYSIOLOGY OF HF
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Beta-Receptor Density in Healthy
Individuals and Patients with CHF
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Mancini et a: Am J Cardiol 1989; 63:307-312.
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V asoconstriction

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

NP

Natriuretic peptides

*Cardiac load
reduction
*Hypertrophy inhibition
*Fibrosis inhibition

o

Vascular system

*Vasodilation
*Hypotensive efects
*Angiogenic efects

Nervous system

*SNS inhibition
*Lowering of vagal
afferents activation
treshold




Reduced renal blood flow

erular filtration rate







SCHEMA OF VOLUME CHANGES OCCURRING
IN THE LEFT VENTRICLE

Infarct  Wall thinning & Further
expansion LV dilatation LV dilatation

-5

mL/kg
2.0 —

aVol/kg at
20 mm Hg

aVol/kg at
2.5 mm Hg

o aVol/kg for large myocardial infarction

tricula

0.25 T 3 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 Myocyte Injury
-fatigue, lightheadedness, hypotension ¢

1 Contractility
-Pulmonary Congestion ‘L

| Stroke Volume

-Dyspnea,
-orthopnea, & PND

T ventricular filling LV dilatation L Forward cardiac
pressures \L output
-Systemic Congestion Pulmonary + Fatigue
Congestion Mitral + Weakness

-Edema « dyspnea regurgitation
. * orthopnea
-Ascites b

-Weight gain

Systemic
Congestion_
» edema
+ ascites

«JVD




cool extremities (vas
Pulsus Alternans (end-stage)
Pulmonary venous congestion:

rales

pleural effusions
Cardiac:

laterally displaced PMI

S3 (acutely)

mitral regurgitation murmur
Systemic congestion

TJVD

hepatosplenomegaly

ascites

peripheral edema




vascu
pleural effusions
EKG —normal

tachycardia, atrial and ventricular

enlargement, LBBB, RBBB, Q-waves
Blood Tests

(KFT, BNP, ANA,RF, Fe?*, TFT’s,ferritin,)
Echocardiography

LV size, wall thickness function

valve dz, pressures
Cardiac Catheterization

hemodynamics

AV/SS

angiography
Endomyocardial Biopsy



INFLUENCE OF EF ON SURVIVAL IN
PATIENTS WITH HEART FAILURE

Marmal LVEF

Reduced LVEF

2 i 6 g

Years From Baseline Exam
Vasan RS et al. J Am Coll Cardiol. 1999;33:1948-




~2% =15 |

million

of the population in
Europe have HF!

Asmanyas 1in 5
people aged 70-80
years have HF!

HS

HF is the leading
cause of
hospitalization in
peopIFe aged 265

years™

Increasing Improved
prevalence ofI I pPOst-Ml
risk factors>6 survival

Anaging
population?

HF=heart failure; MI=myocardial infarction; *Calculated using the incidence rate of HF in 1997 for Hong Kong and applying

it to the Chinese population
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Female survival rates (%): Male survival rates (%):
HF, MI and other malignancies HF, MI and other malignancies
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HOSPITAL

SIGNIFICANT MORTALITY
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HF etiology

Most patients wi* ~arience symptomsdue to impaired LV
Jio CHD

Matondisgaseart disease (CHD),

\f - e variicular



Many patients with chronic HF have arange of co-morbidities that contribute to the
Tchouse of the disease and play a key role in its progression and in the response to
erapy

hypertension*

Smoking

ischemic heart disease* o .
Dyslipidemia

Systolic

diabetes mellitus dysfunction

Diastolic
LV dysfunction
hypertrophy

v v Vv Vv

v

v




ACCF-AHA 2013

Level of Evidence Class of Recommendation

Multiple populations evaluated* Benefit>>> Risk

. ) Procedure/Treatment SHOULD be performed/administered
Data from multiple randomized

clinical frials ormeta-analyses Benefit>> Risk (Additional studies with focused objectives needed)
Limited populations evaluated* ITIS REASONABLE to perform procedure/administer treatment
Data from single randomized Benefit2 Risk (Additional studies with broad objectives needed;
clinical frial or nonrandomized additionalregistry data would be helpful)

studies Procedure/Treatment MAY BE CONSIDERED

Very limited populations
ev aluated*

Consensus of opinion of the

hfeRe ] ror r nars or regisines about the usefulness/efficacy in different subpopulations, such assex, age,
history of dlobefes hls’rory ofprlor myocordmlmforchon history of heart failure, and prior aspirin use.




