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Pathophysiology
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Beta-Receptor Density in Healthy
Individuals and Patients with CHF
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Renin-Angiotensin-Aldosterone Pathways
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» Aldosterone

* Fibroblast

Angiotensin-Il Effects

» Apoptosis

» Vasoconstriction f
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* Myocyte hypertrophy
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The Kidney and the Heart
Failure
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Ventricular Remodeling following M
SCHEMA OF VOLUME CHANGES OCCURRING

IN THE LEFT VENTRICLE
Infarct  Wall thinning & Further

Normal LV expansion LV dilatation LV dilatation

mL/kg
2.0 e
aVol/kg at
[ 20 mm Hg
1.0 aVol/kg for large myocardial infarction aVol/kg at
i 2.5 mm Hg
0 | | =]
0.25 Y 3 7 19 106

Time (days, log scale)
From: Pfeffer. Am J Cardiol. 1991;681:17D-25D.
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Clinical Findings

Biventricular Congestive Heart Failure

-Low forward Cardiac Output
-fatigue, lightheadedness, hypotension

-Pulmonary Congestion
-Dyspnea,
-orthopnea, & PND

-Systemic Congestion
-Edema
-Ascites
-Weight gain

T ventricular filling
pressures

Pulmonary

Congestion
» dyspnea

* orthopnea
* rales

Systemic
Conestion
» edema
* ascites

- JVD

Myocyte Injury

v

1 Contractility

v

L Stroke Volume

LV dnlatation]—)
Mitral

regurgitation

L Forward cardiac
output

» Fatigue
» Weakness




Physical Exam
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Diaghostic Studies




Influence of EF on Survival in
Patients with Heart Failure

Marmal LVEF

Reduced LVEF

2 2l 6 g

Yaars From Baselina Exam
Vasan RS et al. J Am Coll Cardiol. 1999:33:1948-55







HF is a major and growing public
health problem

~2% ~15 Teieis . I
million . Increasing , i Improved
: prevalence of I : I post-MI
of the population in risk factors>® survival®

Europe have HF'

HF is the leading cause An aging
of hospitalization in population’

Asmany as 1in 5 people aged 265 years™®
people aged 70-80 years

have HF!

HF=heart failure; MlI=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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HF imposes a significant economic burde
on the healthcare system




Female survival rates (%):
HF, M| and other malignancies
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Still HF i1s associated with
significant mortality

HOSPITAL

0 | f. "

days

3.8%

in-hospital
mortality
ratet!

~20% ~40%

mortality after mortality after
1 yeartt23 5 yearst?

~10%

mortality after
30 dayst?

HF=heart failure

*Data from 1,892 European patients with acute hear

Pilot study

TAnalysis of HF data from 1,282 incident cases of heal e in th
population-based study of n=15,792 individ /////////////// //////{ﬁ?‘j

juails rrom ?}5 '«"4}'4?
1. Maggioni et al. Eur J Heart Fail 2010 W/%//,//////(g?’%%

12:1076-84; 2. Loeh
J Heart Fail 2013;15:808-17










any patients with chronic HF have a range of co-morbidities that contribute to
cre]\use of the disease and play a key role in its progression and in the response to
therapy

» hypertension*

» ischemic heart disease*
 diabetes mellitus

» cardiac arrhythmias

» ventricular arrhythmias
» atrial fibrillation :
» respiratory disorders LV

« cognitive dysfunction hypertrophy
» hyperlipidemia
» chronic anemia
 renal failure

» arthritis

v
v

» This can result in patients burdened with multi\P

ills per day, each with different
dosage schedules, with an increased potential

le
or drug-drug interactions



Multiple populations evaluated® Benefit >>> Risk

Procedure/Treatment SHOULD be performed/administered

Data from multiple randomized

clinical trials or meta-analyses Benefit >> Risk (Additional studies with focused objectives needed)

Limited populations evaluated* IT IS REASONABLE to perform procedure/administer treatment

lib Benefit > Risk (Additional studies with broad objectives needed;

Data from single randomized

clinical trial or nonrandomized additional registry data would be helpful)

studies Procedure/Treatment MAY BE CONSIDERED

Very limited populations evaluated*

Consensus of opinion of the

experts, ,

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of
diabetes, history of prior myocardial infarction, history of heart failure, and prior aspirin use.




