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RESUMO

Bisinotto FMB, Braz JRC - Efeitos do Halotano, Isoflurano e Se-
voflurano sobre a Fungao Renal em Céaes sob Pingamento Adér-
tico Infra-Renal

JUSTIFICATIVA E OBJETIVOS: O pingamento infra-renal da
aorta abdominal pode produzir alteragbes renais. O objetivo do
estudo foi avaliar os efeitos do halotano, isoflurano e
sevoflurano sobre a fungdo renal, em cdes submetidos a
pingamento aodrtico infra-renal.

METODO: O estudo aleatério foi realizado em 30 cées,
distribuidos em trés grupos, de acordo com o anestésico
halogenado utilizado durante a anestesia, em concentragbes
equipotentes de 0,75 CAM: GH (n = 10) - halotano a 0,67%; G/
(n=10)-isoflurano a 0,96%, e GS (n = 10) - sevoflurano a 1,8%.
Em todos os animais foi realizada ligadura infra-renal da aorta,
por periodo de 30 minutos. Os atributos renais foram
estudados nos momentos: C (controle), apos 15 (Ao15) e 30
(Ao30) minutos de pingamento adrtico, e apés 15 (DAo15) e 30
(DA030) minutos do despingamento aodrtico.

RESULTADOS: A depuragao de agua livre foi menor nos
grupos Gl e GS, em relagdo ao GH, apos o despingamento
aortico (p < 0,05). Durante o pingamento aortico, nos trés
grupos, houve aumento do débito urinario, da excregdo urinaria
de soédio e da depuragcdo de sdédio, e diminuigdo da
osmolaridade urinaria (p < 0,05). A resisténcia vascular renal e
a fragao de filtragdo aumentaram somente em GS (p < 0,05),
enquanto a excregéo fracionaria de sédio aumentou em GH e
Gl (p < 0,05). Apés o despingamento adrtico, houve
normalizagédo dos atributos que haviam se alterado, com
exceg¢do da osmolaridade urinaria, que continuou em niveis
menores do que os do controle em todos os grupos (p <0,05). A
resisténcia vascular renal e a fragdo de filtragdo continuaram
mais elevadas em GS, acompanhadas por diminui¢do do fluxo
sanglineo renal e da depuracdo de para-aminohipurato de
sodio (p < 0,05).

CONCLUSOES: No cédo nas condigbes experimentais
empregadas, a inalagdo de halotano e isoflurano a 0,75 CAM,
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mas néo de sevoflurano, atenuou a principal alteragdo apds o
pingcamento infra-renal da aorta, que é o aumento da
resisténcia vascular renal.

Unitermos: ANESTESICOS, Volatil: halotano, isoflurano,
sevoflurano; ANIMAL: cao; CIRURGIA, Vascular: pingamento
aortico infra-renal

SUMMARY

Bisinotto FMB, Braz JRC - Effects of Halothane, Isoflurane and
Sevoflurane on Renal Function in Dogs under Infra-Renal Aor-
tic Cross-Clamping

BACKGROUND AND OBJECTIVES: Infra-renal aortic
cross-clamping is associated to renal effects. This study aimed
at analyzing halothane, isoflurane and sevoflurane effects on
renal function of dogs submitted to infra-renal aortic
cross-clamping.

METHODS: This study involved 30 mixed-breed dogs ran-
domly distributed in three groups, according to equipotent anes-
thetic doses (0.75 MAC) of inhaled anesthetics: GH (n = 10) -
0.67% halothane; Gl (n = 10) - 0.96% isoflurane; and GS (n =
10) - 1.8% sevoflurane. All animals were submitted to infra-re-
nal aortic cross-clamping for 30 minutes. Renal parameters
were evaluated at control (C), 15 (Ao15) and (Ao30) minutes af-
ter aortic cross-clamping, and 15 (DAo15) and 30 (DA030)
minutes after aortic unclamping.

RESULTS: Free water clearance was significantly lower in Gl
and GS as compared to GH (p < 0.05) after aortic unclamping.
Urinary output, sodium urinary excretion and sodium clearance
have significantly increased during aortic cross-clamping,
while urinary osmolarity has decreased in all groups (p < 0.05).
Renal vascular resistance and filtration fraction have increased
during aortic cross-clamping in GS only, while sodium fractional
excretion increased in GH and Gl (p < 0.05). All renal parame-
ters had returned to control levels after aortic unclamping, with
the exception of urinary osmolality which has remained below
control levels in all groups (p < 0.05). Renal vascular resistance
and filtration fraction have remained higher in GS, followed by
renal blood flow and PAH clearance decrease (p < 0.05).
CONCLUSIONS: In dogs under our experimental conditions,
0.75 MAC of halothane or isoflurane, but not 0.75 MAC of
sevoflurane, have minimized renal vascular resistance increase,
which is the major infra-renal aortic cross-clamping effect.

Key Words: ANESTHETICS, Volatile: halothane, isoflurane,
sevoflurane, ANIMAL: dog; SURGERY, Vascular: infra-renal
aortic cross-clamping

INTRODUGAO

As cirurgias para correcao de aneurisma aértico, mesmo
no segmento infra-renal, podem estar associados a in-
suficiéncia renal, geralmente por necrose tubular aguda, ao
redor de 5%, que geralmente requer hemodialise Te apre-
senta ainda elevada taxa de mortalidade, ao redor de 50%,
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apesar de todo avango no diagnoéstico e manuseio da insufi-
ciéncia renal 2. Quando a cirurgia é realizada no segmento
aodrtico supra-renal, a incidéncia de disfung¢ao renal pode
ser de 15% a 30% e quando requer a oclusdo do segmento
toracico a incidéncia pode chegar a 50% °.

No pingamento aoértico infra-renal podem ocorrer aumento
da resisténcia vascular renal e diminuigdo do fluxo sangli-
neo renal, ao redor de 30%, que podem persistir apds o des-
pincamento adrtico * e mesmo alguns meses apds a cirurgia
®. No despingamento adrtico infra-renal, normalmente ocor-
re redistribuicdo do fluxo sanglineo nos rins, com diminui-
¢ao do fluxo sanguineo renal cortical e do ritmo de filtragcao
glomerular ®” que ndo parecem estar correlacionados as al-
teragdes de débito cardiaco ou da pressao arterial média 78
mas sim ao aumento da resisténcia vascular renal °. A dimi-
nui¢cdo do volume urinario, que pode ocorrer, parece nao ter
correlagdo comaredugao doritmo de filtragdo glomerular7 e
com o grau de insuficiéncia renal no pés-operatério *°.
Varios fatores tém contribuido para a redugao da mortalida-
de durante a cirurgia para a corregao de aneurisma abdomi-
nal, como melhoria da técnica cirurgica, intervencéo cirurgi-
ca mais precoce, melhor selegcao dos pacientes, avangos na
monitorizacéo, surgimentode novas drogas e técnicas anes-
tésicas, e aumento dos cuidados intensivos no pés-operato-
rio ¥

Os anestésicos podem apresentar importante papel na pa-
togénese das alteragdes cardiacas e renais durante o pin-
¢amento adrtico, pelos seus efeitos sobre a hemodinamica
cardiovascular e a liberagao de horménios mediadores.
Assim, o halotano parece estar associado a maiores altera-
¢oesrenais do que o isoflurano, quando utilizado em doses
equipotentes em pacientes submetidos a cirurgia de re-
construc&o aértica sob pincamento aértico infra-renal '"'2,
provavelmente pordiminuir o débito cardiaco, fluxo sangii-
neo renal e ritmo de filtragdo glomerular em maior propor-
¢éo do que oisoflurano. Segundo os autores "' esses re-
sultados sugerem que a anestesia com halotano esta asso-
ciada com vasoconstricdo renal, que ndo ocorre com o iso-
flurano. Com relagéo ao sevoflurano, as primeiras pesqui-
sas naoencontraram alteragdes renais importantes, princi-
palmente com a capacidade de concentragao renal, tanto
no homem "' como em animais de experimentagao '*¢.
Mas a preocupacao com a fungado de concentragéo renal é
relevante, porque o sevoflurano em seu metabolismo forma
ions fluor, que potencialmente podem provocar lesao tubu-
larrenal. Ha preocupagao tambémcomaformagaodofluor-
metil-2,2-difldor-1- (trifluormetil) vinil éter, também conhe-
cido como composto A, porque o sevoflurano pode formar
produtos metabdlicos napresencade absorvedores de dio-
xido de carbono, pela agdo da enzima B-liase renal. Esta
substancia é nefrotoxicaemratos '8, mas ndo no homem,
por causa da menor atividade da B-liase neste ultimo. Tam-
bém, ocomposto Aéformadoembaixas concentragdes nos
circuitos anestésicos, mesmo nos fechados, utilizando-se
baixo fluxo de gases frescos. Porisso parece ser desprovi-
do de efeito nefrotéxico no homem .
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Mais recentemente, alguns autores verificaram que o sevo-
flurano, quandoempregadoem baixo fluxo de gasesfrescos,
pode determinar alteragdes renais, caracterizadas por au-
mento da excregdo urinariade albumina e glicose, e de algu-
mas enzimas tubulares 2%2". No entanto, esses resultados
tém sido questionados por outros autores %223 por acredi-
tarem que os melhores marcadores de alteragdes renais ain-
dacontinuam a ser os niveis plasmaticos de uréia e creatini-
naepornaoexistiremevidéncias significativas parase credi-
tarem as alteragdes enzimaticas tubulares uma indicagao
importante de ocorréncia de lesdo renal com o sevoflurano.
Poroutro lado, em pacientes com insuficiéncia renal estavel
e submetidos a cirurgia eletiva sob anestesia com sevoflura-
no ou isoflurano em baixo fluxo de gases frescos, os autores
n&o observaram alteracdo da funcao renal 2%,

Frente aos resultados encontrados na literatura, o FDA néo
liberou o uso do sevoflurano na presenca de fluxo de gases
frescos menor ou igual a um litro.

N&o ha na literatura estudos das agbes do sevoflurano no
aparelho renal em situagdes cirurgicas que possam ocasio-
nar alteragdes renais, como as que podem ocorrer durante a
cirurgia de reconstrugéo aortica.

Apresente pesquisa tem como objetivo o estudo comparati-
vo dos efeitos do halotano, isoflurano e sevoflurano, em con-
centragdes equipotentes, sobre a fungéo renal de caes sub-
metidosapingamentoadrticoinfra-renal,comafinalidade de
verificar qual dos agentes inalatérios “protege” melhor os
rins dos efeitos provocados pelo pingamento e
despingamento aorticos.

