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RESUMO

Objetivos: Avaliar a factibilidade e seguranga da denervacdo simpdtica renal
percutanea com uso de cateter irrigado em pacientes com hipertensao arterial resistente.
Métodos: Foram incluidos numa série de casos 11 pacientes com pressdo arterial (PA)
nido controlada na Monitorizagdo Ambulatorial da Pressdao Arterial (MAPA) de 24
horas. Resultados: Apds 6 meses de seguimento, houve reduc@o nao significativa de
3,9 mmHg (P=0,49) e 5,4 mmHg (P=0,19) na média das pressdes arteriais sistdlica e
diastdlica, respectivamente, quando avaliadas por MAPA. Nas afericdes de consultorio,
a PA sistodlica reduziu significativamente (182,1 + 7,4 mmHg para 166,5 £ 7,7 mmHg;
P = 0,03), enquanto a PA diastélica ndo mudou (102,4 + 5,5 mmHg para 99,7 + 4
mmHg; P = 0,54). Ocorreu um caso de disseccdo de um sub-ramo de artéria renal,
tratado com stent. Conclusao: Nosso estudo confirma a factibilidade e seguranca da
denervacdo simpadtica renal com uso de cateter com irrigagdo salina. Além disso,
demonstra auséncia de eficicia na reducdo dos niveis pressoricos avaliados por MAPA

24 horas.
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INTRODUCAO

Hipertensdo arterial sistémica (HAS) € um dos principais fatores de risco para
complicagdes cardiovasculares, como Infarto Agudo do Miocardio (IAM) e Acidente
Vascular Cerebral (AVC).! Cerca de 8-10% dos individuos hipertensos apresentam uma
condi¢do conhecida como hipertensdo resistente, >3 constituindo um subgrupo com
risco adicional de desenvolver doencas cardiovasculares.*”

A denervacdo renal por cateter emergiu como uma estratégia promissora para o
controle dos niveis de pressdo arterial (PA) em pacientes com HAS resistente. Estudos
clinicos iniciais de denervacdo renal no tratamento da HAS resistente demonstraram
resultados significativos na reducdo dos niveis tensionais quando aferidos no
consultério.®” Contudo, um grande ensaio clinico randomizado com grupo controle
“sham” falhou em demonstrar superioridade no desfecho primério de eficicia, e o
procedimento passou a ser questionado.8

Novos cateteres e sistemas de denervacdo renal estio em desenvolvimento. O
objetivo do presente estudo € avaliar a factibilidade e seguranca da denervacdo renal
utilizando cateter de ablacdo por radiofrequéncia com ponta irrigada no tratamento de

pacientes com HAS resistente.



REVISAO DA LITERATURA

HIPERTENSAO ARTERIAL SISTEMICA (HAS) - DEFINICAO E

EPIDEMIOLOGIA

A hipertensdo arterial sisttmica (HAS) €é uma condicdo clinica multifatorial
caracterizada por niveis elevados e sustentados de pressdo arterial (PA). Associa-se
frequentemente a alteragdes funcionais e/ou estruturais dos Oorgios-alvo (coragdo,
encéfalo, rins e vasos sanguineos) e a alteracdes metabdlicas, com consequente aumento
do risco de eventos cardiovasculares fatais e ndo fatais. "™ Décadas atrés Geoffrey Rose
definiu, de forma pragmatica, HAS como sendo os niveis de pressdo arterial para os
quais a investigacdo e o manejo trazem mais beneficios do que prejuizos. A maioria das
diretrizes nacionais e internacionais definem HAS como valores aferidos no consultério
de pressdo arterial sistdlica > 140 mmHg, pressdo arterial diastdlica > 90 mmHg ou
ambos. **7 A mortalidade por doenga cardiovascular (DCV) aumenta progressivamente
com a elevacdo da PA a partir de 115/75 mmHg de forma linear, continua e
independente. A HAS apresenta elevada prevaléncia e baixas taxas de controle, sendo
considerada um dos principais fatores de risco modificdveis e um dos mais importantes
problemas de satude publica. Em 2001, cerca de 7,6 milhdes de mortes no mundo foram
atribuidas a elevacdo da PA (54% por acidente vascular encefdlico - AVE e 47% por
doenca isquémica do coracdo - DIC), sendo a maioria em paises de baixo e médio
desenvolvimento econdmico e mais da metade em individuos entre 45 e 69 anos.’
Estima-se que no ano de 2025, 75% dos individuos hipertensos serdo residentes em

P 8
paises emergentes.
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Pesquisa conduzida pelo National Health and Nutrition Examination Survey
(NHANES) de 2005 a 2008 estimou que 29-31% dos adultos nos Estados Unidos
apresentam HAS e, extrapolando desses dados, acredita-se que 76,4 milhdes de
americanos acima de 20 anos sdo hipertensos.9'10 Essa prevaléncia aumentard com o
aumento da idade da populacdo, tendo em vista que tanto a HAS sistdlica isolada como
HAS sistdlica e diastdlica associadas ocorrem mais comumente acima dos 65 anos de
idade. A crescente incidéncia de obesidade também tende a aumentar a taxa de
hipertenséo. '

A despeito do avanco na prevaléncia de HAS e suas complicagdes, o controle desta
doenca estd longe do adequado. Dados do NHANES demonstraram que apenas 50,1%
dos individuos hipertensos tém sua pressdo arterial sob controle, definida como valores
abaixo de 140/90 mmHg. '*"

Existem diversas razdes para estas baixas taxas de controle da pressao arterial, incluindo
o dificil acesso as redes de atendimento de satde e aos medicamentos (especialmente
em paises em desenvolvimento) assim como a falta de aderéncia aos farmacos anti-
hipertensivos e os efeitos colaterais causados por estes. A auséncia de beneficios
imediatos 6bvios para os pacientes, uma vez que a HAS € uma condi¢do usualmente

assintomdtica, também contribui para este controle subdtimo dos niveis pressoricos.

14,15
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HAS NO BRASIL - PREVALENCIA E IMPACTO SOCIOECONOMICO

Embora a HAS seja reconhecida como um fator de risco para morbidade e mortalidade
cardiovascular, sua real prevaléncia em paises em desenvolvimento carece de dados.'®"”
O conhecimento dessas taxas ¢ de fundamental importincia para andlise do impacto
econdmico da hipertensdo e para direcionar estratégias eficazes de deteccao, tratamento
e controle.

