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Ab stract: This ar ti c le is a sho rt re vi ew of va so ac ti -
ve drugs which are in use in to day’s cli n i cal prac ti ce. In 
the past cen tury, de ve l op ment of va so ac ti ve drugs
went thro ugh se v e ral pha ses. All of the se drugs are to -
day di vi ded in to se v e ral gro ups, de pen d ing on the ir
pla ce of ac tion, phar ma co lo g i cal pat h ways and/or ef -
fects on tar get or gan or or gan sys tem. Hen ce, many dif -
fe r ent agents are to day in cli n i cal prac ti ce, we ha ve
shown com pa r i son be t we en them. The se agents pro vi -
de new di rec ti ons in the tre at ment of car di o va s cu lar
com pro mi se, sug ge st ing that the pri mary goal of the r -
apy is to en han ce tis sue per fu sion by both pro du c ing a
va so di la tory ef fect of the cir cu la tion and re ver s ing he -
modyna mic fa i l u re us ing ino tro pic agents, with in cre a -
sed at ten tion to mi n i mi ze the ir in he r ent risks and si de
ef fects.

Key words: va so ac ti ve agents, ino tro pic agents,
le vo si men dan, phosp ho di e ste ra se III in hi b i tors.

IN TRO DUC TION

Va so ac ti ve agents are a gro up of bi o ac ti ve che m i -
cals, which chan ge va so mo tor to ne thro ugh the ir in flu -
en ce on va r i o us pe rip h e ral re cep tors. Most of the se
agents ha ve ino tro pic ef fects (e.g. no re pi nep hri ne) as
they bind with re cep tors po si ti o ned on the sur fa ce of
the myocar di um. So me phar ma co lo gic agents are dif fi -
cult to clas sify as the ir ef fects ove r lap, ho w e ver all va -
so ac ti ve drugs af fect stro ke vo l u me and he a rt ra te. This 
de ter mi nes car di ac out put and, as a con se qu en ce, ove r -
all car di o va s cu lar fun c tion. In the ideal si t u a tion, ino -
tro pic drugs wo uld only ha ve ef fects di rectly on myo -
ca r dial cells, wit h o ut si mul ta ne o us sti m u la tion of ot her 
re cep tors. As one qu ickly le a rns, such is not the ca se
with many of our most im por tant va so ac ti ve agents.
So me ino tro pic agents such as do pa mi ne (de pen d ing

on the do se) pro vo ke va so con stric tion whi le ot her such 
agents, li ke iso pre na li ne, ca u se va so di la ta tion.

Pu re va so con stric tors pro du ce ar te rial wall con -
stric tion by sti m u la tion of a-adre ner gic re cep tors (e.g.
phenylep hri ne) or by sti m u la t ing V1a re cep tors (e.g.
va so pre si ne) on the vas cu lar en do t he lial sur fa ces.

Pu re va so di la tors, on the ot her hand, are clas si fied 
ac cor d ing to the ir pre do m i na te ef fect on the ar te r i es
(e.g. hydra la zi ne), ve ins (e.g. ni tr o glyc e r i ne), or both
ar te rial and ve no us (e.g. ni tro pru si de) ves sels. The
main fa vo u r a ble re sult of hydra la zi ne and ni tro pru si de
is a re duc tion of car di ac af ter load and an in cre a se in
car di ac out put. The main ef fect of ni tr o glyc e r i ne is ac -
hi e ved by ve no di la ta tion, which de c re a ses pre load and
con se qu ently car di ac out put.

In 1908, Sir Ja mes McKen zie first de scri bed “low
car di ac out put syn dro me”. Cli n i cally, this syn dro me
re sults in glo bal hypo per fu sion, who se tre at ment re qu -
i res ino tro pic sup port by va so ac ti ve me d i ca ti ons, or
me c ha n i cal in ter ven tion to sup port and im pr o ve car di -
ac work. In the early 1900s the ma in stay of car di ac tre -
at ment was di g i ta lis with the ad di tion of a salt re du ced
di et. Ac cu mu la ted flu ids wit hin ple u ral and pe ri to neal
spa ces we re eli m i na ted by me c ha n i cal me ans or by
dra i n a ge. The use of di u re t ics was in sti tu ted du r ing the
1920s. The tre at ment of con ge s ti ve he a rt fa i l u re en te -
red a se c ond pha se in the 1950s, when va so di la tors we -
re in tro du ced in to the phy si ci ans’ the r a pe u tic ar ma -
men ta r i um. With the in tro duc tion of the ino tro pic
agents in the 1980s, a third gre at pe riod in the the r apy
of he a rt fa i l u re had be gun.