METODO

Apos aprovacdo pela Comissado de Etica em Pesquisa Ani-
mal, foram utilizados 30 cdes adultos, de ambos os sexos,
pesando entre 18 a 20 kg. Os cdes foram distribuidos aleato-
riamente em trés grupos, com 10 animais em cada grupo. O
experimento constou de duas fases: na primeira, foi feita in-
ducao anestésica, intubacao traqueal, instalagao de ventila-
¢ao artificial, manutengéo anestésica com halotano, isoflu-
rano ou sevoflurano, dependendo do grupo estudado, moni-
torizac&o da ventilagao, oxigenacao, hemodinamica cardio-
vascular, fungao renal e temperatura, seguida de laparoto-
miamediana parapreparacaodaligaduraadrticainfra-renal;
e nasegunda fase, foi realizado o pingamento adrtico por 30
minutos, seguido da retirada da ligadura adrtica. Os grupos
se diferenciaram como segue:

GH - Manutengéao anestésica com halotano a 0,67% (0,75
da concentracdo alveolar minima - CAM);

Gl - Manutencgao anestésica com isoflurano a 0,96% (0,75
CAM);

GS - Manutengé&o anestésica com sevofluranoa 1,8% (0,75
CAM).

A CAM utilizada dos halogenados no cédo seguiu a proposi-
¢ao de Kazama e lkeda (1988) %°.
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Seqliéncia Experimental

Apos jejum alimentar de 12 horas, mas com livre acesso a
agua, os animais, apos indugédo anestésica com propofol
(5,5 mg.kg™") e cloreto de alcurdnio (0,2 mg.kg™), por via ve-
nosa, foram colocados em goteira de Claude Bernard em
sala de experimentagéao cuja temperatura foi mantida por ar
condicionado (quente/frio) entre 24 e 25 °C, realizando-se a
seguir:

1. Intubacéo orotraqueal, utilizando-se tubo traqueal de
didmetro interno de 8,5 ou 9 mm provido de balonete de
alta complacéncia, e instalagdo de ventilagdo controla-
da a volume, empregando-se o respirador Ohmeda
(EUA) do aparelho de anestesia Excel mod. 210 SE
(Ohmeda - EUA) e fluxo de ar comprimido (1,2 L.min"") e
oxigénio (0,8 L.min'1), em sistema circular valvular semi-
fechado com reabsorvedor de gas carbénico (cal soda-
da). Empregou-se fragédo inspirada de oxigénio entre
40% e 50%, volume corrente de 20 mI.kg‘1 e freqliéncia
respiratéria de 10 a 15 movimentos.min™' para manuten-
¢do da pressao expiratéria final de CO, entre 30 e 35
mmHg;

2. Instalagéo do aparelho AS3 da Datex-Engstrom (Finlan-
dia) para leitura e registro dos parametros ventilatérios,
dos gases anestésicos, hemodinamicos, de oxigenacéao
e de temperatura;

3. Ainalacao do agente halogenado foi feita por meio de va-
porizador calibrado especifico para cada halogenado
(Ohmeda, EUA). A concentragao inspirada e expirada
de cada agente halogenado, de O, e de CO, foi controla-
da pelo modulo de Analisador de Gases do aparelho
AS3 da Datex-Engstrom (Finlandia), utilizando-se cap-
tador de amostra de gases junto a valvula em “Y” do cir-
cuito respiratoério. Empregou-se inicialmente uma CAM
do halogenado (halotano a 0,89%, isoflurano a 1,3% e
sevoflurano a 2,4%) de acordo com a concentragéo
expirada;

4. Instalagéo do eletrocardidgrafo de trés canais (deriva-
¢do D)), sensordo termdémetro no tergo inferior do esofa-
go e sensor em forma de pinga colocado na lingua do
animal, para leitura da saturacao periférica de oxigénio
da oxihemoglobina;

5. Disseccéo e cateterismo da veia femoral direita para ad-
ministracéo de drogas, como doses complementares de
cloreto de alcurénio (0,06 mg.kg™"), e coleta de sangue
Venoso;

6. Dissecgao e cateterismo da veia femoral esquerda para
infusdo continua da solucao de Ringer com lactato (18
ml.kg™.). Apés 30 minutos, foi feito o “prime” das solu-
¢bes de creatinina (3%) e acido para-aminohipurico
(PAH) (0,4%), sendo utilizado 1 ml.kg™ da solugdo. Ase-
guir, colocou-se solucdo de Ringer (18 ml.kg”".h™") com
PAH (0,08%) e creatinina (0,2 g%), administrando-se
por minuto, até o final do experimento, 0,6 mg.kg™ de
creatinina e 0,24 mg.kg™' de PAH, por meio de bomba de
infusdo de dois canais Anne, da Abbott (EUA);
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7. Disseccao e cateterismo da artéria femoral esquerda
para medida da press&o aortica e controle do pingamen-
to e despingamento aorticos;

8. Disseccéo e cateterismo da artéria axilar esquerda para
medida da pressédo arterial média e coleta de sangue
para medida do pH e gases sanguineos no aparelho Chi-
ron Diagnostics, mod. Rapidlab 865 (Inglaterra);

9. Disseccéo e cateterismo da veia jugular externa direita
com introdutor 8,5F e passagem de cateter de
Swan-Ganz 7F até a artéria pulmonar, para medida das
pressdes e do débito cardiaco, por termodiluigao;

10. Cateterismo vesical para coleta de urina em provetas
graduadas;

11. Realizagao de laparotomia mediana e dissecgéao in-
fra-renal da aorta. Colocacgao de fita cardiaca ao redor
da aorta, imediatamente ap6s a emergéncia das artérias
renais, para posterior ligadura aértica. Afita cardiaca foi
transpassada em pequeno tubo plasticode 15 cm. Ainci-
sdo cirurgica foi, em seguida, fechada ao redor do tubo
plastico;

12. Ap0s o preparo, reduziu-se a CAM dos halogenados,
segundo o grupo estudado, de uma para 0,75 CAM, inici-
ando-se o periodo de estabilizagdo hemodindmica, com
duragao de 30 minutos;

13. Medida dos atributos e coleta de sangue (venoso e arte-
rial) e de urina (momento controle);

14. Injecdo de heparina, por via venosa, na dose de 70
UI.kg’1 e, apos 3 minutos, realizagdo da ligadura in-
fra-renal da aorta, avangando-se o tubo plastico ao lon-
go da fita cardiaca até que nao mais houvesse registro
de pressdo na artéria femoral;

15. Medida dos atributos e coleta de sangue e urinaapés 15
e 30 minutos da ligadura aodrtica (momentos Ao15 e
Ao30);

16. Retirada da ligadura adrtica, medida dos atributos e co-
leta de sangue e urina apds 15 e 30 minutos da retirada
da ligadura aértica (momentos DAo15 e DA030);

17. Término do experimento e sacrificio do animal com ex-
cesso de anestésico (pentobarbital sédico).

Atributos Estudados

Os atributos estudados foram: antropométricos - peso (kg),
comprimento (cm) e superficie corporal (m?); sexo; hemodi-
namicos - freqiiéncia cardiaca (FC), pressao arterial média
(PAM), pressdo média do atrio direito (PAD), pressdo média
da artéria pulmonar (PAP), presséo da artéria pulmonar oclui-
da (PAPO), indice cardiaco (IC), indice sistélico (IS) e indice
de resisténcia vascular sistémica (IRVS); fungéo renal - de-
puragao de para-aminohipurato de sédio (DPAH) para medi-
da do fluxo plasmatico renal (FPR), fluxo sanguineo renal
(FSR=FPR/1-Ht), resisténcia vascularrenal (RVR = PAM x
80/FSR x 107%), débito urinario (DU), osmolalidade urinaria
(UOsm), depuracéo de creatinina (DCr), para determinagéo
doritmodefiltracaoglomerular (RFG), fracdodefiltracdo (FF
= DCr/DPAH), depuragao osmolar (Dosm = Uosm x
DU/Posm), depuragédode agualivre (DH,O =DU-Dosm), ex-
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crecao urinaria de sédio (EUNa = DU x UNa), depuragéo de
sodio (DNa x DU/PNa) e excregéo fracionaria de sdédio
(DNa/DCrx 100); sanguineos - hematdcrito (Ht), sédio plas-
matico (PNa), osmolalidade plasmatica (Posm), pH arterial
(pHa), presséo parcial de gas carbdnico arterial (PaCO,) e
metabdlicos - temperatura esofagiana (Tesof)-

Analise Estatistica

A analise estatistica dos resultados foi efetuada utilizan-
do-se a Andlise de Perfil 2. Para as variaveis antropométri-
cas, utilizou-se ANOVA e para a distribuicdo dos sexos, utili-
zou-se o teste Qui-quadrado (X?). As estatisticas foram con-
sideradas significantes quando p < 0,05.

RESULTADOS
Né&o houve diferenca significante entre os grupos em rela-

¢ao aos valores antropométricos e a distribuicdo do sexo
(Tabela ).

Tabela | - Atributos Antropométricos e Distribuigdo do Sexo
nos Grupos

Grupos Peso Comprimento  Superficie Corporal Sexo
(kg)* (cm) * m?) * (M/F)
GH 183+16 1012+78 0,702 + 0,067 713
Gl 19,9+2,0 103,0+ 5,6 0,731 £ 0,043 6/4
GS 19,7+2,1  104,1+£52 0,736 + 0,061 8/2

Nao houve diferenga significante entre os grupos (p > 0,05)
* Valores expressos pela Média + DP

Afrequéncia cardiacafoio unico atributo hemodinamico que
apresentou alteragao significante entre os grupos, sendo os
valores de GH menores do que os dos demais grupos duran-
te o pingamento adrtico (Tabela Il1). Durante o pingamento
aortico, houve aumento da PAM, PAD e IS em todos os gru-
pos, enquanto osvaloresdaPAPaumentaramemGHeGleo
IC aumentou em Gl (Tabela Il). Apés o despingamento aorti-
co, os valores dos atributos hemodinamicos que haviam se
elevadoretornaramaos niveis do controle, com excegaodos

Tabela Il - Valores da Freqiéncia Cardiaca (FC), Pressé&o Arterial Média (PAM), Presséao do Atrio Direito (PAD), Presséo da
Artéria Pulmonar (PAP), Pressao da Artéria Pulmonar Ocluida (PAPO), Indice Cardiaco (IC), Indice Sistolico (IS) e

indice de Resisténcia Vascular Sistémica (IRVS) nos Momentos dos Grupos Estudados (Média + DP)

