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PePeššanje srca (PS)anje srca (PS)

•• Nesposobnost Nesposobnost ččrpanja krvi v skladu rpanja krvi v skladu 
s potrebami tkiv (ob normalnem s potrebami tkiv (ob normalnem 
polnilnem tlaku)polnilnem tlaku)

•• SlabSlabšše prenae prenaššanje naporaanje napora
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Relationship between ventricular outflow resistance and stroke vRelationship between ventricular outflow resistance and stroke volume olume 
in patients with systolic ventricular dysfunctionin patients with systolic ventricular dysfunction..
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VzrokiVzroki
•• Koronarna bolezenKoronarna bolezen
•• IshemiIshemiččna bolezen srca na bolezen srca ⇒⇒ miokardni infarktmiokardni infarkt
•• HipertenzijaHipertenzija
•• Bolezni zaklopk Bolezni zaklopk 
•• Kongenitalne srKongenitalne srččne hibene hibe
•• KardiomiopatijaKardiomiopatija

Vse to privede do hipertrofije oz. do zadebelitveVse to privede do hipertrofije oz. do zadebelitve
stene ventriklov stene ventriklov ⇒⇒ neugodno remodeliranjeneugodno remodeliranje
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Figure 13.20 Classification of cardiomyopathies based upon anatomic, pathophysiologic and 
etiologic considerations.
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Simptomi PS Simptomi PS 

AkutnoAkutno KroniKroniččnono

TahikardijaTahikardija RazliRazliččne aritmijene aritmije

TeTežžko dihanje (kratka sapa)ko dihanje (kratka sapa) Hipertenzija Hipertenzija 

Edem (periferni in/ali pljuEdem (periferni in/ali pljuččni)ni) Kardiomegalija Kardiomegalija 

SlabSlabšše prenae prenaššanje naporaanje napora Edem Edem (periferni / plju(periferni / pljuččni)ni)
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KliniKliniččne znane značčilnosti PSilnosti PS

•• ZmanjZmanjššana moana močč kontrakcijekontrakcije

•• ZmanjZmanjššan minutni volumenan minutni volumen

•• ZmanjZmanjššana perfuzija tkivana perfuzija tkiv

•• PovePoveččan periferni uporan periferni upor

•• EdemiEdemi
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Oblike in znaOblike in značčilnostiilnosti

•• PePeššanje levega srca (najbolj pogosta anje levega srca (najbolj pogosta 
oblika): zmanjoblika): zmanjššan minutni volumen, znian minutni volumen, znižžan an 
arterijski pritisk, zastoj v pljuarterijski pritisk, zastoj v pljuččihih

•• PePeššanje desnega srca: dispneja, edem in anje desnega srca: dispneja, edem in 
utrujenostutrujenost

•• Kompenzatorni mehanizmi v zaKompenzatorni mehanizmi v začčetni fazi in etni fazi in 
kratkorokratkoroččno olajno olajššajo, v kasni fazi in ajo, v kasni fazi in 
dolgorodolgoroččno pa poslabno pa poslabššajo simptome. ajo simptome. 
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Figure 13.25 The Frank-Starling curve, positive inotropes and congestive heart failure (CHF). 
Normal cardiac output is determined by the pressure in the left ventricle at end-diastole. In CHF, 

the set point for cardiac output is reduced and cardiac output falls (1). Compensatory 
neurohumoral responses become activated which increase end-diastolic pressure and improve 

cardiac output; however, this can give rise to backward failure (2). Positive inotropic agents 
increase cardiac output (3). The improved cardiac output reduces the drive for a high end-

diastolic pressure, and decompensation occurs to a new set point (4).Downloaded from: StudentConsult (on 30 November 2008 10:22 AM)
© 2005 Elsevier 
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Figure 13.22 The major extrinsic neurohumoral compensatory mechanisms involved in 
congestive heart failure. (1) The initial event is a reduction in cardiac output. (2) Reflex 

sympathetic compensation can increase cardiac output, but (3) an associated increase in 
afterload can reduce cardiac output. The cascade of other events can lead to hypertrophy (4) 

owing to actions of angiotensin II on the heart, which increases cardiac output and Na+ retention. 
This may increase cardiac output (5) by raising preload and left ventricular end-diastolic pressure, 

