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Opot0usés KA

* “A condition in which the heart fails to discharge its contents
adequately”

e “A state in which the heart fails to maintain an adequate
circulation for the needs of the body despite a satisfactory

filling pressure”




Opot0usés KA

“A pathophysiological state in which an abnormality of
cardiac function is responsible for the failure of the heart to
pump blood at a rate commensurate with the requirements of

the metabolizing tissues”

“A clinical syndrome caused by an abnormality of the heart
and recognized by a characteristic pattern of haemodynamic,

renal, neural and hormonal responses”
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clncreased salt and water
intake

* Poor compliance with
therapy

* Renal dysfunction
* Acute valvular
regurgitation
= Fever
» Hyperthyroidism
\" Hyperthy

* Acute myocardial
infarction

* Drug toxicity

.

Volume
overload

(increased
preload)

Acute heart failure

Myocardial
loss

(impaired
contractility)

* Uncontrolled 3
hyperetension or
hypertensive crisis

* Acute pulmonary
embolism

Pressure

overload y
(increased
afterload)
Restrictive

filling

(reduced N

preload)

e Tachycardia

* Cardiactamponade

i

Farmakis et al, ESC textbook 2014



MaoaBopuvotLrLoAdoy.
Kéc U ETAPB O Aég

1. AL yuoduvvau!l Kéc

— EAATTWON KAPO L O KRS
JTO 0O XNns

2. Nevpoopuov i Kéc
— KLVvntomoin ogn SNS, RAAS, AVP
3. KT Tap L Kég

— VUTO0O0O0XEiIgO0LaxeEip L onCa,
TAPAYWYAREVEDY E L Ug,
CLVOTAATEETMTPWT ELY Eg,
ATNEMTTWON

L. Ao U L Kég






Renin-angiotensin-aldosterone system
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TABLE 22-2 e

Changes in the Biology of the Failing

Protein

Plasma Membrane

L-type calcium channels
Sodium/calcium exchanger
Sodium pump
Beta;-adrenergic receptor
Beta,-adrenergic receptor
Alpha,-adrenergic receptor

Change in Human Heart Failure

Decreased*!

Increased*’

Reexpression of fetal isoforms
Decreased*!

Increased*

Increased*

Contractile Proteins
Myosin heavy chain
Myosin light chain
Actin

Troponin |

Troponin T
Troponin C
Tropomyosin

Reversion to fetal isoform
Reversion to fetal isoform
Normal*
Normal*
Reversion to fetal isoform
Normal*
Normal*

Sarcoplasmic Reticulum
SERCA2A
Phospholamban
Ryanodine receptor
Calsequestrin
Calreticulin

Normal or decreased*’
Decreased*!
Decreased*!

Normal*

Normal*

@ Copyright 2008 by Saunders, an imprint of Elssvier Inc.



Physiologic hypertrophy

Growth
stimuli e
H ‘-m‘.
MNormal muscle cell .

Concentric hypertrophy

Increased axprassion
of embryonic genes
Eccentric hypertrophy

{Modified from Hunter LI, Chien KR: Signaiing pathways for cargiac hypertrophy and fafere. N Engl J Med 34 1:1278, 19089,)




(From Starking RC, MeCarthy PM, Yamini MH: Surgical treatment of chronic congestive heart faiure. In Mann DL feaf:
Heant Faiure: A Companion fo Brawnwald's Heart Dissase. Philsdeiphia, WB Saunders, p 725.)
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Suspected heart failure

/

Acute onset

v

\

Non-acute onset

v

Possibly chest x-ray

-~

-

ECG
Chest x-ray
-~
- - =~ ~
“~ Yy
Echocardiography BNP/NT-pro BNP*
7 ~N
~
~ - = \A
A
ECG normal ECG abnormal
and or
NT-proBNP <300 EE/mL NT-proBNP 2300 pg/mL®
or or
BNP <100 pg/mL BNP =100 pg/mL®
I