Momentos
Atributos Grupos Controle Ao15 Ao30 DAo15 DAo030
FC (bat.min™) GH 112 £ 32 105 + 20 111 +£19 115+ 23 109+ 18
Gl 128 + 11 126 + 10# 131 £ 12# 128 £12 126 £ 15
GS 123+ 19 124 + 20# 126 + 20 125+ 20 124 + 21
PAM (mmHg) GH 90,6 + 16,1 98,9 £ 12,3* 99,5+ 9,9* 90,7+ 13,4 90,6 + 15,6
Gl 95,2+12,8 104,4 + 8,4* 107,0 £ 8,1* 96,6 +7,1 955+9,5
GS 92,7 +17,7 103,0 + 16,3* 100,0 £ 20,6* 91,6 + 18,7 90,5+21,4
PAD (mmHg) GH 1,5+£25 1,3+£21 2,1+£2,0" 14+17 1,3+1,4
Gl 02+1,5 07+14 0,9+2,0" 04+19 0,5+1,9
GS 0,4+0,9 1,2+0,9* 0,8 £1,0* 0,3+1,2 04+1,0
PAP (mmHg) GH 10,3+2,2 10,7 +1,6 11,2+£2,0 11,5+ 3,4 11,2+ 3,4
Gl 9,3+4,3 9,6 +4,6 10,7 £ 5,2* 10,1+5,0 9,6 +4,3
GS 9,0+3,6 10,6 + 3,9* 10,2+ 3,6 10,0 £ 3,2 9,8+3,0
PAPO (mmHg) GH 1,8+1,7 24+14 2,1+1,9 21+16 24+22
Gl 0,8+23 1,2+23 1,6 +2,1* 1,1+23 0,7+1,9
GS 0814 1,3+1,1 1,0£14 0,8+1,5 09+1,6
IC (L.min"".m?) GH 42+0,7 4,4+0,8 46+0,8 4,9+1,0* 46+0,9
Gl 49+1,3 54+1,3* 56+ 1,6% 55+1,6% 52+1,2
GS 42+0,7 4,7+0,9 46+0,9 46+0,8 46+0,9
IS (ml.bat.m™) GH 379+7.2 42,1 +8,1* 41,5+ 8,2* 42,4 +7,7* 42,2 +8,1*
Gl 37,9+ 10,3 41,9+ 10,0* 41,8+ 10,0* 42,3 +9,9* 40,2+7,6
GS 345+0,8 38,1+8,7¢ 37,2+ 10,0* 37,1+8,8* 37,5+ 10,5*
IRVS (dina.s.cm®.m?) GH 1751 + 522 1933 + 745 1777 + 470 1604 + 328 1588 + 297*
Gl 1727 + 604 1656 + 460 1635 + 498 1493 + 479* 1580 + 505
GS 1873 + 456 1682 + 470 1782 + 483 1680 + 524 1534 + 466*

# p < 0,05: diferenga significante entre os grupos em relagdo ao GH
* p < 0,05: diferenca significante em relagdo ao momento controle do mesmo grupo
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valores do IC e IS, que continuaram elevados (Tabela Il). O
IRVS, que nao se alterou significantemente durante o
pincamento adrtico em nenhum dos grupos, apresentou
diminuigao significante dos valores nos trés grupos.
Adepuracdo de agua livre foi o Unico atributo renal que apre-
sentou alteracao significante entre os grupos, sendo os valo-
res de Gl e GS menores do que os de GH apds o despinga-
mento adértico. Durante o pincamento adrtico, os trés grupos
apresentaram aumento significante do DU, da EUNa e da
DNa, e diminuicdo da Uosm (Tabela lll). ARVR aumentou no
grupo GS (Figura 1), acompanhada por aumento da FF (Ta-
bela IV). AEFNa aumentou nos grupos GH e Gl (Tabela lll).
Apo6s o despingamento adrtico, houve normalizagéo dos atri-
butos que haviam se elevado, com excegédo da Uosm, que
continuou em niveis mais baixos em relagdo aos do controle
emtodos os grupos (Tabelalll),edaRVR (Figura1)e FF (Ta-
bela IV) em GS, que continuaram significantemente mais
elevadas, acompanhadas por diminuigdo significante do
FSR e da DPAH (Figura 2 e Tabela IV, respectivamente). A
DCr néo se alterou nos trés grupos experimentais nos mo-
mentos estudados (Tabela 1V).

2,5 1 m GH: Halotano
§ O Gl: Isoflurano
& —~ 2,04 0 GS: Sevoflurano|
=
2E
g"_ 1,5 1
e
®©
SE 1,0
Q@ E
@0~
: . Aii‘J_‘
o
0,0 4 T T T T |
Controle Ao15 Ao30 DA030

. DAo15

I 1T
Pincamento adrtico

1
Despingamento adrtico

Momentos

Figura 1 - Resisténcia Vascular Renal (RVR). Valores Obtidos nos
Momentos dos Grupos Estudados com Indicagdo do Resulta-
do Estatistico Obtido (Média + DP)

*p <0,05: GS: Controle < (A030 = DA015 = DA030)

Tabela |l - Valores do Débito Urinario (DU), Osmolaridade Urinaria (Uosm), Depuragdo Osmolar (Dosm), Depuragéo de
Agua Livre (DH,0), Excregao Urinaria de Sédio (EUNa). Depuragéo de Sédio (DNa) e Excregéo Fracionaria de Sédio
(EFNa) nos Momentos dos Grupos Estudados (Média + DP)

Momentos
Atributos Grupos Controle Ao15 Ao30 DAo15 DA030
DU (ml.min™" kg™ GH 0,14 £ 0,11 0,18 £ 0,09* 0,19 £ 0,09* 0,14 £ 0,08 0,14 £ 0,06
Gl 0,10 £ 0,06 0,14 £ 0,07 0,15 + 0,06 0,09 + 0,04 0,12+ 0,07
GS 0,10+ 0,11 0,16 +0,13* 0,15+ 0,09* 0,13+0,08 0,11+ 0,07
Uosm (mOSm.kg'1 de agua) GH 487 + 260 378 + 157* 345 + 157* 370 + 182* 377 +182*
Gl 700 + 238 559 + 245* 486 + 196* 498 + 210" 488 + 179*
GS 738 + 209 564 + 172* 557 + 168* 577 + 147* 598 + 161*
Dosm (ml.min.q) GH 3,29+£1,72 4,24 +£1,80 3,86 £ 1,85 3,00+ 1,17 3,34 + 1,66
Gl 4,41 %272 4,88 £ 2,20 4,65+2,13 2,91+1,59 3,57 £ 2,11
GS 4,33+ 3,20 5,25+ 3,18 513+2,73 4,40 +1,63 4,091,557
DH,O (ml.min'ﬂ) GH -0,85+ 1,18 -0,89 £ 2,26 -0,45 + 1,81 -0,39 £ 1,21 -0,74 £ 1,07
Gl -2,47 +1,73 -2,10+ 1,76 -1,78+2,14 -1,09 +1,59* -1,19 + 1,69#
GS -2,28 £ 1,32 -2,05 + 1,60 -2,22 £ 1,96 -1,89 + 0,53# -1,87 £ 0,86
EUNa (WEg.min™) GH 311 + 247 444 + 194* 434 + 208* 309 + 138 301 + 142
Gl 242 + 157 364 + 224* 354 + 181* 204 + 87 261+78
GS 169+ 73 307 £ 172 300 + 122* 245 + 128 205 + 117
DNa (mI.min'ﬂ) GH 2,23+177 3,20 £ 1,40* 3,13 + 1,50 2,25+ 1,01 2,21+1,05
Gl 1,73 +1,09 2,64 +1,58* 2,57 +1,28* 1,49 + 0,61 1,88 +1,30
GS 1,19+ 0,52 2,19+ 1,22 2,17 £ 0,90 1,79 £ 0,94 1,50 + 0,86
EFNa (%) GH 4,00 + 3,80 6,58 +7,22* 5,10 + 3,48 3,76 + 1,90 3,38+ 1,66
Gl 2,99 £ 3,43 5,37 £6,01* 5,50 + 5,99* 3,18+ 2,34 2,55+ 1,77
GS 1,76 £1,19 2,57 +1,09 2,88+1,84 2,08+0,93 4,00 + 4,31

# p < 0,05: diferenga significante entre os grupos em relagdo ao GH

* p < 0,05: diferenca significante em relagdo ao momento controle do mesmo grupo
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Tabela IV - Valores da Depuragéo de Para-Aminohipurato de Sédio (DPAH), Depuragéo de Creatinina (DCr), Fragao de Filtragéao
(FF), Sodio Plasmatico (PNa), Osmolalidade Plasmatica (Posm) nos Momentos dos Grupos Estudados (Média + DP)

Momentos
Atributos Grupos Controle Ao15 Ao30 DAo15 DA030
DPAH (ml.min™ kg™ GH 13,6 +94 1M,7+71 10,6 +5,4 82+34 10,3+9,0
Gl 15,4 + 15,6 15,7+ 18,8 10,6 +7,8 11,2+12,7 15,6 £ 19,9
GS 14,6 +8,6 15,9 + 16,9 14,3+ 16,6 13,0+ 13,8 8,4 +59*
DCr (ml.min".kg™) GH 36+1.2 4027 39+24 39+24 40%2,0
Gl 53+49 44+38 42+27 33+17 46+25
GS 4116 45+23 55+4,4 52+35 35+23
FF GH 0,35+0,16 0,39+0,14 0,38+ 0,11 0,48 +£0,20 0,47 +0,17
Gl 0,38+ 0,21 0,38+0,15 0,45+0,19 0,45+ 0,29 0,44 + 0,24
GS 0,37 +0,19 0,54 + 0,48 0,63 + 0,44 0,62 +0,36* 0,63 + 0,44*
PNa (mEq.L™") GH 139+2 1392 139+3 1372 137 £2
Gl 139+6 137 £ 11 137+9 136+ 9 139+2
GS 141+2 140 £ 2 139+3 139+3 138 £2
Posm (mOsm.kg'H.0) GH 291 +24 285 + 58 287 + 26 283 £33 283 +25
Gl 293 + 26 295+ 15 287 £ 35 295 + 16 299 + 14
GS 289+ 18 294 £ 12 287 + 21 285+ 19 281 +26
*p <0,05: em relagdo ao momento controle do mesmo grupo
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Figura 2 - Fluxo Sangliineo Renal (FSR). Valores Obtidos nos Mo-
mentos dos Grupos Estudados com Indicagdo do Resultado
Estatistico Obtido (Média + DP)

*p <0,05: GS: (Controle = Ao15) > DA030

Os valores do pHa diminuiram significantemente apés o pin-
¢amento adrticoem GH e Gl e apds o despingamento adrtico
em GH, Gl e GS, enquanto os valores da PaCO, e do Ht ndo
se alteraram significantemente entre os grupos (Tabela V).
Ja os valores da Tgsor diminuiram significantemente em to-
dos os grupos ao longo do experimento (Tabela V).
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O presente estudo conduzido em animais aparentemente
sadios, nos quais manteve-se a volemia, confirmou que o
pingamento adrtico determina alteragdes hemodinamicas,
mesmo quandorealizadoemniveisinferiores daaorta, como
o pingamento infra-renal. Essas alteragdes manifesta-
ram-se, nos trés grupos estudados, pela elevacéo da pres-
saoarterialedaspressdesde enchimento,comoado atriodi-
reito e do indice sistélico. Assim, parece ter ocorrido redistri-
buicdo do volume sanguineo da vasculatura distal para a
vasculatura proximal a oclus&o adrtica, com aumento da
pré-carga.