Us ing the phar ma co ki ne tics and phar ma codyna -
mics of many ino tro pic agents, Leh to nen was able to
ca t e go ri ze them in to two ba sic gro ups: cAMP de pen d -
ent (Ta ble 1), and cAMP in de pen d ent (Ta ble 2) (1).
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cAMP de pen dent agents

The cAMP de pen d ent gro up con sists of tho se
agents, which in cre a se pro duc tion of cAMP by sti m u -

la t ing adre ner gic re cep tors (adre ner gic and do pa mi ner -
gic ago nists) or by de c re a s ing cAMP de g ra da tion by
in hi b i t ing phosp ho di e ste ra se ac ti v ity (phosp ho di e ste -
ra se III in hi b i tors). In con trast, the gro ups of ino tro pic
agents, which are in the cAMP in de pen d ent gro up, are
in hi b i tors of Na+-K+-AT Pa se (di go xin), po tas si um
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Ta ble 1. cAMP de pen d ent ino tro pic agents

INO TRO PIC AGENTS

cAMP de pen d ent

adre ner gic ago nists
epi nep h ri ne
iso pro te re nol
do bu ta mi ne
xa mo te rol

do pa mi ner gic ago nists
do pa mi ne
do pe xa mi ne
ibo pa mi ne

phosp ho di e ste ra se III iso en zi me in hi b i tors
de ri va te of bi pe ri di ne — amri no ne, mil ri no ne
de ri va te of imi da zo lo ne — eno xi mo ne, pi ro xi mo ne
to bo ri no ne

Ta ble 2. cAMP in de pen d ent ino tro pic agents

INO TRO PIC AGENTS

cAMP in de pen d ent

Na+-K+-AT Pa se in hi b i tors
di go xin

po tas si um chan nels in hi b i tors
ve sna ri no ne

ago nists of a- adre ner gic re cep tors
phenylep hri ne

Cal ci um

Ta ble 3. Ol der the r a pe u tic me d i ca ti ons

OL DER THE R A PE U TIC ME D I CA TI ONS

NO TE: tre at ment of acu te he a rt fa i l u re did not
chan ge for de ca des

mor p hi ne
di u re t ics
ni tr o glyc e r i ne
ca tec ho la mi ne ino tro pic agents

De spi te acu te he modyna mic im pro ve ment, ino tro pic
agents of ten in cre a sed mor ta l ity

epi nep h ri ne
do bu ta mi ne
mil ri no ne

Ta ble 4. Ad ver se ef fects of ca tec ho la mi ne
ad mi n i s tra tion

AD VER SE EF FECTS OF CA TEC HO LA MI NE
AD MI N I S TRA TION

in cre a se in ox y gen con sump tion

arrhythmo ge nic ef fect

tachyphyla xis

in cre a sed risk of sud den car di ac de ath

dif fi culty du r ing be ta-bloc ker ad mi n i s tra tion

De pen d ency on the fun c ti o nal con di tion
of be ta-adre ner gic re cep tors

Ta ble 5. Con di ti ons that al ter re cep tor den sity and af fect re spon se to ca te c ho l a mi nes

CON DI TI ONS THAT AL TER RE CEP TOR DEN SITY AND AF FECT RE SPON SE TO CA TE C HO L A MI NES

CON DI TION RE CEP TOR DEN SITY CHAN GE

con ge s ti ve he a rt fa i l u re (he a rt)*

sep sis (–) > (li ver, vas cu la tu re)

myo ca r dial ische mia (–) be ta, (+) > (he a rt)

asthma (–) be ta (lungs le u ko cytes)+

cys tic fi bro sis (–) be ta (le u ko cytes)

ag o nist ad mi n i s tra tion (–) >, be ta (he a rt, pla te lets, le u ko cytes)

an ta g o nists ad mi n i s tra tion (+) >, be ta (he a rt, pla te lets, le u ko cytes)

hyperthyro i dism (+) be ta (he a rt)

hypothyro i dism (–) be ta (he a rt)

glu co cor ti co ids (+) be ta (he a rt, le u ko cytes)

