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Effects of Halothane, Isoflurane and Sevoflurane on Cardiovascular
Responses to Infrarenal Aortic Cross-Clamping.
Experimental Study in Dogs
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RESUMO

Bisinotto FMB, Braz JRC - Efeitos do Halotano, Isoflurano e Se-
voflurano nas Respostas Cardiovasculares ao Pingamento
Adrtico Infra-Renal. Estudo Experimental em Céaes

JUSTIFICATIVA E OBJETIVOS: O pingamento infra-renal da
aorta abdominal pode produzir alteragées hemodinadmicas. O
objetivo do estudo foi avaliar os efeitos do halotano, isoflurano
e sevoflurano sobre a fungado cardiovascular, em cées
submetidos a pingamento adrtico 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 min. Os atributos hemodindmicos foram
estudados nos momentos: C (Controle), Ao15 e Ao30,
respectivamente apos 15 e 30 minutos do pingamento adrtico,
e DAo e DAo15, respectivamente, imediatamente e apés 15
min do despingamento aortico.

RESULTADOS: Durante o pingamento adrtico houve, em todos
0s grupos, aumento das pressbes arterial média e do atrio
direito, e dos indices cardiaco, sistélico e de trabalho sistolico
dos ventriculos direito e esquerdo. A pressao da artéria
pulmonar aumentou em Gl e GS e a pressdo pulmonar ocluida
em GH e GIl. Apés o despingamento adrtico, houve
normalizagdo dos atributos que haviam se elevado, com
excegdo dos indices cardiaco e sistdlico, que continuaram
elevados, acompanhados de diminuigdo do indice de
resisténcia vascular sistémica. Ndo houve diferenga
significante entre os grupos em relagdo aos atributos
estudados, com excegdo da freqliéncia cardiaca que foi
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sempre menorem GH, em relagdo aos demais grupos, durante
o pingamento e despincamento aortico.

CONCLUSOES: No cédo, nas condi¢gbes experimentais
empregadas, a inalagdo do halotano, isoflurano e sevoflurano
em concentragbes equipotentes (0,75 CAM) ndo atenua as
respostas cardiovasculares ao pingamento aortico infra-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 Cardiovascular Responses to Infrarenal Aortic
Cross-Clamping. Experimental Study in Dogs

BACKGROUND AND OBJECTIVES: Infrarenal aortic
cross-clamping is associated to cardiovascular effects. This
study aimed at analyzing the effects of halothane, isoflurane
and sevoflurane on cardiovascular function of dogs following
infrarenal aortic cross-clamping.

METHODS: Thirty mongrel dogs were randomly divided in three
groups, according to equipotent (0.75 MAC) inhaled anesthetic
doses: GH (n = 10) - 0.67% halothane; Gl (n = 10) - 0.96%
isoflurane; and GS (n = 10) - 1.8% sevoflurane. All dogs were
submitted to infrarenal aortic cross-clamping for 30 minutes.
Hemodynamic parameters were measured at control (C), at 15
(Ao15) and 30 (Ao30) minutes of aortic cross-clamping, and
immediately (DAo) and 15 (DAo15) minutes after aortic un-
clamping.

RESULTS: In all groups, infrarenal aortic cross-clamping sig-
nificantly increased mean blood pressure, right atrial pressure,
cardiac index, stroke volume index, left ventricular work index
and right ventricular work index. Pulmonary artery pressure sig-
nificantly increased during cross-clamping in Gl and GS groups
while pulmonary capillary wedge pressure significantly in-
creased in GH and Gl groups. After aortic unclamping all
hemodynamic parameters have returned to control levels with
the exception of cardiac and stroke volume indices which re-
mained high, followed by systemic vascular resistance index
decrease. There have been no significant differences among
groups in studied attributes, except for heart rate which was al-
ways lower in GH group as compared to other groups during
and after infrarenal aortic cross-clamping.

CONCLUSIONS: In dogs under our experimental conditions,
equipotent concentrations (0.75 MAC) of inhalational
halothane, isoflurane and sevoflurane have not attenuated car-
diovascular responses to infrarenal aortic cross-clamping.

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

erca de 80% dos aneurismas aorticos surgem abaixo

das artérias renais ' e asua correcao é um desafio para
o cirurgido, assim como para o anestesiologista. Os pacien-
tes séo idosos, com funcéo e reserva limitadas de 6rgaos
como coragéo, pulmdes e rins, além de o procedimento im-
por agressoes fisiolégicas e dinadmicas expressivas, com
grandes alteragbes hidricas, sangramento importante e
eventual comprometimento renal, além das alteragdes he-
modinamicas secundarias ao pingamento e despingamento
da aorta 2.
A taxa de mortalidade, nos casos de cirurgias eletivas de
aneurisma abdominal, chegou a ser de 3%, mas ela esta di-
minuindo nos ultimos anos, enquanto em casos de ruptura
do aneurisma a taxa varia entre 20% e 50% dos pacientes 2
Ascomplicagdes cardiacas sdo as maiores causas de morbi-
dade apés a cirurgia de reconstrucédo da aorta %°. Aalta inci-
dénciade complicagdes cardiacas resulta, em parte, das al-
teragoes fisiopatoldgicas que ocorrem durante o pingamen-
toedespingamentoadrticos, doniveldopingamento,dacon-
digao cardiacabasal e do manuseio anestésico durante a ci-
rurgia, determinada pelas agcées dos anestésicos no estado
do miocardio e ténus vascular 2.
Poroutrolado, varios fatores tém contribuido paraaredugao
damortalidade nascirurgias para corregao de aneurisma ab-
dominal,comoamelhoriadatécnicacirurgica, aintervencao
cirurgica mais precoce, a melhor selecao dos pacientes, os
avangos na monitorizagéo, o surgimento de novas drogas e
técnicas anestésicas e o aumento dos cuidados intensivos
no pds-operatorio 2.
Osanestésicospodemapresentarpapelimportante napa-
togénese das alteracdes cardiacas ao pingamento e des-
pincamento adrticos, por causade seus efeitos sobre a he-
modinamica cardiovascular e a liberagdo de horménios
mediadores. Os estudos realizados no homem com halo-
tano e isoflurano durante cirurgia aértica mostraram com-
portamento hemodinamico semelhante durante o pinga-
mentoinfra-renal,comdiminuicdododébitocardiacoe au-
mento da resisténcia vascular sistémica *. Por outro lado,
os autores verificaram que a profundidade anestésica ob-
tida por diferentes concentragdes de halogenados pode
alteraraintensidade darespostahemodinamica ao pinga-
mento adrtico, como pode ocorrercomoisoflurano Sedes-
flurano .
Na literatura ao nosso alcance, nao se encontrou nenhuma
pesquisa relacionada as repercussdes hemodinamicas du-
rante cirurgia da aorta com o emprego de sevoflurano.
O objetivoda pesquisafoiavaliarafungéo cardiovascularde
caessobanestesiacomconcentragao equipotentes de halo-
tano, isofluranoesevoflurano, durante pingamentoedespin-
gamento aortico infra-renal, com a finalidade de verificar
qual dos agentes halogenados associa-se com menores al-
teragdes hemodinamicas.
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METODO

Apo6s aprovacdo pela Comissao de Etica em Pesquisa Ani-
mal local, foram utilizados 30 caes adultos, sem raga defini-
da, deambos os sexos, com peso entre 18 e 20 kg. Os animais
foram distribuidos aleatoriamente em trés grupos, com 10
animais em cadagrupo, de acordo com o anestésico inalato-
rio halogenado empregado:

GH - Manutencgéao anestésica com halotano a 0,67% (0,75
concentragao alveolar minima - CAM);

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

GS - Manutengéo anestésica com sevofluranoa 1,8% (0,75
CAM).