Varios autores observaram aumento das pressdes de enchi-
mento durante o pingamento aértico " ?°, enquanto outros
autores ndo observaram essas alteragdes 30 Poroutro lado,
muitos autores atribuem, como causa principal do aumento
da presséao arterial média durante o pingamento adrtico, o
aumento subito daimpedancia do fluxo aértico, com aumen-
todapods-carga 31, acompanhado, muitas vezes, pordiminui-
cao do indice cardiaco?’ . Na presente pesquisa, o indice de
resisténcia vascular sistémica nao se alterou
significantemente em nenhum dos grupos estudados,
durante o pingamento adrtico.

Quintin e col. ?® observaram, no homem, recolhimento veno-
so passivodistalaopingamentoadrtico, comliberacdode ca-
tecolaminas (adrenalina e noradrenalina) e de angiotensina.
Aliberacéo dessas substancias determinou vasoconstrigao
tanto proximal quanto distal ao pingamento, com diminuigao
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Tabela V - Valores do pH Arterial (pHa), Pressao Parcial de Dioxido de Carbono Arterial (PaCO,), Hematdcrito (Ht) e Tempe-
ratura Esofégica (Tesor) Nos Momentos dos Grupos Estudados (Média + DP)

Momentos
Atributos Grupos Controle Ao15 Ao30 DAo15 DA030
pHa GH 7,34 £0,06 7,33 £0,06 7,31 £0,05* 7,31 +0,06* 7,29 +0,06*
Gl 7,35+ 0,05 7,33+ 0,05* 7,33+0,05* 7,31 +0,04* 7,32 £ 0,05*
GS 7,32+0,07 7,31+0,06 7,31+0,06 7,28 +0,06* 7,28 +£0,05*
PaCO, (mmHg) GH 30+4 30+6 32+6 32+6 33+6
Gl 30+3 32+5 30+6 33+5 32+3
GS 34+4 35+5 35+4 35+4 36+4
Ht (%) GH 37+8 37+8 38+8 38+8 37+8
Gl 34+7 33+8 33+8 33+8 34+7
GS 32+6 31+6 31+6 32+7 31+7
Tesof (%) GH 36,8+0,8 36,7+0,8 36,7 +0,8* 36,6 +0,9* 36,4 +0,8*
Gl 37,1+0,8 36,9+0,8 36,8 +0,9% 36,7+ 0,9 36,6 +0,9*
GS 37,1+0,7 36,8+ 1,0 36,8+ 0,6* 36,7 +0,6* 36,5+0,7*

* p < 0,05 em relagdo ao momento controle do mesmo grupo

do sistema de capaciténcia e deslocamento do volume san-
glineo proximalao pingamento, comgrandeinterferénciano
retornovenoso, ou seja, na pré-carga, nadependénciadoni-
vel de pingamento adrtico ser supra ou infra-celiaco. Na pri-
meira situacao, o retorno venoso aumentou sempre, porque
o deslocamento do volume sangliineo ocorreu em direcao
aos musculos proximais ao pingamento, aos pulmodes e ao
cérebro. Janoinfra-celiaco, houve deslocamento do volume
sangliineo em dire¢cao aos 6rgéos esplancnicos ou para ou-
tros tecidos proximais ao pingamento. Caso o tdnus venoso
esplancnico esteja diminuido, havera diminui¢do do retorno
venoso, mas se estiver elevado, havera aumento do retorno
venoso. Como conseqiiéncia, adistribuicdo de sangue entre
a vasculatura esplancnica e a ndo esplancnica é que ira de-
terminar as alteragdes da pré-carga.

As repercussodes renais do pingamento adértico foram carac-
terizadas por aumento da diurese e da natriurese, e diminui-
¢ao da osmolaridade urinaria com os trés halogenados, en-
quanto com o sevoflurano houve aumento da resisténcia
vascular renal, mas sem alteragao significativa do ritmo de
filtragdo glomerular e do fluxo plasmatico renal, porém com
aumento da fragéo de filtragao.

A literatura apresenta resultados conflitantes em relagao as
repercussdes do pingamento adrtico infra-renal sobre a fun-
¢ao renal, tanto em estudos experimentais *2** como no ho-
mem*®.No entanto, osresultados mais observadostémsido
o de aumento da resisténcia vascular renal ***2 e diminuicéo
do fluxo sangiiineo renal *°.

Doisfatores podemter-se associado napossivelgénesedas
alteragbes sobre a fungéo renal encontradas na presente
pesquisa: o primeiro refere-se a agdo do pingamento aértico
eosegundo,aacéodoagenteanestésico. Aoclusdodaaorta
infra-renal pode estar associada com aumento da resistén-
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cia vascular renal e moderado decréscimo no fluxo sangui-
neo renal. Estas alteragdes hemodinamicas podem persistir
apos a remogéao do pingamento 34 por redugao da filtragao
glomerular e do débito urinario. Ha propenséo do fluxo san-
guineo dacoértex mais externa decrescer mais do que na par-
te mais interna da cértex, podendo causar redistribui¢cao do
fluxo sangliineo dentro dos rins, apos a aplicagéo do pinga-
mento aértico oclusivo *¢. Ama distribuigéo do fluxo sangui-
neonointeriordosrins pode persistirporaté 60 minutos apos
o despingamento infra-renal da aorta *.

Colson e col. ® estudaram, em pacientes submetidos a pinga-
mento adrtico infra-renal, os efeitos renais da anestesia com
isoflurano e halotano. Durante o periodo de pré-pingamento, o
fluxo plasmatico renal e afiltragao glomerular foram significa-
tivamente menores nos pacientes que receberam halotano
em relagédo aos que receberam isoflurano. Durante o pinga-
mento, os atributos renais ndo foram afetados de forma mar-
cante nos dois grupos, mas a filtracdo glomerular permane-
ceu mais elevada nos pacientes sob isoflurano. Apds o des-
pingamento, os atributos renais normalizaram-se, inclusive
no grupo do halotano. Este estudo mostrou que a anestesia
com halotano associa-se com alteragdes renais importantes,
antes e durante o pingamento aértico, o que sugere, segundo
os autores, a ocorréncia de vasoconstricdo renal importante.
Com o isoflurano, ao contrario, houve melhora na hemodina-
micarenal. Como os atributos hemodinamicos estudados an-
tes, durante e apds o pingamento aoértico ndo diferiram entre
os dois anestésicos, os autores concluem que o beneficio ob-
servado na fungao renal nos pacientes que receberam isoflu-
ranonao pode seratribuido aos efeitos doisofluranonahemo-
dindmica sistémica, mas aos seus efeitos renais.

Em outro estudo, Colson e col. 2 verificaram em pacientes
submetidos a pingamento aértico infra-renal sob anestesia
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comisoflurano, halotano, ou droperidol e flunitrazepam, que
o isoflurano preveniu as alteragdes renais que ocorreram
com o pingamento aértico, ou seja, diminuicdo do ritmo de fil-
tragcao glomerular e do volume urinario, o que nao aconteceu
como halotano, flunitrazepam e droperidol. Apioradafungao
renal, ja no periodo pré-pingamento, no grupo que utilizou
halotano, sugere que ocorreu vasoconstrigdo renal intensa,
que pode ter sido mediada pelo sistema nervoso simpatico.
Ja as agdes do isoflurano de vasodilatagao e de inibicdo da
atividade dareninapodemter contribuido paraos resultados
obtidos.

Sempre que se realiza expansdo do volume extracelular,
com solugaofisiolégica, como na presente pesquisa, havera
aumento da diurese e diminuigdo da osmolalidade urinaria.
Isto acontece porque o rim, visando incrementar a elimina-
¢ao do volume excedente, aciona um sistema multifatorial
complexo que envolve diferentes vias neuro-humorais 3,
Assim, durante o pingamento aortico infra-renal, a associa-
¢aodaexpansaovolémicacomoaumentodapré-cargapode
ter provocado distenséao atrial. Em resposta ao estiramento
daparede, os midcitos atriais elevam a secregdo do fator atri-
al natriurético, que além de causar vasodilatagéo sistémica,
atua emreceptores especificos no rim, aumenta a excregao
renalde sédio e agua, aoinibirareabsorgao tubularde sodio,
eaumentaoritmodefiltracdo glomerular®®. O fator natriuréti-
co também pode diminuir a pressao arterial, ao relaxar a
musculaturalisavascular, e a estimulagéo simpatica, e inibir
o sistema renina-angiotensina-aldosterona e a liberagao de
hormdnio antidiurético.

Somando-seaisto, existem, no atrio, receptores neurais que
respondem ao estiramento e a alteragdes na presséo trans-
mural. Ha dois tipos de mecanorreceptores: os dotipo A, que
selocalizam préximo a entrada das veias de grande calibre e
que nao sofreminfluéncia de variagdes do volume do atrio, e
os dotipo B, que sdo ativados com o enchimento atrial. Os si-
nais de estiramento e tenséo séo detectados e conduzidos
pelos X e X pares cranianos aos centros medulares e hipota-
lamicos, determinando respostas fisioldgicas integradas,
dentre as quais a inibigdo da liberagao do horménio antidiu-
rético *'.

O horménio antidiurético, cuja agao principal se faz sobre os
tubulos distais e coletores, aumentando a permeabilidade a
agua, é liberado quando ha variacdo na osmolaridade e no
volume do meio externo. Um outro estimulo para produgéo
do horménio antidiurético € o decorrente da agéo da angio-
tensina Il, formada a partir da secreg¢ao de renina em areas
circundantes ao 3° ventriculo. Aangiotensinall, além de po-
tente vasoconstritorcomagao diretanamusculaturalisados
vasos, atua na supra-renal, aumentando a produgao de
aldosterona, cuja agao principal € aumentarareabsorgdode
sodio e 4gua no segmento cortical coletor.

A maioria dos autores tem observado aumento de atividade
do sistema renina-angiotensina durante o pingamento aorti-
co, no cio *® e nohomem ***'. O aumento da atividade da re-
nina pode ser facilmente explicado no pingamento toracico
ou supra-renal da aorta, quando ocorre diminuigdo da pres-
sdo de perfusdo das arteriolas aferentes renais. Contudo, o
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aumento da atividade da renina, quando do pingamento da
aortainfra-renal, ndoencontraexplicagdes claras naliteratu-
ra, podendo decorrer em consequéncia do proprio pinga-
mento adrtico, por efeito da técnica anestésica empregada
ou por alteragdes de volume °.

