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RESUMO

CésarDS, Miyoshi E, Halpern H, Auler JrJOC - Fenoldopam:
Novo Antihipertensivo Parenteral; Alternativa ao Nitroprus-
siato?

Justificativa e Objetivos - O fenoldopam é um agonista
dopaminérgico seletivo para os receptores dopaminérgicos
tipo 1 (DA-1) que causa vasodilatagdo periférica e o objetivo
deste artigo é reunir as informagées clinicas sobre este
farmaco.

Conteudo - Neste artigo foram revisadas as experiéncias em
urgéncias e emergéncias hipertensivas, mostrando que o
fenoldopam apresenta vantagens sobre o nitroprussiato de
soédio (NPS) no tratamento das mesmas. Ao contrario do NPS,
o fenoldopam causa vasodilatagdo periférica, ao mesmo
tempo que induz diurese e natriurese em pacientes com
hipertensdo grave sem causar os efeitos deletérios pelo
tiocianato.

Conclusées - O fenoldopam parenteral, pelos seus efeitos
renais e menor impacto de efeitos colaterais, pode ser
considerado uma boa alternativa ao nitroprussiato de sédio no
tratamento de emergéncias hipertensivas.

UNITERMOS - ANTIHIPERTENSIVO: fenoldopam

SUMMARY

César DS, Miyoshi E, Halpern H, Auler JrJOC - Fenoldopan: A
New Parenteral Anti-hypertensive; an Alternative to Nitro-
prusside?

Background and Objectives - Fenoldopan is a selective
dopaminergic agonist for dopaminergic receptors type 1
(DA-1), which induces peripheral vasodilation. This review
aimed at collecting clinical information about this drug.

Contents - This study reviewed experiences in hypertensive
urgencies and emergencies and has shown the advantages of
fenoldopan as compared to sodium nitroprusside. As op-
posed to sodium nitroprusside, fenoldopan induces periph-
eral vasodilation at the same time that induces diuresis and
natriuresis in severely hypertensive patients without the
harmful effects of thiocyanate.

Conclusions - Parenteral fenoldopan, for its renal effects and
less adverse effects, is an interesting alternative to sodium
nitroprusside in treating hypertensive emergencies.

KEY WORDS - ANTI-HYPERTENSIVE: fenoldopan

INTRODUCAO

N os EUA, séo observadas crises hipertensivas em 2,4%
a 5,2% dos pacientes com hipertenséo. A crise hiper-
tensiva geralmente esta associada a pressao arterial (PA)
diastolica maior que 115 mmHg, necessitando de interven-
¢ao imediata para prevenir lesdo de 6rgaos-alvo ou mesmo
amorte .
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Dessa forma, urgéncias hipertensivas podem ser definidas
como condigdes em que ha pressao arterial (PA) elevada (di-
astélica maior que 120 mmHg) sem lesdo de 6rgéos-alvo 2.
Em sua maioria, tém sido tratadas com medicagéao oral. No
entanto, emcertasocasides, incluindo hipertensao peri-ope-
ratéria, sangramento nasal de dificil tratamento e hiperten-
sdo associada a aumento sérico de catecolaminas, o trata-
mento & feito com medicacao parenteral .

As emergéncias hipertensivas sao condigdes em que ha ele-
vacao de PA sistdlica e diastolica com comprometimento
agudo e progressivo de 6rgaos-alvo?. Estas devem ser trata-
dasimediatamente com cuidados intensivos, antihipertensi-
vos parenterais e monitorizagado invasivada PA. Tradicional-
mente, ofarmacode escolhaéoNPS, potente vasodilatador,
com rapido inicio de agdo, meia-vida curta, baixo indice de
tolerancia e alta taxa de resposta. Apresenta algumas des-
vantagens, incluindo toxicidade por tiocianato, possivel de-
terioracdodafungédorenale maperfusaocoronarianadevido
ao seu potente efeito vasodilatador tanto em territério arterial
quanto venoso 20 fenoldopam e outros agonistas dopami-
nérgicos seletivos paraosreceptoresdotipo 1 (DA-1)podem
ser uma alternativa ao nitroprussiato de sodio (NPS) em
emergéncias hipertensivas com efeitos colaterais potencial-
mente menores e ainda algumas vantagens, as quais serao
relatadas a seguir, sendo efetivo no tratamento de hiperten-
sdo grave apos cirurgia nao cardiaca e apds revasculariza-
¢éo do miocardio .
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CARACTERISTICAS QUIMICAS

O fenoldopam ou 6-cloro-2,3,4,5-tetrahidro-4-hidroxife-
nil-1H-3-benzazepino-7,8-diol metanossul-fonato *, contém
um carbono assimétrico, sendo constituido por dois enantio-
meros ativos, SK&F R-82526 e SK&F S-82526 (Figura 1). O
efeitofarmacolégico estudado emratos mostrou que pratica-
mente toda a atividade nos receptores DA-1 é produzida pe-
losenantiomeros R. Padrao similar foiencontrado em artéria
esplénica de coelho, mas com estereosseletividade muito
menor nos vasos, sendo o enantiomero R 10 vezes mais po-
tente que 0 S.
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Figura 1 - Estrutura Quimica do Fenoldopam

PROPRIEDADES FARMACODINAMICAS

O fenoldopam é um agonista seletivo para receptores dopa-
minérgicos dotipo DA-1, que, dentre outros efeitos, demons-
trados em estudos in vitro ®7 e in vivo ®'°, causa vasodilata-
cdo °.