A CAM utilizada dos halogenados no cédo foi feita segundo
a proposicdo de Kazama e lkeda (1988) . Os grupos tive-
ram duas fases experimentais: na primeira, foi feita indu-
cao anestésica, intubagao traqueal, instalagéo de ventila-
¢aomecanica, manutengéo anestésicacomhalotano, iso-
flurano ou sevoflurano, dependendo do grupo estudado,
monitorizagdo da ventilacéo, oxigenac¢édo, hemodinadmica
cardiovascular e temperatura, seguida de laparotomia
mediana para preparagéao da ligadura aortica infra-renal
daaorta, porum periodo de 30 minutos, seguido da retira-
da de ligadura aortica.

Sequéncia Experimental

Ap0s 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 alcurénio (0,2 mg.kg™), por via ve-
nosa, foram colocados em goteira de Claude Bernard, reali-
zando-se a seguir:

1. Intubagéo orotraqueal e instalagao de ventilagao contro-
lada a volume, empregando-se o respirador do aparelho
de anestesia Excel mod. 210 SE (Ohmeda - EUA) e sis-
tema semifechado com 0,8 L.min"' de O,e 1,2 L.min"" de
ar. O volume corrente foi padronizado em 20 ml.kg™” e a
freqiiéncia respiratéria em 10 a 15 mov.min™' para man-
ter a pressdo expiratéria final de CO, entre 30 e 35
mmHg;

2. Instalagéo do biomonitor AS3 da Datex Ohmeda (Finlan-
dia) para leitura e registro dos parametros ventilatorios,
hemodinamicos, de oxigenagao e de temperatura;

3. Instalagéo do eletrocardiégrafo de trés canais (deriva-
¢ao Dyj), do sensor do termdmetro no tergo inferior do
eso6fago, do captador de amostra de gases inspirados e
expirados junto a valvula em Y do circuito respiratério
para analise ventilométrica, dos gases e do anestésico
halogenado inalados e exalados, e do sensor da satura-
¢éo periférica da oxihemoglobina (SpO;), colocado na
lingua do animal;
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4. Ainalacao do agente halogenado foifeita por meio de va-
porizador calibrado especifico para cada halogenado da
Ohmeda (EUA), empregando-se inicialmente 1 CAM do
halogenado (halotano a 0,89%, isoflurano a 1,3% ou se-
voflurano 2,4%), de acordo com a sua concentragao ex-
pirada;

5. Dissecgéao e cateterismo da veia femoral esquerda para
infusdo continua da solugéo de Ringer com lactato (18
ml.kg”.h™"), por meio de bomba de infuséo e administra-
¢ao de doses intermitentes do bloqueador neuromuscu-
lar alcurénio (0,06 mg.kg™);

6. Disseccéo e cateterismo da artéria femoral esquerda
para medida da pressao arterial aodrtica e controle do
pingamento e despingamento adrticos;

7. Disseccéo e cateterismo da artéria axilar esquerda para
medida da pressao arterial média (PAM) e coleta de san-
gue para medida do pH e gases sanguineos no aparelho
Chiron Diagnostics, mod. Rapidlab 865 (Inglaterra);

8. Disseccao e cateterismo da veia jugular externa direita
com introdutor 8,5 F e passagem de cateter de
Swan-Ganz na artéria pulmonar, para medida do débito
cardiaco, por termodiluigdo, e das pressoes;

9. Realizagdo de laparotomia mediana e dissecgao in-
fra-renal da aorta. Colocagéao de fita cardiaca ao redor
da aorta, imediatamente ap6s a emergéncia das artérias
renais, para posterior ligadura adrtica. Afita cardiaca foi
transpassada em um pequeno tubo plastico de 15 cm. A
incisdo cirurgica foi, em seguida, fechada ao redor do
tubo plastico;

10. Apds o preparo, reduziu-se a CAM dos halogenados,
segundo o grupo estudado, de 1 para 0,75 CAM, inician-
do-se o periodo de estabilizagdo hemodinadmica, com
duragao de 30 minutos;

11. Medida dos atributos e coleta de sangue (momento
controle);

12. Injegdo de heparina, por via venosa, na dose de 70
UI.kg‘1, e ap6s 3 minutos, realizagdo da ligadura in-
fra-renal da aorta, avangando-se o tubo plastico ao lon-
go da fita cardiaca até que ndo mais houvesse registro
de presséo arterial na artéria femoral;

13. Medida dos atributos e coleta de sangue apoés 15
(Ao15) e 30 (Ao30) minutos da ligadura adrtica;

14. Retirada da ligadura adrtica e medida dos atributos e
coleta de sangue imediatamente (DA0) e apos 15 minu-
tos (DA015) da retirada da ligadura;

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

Atributos Estudados

Os atributos estudados foram: antropométricos: peso
(kg), comprimento (cm), superficie corporal (m?); sexo;
hemodinamicos: freqiiéncia cardiaca (FC - bat.min™),
presséao arterial média (PAM - mmHg), pressdo média da
artéria pulmonar (PAP -mmHg), pressao médiado atrio di-
reito (PAD - mmHg), presséao da artéria pulmonar ocluida
(PAPO-mmHg), indices cardiaco (IC-L.min"".m), sistéli-
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co (IS - ml.bat".m™?), de resisténcia vascular pulmonar
(IRVP - dina.s.cm™.m), de trabalho sistdlico dos ventricu-
los esquerdo (ITSVE - g.min.m™) e direito (ITSVD -
g.min.m™); sangiiineos: pH arterial (pHa) e pressao parcial
dedioxidode carbonoarterial (PaCO,-mmHg); etemperatu-
ra: esofagiana (Tgsor - °C).

Analise Estatistica

Os atributos estudados foram submetidos a Analise de Perfil ®.
Para as variaveis antropométricas, utilizou-se ANOVA e
paraadistribuicdo do sexo, utilizou-se o teste Qui-quadrado.
As estatisticas foram consideradas significantes quando p <
0,05.

RESULTADOS

Os grupos mostraram-se homogéneos emrelagéo aos valo-

res antropométricos e a distribuicdo do sexo (Tabela I).

