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Inotropni a vazoaktivni leky v leCbe zavazného
srdecniho selhani

Jiri Kettner
IKEM, Klinika kardiologie
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Inotropni a vazoaktivni leky
v lécbé zavazného srdecniho selhani

» Uvod

= Neco z patofyziologie

= Rozdeleni a charakteristika

= EBM - fakta z literatury

= Guidelines - indikace

= Zaver — shrnuti pro soucasnou praxi
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Podil nemocnych |éCenych i.v. inotropnimi léky — AHF/ADHF
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Srdecni vydej - determinanty

CARDIAC OUTPUT
.~"(four determinants) “><_

ACh
HR /

™ B

Venous return
Preload | —

Starling law

SVR
s SVR (= PVR)

™~ Ao stenosis

Afterload

1. Sympatikus
HR * 2. Katecholaminy
3.Exogenni inotropika

Dostupnost Ca**
pro troponin
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Adrenergni receptory

1. Alfa receptory — hladka svalovina cév - O; >> O,

alfa, - postsynapticky R — stimulace = vazokonstrikce

alfa, - presynapticky R — stimulace = vazodilatace (inhibice uvolfiovani

noradrenalinu)

2. Beta receptory — v myokardu komor i sini — 3; >> 8, (70/30)

Stimulace B; R v myokardu - zvySeni inotropie (sila kontrakce),

- mensSi zvySeni chronotropie, dromotropie a bathmotropie ( arytmie)
v hladké svaloviné cév - 3, >> f3;

Stimulace B, R v cévach (kosterni svalstvo) — vazodilatace

3. Dopaminergni receptory —
DA, receptory - v hladké svaloviné cév ledvin, splanchniku, srdce a mozku
Stimulace DA, R vede ke zvySeni hladiny cAMP = vazodilatace
DA, receptory inhibuji uvolnovani noradrenalinu = vazodilatace
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Mechanizmus pusobeni inotropnich Iéku

Digitalis 0
\/2K

__ PDE-inhibitor
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Déleni klinicky pouzivanych vazoaktivnich Iéku

1. Inotropni latky 2. Vasopresory
1. Soucasné pouzivané inotropni léky
a) Srdecni glykosidy — digoxin — chronické srdeCni selhani
b) Agonisté betareceptortd — dobutamin, dopamin, adrenalin

c) Inhibitory fosfodiesterazy Ill — milrinon, enoximon

d) Kalciovy senzitizér — levosimendan
Dobutamin, milrinon/enoximon a levosimendan - inodilatatory
2. SoucCasné pouzivane vazopresoricke leky

a) Agonisté alfareceptord — noradrenalin, dopamin -vysoké davky
adrenalin;
= inokonstriktory
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Dobutamin - charakteristika
Synteticka latka odvozena od izoprenalinu (1975)

Agonista beta adrenoreceptoru kardiomyocytu — predevsim
beta, - slaby beta,

N

kontraktilitu myokardu

srdecni vydej
SVR, plnici tlak srdeCnich komor - beta,

srdecCni frekvence (hl. u FiS)
spotreba kysliku myokardem — energeticka deplece - apoptoza
vyskyt arytmii — sinové i komorove
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Dobutamin

= Nastup uCinku: 1- 2 ----- 10 min
- prodlouzen u lécby betablokatory (az do jejich metabolizace)

= Plazmaticky poloCas: 2 min
= Doporucene davky infuze: 2,5 - 15 ug/kg/min

= Studie s dobou aplikace = 24-72 hod

- farmakologicka tolerance — navrat CO k
plvodnim hodnotam

= Vliv na TK — ruzny, zavisly na cévnim tonu a dosazeném CO -
zvyseni TK = zvyseni CO
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Dopamin - charakteristika

= pfirozeny prekurzor noradrenalinu

= ucinky dopaminergni (DA,, DA,), alfa,, beta,
- typ uéinku je ruzny v zavislosti na podavané davce.

= < 3 ug/kg/min —vazodilatace - stimulaci dopaminergnich receptoru ve
splanchnickém a renalnim tepenném recisti

= 3-5pug/kg/min - beta; uCinek —> ' SF a CO

= 5-15 pg/kg/min —narust alfa, ucinkt —> periferni vazokonstrikce

Primy efekt na renalni tubularni buriky - = vyluCovani Na*

Hlavni vedlejsi u€inek — tachykardie (> dobutamin)

KLINICKE A EXPERIMENTALNI MEDICIN
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Milrinon - charakteristika

=  Selektivni inhibitor fosfodiesterazy Il (PDE IlI)

g TcAMP—) intracelularni koncentrace Ca** = | kontraktility myokardu
\ periferni vazodilatace (arterialni i venozni)
= Milrinon - 1 srdeéni vyde;j
SVR a PVR, plnici tlaky PK i LK ( > dobutamin )

Nastup ucinku — 5 -15 min
- neni ovlivhén predchozim uzivanim betablokatoru

Mozné zahajit bolusem — 50ug/kg/min i.v./10 min

Kontinualni infuze — 0,3 - 1,0ug/kg/min i.v.