A4

Heart failure unlikely©

- =~ -
> g N
BNP/NT-pro BNP Echocardiography —
e ~N
~ ~
~ - = \A
A
ECG abnormal ECG normal
or and
NT-proBNP =125 pg/mL® NT-proBNP <125 pg/mL
or or
BNP 235 pg/mL® BNP <35 pg/mL

A4

Heart failure unlikely©

If heart failure confirmed,
determine aetiologyd and
start appropriate treatment

ESC 2012
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Nt Tpwdnotnv o&eia KA

Vasodilator | Dosing Main side | Other
effects
Nitroglycerine | Start with10-20 pg/min, | Hypotension, | Tolerance on
increase up to headache continuous
200 pg/min use

Isosorbide Start with | mg/h, Hypotension, | Tolerance on
dinitrate increase up to 10 mg/h | headache continuous
use
Nitroprusside | Start with 0.3 pg/kg/min | Hypotension, | Light
and increase up to isocyanate sensitive
5 pglkg/min toxicity
Nesiritide® Bolus 2 pg/kg + Hypotension

infusion 0.01 pg/kg/min
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Bolus Infusion rate
Dobutamine No 2-20 pg/kg/min (B+)
Dopamine No <3 pg/kg/min: renal
effect (0+)
3-5 pglkg/min;
inotropic (3+)
>5 pglkg/min: (B+),
vasopressor (0i+)
Milrinone 25-75 pglkg over 10-20 0.375-0.75 pg/kg/min
min
Enoximone 5-20 pg/kg/min

0.5-1.0 mg/kg over 5-10
min

Levosimedan?

12 pglkg over 10 min

0.1 pg/kg/min, which

(optional)® can be decreased to
0.05 or increased to
0.2 pg/kg/min
Norepinephrine No 0.2-1.0 pg/kg/min

Epinephrine

Bolus: | mg can be given
i.v. during resuscitation,
repeated every 3—-5 min

0.05-0.5 pg/kg/min
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The Cardiorenal Syndrome of HF

Increased Morbidity Diuretic Therapy

and Mortality
Neurchormonal

Development .. Activation
of Diuretic and
Natriuretic

Resistance Diminished
Blood Flow

Impaired Renal )
Function o Decreased Renal
Perfusion




dialysis— the movement of
solutes from a compartment
in which they are in high
concentration to one in which
they are in lower
concentration — along an
electrochemical gradient.

ultrafiltration — solute is
carried (in solution) a fluid
across a semipermeable
membrane in response to a
transmembrane pressure
gradient (a process known as
solvent drag). This mimics what
actually happens in the normal
human kidney.
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The ins and outs of the I1ABP

The IABP rapidy )
_ shutles helium gas i #58
«0" andoutof the balloon, 1
‘ which is located in lhe
descending aorta. The |
VA balloonisinflaied st E A

. B St theomsetofardiac S #/
x diastole and deflated at L g

the onset of systole.
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OQeparmeia xpoév L ac KA:
1. Pap U a kKo

Recommendations Class? Level® Ref€

An ACE inhibitor is
recommended, in addition to

a beta-blocker, for all patients
with an EF <40% to reduce the
risk of HF hospitalization and
the risk of premature death.

8791

A beta-blocker is
recommended, in addition to
an ACE inhibitor (or ARB if
ACE inhibitor not tolerated),
for all patients with an EF
<40% to reduce the risk of HF
hospitalization and the risk of
premature death.

92-98

An MRA is recommended

for all patients with persisting
symptoms (NYHA class

[1-1V) and an EF <35%, despite
treatment with an ACE
inhibitor (or an ARB if an ACE
inhibitor is not tolerated) and
a beta-blocker, to reduce the
risk of HF hospitalization and
the risk of premature death.