Tabela | - Atributos Antropomeétricos e Distribuigcdo do Sexo

nos Grupos
Grupos Peso * Comprimento *  Superficie Corporal *
(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 19,721 104,1+5,2 0,736 + 0,061 8/2

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

O Unico atributo hemodinamico que apresentou alteragéao
significante entre os grupos foi a FC, que no grupo GH
apresentoumenoresvaloresemAo15emrelagdoaosgru-
pos Gle GS,eemAo30emrelagdoaogrupo Gl (Figura 1).
Nos grupos, durante o pincamento adrtico, houve aumen-
todaPAM emtodos os grupos (Ao15e Ao30),acompanha-
do por aumento significante da PAD em todos os grupos
(Figura2),daPAP nos grupos Gle GS (Figura 3),da PAPO
nos grupos GH e Gl (Figura 4), do IC e do IS em todos os
grupos (Figuras 5 e 6), e do ITSVD e ITSVE em todos os
grupos (Figuras 7 e 8). Ja os valores da IRVS diminuiram
significantemente, em todos os grupos, apos o despinga-
mento aortico (Figura 9), enquanto os valores do IRVP di-
minuiram significantemente durante o pingamento aértico
em GS (Figura 10). Apds o despingamento aortico, houve
diminuicédo significante emtodos os grupos, emrelagdoao
pincamento adrtico, dos valores da PAM (Figura 2), da
PAD (Figura 3); ja os valores do ITSVE diminuiram signifi-
cantemente nos grupos Gle GS (Figuras 10e 11), enquan-
to os valores da IC e IS permaneceram significantemente
elevados em todos os grupos (Figuras 6 e 7, respectiva-
mente).
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Figura 2 - Presséo Arterial Média (Média + DP)
*p<0,05:
GH: C < (Ao15=A030)>(DAo=DA015)
Gl: C < (Ao15=A030)>(DAo=DA015)
GS: C < (Ao15=A030)>(DAo=DA015)

Os valores do pHa apresentaram diminui¢do significante
apoés o pingamento aortico em GH e Gl e apds a despinga-
mento adrtico em GS (Tabela Il), enquanto os valores da
PaCO; néo se alteraram significantemente entre os gru-
pos (Tabela Il). Ja os valores da Tgsor diminuiram signifi-
cantemente,emtodososgrupos,aolongodoexperimento
(Tabela Il).
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Figura 3 - Press&o do Atrio Direito (Média + DP)
*p<0,05:
GH: (C = Ao15) < Ao30 > (DAo=DA015)
Gl: (C = Ao15) < Ao30 > (DAo=DA015)
GS: C < (Ao15 = Ao30) > (DAo=DA015)
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GH: (C = Ao15) > (DAo = DA015)
Gl: C > DAo

GS: C > (DAo = DA015)
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Figura 11 - indice de Trabalho Sistélico do Ventriculo Direito (Média
+ DP)
*p <0,05:
GH: C < Ao15 < (DAo = DA015)
Gl: C < (Ao30 = DAo)
GS: C < (Ao15 = Ao30)
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Tabela Il - pH Arterial (pHa), Presséo Parcial de Di6xido de Carbono Arterial (PaCO;) e Temperatura Esofagica (Tesof),
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(Média + DP)
Momentos

Atributos Grupos Controle Ao15 Ao30 DAo DAo15

pHa GH 7,35+0,07 7,33+0,06 7,31+0,05* 7,31+0,06* 7,29 +0,06*
Gl 7,37 £ 0,06 7,33+ 0,05* 7,33+ 0,05* 7,31+ 0,04* 7,32+ 0,05*
GS 7,33 +0,06 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 31+5 32+5 30+6 33+5 32+3
GS 34+4 35+5 35+4 35+4 36+4

Tesof (°C) GH 37,0+£0,8 36,7 +£0,8* 36,7 +£0,8* 36,6 £0,9 36,4 +0,8"
Gl 37,2+0,8 36,9+0,8* 36,9+0,9% 36,7 £0,9* 36,6 £ 0,9
GS 37,3+0,6 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

DISCUSSAO

O estudo confirmou a presenca de alteragbes hemodinami-
cas apos o pingamento e despingamento adérticos, mesmo
quando realizados em niveis mais inferiores da aorta, como
o pingamento infra-renal. Essas alteragdes, que ocorreram
sem diferencga significante nos trés grupos, com excegéao da
freqUéncia cardiaca que foi significantemente menorno gru-
po halotano emrelagédo aos demais grupos, foram caracteri-
zadas poraumento, em pequenaproporgédo (médiade 10% a
13%), da PAM, que é sempre aresposta mais observada du-
rante o pingcamento adrtico, acompanhado por aumento das
pressoes de enchimento, como PAD, PAP e PAPO, e de au-
mentodo|C, IS, ITSVEelTSVD, comdiminuigdo significante
dos seus valores apds o despingamento adrtico.

Varios autores observaram aumento das pressdes de enchi-
mento durante o pingamento aértico ®'°, enquanto outros au-
tores ndo observaram essas alteracdes 5 Poroutro lado, mui-
tos autores atribuem, como causa principal do aumento da
PAM durante o pingamento adrtico, o aumento subito daim-
pedancia do fluxo adrtico, com aumento da pos-carga ',
acompanhado, muitas vezes, pordiminuigdodo IC ° Na pre-
sente pesquisa, 0 IRVS nao se alterou significantemente em
nenhum dos grupos estudados durante o pingamento aorti-
co, enquanto o IRVP diminuiu significantemente, no grupo
sevoflurano, durante o pingamento adrtico.

Assim, aresposta hemodinamica que ocorreu durante o pin-
¢amento aodrtico na presente pesquisa pode ser explicada,
ao menos em parte, pela ocorréncia de redistribui¢cao do vo-
lume sangiiineo. Assim, Quintin e col. (1990) '? observaram,
no homem, recolhimento venoso passivo distal ao pinca-
mento aortico, com liberagéo de catecolaminas (adrenalina
e noradrenalina) e de angiotensina. A liberagdo dessas
substancias determinou vasoconstricdo tanto proximal
quanto distal ao pingamento, com diminuigédo do sistema de
capacitanciae deslocamentodovolumesanguineo proximal
aopingamento,comgrandeinterferéncianoretornovenoso,
ouseja, napré-carga,nadependénciadoniveldopingamen-
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to adrtico ser supra ou infra-celiaco. Na primeira situagao, o
retorno venoso aumentou sempre, porque o deslocamento
dovolume sangliineo ocorreu em diregdo aos musculos pro-
ximais ao pingamento e aos pulmdes e cérebro. Ja no in-
fra-celiaco, houve deslocamento do volume sangliineo em
direcdo aos 6rgaos esplancnicos ou para outros tecidos pro-
ximais ao pingamento. Caso o tdnus venoso esplancnico es-
teja diminuido, havera diminuicdo do retorno venoso 13,
Comoconsequliéncia, adistribuicdode sangue entreavascu-
latura esplancnica e anéo esplancnica € que ira determinar
as alteracdes da pré-carga.