Hlavni nezadouci u€inek — hypotenze (zejména u hypovolémie)

Sinové a komorové arytmie

Q/ ]
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| evosimendan - viasthosti

1. Kalciovy senzitizér — zvySeni citlivosti (senzitizace)
kontraktilnich proteint kardiomyocytu (troponin C) k Ca** iontim
bez vyznamnéjsiho zvyseni absolutni koncentrace Ca**

2. Aktivace K, ;p kanall v hladké svaloviné cév — vazodilatace

= Rychly nastup ucinku zavisly na davce —_
= Plazmaticky polo€as = 1 hod
= Aktivni metabolit OR-1896 (t,,,= ~80h)

=  Kontinualni i.v. infuze — 0,05 - 0,2 yg/kg/min - na cca 24 hod.

= Mozny bolus 6-12 pug/kg/10 min — pouze v nepritomnosti hypotenze a
hypovolémie !! VetSinou NE.

= Nezadouci ucCinky — hypotenze, sinove (FiS) a komoroveé arytmie

Q:’ i
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Noradrenalin (norepinephrine) - vlastnosti

HO HaN

CH

= Endogenni katecholamin — dren nadledvin
= Adrenergni agonista predevsim e

alfareceptoru, mensi beta,
= vazokostrikce, mensi inotropni efekt

= Davkovani individualni dle odpovedi TK
- 0,1- 0,5 (1,0) pg/kg/min —i.v. infuze

= Bolusové podani — emergentni situace

= | écba akutni hypotenze Ci Soku po
vylou€eni hypovolémie

KLINICKE A EXPERIMENTALNI MEDICINY
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Dobutamin — literatura 2002

metaanalyza 21 randomizovanych studii s
I.v. inotropiky u nemocnych s HF
octng through the advenergic ptiay m patients 3 632 nemocnych (1966 - 2000) —
e e MEDLINE,Cochrane registr a Embase databaze

L)
EVIE The Evropean Journal of Heart Failure 4 (2002) 515-529

= |.v. dopamin >2.5ug/kg/min, dobutamin, amrinon, milrinon, enoximon

X placebo, skupina bez inotropika nebo jiné inotropikum

Zaver: 1. Dobutamin zvysSuje mortalitu a to zejména pri dlouhodobéem/
iIntermitentnim podavani
2. Dobutamin zlepsSuje symptomy HF
3. Zadny vyznamnéjsi rozdil v ovlivnéni mortality mezi

dobutaminem a ostatnimi inotropnimi léky

5, |
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Dobutamin — literatura 2012

Z 654 publikaci(1982-2011) -14 RCTs —
673 pac.

Dobutamine for patients with severe heart

failure: a systematic review and meta-analysis DéVka dObUtaminU 2,5 - 35Ug/kg/m|n

of randomised controlled trials

Doba kontinualniho podani 24hod - 7 dni
nebo intermitentné az 6 mésicu

Zaveér: Dobutamin ve srovnani s
placebem Ci standardni IéCbou
nezlepsuje mortalitu u zavaznéeho
srdecCniho selhani !

o1 1

*Dobutamine better *Control better

X XIL.
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Dopamin — literatura 2000

LANCET

e e m =

Low-dose dopamine in patients with early renal dysfunction: a
placebo-controlled randomised trial

) P T T T S S T T S S AT gt I T | e TAT AT AT Eala’ A5
Australian and New Zealand intensive Care Society (ANZICS) Clinical Trials Group Lancetr U007, P 210Y-45

Interpretation Administration of low-dose dopamine by
continuous intravenous infusion to critically ill patients at risk
of renal failure does not confer clinically significant protection
from renal dysfunction.

Neslo o AHF ¢i ADHF : >90% nemocnych — SIRS,sepse...