Na presente pesquisa, a possibilidade de que tenha ocorrido
aumento da atividade hormonal em decorréncia do pinga-
mento aortico, principalmente do sistemarenina-angiotensi-
na-aldosterona e do horménio antidiurético, fica prejudica-
da,emrazaodarespostacardiovasculare das alteragdes re-
nais encontradas, comaumento do volume urinario e das ex-
cregdes urinaria e fracionaria de sodio, além de diminuicao
daosmolaridade urinaria, sem que houvesse aumento dare-
sisténcia vascularrenal nos grupos do halotano e isoflurano.
Poroutrolado,ndopodeficarinteiramente afastadanogrupo
de sevoflurano, principalmente de ativagédo do sistema reni-
na-angiotensina-aldosterona, por causa do aumento da
resisténciavascularrenaledafragdodefiltragdo, eauséncia
de efeito significante na excregao fracionaria de sodio.

Ma e col. *? verificaram que o sevoflurano determinou, em
nervos renais do cdo, maior depressao (dose-dependente)
dos reflexos somatossimpaticos mediados pela fibra C (de
conducao lenta) do que pelas fibras Adelta (de condugéo ra-
pida), e somente deprime a atividade simpatica renal espon-
tdnea em concentragdes superiores a 3%. Essas agdes pa-
recem ser semelhantes as determinadas pelo isoflurano,
mas diferente das determinadas pelo halotano que deprime
na mesma proporgéo os reflexos somatossimpaticos media-
dos pelas fibras C e Adelta com efeitos insignificantes sobre
a atividade simpatica espontanea, e também diferentes das
do desflurano, que em baixas concentragdes é excitatério e
em elevadas concentragdes inibe igualmente tanto os refle-
xos mediados pelas fibras Adelta e C como a atividade sim-
patica renal espontanea *°.

Esta acéo diferenciada dos anestésicos halogenados sobre
aatividade espontaneaereflexasimpaticados nervosrenais
frente a um determinado estimulo, geralmente algogénico,
pode ajudar na compreensao dos resultados que se obtive-
ram em relagdo a vasoconstrigdo renal observada com o se-
voflurano durante o pingamento e apds o despingamento
aodrtico infra-renal.

Teoricamente, os anestésicos halogenados que promovem
vasodilatagao, comooisoflurano e sevoflurano, apresentari-
am vantagens em cirurgias de reconstrucao aértica, evitan-
do que ocorresse durante o pingamento aértico aumento da
resisténcia vascular sistémica e renal. Assim, praticamente
jaexiste consensodaboaindicagdo doisoflurano em cirurgi-
as vasculares. No entanto, para o sevoflurano ainda nao
existe umasituacdo bemdefinida nas cirurgias de reconstru-
¢ao aortica. Pelos resultados obtidos, com manutengéao da
resisténcia vascular renal em valores mais elevados do que
os do controle durante e apds o pincamento, e diminuicao
dos fluxos plasmatico e sanglineo renais ap6s o despinga-
mento, a sua indicagdo nesse tipo de cirurgia vascular nos
parece ser bem mais limitada do que a do isoflurano ou halo-
tano. Entretanto, mais estudos sao necessarios para se veri-
ficar aindicagédo em cirurgia de reconstrucao adrtica. Em re-
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lacao ao halotano, os resultados surpreenderam, pois os au-
tores tém encontrado importantes alteragdes renais com
esse halogenado, seja na fase de controle ou durante o
pingamento aortico. Provavelmente o uso de baixas
concentracdes dos halogenados na presente pesquisa deve
ter influenciado os resultados obtidos.

Apesar de ndo terem sido utilizados nesse estudo marcado-
res especificos de alteragdes tubulares renais, nao ha evi-
déncias de que tenham ocorrido alteragdes renais durante o
momento controle do estudo, pois os testes defungaoglome-
rular e tubulares utilizados estdo dentro dos par@metros nor-
mais para o cao. Além disso, a limitagdo da concentracéo do
sevofluranoem 0,75 CAM e a utilizagao de fluxos médios de
gases frescos por periodo limitado de 3 horas foram precau-
¢des paraque oniveisde ions fluoretos e do composto Anao
alcancassem niveis elevados. Ao se limitar a concentragéo
dos halogenados em 0,75 CAM também se preveniu a
ocorréncia de alteragcbes hemodindmicas e renais ainda
mais importantes que, provavelmente, sdo dose-dependen-
tes.

Emboratenhasidotomado cuidadocomatemperaturaambi-
ente, que permaneceu entre 24 e 25 °C, e tenham-se reco-
berto os cdes com campos cirurgicos, houve diminuicao da
temperatura esofagica, emtodos os grupos, ocasionando hi-
potermia de grau leve a moderado nos cées, pois atempera-
tura central naespécie € de 38a39°C a4, Certamente, o fato
de ter-se utilizado solugao glicosada a 5% gelado como indi-
cadorparamedidadodébito cardiaco, podetambémtercola-
borado para o desenvolvimento de hipotermia nos animais,
pois cadaresultado consistiu de trés medidas consecutivas,
utilizando-se, assim, 30 ml do indicador em cada momento
estudado, o que totalizou ainfusao de 150 ml de solugéo gli-
cosada gelada durante a experimentagédo. Apesar de sua
instalacdo, a intensidade da hipotermia certamente nao foi
suficiente para alterar os resultados obtidos na pesquisa.
Durante e ap6s o pingamento adérticohouve, emtodos os gru-
pos,aocorrénciade acidose metabdlica, que provavelmente
foi devida a isquemia dos tecidos abaixo do pingamento.
Concluindo, no cao e nas condigdes experimentais empre-
gadas, ohalotanoeoisofluranoatenuaramaprincipal altera-
¢ao que ocorredurante o pingamento adrtico infra-renal, que
é oaumento daresisténciavascularrenal, o que ndo ocorreu
com o sevoflurano.
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Effects of Halothane, Isoflurane and
Sevoflurane on Renal Function in Dogs
under Infra-Renal Aortic Cross-Clamping

Flora Margarida Barra Bisinotto, TSA, M.D.; José Reinaldo
Cerqueira Braz, TSA, M.D.

INTRODUCTION

Surgical aortic aneurysm correction, even in the infra-renal
segment, may be associated to approximately 5% renal fail-
ure, in general due to acute tubular necrosis, which normally
requires hemodialysis ' and has a high mortality rate of ap-
proximately 50%, in spite of alladvances in renal failure diag-
nosis and management 2. When the surgery is performed in
the supra-renal aortic segment, renal dysfunction incidence
may reach 15% to 30%, and when it requires chest segment
occlusion the incidence may reach 50% °.

Infra-renal aortic cross-clamping may induce approximately
30% renal vascular resistance increase and renal blood flow
decrease, which may persist after aortic unclamping *, and
even for some months after surgery °. When infra-renal aorta
is unclamped, there is in general blood flow redistribution to
kidneys, with cortical renal blood flow and glomerular filtra-
tion rate decrease ®7, which seem to be unrelated to cardiac
outputormeanblood pressure changes 78 putrathertorenal
vascularresistanceincrease®. Urinary volume decrease that
may occur seems to be unrelated to glomerular filtration rate
decrease ’ or to postoperative renal failure severity 10,
Severalfactors have contributed fordecreased mortality dur-
ing surgical abdominal aneurysm correction, such as im-
proved surgical technique, earlier interventions, better pa-
tients selection, monitoring equipments, new drugs and anes-
thetic techniques, and improved postoperative intensive
care °.

Anesthetics mayplayanimportantroleinthe pathogenesis of
cardiac and renal changes during aortic cross-clamping, for
their effects on cardiovascular hemodynamics and hor-
mones release. So, halothane seems to be associated to
more renal changes as compared to isoflurane in equipotent
doses in patients submitted to surgical aortic reconstruction
under infra-renal aortic cross-clamping "2, probably for de-
creasing cardiac output, renal blood flow and glomerular fil-
tration rate in a higher rate as compared to isoflurane. Ac-
cording to the authors '"'2, these results suggest that anes-
thesiawith halothaneis associated torenal vasoconstriction,
which is not present with isoflurane. As to sevoflurane, early
studies have not found major renal changes, especiallyin re-
nal concentration capacity, both in men '*'* and experimen-
tal animals '®"®. But the concern with renal concentration
function is relevant because metabolized sevoflurane forms
fluorine ions, which potentially cause renal tubular injury.
There is also the concern with the formation of fluormethyl
-2,2-difluorine - 1 - (trifluormethyl) vinyl ether, also known as
compound A, because sevoflurane may form metabolic
products in the presence of carbon dioxide absorbers, by

775



BISINOTTO AND BRAZ

actionofrenal B-liase enzyme. This substanceis nefrotoxicin
rats'"'® butnotin men, due to the lower p-liase activity in the
latter. Butcompound Ais alsoformedinlow concentrations
in anesthetic circuits, even closed circuits, using low fresh
gases flow. So, it seems to have no nefrotoxic effects in
men '°.

Some authors haverecentlyobserved thatsevofluraneinlow
fresh gases flow may determine renal changes, characterized
by increased albumin and glucose urinary excretion, as well
as of some tubular enzymes ?°?'. These results, however,
have been questioned by other authors'*?%*% for believing
thatthe bestrenal changes markers are still plasma urea and
creatinine levels, and for the inexistence of significant evi-
dencestocredittubularenzyme changes as majorindicators
of sevoflurane-induced renal injury. On the other hand, the
authors have notobserved renal function changesin patients
with stable renal failure submitted to elective surgery under
sevoflurane or isoflurane ?*%.

Basedonliterature results, the FDAhas notapprovedthe use
of sevoflurane in the presence of fresh gases flow equal to or
lower than 1 liter.

There are no studies in the literature on sevoflurane effects
on the renal system in surgeries which may determine renal
changes, suchasthose whichmaybe presentduring surgical
aortic reconstruction.

This study aimed at comparing halothane, isoflurane and
sevoflurane effects, in equipotent doses, on the renal func-
tion of dogs submitted to infra-renal aortic cross-clamping, to
determine which inhalational agents better “protect” kidneys
against aortic cross-clamping and unclamping effects.

METHODS

After the Animal Research Ethics Committee approval, 30
adult dogs of both genders, weighing 18 to 20 kg were in-
volved in the study. Dogs were randomly distributed in 3
groupsof 10 animals each. The experimenthad two phases:
1% phase: anesthetic induction, tracheal intubation, artificial
ventilation, anesthetic maintenance with halothane,
isoflurane or sevoflurane, depending on the studied group,
monitoring of ventilation, oxygenation, cardiovascular
hemodynamics, renal function and temperature, followed by
median laparoscopy to prepare infra-renal aortic
cross-clamping;

2n phase: aortic cross-clamping for 30 minutes, followed by
aortic unclamping.

Groups were divided as follows:

GH - Anesthetic maintenance with 0.67% halothane (0.75
MAC);

Gl - Anesthetic maintenance with 0.96% isoflurane (0.75
MAC);

GS - Anesthetic maintenance with 1.8% sevoflurane (0.75
MAC).

