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Pincamento Adrtico Infra-Renal. Estudo Experimental no Cao *
Effects of Clonidine on Cardiovascular Responses to Infrarenal Aortic

Cross-Clamping. Experimental Study in Dogs
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RESUMO

Achba RV, Vane LA, Braz JRC - Efeitos da Clonidina nas Res-
postas Cardiovasculares ao Pingamento Adrtico Infra-Renal.
Estudo Experimental no Cao

JUSTIFICATIVA E OBJETIVOS: O pingamento aodrtico in-
fra-renal pode determinar alteragbes cardiovasculares. A
clonidina, um a.;-agonista, determina bradicardia e diminui¢do
da presséo arterial. O objetivo do estudo foi avaliar os efeitos
da clonidina sobre a fungcé&o cardiovascular, em céaes
submetidos a pingamento adrtico infra-renal.

METODO: O estudo aleatério foi realizado em 16 cées,
distribuidos em dois grupos: G Controle - sem a utilizagdo de
clonidina e G Clon - clonidina, na dose inicial de 5 ug.kg™', por
via venosa, imediatamente antes do pingamento adrtico in-
fra-renal, seguido de 2 ug.min”'.m? até o final do estudo. Em
todos os animais foi realizada ligadura infra-renal da aorta, por
45 minutos. Os atributos hemodindmicos foram estudados nos
momentos C (controle), apos 10 (Ao10) e 25 (Ao25) minutos do
pingamento aodrtico, e apos 10 (DAo10) e 25 (DA025) minutos
do despingamento adrtico.

RESULTADOS: Durante o pingamento adrtico, houve diferenga
significante entre os grupos, em relagéo a freqliéncia cardiaca,
pressao arterial média e indice cardiaco (G Controle > G Clon).
Apds o despingamento aodrtico houve diferenga significante en-
tre os grupos, em relagéao a freqiiéncia cardiaca (G Controle > G
Clon) e pressbes do atrio direito e da artéria pulmonar ocluida (G
Clon > G Controle). Durante o pingamento adrtico, houve nos
dois grupos, aumento significante das pressées de atrio direito e
artéria pulmonar ocluida, dos indices sistdlico e do trabalho
sistolico do ventriculo esquerdo, e diminuigdo do indice de
resisténcia vascular pulmonar. No grupo controle houve
aumento significante das pressées arterial média e da artéria
pulmonar, e dos indices cardiaco e do trabalho sistolico do
ventriculo direito. No grupo clonidina, houve diminuigdo
significante da freqiiéncia cardiaca. Apés o despingamento
aortico, houve nos dois grupos: diminuigdo significante da
freqliéncia cardiaca e pressao arterial média, enquanto os
valores das pressbées do atrio direito e indice sistélico
continuaram elevados. No grupo controle, os valores do indice
de trabalho sistélico do ventriculo direito continuaram elevados
enquanto os valores do indice cardiaco retornaram a valores
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proximos aos do controle. No grupo clonidina, os valores das
pressées do atrio direito e da artéria pulmonar ocluida, e o indice
sistélico, continuaram significantemente elevados.
CONCLUSOES: No cédo, nas condi¢gbes experimentais
empregadas, a administragdo venosa continua de clonidina
atenua as respostas cardiovasculares decorrentes do
pingamento aodrtico infra-renal.

Unitermos: ANIMAL: cado; CIRURGIA, Vascular: pingamento
aortico infra-renal; DROGAS: aj-agonista: clonidina;
HEMODINAMICA: cardiovascular

SUMMARY

Achbda RV, Vane LA, Braz JRC - Effects of Clonidine on Cardio-
vascular Responses to Infrarenal Aortic Cross-Clamping.
Experimental Study in Dogs

BACKGROUND AND OBJECTIVES: Infrarenal aortic
cross-clamping is associated to cardiovascular effects.
Clonidine, an ajz-agonist, determines bradycardia and
hypotension. This study aimed at analyzing the effects of
clonidine on the cardiovascular function of dogs submitted to
infrarenal aortic cross-clamping.