Le g end: *be ta — adre ner gic re cep tors are de c re a sed in se ve re he a rt fa i l u re; + if on be ta — ago nists the r apy for asthma; (+) — in cre -
a sed; (–) — de c re a sed. Mo d i fied from: Za ritsky A, Eisen berg MG. On to ge ne tic con si d e r a tion in the phar ma cot he rapy of shock. In:
Che r now B, Sho e mar ker WC, eds. Cri t i cal Ca re: Sta te of the Art. Ful ler ton, CA: So ci ety of Cri t i cal Ca re Me d i ci ne; 1986;7:485-534



chan nel in hi b i tors (ve sna ri non), ago nists of ß- adre ner -
gic re cep tors (phenylep hri ne), and in clu de the cal ci um
salts. The agents in this lat ter gro up af fect ionic pumps
and re g u la te the con cen tra tion of in tra cel lu lar cal ci um
(Ta ble 3).

The ca tec ho la mi ne ino tro pic agents we re among
the ear li est va so ac ti ve agents and re main im por tant
and use ful to day al t ho ugh the re can be so me ne g a ti ve
con se qu en ces of the ir use (Ta ble 4). A ma jor si de ef fect 
is an in cre a se in myo ca r dial ox y gen con sump tion. Fur -
t her mo re, it is well es ta b lis hed that du r ing do pa mi ne
ad mi n i s tra tion its ef fec ti ve ness di mi n is hes sig ni f i -
cantly as ad mi n i s tra tion con ti n u es be yond 48 ho u rs.
This sa me ef fect has been seen af ter 90 ho u rs with do -
bu ta mi ne. The most im por tant com po nent to ex pla in
the de c re a sed ef fec ti ve ness of ino tro pic agents is the
fun c ti o nal con di tion of the b-adre ner gic re cep tors. To -
day, the re are many known con di ti ons which chan ge
the den sity and re spon si ve ness of b-adre ner gic re cep -
tors. Such con di ti ons, in fact, chan ge the re la ti on ship
wit hin sub gro ups of b-adre ner gic re cep tors in myocar -
di um, from 80% b1: 20% b2 chan g ing in 60% b1: 40%
b2 (Ta ble 5) (2).

Phosp ho di e ste ra se III in hi b i tors pro du ce the ir ef -
fects in de pen d ently of b-adre ner gic re cep tors. They
are a use ful class of agents that can be em ployed in va r -
i o us the r a pe u tic set tings. They are a non-spe ci fic he t e -
r o ge ne o us gro up of agents. All three phosp ho di e ste ra -
se frac ti ons are phys i o lo g i cally ac ti ve. They ha ve
strong chro no tro pic ef fects, and the re fo re sho uld be
avo i ded in cli n i cal prac ti ce when an ino tro pic agent is
ne e ded. Spe ci fic in hi b i tors of this class of agents are
di vi ded in to the two gro ups (Ta ble 6) (2).

cAMP in de pen d ent agents

The re is al so a gro up of va so ac ti ve agents that ex -
hi bit an ino tro pic ef fect, but in ad di tion, al so ha ve a va -
so di la tor ef fect. Opie gro u ped the se agents in to a uni -
que class, the ino di la tors (Ta ble 7) (3).

A lack of tachyphyla xis and tachy car dia, and be -
ing in de pen d ent of b-adre ner gic re cep tor con di ti ons,
gi ves a cli n i cal ad van ta ge to this gro up of agents, when 
com pa r ing them with the ca te c ho l a mi nes (Ta ble 8).