MAC was calculatedaccordingto Kasamaand Ikeda’s propo-
sition (1988) %°.
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Experimental Sequence

After 12-hourfast, but with free access to water, anesthesia
was induced with intravenous propofol (5.5 mg.kg™") and
alcuronium (0.2 mg.kg'1) and animals were placed on
Claude Bernard device in the experimental room where the
temperature was maintained by air conditioning
(warm/cold) between 24 and 25°. The following procedures
were then performed:

1. Tracheal intubation with 8.5 to 9 mm internal diameter,
high compliance cuff tracheal tube, and volume control-
led ventilation with ventilator Ohmeda (USA) of the
anesthesia machine Excel mod. 210 SE (Ohmeda -
USA) and compressed air (1.2 L.min™") and oxygen (0.8
L.min™") flow in a semi-closed circle system with carbon
dioxide reabsorber (soda lime). Oxygen inspired fraction
was maintained in 40% to 50%, tidal volume in 20 ml.kg™
and respiratory rate in 10 to 15 mov.min™' to maintain end
CO, expiratory pressure in 30 to 35 mmHg;

2. Installation of Datex-Engstron (Finland) AS3 device for
reading and recording of ventilatory parameters,
anesthetic gases, hemodynamic parameters, oxygena-
tion and temperature;

3. Halogenate agent was inhaled via gaged vaporizer spe-
cific to each halogenate (Ohmeda, USA). O, and CO,
inspired and expired concentration of each agent was
controlled by AS3 device Gases Analyzer (Da-
tex-Engstron - Finland), using gases sample capturer
close to the “Y” valve of the respiratory circuit. Initial
MAC (0.89% halothane, 1.3% isoflurane and 2.4% sevo-
flurane) was determined according to expired concentra-
tion;

4. Installation of three-channel ECG (D, lead), thermome-
ter sensor on the lower third of the esophagus and for-
ceps-shaped sensor placed on animals’ tongue for
oxygen peripheral saturation reading;

5. Right femoral vein dissection and catheterization for
drug administration, such as additional alcuronium do-
ses (0.06 mg.kg™"), and venous blood collection;

6. Left femoral vein dissection and catheterization for lacta-
ted Ringer’s continuous infusion (18 ml.kg™). Priming
creatinine (3%) and para-aminophuric acid (PAH) (0.4%)
doses were administered 30 minutes after, using 1
ml.kg” of the solution. Then, Ringer’s solution (18
ml.kg'1) with PAH (0.08%) and creatinine (0.2 g%) were
started, being administered 0.6 mg.kg™ creatinine and
0.24 mg.kg’1 PAH per minute until experiment completi-
on, through two-channel infusion pump (Abbott’s Anne -
USA);

7. Leftfemoral artery dissection and catheterization to mea-
sure aortic pressure and control aortic cross-clamping
and unclamping;

8. Left axillary artery dissection and catheterization to mea-
sure mean blood pressure and collect blood for pH and
blood gases analysis in Chiron Diagnostics device, mod.
Rapidlab 865 (UK);
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9. Right external jugular vein dissection and catheterization
with 8.5F introducer and insertion of 7F Swan-Ganz
catheter until the pulmonary vein to measure pressures
and cardiac output by thermodilution;

10. Vesical catheterization to collect urine in graduated pi-
pettes;

11. Median laparoscopy and infra-renal aorta dissection.
Placement of cardiac tape around the aorta immediately
after renal arteries emergence, for further aortic
cross-clamping. Cardiac tape was trespassed in a small
15 cm plastic tube. Surgical incision was then closed
around the plastic tube;

12. After preparation, halogenates MAC was decreased,
according to the studied group, from 1 to 0.75 MAC, and
30-minutes hemodynamic stabilization period was star-
ted;

13. Attributes measurement and blood (arterial and ve-
nous) and urine collection (control moment);

14. Intravenous 70 Ul.kg™" heparin injection and infra-renal
aortic cross-clamping 3 minutes later, advancing the
plastic tube along the cardiac tape until there was no fe-
moral artery pressure recording;

15. Attributes measurement and blood and urine collection
15 and 30 minutes after aortic cross-clamping (moments
Ao15 and Ao30);

16. Aortic unclamping, attributes measurement and blood
and urine collection 15 and 30 minutes after aortic un-
clamping (moments DAo15 and DA030);

17. End of experiment and animals sacrifice with a sodium
pentobarbital overdose.

Studied Attributes
Attributes studied were:

Anthropometric-weight(kg), length (cm)and body surface
(m?); Gender; Hemodynamic - heart rate (HR), mean blood
pressure (MBP), mean right atrium pressure (RAP), mean
pulmonary artery pressure (PAP), mean pulmonary capil-
lary wedge pressure (PCWP), cardiac index (Cl), systolic
index (S1) and systemic vascular resistance index (SVRI);
Renal function - sodium para-aminophurate clearance
(PAHD) to measure renal plasma flow (RPF), renal blood
flow (RBF = RPF/1 - Ht), renal vascular resistance (RVR =
MBP x 80/RBF x 107), urinary output (UO), urinary
osmolality (Uosm), creatinine clearance (CrC) to deter-
mine glomerular filtration rate (GFR), filtration fraction
(FF = CrC/PAHD), osmolar clearance (Cosm = Uosm x
UO/Posm), free waterclearance (DH,O=UO-Dosm), so-
dium urinary excretion (UENa = UO x UNa), sodium N
clearance (CNa x UO/PNa) and sodium fractional excre-
tion (CNa/CrC x 100); Blood - hematocrit (Ht), plasma so-
dium (PNa),plasma osmolality (Posm), arterial pH (pHa),
arterial CO; partial pressure (PaCO,); Metabolic - esopha-
geal temperature (Tgopn).
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Statistical Analysis

ProfiIeAnaIysiswasusedforstatisticalanalysisofresultsze.
ANOVA was used for anthropometric variables and
Chi-square test (X?) was used for gender distribution, con-
sidering significant p < 0.05.

RESULTS

There were no significant differences among groups in
anthropometric values and gender distribution (Table I).

Table | - Anthropometric Attributes and Gender Distribution
within Groups

Groups Weight Length Body Surface Gender
(kg)* (cm)* (m?) * (M/F)
GH 18.3+1.6 101.2+7.8 0.702 + 0.067 713
Gl 19.9+2.0 103.0+5.6 0.731 £0.043 6/4
GS 19.7+21 104.1+5.2 0.736 + 0.061 8/2

There were no significant differences among groups (p > 0.05)
* Values expressed in Mean + SD

Heartrate was the only hemodynamic parameter with signifi-
cant changes among groups, with lower GH values as com-
pared to other groups during aortic cross-clamping (Table II).
There has been MBP, RAP and Sl increase during aortic
cross-clamping in all groups, while PAP has increased in GH
and GI, and CI has increased in Gl (Table Il). Increased
hemodynamic parameters have returned to baseline values
after aortic unclamping, except for Cl and Sl, which have re-
mained high (Table Il). SVRI, which was not significantly
changed during aortic cross-clamping in all groups, has sig-
nificantly decreased in all groups.

Free water clearance was the only renal parameter with sig-
nificant changes among groups, being Gl and GS values
loweras compared to GH afteraorticunclamping. UO, UENa,
and CNawere significantlyincreasedinall groups during aor-
tic cross-clamping, while Uosm was decreased (Table llI).
RVRwasincreasedin GS (Figure 1), followed by FF increase
(Table 1V). FENa was increased in GH and Gl (Table Ill). In-
creased renal parameters have returned to baseline values
afteraorticunclamping, exceptforUosmwhich hasremained
in lower levels as compared to baseline values in all groups
(Table 1lI) and RVR (Figure 1) and FF (Table IV) which have
remained significantly high in GS, followed by significant de-
crease in RBF and PAHC (Figures 2 and Table V, respec-
tively. CrC was not changed in all experimental groups in all
studied moments (Table IV).

pHa values were significantly decreased after aortic
cross-clamping in GH and GlI, and after aortic unclamping
in GH, Gland GS, while PaCO;, and Ht values were not sig-
nificantly different among groups (Table V). Tesopn Values
were significantly decreased in all groups throughout the
experiment (Table V).

7



BISINOTTO AND BRAZ

Table Il - Heart Rate (HR), Mean Blood Pressure (MBP), Right Atrium Pressure (RAP), Pulmonary Artery Pressure (PAP),
Pulmonary Capillary Wedge Pressure (PCWP), Cardiac Index (Cl), Systolic Index (SI) and Systemic Vascular Resis-
tance Index (SVRI) in Moments of Studied Groups (Mean * SD)

Moments
Attributes Groups Control Ao15 Ao30 DAo15 DAo030
HR (beat.min™") GH 112 £ 32 105 + 20 111 +£19 115+ 23 109 £ 18
Gl 128 + 11 126 + 10# 131+ 12# 128 + 12 126 + 15
GS 123 +19 124 + 20# 126 + 20 125+ 20 124 £ 21
MBP(mmHg) GH 90.6 + 16.1 98.9 £ 12.3* 99.5+9.9* 90.7 £+ 13.4 90.6 + 15.6
Gl 952+12.8 104.4 + 8.4* 107.0 £ 8.1* 96.6 +7.1 955+9.5
GS 92.7 +£17.7 103.0 £ 16.3* 100.0 + 20.6* 91.6 £18.7 90.5+214
RAP (mmHg) GH 1.5+£25 1.3+21 21+20 1417 1314
Gl 02+15 0.7+14 0.9+20 04+1.9 05+19
GS 04+09 1.2+0.9* 0.8+1.0* 0.3+1.2 04+1.0
PAP (mmHg) GH 10.3+2.2 10.7+1.6 11.2+2.0 11.5+34 11.2+34
Gl 9.3+43 9.6 +4.6 10.7 £ 5.2* 10.1+5.0 9.6+4.3
GS 9.0+ 3.6 10.6 + 3.9* 10.2+ 3.6 10.0+3.2 9.8+3.0
PCWP (mmHg) GH 1.8+1.7 24+14 2119 21+16 24+22
Gl 0.8+2.3 12+23 16+2.1* 1.1+23 0.7+1.9
GS 0.8+14 1.3+1.1 1.0£14 0.8+1.5 09+1.6
Cl (L.min".m) GH 42107 44108 4608 4.9+1.0* 46+09
Gl 49+13 54+1.3" 5.6+1.6" 55+ 1.6* 52+1.2
GS 42+0.7 47+0.9 46+0.9 46+0.8 46+0.9
Sl (ml.bat.m™) GH 379+7.2 42.1+8.1* 41.5+8.2" 424 7.7 422 +8.1*
Gl 37.9+10.3 41.9+10.0* 41.8 +10.0* 42.3 +9.9* 40276
GS 345+0.8 38.1+8.7* 37.2+10.0* 37.1+8.8* 37.5+10.5*
SVRI(dina.s.cm™®.m?) GH 1751 + 522 1933 + 745 1777 £ 470 1604 + 328 1588 + 297*
Gl 1727 + 604 1656 + 460 1635 + 498 1493 + 479* 1580 + 505
GS 1873 + 456 1682 + 470 1782 + 483 1680 + 524 1534 + 466*
# p < 0.05: significant difference among groups as compared to GH
* p < 0.05: significant difference as compared to control moment of the same group
B GH: Halothane
O Gl: Isoflurane
2,5 1 B GH: Halothane 60 1 O GS: Sevoflurane
3 O Gl: Isoflurane
,§¢ 2,0 4 O GS: Sevoflurane| s 50 1
0 £ o~
5 5] %9 407
o £ oc
g9 2E w0
(2“ g 01 Eé 20 -
T =
0.0 - ' ' ' ' ' 0 - T T T T )
Control Ao15 Ao30 | DAo015 DA030 Control Ao15 Ao30 DAo15 DA030
Aortic cross-clamping Aortic unclamping IAortic cross-clamping | Aortic unclamping I
Moments Moments