Revisdo sistemdtica com metandlise baseada em estudos populacionais realizados entre
1980 e 2010, com objetivo de estimar a real prevaléncia da HAS no Brasil, encontrou
taxas proximas a 30%, muito semelhantes aos paises desenvolvidos."® Em relagdo aos
idosos, a prevaléncia encontrada no Brasil, em 13.978 individuos incluidos em uma
revisdo sistematica com metandlise foi de 68%.

As DCV sido ainda responsdveis por elevada frequéncia de internacdes, ocasionando
custos médicos e socioecondmicos elevados. '@ Como exemplo, em 2007 foram
registradas 1.157.509 internagdes por DCV no SUS. Em relacdo aos custos, em
novembro de 2009, houve 91.970 internagdes por DCV, resultando em um custo de
R$165.461.644,33. A doenga renal terminal, outra condi¢do frequente na HAS,
ocasionou a inclusio de 94.282 individuos em programa de didlise no SUS, registrando-

se 9.486 6bitos em 2007. %°

A ATIVIDADE SIMPATICA NA HAS - FISIOPATOLOGIA

Na hipertens@o essencial, sob perspectiva fisiopatoldgica, observa-se um aumento da
atividade simpdtica derivada dos rins, conforme mensurada por um aumento da
atividade aferente dos nervos simpdticos renais assim como por uma liberagdo

. . . 21.22 ~ ..
acentuada de norepinefrina no organismo.” " A exacerbacdo da atividade eferente do
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sistema nervoso central no rim, por sua vez, acarreta reabsorcdo de sddio via
adrenorreceptores e ativacdo do sistema renina-angiotensina-aldosterona levando a
expansdo de volume e elevacdo dos niveis pressoricos sist€émicos.

Estudos patoldgicos utilizando espécimes de artérias renais humanas e modelos pré-
clinicos utilizando ovelhas e porcos demonstraram que a inervagdo simpdtica renal esta
distribuida ao redor da circunferéncia da artéria renal sob a camada adventicia. 2 Estes
nervos simpdticos renais aferentes e eferentes localizados na parede da artéria renal s@o
cruciais para o inicio e manutencdo dos niveis tensionais elevados. 226 A partir disso,
surgiu o conceito de que a modulacdo da atividade simpdtica renal pode contribuir
significativamente para o controle da hipertensdo. Diversos tipos de intervengdes
invasivas com o intuito de realizar denervacdo simpdtica j4 foram testados com
resultados satisfatérios no controle da pressao arterial. No entanto, estas intervencoes
se caracterizavam por serem excessivamente agressivas e ocasionarem elevada
morbimortalidade pds-operatéria e complicacdes tardias.””*® Em 1925 foi realizada a
primeira denervacdo renal cirurgica para controle da hipertensdo arterial. O
procedimento levou a reducgdo significativa dos valores presséricos provocada por
aumento da diurese e natriurese e reducdo da liberacdo de renina.”’ Contudo, foi
associada com elevada morbidade causada por hipotensdo ortostdtica, sintomas
intestinais e urindrios e disfuncdo erétil. Com a introducdo das medicacdes anti-

hipertensivas na década de 1950, o procedimento foi abandonado’ 30

HAS RESISTENTE E SELECAO DOS PACIENTES CANDIDATOS A

DENERVACAO SIMPATICA RENAL
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HAS resistente € definida pela diretriz americana como pressdo arterial acima do alvo
terapéutico, apesar do uso de trés ou mais anti-hipertensivos de classes diferentes ou
niveis pressoricos controlados com uso de quatro ou mais drogas anti-hipertensivas. 3
Conforme dados de estudo de coorte retrospectiva com mais de 200 mil pacientes que
iniciaram tratamento anti-hipertensivo, cerca de 1 em cada 50 pacientes desenvolvem
HAS resistente em um periodo médio de 1,5 anos desde o inicio do tratamento. Este
subgrupo de individuos apresenta risco aumentado de eventos cardiovasculares maiores,
mesmo apds ajuste para caracteristicas clinicas e demogréficas. 32 Além disso, entre os
pacientes com hipertensdo aparentemente controlada, aqueles com HAS mascarada (PA
normal no consultério e elevada na MAPA 24 horas) apresentam maior taxa de eventos
cardiovasculares fatais e ndo fatais quando comparados com aqueles que realmente
apresentam niveis pressoricos controlados. Entre aqueles com suspeita de HAS
resistente, os individuos verdadeiramente resistentes apresentam risco aumentando de
eventos cardiovasculares em relacdo aqueles com falsa resisténcia (PA elevado no
consultério com MAPA normal).

Contudo, HAS resistente nao € sindbnimo de HAS ndo controlada, uma vez que esta
apresenta outras causas como regimes inadequados de tratamento e falsa resisténcia.

Os pacientes com HAS resistente acompanhados por especialistas € que ndao conseguem
atingir os niveis alvo apesar do uso de quatro ou mais medicamentos sdo classificados
como tendo HAS refratdria. A prevaléncia e as caracteristicas da HAS refratdria foram
avaliadas numa coorte de 304 pacientes. Os pacientes com HAS refratdria (cerca de
10% daqueles referidos como tendo HAS resistente) apresentavam uma pressado arterial
média de 168/94 mmHg apesar de uma média de sete visitas ao consultério médico em
11 meses e do uso de 6 medicacdes anti-hipertensivas. Quando comparados com os

pacientes com HAS resistente, os pacientes hipertensos refratdrios apresentavam valores
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de frequéncia cardiaca mais elevadas (embora usassem mais betabloqueadores) e
resposta reduzida a espironolactona. Baseados nisso, sugere-se que a falha terapéutica
pode decorrer de mecanismos neuroldgicos (atividade simpdtica exacerbada), o que
contrasta com a teoria usual de hipervolemia persistente como causa de HAS resistente.
33

A falsa HAS resistente refere-se as afericdoes inadequadas dos niveis pressoricos, méa
aderéncia ou prescricdo subdtima de farmacos anti-hipertensivos, md adesdo as
recomendacdes ndo farmacoldgicas (dieta e mudanca estilo de vida) ou HAS do avental
branco. Portanto, para confirmar diagndstico de HAS verdadeiramente resistente é
necessdria a afericdo da PA através de Monitorizacdo Ambulatorial da Pressdo Arterial
(MAPA) e exclusdo de causas de hipertensdo secunddria, * como doencga renovascular
33 hiperaldosteronismo primario s apnéia obstrutiva do sono. 37

Dessa forma, apos a selecdo dos pacientes verdadeiramente hipertensos resistentes, a
realizacdo de um procedimento inovador pode ser uma alternativa terapéutica efetiva. A
selecdo dos pacientes candidatos a denervacdo renal € melhor ilustrada na figura abaixo

(figura 1).
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Hipertensdo Resistente Excluir falsa Fatores reversiveis:
presumida: resisténcia -Ohesidade Pesguisar causas

Pressio arterial acima do alve :> - Aderéncia E> -Elevada ingesta salina; E> secundarias de

- 23 anti-hipertensivos em doses medicamentosa -Apnéia ohstrutiva do hipertensio arterial

atimas, incluindo diurético - MAPA s0n0

Otimizar farmacoterapia:
Determinar elegibilidade para terapia de denervacgio - Considerar antagonistas
renal: <: da aldesterona;
Pressdo arterial sistdlica no consultério =160 mmHg ( . Dutrads classes de
»150 mmHg em pacientes diabéticos) emuso de 2 3 FOgas

medicacées anti-hipertensivas em doses otimas;

DCE 245 mL/min/1.73m2 Inelegivel para

denervacio renal ?