HEART FAILURE DEFINITION

Heart Failure

the guidelines define heart failure (HF) as a clinical syndrome in which patients have
typical symptoms and signs resulting from an abnormality of cardiac structure or
function which impairs the ability of the ventricle to fill with or eject blood.

* symptoms (e.g. breathlessness, orthopnea, paroxysmal nocturnal dyspnoea, ankle
swelling, fatigue, and reduced exercise tolerance)

* signs (e.g. elevated jugular venous pressure, hepatojugular reflux, third heart sound
[gallop rhythm], cardiac murmur, and displaced apex beat)

Acute HF is recognized as a separate entity by most of the guidelines, except AHA 2013
and HFSA 2010.

* AHF is defined as the rapid onset of (de novo), or change in, symptoms and signs of HF
(decompensated HF)

AHF, acute heart failure; HF, heart failure




Based on the LVEF
The guidelines differ with respect to the LVEF cut-off limits for classification of
HF as HFrEF and HFpEF

Types ACCF-AHA 2013 HFSA 2010 NICE 2010

>50% No thresholds
of LVEF
defined

+ 35-50% ‘grey area’; most

« >10% to be >40% probably have primarily
mild systolic dysfunction

HFrEF, heart failure w ithreduced ejection fraction; HFpEF, heart failure w ith preserved ejection fraction; LVEF, left ventrjgular ejection fraction



HEART FAILURE SUBTYPES

HF with preserved EF (HFpEF.-HFnEF:DHF) vs HF Ol\/g

with reduced EF (HFrEF.SHF): distinct HF phenotypes

B Ventricular remodeling in diastolic and systolic heart failure

- _ ' ¥
v :

Normal heart Hypertrophied heart Dilated heart

(diastolic heart failure) (systolic 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

/



The guidelines classify patients with HF based on the severity of their
symptoms and physical activity (New York Heart Association [NYHA]

Based on the functional classification
Functional Status

No limitation of physical activity

Ordinary physical activity does not cause symptoms of HF (breathlessness, fatigue, or
palpitations)

Slight limitation of physical activity

Comfortable at rest, but ordinary physical activity results in symptoms of HF

Marked limitation of physical activity

Comfortable at rest, but less than ordinary physical activity causes symptoms of HF*

Unable to carry on any physical activity without discomfort/symptoms of HF, or
symptoms of HF at rest may be present

If any physical activity is undertaken, discomfort isincreased

HF, heart failure; NYHA, New York Heart Association




ACCF-AHA 2013 guidelines classify patients with HF based on the
development and progression of HF

These stages provide complementary information to the NYHA
classification regarding the severity of HF

Based on Clinical
Progression

At highrisk for HF but without structural heart disease or symptoms
of HF

Structural heart disease but without signs or symptoms of HF

Structural heart disease with prior or current symptoms of HF

Refractory HF requiring specialized interventions

HF, heart failure; NYHA, New York Heart Association




ACCF-AHA 2013 guidelines classify hospitalized patients with HF based on

their hemodynamic status, including the degree of congestion (“dry” versus

“wet”), as well as the adequacy of peripheral perfusion (“warm” versus
“COld”)

Based on
Hemodynamic
Status

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

Cold and Dry Cold and Wet

HF, heart failure




(Cor Pulmonale)
* Faroxysmal Nocturnal

Dyspnea ¢ Restlessness * May be secondary to

o * Fatigue : chronic pulmonary

¢ Elevated Pulmonary problems

Capillary Wedge o 2 e Confusion
Pressure o1 Peripheral _
Venous Pressure * Distended
* Orthopnea Jugular
* Pulmonary Congestion it Veins
- Cough * Ascites
2 * Tachycardia * Anorexia &
- Crackles / » Complaints of

* Enlarged :
- Wheezes . oEortionsl Liver & Spleen Gl Distress

- Blood-Ti 7
Blgopo: wl::cd Dyspnea 9% ¢ Weight Gain

* Fatigue
- Tachypnea

* Cyanosis ¢ Dependent Edema

' Q007 Purwmyg Education Conmdtanta, in: I’ @2007 Nursing Education Consultants, inc.