Fur t her mo re, the se agents ha ve a very im por tant
myo ca r dial ef fect, cal led the lu si tro pic ef fect, which was 
in tro du ced in to cli n i cal ter mi no l ogy by Smith and Katz
in 1986. Co i n ing this term, the au t hors wan ted to em p -
ha si ze the ro le of di a sto lic dys fun c tion (4) du r ing he a rt
fa i l u re. All agents, which im pr o ve di a sto lic fun c tion,
pri ma r ily by de c re a s ing the ac tin-my o sin ove r lap du r ing 
di a s to le, are de e med to ha ve a po s i ti ve lu si tro pic ef fect.
Nu me r o us ad ver se ef fects and an in cre a sed mor ta l ity
are the re a sons why many cli ni ci ans are of ten un suc -
cess ful with the ino tro pic agents pre s ently in use. New
the r a pe u tic agents ha ve been de ve l o ped in the last few

VA SO AC TI VE DRUGS IN CRI T I CAL CA RE 187

Ta ble 9. New the r a pe u tic go als

NEW THE R A PE U TIC GO ALS

AGENT EF FECT MEC H A NISM OF AC TION

ISDN - high do ses ve no us and ar te rial va so di la ta tion syn the sis of NO

Te zo sen tan ar te rial va so di la ta tion bloc k a de of en dot he lin re cep tors

Ne si ri ti de ar te rial va so di la ta tion de c re a se of pre load, af ter load, di u re sis

Le vo si men dan ino tro pic, va so di la ta tion
bin d ing for tro po nin C, ac ti va tion of
po tas si um chan nels

Ta ble 6. Phosp ho di e ste ra se III in hi b i tors

PHOSP HO DI E STE RA SE III IN HI B I TORS (PDE III)

NON-SPE CI FIC
the ophyli ne
pa pa ve ri ne
dipyri da mo le

SPE CI FIC
de ri va tes of bi pe ri di ne — amri no ne, mil ri no ne
de ri va tes of imi da zo lo ne — eno xi mo ne, pi ro xi mo ne

Ta ble 7. Ef fects of phosp ho di e ste ra se III in hi b i tors

EF FECTS OF PHOSP HO DI E STE RA SE III
IN HI B I TORS

MYOCAR DI UM po s i ti ve ino tro pic

VAS CU LA TU RE va so di la ta tion

CO R O NARY AR TE R I ES va so di la ta tion

PLA TE LETS AND
LE U KO CYTES

me t a bo lic ef fect

Ta ble 8. Ad van ta ges of phosp ho di e ste ra se III
in hi b i tors

AD VAN TA GES OF PHOSP HO DI E STE RA SE III
IN HI B I TORS

myo ca r dial — po s i ti ve lu si tro pic ef fect

in de pen d ent of the fun c ti o nal con di tion
of adre ner gic re cep tors

lack of tachyphyla xis

lack of tachy car dia



years to as sist the cli ni cian in the sta bi li za tion, sup port
and tre at ment of car di o va s cu lar di s e a se (Ta ble 9).

One of the ne w est gro ups of ino tro pic agents (Ta -
ble 10) is a gro up of agents, which in cre a se the af fi n ity
of myofi brils for cal ci um and are cal led cal ci um sen si -
ti zers. Cal ci um sen si ti zers are the ne w est he t e r o ge ne o -
us gro up of ino tro pic agents. The best known re p re sen -
ta ti ves of this gro up are le vo si men dan and pi mo ben -
dan. Po s i ti ve ino tro pic ef fects of le vo si men dan are ac -
hi e ved by its bin d ing to tro po nin C and cal ci um, the -
reby sta bi li z ing the tro pomyosin mo l e cu le and pro lon -
g ing the du ra tion of ac tin-my o sin ove r lap wit h o ut a
chan ge in the net con cen tra tion of in tra cel lu lar cal ci -
um. The va so di la tory ef fect of le vo si men dan is re ac -
hed thro ugh ac ti va tion of ATP-de pen d ent po tas si um
chan nels. This le ads to a de c re a se in both af ter load and
pre load, in cre a sed co r o nary blood flow and a re sul tant
an ti-ische mic ef fect. Le vo si men dan is the re fo re ca t e -
go ri zed as an an ti-ische mic ino tro pic agent (5). Ad di ti -
o n ally, the in ci den ce of arrhythmi as is ex tre mely low,
the re is no de ve l op ment of to l e r an ce to its phar ma co lo -
g i cal ef fects, and the si mul ta ne o us ad mi n i s tra tion of
b-bloc kers and cal ci um chan nels bloc kers do es not
pro du ce se ri o us ad ver se ef fects. 