RIMENTALNI MEDICINY

X XIL.
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Dopamin — literatura 2013

Original Investigation

Low-Dose Dopamine or Low-Dose Nesiritide

in Acute Heart Failure With Renal Dysfunction
The ROSE Acute Heart Failure Randomized Trial

Multicentricka, randomizovana, dvojite slepa, placebem kontrolovana studie
N = 360
Furosemid+placebo - Furosemid+nesiritid - Furosemid +LD-Dopamin (2ug/kg/min)
72 hodin

CONCLUSION AND RELEVANCE In participants with acute heart failure and renal dysfunction,

neither low-dose dopamine nor low-dose nesiritide enhanced decongestion or improved
renal function when added to diuretic therapy.

JAMA. 2013;310(23):2533-2543.

X XIL.
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Milrinon — literatura 2002

hichael 5. Cuffe, MDD
tohert N Calff, MI¥

Short-term Intravenous Milrinone for

Acute Exacerbation of Chronic Heart Failure
A Randomized Controlled Trial

wirkwaond F. Adams, Ir, M1
tavmond Benza, MY

OPTIME-HF
951 pac. — systolicka dysfunkce - LVEF = 23%

Bez indikace k inotropni [éCbé

FLrAY i
werbabions of Chronie Heart
ure (OFTIME-CHEF) Investizators

48-72hod infuze milrinonu 0,5ug/kg/min x placebo(FR)
Bez vyznamného rozdilu v hospitalizacni a 60D mortalité nebo dobé

hospitalizace

Conclusion These results do not support the routine use of intravenous milrinone
as an adjunct to standard therapy in the treatment of patients hospitalized for an ex-
acerbation of chronic heart failure.

v
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Milrinon — literatura 2003

OPTIME-CHF Trial: Pfezivani dle podskupin

100
98
96
N
= 94 Placebo
ﬁ Ne-ischemicka
>
NY 92
[}
E
90 Placebo
Ischemicka
88 Milrinon
Ischemicka
86

0 10 20 30 40 50 60d

Felker GM, et al. 3 Am Coll Cardiol. 2003;41:997-1003.
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Dobutamin vs milrinon u ASS

Autor N Klinic.situace Komentar

Biddle et al (1987) | 79 NYHA Il alV Bez rozdilu v hemodyn.tu¢incich
Eichhorn et al. 14 NYHAIll a IV M - Vyznamné snizeni PAP
(1987) Ostatni parametry bez rozdilu
Karlsbergetal. |33 Po IM D - snizeni PCWP 0 31% (0,001)
(1996) M - snizeni PCWP o0 53%
Feneck et al. 120 | LCO po srdec.operaci | D — vétsi zvyseni CI; vice FIS
(2001) M — vetsi snizeni PCWP
Yamani et al. 329 | NYHAIlllalVv M — vyznamné vétSi snizeni
(2001) PAP, PVR a zvySeni CO

o d
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Levosimendan — literatura 2007 — studie SURVIVE

Levosimendan vs Dobutamine for Patients

With Acute Decompensated Heart Failure
The SURVIVE Randomized Trial

Mortalita ze vsech pricin — 180 dni

1.0 -
M | 31
2 0.9 - — Levosimendan
> ] — Dobutamine 1 180d
€ 0.8 -
= . %
5 0.7 - >
> g Levosimendan (n = 664) 173 (26%)
% 0.6 _ Dobutamine (n = 663) 185 (28%)
,§ ] A Deaths -12
& 057 Hazard Ratio (CI) 0.91 (0.74-1.13)
o ] P-Value 0.401
0 30 60 90 120 150 180

Days Since Start of Study Drug Infusion

KLINICKE A EXPERIMENTALNI MEDICIN
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Levosimendan — literatura 2013 — studie REVIVE | a ll

JACC: Heart Failure Vol. 1, No. 2, 2013
© 2013 by the American College of Cardiology Foundation ISSN 2213-1779/$36.00
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.,jchf.2012.12.004

CLINICAL RESEARCH

Effect of Levosimendan on the
Short-Term Clinical Course of Patients With
Acutely Decompensated Heart Failure N =700 ADHF pac.