METHODS: This randomized study involved 16 mixed breed
dogs randomly distributed in two groups: G Control - no
clonidine; and G Clon -clonidine (5 ug.kg™') immediately before
aortic cross-clamping, followed by 2 ug.min™'.m? until the end of
the study. All dogs were submitted to infrarenal aortic
cross-clamping during 45 minutes. Hemodynamic parameters
were measured at control (C), 10 (Ao10) and 25 (Ao25) minutes
after aortic cross-clamping, and 10 (DAo10) and 25 (DA025)
minutes after aortic unclamping.

RESULTS: There were significant differences between groups
in heart rate, mean blood pressure and cardiac index (G control
> G Clon) during aortic cross-clamping. After aortic unclamping
there were significant differences between groups in heart rate
(G Control > G Clon), and right atrium and pulmonary capillary
wedge pressures (G Clon > G Control). During aortic
cross-clamping both groups have shown significant increase in
right atrium pressure, pulmonary capillary wedge pressure,
stroke volume index and left ventricular systolic work index, and
significant decrease in pulmonary vascular resistance index.
There has been significant increase in mean blood pressure,
pulmonary artery pressure, cardiac index and right ventricular
systolic work index in the G Control. The clonidine group has
shown significant heart rate decrease. After aortic unclamping,
both groups have shown significant heart rate and mean blood
pressure decrease, while right atrium pressure and stroke
volume index remained high. Right ventricular systolic work
index remained high in the control group, while cardiac index
values returned to close to baseline values. In the clonidine
group, right atrium pressure, pulmonary wedge pressure and
systolic index remained significantly high.

CONCLUSIONS: In dogs under our experimental conditions,
continuous intravenous clonidine has attenuated cardiovascu-
lar responses to infrarenal aortic cross-clamping.

Key Words: ANIMAL: dog; DRUGS, as-agonist: clonidine;
HEMODYNAMICS: cardiovascular; SURGERY, Vascular:
infrarenal aortic cross-clamping
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INTRODUGAO