Encaminhar para centro intervencionista gualificado

Exclusdo baseada na
anatomia renowvascular?

Realizar arteriografia renal para confirmar anatomia
apropriada para o procedimento;
Proceder com denervacio renal por cateter

Figura 1. Fluxograma para avaliar elegibilidade para denervagio renal. MAPA= monitorizagio
ambulatorial da press3o arterial;, DCE= depuracio creatinina enddgena. | Modificado de %)

DENERVACAO SIMPATICA RENAL POR CATETER

A disponibilidade de uma intervengdo terapé€utica nova € particularmente importante
nos pacientes com HAS refratdria, pois os mesmos apresentam riscos exponencialmente
maiores de eventos cardiovasculares. *°

Nesse contexto, surgiu um novo tipo de tratamento invasivo consideravelmente menos
agressivo do que as cirurgias de denervacdo simpética realizadas no passado. *° Trata-se
de uma intervencdo percutdnea que realiza aplicacdo de radiofrequéncia na camada

adventicia das artérias renais através de cateter (figura
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2).

Energia transmitids
atravésdaz parede da
artériz, atingindo

Nervos renzis

Artériz
renal

MNervas
renais

Cateterde
ahlacin

Figura 2. Esquema ilustrativo da abordagem pereutinea por cateterna
denervagio simpatica renal [ Modificado de 38)

Esta abordagem menos invasiva demonstrou ser tdo efetiva quanto a denervagdo

cirdrgica na reducdo do conteudo de noradrenalina renal em porcos (Figura 3).

p < 0.0001

160 1 149
1601
1204
1001 : 1.0

&0 4
401 21
14
201
D - r ‘
Controle sem Denervacdo renal Denervacdo
tratamento por cateter renal cirargica

h =

Morepinefrina tecidual
(pefml}

Figura 3. Contetido de norepinefrina tecidual em poreos
nao tratados e submetidos a denervacio renal cirdrgica ou
por cateter.  Modificado de *")
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Inicialmente, o estudo prova de conceito SYMPLICITY HTN-1 demonstrou a
viabilidade deste procedimento e mostrou que, em sujeitos com hipertensdao grave e
resistente ao tratamento, a denervacdo renal reduziu a atividade simpética, a liberagcdao
de renina e melhorou o controle de pressdo arterial. Observou-se uma queda
significativa dos niveis pressdricos, sustentada ao final de 3 anos ( -32 e -14 mmHg em
36 meses; p< 0,01). 4142

Subsequentemente, o ensaio clinico SYMPLICITY HTN-2 testou a mesma técnica com
resultados muito convincentes em pacientes com hipertensao refratdria.”> Este ensaio
clinico incluiu 106 pacientes randomizados para grupo controle e intervencdo e mostrou
uma reducdo de 32 mmHg na pressdo sistélica e 12mmHg na pressdo diastdlica em 6
meses no grupo intervencao, sendo que o grupo controle nao teve alteragcdo significativa
dos niveis tensionais (p<0,0001). Além disso, este estudo demonstrou que a técnica é
segura e eficaz, pois nenhuma complicacdo relevante foi identificada. Recentemente
foram publicados os dados do seguimento de longo prazo destes pacientes, confirmando
uma redu¢do de 33 mmHg na pressdo sistdlica (IC 95% -40,-25, P= 0,01) do grupo
inicialmente randomizado para denervacao renal. 4

A partir desses resultados, a denervacado renal foi implementada rapidamente com mais
de 20 mil procedimentos realizados na Europa em menos de 4 anos.* Ainda, diversos
estudos menores confirmaram os achados iniciais e geraram grande entusiasmo na
comunidade médica.*>® Naturalmente surgiram algumas questdes como a durabilidade
do controle da PA, a selecdo correta dos pacientes e os efeitos fisiolégicos e
morfolégicos do procedimento. Além disso, ainda havia a necessidade da confirmacao
dos resultados iniciais em estudos maiores e cegos. !

O estudo SYMPLICITY HTN-3 foi concebido e desenhado como um estudo de

regulamentacdo para a aprovacdo pelos orgdos norte-americanos da terapia de
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denervacao renal. O desenho do estudo permitiu aos investigadores avaliar inimeras
questdes metodoldgicas que surgiram com os estudos iniciais. >2 Entre as principais
preocupacdes estavam a ndo inclusdo de desfechos cegados, e, em particular, a ndo
obrigatoriedade de incluir a MAPA como medida diagndstica confirmatéria de HAS
refratdria e para avaliacdo dos resultados no seguimento.

Outras questdes relacionadas ao conjunto de dados publicados inclui a auséncia do
tratamento desses pacientes por médicos especialistas (para diagndstico, tratamento e
exclusdo de HAS secunddria seguindo protocolos estabelecidos ) e a auséncia de
controle rigido da adesdo a medicagdo anti-hipertensiva. 3354

Além disso, o niimero de pacientes adequados para denervagdo renal (apds avaliacdo de
especialistas e ajuste medicamentoso) seria muito limitado, conforme dados de
publicagdes recentes. >’ O SYMPLICITY HTN 3 foi um estudo prospectivo, com
braco cego, randomizado, controlado por procedimento “sham” (angiografia renal sem
aplicagdo de radiofrequéncia) em que pacientes com HAS refratdria (PA sistdlica
consultério > 160 mmHg e média PAS em 24 h na MAPA > 135 mmHg) foram
randomizados em proporcdo de 2:1 para denervacdo renal por cateter ou angiografia
renal isolada. Antes da randomizacdo, os pacientes receberam um esquema anti-
hipertensivo envolvendo doses mdximas toleradas de pelo menos trés farmacos,
incluindo um diurético. O desfecho primério de eficicia foi a mudanca na PAS no
consultério aos 6 meses; um desfecho secundério de eficicia foi a mudanca na média da
pressao sistdlica de 24 h ambulatorial .