Klinicky prabéh 0 - 5dn

Randomizovana

Placebem kontrolovana

Milton Packer, MD," Wilson Colucci, MD,T Lloyd Fisher, PHD,I Barry M. Massie, MD,§

John R. Teerlink, MD,§ James Young, MD,|| Robert J. Padley, MD, 9 Roopal Thakkar, MD,q

Leticia Delgado-Herrera, RPH,q Jeffrey Salon, MD,¥ Chris Garratt, MB, CHB # Bidan Huang, PHD,§
Toni Sarapohja, MSc,# for the REVIVE Heart Failure Study Group

Dallas, Texas; Boston, Massachusetts; Seattle, Washington; San Francisco, California; Cleveland, Ohio;
Abbott Park, lllinois; and Espoo, Finland

Conclusions In patients with ADHF, infravenous levosimendan provided rapid and durable symptomatic relief. As dosed in this
trial, levosimendan was associated with an increased risk of adverse cardiovascular events. (Evaluation of
Intravenous Levosimendan Efficacy in the Short Term Treatment of Dgcompensated Chronic Heart Failure;
NCT00048425) (J Am Coll Cardiol HF 2013;1:103-11) © 2013 by the American College of Cardiology Foundation

Hypotenze, arytmie

®
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Noradrenalin — literatura 2010

The NEW ENGLAND
Podskupina 280 nemocnych s KS JOURNAL of MEDICINE

MARCH 4, 2010

1.0 —
Comparison of Dopamine and Norepinephrine
L Mortalita — 28 dn( in the Treatment of Shock

0_8 ] Danie v.D
= P=0.03
c
& 0.6 _
[ ¥
o
&
B O-4 -
-g %___._-_h
= Dopamine e cvr .,
Q- P 2 x vy$Si vyskyt arytmii ve

i skupiné s dopaminem

(p< 0,001)
0.0 | ] | ! | | |
o 4 8 12 16 20 24 28

Days after randomization

De Backer et al. NEJM 2010;362:779-789
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Inotropni leky — ESC guidelines
© BT

EUROPEAN
SOCIETY OF
CARDIOLOGY

Recommendations welt Refc
— Hypotenze — STK < 85 mmHg

Patients with pulmonary congestion/oedema without shock
a/nebo

Inotropic agents are NOT recommended unless the patient is hypoteg hypoperfize lla/C

hypoperfused, or shocked because of safety concerns (atrial anZgur
~~

I Patients with hypotension, hypoperfusion or shs# Levosimendan/milrinon
= v pfipadé leCby

An i.v.infusion of an inotrope Je.g. dobutamine)should be considered in patientsg ,

pressure <85 mmHg) and/or Nypoperusion to Increase cardiac output, incrg betablokatory lIb/C

peripheral perfusi on. The ECG should be monitored continuous ly becg Zup
myocardial ischaemia.

Vazopresory — dopamin

An i.v. infusion of levosimendan (or a phosphodiesterase inhibitor)jmay be considered to nebo noradrenalin - Ké

beta- hlc ckade if I:wm hlm |—1le is [|'IIHJ'T|'IF tn |:=|= contr ||:uur|n-T to h}fpc p-Jr'tu,lun The ECC

lIb/C

— e —
hrine] may be considered in patients who have cardiogenic shock, despite
treatment mth an inotrope, to increase blood pressure and vital organ perfusion. The ECG should be monitored as
these agents can cause arrhythmias and/or myocardial ischaemia. Intra-arterial blood pressure measurement should
be considered.
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Inotropni Ieky a vazopresory - indikace v kardiologi

1. Nemocni s kardiogennim Sokem

2. Nemocni se zavaznou systolickou dysfunkci, hypotenzi a
vyznamné snizenym CO — obvykle znamky organové hypoperfuze —
po vyCerpani moznosti IéCby CHSS vC. CRT

Cil: - zachovani adekvatni systémové perfuze - zabranéni selhani organu
- pfekonani vyvolavaijici priciny a/nebo premosténi k definitivni IéCbé :

- revaskularizace

- implantace MSP

- transplantace srdce
- mechanické komplikace AIM (VSD,AMR)

3. Nemocni v terminalni fazi CHSS — paliativni Ié¢ba pro kontrolu
symptomu u vybranych nemocnych — neprodlouzime jim Zivot,ale
muzeme zlepsSit jeho kvalitu

o d
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Inotropni leky a vazopresory - zavery

= Zakladnim inotropnim lékem — dobutamin
5-10 pg/kg/min m=  zvySeni TK = zvySeni CO
= |schemie myokardu — pf. selhana PCI s hypotenzi a ASS - levosimendan
= Neischemicka priCina + plicni hypertenze (selhani PK) — milrinon
= Predchazejici léCba zejména vysSimi davkami BB —
levosimendan (ischemicka) - milrinon (neischemicka)
= Zavazna hypotenze — STK <70 mmHg - noradrenalin

= | nemocny se zavaznym systolickym selhanim muze byt hypovolemicky !
— CVP-PCWP

= Co nejmensi efektivni davka a co nejkratsi doba podavani — zlepSeni
symptomu

o 'd
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