Figure 24, C)aghowmg Acute Decompensated
Heart Failure




ECG IC Shows the heart rhythmand electrical conduction.
Important for decisions about treatment (e.g. rate
controland anticoagulation for AF, pacing for
bradycardia, or CRT if the patient has LBBB).

It may show evidence of LV hypertrophy or Q wav es
(indicating loss of viable myocardium), giving a
possible clue to the etiology of HF.

Most useful in identifying an alternative, pulmonary
llaC  explanation for a patient’s symptoms and signs.
It may show pulmonary v enous congestion or
edema in a patient with HF.

/4

Providesimmediate information on chamber
v olumes, v entricular systolic and diastolic function,
wall thickness, and v alve function.

McMurray et al. Eur Heart J 2012;33:1787-847



Biochemical -~ 1C 1. Determine whetherRAAS blockade can be
and o~ initiated safely (renalfunction and potassium).
hematological . ' 2. Exclude anemia (can mimic or aggrav ate HF).
inv estigations Rl

Jaill

Naftriuretic llaC  1.Where the av ailability of echocardiography is
Peptide (NP) imited, an alternative approach to diagnosis is to
measure the blood concentration of NP.
2.NP levels also increase with age, renal
insufficiency, but may bereduced in obese
patients.
3. A normal NP level in an untreated patient virtually
excludes significant cardiac disease, making an
echocardiogram unnecessary.

McMurray et al. Eur Heart J 2012;33:1787-847



What is BNP2
A 32 amino acid polypeptide
of structurally similar natriuretic peptides (classes A,B,C and D)

eft) in response to excessive distension of the Heart

double that of ANP)




SYNTHESIS IN MYOCYTES

Figure I: Biology of NT-proBNP and BNP

t,,. =60-120min
2




Oral
pharmacological
options



WHAT ARE THE ORAL PHARMACOLOGICAL
OPTIONS®




Angiotensinogen

_—
Angiotensin |

¥+ AcE

Angiotensin |l

+ Sodium reabsorption
+ Potassium excretion







ARBS: HOW THEY WORK - RAAS

Angiotensinogen

J Renin

Angiotensin |

¥+ AcE

Angiotensin |l
AT, receptors

+ Sodium reabsorption
+ Potassium excretion




ADRENERGIC BETA
ANTAGONIST/BLOGERS (BBS)

What are the oral

pharmacological
— options?



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

Bronchospasm

Gastrointestinal disturbance

Heart failure

Conduction disorders v ‘ v
Dyspnoea v ‘ 3 v
Vertigo v ‘ v

Sexual dysfunction v v



MINERALOCORTICOID RECEPTOR
ANTAGONISTS (M4

What are the oral

pharmacological
- options?

-icoi



Inhibit the binding of
aldosterone to the
mineralocorticoid receptor

Dosage

Both start at relatively low
dose, then titrated up

according to efficacy and
tolerability

Adjunct therapy for patients
who continue to demonstrate
symptoms of HF despite
treatment with both ACEI and
BB

Risks

Both agents associated with
gastrointestinal disturbances,
dizziness, electrolyte
disturbances, gynaecomastia
and renal impairment

1. Spironolactone
(Aldactone®)*
2. Eplerenone (Inspra®)**

v
A

Key trials

RALES (Spironolactone)

EMPHASIS-HF (Eplerenone)



DIURETICS

What are the oral

pharmacological
— options?