Alémdonivel do pingamento adrtico, principal fator determi-
nante das alteragdes hemodinamicas 9, outros fatores tam-
bém podem serimportantes na determinacgéo das respostas
ao pingamento aortico, como as alteragdes do volume san-
guineooudotdnus vascular esplancnico determinados pela
hidratacéo; o estado anestésico ou as agbes de drogas, os
quais podem alterartanto aredistribuicdo do volume sangii-
neo como o retorno venoso; a fungao ventricular; a presenga
esignificAnciadadoencgaisquémicado miocardio; eotipode
doencga da aorta, aneurismatica ou doenga oclusiva 2
Quanto aos efeitos dos anestésicos halogenados em pacien-
tes com auséncia de doencgas cardiovasculares e submeti-
dos a cirurgia eletiva, verificou-se que o halotano, em doses
equipotentes, € maisdepressormiocardicodoqueoisoflura-
noouosevoflurano "' enquanto o sevofluranoe, principal-
mente, o isoflurano exercem maior efeito vasodilatador so-
bre a resisténcia vascular sistémica do que o halotano ®e
mantém a FC mais elevada do que o halotano .
Napesquisa, ofatode se terempregado doses eqlipotentes
endo elevadas (0,75 CAM) de cada um dos anestésicos ha-
logenados certamente foi decisivo nos resultados hemodi-
namicos obtidos. Ressalte-se que a FC foi o Unico atributo
que apresentou diferenca significante entre os grupos, com
menores valores no grupo halotano em relagdo aos demais
grupos, nos momentos do pingamento aértico.

A comparacéao dos efeitos hemodinamicos do isoflurano e
sevoflurano em pacientes com doenga miocardica isquémi-

Revista Brasileira de Anestesiologia
Vol. 53, N° 4, Julho - Agosto, 2003



EFEITOS DO HALOTANO, ISOFLURANO E SEVOFLURANO NAS RESPOSTAS CARDIOVASCULARES AO
PINCAMENTO AORTICO INFRA-RENAL. ESTUDO EXPERIMENTAL EM CAES

cae hipertenséo arterial mostratambém comportamento se-
melhante '®. Colson e col. '° (1992) verificaram em pacientes
submetidos a cirurgia para reconstrucéo aortica infra-renal,
sob anestesia com halotano a 0,64% ou isofluranoa 0,77%,
que nao houve diferencga significante dos variaveis hemodi-
namicas entre os grupos, no periodo pré-pingamento, como
FC, PAM, PAPO e IRVS. Durante o pingamento adrtico in-
fra-renal, o comportamento hemodinamico também foi o
mesmo, com diminui¢gdo do IC e aumento do IRVS, sem que
ocorressemalteragdes entre osgruposdaFC,PAMe PAPO.
Os resultados obtidos em cées demonstram também simila-
ridade das respostas hemodindmicas com o isoflurano e se-
voflurano, com manutengao do IC, as custas de aumento da
FCediminuicdodoIRVS. Jaohalotano, pornao alterar signi-
ficantemente a FC e por ser depressor miocardico mais po-
tente doque osdemais halogenados,ndomantémolCcomo
aumento da profundidade anestésica (2 CAM) 2°.
Seeman-Lodding e col. (1996)°, em modelo experimental de
pingamento infra-renal da aorta em porcos sob anestesiade
base com cetamina e cloralose, verificaram durante o pinca-
mento, aumento da PAM (17% +4%) e do IRVS (27% £ 7%),
sem que ocorressem alteragdes significantes do IC, FC,
PAD, PAP, PAPO e IRVP. No mesmo estudo, os autores intro-
duziram um segundo grupo, que recebeu isoflurano primei-
ramente a 0,7% e apos a 1,4%, antes de cada pingamento,
que determinou diminuicdo dose-dependente da PAM e
IRVS, enquanto a FC e IC diminuiram somente com a maior
concentracédo do halogenado, mas sem que houvesse alte-
ragdes significantes da PAD, PAP e PAPO. Durante o pingca-
mento aortico, oisofluranoa0,7% néo alterou aresposta he-
modinamica, mas a 1,4% diminuiu o IRVS e a PAM. Com o
empregodoisoflurano nas duas concentragées, houve dimi-
nuicdo da PAM, em niveis inferiores aos do grupo controle,
mas durante o pingamento, somente a concentragédo mais
elevadadeterminouniveis de PAMinferioresaos domomen-
to controle do grupo controle.

No modelo experimental por nés utilizado, os mecanismos
que determinaram aumento da PAM durante o pingamento,
como vimos anteriormente, foram diferentes dos do modelo
experimental descrito anteriormente. Mesmo assim, empre-
gando o isoflurano em concentragéo intermediaria a utiliza-
da pelos autores anteriores, houve, durante o pingamento
aortico, o mesmo comportamento da PAM observado no gru-
po que recebeuisoflurano a 0,7%, ou seja, ndo houve impe-
dimento para que houvesse pequeno aumento da PAM.
Utilizando modelo experimental em porcos semelhante ao
descrito anteriormente, Sundeman e col. (1996) ° observa-
ram que odesfluranoa4,9% néo alterou significantemente a
intensidade darespostahemodinamicaao pingamento aorti-
co infra-renal. No entanto, o desflurano a 9,8% diminuiu a
PAM e o IRVS durante o pingamento.

Apods odespingamento adértico, houve diminuigdo da maioria
dos atributos hemodindmicos que havia se elevado durante
o pingamento aodrtico, acompanhado de diminuicao signifi-
cante, em todos os grupos, do IRVS, o que favoreceu a ma-
nutencao do IC e IS em valores acima dos do controle nos
grupos.
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Diferentes respostas hemodinadmicas podem ser observa-
das ap6s o despingamento adrtico, de acordo com o local do
pingamento adrtico e de suaduragao, e do estado hemodina-
mico do paciente, ou seja, do estadoda volemiae donivelda
hemoglobina. Mas ha, sempre, diminuicdo do IRVS e da
PAM, com génese multifatorial 2, Arespostainicial, observa-
da ja ap6s alguns segundos da retirada do pingamento, su-
gere umreflexo ou fendmeno mecanico, ou seja, o fluxo san-
guineo adrtico aumenta, preenchendo o espaco criado pela
diminuicao do tébnus vasomotor, provavelmente resultante
da hipodxia tecidual, do acumulo de componentes vasode-
pressores produzidos pelos tecidosisquémicos e darespos-
ta miogénica #2'. O seqiiestro de sangue nas veias distais a
oclusdo e oaumento do fluxo sangliineo nos membros inferi-
ores sdo, aparentemente, os responsaveis pela diminuicao
do retorno venoso e, conseqiientemente, da diminuigdo da
PAD,doICedaPAMapdsodespingamentoadrtico. Porisso,
haanecessidade dereposicdovolémicaadequadaparapre-
venir essas alteragoes.

Em estudo experimental no porco sob anestesia de base
com cetamina e cloralose, observou-se, apds cinco minutos
do despingamento adrtico infra-renal, que todos os tributos
hemodindmicos que se alteraram durante o pingamento aoér-
ticoretornaram aos niveis do controle, com excegdo da PAM
(+10%) e do IRVS (+12%). Nesse mesmo estudo, no grupo
que recebeu desflurano a 4,9%, todos as variaveis hemodi-
namicas retornaram aos niveis de controle apds o despinga-
mento adrtico, enquanto que com o desflurano a 9,8%, hou-
ve diminuigdo da PAM (-7%) €.