O total de 535 pacientes foi randomizado, sendo que 364 receberam terapia de
denervacdo renal e 171 procedimentos “sham”. Os investigadores asseguraram
cegamento adequado dos participantes do estudo de tal forma que eles ndo sabiam se

haviam recebido aplicacdo de radiofrequéncia ou apenas fora realizada angiografia
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renal. Os avaliadores da PA ficaram cegos para as atribuicdes do grupo de estudo.
Embora o desfecho primdrio de seguranca tenha sido cumprido, com uma taxa de
eventos adversos maiores de apenas 1,4% (ajustado contra uma meta de desempenho
objetivo de <9,8%), o estudo ndo conseguiu cumprir seus desfechos de eficcia primario
e secundario, ndo havendo diferenca estatisticamente significativa em qualquer medida
da pressdo arterial no consultério ou pela MAPA (figura 4) .Os resultados do
seguimento de 12 meses confirmaram os resultados de 6 meses referentes aos desfechos
primdrios e secunddrios de eficdcia. Ainda, a reducdo da pressdo arterial observada no
grupo controle em 6 meses foi atenuada aos 12 meses, sugerindo mé adesdao

medicamentosa como uma das causas de hipertensado resistente nesses pacientes. >

Diferenca de mudanca-2.39 mmHg Diferenca de mudanca -1.96 mmHg
{(IC95%,-6.89a2.12) p=0.26 (IC95%, - 4.97 a 1.06) p=0.98
Mudanga em relagdc ao basal Mudanga em relagdo ao basal, Mudanga em relagio ao Mudanga em relagdo ao basal,
-14.13:+23. 93mmHG -11.74+25.94mmHg P< 0.001 basal, - 6.75=15. 11lmmHG -4.79=17.25mmHG
P<0.001 P<0.001 P<0.001

200+
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140+
120-

(N=171) (N=171)

Prasalio arterialsbtdla middia na MonRorkegla
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Z
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Fgura 4 _Rewultados de sepuimento de 6 meses do estudo SYMPLICTY HTN-3. * procedimento
*sham™ = sem aplicag3o de radiofrequénda . Modificado de *
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ESTUDOS UTILIZANDO CATETERES IRRIGADOS

Embora tenha impulsionado grande entusiasmo cientifico, duas limita¢cdes importantes
da abordagem com cateter tipo Symplicity sdo: 1) o cateter dedicado de primeira
geracdo para denervacdo renal apresenta ponta solida, que, em teoria, pode levar a
formacgdo de injuria térmica e 2) o cateter dedicado utilizado nos estudos acima nao
estdo disponiveis em muitos paises. Ao contrario, ha mais de uma década de experi€ncia
clinica e pré-clinica com uso de cateteres irrigados de ablagdo por radiofrequéncia para
ablacdo de arritmias cardiacas. Teoricamente a irrigagdo com solu¢do salina tem a
vantagem de reduzir a formacdo de trombo ou queimaduras no sitio de ablagdo. Além
disso, a irrigacdo salina permite promover ablacdes mais profundas no tecido, o que
parece ser uma vantagem na denervacao renal, dada a distribui¢cao na camada adventicia
dos nervos sirnpa’lticos.60’61

O estudo prova de conceito utilizando cateter irrigado de ablacdo por radiofrequéncia
foi realizado na Republica Tcheca e incluiu 10 pacientes em uma série de casos. Houve
reducdo dos niveis pressoricos em 1, 3 e 6 meses e angiografia renal de controle
realizada 3 meses apds o procedimento demonstrou auséncia de estenose renal em todos
os casos. Em cinco pacientes foram realizadas coletas de sangue basais e apds 3 meses
para afericdo da atividade simpdtica € hormonal renal. Houve queda dos niveis de
metanefrinas, normetanefrinas e aldosterona. Os niveis de renina ndo apresentaram
reducdo antes e apos procedirnento.62 Recentemente foi publicada série de casos com 10
pacientes submetidos a denervacdo simpdtica renal com cateter irrigado, realizado em
um centro tercidrio brasileiro.®> Observou-se em 6 meses uma redu¢do do ndmero de

anti-hipertensivos utilizados e da pressdo arterial sistolica na MAPA de 24 horas, com
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grande variacdo na resposta entre os pacientes incluidos. Contudo, neste estudo a PA

elevada na MAPA 24 horas nao era critério de inclusio.

SEGURANCA E COMPLICACOES DA DENERVACAO RENAL POR
CATETER

Denervacio renal por radiofrequéncia realizada em porcos demonstrou, em estudos de
curto e longo prazo, perda aguda de endotelizacdo resultando na formagdo de trombos,
re-endotelizacdo subaguda e substituicdo tardia dos fasciculos nervosos por tecido
conjuntivo fibrético.**%*No maior estudo, SYMPLICTY HTN-3, denervacdo renal
provou ser segura, com poucos eventos adversos maiores; 5 (1,6%) no grupo
denervacao e 1 (0,6%) no grupo controle, sem diferenca significativa entre os grupos
(p=0,67). ¥ Em relacdo a seguranca tardia do procedimento, existe preocupacdo acerca
do risco de desenvolver estenose artéria renal por fibrose cicatricial apds aplicagdo de
radiofrequéncia. Observou-se 6 meses apds realizacdo de denervacdo renal em 76
pacientes submetidos a avaliacdo angiografica por tomografia computadorizada (TC) ou
ressonancia nuclear magnética (RNM), auséncia de estenose renal significativa (>70%
estenose) em todos pacientes. Portanto, a incidéncia de estenose renal significativa em 6

. . - . N . 66
meses apos aplicacdo de radiofrequéncia parece ser baixa.

JUSTIFICATIVA

Baseados no conhecimento de que a HAS esta fortemente associada com morbidade e
mortalidade cardiovascular e que a terapia anti-hipertensiva reduz a incidéncia de
desfechos clinicos, ¢ de fundamental importincia a busca pelo controle dos niveis
pressoricos. Contudo, apesar do uso em larga escala do tratamento medicamentoso,

cerca de 10% dos individuos hipertensos ndo atingem o alvo terapéutico, sugerindo uma
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falha nas estratégias atualmente utilizadas. Estes pacientes apresentam elevado risco de
eventos cardiovasculares e renais acarretando importante impacto social e econdmico.
Dessa forma, o surgimento de técnicas inovadoras e alternativas de tratamento para esse
subgrupo de pacientes mostra-se atrativo quando se objetiva reduzir os danos
decorrentes da hipertensao ndo controlada.