In two lar ge ran do m i zed stu d i es, RUS SLAN and
LI DO, it was do c u men ted that po s i ti ve he modyna mic
ef fects and a lo wer mor ta l ity was seen in pa ti ents who
re ce i ved le vo si men dan in com pa r i son to pa ti ents who
re ce i ved do bu ta mi ne or pla ce bo (6, 7). Al so, the re is
much in te r est in le vo si men dan ad mi n i s tra tion in pa ti -
ents with open-he a rt sur gery, es pe ci ally in tho se with
off-pump pro ce du re (8–10, 11, 12). A re cent me -
ta-anal y sis has shown that le vo si men dan re du ces mor -
ta l ity and du ra tion of ho s pi tal stay in pa ti ents who un -
der went car di ac sur gery as well as in tho se who we re
tre a ted in car di o l ogy units (13).

The re are three types of na tri u re tic brain pep ti des.
The A and B types are lo ca ted in the atria and ven tri c les 
of the he a rt, and the C type is lo ca ted in en do t he lial
cells. B-na tri u re tic pep ti de has a spec trum of phys i o lo -
gic ef fects of cli n i cal im por tan ce, which in clu de re duc -
tion of both pre- and af ter load along with di u re tic and

na tri u re tic ef fects (Ta ble 11). The se rum le vel of B-na -
tri u re tic pep ti de is di rectly cor re la ted with the de gree
of chro nic he a rt fa i l u re. Be ca u se of this, it has been ad -
ded to the di ag no s tic pro to col of the Eu ro pean Car di o l -
ogy As so ci a tion and to the pro to col of con ge s ti ve he a rt 
fa i l u re tre at ment as well (14). 

Ne si ri ti de is an ex o g e no us re com bi nant B-na tri u -
re tic pep ti de with the sa me phar ma co lo g i cal pro fi le.
The re ha ve been ni ne cli n i cal stu d i es con duc ted us ing
ne si ri ti de in vol v ing over ni ne hun dred pa ti ents. Sig ni f -
i cant, po s i ti ve cli n i cal ef fects ha ve been do c u men ted.

En dot he lin is a strong va so con stric tor. The re are
two types of re cep tors to which it at ta c hes. The ETa re -
cep tors are lo ca ted in the ves sel’s smo oth mu s cles cells 
and the ETb re cep tors are lo ca ted on the en do t he lial
sur fa ces. Sti m u la tion of the re cep tors by en dot he lin
pro du ces in cre a sed vas cu lar to nus and pro gres sion of
ar te ri o scle ro sis in su b jects with co r o nary ar tery di s e a -
se. In hi bi tion of en dot he lin fun c tion re sults in bet ter
he modyna mics, he a rt re mo d e l ing and a de c re a sed pro -
li f e r a tion of smo oth mu s cles in blood ves sel walls. In
the RITZ study, and the VE RI TAS study, in vol v ing al -
most 1500 pa ti ents (15), fa vo r a ble he modyna mic ef -
fects (a lo w e r ing the sys te mic blood pres su re, and in -
cre a se of car di ac in dex) we re me a su red but wit h o ut
sig ni f i cant cli n i cal im pro ve ment and or a re duc tion in
mor ta l ity (4, 5, 16).

Ar gi nin-va so pre si ne is an en do g e no us no na pep ti -
de. It sti m u la tes V1a re cep tors and pro du ces va so con -
stric tion. At the sa me ti me sti m u la tion of V2 re cep tors
pro du ces an an ti di u re tic ef fect. By the se mec h a nisms
va so pre si ne plays an im por tant ro le in fluid ho me o sta -
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Ta ble 10. Ne wer ino tro pic agents

NE WER INO TRO PIC AGENTS

CAL CI UM SEN SI TI ZERS
le vo si men dan
pi mo ben dan

OT H ERS
na tri u re tic brain pep ti de — ne si ri ti de
te zo sen tan
va so pres sin

B-TYPE NA TRI U RE TIC PEP TI DE (BNP) — PHYS I O LO GIC EF FECTS

Sys te mic He modyna mic
pre load re duc tion
af ter load re duc tion
in cre a sed CI
lack of tachy car dia