but this may cause death by initiating pulmonary edema.
Downloaded from: StudentConsult (on 30 November 2008 10:22 AM)
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Renin Renin –– angiotensinangiotensin systemsystem
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Farmakoterapevtski pristopFarmakoterapevtski pristop
•• KlasiKlasiččni: usmerjenost v kljuni: usmerjenost v ključčna konna konččna na 

pojava: pojava: 
–– preobremenitev z volumnom krvi (ECF) preobremenitev z volumnom krvi (ECF) ⇒⇒

diuretikidiuretiki
–– disfunkcija srca (pedisfunkcija srca (peššanje) anje) ⇒⇒ pozitivna inotropna pozitivna inotropna 

zdravilazdravila

•• NovejNovejšši pristop i pristop ⇒⇒ cilji zdravljenjacilji zdravljenja::
–– motena motena cirkulatornacirkulatorna dinamikadinamika
–– patolopatološško ko remodeliranjeremodeliranje miokardamiokarda
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Figure 13.21 Types of cardiomyopathies involving both the right and left ventricle.
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MMechanismsechanisms of of 
heart failure and heart failure and 

major sites of major sites of 
drug action.drug action.
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PharmacotherapeuticPharmacotherapeutic approachapproach to to congestivecongestive
heartheart failurefailure

ProblemProblem ApproachApproach
FatigueFatigue Rest, Rest, positivepositive inotropesinotropes

EdemaEdema Diet (Diet (saltsalt restrictionrestriction), ), 
diureticsdiuretics, , digitalisdigitalis

PoorPoor cardiaccardiac contractilitycontractility PositivePositive inotropesinotropes
DyspneaDyspnea DiureticsDiuretics ((thiazidesthiazides//looploop))

CongestionCongestion NitrovasodilatorsNitrovasodilators

IncreasedIncreased cardiaccardiac preloadpreload
andand afterloadafterload

AngiotensinAngiotensin--convertingconverting
enzymeenzyme inhibitorsinhibitors, , 
venodilatorsvenodilators, , vasodilatorsvasodilators

IrreversibleIrreversible heartheart failurefailure HeartHeart transplantationtransplantation
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Pozitivno Pozitivno inotropnainotropna zdravilazdravila

IzboljIzboljššanje anje kontraktilnostikontraktilnosti miokarda:miokarda:

•• KardiotoniKardiotoniččnini glikozidi (npr. glikozidi (npr. digoksindigoksin))

•• Inhibitorji fosfodiesteraze (npr. inamrinon)Inhibitorji fosfodiesteraze (npr. inamrinon)

•• ßß11 agonisti (npr. agonisti (npr. dobutamindobutamin) ) 
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KardiotoniKardiotoniččnini glikozidi (KG)glikozidi (KG)

•• Primarni uPrimarni uččinek na srcu: Zaviranje inek na srcu: Zaviranje 
NaNa++,K,K++--ATPATP--azeaze, najbolj o, najbolj oččitno v itno v 
miokardumiokardu

•• Ekstrakardialni uEkstrakardialni uččinki:inki:
–– GITGIT

–– OOŽŽ (vagusova jedra, drugi centri)(vagusova jedra, drugi centri)

–– ledviceledvice
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StructureStructure ofof cardiotoniccardiotonic glycosideglycoside
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Figure 13.24 Mechanism of action of digitalis glycosides. The binding site for digitalis 
is on the extracellular aspect of the &alpha;-&beta; heterodimer structure of the 

Na+/K+ ATPase enzyme. Inhibition of this enzyme raises intracellular Na+ 
concentration, which raises intracellular Ca2+, and mediates the positive inotropic 

actions of cardiac glycosides.