Figure 1 - Renal Vascular Resistance (RVR). Values obtained in
Moments of Studied Groups with Indication of Statistical Result
(Mean + SD)

*p <0.05: GS: Control < (Ao30 = DA0o15 = DA030)
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Figure 2 - Renal Blood Flow (RBF). Values obtained in Moments of
Studied Groups with Indication of Statistical Result (Mean +
SD)

*p <0.05: GS: (Control = Ao15) > DA030
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Table Il - Urinary Output (UO), Urinary Osmolarity (Uosm), Osmolar Clearance (Cosm), Free Water Clearance (CH,0), So-
dium Urinary Excretion (UENa), Sodium Clearance (CNa) and Sodium Fractional Excretion (FENa) within Moments

of Studied Groups (Mean + SD)

Moments
Attributes Groups Control Ao15 Ao30 DAo15 DAo30
UO (ml.min™ kg™ GH 0.14 +0.11 0.18 £ 0.09* 0.19 £ 0.09* 0.14 £ 0.08 0.14 £ 0.06
Gl 0.10 £ 0.06 0.14 £0.07 0.15 + 0.06* 0.09 £ 0.04 0.12+0.07
GS 0.10£0.11 0.16 £ 0.13* 0.15+ 0.09* 0.13+0.08 0.11 £ 0.07
Uosm (mOsm.kg™ of water) GH 487 + 260 378 + 157* 345 + 157* 370 + 182* 377 +182*
Gl 700 + 238 559 + 245* 486 + 196* 498 + 210* 488 + 179*
GS 738 + 209 564 + 172* 557 + 168* 577 + 147* 598 + 161*
Cosm (ml.min™) GH 3.29+1.72 4.24 +£1.80 3.86£1.85 3.00+1.17 3.34+1.66
Gl 4.41+£272 4.88 +£2.20 4.65+213 291+1.59 3.57£2.11
GS 4.33+3.20 5.25+3.18 5.13+2.73 4.40+1.63 4.09 +1.57
CH,0 (ml.min'1) GH -0.85+1.18 -0.89+2.26 -0.45 + 1.81 -0.39+1.21 -0.74 £1.07
Gl -247+1.73 -2.10+1.76 -1.78+2.14 -1.09 +1.59* -1.19 + 1.69#
GS -2.28+1.32 -2.05+1.60 -2.22+1.96 -1.89 + 0.53# -1.87 £ 0.86
UENa (qu.min'” GH 311 £ 247 444 + 194~ 434 + 208" 309 + 138 301 + 142
Gl 242 + 157 364 + 224* 354 + 181* 204 + 87 261+78
GS 169+ 73 307 + 172 300 + 122* 245+ 128 205 £ 117
CNa (ml.min™) GH 2.23+1.77 3.20 + 1.40* 3.13 £ 1.50* 2.25+1.01 2.21+1.05
Gl 1.73 £1.09 2.64 + 1.58* 2.57 +1.28* 1.49 £ 0.61 1.88 £ 1.30
GS 1.19 +0.52 2.19+1.22* 2.17 + 0.90* 1.79 £ 0.94 1.50 + 0.86
FENa (%) GH 4.00 +3.80 6.58 +7.22* 5.10 £3.48 3.76 £ 1.90 3.38+1.66
Gl 2.99 +3.43 5.37 £6.01" 5.50 £ 5.99% 3.18 £2.34 2.55+1.77
GS 1.76 £1.19 2.57 +1.09 2.88+1.84 2.08+£0.93 4.00 +4.31

# p < 0.05: significant difference among groups as compared to GH
* p < 0.05: significant difference as compared to control moment of the same group

Table IV - Sodium Para-Aminophurate Clearance (CPAH), Creatinine Clearance (CrC), Filtration Fraction (FF), Plasma So-

dium (PNa), Plasma Osmolality (Posm) in Moments of Sudied Groups (Mean + SD)

Moments
Attributes Groups Control Ao15 Ao30 DAo15 DAo30
CPAH (ml.min™" kg™ GH 13.6+9.4 172741 10.6 £ 5.4 82+34 10.3+9.0
Gl 15.4 £ 15.6 15.7 + 18.8 10.6+7.8 11.2+12.7 15.6 + 19.9
GS 146+86 15.9 + 16.9 143+ 16.6 13.0+13.8 8.4 +59*
CrC (ml.min" kg™ GH 36+12 40+27 39+24 39+24 40%20
Gl 53+49 44+38 42+27 33+17 46+25
GS 41416 45+23 55+4.4 52+35 35+23
FF GH 0.35%0.16 0.39%0.14 0.38 £ 0.11 0.48+0.20 0.47 £0.17
Gl 0.38 £ 0.21 0.38+0.15 0.45+0.19 0.45+0.29 0.44 +0.24
GS 0.37£0.19 0.54 +0.48 0.63  0.44* 0.62 + 0.36* 0.63  0.44*
PNa (mEq.L™) GH 139+ 2 139+ 2 1393 137 +£2 137 £2
Gl 139+6 137+ 1 1379 136+ 9 139+ 2
GS 141 £2 140 £ 2 139+3 139+3 138 £ 2
Posm (mOsm.kg 'H;0) GH 291+ 24 285 + 58 287 + 26 283 + 33 283 + 25
Gl 293 + 26 295+ 15 287 £ 35 295 + 16 299 + 14
GS 289 + 18 294 + 12 287 + 21 285 + 19 281 + 26

* p < 0.05: as compared to control moment in the same group
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Table V - Arterial Arterial (pHa), Partial Arterial CO, Pressure (PaCO;), Hematocrit (Ht) and Esophageal Temperature

(TEsopn) Within Moments of Studied Groups (Mean + SD)
Momentos

Attributes Groups Control Ao15 Ao30 DAo15 DAo030

pHa GH 7.34 £ 0.06 7.33+0.06 7.31+0.05* 7.31+0.06* 7.29 +0.06*
Gl 7.35+0.05 7.33 £ 0.05* 7.33 £ 0.05* 7.31 £ 0.04* 7.32 £ 0.05*
GS 7.32+0.07 7.31+0.06 7.31+0.06 7.28 +0.06* 7.28 +£0.05*

PaCO, (mmHg) GH 304 306 32+6 32+6 33+6
Gl 30+3 32+5 30+6 33+5 32+3
GS 34+4 35+5 35+4 35+4 36+4

Ht (%) GH 37+8 37+8 38+8 38+8 37+8
Gl 34+7 33+8 33+8 33+8 34+7
GS 32+6 31+6 31+6 32+7 31+7

Tesoph (%) GH 36.8+0.8 36.7+0.8 36.7 £0.8* 36.6 £ 0.9* 36.4 +£0.8*
Gl 37.1+0.8 36.9+0.8 36.8 +£0.9* 36.7 £0.9* 36.6 +£0.9*
GS 37.1+0.7 36.8+1.0 36.8 +£0.6* 36.7 £ 0.6* 36.5+0.7*

*p < 0.05 as compared to control moment of the same group

DISCUSSION

This study performed in supposedly healthy animals with
volume replacement, has confirmed that aortic cross-
clamping determines hemodynamic changes, even when
performedindistalaorta, such asinfra-renal cross-clamping.
These changes were characterized in all studied groups by
blood pressure and filling pressure increase, such as right
atriumandsystolicindex. So,itseemstohave beenbloodvol-
ume redistribution from distal vessels to vessels proximal to
aortic occlusion with increase in preload.

Several authors have observed increased filling pressures
during aortic cross-clamping 2 2°, while others have not ob-
served such changes 30 On the other hand, several authors
consider the sudden aortic flow impedance increase with af-
terloadincrease, oftenfollowed by cardiacindexdecrease 27,
the major cause for mean blood pressure increase during
aortic cross-clamping ®'. In our study, systemic vascular re-
sistanceindexwas notsignificantlychangedinallgroupsdur-
ing aortic cross-clamping.

Quintinetal.** have observedin men, passive venous retreat
distally to aortic cross-clamping with catecholamines (epi-
nephrine and norepinephrine) and angiotensin release, de-
termining vasoconstriction both proximal and distal to
cross-clamping with capacitance system decrease and
blood flow displacement proximal to cross-clamping, with
major interference with venous return, that is, preload, de-
pending on aortic cross-clamping being supra orinfra-celiac.
In the first situation, venous return has always increased be-
cause blood flow displacement was toward muscles proximal
tocross-clamping, tolungs andbrain. Inthe second situation,
there has been blood flow displacement toward splanchnic
organs or to other tissues proximal to cross-clamping. If ve-
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nous splanchnic tone is decreased, there is decreased ve-
nous return, but if it is increased, there will be increased ve-
nous return. As a consequence, blood distribution between
splanchnic and non-splanchnic vessels will determine
preload changes.

Renal aortic cross-clamping repercussions were charac-
terized by increased diuresis and natriuresis and decreased
urinary osmolarity with all halogenate agents, while with
sevoflurane there has been increased renal vascular resis-
tance, but without significant glomerular filtration rate or
CPAAH change, however with filtration fraction increase.
Literature is conflicting about infra-renal aortic cross-
clamping repercussions on renal function, both in experi-
mental ¥23% and human *® studies. Most common results,
however, have beenincreased renal vascularresistance ***?
and decreased renal blood flow *°.

Two factors might have been involved in renal function
changes found in this experiment: the first is aortic
cross-clampingactionandthe secondis anestheticagentac-
tion. Infra-renal aorta occlusion may be associated to renal
vascular resistance increase and mild renal blood flow de-
crease. These hemodynamic changes may persist after un-
clamping ** by decreased glomerular filtration and urinary
output. Thereis atrendforthe mostexternal cortexblood flow
tofurther decrease in the mostinternal cortex, causing blood
flow redistribution inside kidneys after occlusive aortic
cross-clamping %8 The poor blood flow distribution in the kid-
neys may persist for up to 60 minutes after infra-renal aortic
unclamping *.