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
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The guidelines differ with respect to the LVEF cut-off limits for classification of HF

as HFrEF and HFpEF

>50%

» 41%-49% (HFpEF, borderline) * 33-50% ‘grey area’; most
probably have primarily

, improved) mild systolic dysfunction

No thresholds
of LVEF
defined

re with preserved ejection fraction; LVEF, left ventricular ejection fraction




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

Ventricular remodeling in diastolic and systolic heart failure

Normal heart Hypertrophied heart

(diastolic heart failure)

Dilated heart
(systolic heart failure)

HFpEF:
* Preserved systolic LV function
* No LV dilatation
* Concentric LV remodeling/hypertrophy
* Diastolic LV dysfunction

HFrEF:
* Systolic LV dysfunction
* LV dilatation
* Eccentric LV remodeling
* Diastolic LV dysfunction

Jessup, NEJM 2003;348:2007
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The guidelines classify patients with HF based on the severity of their symptoms
and physical activity (New York Heart Association [NYHA] functional classification)

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 is increased
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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

At high risk 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




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”)

Low perfusion at rest? No Warm and Dry Warm and Wet
(e.g. narrow pulse pressure, cool
extremities, hypotension)

Cold and Dry Cold and Wet




LEFT SIDED @ FAILURE

* Paroxysmal Nocturnal
Dyspnea ¢ Restlessness

* Elevated Pulmonary ~

Capillary Wedge o 2 e Confusion
Pressure

* Orthopnea
* Pulmonary Congestion

- Cough
¢ Tachycardia
- Crackles

- Wheezes

- Blood-Tinged
Sputum

e Exertional
Dyspnea

* Fatigue
- Tachypnea

* Cyanosis

RIGHT SIDED W FAILURE

(Cor Pulmonale)

* May be secondary to
* Fatigue chronic pulmonary
problems
o1 Peripheral
Venous Fressure ¢ Distended
Jugular

Veins
® Ascites

¢ * Anorexia &
Complaints of
* Enlarged plz
Liver & Spleen L Gl Distress

¢ Weight Gain

* Dependent Edema

‘d @2007 Nursing Education Consultants, inc.



Figure 24, CXR Showing Acute Decompensated
Heart Failure




Investigations to consider in all
patients

Shows the heart rhythm and electrical conduction.
Important for decisions about treatment (e.g. rate
control and anticoagulation for AF, pacing for
bradycardia, or CRT if the patient has LBBB).

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

Chest X-ray V% Most useful in identifying an alternative, pulmonary
: P explanation for a patient’s symptoms and signs.
It may show pulmonary venous congestion or edema in
a patient with HF.

Echocardiogram , "\§ E4 Provides immediate information on chamber volumes,
- “15 ventricular systolic and diastolic function, wall
Ve

= thickness, and valve function.

The echocardiogram and electrocardiogram are the most useful tests in patients with
suspected HF

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




Investigations to consider in selected

patients

Laboratory tests

Biochemical

and

hematological 4 :
investigations s il

Natriuretic
Peptide (NP)

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

1. Determine whether RAAS blockade can be initiated
safely (renal function and potassium).
2. Exclude anemia (can mimic or aggravate HF).

1. Where the availability of echocardiography is limited,
an alternative approach to diagnosis is to measure
the blood concentration of NP.

2.NP levels also increase with age, renal
insufficiency, but may be reduced in obese
patients.

3.A normal NP level in an untreated patient virtually
excludes significant cardiac disease, making an
echocardiogram unnecessary.




Hydralazine
and
isosorbide
dinitrate

Digoxin

Ivabradine

Angiotensin
-converting
enzyme
inhibitors
(ACEls)

Diuretics

acological

Angiotensin
receptor
antagonist/
blockers
(ARBSs)

Adrenergic
beta
antagonist/
blockers
(BBs)

Mineralocort
-icoid
receptor
antagonists
(MRAS)