Em experimentos clinicos em que se realizou pingamento
aortico infra-renal, seguido de despingamento, houve dimi-
nuicdo do IRVS, da PAM e do retorno venoso '>'°. No entan-
to, 01SeoIC podemnio se alterar??, aumentar? ou diminuir?*,
na dependéncia do enchimento do ventriculo esquerdo.
Algumas limitagdes do estudo experimental em relagao a ci-
rurgia adrtica realizada no homem devem ser destacadas.
Assim, o tempo de pingamento adrtico foi relativamente pe-
queno e certamente insuficiente para determinar alteracbes
hemodindmicas tempo-dependentes. O estudo foi desen-
volvido em caes saudaveis com capacidade adaptativa apa-
rentemente normal da espécie as diferentes situagbes he-
modinamicas, enquanto no homem a cirurgia aortica é reali-
zada, geralmente, em pacientes idosos, com algum grau de
disfungdo miocardica, com doencga oclusiva coronariana, hi-
pertensao arterial, doenga pulmonar obstrutiva crénica, dis-
funcaorenalediabetes mellitus, portanto comreservalimita-
da dos 6rgaos. Também deve-se considerar que no experi-
mento, diferentemente do que acontece durante a cirurgia
aérticanohomem, o sangramento foi pequeno e realizou-se
boa expansdo volémica, contribuindo para a manutengéao
das pressodes de enchimento e mesmo atenuando as altera-
¢des hemodindmicas decorrentes do despingamento aorti-
co.

Embora tenha sido tomado cuidado com a temperatura am-
biente que permaneceuentre 24 e 25°C, etenha-serecober-
to os caes com campos cirdrgicos, houve diminuigdo datem-
peratura esofagica, em todos os grupos, ocasionando hipo-
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termiade grauleve amoderadonos caes, poisatemperatura
central naespécie éde 38a39°C ?°. Certamente o fato de ter
sido utilizado solugéo glicosada a 5% gelado comoindicador
para medida do débito cardiaco, pode também ter colabora-
do para o desenvolvimento de hipotermia nos animais, pois
cadaresultado consistiu de trés medidas consecutivas, utili-
zando-se, assim, 30 mldo indicador em cada momento estu-
dado, o que totalizou ainfusdo de 150 ml de solugéo glicosa-
dageladadurante a experimentacéo. Apesar de sua instala-
¢ao, aintensidade de hipotermia certamente ndofoisuficien-
te para alterar os resultados obtidos na pesquisa.

Durante e apds o pingamento aértico, houve, em todos os
grupos, a ocorréncia de acidose metabdlica, que provavel-
mente sedeveuaisquemiadostecidos abaixo do pingamen-
to.

Em conclusao, no cdo nas condi¢gbes experimentais empre-
gadas, a inalacao de halotano, isoflurano e sevoflurano em
concentragdes equipotentes (0,75 CAM)nao determinadife-
renga significante do comportamento dos principais atribu-
tos hemodinamicos durante o pingamento adrtico, caracteri-
zado por pequeno aumento das pressfes de enchimento e
de pressao arterial média. A Unica excegédo é o comporta-
mento dafrequénciacardiaca, que apresentamenores valo-
res com o halotano durante o pingamento aortico. A utiliza-
¢ao de baixas concentragdes dos halogenados certamente
influenciou os resultados obtidos.

Effects of Halothane, Isoflurane and
Sevoflurane on Cardiovascular Responses
to Infrarenal Aortic Cross-Clamping.
Experimental Study in Dogs

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

INTRODUCTION

Approximately 80% of aortic aneurysms are located below
renalarteries ' and their correctionis a challenge both for sur-
geons and anesthesiologists. These are elderly patients with
limited function and reserve of organs such as heart, lungs
and kidneys, and the procedure imposes expressive physio-
logical and dynamic aggressions with severe hydric
changes, major bleeding and possible renal involvement, in
addition to hemodynamic changes secondary to aortic
cross-clamping and unclamping 2,

Mortality rate forabdominal aneurysm elective surgeries has
reached 3% butis recently decreasing, while aneurysm rup-
ture rates vary from 20% to 50% 2. Heart complications after
aortic correction surgeries are major morbidity causes °.
This high incidence of heart complications is partly a conse-
quence of pathophysiological changes caused by aortic
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cross-clamping and unclamping, the clamping level, heart
baseline conditions and anesthetic handling during surgery,
determined by anesthetic actions on myocardial status and
vascular tone 2.

On the other hand, several factors have contributed to de-
crease mortality inabdominal aneurysm correction surgeries,
such as improved surgical technique, earlier surgical inter-
vention, better patients selection, monitoring advances, new
drugs and anesthetic techniques and improved postopera-
tive intensive care °.

Anesthetics may play animportantrole in the pathogenesis of
cardiac changes during aortic cross-clamping and unclamp-
ing, due to their effects on cardiovascular hemodynamics and
tomediatorhormones release. Human studies with halothane
and isoflurane during aortic surgeries have shown similar
hemodynamic behavior during infrarenal cross-clamping,
with cardiac output decrease and systemic vascular resis-
tance increase *. Conversely, some authors have observed
that the anesthetic depth obtained by different halogenate
concentrations may change hemodynamic responses to aor-
tic cross-clamping, as it is the case with isoflurane ° and
desflurane °.

We have not found in the available literature any study re-
lated to hemodynamic repercussions during aortic surgery
with sevoflurane.

This study aimed at evaluating cardiovascular function of
dogs anesthetized with equipotent concentrations of
halothane, isoflurane and sevoflurane during infra-renal
cross-clamping and unclamping, aiming at observing which
halogenate agent was associated to lower hemodynamic
changes.

METHODS

After the local Animal Research Ethics Committee approval,
30 adult mongrel dogs of both genders, weighing 18 to 20 kg
were used. Animals were randomly distributed in three
groups of 10 animals, according to the halogenate
inhalational anesthetic drug used.

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

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

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

Halogenate MAC usedin dogs was according to Kazama and
Ikeda’s proposition (1988) 7. Groups had two experimental
stages: the first consisted of anesthetic induction, tracheal
intubation, mechanical ventilation, anesthetic maintenance
with halothane, isoflurane or sevoflurane, depending on the
group, monitoring of ventilation, oxygenation, cardiovascu-
lar hemodynamics and temperature, followed by medial
laparotomyto prepare infrarenal aortic cross-clamping for 30
minutes, followed by aortic unclamping.
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Experimental Sequence

After 12 hoursfastbutwith free accesstowater,animalswere
placed in Claude-Bernard device and anesthetic induction
with intravenous propofol (5.5 mg.kg™") and alcuronium (0.2
mg.kg'1), being then performed:

1. Tracheal intubation and volume-controlled ventilation
using the ventilator of the anesthesia machine Excel
mod 210 SE (Ohmeda - USA) and a semi-closed system
with 0.8 L.min™" O, and 1.2 L.min™" air. Tidal volume was
standardized at 20 ml.kg™' and respiratory rate at 10 to
15 mov.min™' to maintain CO, end expiratory pressure
between 30 and 35 mmHg;