Em caes, a administragéo intracoronariana de fenoldopam
de 20 nmol/L aumentou o fluxo sangliineo coronariano, prin-
cipalmente por vasodilatacdo. Entretanto, em altas doses
(>500nmol/L),0aumentodo fluxo sangliineo coronariano foi
principalmente devido ao efeito inotrépico positivo ''"'2. Are-
sisténcia vascular mesentérica diminuiu e o fluxo sangtineo
aumentou para um maximo de 69%, apds a administragao
venosa de fenoldopam 30 ug.kg’1 emratos espontaneamen-
te hipertensos '°.

As doses de fenoldopam que reduziram significativamente
aPAemcéaestiveram pouco efeito nofluxo sangliineorenal,
enquanto doses de NPS, que reduziram em magnitude se-
melhante a PA, provocaram diminuigéo significativa no flu-
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xo sangiiineo renal '*. Baixas doses de fenoldopam, que
nao reduziram a PAem caes, produziram vasodilatagao re-
nalrelacionadaadose mediadaporreceptores DA-1, diure-
se e natriurese, quando administrado diretamente na arté-
ria renal '°.

Ainfuséo de fenoldopam de 0,025 a 0,5 ug.kg™".min™" gerou
modestas diminuicdes na presséao arterial diastolica (PAD)
emvoluntarios saudaveis e aumento da freqiiéncia cardiaca
sem alterar a presséo arterial sistolica (PAS) '®_Em pacien-
tes com hipertensao grave, no entanto, ritmo menor ou igual
a0,8 pg.kg'1.min'1 mostroudiminuicdo da PAcompativelcom
a dose '". Nestes pacientes, a infusdo de 0,1 a 0,9
ug.kg”.min™" diminuiu a PAS (valor inicial maior que 180
mmHg) e a PAD (valorinicial maior que 120 mmHg)de 18,5a
28% e de 22 a 31,5%, respectivamente '®'°. Em estudo pos-
terior, diminuicéo de cerca de 30% da PA foi acompanhada
porreducdode 35,6% naresisténcia periféricatotale de 33%
napresséao capilar pulmonar, eaumento de 6% no indice car-
diaco %°.

Ainfusdo venosa de doses terapéuticas, tanto em voluntarios
saudaveis quanto em pacientes hipertensos, aumentou de
formasignificativa o fluxo sangiiineorenal e diminuiu aresis-
téncia vascular renal, sem alterar o ritmo de filtracdo glome-
rular?"??. Durante areducdo de PAextremamente elevada, o
fenoldopam aumentou adepuragao de creatinina, o fluxo uri-
nario e a excregao de sodio e potassio. Ao contrario, o NPS
diminuiu a depuragéao de creatinina e teve pouco efeito nos
outros parametros da funcao renal 2".

Proporcionalmente a dose administrada, a infusao de fenol-
dopam aumentou a atividade da renina plasmatica e os niveis
de angiotensina Il em voluntarios saudaveis 23, mas nao au-
mentou a atividade darenina plasmaticanemos niveis de al-
dosterona e prolactina em pacientes com hipertensao grave
2425 Como a administragdo concomitante de enalapril gerou
efeito antihipertensivo aditivo, mas nao sinérgico, aparente-
mente a ativagdo do sistemarenina-angiotensina-aldostero-
na ndo antagoniza de forma significativa o efeito do fenoldo-
pam 2°.

Alémdessas caracteristicas, o fenoldopam mostroutambém
importancia na protecao renal em pacientes submetidos a
ventilagdo mecénica com PEEP (positive end-expiratory
pressure).Nesses pacientes, promoveudiminuicaodaresis-
téncia vascular renal, e aumento do fluxo plasmatico renal,
da diurese e da natriurese %',

PROPRIEDADES FARMACOCINETICAS
Apds administragao oral

O fenoldopam é rapidamente absorvido ap6s administragao
oral ?® e sofre extenso metabolismo pré-sistémico para for-
mar conjugados de sulfato, metil e glucuronito '®. Clancy e
col. estudaram o efeito do alimento na disponibilidade sisté-
mica da droga em voluntarios saudaveis e observaram que
este reduz significativamente a area sob a curva de concen-
tragcdo plasmatica e a concentragao plasmatica maxima, en-
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quanto aumenta, também de forma significativa, o tempo
para atingira concentragio plasmatica maxima. Além disso,
cerca de 1% da dose administrada por via oral é excretada
pelos rins sem sofrer qualquer alteragao °.