99,100




OQeparmeia xpoév L ac KA:
1. Pap U a kKo

Recommendations | Class® | Level® | Ref€
ARB

Recommended to reduce the risk of HF hospitalization and the risk of premature death in patients with an EF <40% I 108. 109
and unable to tolerate an ACE inhibitor because of cough (patients should also receive a beta-blocker and an MRA). ’
Recommended to reduce the risk of HF hospitalization in patients with an EF <40% and persisting symptoms (NYHA I 1o 111
class II-1V) despite treatment with an ACE inhibitor and a beta-blocker who are unable to tolerate an MRA? ’
Ivabradine

Should be considered to reduce the risk of HF hospitalization in patients in sinus rhythm with an EF <35%, a heart rate

remaining 270 b.p.m.,and persisting symptoms (NYHA class II-IV) despite treatment with an evidence-based dose of lla 112
beta-blocker (or maximum tolerated dose below that), ACE inhibitor (or ARB),and an MRA (or ARB):

May be considered to reduce the risk of HF hospitalization in patients in sinus rhythm with an EF <35% and a heart

rate >70 b.p.m. who are unable to tolerate a beta-blocker. Patients should also receive an ACE inhibitor (or ARB) Ilb =
and an MRA (or ARB).

Digoxin

May be considered to reduce the risk of HF hospitalization in patients in sinus rhythm with an EF <45% who are

unable to tolerate a beta-blocker (ivabradine is an alternative in patients with a heart rate 270 b.p.m.). Patients should IIb 13
also receive an ACE inhibitor (or ARB) and an MRA (or ARB).

May be considered to reduce the risk of HF hospitalization in patients with an EF <45% and persisting symptoms m 3
(NYHA class II-1V) despite treatment with a beta-blocker, ACE inhibitor (or ARB), and an MRA (or ARB).

H-ISDN

May be considered as an alternative to an ACE inhibitor or ARB, if neither is tolerated, to reduce the risk of HF

hospitalization and risk of premature death in patients with an EF <45% and dilated LV (or EF <35%). Patients should 1Ib 114,115
also receive a beta-blocker and an MRA.

May be considered to reduce the risk of HF hospitalization and risk of premature death in patients in patients with an

EF <45% and dilated LV (or EF <35%) and persisting symptoms (NYHA class II-1V) despite treatment with a IIb 6
beta-blocker, ACE inhibitor (or ARB),and an MRA (or ARB).

An n-3 PUFA’ preparation may be considered to reduce the risk of death and the risk of

cardiovascular hospitalization in patients treated with an ACE inhibitor (or ARB), 1Ib 17
beta-blocker, and an MRA (or ARB).




‘ AoupnTka ylo avakoOdLan cupdopnanc | l \ A J O ﬁ L U

yd
‘ AMEA (1) ARB av AMEA pn avektol) | O g X p O y L a g
‘ B-avaaTohéac | I < !!

MNapoyplovn o
MNYHA -1V

Avtaywwiothg unoboy. CAaToKOPTIKOELO WY

MNapapowr oe
NYHA -1V

KE=35% kot
bAep/iog puBpog
Kol KE=70

[Bapnpabdivn

MNapoyplovn o
NYHA -1V

KE<35%

QR52120 ms ’ QRS<120 ms ‘

Audikothaukog Bnpatodotng £ anwvibwrng | ‘ Aruvibwnc

MNapayplovi oe
NYHA -1V

‘ Ayofivn, vitpwdn/ubpahalivn |

[ Fuokevég umofonBnong , petapdoyeuan I




AoocCoAdorYiada VELPDOOPUOV L KOV
A-TT_ 0O K Twy oz nyv KA
Starting dose (mg) | Target dose (mg)

ACE inhibitor

Captopril® 6.25 tid. 50 t.i.d.
Enalapril 2.5 b.id. 10-20 b.i.d.
Lisinopril® 2.5-5.0 od. 20-35 od.
Ramipril 2.5 od. 5b.id.
Trandolapril® 0.5 od. 4 od.
Beta-blocker