localizagdo abdominal do aneurisma adrtico ocorre em

65% dos casos diagnosticados, com ampla predomi-
nancia na porgdo adrtica infra-renal '. Aincidéncia de aneu-
risma da aorta abdominal é estimada em 21:100.000
pessoas/ano 2. Com o envelhecimento da populacéo, essa
incidéncia deve aumentar.
Ataxa de mortalidade é elevada, de 20% a 50% dos pacien-
tes, emcasos derupturadoaneurisma, ede 1% a6% nos ca-
sos de cirurgia eletiva de aneurisma abdominal 4.0 reparo
cirargico pode serrealizado daforma convencional, comres-
secgao do aneurisma via laparotomia, com acesso trans ou
extraperitoneal, e implante de proteses bioldgicas ou artifi-
ciais,ouporvia endovascularporabordagemtransfemoral5.
Na cirurgia convencional, como parte da técnica cirurgica,
sao realizados pingamento e despingamento da aorta abdo-
minal, os quais promovem alteracdes hemodinamicas im-
portantes nos periodos per e pds-operatorios ®. Alémdisso, a
cirurgiaérealizadaem pacientesidosos, comfungédoereser-
va limitadas de 6rgéos como coracgéao, pulmébes e rins, além
do procedimento determinar agressdes fisiolégicas e dina-
micas importantes, com grande alteracdo hidrica, sangra-
mento importante e eventual comprometimento renal.
As alteragdes hemodindmicas durante a cirurgia de recons-
trucdo da aorta estao associadas as condi¢des pré-operatoé-
riasdacirculagéocoronariana, dafungcaomiocardicaedovo-
lume intravascular dos pacientes, atécnicaanestésicae aos
agentesempregados naanestesia,aotipode doengaadrtica
(aneurisma ou doenga oclusiva) e do nivel do pingamento
adrtico >&7.
Essas alteragdes podem ser evitadas ou minimizadas pela
administragdo de farmacos vasodilatadores, como nitro-
prussiato de sédio 8e nitroglicerina ® durante o periodo de
pingamento adrtico.
Pelas acdes de bradicardia e hipotensao arterial no sistema
cardiovascular determinadas pelos az-agonistasm, como a
clonidina e, mais recentemente, a dexmedetomidina, esses
farmacos podem se constituir em alternativas importantes
no controle hemodinamico dos pacientes submetidos a
cirurgia aortica.
Na literatura encontram-se poucas pesquisas referentes ao
empregodaclonidinaem cirurgia aértica, com a maioria utili-
zandoofarmaco porviaoraI.Assim,Quintinecol.,em199011
e 1996 '?, estudaram pacientes que receberam a clonidina
porviaoral,comomedicagao pré-anestésica, nasdosesres-
pectivasde4,7+1,2ug.kg™ e6 ug.kg™', e que foram submeti-
dosacirurgiaadrticaabdominal. Emambas as pesquisas, os
autores verificaram que, durante os periodos de pingamento
edespingamento adrticos, os niveis de catecolaminas (adre-
nalina e noradrenalina), da atividade de renina e da vaso-
pressina plasmaticas foram menores do que no grupo con-
trole, que n&o recebeu clonidina. Essas alteragcbes foram
acompanhadas de menores valores da pressao arterial e da
frequéncia cardiaca. Segundo os autores, a maior estabili-
dade hemodin&mica nos grupos que receberam clonidina foi
decorrente damenordescargasimpaticadurante acirurgia.
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De maneirasemelhante, Quintine col.,em 1991 "% ao utiliza-
rem a clonidina por via venosa (7 ug.kg™') durante periodo de
120 minutos no pds-operatorio imediato de pacientes sub-
metidos a cirurgia de aneurisma aortico abdominal, verifica-
ram que os pacientes também apresentaram menor libera-
¢ao de catecolaminas, vasopressina e reninaem relagao ao
grupo controle. Quanto ao aparelho cardiocirculatoério, o gru-
podaclonidina apresentou menorincidéncia de hipertensdo
arterial e taquicardia, de intervengdes com farmacos vasoa-
tivos, como nifedipina e propranolol, e de tremores, embora
tenha apresentado maior necessidade de expanséao
volémica.

Considerando-se as consequéncias hemodinamicas deleté-
rias que podem ocorrer durante o ato operatdrio do aneuris-
ma aortico abdominal e as agbes da clonidina sobre o apare-
Iho cardiocirculatério, propde-se estudo experimental com
objetivo de analisar o eventual efeito “protetor” da clonidina
sobre as alteragbes hemodinémicas decorrentes do pinga-
mento e despingamento adrtico infra-renal.

METODO

Apos aprovacéo pelo Comité de Etica em Pesquisa Animal
local, foram utilizados 16 caes adultos, de ambos os sexos,
semraca definida, com peso entre 18 e 25 kg. Os animais fo-
ram distribuidos aleatoriamente em dois grupos, com oito
caes em cada grupo, de acordo com a utilizacdo ou nao de
clonidina:

G Controle: néo se utilizou a clonidina.

G Clon: utilizou-se a clonidina, na dose inicial de 5 ug.kg™
imediatamente antes do pingamento adrtico, seguida de
2 pg.min™'.m? até o final do estudo.

Osgrupostiveramduas fases experimentais. Naprimeira, foi
feitaindugdo anestésica, intubagao traqueal, ventilagdo arti-
ficial, monitorizagdo da ventilagdo, oxigenagado, hemodina-
mica cardiovascular e temperatura, seguida de laparotomia
mediana para preparagao da ligadura infra-renal da aorta.
Na segunda fase, foi feita a ligadura infra-renal por periodo
de 45 minutos, seguida da retirada da ligadura adrtica.