Diuretics



Thiazide diuretics - inhibit the
reabsorption of sodium in the
kidney’s distal convoluted
tubule
Loop diuretics - inhibit
absorption from the kidney’s
loop of Henle

Bendroflumenthiazide: 5-10 mg
daily
Chlortalidone: 25-30 mg daily
Furosemide: 40 mg mg daily
Bendroflumenthiazide: 5 mg
daily

Patients with HF who are
deemedto have fluid overload

Both types of diuretics
associated with mild
gastrointestinal side effects,
postural hypotension,
metabolic and electrolyte
disturbances, blood disorders

1. Bendroflumenthiazide
(thiazide) (Aprinox®, Neo-
Naclex®)*
2. Chlortalidone (thiazide-
related) (Hygroton®)**
3. Furosemide (loop)
(Rusyde®, Frusol®)*
4. Bendroflumenthiazide
(loop)(Torem®)*

X

Key trials

Paucity of trial evidence for the
efficacy of diuretics in HF.
They are recommended for
their beneficial effects on
dyspnoeaand oedema




What are the oral

— pharmacological
options?

lvabradine



as a specific bradycardic agent, lowers heart rate by

on the sino-atrial node controlled by If

ardiac ionic currents. It has
icial effects on




lvabradine is the first selective sinus node If channel inhibitor
that results in a decrease in the slope of the diastolic
depolarizationin the SA node cells

idly and almost completely absorbed after oral

>ak plasma levelreached in




dication

2005) CHF (2012in EU, 2015 in US); for use in
ontrolled with optimal
aart rate is



What are the oral

Digoxin — pharorrrl):ilgglso?glcal



Cardiac glycoside

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

Generally considered for patients with persistentsymptoms



Improves the symptoms of HF
by increasing myocardial
contraction and reducing

conductivity in the
atrioventricular node

62.5mg -125 mg once daily

Chronic HF dominated by
systolic dysfunction. Its
therapeutic benefit
IS greatestin those patients
with ventricular dilatation

x
é g
x

Side effects

Nausea, vomiting, diarrhoea,
arrhythmias, conduction
disturbances, dizziness, visual
disturbances, rash,
eosinophiliaand, less
commonly, depression

Lanoxin®*

v
A

Key trial




Hydralazine
and
isosorbide
dinitrate

What are the oral
pharmacological
options?



Both have vasodilatory (and
hence hypotensive) effects,
while nitrate therapy also
reduces venous return,
thereby lessening the work of
the left ventricle

25 mg 3-4 times dalily,
increased every 2 days if
necessary. Usual maintenance
dose 50-75 mg 4 times daily

Moderate-severe congestive
HF (reduces afterload), where
optimal doses of diuretics and

cardiac glycosidesprove
insufficient. In patients with
high left ventricular filling
pressure, it is recommended to
combine hydralazine with a
nitrate

*
*
'
*

Side effects

Both agents may cause
tachycardia, flushing,
hypotension, gastrointestinal
effects, headache, dizziness

Apresoline®*

v
A
Key trial




Chronic HFrEF survival rates have improved over time with the introduction of

new fherapies .. ARB* B-blocker* MRA*

—
v

17%

(3.0% ARR;
median follow -up
nths)




Mechanism of action of LCZ696

Damage

Beneficial physiological respons: Pathophysiological response
v <. I

NEP

: AT, receptor
Inactive

fragments 1
Vasodilation Vasoconstriction
} blood pressure HF t blood pressure
} sympathetic tone t sympathetic tone
| aldosterone levels t aldosterone

symptoms/

| fibrosis progression 1 fibrosis

+ hypertrophy t hypertrophy
Natriuresis/Diuresis

Neurohormonal balance

ARNI (SACUBITRIL/VALSARTAN



51 segment proximal tubule:
~80% of renal glucose reabsorption

basolateral apieal / tubuiar

Na

~90% of glucose
filtered reabsorption

Glucose €—/ GLUTZ — Glucose j
e ’X

SGLT-2
inhibitors

SGLT2 INHIBITORS



Pharmacological therapies ESC NICE CHF-
Drug Classes 9 P 2012 2010
ARNI/ACEI/ARB A “