Embora a administragéo oral de fenoldopam em pacientes hi-
pertensos produzaredugao mensuravelnaPA, o efeito é curto
devidoarapidaeliminacdo metabdlicadofarmaco. Assim, tor-
nar-se-ia necessaria a sua freqliente administragéo para que
se obtivesse efeito farmacologico sustentado *°.

Apds administracéo parenteral

Weber e col.observaram que ofenoldopam temrapido picode
acao (15 min) em pacientes com hipertenséo essencial. Além
disso, mostraram volume de distribuicdo de 582 ml.kg™', depu-
ragao corporal total de 30,3 ml.kg™".min"" e meia-vida de elimi-
nagaode 9,8 minutos. Aredugaona PAestavalinearmentere-
lacionada ao logaritmo da concentracao plasmatica de fenol-
dopam e ao logaritmo da taxa de infusdo *'.

Alison e col. mostraram que uma aparente concentragao
plasmaticade equilibrio é atingidaapds 30a 60 min e € manti-
da durante o tempo de infusdo. Os niveis plasmaticos apa-
rentam ser lineares em relacéo a taxa de infusdo. Quando a
infusdo é interrompida, os niveis plasmaticos caem rapida-
mente, ndo sendo detectados tragos do farmaco duas horas
apos o término da infuséo 1,

TOLERANCIA

Os efeitos adversos do fenoldopam no tratamento de urgén-
cias e emergéncias hipertensivas sao relacionados a agao
vasodilatadora da droga. Ocorrem, geralmente, nas primei-
ras 24 horas de infusdo; em metade dos pacientes, esses
efeitos se manifestaramnas primeiras4horasdeinfuséo”.
Tém sido descritos cefaléia em 11 a 36% dos pacientes, ru-
borem 7 a 11%, nauseas em 20%, tonturaem 10% e altera-
¢oes de segmento ST assintomaticas em 6 a 33% 23335,
Além disso, a infusao de fenoldopam, ao contrario do NPS,
produz modesto aumento da presséao intra-ocular em pacien-
tescom hipertensédo grave, variandode 14+ 1a20+2mmHg
36

Durante infusdo continua, a incidéncia de efeitos adversos
tem aumentado com doses maiores ou iguais a 0,8
ug.kg'.min™". Outros efeitos adversos menos freqiientes (<
1%) incluem palpitagdes, hipotensao transitéria, astenia e
bradicardia sinusal 2.

INTERACOES MEDICAMENTOSAS

A administragao oral concomitante de doses Unicas de 100
mg de fenoldopam e 1000 mg de paracetamol em 12 volunta-
rios saudaveis resultou em 32% de aumento na concentra-
¢aoplasmaticamaximade fenoldopamede 50% na areasob
a curva de concentragdo plasmatica. Apos pré-tratamento
com paracetamol, 1000 mg cada 8 horas por sete dias, a ad-
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ministracéo de dose unica de fenoldopam aumentou a con-
centragdo plasmatica maxima e a area sob a curva de con-
centragdo plasmatica de 73 e 66%, respectivamente %0,
Em um estudo comparativo, Panacek e col. avaliaram a se-
guranca do fenoldopam e do NPS (75 pacientes recebendo
fenoldopam e 78 recebendo NPS) em estudo prospectivo,
aleatorio aberto e multicéntrico internacional. Fenoldopam
foiadministradoemdoseinicialde 0,1 |.|g.kg'1 .min""ecomin-
crementosdeaté 0,2 pg.kg‘1.min'1.Vinteedois pacientes (10
usandofenoldopame 12, NPS)foramexcluidos devido a efe-
itos adversos. Nenhum destes pacientes desenvolveu dor
toracica, sincope ou infarto. Varios pacientes dos dois gru-
pos apresentaram efeitos colaterais menores, ndo sendo ne-
cessario exclui-los do estudo. Os efeitos adversos comuns
em ambos os grupos foram cefaléia, tontura, rubor, hipoten-
sdo, nauseas e vomitos. Hiperhidrose foi observada em
2,2% dos pacientesemusodefenoldopameem6,5% daque-
les em uso de NPS, enquanto hipopotassemia ocorreu em
7,8% e 3,2% dos pacientes, respectivamente. As diferengas
nos niveis séricos de potassio observados com fenoldopam
n&o foram clinicamente relevantes *'.

Em 10 pacientes portadores de insuficiéncia cardiaca con-
gestiva submetidos a tratamento com digoxina, e que rece-
beramnove dias de tratamento oralcomfenoldopam 100 mg,
cada 8 horas, nao se evidenciou alteracgao significativa das
propriedades farmacocinéticas da digoxina 38
Foidescritaatenuagdo doaumento do fluxo plasmatico renal
induzido pelofenoldopam apds aadministragdo concomitan-
te de alopurinolvenoso. No entanto, paraavaliar se estainte-
racaotemimportanciaclinica, novos estudos devem serrea-
lizados *°.