Sequéncia Experimental

Apos jejum alimentar de 12 horas, mas com livre acesso a
agua, os animais, apos indugéo anestésica com pentobarbi-
tal sédico (30 mg.kg™") por via venosa, foram colocados em
goteira de Claude Bernard, realizando-se a seguir:

1. Intubagédo traqueal e instalagao da ventilagdo controlada
a volume, empregando-se o respirador Ohmeda (EUA)
acoplado ao aparelho de anestesia Excel 210 SE
(Ohmeda, EUA) e sistema semifechado com absorvedor
de CO,, utilizando-se oxigénio (1 L.min™") e ar comprimi-
do (1 L.min™"). O volume corrente foi padronizado em 15
mI.kg'1 e a freqléncia respiratéria em 15-20 mov/min
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para manter a pressao expiratéria finalde CO, entre 35e
42 mmHg;

2. Instalagao do biomonitor AS3 da Datex Ohmeda (Finlan-
dia) para leitura e registro dos parametros ventilatorios,
de oxigenacédo, hemodinamicos e de temperatura. Para
a medida das pressdes invasivas, o aparelho foi calibra-
do no nivel da linha axilar média do céo;

3. Instalagéo do eletrocardidgrafo de trés canais (deriva-
¢ao D)), do sensor do termdémetro no tercgo inferior do
esbdfago, do captador de amostra de gases expirados e
inspirados junto a valvula em “Y” do circuito ventilatorio
para analise ventilométrica, dos gases inalados e exala-
dos, e do sensor da saturagao periférica da oxihemoglo-
bina (SpO,) colocado na lingua do animal;

4. Tricotomia das regides cervical direita, axilar esquerda,
abdominal anterior e inguinal esquerda.

5. Disseccgao e cateterismo da veia femoral esquerda com
cateter de polietileno PE180 para infusdo continua da
solucdo de Ringer com lactato (20 ml.kg™".h™"), por meio
de bomba de infusdo e para administragdo intermitente
do cloreto de alcurdnio, inicialmente na dose de 0,2
mg.kg™' e apds, na dose de 0,06 mg.kg™";

6. Disseccéao e cateterismo da veia jugular externa direita
com introdutor 8,5F e passagem de cateter de
Swan-Ganz 7F na artéria pulmonar, para medida do dé-
bito cardiaco por termodiluigdo e das pressoes;

7. Disseccao e cateterismo da artéria femoral esquerda,
com cateter de polietileno PE240 para medida da pres-
sdo aodrtica e controle do pingamento e despingamento
aorticos;

8. Disseccgao e cateterismo da artéria axilar esquerda com
cateter de polietileno PE180 para medida da presséo ar-
terial média;

9. Cateterizagéo e esvaziamento vesical,;

10. Realizagao de laparotomia mediana e dissecgéao infra-
renal da aorta. Colocacéao de fita cardiaca ao redor da
aorta, imediatamente apos a emergéncia das artérias
renais, para posterior ligadura aortica. Afita cardiaca foi
transpassada em um pequeno tubo plasticode 15cm. A
incisdo cirurgica foi, em seguida, fechada ao redor do
tubo plastico;

11. Medida da distancia entre a extremidade do focinho e o
anus, pela superficie ventral do cao, para determinagéo
do comprimento do animal e calculo da superficie corpo-
rea;

12. Cobertura dos animais com manta especial para insu-
flagcdo de ar aquecido natemperatura de 42°-46 °C, utili-
zando-se o aparelho WarmTouch da Mallinckrodt (EUA)
para manter a temperatura central dos animais ao redor
de 37,5° - 38 °C;

13. Periodo de estabilizagdo hemodinémica, com duragao
de 15 minutos;

14. Medida dos atributos (momento controle);

15. Injegcéo venosa da primeira dose complementar de pen-
tobarbital sodico (10 mg.kg™") e do cloreto de alcurdnio
(0,06 mg.kg™') quinze minutos apés o momento controle;
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16. Injecédo venosa de clonidina seguida da infusao conti-
nua do farmaco no grupo G Clon;