Beta blockers A

Loop diuretics A
ACCF-AHA 2013 ARBs

In patients who are intolerant to ACEI IA*

ESC 2012 In patients with persisting symptoms despite

treatment with ACEl and BB, who are intolerant MRA b A

Patients with persisting symptoms despite freatment
HFSA 2010 with ACEl and a beta-blocker

Individual ARBs may be considered as initial therapy
rather than ACEI for HF patients post-Ml

MRAs

+ Patients with persisting symptoms and EF <35%,
despite treatment with an ACElI and beta-blocker

Patients with NYHA class -V, LVEF<35%, in addition
to the standard therapy

NICE 2010




Drug Classes

ACCF-AHA 2013

ESC 2012

HFSA 2010

NICE 2010

Pharmacological therapies ESC NICE CHF-
° e 2012 2010

Digoxin

* In patients with persisting symptoms despite B/C* A
treatment with ACEI/ARB, BB and MRA
In patients with sinus rhythm, EF<45% who are unable

to tolerate a beta-blocker (should be given with
ACEI+MRA)

H-ISDN

In symptomatic African-American patients, NYHA
class lll-IV, despite optimized standard therapy

In patients unable to tolerate an ACEI/ARB due to
hyperkalemia or renal dysfunction

Patients with persisting symptoms despite optimized
standard therapy (ACEI/ARB, beta-blocker and
MRA)

Ivabradine

« In patients with sinus rhythm with an EF <35%, HR =70
bpm, and persisting symptoms despite tfreatment
with beta-blocker, ACEl and an MRA

Patients with sinus rhnythm with an EF <35% and a HR
270 bpm who are unable to tolerate beta-blocker




Management of patients with HFrEF?

Recommendations

An ACEi is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death
A BB isrecommended for patients with stable HFrEF to reduce the risk of HF hospitalization and death
An MRA isrecommended for patients with HFrEF to reduce therisk of HF hospitalization and death

Dapagliflozin / empagliflozin are recommended for patients with HFrEF to reduce the risk of HF hospitalization
and death

Sacubitril/valsartanisrecommended as a replacement for an ACEi in patients with HFrEF to reduce the risk of
HF
hospitalizationand death

Class of
recommendatio
n

Level of
evidence




Drug Classes

Level of

Recommendations

ESC 2012

HFSA 2010

NICE 2010

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

ACEI or ARB in
patients with
vascular disease or
diabetes mellitus
Statins as
appropriate

In patients with or

without previous

history of Ml or ACS,

LVH and reduced EF:

+ ACEI/ARB

» Beta blockers

+ Statins

+ Control of
hypertension

In selected patients:
- ICD*

* Revascularization or

valwlar surgery

Diuretics
ACEI/ARB
Beta blockers
MRAs
Prophylactic
anticoagulant
therapy

In selected patients:

H-ISDN

Digoxin

CRT

ICD
Revascularization or
valwlar surgery

Advanced care
measures

Heart transplant
Chronic inotropes
Mechanical
circulatory support
Palliative care and
hospice

ICD deactivation




Drug Classes
Chronic symptomatic HFrEF NYHA class I-IV patients

Level of

Recommendations B

For persistently
ESC 2012 or all volume overload symptomatic African For_NYHA clz_iss II-Iv
NYHA Americans. NYHA class patients, estimated
class lI-IV patients ey ,atients Cr.>30 mL/min,
B K*<5 mEq/dL
HFSA 2010
NICE 2010

Digoxin and
ivabridine

A B M D
Angiotensin-converting enzyme inhibitor Beta-blocker Mineralocorticoid receptor Loop diuretic

/

/



Copynight © The McGeaw-Hill Companies, Inc. Parmission required for reproduction or display

Sinoatrial

Atrioven-
tricular
(AV) node

Atrioven-
tricular
(AV) bundle

Left and right
bundle branches

Left ventricle




ICD

econdary prevention)



1. Improved hemodynamics
Increased CO
- Reduced LV filling




Improved exercise tolerance
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