What are the oral pharmacologi

options? -

Hydralazine

isosorbi
dini

/ |

Digoxin

Diuretics




Angiotensinogen

Angiotensin |l

» Sodium reabsorption
« Potassium excretion




ACEI: types,

brands, indications

Types of ACEI

Captopril
Enalapril

Fosinopril
sodium

Lisinopril

Perindopril

Quinapril

Ramipril

Brands®
Capoten
Renitec*

None

Zestril*
Coversyl*
Acuitel*

Tritace*

Indications

Chronic HF

Symptomatic HF
Congestive HF

Symptomatic HF
Symptomatic HF
Congestive HF

Symptomatic HF







blockers (ARBs)

ensin
verti

Digoxin

-icoi
Ivabradine

Diuretics



ARBs: how they work - RAAS

Angiotensinogen
l Renin
$ Ace

» Sodium reabsorption
« Potassium excretion




Types of ARB

Candersartan

Losartan

Valsartan

Dosage

4 mg once daily, increased at >2 week intervals to 32 mg once daily

12.5 mg once daily, increased weekly.
Max dose 150 mg/day

40 mg twice daily, increased at >2 week intervals.
Max dose 160 mg twice daily







Digoxin




Beta blockers: the facts

Types of -

Stable chronic HF with reduced systolic left ventricular function
in addition to ACE inhibitors, and diuretics, and optionally
cardiac
glycosides

Bisoprolol Cardicor*

Carvedilol Symptomatic chronic HF, as adjunct to diuretic, digoxin or ACEI

Nibilet, Stable mild-moderate chronic HF in patients aged >70 years, as

Nebivolol Hypoloc* adjunct therapy




Beta blockers: risks (1)

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

T
comonaorges

Oysproea - °

Vertigo v ‘ v

| sewaldysfunctin
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Mineralocorticoid antagonists (MRAs): the

facts

P

Inhibit the binding of
aldosterone to the
mineralocorticoid receptor

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

®

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

Dosage

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

S

Both agents associated with
gastrointestinal disturbances,

dizziness, electrolyte
disturbances, gynaecomastia
and renal impairment

)4

Key trials

RALES (Spironolactone)

EMPHASIS-HF (Eplerenone)
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Diuretics: the facts

p

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

Dosage

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

Furosemide: 40 mg mg daily
Bendroflumenthiazide: 5 mg

Patients with HF who are
deemed to have fluid overload

Risks
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
dyspnoea and oedema

daily






» Acts as a specific bradycardic agent, lowers heart
rate by specific action on the sino-atrial node
controlled by If current without affecting other
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.



* |[vabradine is the first selective sinus node If channel
inhibitor that results in a decrease in the slope of the
diastolic depolarization in the SA node cells

* |t is rapidly and almost completely absorbed after
oral administration with 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



e Indication

e Angina pectoris (2005) CHF (2012 in EU, 2015 in US);
for use in heart failure 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






Digoxin

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

Generally considered for patients with persistent symptoms

Despite other treatments - ACEI and BB + other agents e.g.
spironolactone, ARB, or hydralazine/nitrate



Digoxin: the facts

>

Improves the symptoms of HF
by increasing myocardial
contraction and reducing

conductivity in the
atrioventricular node

Chronic HF dominated by
systolic dysfunction. Its
therapeutic benefit
is greatest in those patients
with ventricular dilatation

Lanoxin®*

Dosage

62.5 mg -125 mg once daily

g #é
‘
*

Side effects

Nausea, vomiting, diarrhoea,
arrhythmias, conduction
disturbances, dizziness, visual

disturbances, rash,
eosinophilia and, less
commonly, depression

)4

Key trial




Digitalis (1997)

NYHA |-V, LVEF <45%

Placebo”
n=3403

[ Primary endpoint: all-cause mortality X }

Conclusions: Digoxin® did not reduce all-cause

mortality but reduced hospitalization and worsening HF



orbide dinitrate

Angiotensin
-converting
enzyme
inhibitors

Hydralazine (ACEls) Angiotensin

(ARBS)

Adrenergic
beta
Digoxin antagonist/
blockers
(BBs)

Mineralocort
-icoid
Ivabradine receptor
antagonists
(MRAS)

Diuretics



Hydralazine and isosorbide dinitrate: the facts

P ®

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

hence hypotensive) effects, cardiac glycosides prove Apresoline®*
while nitrate therapy also insufficient. In patients with
reduces venous return, high left ventricular filling
thereby lessening the work of | pressure, it is recommended to
the left ventricle combine hydralazine with a
nitrate
B X
(&N} A
Dosage Side effects Key trial

25 mg 3-4 times dalily, 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




Hydralazine-lsosorbide Dinitrate in black patients with advanced HF

100
= Placebo
H-ISDN
NYHA llI-1V, LVEF <35%
95 -
Randomization 7
S
S 904
Z
=
N
85 - 43% relative risk reduction
Primary endpoint: composite of death, first p=0.012
hospitalization for HF /(
0 100 200 300 400 500