Colson et al. ® have studied the renal effects of anesthesia
with isoflurane and halothane in patients submitted to in-
fra-renal aortic cross-clamping. During pre-clamping, renal
plasma flow and glomerular filtration were significantly lower
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in patients receiving halothane as compared to those receiv-
ingisoflurane. During cross-clamping attributes were not sig-
nificantly changed in both groups, but glomerular filtration
has remained higher in patients under isoflurane. After un-
clamping, renal attributes were normalized even in the
halothane group. This study has shown that anesthesia with
halothane is associated to major renal changes before and
during aortic cross-clamping suggesting, according to the
authors, majorrenal vasoconstriction. Withisoflurane, onthe
other hand, there has been renal hemodynamic improve-
ment. Since hemodynamic attributes studied before, during
and after aortic cross-clamping have not differed between
both anestheticagents, the authors have concludedthatben-
efits observed on renal function of patients receiving
isoflurane could notbe attributed to isoflurane effects on sys-
temic hemodynamics, but rather to its renal effects.

In a different study with patients submitted to infra-renal aor-
ticcross-clampingunderisoflurane, halothane, ordroperidol
and flunitrazepam, Colson et al. 2 have observed that
isoflurane has prevented aortic cross-clamping renal
changes, thatis, glomerularfiltration rate and urinary volume
decrease, which was not true with halothane, flunitrazepam
and droperidol. Renal function worsening already in the
pre-clamping period in the halothane group suggests major
renal vasoconstriction, which might have been mediated by
sympathetic nervous system. Isoflurane vasodilation and
rennin activity inhibition actions might have also contributed
for these results.

Whenever there is extracellular volume expansion with sa-
line solution, such as in our experiment, there will be in-
creaseddiuresis and decreased urinary osmolality. This hap-
pens because kidneys, aiming at incrementing exceeding
volume excretion, trigger a complex multifactorial system in-
volving different neuro-humoral pathways *. So, the associ-
ation of volume expansion and preload increase during in-
fra-renal aortic cross-clamping may have caused atrial dis-
tension. In response to wall stretching, atrial miocytes in-
crease natriuretic atrial factor secretion which, in addition to
causing systemic vasodilation, acts in specific kidney recep-
tors, increasesrenal sodiumand water excretion by inhibiting
sodiumtubularreabsorption, andincreases glomerularfiltra-
tion rate . Natriuretic factor may also decrease blood pres-
sure by relaxing muscle smooth muscles, and sympathetic
stimulation, and inhibit renin-angiotensin-aldosterone sys-
tem and anti-diuretic hormone release.

Adding to this, there are atrial neural receptors which re-
spond to stretching and transmural pressure changes. There
are two mechanoreceptors: type A, located close to large
veins entry pointand which are notinfluenced by atrial volume
changes; and type B, activated by atrialfilling. Stretchingand
stress signals are detected and conducted by IXand X cranial
nerves to medullary and hypothalamic centers, determining
integrated physiological responses, among them anti-di-
uretic hormone release inhibition *’.

Anti-diuretic hormone, primarily acting on distal and collect-
ing tubules by increasing patency to water, is released with
there is osmolarity and external medium volume changes.
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Another stimulation for anti-diuretic hormone production is
the action of angiotensin I, formed as from renin secretion in
areas around the 3" ventricle. Angiotensin Il, in addition to
being a potent vasodilator with direct action on vessels
smooth muscles, acts on the adrenal gland increasing
aldosterone production, the primary action of itis toincrease
sodium and water reabsorption in the collecting cortical seg-
ment.

Most authors have observed increased renin-angioten-
sin-aldosterone system activity during aortic cross-clamping
in dogs *® and humans *¥**'. Renin activity increase may be
easily explained during supra-renal aortic cross-clamping
when there is decreased perfusion pressure of renal afferent
arterioles. However, increased rennin activity at infra-renal
aorticcross-clampingis notclearly explained by theliterature
and may be a consequence of the aortic cross-clamping it-
self, of the anesthetic technique or of volume changes °

In our study, the possibility of hormonal activity increase as a
consequence of aortic cross-clamping, especially of
renin-angiotensin-aldosterone system and anti-diuretic hor-
mone, hisimpaired due to cardiovascularresponse andrenal
changes found, with urinary volume and sodium urinary and
fractional excretion increase, without renal vascular resis-
tance increase in the halothane and isoflurane groups. On
the otherhand, itcannotbe totally ruled outin the sevoflurane
group, especially renin-angiotensin-aldosterone system ac-
tivation due to increased renal vascular resistance and filtra-
tion fraction, and the absence of significant effect on sodium
fractional excretion.

Maetal.**have observed thatsevoflurane has determined
in canine renal nerves a more severe dose-dependent
depression of slow-conduction C fiber-mediated
somatosympathetic reflexes as compared to fast conduction
delta Afibers, and only depressesrenal spontaneous sympa-
thetic activity in concentrations above 3%. These actions
seem to be similar to those determined by isoflurane, but dif-
ferent of those determined by halothane, which depressesin
the same proportion somatosympathetic reflexes mediated
both by C and delta Afibers with negligible effects on sponta-
neous parasympathetic activity, and also different from ac-
tionsdetermined by desflurane whichinlow concentrationsis
excitatoryandin high concentrations equally inhibits reflexes
mediated both by C and delta Afibers and renal spontaneous
sympathetic activity *°.

This differentiated halogenate anesthetics action on renal
nerves spontaneous and sympathetic reflex activity after a
certain stimulation, in general algogenic, may help under-
standing results obtained in renal vasoconstriction with
sevoflurane during and after infra-renal aortic cross-clamp-
ing.

In theory, halogenate anesthetics promoting vasodilation,
such as isoflurane and sevoflurane, would be advantageous
in aortic reconstruction surgeries preventing systemic and
renal vascular resistance increase during aortic
cross-clamping. So, thereis virtually aconsensus on the indi-
cation of isoflurane for vascular surgeries. However, for
sevofluranethereisstillnowell-defined situation foraorticre-
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construction surgeries. According to our results, with renal
vascular resistance maintenance in higher levels than base-
line during and after cross-clamping and decreased renal
plasmaand blood flow after unclamping, its indication for this
type of vascular surgery seems to be more limited as com-
pared to isoflurane and halothane. Further studies are how-
ever needed to check its indication for aortic reconstruction
surgeries.

Halothane results were surprising since authors have found
major renal changes with this halogenate, be it in the control
phase or during aortic cross-clamping. The use of low
halogenate concentrations in this study might have influ-
enced results.

Although not using specific markers for renal tubular
changes in this study, there are no evidences that there have
beenrenal changes during the controlmoment, because glo-
merular and tubular function tests used are within normal pa-
rameters for dogs. In addition, sevoflurane concentration
limitation in 0.75 MAC and the use of medium fresh gases
flows for a limited period of 3 hours were precautions to pre-
vent high fluoride ions and compound A levels. In limiting
halogenate concentrations to 0.75 MAC, even more impor-
tant hemodynamic and renal changes, which are probably
dose-dependent, were also prevented.

Although care was taken with room temperature, which re-
mained between 24 and 25 °C, and covering dogs with surgi-
cal drapes, there has been esophageal temperature de-
crease in all groups, determining mild to moderate hypother-
mia because central temperature of the speciesis 38t0 39°C
#_Certainly the use of chilled 5% glucose solution as cardiac
output indicator may also have cooperated for the develop-
ment of hypothermia, because each result consisted of three
consecutive measurements, thus using 30 ml of the indicator
ineach studied moment, inatotal of 150 ml chilled glucose so-
lution infusion during the experiment. Although present, hy-
pothermiaintensity was notsufficienttochange ourresults.
There has been metabolic acidosis during and after aortic
cross-clampinginall groups, probably due totissue ischemia
below cross-clamping.

In conclusion; in dogs and under our experimental condi-
tions, halothane and isoflurane, but not sevoflurane, have
minimized majorinfra-renal aortic cross-clamping complica-
tion, which is renal vascular resistance increase.
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RESUMEN

Bisinotto FMB, Braz JRC - Efectos del Halotano, Isoflurano y
Sevoflurano sobre la Funcién Renal en Canes bajo Pinzamien-
to Adrtico Infra-Renal

JUSTIFICATIVA Y OBJETIVOS: El pinzamiento infra-renal de
la aorta abdominal puede producir alteraciones renales. La
finalidad del estudio fue evaluar los efectos del halotano,
isoflurano y sevoflurano sobre la funcién renal, en canes
sometidos a pinzamiento adrtico infra-renal.

METODO: El estudio aleatorio fue realizado en 30 canes,
distribuidos en tres grupos, de acuerdo con el anestésico
halogenado utilizado durante la anestesia, en concentraciones
equipotentes de 0,75 CAM: GH (n = 10) - halotano a 0,67%, Gl
(n=10) -isoflurano a 0,96%;,y GS (n=10) - sevoflurano a 1,8%.
En todos los animales fue realizada ligadura infra-renal de la
aorta, por un periodo de 30 minutos. Los atributos renales
fueron estudiados en los momentos: C (control), después 15
(Ao15) y 30 (Ao30) minutos de pinzamiento adrtico, y después
15(DA015) y 30 (DA030) minutos del despinzamiento aértico.
RESULTADOS: La depuracion de agua libre fue menor en los
grupos Gl y GS, en relaciéon a la GH, después del
despinzamiento aértico (p < 0,05). Durante el pinzamiento
aortico, en los tres grupos, hubo aumento del débito urinario,
de la excrecion urinaria de sodio y de la depuracion de sodio, y
diminucién de la osmolaridad urinaria (p < 0,05). La resistencia
vascular renal y la fraccién de filtracion aumentaron solamente
en GS (p < 0,05), en cuanto la excrecion fraccionaria de sodio
aumenté en GH y Gl (p < 0,05). Después del despinzamiento
aodrtico, hubo normalizacion de los atributos que se habian
alterado, con excepcion de la osmolaridad urinaria, que
continué en niveles menores que los del control en todos los
grupos (p <0,05). La resistencia vascular renal y la fraccién de
filtracién continuaron mas elevadas en GS, acompafiadas por
diminucién del flujo sanguineo renal y de la depuracion de
para-aminohipurato de sodio (p < 0,05).

CONCLUSIONES: En el can, en las condiciones
experimentales empleadas, la inhalacién de halotano e
isoflurano a 0,75 CAM, mas no de sevoflurano, atenud la princi-
pal alteracion después del pinzamiento infra-renal de la aorta,
que es un aumento de la resistencia vascular renal.
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