DOSE E ADMINISTRAGAO

Paraotratamento de pacientes com hipertensao grave ou hi-
pertensdoapdscirurgia, nos quaisaviaoral éinapropriada, o
fenoldopam deve ser administrado por infusdo continua ve-
nosa em dose inicial de 0,1 pg.kg’1.min'1, que deve ser ajus-
tada para se atingir areducao desejada da PA. Osincremen-
tos nao devem exceder 0,1 pug.kg™".min™' e devem ser em in-
tervalos de pelomenos 20 minutos. Adose maximarecomen-
dadaéde 1,7 pg.kg'1.min'1. Quando a resposta desejada é
atingida, ainfusdo pode serdescontinuada gradualmente ou
abruptamente, sem ter sido observada elevagéo rebote da
PA. Antihipertensivos orais podem ser iniciados antes ou
apoés a infusdo de fenoldopam *2.

Ofenoldopamdeve serusadocomcautelaempacientescom
aumento da presséao intraocular ou glaucoma 32

EXPERIENCIA CLINICA EM
HIPERTENSAO ARTERIAL

Ofenoldopamtem se mostrado bastante efetivoemreduzira
PAtanto em administragédo oral quanto parenteral. No entan-
to, devido a pequena biodisponibilidade da droga e a ausén-
cia de efeito sustentado apds administragao oral, as pesqui-
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sas tém se voltado para uso parenteral no tratamento agudo
decrises hipertensivas graves, sendo sua eficacia antihiper-
tensiva observada em varios estudos '8:2%:33:34.37.:40-43

Os modelos dos estudos foram similares. O fenoldopam foi
infundido em doses crescentes até que a PAD atingisse 110
mmHg para pacientes com PAD inicial de 120 a 150 mmHg,
ou diminuisse 40 mmHg para aqueles com PAD inicial entre
150 e 170 mmHg. Depois de atingida a PAD esperada, asin-
fusbes eram mantidas e gradualmente reduzidas, sendo ad-
ministrados antihipertensivos orais quando necessario .
Em estudos comparativos relacionados a urgéncias hiper-
tensivas, tém-se demonstrado que o fenoldopame o NPSre-
duzem a PAD a niveis semelhantes e atingem a PAD-alvo
para a maioria dos pacientes com hipertenso grave 3%
O tempo para atingir a PAD-alvo foi semelhante para ambos
os farmacos, comvalores variandode 81 a 90 minutos parao
fenoldopam e de 59 a 120 minutos para o NPS ¥°437 Ne-
nhum dos agentes mostrou evidéncia de tolerancia ao efeito
antihipertensivo*” ou evidéncia de efeito rebote apos o térmi-
no da infusgo 33437

Ahipertenséo apds cirurgia ndo cardiaca é geralmente clas-
sificada como urgéncia, sendo melhor tratada com agentes
parenterais ' Aeficacia do fenoldopam nesse tipo de situa-
¢aofoianalisadaem estudo aleatério, com grupo placebo de
controle, duplamente encoberto, envolvendo 16 pacientes
0 fenoldopam reduziu significativamente a PApara o alvo
terapéutico em todos os oito pacientes, enquanto o placebo
reduziu a PAem apenas quatro dos oito pacientes. Também
mostrou-se eficazemaumentaro indice cardiaco e o volume
sistolicosemreduziradiurese nemadepuragao de potassio,
ao contrario do que se observava com o NPS.

Por outro lado, em emergéncias hipertensivas, Elliott e col.
'8 comparando os efeitos hemodinamicos do fenoldopam e
do NPS em pacientes com hipertensao grave, observaram
que ambos foram eficazes em atingir e manter a PAD-alvo
(entre 100 e 110 mmHg) por pelo menos umahoradurante in-
fusdo continua.

Ahipertensao apos cirurgia de revascularizagao do miocar-
dio é classificada como emergéncia hipertensiva. O fenoldo-
pam foi analisado em estudo prospectivo e aleatério envol-
vendo 20 pacientes *¢; tanto o fenoldopam quanto o NPS ge-
raramdiminuigdo rapida e significativada PAe daresisténcia
vascular periférica.

O fenoldopam pode substituir a dopamina em dose dopa de
1,56a3 pg.kg'1.min'1, administrada em aproximadamente
25% das cirurgias ndo cardiacas e em pacientes comdoenca
cardiaca, ja que a dopamina, por interagir com multiplos re-
ceptores, tem efeitos renais variaveis, nao tendo o mesmo
potencial de protecao renal do fenoldopam, que interage es-
pecificamente com receptores DA-1 *°.