Time (days)

Conclusions: H-ISDN plus standard therapy significantly
increased survival vs placebo among black patients with
advanced HF

*On top of standard therapy for HF

H-ISDN: Hydralazine-lsosorbide Dinitrate; LVEF: left ventricular ejection fraction; NYHA: New York Heart Associ
QD: once daily

Taylor et al. N Engl J Med 2004;351:2049-2057
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Drug Classes

ACEI

Level of
Recommendations Beta blockers
(2/2)
Loop diuretics
ACCF-AHA 2013 ARBs
In patients who are intolerant to ACEI
ESC 2012 In patients with persisting symptoms despite treatment
with ACEIl and BB, who are intolerant MRA
Patients with persisting symptoms despite treatment
HFSA 2010 with ACEIl and a beta-blocker
Individual ARBs may be considered as initial therapy
rather than ACEI for HF patients post-Ml
NICE 2010

MRAs

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

Patients with NYHA class II-1V, LVEF<35%, in addition to
the standard therapy




Drug Classes

Digoxin

sl In patients with persisting symptoms despite treatment
Recomr(‘;‘f;)da“ons 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

ESC 2012 In symptomatic African-American patients, NYHA class
lI-1V, despite optimized standard therapy

ACCF-AHA 2013

In patients unable to tolerate an ACEI/ARB due to
HFSA 2010 hyperkalemia or renal dysfunction

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

NICE 2010 Ivabradine

* In patients with sinus rhythm with an EF <35%, HR >70
bpm, and persisting symptoms despite treatment with
beta-blocker, ACEl and an MRA

» Patients with sinus rhythm with an EF <35% and a HR
>70 bpm who are unable to tolerate beta-blocker

*NYHA class |l-lll: level of recommendation B, NYHA class |V: level of r

http://publications.nice.org.uk/ivabradine-for-treating-chronic-heart-failure-ta267/



http://publications.nice.org.uk/ivabradine-for-treating-chronic-heart-failure-ta267/guidance

Drug Classes

Level of
Recommendations Treatment of In patients with or Diuretics Advanced care
hypertension and without previous ACEI/ARB measures
. lipid disorders history of Ml or ACS, Beta blockers Heart transplant
AEES (?}_IZ? AU Prevent/treat other LVH and reduced EF: MRAs Chronic inotropes
comorbidities such » ACEI/ARB Prophylactic Mechanical
as obesity, diabetes, * Beta blockers anticoagulant circulatory support
tobacco use, + Statins therapy Palliative care and
SSe iz metabolic syndrome « Control of hospice
vascular/coronary hypertension In selected patients: ICD deactivation
disease H-ISDN
HFSA 2010 ACEIl or ARB in In selected patients: Digoxin
patients with * ICD* CRT
vascular disease or * Revascularization or ICD
NICE 2010 diabetes mellitus valvular surgery Revascularization or

Statins as valvular surgery
////////////////////////////////// appropriate

:/

n

1)



Drug Classes

Chronic symptomatic HFrEF NYHA class I-IV patients

Level of

Recommendations + B
|

ACCF-AHA 2013
2/2)

For persistently
symptomatic African
Americans, NYHA class
-1V patients

For NYHA class II-IV
patients, estimated
Cr. >30 mL/min,
K*<5 mEq/dL

or all volume overloas

ESC 2012 NYHA
class II-1V patients

HFSA 2010

NICE 2010 [ D | H-ISDNt
Anticoagulants

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

Heaxt Association
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Sinoatrial
(SA) node

Atrioven-
tricular
(AV) node

Atrioven-
tricular

Left and right
bundle branches

Left atrium

Left ventricle










CRT

The implantation of a biventricular pacemaker (BVP) capable of
stimulating both ventricles simultaneously. It is particularly beneficial
for patients with dilated cardiomyopathy, a condition where the
electrical signal spreads unevenly to the right and left sides of the heart
due to LBBB, causing the heart to enlarge and pump less efficiently

CRT is delivered with devices that are either pacemakers (CRT-P) alone,
or are combined with ICD therapy (CRT-D)

Indications

* Improved exercise tolerance

* Reduce symptoms

« Reduced remodeling

» Reduced mortality

» Reduce need for hospitalization rhythm