17. Injecéo de heparina, por via venosa, na dose de 70
Ul.kg™", e apds 3 minutos, realizacdo de ligadura in-
fra-renal da aorta, avangando-se o tubo plastico ao lon-
go da fita cardiaca até que n&o mais houvesse registro
de presséo arterial na artéria femoral;

18. Medida dos atributos apds 10 (Ao10) e 25 (A025) minu-
tos da ligadura aortica;

19. Injecdo venosa da segunda dose complementar de
pentobarbital sodico (10 mg.kg™') e de cloreto de alcurd-
nio (0,06 mg.kg™"), 40 minutos ap6s a ligadura adrtica;

20. Retirada da ligadura adrtica e medida dos atributos
apo6s 10 (DA010) e 25 (DA025) minutos da retirada da li-
gadura;

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

Atributos Estudados

Os atributos estudados foram: antropométricos - superficie
corpoéreados animais; hemodinamicos-freqiiénciacardiaca
(FC - bat/min), pressao arterial média (PAM - mmHg), pres-
sao média do atrio direito (PAD - mmHg), pressdo média da
artéria pulmonar (PAP-mmHg), pressao daartéria pulmonar
ocluida (PAPO - mmHg), indice cardiaco (IC - L/min/m2), in-
dice sistolico (IS - ml/bat/m?), indice de resisténcia vascular
sistémica (IRVS - dina.s/cm®.m?), indice de resisténcia vas-
cular pulmonar (IRVP - dina.s/cm®.m?), indice do trabalho
sistolico do ventriculo esquerdo (ITSVE - g/min/m?) e direito
(ITSVD - g/min/m?).

Para os atributos que nao foram obtidos diretamente, utili-
zou-se o softwaredobiomonitor AS3 paraasuaobtengéo.
Os atributos estudados foram submetidos a Analise de Perfil
' Paraavariavel antropométrica, utilizou-se ANOVA. As es-
tatisticas foram consideradas significantes quando p <0,05.
Osresultados sdoapresentados pelamédia+desvio-padrao
dos valores obtidos.

RESULTADOS

Os grupos mostraram-se homogéneos em relagao a superfi-
cie corporea (G Controle: 0,74 +0,06 e GClon: 0,72+ 0,07; p
> 0,05).

Afreqiénciacardiacanogrupodaclonidinafoi sempre signi-
ficantemente menor do que a do controle durante e apés o
pingamento adértico. No grupo controle houve diminuigao sig-
nificante dos valores apenas apés a despingamento aértico,
enquanto no grupoda clonidina houve diminuigao significan-
te apds o pingamento e despingamento adrticos (Figura1). A
presséo arterial média foi significantemente maior no grupo
controle, nos momentos do pingamento adrtico, em relagao
aogrupodaclonidina. Osvalores, nogrupo controle, aumen-
taram significantemente no final do pingamento aodrtico
(A025), mas diminuiram significantemente apds o despinca-
mento aortico. No grupo da clonidina, seus valores diminui-
ram significantemente durante e apds o pingamento adrtico
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(Figura 2). Os valores do indice cardiaco foram
significantemente mais elevados no grupo controle do que
no grupo clonidina (Figura 3).

No grupo controle, o aumento da presséo arterial média du-
rante o pingamento adrtico foi acompanhado por aumento
significante das pressdes do atrio direito, artéria pulmonare
artériapulmonarocluida, dos indices cardiaco, sistolicoe do
trabalho sistolico dos ventriculos esquerdo e direito. Ja no
grupodaclonidina, durante o pingcamento adrtico, os valores
das pressdes do atrio direito e da artéria pulmonar ocluida, e
dos indices sistolico e do trabalho sistélico do ventriculo es-
querdoaumentaramsignificantemente, enquanto os valores
da presséao da artéria pulmonar e do indice cardiaco nao se
alteraram significantemente (Tabela I).