2. Installation of Datex Ohmeda (Finland) biomonitor AS3
for reading and recording ventilatory, hemodynamic,
oxygenation and temperature parameters;

3. Installation of three-channel electrocardiographer (D
lead), of thermometer sensor in the lower esophageal
third, of the inspired and expired gases sampler close to
the Y valve of the respiratory circuit for ventilation, gases
and inhaled and exhaled halogenate anesthetics analy-
sis, and of the peripheral oxygen saturation sensor
(SpO,), placed on animal’s tongue;

4. Halogenate agent inhalation was performed through
Ohmeda gaged vaporizers specific for each halogenate
(USA) using initially 1 MAC (0.89% halothane, 1.3% iso-
flurane or 2.4% sevoflurane) according to expired con-
centration;

5. Left femoral vein dissection and catheterization for lacta-
ted Ringer’s solution continuous infusion (18 ml.kg™".h™")
through infusion pump and administration of intermittent
alcuronium doses (0.06 mg.kg™);

6. Left femoral artery dissection and catheterization for aor-
tic blood pressure and aortic cross-clamping and un-
clamping control;

7. Left axillary artery dissection and catheterization for
mean blood pressure (MBP) control and blood collection
to measure pH and blood gases in the Chiron Diagnos-
tics mod. Rapidlab 865 (UK) device;

8. Rightexternal jugular vein dissection and catheterization
with 8.5 F introducer and Swan-Ganz catheter insertion
in the pulmonary artery to measure pressures and cardi-
ac output by thermodilution;

9. Medial laparotomy and infra-renal aortic dissection. Pla-
cement of cardiac tape around the aorta, immediately af-
terrenal arteries emergence, for posterior aortic ligation.
Cardiac tape was passed in a small 15 cm plastic tube.
Surgical incision was then closed around the plastic
tube;

10. After preparation, halogenate MAC was decreased, ac-
cording to the studied group, from 1 to 0.75 MAC, star-
ting a 30-minute period of hemodynamic stabilization;

11. Attributes measurement and blood collection (control
moment);

12. Intravenous 70 Ul.kg™" heparin injection and infrarenal
aortic ligation 3 minutes, later, advancing the plastic
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tube along the cardiac tape until there was no longer
blood pressure recorded in the femoral artery;

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

14. Aortic clamping removal and attributes measurement
and blood collection immediately (Dao) and 15 minutes.
(Dao15) after unclamping;

15. End of experiment and animals’ sacrifice with an over-
dose of sodium pentobarbital.

Studied Attributes

Studied attributes were: anthropometric: weight (kg), length
(cm), body surface (m?); gender; hemodynamic: heart rate
(HR -bat.min™"), mean blood pressure (MBP - mmHg), mean
pulmonary artery pressure (PAP - mmHg), mean right atrium
pressure (RAP - mmHg), pulmonary capillary wedge pres-
sure (PCWP - mmHg), cardiac index (CI - L.min"".m™), sys-
tolic index (SI - ml.beat".m™), pulmonary vascular resis-
tance index (PVRI - dina.s.cm™.m™), left ventricular systolic
work (LVSW - g.min"".m™), right ventricular systolic work
(RVSW - g.min'1.m'2); blood: arterial pH (pHa) and partial ar-
terial carbon dioxide pressure (PaCO;, - mmHg); tempera-
ture: esophageal (Tesoph - °C).

Statistical Analysis

Attributes were submitted to Profile Analysis 2. ANOVA was
used for anthropometric data and Chi-square test for gender
distribution. Significance level was p < 0.05.

RESULTS

Groups were homogeneous in anthropometric data and gen-
der distribution (Table 1).

Table | - Anthropometric Data and Gender Distribution wit-

hin Groups
Groups Weight * Length * Body Surface *
(kg) (cm) (m?) M/F
GH 183+1.6 101.2+7.8 0.702 + 0.067 7/3
Gl 199+20 103.0+56 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

The single hemodynamic attribute with significant changes
among groups was HR which was lower in GH at Ao15 as
compared to groups Gl and GS, and at Aoc30 as compared to
group Gl (Figure 1). MBPincreasedinall groups during aortic
cross-clamping (Ao15 and Ao30), followed by significantin-
crease in DBP for all groups (Figure 2), in PAP in groups Gl
and GS (Figure 3),inPCWPingroups GHand Gl (Figure4),in
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Figure 1 - Heart Rate (Mean + SD)
#p <0.05:
Ao030: GH < (Gl = GS)
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Figure 2 - Mean Blood Pressure (Mean £ SD)
*p <0.05:
GH: C < (Ao15=A030) > (DAo=DA015)
Gl: C < (Ao15=A030) > (DAo=DAo15)
GS: C < (A015=A030) > (DAo=DA015)

Cl and Sl in all groups (Figures 5 and 6), and in LVSW and
RVSW in all groups (Figures 7 and 8). SVRI has significantly
decreased in all groups after aortic unclamping (Figure 9),
while PVRI has significantly decreased during aortic
cross-clampingin GS (Figure 10). After aorticunclamping there
has been a significant MBP (Figure 2) and DBP (Figure 3) de-
crease in all groups as compared to aortic cross-clamping;
LVSW has significantly decreased in groups Gl and GS
(Figures 10 and 11), while Cl and Sl have remained signifi-
cantly high in all groups (Figures 6 and 7, respectively).

There has been a significant pH decrease after aortic
cross-clamping in GH and Gl and after aortic unclamping in
GS (Table Il), while PaCO, has not significantly changed
among groups (Table Il). There has been a significant Tesepn
decreaseinallgroupsthroughoutthe experiment(Tablell).
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Figure 3 - Right Atrial Pressure (Mean = SD)

*p < 0.05:

GH: (C = Ao15) < Ao30 > (DAo=DA015)
Gl: (C = Ao15) < Ao30 > (DAo=DA015)
GS: C < (Ao15 = Ao30) > (DAo=DA015)

Pulmonary Artery Pressure (mmHg)

Control

__Ao15 Ao30 DAo DAo15

IAc::rticcross-clz-zmpingI " Aortic unclamping '

Moments

BGH OGI mGS

Figure 4 - Pulmonary Artery Pressure (Mean + SD)

*p < 0.05:
Gl: C < Ao30
GS: C<Ao15
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Figure 5 - Pulmonary Capillary Wedge Pressure (Mean = SD)

*p <0.05:
GH: C < Ao15

Gl: C <Ao030 > DAo15
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Figure 6 - Cardiac Index (Mean t SD)
*p<0.05:
GH: C < (Ao15 = Ao30 = DAo)
Gl: C < (Ao15 = Ao30 = DAo = DA015)
GS: C < (Ao15 = Ao30 = DAo = DAo15)
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GS: C < (Ao15 = Ao30 = DAo = DAo15)

3000 1
2500 A
- 2000 A
! 1500 1
1000 1

500

Systemic Vascular Resistance
Index (dyne.s.cm®.m?)