A possibilidade tedrica de ser realizada aplicacdo de radiofrequéncia com maior
energia, atingindo tecidos mais profundos e sem formagdo de trombos com uso de
cateter com limen irrigado, incentivou os pesquisadores a estudar a factibilidade deste
procedimento. A melhora do controle pressérico em pacientes verdadeiramente
resistentes com uso de cateter irrigado traria beneficios significativos para um grande
nimero de individuos.

A replicacdo de dados quanto a seguranca e a avaliacdo de eficicia de diferentes
dispositivos de ablacdo por radiofrequéncia sdo pressupostos que fundamentam os

objetivos do presente projeto.

2. Objetivos gerais:
a) Avaliar a seguranca e factibilidade da denervacdo simpdtica renal percutanea por
radiofrequéncia com uso de cateter irrigado em pacientes com hipertensdo arterial

resistente;

b) Avaliar a eficdcia da denervacdo simpatica renal percutinea por radiofrequéncia com
uso cateter irrigado na reducdo da pressdo arterial sistémica, avaliada por MAPA 24

horas apds 6 meses de seguimento, em pacientes hipertensos resistentes.

2.1 Objetivos especificos:
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a) Avaliar efeito da denervacdo simpdtica renal percutdnea realizada com cateter
irrigado de ablac@o por radiofrequéncia na pressdo arterial de pacientes hipertensos
resistentes sobre pressdo sistélica e diastdlica de 24 horas, diurna e durante periodo de

sono aferida através de MAPA 24 horas;

b) Avaliar ocorréncia de eventos adversos imediatos e em até 6 meses apds o

procedimento.
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ARTIGO

Renal sympathetic denervation with an irrigated-tip catheter: a feasibility study.

Abstract

Aims: To evaluate the feasibility and safety of percutaneous renal sympathetic
denervation by radiofrequency ablation using an irrigated-tip catheter in patients with
true resistant hypertension.

Methods and Results: A saline-irrigated catheter was used for renal sympathetic
denervation. The sample consisted of a consecutive series of 11 patients with true
resistant hypertension in office blood pressure, confirmed by 24-hour ambulatory blood
pressure monitoring (ABPM) > 135 mmHg. After 6-month follow-up, there was a
nonsignificant reduction of 3.9 mmHg (P =0.49) and 5.4 mmHg (P=0.19) in mean
systolic and diastolic blood pressures, respectively, as measured by 24-hour ABPM.
Mean office systolic blood pressure decreased significantly (182.1+7.4 to 166.5+7.7
mmHg; P=0.03), while mean office diastolic blood pressure did not change
significantly (102.4+5.5 to 99.7+4.0 mmHg; P=0.54). There was one case of
dissection of a branch of the renal artery, treated with stent placement.

Conclusions: Our study demonstrates the safety and feasibility of renal sympathetic
denervation using a saline-irrigated catheter but failed in reducing blood pressure, as
measured by 24-hour ABPM, in highly selected patients with true resistant

hypertension.
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Introduction

Hypertension remains a major global concern and ranks among the leading risk
factors for cardiovascular complications, such as myocardial infarction and stroke. ' In
2000, an estimated one billion people worldwide had hypertension, and this global
burden is predicted to increase to 1.56 billion by 2025. * Approximately 8-10% of all
hypertensive patients have resistant hypertension,a condition that confers substantial
additional risk for cardiovascular disease. *°

Catheter-based radiofrequency renal denervation has emerged as a promising
tool for blood pressure control in patients with resistant hypertension. The concept of
sympathetic nerve ablation, which provided the background for the development of
renal denervation in the treatment of hypertension, is based on three ideas. The first is
the activation of the renal sympathetic outflow in hypertensive patients, the second is
the blood pressure-lowering effect of surgical renal denervation demonstrated in
experimental models of hypertension, and the third is the anatomy of the renal
sympathetic nerves in their passage to the kidneys.”® Initial clinical trials of renal
denervation in patients with resistant hypertension have shown promising office blood
pressure reduction *'°. However, a large randomized controlled trial with a sham
control group failed to meet its primary efficacy endpoint, ' and the efficacy of the
procedure has been brought into question. Even so, some questions must be answered in
future trials such as: identification of responders, how to monitor the intraprocedural
success and quantification of device-related differences in the effectiveness of renal
ablation."?In this scenario, a number of new catheter systems and treatment modalities
for renal denervation are under development. The potential advantages of using an

irrigated-tip catheter for cardiac ablation, such as the ability to reach deeper lesions and
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reduce the risk of thrombus formation at the catheter tip, support the hypothesis that
irrigated-tip catheters can also be beneficial in the setting of renal denervation.''* The
aim of the present study was to evaluate the feasibility and safety of renal denervation
using a saline-irrigated radiofrequency ablation (RFA) catheter in patients with true

resistant hypertension.

Methods

Study design: We conducted an experimental, prospective study to assess the
feasibility and safety of renal denervation in a consecutive series of patients with
resistant hypertension.

Patient characteristics: Patients were recruited from the Hypertension Clinic at
Hospital de Clinicas de Porto Alegre after review of self-reported medication
adherence. Eligible participants were all adults aged 18 to 75 years with a diagnosis of
resistant hypertension, defined as a systolic blood pressure (SBP) > 140 mmHg or
diastolic blood pressure ) > 90 mmHg , as measured in the office, despite the use of
three or more antihypertensive drugs in adequate doses, one of which is a diuretic.
Patients who met the eligibility criteria underwent 24-hour ambulatory blood pressure
monitoring (ABPM). ABPM to confirm the diagnosis of resistant hypertension (SBP >
135 mmHg in the 24-hour ABPM)was performed using the Spacelabs 90207 ABPM
monitor,(SpaceLabsInc, Wokingham, Berkshire, UK), programmed for measurements
every 15 min between 07:00 and 23:00 hours (day period)and every 20 min from 23:00
to 06:00 hours (night period). All patients were screened for secondary causes of
hypertension and pharmaceutical assistance in order to help in antihypertensive drug
therapy adherence was available to all patients). Exclusion criteria were a glomerular

filtration rate of less than 45 mL/min/1.73 m?, pregnancy, mental disorder that could
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affect follow-up, or a life expectancy of less than 1 year. Patients with myocardial
infarction, unstable angina or stroke within 6 months of treatment were also excluded.
Anatomic exclusion criteria were renal artery stenosis of more than 50%, prior renal
artery stenting, multiple renal arteries, a renal artery of less than 4 mm in diameter, or a
treatable segment of less than 20 mm in length. The study was approved by the Ethics
Committee of Hospital de Clinicas of Porto Alegre, which is accredited by the Office of
Human Research Protections as an Institutional Review Board. All procedures were
performed after obtaining written informed consent.