200 A
—~ 150 A
£
S
=
S 100 A
O
L
50 A
0 T T T T 1
Controle Ao10 Ao25 DAo10 DAo025
l . 11 ‘ I
pingamento despincamento
Momentos
=—&— G Controle =~ G Clon

Figura 1 - Frequéncia Cardiaca (FC). Média e Desvio Padréo dos
Valores Observados nos Grupos e Momentos
#p <0,05:
G Controle > G Clon em Ao10, Ao25, DAo10 e DA025
*p<0,05:
G Controle: (C = Ao10 = Ao25) > DA0o10 > DA025
G Clon: C > (Ao10 = Ao25) > DA010 > DA025

Apds a despingamento adrtico, a maioria dos atributos he-
modinamicos que havia se elevado durante o pingamento
aortico, diminuiu significantemente. Assim, no grupo contro-
le, osvalores das pressdes daartéria pulmonar e arterial pul-
monar ocluida, e dos indices cardiaco e do trabalho sistdlico
do ventriculo esquerdo retornaram a valores proximos aos
do controle. Outros atributos, nesse grupo, mantiveram-se
significantemente elevados, como as pressdes do atrio direi-
toedoindicesistélico. JAoindice deresisténciavascularsis-
témica continuou sem alteracgéo significante, de maneira se-
melhante ao que ja havia ocorrido durante o pingamento aér-
tico. O indice deresisténcia vascular pulmonar, que havia di-
minuido durante o pingamento adrtico, retornou a valores
proximos aos do controle. No grupo clonidina, houve diminui-
cao significante do indice cardiaco e do trabalho sistélico do
ventriculo esquerdo. Poroutrolado, alguns atributos perma-
neceram significantemente elevados, como as pressdes do
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Figura 2 - Pressao Arterial Média (PAM). Média e Desvio Padrao
dos Valores Observados nos Grupos e Momentos
#p <0,05:
Em Ao10 e Ao25: G Controle > G Clon
*p <0,05:
G Controle: Ao25 > (C = Ao10) > (DAo10 = DA025)
G Clon: (C = Ao25) > (Ao10 = DAo10 = DA025)
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Figura 3 - indice Cardiaco (IC). Média e Desvio Padrao dos Valores
Observados nos Grupos e Momentos
#p <0,05:
G Controle > G Clon em Ao25
*p<0,05:
G Controle: (C = DA0o10 = DA025) < Ao10 < Ao25
G Clon: (C = Ao10 = Ao25) > (DA0o10 = DA025)

atriodireito e daartéria pulmonarocluida, e oindice sistélico,
enquanto o indice de resisténcia vascular pulmonar, que ha-
via diminuido durante o pingamento aértico, aumentou para
niveis semelhantes aos do controle. Os demais atributos,
nesse grupo, nao se alteraramsignificantemente emrelagéo
ao momento controle. Na comparagao entre os grupos, 0s
valores das pressdes do atrio direito e da artéria pulmonar
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Tabela | - Valores da Pressdo Média do Atrio Direito (PAD), Pressdo Média da Artéria Pulmonar (PAP), Pressao da Artéria
Pulmonar Ocluida (PAPO), indice Sistélico (IS), indice de Resisténcia Vascular Sistémica (IRVS), indice de Resis-
téncia Vascular Pulmonar (IRVP), indice do Trabalho Sistélico dos Ventriculos Direito (ITSVD) e Esquerdo (ITSVE)
Obtidos nos Grupos e Momentos Estudados (Média £ DP)