Control  Ao15 Ao30 DAo DAo15 |

" Aortic cross-clamping Aortic unclamping

Moments

HGH OGI BGS

Figure 9 - Pulmonary Vascular Resistance Index (Mean + SD)
*p <0.05:
GS: C > Ao15

Left Ventricular Systolic
Work Index (g.m.m?)

Control | Ao15 Ao30 , DAo DAo15

]
" Aortic cross-clamping "

Aortic unclamping

Moments

HEGH OGH mEGS

Figure 10 - Left Ventricular Systolic Work Index (Mean + SD)
*p <0.05:
GH: C < (Ao15 = Ao30)
Gl: C < (Ao15 = Ao30) > DAo15
GS: C < (Ao15 = Ao30) > DAo15

12

L _ 10

£

’d

oE 81

52

§§ 61

s c

2= 4]

0o

(=2} B

2= 2
0

Control ) Ao15 Ao30 DAo DAo15 )

" Aortic cross-clamping Aortic unclamping

Moments

HGH OGI mGS

Figure 8 - Systemic Vascular Resistance Index (Mean + SD)
*p<0.05:
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Figure 11 - Right Ventricular Systolic Work Index (Mean + SD)
*p <0.05:
GH: C < Ao15 < (DAo = DAo15)
Gl: C < (Ao30 = DAo)
GS: C < (Ao15 = Ao30)
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Table Il - Arterial pH (pHa), Partial Arterial Carbon Dioxide Pressure (PaCO,) and Esophageal Temperature (Tesoph),

BISINOTTO AND BRAZ

(Mean = SD)
Moments
Attributes Groups Control Ao15 Ao30 DAo DAo15
apH GH 7.35+0.07 7.33+0.06 7.31+0.05* 7.31+0.06* 7.29 +0.06*
Gl 7.37 £0.06 7.33 £0.05* 7.33 £0.05* 7.31£0.04* 7.32 £0.05*
GS 7.33+0.06 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 31+5 32+5 306 33+5 32+3
GS 34+4 35+5 35+4 35+4 36+4
Tesopn (°C) GH 37.0+£0.8 36.7 £0.8* 36.7 £0.8* 36.6 £ 0.9* 36.4 +0.8*
Gl 37.2+0.8 36.9+0.8* 36.9+0.9 36.7 £ 0.9 36.6 + 0.9
GS 37.3+0.6 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

Our study has confirmed the presence of hemodynamic
changes after aortic cross-clamping and unclamping, even
when performedinthelowestaorticlevels, such asinfrarenal
cross-clamping. These changes, which were not signifi-
cantly different among groups except for heart rate which
was significantly lower in the halothane group, were charac-
terized by mild MBP increase (mean of 10% to 13%) which is
the most frequent response to aortic cross-clamping, fol-
lowed by increased filling pressures, such as DBP, PAP and
PCWP, and of increased Cl, SI, LVSW and RVSW, with sig-
nificant decrease after aortic unclamping.

Several authors have observed filling pressures increase
during aortic cross-clamping *'°, while others have not °. On
the other hand, several authors consider the sudden aortic
flow impedance increase with afterload increase " very of-
ten followed by Cl decrease ?, as the major cause for MBP in-
crease during aortic cross-clamping. In our study, SVRI has
notsignificantly changedinallgroups during aortic clamping,
while PVRI has significantly decreased in the sevoflurane
group during aortic cross-clamping.
So,hemodynamicresponsesduringaortic cross-clampingin
this study may be atleast partially explained by blood volume
redistribution. Quintin etal. (1990) "> have observedinmena
passive venous withdrawal distally to the aortic cross-
clamping, with catecholamines (epinephrine and norepine-
phrine) and angiotensin release. This has determined
vasoconstriction both proximal and distal to the cross-clamp-
ing with capacitance system decrease and displacement of
blood volume proximal to the cross-clamping, with major in-
terference with venous return, that s, in preload, depending
onthe aortic cross-clamping level be supra orinfra-celiac. In
the first situation, venous return has always increased be-
cause blood volume displacement was toward muscles proxi-
mal to the cross-clamping and to lungs and brain. In the in-
fra-celiac, there has been blood volume displacement to
splanchnic organs or to other tissues proximal to the
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cross-clamping. If the splanchnic venous tone is decreased,
there will be venous return decrease . As a consequence,
blood distribution between splanchnic and non-splanchnic
vessels will determine preload changes.

In addition to aortic cross-clamping level, which is the major
determinant of hemodynamic changes ® other factors may
also play arole in aortic cross-clamping responses, such as
blood volume or splanchnic vascular tone changes deter-
mined by hydration; anesthetic status or drugs action, which
may change both blood volume redistribution and venous re-
turn; ventricular function; presence and significance of
ischemicmyocardial disease; and type of aorticdisease - an-
eurysm or occlusive disease 2.

Astothe effects of halogenate anesthetics in patients with no
cardiovascular disease submitted to elective surgery, it has
been observed that halothane in equipotent doses is more
myocardial depressant than isoflurane or sevoflurane "%,
while sevoflurane and especially isoflurane have higher
vasodilating effect on systemic vascular resistance as com-
paredtohalothane '® and maintain higher HR as compared to
halothane "".

In our study, the use of equipotent low doses (0.75 MAC) of
each halogenate was certainly decisive for the
hemodynamicresults obtained. Ithastobereminded thatHR
was the single attribute with significant differences among
groups, with lower values in the halothane group as com-
pared to remaining groups during aortic cross-clamping.
The comparison ofisoflurane and sevoflurane hemodynamic
effects in patients with ischemic myocardial disease and hy-
pertension has also showed a similar behavior '®.
Colsonetal. ' (1992) have observed in patients submitted to
infrarenal aorticreconstruction underanesthesia with 0.64%
halothane or 0.77% isoflurane that there were no significant
hemodynamic differences between groups in the pre-clamp-
ing period, such as HR, MBP, PCWP and SVRI.
Hemodynamic behavior was also the same during infrarenal
aortic cross-clamping with Cl decrease and SVRI increase,
withoutdifferencesinHR, MBPand PCWP betweengroups.
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EFFECTS OF HALOTHANE, ISOFLURANE AND SEVOFLURANE ON CARDIOVASCULAR
RESPONSES TO INFRARENAL AORTIC CROSS-CLAMPING. EXPERIMENTAL STUDY IN DOGS

Results obtained with dogs have also shown similar
hemodynamic responses with isoflurane and sevoflurane,
with Cl maintenance at the expenses of HR increase and
SVRI decrease. Halothane, however, for not significantly
changingHR andforbeingastronger myocardial depressant
as compared to other halogenate agents, does not maintain
Cl with increased anesthetic depth (2 MAC) %.
Seeman-Lodding etal. (1996) °, in an experimental model of
infrarenal aortic cross-clamping in swine under ketamine
and chloralose-based anesthesia, have observed increase
in MBP (17% % 4%) and in SVRI (27% % 7%) during
cross-clamping without significant changes in Cl, HR, DBP,
PAP, PCWP and PVRI. In this same study, the authors have
introduced a second group receiving 0.7% isoflurane and
then 1.4% before each cross-clamping, which has deter-
mined a dose-dependent decrease in MBP and SVRI, while
HRand Clhave decreasedonlywiththe higherconcentration
howeverwithoutmajorchangesin DBP, PAPand PCWP. Dur-
ing aortic cross-clamping, 0.7% isoflurane has not changed
hemodynamic response, but at 1.4% it has decreased SVRI
and MBP. With both isoflurane concentrations there has
been MBP decrease in levels below the control group, but
during cross-clamping, only the higher concentration has de-
termined MBP levels lower than baseline values.