FENOLDOPAM VERSUS NITROPRUSSIATO DE
SODIO NA TERAPEUTICA ANTIHIPERTENSIVA

Baseado em todos esses estudos, o fenoldopam pode ser
considerado um antihipertensivo parenteral seguro e efeti-
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vo. Além disso, tem se mostrado téo efetivo quanto o nitro-
prussiato de sédio na diminuigdo aguda da PAem pacientes
com hipertens&o grave, com rapido pico de agao, boa corre-
lagdo dose-resposta e curta duracéo de agédo 632334647,
Outro aspecto importante esta no fato do fenoldopam possuir
a capacidade de induzir diurese e natriurese em pacientes
com hipertenséo grave, propriedade ndo demonstrada pelo
NPS em estudos comparativos. Na realidade, a infusdo de
NPS esta associada a diminuigao no fluxo urinario e, em al-
guns casos, a deterioragdo dafuncdo renal **. Os efeitos diu-
rético e natriurético do fenoldopam podem ser extremamen-
te uteis em emergéncias hipertensivas, quando ha possivel
lesdorenal, e em pacientes com hipertensédo associada a so-
brecarga volumétrica, como em insuficiéncia cardiaca con-
gestiva ou insuficiéncia renal cronica '

Ainda, o NPS oferece uma série de outras desvantagens.
Sua interagcao com grupos sulfidril em eritrécitos promove a
formacéao de ions de cianeto e metahemoglobina, a qual se
liga com um dos ions de cianeto, formando a cianometahe-
moglobina, que ndo é tdxica. O resto do cianeto é convertido
em tiocianato no figado, sendo excretado pelos rins. Em pa-
cientes tratados com altas doses de NPS, o cianeto pode
acumular-se e combinar-se com os citocromos da cadeia
respiratoria, interferindo no metabolismo aerébico, podendo
gerar acidose metabdlica; também interfere na agéo vasodi-
latadora do NPS, podendo eventualmente induzir taquifila-
xia. O risco da toxicidade do tiocianato aumenta quando o
NPS é infundido por longos periodos em altas doses, princi-
palmente se ja halesaorenal prévia, sendo sintomas de toxi-
cidade: fadiga, nausea, cefaléia, desorientagao, comporta-
mento psicotico, rash cutédneo e anorexia. Portanto, o risco
de toxicidade limita a duragao do tratamento com NPS, ne-
cessitando de monitorizagao cuidadosa dos niveis de tiocia-
nato. Ainda ha a desvantagem adicional da fotossensibilida-
de do NPS, devendo este ser armazenado em embalagens
opacas .

Alémdisso, o fenoldopam tem se mostrado uma boa alterna-
tivaao NPS em pacientes submetidos a cirurgia de revascu-
larizagéo de miocardio, pois este Ultimo piora a isquemia mi-
ocardicaeaumentaogradiente de oxigénioalvéolo-arteriale
o curto-circuito intrapulmonar *; além de, devido a potente
vasodilatagao de artérias e veias, poder levar a diminuigédo
da pressaode perfusdo coronariana, resultando em piorada
isquemia miocardica "*°.

CONCLUSOES

Pelos estudos jarealizados, o fenoldopam parenteral, pelos
seus efeitos renais e menor impacto de efeitos colaterais,
pode ser considerado uma boa alternativa ao nitroprussiato
de sddio no tratamento de emergéncias hipertensivas. Além
disso, tem se mostradotambém eficaz para aterapéuticaan-
tihipertensiva em pacientes que desenvolvem hipertensao
aposcirurgiaderevascularizagdo de miocardiooumesmoci-
rurgias nao cardiacas, podendo futuramente assumir papel
importante também nessas situagodes.
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Fenoldopan: A New Parenteral
Anti-hypertensive; an Alternative to
Nitroprusside?

Daniel Sousa César, M.D., Erika Miyoshi, M.D., Hélio Hal-
pern, M.D., José Otavio Costa Auler Junior, M.D.

INTRODUCTION

Inthe USA, 2.4% 10 5.2% of hypertensive patients suffer from
hypertensive crises. Hypertensive crises are generally asso-
ciated to diastolic blood pressure (DBP) above 115 mmHg
and require immediate intervention to prevent target-organ
damage or even death '

So, hypertensive urgencies may be defined as high blood
pressure (BP) (diastolicabove 120 mmHg) without target-or-
gan damage 2 In general, they are treated with oral medica-
tion, however, certain situations including perioperative hy-
pertension, abnormal nose bleeding and hypertension asso-
ciated to serum catecholamine increase require parenteral
medication .

Hypertensive emergencies are defined as high diastolic and
systolic blood pressure with acute and progressive involve-
ment of the target-organ 2. These should be immediately
treated with intensive care, parenteral hypertensive drugs
and invasive BP monitoring. Traditionally, SNP is the drug of
choice. Sodium nitroprusside is a potent vasodilator with fast
onset, short half-life, low tolerance rate and high response
rate. Ithas some disadvantages, including thiocyanate toxic-
ity, potential renal function deterioration and poor coronary
perfusion due to its potent arterial and venous vasodilating
effect 2. Fenoldopan and other selective dopaminergic
agonists fortype 1receptors (DA-1) may be an alternative for
SNP in hypertensive emergencies with potentially less
side-effects and some advantages. Itis also effectivein treat-
ing severe hypertension following non cardiac surgery and
myocardial revascularization '

CHEMICAL CHARACTERISTICS

Fenoldopan, or 6-chlorine-2,3,4,5-tetrahydrate-4-
hydroxyphenyl-1H-3-benzazepine-7,8-diolmetha-nosulphona
te 4, has an asymmetric carbon and is constituted of two active
enantiomers, SK&F R-82526 and SK&F S-82526 (Figure 1). Its
pharmacological effectinrats has shown thatvirtually all activity
inDA-1receptorsis produced by Renantiomers. Similar pattern
was found in the splenic artery of rabbits but with a much lower
vessel stereoselectivity being enantiomer R 10 times more po-
tentthan S .