Description of the procedure: Renal denervation was performed under
conscious sedation with local anesthesia and analgesia. Systemic anticoagulation with
intravenous heparin was achieved after femoral artery puncture and sheath insertion. A
45-cm long 8F sheath was positioned in the abdominal aorta and a pigtail catheter was
advanced to perform non-selective renal angiography. Contrast was injected to locate
the ostia of the renal arteries and assess the presence of any anatomic exclusion criteria.
If the anatomy was suitable, a large-curve, open irrigated-tip, deflectable 7F RFA
catheter with a 3.5-mm tip (ThermoCool,Biosense Webster) was placed in the right
renal artery and advanced distally under fluoroscopic guidance, with the tip directed
upwardly. Radiofrequency energy was delivered using a radiofrequency generator
(Abcontrol, Biotronik) at a power of 15 W, flow rate of 17 mL/min, and controlled
temperature (not exceeding 43°C). If the temperature exceeded this limit, the
application was immediately stopped by the generator. Each energy application lasted
90 seconds, without moving the catheter during the procedure. At the end of each
application, the catheter was moved proximally and curvedto the anterior portion
(clockwise rotation) for a new application. The goal was to perform four applications in

the right renal artery (depending on its length), always moving the catheter proximally
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and rotating clockwise (1/4 turn each time). This procedure was intended to avoid
circumferential energy delivery, thus increasing the chance of creating renal artery
stenosis. Upon reaching the ostium of the renal artery, energy application was stopped.
The catheter and sheath were pulled back into the abdominal aorta. Then, from this
position, the left renal artery was cannulated with the RFA catheter and the same
ablation procedure was repeated in the left renal artery. At the end of all applications,
aortography was repeated to exclude acute complications. The catheter and sheath were
then removed and hemostasis was achieved by manual compression.

Follow-up: Patients returned for their first follow-up visit 7 days after the
procedure for evaluation of puncture site complications and renal function. After the
first visit, follow-up assessments occurred every 30 days over the first 6 months after
intervention. Each visit included measurement of office blood pressure, heart rate,
review of antihypertensive medications, and assessment of adverse events. ABPM was
required at 6 months for all patients. After the study began, we decided to include
ABPM at 30 days after the procedure and analysis of baseline and 30-day epinephrine,
norepinephrine and dopamine levels. Adherence to treatment and lifestyle changes were
encouraged in all medical visits. Automated brachial sphygmomanometer was used for
blood pressure measurements at each office visit. Antihypertensive drugs were
prescribed at the discretion of the attending physician, according to the patient’s
tolerance and associated comorbidities.

Clinical outcomes: The primary safety outcome was acute procedural
complications, defined as vascular or renal artery injuries of percutaneous renal
denervation using a saline-irrigated RFA catheter and clinically meaningful change in
renal function after 6 months of follow up. The primary efficacy outcome was

reduction in mean 24-hour ambulatory systolic and diastolic blood pressure at 6 months
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compared with baseline. Secondary efficacy outcomes included reduction in office
systolic and diastolic blood pressure from baseline to 6 months, change in daytime and
nighttime blood pressure and reduction in plasmatic catecholamines levels after 30
days.

Statistical analysis: Parametrically distributed continuous variables were
expressed as mean and standard deviation (SD) and compared using a generalized
estimating equation (GEE) model. The Wilcoxontestwas usedto
comparenonparametrically distributed continuous variables, such as plasma
catecholamine levels, before and after intervention. Categorical variables were
expressed as absolute and relative frequencies and compared using the chi-square test.
Descriptive statistics were used for baseline demographics and medications. For all
comparisons, a p value <0.05 was considered statistically significant. All statistical

analyses were performed using IBM SPSS version 18.

Results

Baseline patient characteristics: Twenty patients were selected (but eleven
were included inthe analysis (Figure 1).Table 1 shows the patients characteristics.
Three patients withdrew their consent to undergo the procedure due to fear of adverse
events. At the beginning of the procedure, immediately after abdominal angiography,
three other patients were excluded and no ablation energy was delivered for different
reasons: (a) one case of severe unilateral renal artery stenosis, which was treated with
stent placement; (b) one patient had small-caliber renal arteries (<4 mm); and (c) one
patient showed a very high impedance in the catheter, precluding the safe application of
radiofrequency energy.The mean number of antihypertensive drugs used was 6.0 £1.3

(range 5-8), including a diuretic (Table 2). At baseline, mean office systolic and
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diastolic blood pressures were 182.1 +7.4 and 102.4 £5.5 mmHg, respectively. In 24-
hour ABPM, mean systolic and diastolic blood pressures were 151.1 £2.9 and 90 +3.3
mmHg, respectively (Table 3). Nocturnal systolic and diastolic blood pressure dip was
present in two and six cases, respectively.

Procedure: Renal arteriography before the procedure confirmed the absence of
significant renal artery stenosis in all participants. In all cases, intervention was
performed via the femoral artery. During radiofrequency application, sedatives and
analgesics were administered intravenously for pain relief. Bilateral renal RFA was
performed in all patients, and the mean number of applications was 4.9 + 0.9 (range 4-6)
in the right renal artery and 4.8 +0.8 (range 4-6) in the left renal artery. All patients
were discharged home one day after the renal denervation procedure.

Primary safety outcome: There was one case of periprocedural dissection of a
branch of the left renal artery. The lesion was stented with a good angiographic result,
restoring normal blood flow in the vessel. There was no perforation or embolization that
required interventions involving the renal vasculature. There were no vascular
complications or other major adverse events requiring prolonged hospital stay. Serum
creatinine remained stable from baseline to 6 months after intervention (0.8 + 0.25 to
0.87 £0.28, P=0.67).

Primary efficacy outcome: In the 24-hour ABPM at 6 months, mean SBP was
147.2 + 6 mmHg (ranging from 135.3 to 159.1 mmHg), with a mean reduction of 3.9
mmHg compared with baseline (P =0.49). Mean diastolic blood pressure was 84.6 +3
mmHg (ranging from 78.5 to 90.7 mmHg), with a mean reduction of 5.4 mmHg from
baseline (P=0.19). In ABPM at 30 days (n=35), mean systolic and diastolic blood
pressures were 144.5+8.1 and 83.3 £6 mmHg, respectively. The mean reduction in

blood pressure was numerically greater at 30 days than at 6 months (6.6 mmHg for
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systolic and 6.7 mmHg for diastolic blood pressure), but not statistically significant
(P=0.68 and P =0.38, respectively) (Figure 2).