Downloaded from: StudentConsult (on 30 November 2008 10:22 AM)
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SarcolemmalSarcolemmal
exchange of Naexchange of Na++

and Caand Ca2+2+ during during 
cell depolarization cell depolarization 
and repolarizationand repolarization
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UUččinki KG inki KG -- n. n. vagusvagus

PovePoveččana aktivnost vagusa se najbolj kaana aktivnost vagusa se najbolj kažže e 
supraventrikularnosupraventrikularno in privede do:in privede do:

–– upoupoččasnitve proasnitve prožženja v enja v SA SA vozlu,vozlu,
–– upoupoččasnitve prevajanja vasnitve prevajanja v AV AV vozluvozlu ((podaljpodaljššan an 

interval interval PR)PR),,
–– skrajskrajššanja atrijskega akcijskega potencialaanja atrijskega akcijskega potenciala



Inštitut za farmakologijo in eksperimentalno toksikologijo, Medicinska fakulteta, Univerza v Ljubljani

UUččinki KG inki KG -- srcesrce

•• Neenakomerna vzdraNeenakomerna vzdražžnost miokarda nost miokarda –– aritmije (AV blok, aritmije (AV blok, 
tahikardija iz AV vozla, ventrikularne ekstrasistole)tahikardija iz AV vozla, ventrikularne ekstrasistole)

•• Pri vePri veččjih koncentracijah KG dosejih koncentracijah KG dosežže prosti Cae prosti Ca2+2+ toksitoksiččne ne 
nivoje, pride do zasinivoje, pride do zasiččenja  prenaenja  prenaššalca Caalca Ca2+2+ v v 
sarkoplazemski retikulum (SR) sarkoplazemski retikulum (SR) ⇒⇒ oscilacije konc. oscilacije konc. 
prostega Caprostega Ca2+2+ (Ca(Ca2+2+ inducira  sproinducira  sproššččanje Caanje Ca2+2+ iz  SR) iz  SR) 
⇒⇒ oscilacije membranskega potenciala (oscillatory oscilacije membranskega potenciala (oscillatory 
afterpotentials). afterpotentials). 

⇓⇓
Aritmije, posamezne in multiple ventrikularne ekstrasistoleAritmije, posamezne in multiple ventrikularne ekstrasistole
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NeNežželeni ueleni uččinki KGinki KG

•• Ozko terapevtsko oknoOzko terapevtsko okno
•• Izgube Izgube KK++ v miokarduv miokardu ⇒⇒ aritmije (posebno aritmije (posebno 

nevarno ob uporabi nekaterih diuretikov)nevarno ob uporabi nekaterih diuretikov)
•• Aritmije ob Aritmije ob kardioverzijikardioverziji
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Ekstrakardialni neEkstrakardialni nežželeni ueleni uččinki KGinki KG

•• Vpliv na GIT Vpliv na GIT ((dradražženje v enje v žželodcuelodcu).).
•• UUččinki na Oinki na OŽŽ –– stimulacija stimulacija vagalnihvagalnih aferentnihaferentnih

poti, poti, kemoreceptornekemoreceptorne cone cone ⇒⇒ naunauzzea, ea, bruhanjebruhanje, , 
diarediarejja a inin anoreanoreksksiijja.a.

•• Drugi uDrugi uččinki na Oinki na OŽŽ: motnje vida: motnje vida, , glavobolglavobol, , 
omoticaomotica, , utrujenost inutrujenost in halucinahalucinacijecije –– starejstarejšši i 
bolnikibolniki

•• Redko: Redko: eoeozzinoinoffiliilijjaa, izpu, izpuššččajaj, , ginekomastijaginekomastija
((vpliv na hipotalamus ali vpliv na hipotalamus ali estrogenoestrogeno delovanje delovanje 
KGKG). ). 
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Zdravljenje toksiZdravljenje toksiččnih unih uččinkovinkov

•• Oralno nadomeOralno nadomeššččanje Kanje K+ + 

(prepre(prepreččevanje evanje hipokaliemijehipokaliemije))

•• AntiarAntiariitmitmikiki (( proprokkainamidainamid and and 
phenytoinphenytoin))

•• MonoMonokklonlonskaska protitelesa, ki veprotitelesa, ki vežžejo ejo 
KGKG..
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Inhibitorji fosfodiesteraze (PDE)Inhibitorji fosfodiesteraze (PDE)

•• Inhibicija razgradnje cAMP poveInhibicija razgradnje cAMP povečča a 
citosolno koncentracijo Cacitosolno koncentracijo Ca2+2+..