PHARMACODYNAMIC PROPERTIES

Fenoldopan is a selective agonist for DA-1 dopaminergic re-
ceptors which, among other effects shown in vitro 67 and in
vivo &' induces vasodilation °.
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Figure 1 - Fenoldopan’s Chemical Structure

The intracoronary administration of 20 nmol/L fenoldopanin
dogs has increased coronary blood flow, mainly by
vasodilation. However, in high doses (> 500 nmol/L), the in-
crease in coronary blood flow was mainly due to its positive
inotropic effect '""'?. Mesenteric vascular resistance de-
creased and blood flow increased to a maximum of 69% after
intravenous 30 ug.kg™' fenoldopan in spontaneously hyper-
tensive rats '°.

Fenoldopan doses high enough to significantly reduce BP in
dogs had minor effects on renal blood flow, while SNP doses
similarly decreasing BP caused a significant decrease in re-
nalblood flow ". Lowfenoldopan doses notdecreasingblood
pressureindogs producedrenal vasodilation related to DA-1
receptor-mediated doses, diuresis and natriuresis when di-
rectly administered in the renal artery 3,

The infusion of 0.025 to 0.5 ug.kg'.min™" fenoldopan in
healthy volunteers has caused minor diastolic blood pres-
sure (DBP) decrease and heart rate increase without affect-
ing systolicblood pressure (SBP)'®. Inseverely hypertensive
patients, however, 0.8 ug.kg'1.min'1 or less has shown a
dose-dependent BP decrease '*. Inthose patients, 0.1t0 0.9
ug.kg”.min"" has decreased SBP (baseline value above 180
mmHg) and DBP (baseline value above 120 mmHg), from
18.5% to 28% and from 22% to 31.5%, respectively ' Ina
different study, an SBP decrease of approximately 30% was
followed by a 35.6% decrease in total peripheral resistance
and 33% in pulmonary pressure, with a 6% increase in heart
rate %°.

Venous infusions of therapeutic doses, both in healthy vol-
unteers and hypertensive patients, have significantly in-
creasedrenal blood flowwhile decreasingrenal vascularre-
sistance without changing glomerular filtration rate 2"%2.
During extremely steep BP decrease, fenoldopan has in-
creased creatinin clearance, urinary flow and sodium and
potassium excretion. On the other hand, SNP has de-
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creased creatinin clearance and had minor effects on re-
maining renal functions .

In a dose-dependent manner, fenoldopan infusion has in-
creased plasmarenin activity and the levels of angiotensin I
in healthy volunteers 2 putdid notincrease plasmareninac-
tivity oraldosterone and prolactinlevelsinseverely hyperten-
sive patients *2°. Since the simultaneous administration of
enalapril has caused an additive anti-hypertensive but not
synergistic effect, it seems that the activation of the renin-an-
giotensin-aldosterone system does not significantly antago-
nizes fenoldopan effects 2.

In addition to those characteristics, fenoldopan had also an
importantrole in renal protection in patients submitted to me-
chanical ventilation with PEEP (positive-end expiratory pres-
sure), promoting adecreaseinrenal vascularresistance and
anincreaseinrenal plasmaflow, diuresis and natriuresis ’.

PHARMACOKINETIC PROPERTIES
After Oral Administration

Fenoldopan is rapidly absorbed after oral administration 28
and undergoes extensive pre-systemic metabolism to pro-
duce sulfate, methyl and gycuronite conjugates 16, Clancy et
al. have studied the effects of food in the drug’s systemic
availability in healthy volunteers and have observed that it
significantly decreases the area below the curve of plasma
concentration and maximum plasma concentration while sig-
nificantly increases the time to reach maximum plasma con-
centration. In addition, approximately 1% of the oral dose is
excreted by the kidneys withoutundergoing any change %°.
Oralfenoldopanin hypertensive patients induces marked BP
decrease, but the effect is brief due to drug’s fast metabolic
excretion. So, it would be necessary a frequent administra-
tion to obtain sustainable pharmacological effects *°.

After Parenteral Administration

Weberetal. have observedthatfenoldopanhas afastpeak of
action (15 min.) in essential hypertension patients. In addi-
tion, they have shown distribution volume of 582 ml.kg'1 , total
body clearance of 30.3 ml.kg™" and elimination half-life of 9.8
minutes. BP decrease was linearly related to fenoldopan’s
plasma concentration and infusion rate logarhythms 3,
Alison et al. have shown that an apparent balanced plasma
concentration is reached after 30 to 60 minutes and is main-
tained during infusion. Plasma levels seem to be linear to in-
fusion rate. When the infusion is interrupted, plasma levels
decrease very rapidly and no trace of the drug is found two
hours after infusion 6.