Secondary efficacy outcomes: In the 24-hour ABPM at 6 months, there was a
mean reduction in daytime SBP of 4.0 mmHg (152.6 to 148.6 mmHg; P=0.52) and of
1.1 mmHg in nighttime systolic blood pressure (146.0 to 144.9 mmHg; P =0.82). Mean
daytime and nighttime diastolic blood pressure decreased 5.3 mmHg (92.1 to 86.8
mmHg; P=0.24) and 3.0 mmHg (83 to 80 mmHg; P =0.42), respectively. At the end of
6 months, mean office SBP decreased from 182.1 +7. to 166.5+7.7 mmHg (P =0.03)
and mean office diastolic blood pressure decreased from 102.4 £5.5 to 99.7 + 4 mmHg
(P=0.54) (Figure 3). There was no change in serum epinephrine (P=0.22),

norepinephrine (P =0.68) and dopamine (P =0.27) .

Discussion

Our case series included 11 patients with resistant hypertension and showed that
sympathetic denervation of the renal arteries using a saline-irrigated RFA catheter is
safe and feasible but not effective in reducing 24-hour ABP. There was a statistically
significant decrease of approximately 15 mmHg in office-based SBP measurements at
6-month follow-up. We did not observe any significant change neither in the 6 month
follow-up BP measured by ABPM nor in the serum epinephrine and dopamine levels.

It is worth noting that our sample consisted of patients with true resistant
hypertension, which is the required condition where renal sympathetic denervation can
be investigated as possible therapeutic option.

Despite the promising results demonstrated in the Symplicity HTN-2 trial, the
noticeable methodological flaws prompted further studies with more rigorous

methodology. The Symplicity HTN-3 trial included 535 patients who were randomized
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2:1 to renal sympathetic denervation or sham procedure, with efficacy endpoints
assessed by 24-hour ABPM. Similar to other studies including ours, efficacy endpoints
were not met when blood pressure measurements in 24-hour ABPM were analyzed at 6
and 12 months. '"'>The mechanisms that could explain the disparity between the
follow-up office and ABPM variation are not well understood'® .We believe that even in
a high selective sample of true resistant hypertensive patients the office measurement is
a method more prone to be influenced to placebo effect, regression-to-the-mean or to or
to the Hawthorne effect'”.
The present results are consistently similar to the findings of the Symplicity HTN-3
trial, which is the most important study on renal sympathetic denervation published to
date. Some authors have suggested that renal sympathetic denervation may be more
effective in patients with less severe resistant hypertension in whom the sympathetic
drive is less pronounced and therefore better controlled after the procedure. The
rationale of this hypothesis has been recently tested in a randomized controlled trial.'®
This trial included 71 patients with day-time systolic pressure 135-149mmHg, diastolic
pressure 90-94 mmHg on 24-hour ambulatory measurement for renal sympathetic
denervation or sham procedure and showed no significant change in blood pressure
levels measured by ABPM in the intention to treat analysis. Nevertheless, there was a
slight but significant reduction in daytime systolic pressure (8,3mmHg vs 3.5mmHg, p
= 0.04) in the intervention group when evaluated only patients included in the per
protocol analysis. However the clinical applicability of this trial is difficult to interpret
due to conflicting results from a much larger randomized trial Symplicity HTN 3.
Despite the negative results of the Symplicity HTN-3 trial, investigators
strongly recommend the publication of preclinical data of studies that try to answer

unanswered questions that surround the renal denervation'®.Unlike studies using a solid-
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tip dedicated catheter ot

, we used a saline-irrigated electrophysiology catheter. The
wide experience of electrophysiology in ablation of cardiac arrhythmias associated with
some potential advantages of using an irrigated-tip catheter have raised the interest of
many research groups in investigating its use in renal denervation. Continuous saline
irrigation at room temperature results in a significant decrease in catheter tip
temperature and, consequently, allows us to more effectively achieve the adventitial
layer of the renal artery without causing much discomfort to the patient. Furthermore,
excessive temperature at the catheter tip may lead to clot formation, thus limiting the
amount of energy delivered and lesion extension, which in turn reduces the efficacy of

1213 These potential advantages of the saline-irrigated

energy application
electrophysiology catheter were elegantly demonstrated in a study in a canine model,
which confirmed that the use of this device results in more extensive neural
degeneration of the adventitia due to deeper penetration of radiofrequency energy and
less extensive intimal hyperplasia than the use of non-irrigated electrophysiology
catheters'”. In disagreement with our results, acase series study using a saline-irrigated
RFA catheter that included 10 patients showed a reduction in blood pressure measured
by 24-hour ABPM. A decrease in metanephrine, normetanephrine and aldosterone
levels was also described in five patients who had blood samples

analyzed.”! Armaganijan et al *

, in a series of 10 cases, reported a statistically
significant reduction in systolic and diastolic blood pressure (28/17.6 mmHg) in 24-
hour ABPM after 6 months of follow-up. However, the study included almost
exclusively women (90% of the sample) and 24-hour ABPM was not a mandatory
inclusion criterion. The 24-hour ABPM results after 6 months of follow-up were

reported only for eight patients, and four of them were considered nonresponders (SBP

reduction < 10 mmHg. Kiuchiet al , in a series of 24 non-dialysis patients with renal
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failure, also reported a significant reduction in blood pressure as measured by 24-hour
ABPM after a 3-month follow-up. However, a proper comparison with our study is
hindered by the fact that glomerular filtration rate <45 mL/min/1.73 m” was one of our
exclusion criteria and their follow-up period was reduced to 3 months.