•• Razgradnja cAMP inhibirana tudi v Razgradnja cAMP inhibirana tudi v 
arterijskih in venskih  miocitih arterijskih in venskih  miocitih ⇒⇒
vazodilatacijavazodilatacija

•• Inhibitorji PDE:  Inhibitorji PDE:  ⇑⇑ MV, MV, ⇓⇓ zagozditveni zagozditveni 
pritisk v pljupritisk v pljuččnih kapilarah, nih kapilarah, ⇓⇓ PU (brez PU (brez 
spremembe spremembe νν srca in AP).srca in AP).
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UUččinki inhibitorjev PDE pri PSinki inhibitorjev PDE pri PS

•• Popravi se MV srcaPopravi se MV srca
•• ⇑⇑ utripni volumenutripni volumen
•• ⇓⇓ pritisk v desnem atriju in zagozditveni pritisk v desnem atriju in zagozditveni 

pritisk v pljupritisk v pljuččnih kapilarahnih kapilarah
•• Abnormalni jetrni testi in trombocitopenija Abnormalni jetrni testi in trombocitopenija 
•• Predstavnika: inamrinon in milrinon Predstavnika: inamrinon in milrinon 

(mo(moččnejnejšši analog inamrinona).i analog inamrinona).
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Antagonisti adrenoceptorjev Antagonisti adrenoceptorjev ßß11 pri PSpri PS

•• Mehanizem: Mehanizem: antagoniantagonizemzem neugodneganeugodnega
remodeliremodeliranjaranja miokarda miokarda ⇐⇐ ⇑⇑ tonus tonus 
simpatika. simpatika. 

•• AAntagonistntagonisti i adrenoceptoradrenoceptorjevjev ßß11 ⇒⇒
prepreprepreččenje enje ⇓⇓ šštevila (tevila (downdown regulationregulation) ) 
adrenoceptoradrenoceptorjev jev ßß11 (posledica (posledica ⇑⇑ tonusa tonusa 
simpatika)simpatika)

•• KliniKliniččne ne šštudije: tudije: ⇓⇓ smrtnost pri PS ob smrtnost pri PS ob 
dolgotrajni uporabi dolgotrajni uporabi antagonistov antagonistov ββ. . 



Inštitut za farmakologijo in eksperimentalno toksikologijo, Medicinska fakulteta, Univerza v Ljubljani

Figure 13.15 Molecular mechanism of action of beta;1 adrenoceptor antagonists. Stimulation of 
beta;1 adrenoceptors by catecholamines leads to activation of adenylyl cyclase and an elevation 
of cAMP. This process is inhibited by beta;1 adrenoceptor antagonists.

Downloaded from: StudentConsult (on 30 November 2008 10:22 AM)
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DoseDose--dependent effect of dependent effect of carvedilolcarvedilol on left ventricular ejection fraction.on left ventricular ejection fraction.
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TimeTime--dependent dependent eeffectsffects of metoprolol on left ventricular ejection of metoprolol on left ventricular ejection 
fraction in patients with heart failure.fraction in patients with heart failure.
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ŠŠe druga zdravila, ki se uporabljajo pri PSe druga zdravila, ki se uporabljajo pri PS

•• Inhibitorji Inhibitorji angiotenzinskeangiotenzinske--konvertazekonvertaze
(ACE)  (npr. (ACE)  (npr. kaptoprilkaptopril))

•• Blokatorji Blokatorji angiotenzinskihangiotenzinskih receptorjevreceptorjev
•• Antagonisti Antagonisti aldosteronaaldosterona
•• VazodilatatorjiVazodilatatorji (npr. (npr. nitroprusidnitroprusid, , hidralazinhidralazin, , 

minoksidilminoksidil, nitroglicerin) , nitroglicerin) 
•• ββ1 1 agonistiagonisti
•• Diuretiki (npr. Diuretiki (npr. tiaziditiazidi, , furosemidfurosemid))
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Figure 13.30 Renin-angiotensin-aldosterone system. Release of renin stimulates conversion of 
angiotensinogen (from the liver) to angiotensin I, which in turn is converted to angiotensin II under 
the influence of angiotensin-converting enzyme. Angiotensin II leads to vasoconstriction, release 

of aldosterone (adrenal cortex) and Na+ retention. The latter increases blood pressure but 
reduces renin release, so the system is a homeostatic process.