TOLERANCE

Fenoldopan’s adverse effects in treating hypertensive emer-
gencies and urgencies are related to vasodilation. They are
generally seen during thefirst24 hours of infusion; in 50% pa-
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tients, such effects are seen during the first 4 hours of infu-
sion 2.

Headache has been described in 11% to 36% of patients,
rash in 7% to 11%, nausea in 20%, dizziness in 10% and
asymptomatic ST segment changes in 6% to 33% >, In
addition, fenoldopan infusion, as opposed to SNP, produces
mild intra-ocular pressure increase in severe hypertensive
patients, varying from 14 + 1 to 20 + 2 mmHg *.

During continuous infusion, the incidence of adverse effects
increases with doses equal to or higher than 0.8
ug.kg.min"". Other less frequent adverse effects (<1%) in-
clude palpitations, transient hypotension, astenia and sinu-
soidal bradycardia 2.

DRUG INTERACTIONS

The simultaneous administration of bolus doses of 100 mg
fenoldopan and 1000 mg paracetamol in 12 healthy volun-
teersresultedina32% increase in maximum plasmaconcen-
tration of fenoldopan and 50% in the area below the curve of
plasma concentration. After premedication with 1000 mg
paracetamol every 8 hours for 7 days, fenoldopan bolus in-
creased maximum plasma concentration and the area below
the curve of plasma concentration in 73% and 66%, respec-
tively %

Panacek et al., in a comparative, prospective, randomized,
open and multicentricinternational study have evaluated the
safety of fenoldopan and SNP (75 patients receiving
fenoldopan and 78 receiving SNP). Fenoldopan was admin-
istered in an initial dose of 0.1 ug.kg™.min™" with increments
up to 0.2 pg.kg'.min”". Twenty-two patients (10 using
fenoldopan and 12 SNP) were excluded due to adverse ef-
fects. Nopatienthasdeveloped chestpain, syncopeorinfarc-
tion. Several patients from both groups presented minor
side-effects and there was no need to exclude them from the
study. Adverse effects common to both groups were head-
ache, dizziness, rash, hypotension, nausea and vomiting.
Hyperhidrosiswas seenin2.2% of patients underfenoldopan
andin6.5% ofthose under SNP, while hypokalemia was seen
in 7.8% and 3.2% of patients, respectively. Differences in po-
tassium serum levels in the fenoldopan group were not clini-
cally relevant %',

Inten congestive heart failure patients submitted to treatment
with digoxin and receiving 100 mg oral fenoldopan every 8
hours for 9 days, there were no significant changes in
digoxine’s pharmacokinetic properties .

Anincrease in renal plasma flow induced by fenoldopan has
been described after the simultaneous administration of in-
travenous alopurinol. However, further studies are needed to
evaluate whether this interaction is clinically important .

DOSE AND ADMINISTRATION

Fortreating severely hypertensive patients or postoperative
hypertension when the oral route is not recommended,
fenoldopan should be administered in intravenous continu-
ous infusion, in an initial dose of 0.1 ug.kg™.min™" which
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should be adjusted to reach the desired BP decrease. Incre-
ments should not exceed 0.1 pg.kg'1.min'1 in intervals of at
least 20 minutes. Maximum recommended dose is 1.7
ug.kg'.min™'. When the desired response is reached, infu-
sion may be gradually or abruptly interrupted because no BP
rebound has been observed. Oral anti-hypertensive agents
may be indicated before or after fenoldopan infusion .

CLINICAL EXPERIENCE IN ARTERIAL HIPERTENSION

Both oral and parenteral fenoldopan have shown to be very
effective in decreasing BP. However, due to little drug
bioavailability and the lack of a sustainable effect after oral
administration, several studies are targeting and proving the
efficacy of the parenteral route for acutely treating severe hy-
pertensive crises '8:25:33:34.37:40-43

Study models were similar. Fenoldopan was infused in in-
creasing doses until DBP reached 110 mmHg for patients
with baseline DBP of 120 to 150 mmHg, or decreased 40
mmHg for those with baseline DBP between 150 and 170
mmHg. After reaching the expected DBP, infusions were
maintained and gradually decreased with the administration
of oral anti-hypertensive agents, if necessary '
Comparative studies on hypertensive urgencies have shown
that fenoldopan and SNP decrease BP to similar levels and
reach target-BP for most severely hypertensive patients
33-3537 Time elapsed fortarget-BP was similar for both drugs,
with values varying from 81 to 90 minutes for fenoldopan and
from 59 to 120 minutes for SNP **3** No agent has evi-
denced tolerance to the anti-hypertensive effect > or re-
bound effects after infusion 33437

Hypertension after non-cardiac surgery is, in general, con-
sidered an urgency and is better treated with parenteral
agents ', A randomized double-blind and controlled study
evaluated the efficacy of fenoldopan in this type of situation
and involved 16 patients **. Fenoldopan has significantly de-
creased BP to the therapeutic target in all 8 patients, while
placebohasdecreased BPinonlyfouroutof 8 patients. Itwas
also effective in increasing heart index and systolic volume
without decreasing diuresis and potassium clearance, as op-
posed to SNP.