In the present study, there was no reduction in the number of antihypertensive drugs
from baseline to 6 months. We encouraged our patients to keep taking the same
medications and at the same doses prescribed at enrollment to avoid the possibility of
bias. In the Symplicity HTN-3 trial, for example, about 40% of patients had changes in
medication between inclusion and analysis at 6 months H,

Another pitfall in renal denervation is the absence of a reliable and practical test,
which can be preferably used at the bedside, for immediate evaluation of the results of
the procedure. The objective of renal denervation should be to ‘“normalize” renal
sympathetic activity in individuals with sympathetic hyperactivity or reduce it to the
lowest physiologically tolerable level. It has been known for several decades that
norepinephrine spillover to plasma is increased in essential hypertension. ***°
However, a reliable clinical or laboratory parameter is lacking for evaluation of the
efficacy of renal denervation in order to show the proportion of injured afferent and/or
efferent nerve fibers, resulting in hypoactivity and decreased production of
catecholaminergic substances. In our study, only four patients had blood samples
collected at baseline and 30 days after the procedure for analysis of catecholamine
levels. In this very small sample, no differences were observed in catecholamine values,
although the relevance of this finding remains uncertain. In the Symplicity HTN-1
observational study, there was a reduction in norepinephrine spillover in 10 patients in
whom radiotracer dilution methodologies were applied °. However, additional data

demonstrated a mild but highly variable reduction when norepinephrine spillover was

39



used as a surrogate marker of sympathetic activity. 2627

Muscle sympathetic nerve
activity (MSNA) assessed by microneurography is a marker of sympathetic activity in
the skeletal muscle circulation and an important factor in blood pressure control.”® Tts
use in identification of individuals with resistant hypertension and increased adrenergic
tone may allow a more appropriate selection of candidates for renal sympathetic
denervation and subsequent evaluation of the efficacy of the procedure. In addition to
representing a non-immediate evaluation of procedural success, the difficult
applicability of this method in daily practice limits its use.

Although many advances have occurred in recent years, a better understanding
of sympathetic nervous system pathophysiology and precise anatomical distribution of
renal sympathetic innervation is needed to improve efficacy. In this respect,
Sakakuraetalcontributed by demonstrating higher density of peri-arterial renal nerves
in the proximal and middle segments of renal arteries and predominance of efferent over
afferent nerve fibers. Such advances may help shape the development of new
technologies and technical improvement.

Selection of ideal candidates with true resistant hypertension and sympathetic
hyperactivity based on reliable parameters and accurate assessment of the efficacy of
renal denervation procedures are fundamental to the consolidation of this method in a
population that can really benefit from it. Nonetheless, any new technological
development in the area of renal denervation will need to be submitted to well-designed
sham-controlled trials, such as the Symplicity HTN-3 trial, with 24-hour ABPM. The
search for new therapies and development of new technologies should occur in parallel
with the medical community’s efforts to encourage greater medication adherence and

nonpharmacological care, key measures for achieving optimal blood pressure control.
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LIMITATIONS

Our case series has limitations inherent in open-label uncontrolled studies with a
small sample size. Like most studies of renal denervation, we failed to confirm good
medication adherence, although our patients had been previously seen by a hypertension
specialist and, at each outpatient follow-up visit, medication adherence was reviewed.
Inclusion of urinary analysis may be a useful alternative to confirm medication
adherence in small studies such as ours.

Operators responsible for the procedures were interventional cardiologists and
electrophysiologists. Despite extensive experience in endovascular procedures and
familiarity with the use of irrigated-tip catheters, we had no experience with the renal
denervation technique. Although circumferential ablation using a unipolar catheter is
dependent on the skill of the operator, in the Symplicity HTN-3 trial, no differences in
efficacy were observed when operators who performed five or more procedures were
compared with less experienced operators”.

Although our patients did not undergo routine imaging of the renovascular
system during follow-up, in a previous study, the rate of significant renal artery stenosis
6 months after renal sympathetic denervation was found to be zero in 76 patients
undergoing radiological examination (66, magnetic resonance imaging; 10, computed
tomography angiography) **. Thus, subjecting patients to additional examination and
radiation would add unnecessary risk. We also observed, in our study, no significant

changes in creatinine levels during follow-up.
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CONCLUSION

Our study confirms the feasibility and safety of renal sympathetic denervation
by RFA using a saline-irrigated catheter and, at the same time, demonstrates lack of
efficacy in reducing blood pressure, as measured by 24-hour ABPM, in highly selected
patients with true resistant hypertension. The clinical use of renal ablation with saline-
irrigated catheters to control blood pressure of patients with resistant hypertension
should be tested in randomized, sham-controlled, clinical trials with well selected

resistant hypertensive patients.
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Table 1.Baseline characteristics.

Subject characteristics* n=11
Age, years 56.5+10.5
Male 3 (27.3)
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BMI (Kg/m?) 31.1+£3.8
Obesity 7 (63.6)
Type 2 diabetes mellitus 4 (36.4)
Smoker 2(18.2)
Coronary artery disease 0
Previous stroke 0
Heart failure 0
Ejection fraction 63.4+5.2
eGFR (mL/min per 1.73m2) 90.6 £24.6

BMI - body mass index; eTFG - estimated glomerular filtration rate; SD - standard

deviation; (*) Data are expressed as mean = SD or n (%).
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Table 2.Baseline medications.

Baseline medication* n=11
Number of antihypertensive drugs 6.0+1.3
Diuretic 11 (100)
Thiazide diuretics 11 (100)
Potassium-sparing diuretics 7 (63.6)
ACE inhibitor only 10 (90.9)
Angiotensin Il receptor blocker 2(18.2)
ACE/ARB associated 1(9.1)
Calcium channel antagonist 10 (90.9)
Beta-blockers 10 (90.9)
Nitrate and other vasodilators 9(81.8)
Centrally acting antihypertensive 5 (45.5)

ACE - angiotensin-converting enzyme; ARB - angiotensin Il receptor blocker; SD -

standard deviation; (*) Data are expressed as mean = SD or n (%).
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Table 3.Baseline blood pressure measurements.

Baseline blood Systolic Diastolic

pressure*

24-hour ABPM 151.1+£29 90.0+3.3
Daytime ABPM 152.6 £2.9 92.1 £3.4

Nighttime ABPM 146.0 £ 3.8 83.1+3.0
Office 1821+ 7.4 1024 +55

ABPM - ambulatory blood pressure monitoring; (*) Data are expressed as mean *

standard deviation.
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Figure 1. Flow patients

Resistant Hypertension
n= 17 patients

Consent form withdrawaln=3
patients

Anatomic exclusion criteria n =3
Renal artery stenosis n=1
Renal artery diameter<4 mmn=1
High Impedance n=1

n= 11 patients
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Figure 2.Mean basal, 1 month and 6 months systolic and diastolic pressure in
ambulatory blood pressure monitoring (ABPM). P value 0,68 and 0,38 for all

comparisons in systolic and diastolic blood pressure, respectively.
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Figure 3. Change in office and ambulatory systolic and diastolic blood pressure at 6

months. BP — blood pressure; ABPM — Ambulatory Blood Pressure Monitoring.
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