Downloaded from: StudentConsult (on 30 November 2008 10:22 AM)
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Inhibitorji ACEInhibitorji ACE

•• NajpomembnejNajpomembnejšša zdravila pri PSa zdravila pri PS
•• RazliRazliččna prijemalina prijemališšččaa
•• VeVeččinoma predzdravilainoma predzdravila
•• Malo stranskih uMalo stranskih uččinkov (suh kainkov (suh kaššelj)elj)
•• Previdnost v nosePrevidnost v noseččnosti (okvare ploda)nosti (okvare ploda)
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Figure 13.41 Effects of angiotensin-converting enzyme (ACE) inhibitors. ACE inhibitors reduce 
angiotensin II (vasoconstrictor) concentrations and elevate bradykinin (vasodilator) 

concentrations. The accumulation of bradykinin shown in the lower part of the figure results from 
the action of the ACE inhibitors on kininase II. Note, kininase II and ACE are actually the same 

enzyme (peptidyl-dipeptidase).
Downloaded from: StudentConsult (on 30 November 2008 10:22 AM)
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ACE ACE inhibitorsinhibitors
DrugDrug ProPro--

drugdrug
??

MainMain usesuses Usual doses Usual doses 
(mg/day)(mg/day) p.op.o

Elimination Elimination 
plasma halfplasma half--
life of active life of active 
drug (h)drug (h)

EliminationElimination AdverseAdverse
effectseffects

CaptoprilCaptopril NoNo HypertensionHypertension
CongestiveCongestive
heartheart failurefailure

6.256.25--300300 1.7 (shorter 1.7 (shorter 
than all other than all other 
ACE ACE 
inhibitors)inhibitors)

RenalRenal

EnalaprilEnalapril YesYes HypertensionHypertension
CongestiveCongestive
heartheart failurefailure

2.52.5--4040 1111 RenalRenal

LisinoprilLisinopril NoNo HypertensionHypertension
CongestiveCongestive
heartheart failurefailure

1010--40 2.540 2.5--1010 1212 ExclusivelyExclusively
renalrenal

CilazaprilCilazapril YesYes HypertensionHypertension
CongestiveCongestive
heartheart failurefailure

1.251.25--2020 3030--5050 RenalRenal

RamiprilRamipril YesYes HypertensionHypertension
CongestiveCongestive
heartheart failurefailure

2.52.5--10 (1.25 in 10 (1.25 in 
renal renal 
impairment)impairment)

8585--190190 RenalRenal

QuinaprilQuinapril YesYes HypertensionHypertension
CongestiveCongestive
heartheart failurefailure

55--4040 3030--5050 RenalRenal

PerindoprilPerindopril YesYes Hypertension Hypertension 
Heart failureHeart failure

22--88 3030--5050 RenalRenal

Hypotension, Hypotension, 
cough, and cough, and 
(rarely) (rarely) 
agranulocytsisagranulocytsis
hepatic failure hepatic failure 
and lethal and lethal 
angiodemangiodemaa
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Figure 13.36 Losartan and 
candesartan are used to treat 

hypertension primarily as a 
consequence of angiotensin AT-
1 receptor antagonist activity, by 

reducing blood levels of 
aldosterone and by dilating 

arterioles. Eplerenone treats 
hypertension by blocking 
aldosterone receptors.

Downloaded from: StudentConsult (on 30 November 2008 10:22 AM)
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Blokatorji Blokatorji aldosteronskihaldosteronskih receptorjevreceptorjev

•• Delovanje na membranske receptorje (hiter Delovanje na membranske receptorje (hiter 
odgovor) na odgovor) na kardiomiocitihkardiomiocitih ⇒⇒ prepreprepreččenje z enje z 
aldosteronom povzroaldosteronom povzroččene apoptoze ene apoptoze 

•• Aktivacija teh receptorjev z Aktivacija teh receptorjev z aldosteronomaldosteronom povzropovzročči: i: 
–– AktivacijoAktivacijo fosfolipazefosfolipaze C.C.
–– Hiter dvig  Hiter dvig  intracelularneintracelularne konckonc.  Ca.  Ca2+2+..
–– AktivacijoAktivacijo proteinske kinase C in proteinske kinase C in kalcinevrinakalcinevrina (od Ca(od Ca2+2+--

odvisna  odvisna  fosfatazafosfataza).).
–– DefosforilacijoDefosforilacijo propro--apoptotiapoptotiččneganega proteina BAD.proteina BAD.
–– MitohondrijskoMitohondrijsko depolarizacijo in sprodepolarizacijo in sproššččanje anje citohromacitohroma C.C.
–– ActivacijoActivacijo apoptotiapoptotiččneganega encima kaspazeencima kaspaze--3. 3. 