Ontheotherhand, Elliottetal. '8, in comparinghemodynamic
effects of fenoldopan and SNP in hypertensive emergencies
have observed thatboth were effective inreaching and main-
taining target-BP (between 100 and 110 mmHg) for at least
one hour during continuous infusion.

Hypertension after myocardial revascularization is consid-
ered a hypertensive emergency. Fenoldopan was evaluated
in a prospective and randomized study involving 20 patients
% Both fenoldopan and SNP have caused a fast and signifi-
cant BP and peripheral vascular resistance decrease.
Fenoldopan may replace dopamine in adopadose of 1.5t0 3
ug.kg™”'.min"" administered in approximately 25% of non-car-
diac surgeries in cardiac patients, since dopamine, for inter-
acting with multiple receptors, has variable renal effects with
less renal protection potential as compared to fenoldopan,
which specifically interacts with DA-1 receptors 45,
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FENOLDOPAN VERSUS SODIUM NITROPRUSSIDE IN
ANTI-HYPERTENSIVE THERAPY

Based on all those studies, fenoldopan may be considered a
safe and effective parenteral anti-hypertensive agent. In ad-
dition, ithas proventobe as effective as sodium nitroprusside
in acute BP decrease in severely hypertensive patients, with
a fast peak of action, good dose-response correlation and
short duration '16:32:33.46:47

Another important fact is that, in comparative studies,
fenoldopan has induced diuresis and natriuresis in severely
hypertensive patients as opposed to SNP. Actually, SNP infu-
sion is associated to a decrease in urinary flow and, in some
cases, to renal function deterioration 34, Fenoldopan’s di-
uretic and natriuretic effects may be extremely useful in hy-
pertensive emergencies with possible renal damage and in
patients with hypertension associated to volume overload,
suchasincongestive heartfailure orchronicrenalfailure .
Moreover, SNP has several disadvantages. Its interaction
with sulfhydrylgroupsin erythrocytes promotes the formation
of cyanide ions and methemoglobulin which is bound to one
cyanideionforming cyanomethemoglobin, whichis not toxic.
The remaining cyanide is converted into thiocyanate in the
liver being excreted by the kidneys. In patients receiving high
SNP doses, cyanide may accumulate and combine with re-
spiratory chain cytochromes, interfering in the aerobic me-
tabolism and potentially causing metabolic acidosis; it also
interferes in SNP vasodilating action and may lead to
tachyphylaxis. The risk for thiocyanate toxicity is increased
when SNPis administeredin high doses foralong period, es-
pecially in the presence of previous renal damage. Toxicity
symptoms are: fatigue, nausea, headache, disorientation,
psychoticbehavior,rashand anorexia. So, therisk for toxicity
limits SNP treatment duration and requires a careful monitor-
ing of thiocyanate levels. There is still the additional disad-
vantage of photosensitivity, which requires SNP to be stored
in opaque packagings '

Moreover, fenoldopan has proven to be a good alternative to
SNPin patients submitted to myocardial revascularization be-
cause the latter worsens myocardial ischemia and increases
alveolar-arterial oxygen gradient and intrapulmonary
short-circuit *® in addition to, duetoits potent venous and arte-
rial vasodilation, leading to coronary perfusion pressure de-
crease resulting in worsening of myocardial ischemia "*°.

CONCLUSIONS

Forwhathas been said, parenteral fenoldopan, for its renal ef-
fects and less side-effects, may be considered a good alterna-
tive to sodium nitroprusside in the treatment of hypertensive
emergencies. Ithas also shown to be effective in the treatment
of hypertension after myocardial revascularization or even
non-cardiac surgeries and may in the future play an important
role in such situations.
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RESUMEN
César DS, Miyoshi E, Halpern H, Auler Jr JOC - Fenoldopam:
Nuevo Antihipertensivo Parenteral; Alternativa al Nitroprusiato?

Justificativa y Objetivos - El fenoldopam es un agonista
dopaminérgico selectivo para los receptores dopaminérgicos
tipo 1 (DA-1) que causa vasodilatacién periférica y el objetivo
de este articulo es reunir las informaciones clinicas sobre este
farmaco.

Contenido - En este articulo fueron revisadas las experiencias
en urgencias y emergencias hipertensivas, mostrando que el
fenoldopam presenta ventajas sobre el nitroprusiato de sodio
(NPS) en el tratamiento de las mismas. Al contrario del NPS, el
fenoldopam causa vasodilatacion periférica, al mismo tiempo
que induce diuresis y natriuresis en pacientes con hipertension
grave sin causar los efectos deletérios por el tiocianato.

Conclusiones - El fenoldopam parenteral, por sus efectos
renales y menor impacto de efectos colaterales, pode ser
considerado una buena alternativa al nitroprusiato de sodio en
tratamiento de emergencias hipertensivas.
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