In our experimental model, mechanisms determining MBP
increase during clamping were different from those of the
above-described experimental model. Even so, with
isoflurane in an intermediate concentration to those used by
previous authors, there has been during aortic cross-clamp-
ing the same MBP behavior observed in the group receiving
0.7% isoflurane, that is, there was no impediment for a slight
MBP increase.

Using a swine experimental model similar to the above,
Sundeman et al. (1996) ® have observed that 4.9%
desflurane has not significantly changed hemodynamic re-
sponses to infrarenal aortic cross-clamping. However, 9.8%
desflurane has decreased MBP and SVRI during cross-
clamping.

After aortic unclamping there has been a decrease in most
hemodynamic attributes which had increased during aortic
cross-clamping, followed by significant decrease in SVRI for
all groups, which has favored Cl and S| maintenance above
baseline values.

Different hemodynamic responses may be seen after aortic
unclamping, according to aortic cross-clamping site and its
duration, and to patients’ hemodynamic status, that is, vol-
ume and hemoglobin levels. But there is always a
multifactorial SVRI and MBP decrease . Initial response al-
ready some minutes after unclamping suggests a reflex or
mechanical phenomenon, thatis, aorticblood flow increases
filling the space created by vasomotor tone decrease, proba-
bly as a result of tissue hypoxia, of the build-up of
vasodepressant components produced by ischemic tissues,
and of myogenic response 22", Blood sequestration in distal
veinstothe occlusionandincreasedblood flowin lowerlimbs
are, seemingly, responsible for venous return decrease and,
asaconsequence, forDBP, Cland MBP decrease afteraortic
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unclamping. So, thereisthe need foran adequate volume re-
placement to prevent such changes.

In an experimental study with swine under ketamine and
chloralose-based anesthesia, it was observed 5 minutes af-
ter infrarenal aortic unclamping, that all hemodynamic
changes during aortic cross-clamping had returned to base-
line levels, with the exception of MBP (+ 10%) and SVRI (+
12%). Inthis same study, allhemodynamicvariables havere-
turnedtobaseline values afteraorticunclampingin the group
receiving 4.9% desflurane, while in the group receiving 9.8%
desflurane there has been MBP decrease (-7%) °.

Inclinicaltrials withinfrarenal aortic cross-clamping followed
by unclamping, there hasbeenadecrease in SVRI, MBP and
venousreturn '%'®_Sland CI, however, may notchange %, in-
crease *° or decrease **, depending on left ventricle filling.
Some limitations of human experimental studies with aortic
surgeries should be highlighted. So, aortic cross-clamping
duration was relatively short and certainly insufficient to de-
termine time-dependent hemodynamic changes. The study
was performed in healthy dogs with seemingly normal adap-
tation ability of the species to different hemodynamic situa-
tions, whilein men, aortic surgeries are in general performed
in elderly patients with some degree of myocardial dysfunc-
tion, with occlusive coronary disease, hypertension, chronic
obstructive pulmonary disease, renal dysfunction and diabe-
tes mellitus, thus with limited organs reserve. It should also
be considered that in this experiment, differently from what
happens during human aortic surgeries, bleeding was minor
and there has been satisfactory volume replacement, con-
tributing to the maintenance of filling pressures and even
attenuating hemodynamic changes caused by aortic un-
clamping.

Although care has been taken with room temperature, which
remained between 24 and 25 °C, and covering dogs with sur-
gical drapes, there has been esophageal temperature de-
creaseinallgroups, leading to mild to moderate hypothermia
because centraltemperature ofdogsis 38to 39°C%.Theuse
of 5% cold glucose saline solution as an indicator for cardiac
output measurement may have also cooperated with the de-
velopment of hypothermia because each result consisted of
three consecutive measurements, thus using 30 ml of the in-
dicatorin each moment studied, totaling 150 ml cold glucose
saline infusion during the experiment. Nevertheless, hypo-
thermiaintensity was not enough to change results obtained
in the experiment.

During and after aortic cross-clamping, there has been meta-
bolic acidosis in all groups, probably due to tissue ischemia
below the cross-clamping site.

In conclusion, in the conditions used in dogs, halothane,
isoflurane and sevofluraneinhalationinequipotentconcen-
trations (0.75MAC) has notdetermined significantchanges
in major hemodynamic parameters during aortic
cross-clamping, characterized by mild filling and mean
blood pressures increase. The only exception is heart rate,
which is lower with halothane during aortic cross-clamping.
Theuse oflow concentrations of halogenate agents has cer-
tainly influenced our results.
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RESUMEN

Bisinotto FMB, Braz JRC - Efectos del Halotano, Isofluranoy Se-
voflurano en las Respuestas Cardiovasculares al Pinzamiento
Adrtico Infra-Renal. Estudio Experimental en Perros

JUSTIFICATIVA Y OBJETIVOS: El pinzamiento infra-renal de
la aorta abdominal puede producir alteraciones
hemodinamicas. El objetivo del estudio fue evaluar los efectos
del halotano, isoflurano y sevoflurano sobre la funcién cardio-
vascular, en perros sometidos al pinzamiento adrtico infra-re-
nal.

METODO: El estudio aleatorio fue realizado en 30 perros,
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 periodo de 30 min. Los atributos hemodinamicos
fueron estudiados en los momentos: C (Control), Ao15 y Ao 30,
respectivamente después de15 y 30 min del pinzamiento
aortico, y DAo y DAo15, respectivamente, inmediatamente y
después de15 min del despinzamiento adrtico.

RESULTADOS: Durante el pinzamiento adrtico hubo, en todos
los grupos, aumento de las presiones arterial media y del atrio
derecho, y de los indices cardiaco, sistélico y de trabajo
sistolico de los ventriculos derecho e izquierdo. La presion de
la arteria pulmonar aumenté en Gl y GS y la presiéon pulmonar
ocluida en GH y Gl. Después del despinzamiento aértico, hubo
normalizacién de los atributos que se habian elevado, con
excepcion de los indices cardiaco y sistdlico, que continuaron
elevados, acompanados de diminucion del indice de
resistencia vascular sistémica. No hubo diferencia significante
entre los grupos en relaciéon a los atributos estudiados, con
excepcion de la frecuencia cardiaca que fue siempre menor en
GH, en relacién a los demas grupos, durante el pinzamiento y
despinzamiento aortico.

CONCLUSIONES: En el perro, en las condiciones
experimentales empleadas, la inhalaciéon del halotano,
isoflurano y sevoflurano en concentraciones equipotentes
(0,75 CAM) no atenta las respuestas cardiovasculares al
pinzamiento adrtico infra-renal.
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