•• Predstavnik Predstavnik eplerenoneplerenon –– selektivni inhibitor selektivni inhibitor 
aldosteronskihaldosteronskih receptorjev (SARA)receptorjev (SARA)
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Figure 13.27 Postulated 
mechanism by which 
aldosterone causes apoptotic 
cell death and by which 
eplerenone inhibits this in the 
treatment of heart failure. 
Aldosterone receptor activation 
leads to activation of 
calcineurin, which 
dephosphorylates the protein 
BAD, which heterodimerizes 
with bcl-2 and bcl-xL. The 
heterodimers can no longer 
block the mitochondrial porin 
channel, allowing cytochrome c 
(cyt-c) to escape and activate 
the pro-apoptotic enzyme 
caspase-3. DAG, 
diacycloglycerol; PIP2 
phosphotidylinositol; IP3 
inositol-1,4,5-triphosphate.
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VazodilatatorjiVazodilatatorji
•• RazliRazliččni mehanizmi delovanja:ni mehanizmi delovanja:

–– Vpliv na Vpliv na gvanilatnogvanilatno ciklazociklazo
–– Vpliv na KVpliv na K++ kanalekanale
–– Vpliv na i.c. koncentracijo CaVpliv na i.c. koncentracijo Ca2+2+

–– Vpliv na nastajanje PG (PGI)Vpliv na nastajanje PG (PGI)
•• ⇓⇓ diastolidiastoliččnega pritiska nega pritiska ⇒⇒ izboljizboljššanje fukcije anje fukcije 

srcasrca
•• RefleRefleksnaksna aakktivativacijacija simpatika (potreba po simpatika (potreba po 

kombinaciji z drugimi zdravili)kombinaciji z drugimi zdravili)
•• HidralazinHidralazin –– uporaba skupaj z nitrati alternativa uporaba skupaj z nitrati alternativa 

inhibitorjem ACE (sistemski inhibitorjem ACE (sistemski lupuslupus eritematodeseritematodes))
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VasodilatorVasodilator drugsdrugs used to used to treattreat heartheart failurefailure II

DRUG CLASSDRUG CLASS EXAMPLESEXAMPLES MECHANISMMECHANISM ⇓⇓ PRELOADPRELOAD ⇓⇓ AFTERLOADAFTERLOAD

OrganicOrganic nitratesnitrates
NitroglycerinNitroglycerin, , 
isosorbideisosorbide
dinitratedinitrate

NONO--mediatedmediated
vasodilationvasodilation ++++++ ++

NitricNitric oxideoxide
donorsdonors NitroprussideNitroprusside NONO--mediatedmediated

vasodilationvasodilation ++++++
++++++

AngiotensinAngiotensin--
convertingconverting
enzymeenzyme
inhibitorsinhibitors

CaptoprilCaptopril, , 
enalaprilenalapril, , 
lisinoprillisinopril

Inhibition of Inhibition of AngAng
II generation, II generation, 
decreased decreased 
bradykinin bradykinin 
degradationdegradation

++++ ++++

AngiotensinAngiotensin
receptor receptor 
blockersblockers

Losartan, Losartan, 
candesartancandesartan

BlockadeBlockade ofof
AT1 AT1 receptorsreceptors ++++ ++++
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Vasodilator drugs used to treat heart failureVasodilator drugs used to treat heart failure IIII
DRUG CLASSDRUG CLASS EXAMPLESEXAMPLES MECHANISMMECHANISM ⇓⇓ PRELOADPRELOAD ⇓⇓ AFTERLOADAFTERLOAD

PhosphodiesterasePhosphodiesterase
inhibitorsinhibitors

MilrinoneMilrinone, , 
inamrinoneinamrinone

Inhibition of cyclic Inhibition of cyclic 
AMP degradationAMP degradation ++++

++++

HydralazineHydralazine UnknownUnknown ++ ++++++

MinoxidilMinoxidil
Hyperpolarization of Hyperpolarization of 
vascular smooth vascular smooth 
muscle cellsmuscle cells