Bisoprolol 1.25 od. 10 od.
Carvedilol 3.125 b.id. 25-50 b.i.d.
Metoprolol succinate (CR/XL) | 12.5/25 o.d. 200 o.d.
Nebivolol* 1.25 od. 10 o.d.
ARB

Candesartan 4 or 8 od. 32 od.
Valsartan 40 b.i.d. 160 b.i.d.
Losartan® 50 od. 150 o.d.
MRA

Eplerenone 25 od. 50 o.d.
Spironolactone 25 od. 25-50 o.d.
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Enimre da K->5mmol/L.
Enimeda kKpeat L viv ng>2,5mg/dl.
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Ot nv KA

Diuretics Initial dose (mg) Usual daily dose (mg)

Loop diuretics?

Furosemide 2040 40-240
Bumetanide 0.5-1.0 -5
Torasemide 5-10 10-20
Thiazides®

Bendroflumethiazide 2.5 2.5-10
Hydrochlorothiazide 25 12.5-100
Metolazone 2.5 2.5-10
Indapamide* 2.5 2.5-5

Potassium-sparing diuretics®

+ACEi/ | -ACEi/ | +ACE/ |-ACEi/
ARB ARB ARB ARB

Spironolactone/
eplerenone

Amiloride 2.5 5 5-10 [0-20
Triamterene 25 50 100 200

12.5-25 |50 50 100-200




Proximal Convoluted Tubule Distal Proximal Convoluted Tubule
1 |

l

Ascending
limb

Carbonic | -
inhibitors
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Cortax = diuretics
Medulla
Descending Ascending
limb limb

_ Mineralocorticoid
H.0 ' J eceptor antagonist

Collecting duct

Loop of Henle

@ Copyright 2008 by Saunders, an imprint of Elssvier Ine.



PapoUAKATOUL TPETE L VU

Recommendations

Thiazolidinediones (glitazones)
should not be used as they

cause worsening HF and increase
the risk of HF hospitalization.

Most CCBs (with the exception
of amlodipine and felodipine)
should not be used as they have

a negative inotropic effect and can
cause worsening HF.

NSAIDs and COX-2 inhibitors
should be avoided if possible as
they may cause sodium and water
retention, worsening renal function
and worsening HF.

135, 136

The addition of an ARB

(or renin inhibitor) to the
combination of an ACE inhibitor AND
a mineralocorticoid antagonist is
NOT recommended

because of the risk of renal
dysfunction and hyperkalaemia.




OQepamrmeia x pév L adg KA:
2.2 D0KEVLEXELPLOLPY L KR
O ecpaneia

YVOAOULVY XPOV L O Ubg(CRT)
LU LYV L OWTnhs(ICD)

o 1Y n (CABGS)
6O X ELOTN
U ég
v

o

0
pz:oared)ovaou'oz
0

T

o vwroBonl nong
L



2 DOKEVég: EVOELE E Lg
KAaoncl|l o o6 v e€ic

— e oo T oA L HAKA — —

ICD
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Dual-chamber
ICD device
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Isolation of
bone marrow cells

00

oo

Purification of total
bone marrow

maononuclear cells

or specific subpopulations

Ex vivo culture of
skeletal muscle

Myoblasts
J

Intracoronary infusion
Bone marrow- or
blood-derived
progenitors

Coronary
artery

Infusion
balloon

Catheter-based
intramyocardial
needle injection
Bone marrow- or
blood-derived
progenitors, or

cells

skeletal muscle

Direct intramyocardial
injection during surgery
Bone marrow- or
blood-derived progenitors,
or skeletal muscle cells

(From Dimmeter 5, Zeiier AM, Schrsider MD: Unchain my heart: The scientific foundations of cardiac repair. J Glin Invest 1 15:572-583, 2005 )