Ne u ro hor mo nal
de c re a se en dot he lin 1
in hi bit RAA axis
de c re a se of epi nep h ri ne le vel

Co r o nary ar te r i es
va so di la ta tion

Re nal
di u re sis and na tri u re sis
in cre a sed fil tra tion frac tion
GFR ef fect va ri a ble

Ta ble 11. B-type na tri u re tic pep ti de (bnp) – phys i o lo gic ef fects



sis. It plays an im por tant the r a pe u tic ro le in sta tes of re -
frac tory va so di la ta tion, in which pa ti ents are un re -
spon si ve to ca tec ho la mi ne va so con stric ti ve the r apy
(17). Va so pre si ne has al so a pla ce in car di o pul mo nary
re su s ci ta tion pro ce du res (18). In the an i mal mo del, it
has shown bet ter ef fects on cir cu la tion in the splan -
chnic re gion in com pa r i son with no re pi nep hri ne (19).

CON CLU SION

Hi s to r i cally, the ca te c ho l a mi nes ino tro pic agents
we re first li ne me d i ca ti ons used in the tre at ment of car -
di o va s cu lar com pro mi se, but the ir be n e fits we re of ten
over sha d o wed by ma jor com pli ca ti ons, such as in cre a -
sed mor ta l ity. The in tro duc tion of many ne wer agents in
ne wer clas ses, such as tho se which pro du ce the ir ef fects
in de pen d ently of b-re cep tor fun c ti o n a l ity (e.g. phosp ho -
di e ste ra se III in hi b i tors), or do not chan ge the in tra cel lu -

lar cal ci um va l u es (e.g. cal ci um sen si ti zers), re p re sent
sa fer, bet ter cho i ces for tre at ment. They al so es ta b lish
new di rec ti ons in the tre at ment of car di o va s cu lar com -
pro mi se, sug ge st ing that the pri mary goal of the r apy is
to en han ce tis sue per fu sion by both pro du c ing a va so di -
la tory ef fect of the cir cu la tion and re ver s ing he modyna -
mic fa i l u re us ing ino tro pic agents, with in cre a sed at ten -
tion to mi n i mi ze the ir in he r ent risks and si de ef fects.

Ab bre vi a ti ons

cAMP — cy clic ade no si ne mo nop hosp ha te
ATP — ade no si ne trip hosp ha te
ISDN — iso sor bind di ni tra te
NO — ni tric ox i de
CI — car di ac in dex
RAA — re nin-an gi o ten sin-al do ste ro ne sys tem
GFR —glo me r u lar fil tra tion ra te
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Ovaj rad je krat ki pre gled va zo ak tiv nih le ko va ko ji
su u pri me ni u da na {njoj kli ni~ koj prak si. To kom po sled -
njeg ve ka, raz voj va zo ak tiv nih le ko va pro {ao je kroz ne -
ko li ko fa za. Svi ti le ko vi da nas su po de lje ni u ne ko li ko
gru pa, u za vi sno sti od nji ho vog me sta de lo va nja, far ma -
ko lo {kih pu te va i/ili u~i na ka na ci lja ni or gan ili or gan ski
si stem. Sto ga je da nas mno go raz li ~i tih le ko va u kli ni~ koj 
prak si, a u ovom ra du pri ka zu je mo po re |e nja me |u nji -

ma. Na ve de ni le ko vi pru ̀ a ju nam no ve sme ro ve u le ~e -
nju kar di o va sku lar no kom pro mi to va nih bo le sni ka, uz
po bolj {a nje tkiv ne per fu zi je ostva re no va zo di la ta tor nim
svoj stvi ma i re ver zi jom sr ~a nog za ta je nja ko ri {te njem
ino trop nih le ko va, sa po ve }a nom pa ̀ njom usme re nom
pre ma sma nje nju ri zi ka i nus po ja va nji ho vog ko ri {}e nja.

Klju~ ne re ~i: va zo ak tiv ni le ko vi, ino trop ni le ko -
vi, le vo si men dan, in hi bo ri fos fo di e ste ra ze ti pa III.
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