++ ++++++

αα11 AdrenergicAdrenergic
antagonistsantagonists

DoxazosinDoxazosin, , 
prazosinprazosin

SelectiveSelective αα11
adrenergicadrenergic receptor receptor 
blockadeblockade

++++++ ++++

Nonselective        Nonselective        
αα--adrenergicadrenergic
antagonistsantagonists

PhentolaminePhentolamine
Nonselective         Nonselective         
αα--adrenergicadrenergic
receptor receptor blockadeblockade

++++++ ++++++

DirectDirect--actingacting K+K+--
channelchannel agonist agonist 
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Vasodilator drugs used to treat heart failure IIIVasodilator drugs used to treat heart failure III

DRUG CLASSDRUG CLASS EXAMPLESEXAMPLES MECHANISMMECHANISM ⇓⇓ PRELOADPRELOAD ⇓⇓ AFTERLOADAFTERLOAD

Vasodilating Vasodilating ββ//αα11
adrenergic adrenergic 
antagonists antagonists 

Carvedilol, Carvedilol, 
labetalollabetalol

Selective Selective αα11
adrenergic receptor adrenergic receptor 
blockade blockade 

++++ ++++

CaCa2+2+ channel channel 
blockers blockers 

Amlodipine, Amlodipine, 
nifedipine, nifedipine, 
felodipinefelodipine

Inhibition of LInhibition of L--type type 
CaCa2+2+ channels channels ++ ++++++

ββ adrenergic adrenergic 
agonists agonists IsoproterenolIsoproterenol

Stimulation of Stimulation of 
vascular vascular ββ22
adrenergic adrenergic 
receptors receptors 

++ ++++
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Figure 18-11 Comparison of the effects of organic nitrates and an arteriolar vasodilator 
(dipyridamole) on the coronary circulation. Control. Nitrates dilate the collateral vessel, thus 

allowing more blood through to the underperfused region (mostly by diversion from the 
adequately perfused area). Dipyridamole dilates arterioles, increasing flow through the normal 

area at the expense of the ischaemic area (in which the arterioles are anyway fully dilated). CAD, 
coronary artery disease.
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NesiritidNesiritid
•• RekombinantniRekombinantni humani BNPhumani BNP
•• i.vi.v. . uporaba pri bolnikih z akutnim uporaba pri bolnikih z akutnim 

dekompenziranimdekompenziranim PS.PS.
•• Vezava na  Vezava na  gvanilatnogvanilatno ciklazociklazo v v žžilnih ilnih 

gladkih migladkih miššicah in v icah in v endotelnihendotelnih celicah celicah 
⇒⇒ ⇑⇑ i.c.  konc. cGMP i.c.  konc. cGMP ⇒⇒ relaksacijarelaksacija
(podobno kot endogeni  NO)(podobno kot endogeni  NO)



Inštitut za farmakologijo in eksperimentalno toksikologijo, Medicinska fakulteta, Univerza v Ljubljani

Figure 13.14 Molecular and cellular mechanisms of action of nitrate and nitrite 
vasodilators, nitric oxide (NO) and nesiritide. The primary molecular target, soluble 
guanylyl cyclase, is accessed by drug or NO diffusion between cells. The product, 
phosphorylated protein kinase, causes vascular smooth muscle relaxation by 
phosphorylating (and inactivating) myosin light chain kinase.
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LevosimendanLevosimendan
•• Novo, obetavno zdraviloNovo, obetavno zdravilo
•• Levosimendan  Levosimendan  ⇒⇒ ⇑⇑ obobččutljivost miokarda za utljivost miokarda za 

kalcijkalcij
•• SpecifiSpecifiččni uni uččinku zdravila:inku zdravila:

1.1. Inhibicija fosfodiesteraze III Inhibicija fosfodiesteraze III 
2.2. Sensitiziranje miofilamentov troponinaSensitiziranje miofilamentov troponina--C za kalcijeve C za kalcijeve 

ione;ione;
3.3. Stimulacija KStimulacija KATPATP kanalov v miokardu (glibenklamid kanalov v miokardu (glibenklamid 

inhibira ta uinhibira ta uččinek)inek)
•• Pozitiven inotropen in Pozitiven inotropen in vazodilatatorenvazodilatatoren uuččinekinek
•• Ni neugodnih uNi neugodnih uččinkov poveinkov poveččane koncentracije ane koncentracije 