Isolation Delivery

= B oo * |ntravenous

* Bone marrow * |[ntracoronary

* Muscle blopsy * [ntramyocardial

* Cardiac biopsy
* Embryonic stem cells

Source Cell type
@Eazﬂa = Embryonic
I stem cells
Skin =
'Il:uul:llas.h
_ Cardiac
t sl T stem cells
Blood -
-‘—\_\_\__\_\_\-\-

—-a Endothelial
% progenitor cells
Bone —

I'I'I.H'ﬂ:ﬂl"‘-a____h__hh

T—a Mesenchymal

4 5} i} Fat

= ctem oells

Survival and proliferation

Potential mechanismes
of action

Criffe re ntiation
into cardiomyocytes

T e e

Differentiation into
endothelial cells

Differentiation into
smooth muscle cells

e .

i

Faracrine effects

Electromechanical
integration

Stability and safety

Potential effects

Diirect contribution
to contractility

Eemaoadelling of
electrical properties

Eemaodelling of infarcts
Angiopgenesis

Eemadelling of the
extracellular matei

Contribution to
mechanical properties
of the scar

Activation of
endogenous stem cells

Nature 2008
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Effect of Gene Polymorphisms on the Pharmacological Treatment of Heart Failure

Pathway/Gene Palymorphism

Renin-Angiotensin-Aldosterone
ACE 287 bp insertion (1) or

deletion (B} in intron
16

Functional Impact

DD genorype has increased ACE aconary and
waorse clinical ourcomes in some (bur nor all
srudies)

Impact on Pharmacological Therapy

Lise of bera blackers and ACEls artenuares
adverse ourcomes of DD genotype but
has no effect on 171D genotypes; 11/1D
genotype predices reverse LV remodeling
in response to spironolactong

Mechionine (Met) o
threanine (The) switch

Angiotensinagen

Increased angiotensinogen levels with HTN

Moaodest risk of hypertension in whites; effect
on drug responsiveness in HF not known

acaa 235
Aldosterane C o T rransition at
synthase pasition

-344 (T/C)

=344C allele associated with higher aldosterone
levels

TT genotype associated with greater impact
of fixed combination of isosorbide dinitrace
and hydralazine on the event-free survival
in the A-HeF T trial

Adrenergic Nervous System

Bera-AR hrslnlna {Arﬂ}, sl'p'q.'ll'lt J-'lpr 389 polymorphizsm has increased adenylyl ﬁr];;:'!!'iﬂr\r}'; genotype greatest 1 Provement in
{ Gly) switch ar aa 389 cyclase activity in response to agonist 3 = EF with beta blockers, and improved

greater than Gly3B9 variant martality with bucindolol treacment in BEST

Peta-AR Serine (Ser), glycine (Gly)  In vitro the Gly49 vanant shows decreased receptor  Serd9Ser genotype requires higher doses of
switch at aa 49 expression compared with Serd9 variant after bieta Mocker to achieve a mortality benefit

exposure to isoproterenol (24 hours)

Beta-AR Threamne (Thr) to el beta AR has decreased affinity for Associated with decreased VO, max and worse
isoleucine lle switch catecholarmine binding, decreased basal and HF outcomes; effect on drug responsiveness
ataa 164 epinephrne-stimulated adenylyl cyclase activity, in HF not known

and impaired agomst-promoted sequestration;
lle164 transgenic mice display depressed resting
and agonist-stimulated contractile function in
vivo compared with Thr164 mice
Alpha, AR Alpha - Deld22-325 Decreased ME uptake Increased likelihood of developing HF in

patients with the beta,-AR Arg3g89
polymarphism; effect on drug
responsiveness in HE not known

ACE = angiotensin-converting engyme; AR = adrenergic

receptar; HF = heart Railure; HTN = hypertension; NE = norepinephrine

& Copyright 2008 by Saunders, an im print of Elssvier Inc.
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“The very essence of cardiovascular
medicine is the recognition of early heart
failure”
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