CaCa2+ 2+ (aritmije)(aritmije)
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Figure 13.28 Proposed mechanism of action of levosimendan. Ca2+ and levosimendan bind to 
troponin C. This alters the conformation of troponin C such that its affinity for both Ca2+ and 

levosimendan is increased. This is the 'Ca2+ sensitizer' effect. Tropinin C is activated when Ca2+ 
binds to it. Activated troponin C prevents tropomyosin from blocking the binding of actin to 
myosin. This facilitates actin-myosin binding and generates the positive inotropic response.
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AAgonistgonistii ßß1 1 adrenoceptoradrenoceptorjevjev

•• Dobutamin Dobutamin akutno izboljakutno izboljšša parametre a parametre 
delovanja srca:delovanja srca:

•• ⇑⇑ MVMV
•• ⇓⇓ MAPMAP
•• ⇓⇓ PUPU
•• ⇓⇓ polnitev ventriklovpolnitev ventriklov
•• Uporaba pri akutnem opeUporaba pri akutnem opeššanju levega anju levega 

srcasrca
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Figure 18-4 Ventricular function curves in the dog. Infusion of physiological saline increases blood 
volume and hence end-diastolic pressure. This increases stroke work ('extrinsic' control) by 
increasing the force of contraction of the heart. This relationship is called the Starling curve. 

Noradrenaline has a direct action on the heart ('intrinsic' control), increasing the slope of the Starling 
curve. (Redrawn from Sarnoff S J et al. 1960 Circ Res 8: 1108.)
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Comparative Comparative 
hemodynamic hemodynamic 

effects of dopamine effects of dopamine 
and and dobutaminedobutamine in in 
patients with heart patients with heart 

failurefailure
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Figure 18-6 The calcium transient in frog cardiac muscle. A group of cells was 
injected with the phosphorescent Ca2+ indicator aequorin, which allows [Ca2+]i to be 

monitored optically. Isoprenaline causes a large increase in the tension and in the 
[Ca2+]i transient caused by an electrical stimulus (&#9652;). (From Allen D G, Blinks 

J R 1978 Nature 273: 509.)
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AdverseAdverse effectseffects ofof drugsdrugs used in used in thethe treatmenttreatment ofof
congestivecongestive heartheart failurefailure

•• CardiacCardiac glycosidesglycosides havehave a a narrownarrow therapeutictherapeutic indexindex andand
maymay precipitateprecipitate arrhythmiasarrhythmias

•• ShortShort--term term treatmenttreatment withwith phosphodiesterasephosphodiesterase inhibitorsinhibitors
cancan causecause thrombocytopeniathrombocytopenia andand arrhythmiasarrhythmias

•• ßß1 1 agonistsagonists maymay precipitateprecipitate tachyarrhythmiastachyarrhythmias, , andand longlong--
term term useuse maymay worsenworsen myocardialmyocardial functionfunction

•• DiureticsDiuretics produceproduce seriousserious electrolyteelectrolyte imbalancesimbalances suchsuch as as 
hypokalemiahypokalemia, , whichwhich maymay produceproduce ventricularventricular arrhythmiasarrhythmias

•• AngiotensinAngiotensin--convertingconverting enzymeenzyme (ACE) (ACE) inhibitorsinhibitors produceproduce
fewfew adverseadverse effectseffects, , andand generallygenerally onlyonly hypotensionhypotension

•• NitrovasodilatorsNitrovasodilators, , nesiritidenesiritide andand eplerenoneeplerenone havehave fewfew
adverseadverse effectseffects
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Comparative effects of Comparative effects of dobutaminedobutamine, , milrinonemilrinone, and , and nitroprussidenitroprusside on left on left 
ventricular contractility and systemic vascular resistanceventricular contractility and systemic vascular resistance
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Hemodynamic responses to pharmacological interventions in heart Hemodynamic responses to pharmacological interventions in heart 
failure.failure.
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Figure 13.23 Drugs used in the treatment of the various stages of congestive heart 
failure. The slow decline in ventricular function with age is exacerbated by disease 

(ACE, angiotensin-converting enzyme).
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Pathophysiological Pathophysiological 
mechanisms of heart mechanisms of heart 

failure and major failure and major 
sites of drug action.sites of drug action.
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StagesStages ofof heartheart failurefailure
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