Momentos
Atributos Grupos Controle Ao10 Ao25 DAo010 DA025
G Controle 1324 0429 03+3,0° 0528 0329
PAD(mmHg) G Clon 0712 19+11% 19+1,0° 2.0+ 128 19%1.0°
G Controle 95£23 11,6 + 3,0* 12,6 £3,9* 10,4 + 3,4 10,6 3,0
PAP (mmHg) G Clon 121£2,9 12,0£2,9 12832 1211+ 26 12.8+28
G Controle 03£25 1,6 +3,.2* 2,2+35" 1,0£37 0,8+34
PAPO (mmHg) G Clon 20£1,7 36+ 1,4° 38+ 13" 351,14 3441,2"
IS (mifbatim? G Controle 28,6+ 10,7 38,6+ 12,5% 40,6 £ 12,1* 37,9+ 135" 37,7 £13,7*
(mi/bat/m”) G Clon 29,7 %9, 424 +12,1* 449 + 13.4* 42,1+ 137 434 14,3
. 5 2 G Controle 1945 + 579 1676 + 587 1709 + 850 1603 + 762 1603 + 725
IRVS (dina.sfem™m®) g Cjon 2059 + 767 1847 + 596 1853 + 580 1983 + 732 2201 + 887
. 5 2 G Controle 185 + 80 153 + 64* 140 + 48 176 + 113 201 £ 147
IRVP (dina.sfem™m") G Cion 21097 177 £ 90° 171 + 80" 215+ 114 240 £ 121
o, G Controle 4218 6,5+ 28" 7.4 +32" 59 £ 3,2* 59 £ 3,0°
ITSVD (g.min/m") G Clon 5.0+20 5721 64423 55+18 6120
o, G Controle 38,6+ 14,1 56,9 + 20,1 64,9 + 21,4* 46,4+ 20,6 45,6+ 21,1
ITSVE (g.min/m”) G Clon 4274129 493+ 13, 57,4+ 14.7* 458+ 162 496+ 156

# diferenga significante entre momentos dos grupos (p < 0,05)
* significancia em relagdo ao momento controle do mesmo grupo (p < 0,05)

ocluida foram significantemente menores no grupo controle
em relacéo aos da clonidina (Tabela | e Figura 3).

DISCUSSAO

A hipertenséo arterial € sempre a resposta cardiovascular
mais freqlente durante o pingamento aértico, acompanhada
poraumento das pressdes de enchimento *”'°. Na presente
pesquisa, oaumentodapressao arterial nogrupo controle foi
de pequena proporgéo (20%), mas em niveis ja esperados
quando se realiza pingamento adrtico infra-renal®”'®, acom-
panhada por aumento das pressdes do atrio direito, da arté-
ria pulmonar e daartéria pulmonarocluida, etambémdos in-
dices cardiaco, sistélico e do trabalho sistélico dos
ventriculos direito e esquerdo.

Varios autores tém observado aumento das pressdes de en-
chimento durante o pingamento adrtico ”'*'®, enquanto ou-
tros autores ndo tém encontrado alteragcbes dessas pres-
sées °.

Arespostahemodindmicaque ocorreudurante opingamento
aodrtico na presente pesquisa pode ser explicado pela redis-
tribuicdo do volume sangiiineo. Assim, os autores "' obser-
varam que ocorre recolhimento venoso passivo distal ao pin-
¢amento e aumento da liberagdo de catecolaminas, como
adrenalina e noradrenalina, além de angiotensina, que de-
terminam vasoconstrigao, tanto proximal quanto distal ao
pingamento, diminuindo o sistema de capacitancia. Em con-
seqliéncia, ocorre deslocamento do volume sangliineo pro-
ximal ao pingamento, com grande interferéncia no retorno
venoso, dependendodonivelde pingamento sersupraouin-
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fraceliaco. Assim, nosupraceliaco, oretornovenosoaumen-
ta sempre, porque o deslocamento do volume sangliineo é
feitoemdiregdo aos musculos proximais ao pingamento, aos
pulmdes e ao cérebro. Noinfraceliaco, ocorre deslocamento
do volume sangliineo em diregdo aos 6rgaos esplancnicos
ou para outros tecidos proximais ao pingamento. Se o tonus
venoso estiver diminuido, havera diminuicdo do retorno
venoso, mas se estiver aumentado, haverd aumento do
retorno venoso. Em consequéncia, a distribuicdo de sangue
entre a vasculatura esplancnica e a ndo esplancnica
determinara as alteragdes da pré-carga.

Por outro lado, muitos autores atribuem, como causa princi-
pal do aumento da presséao arterial média durante o pinca-
mento adrtico, o aumento subito daimpedancia do fluxo adr-
tico, com aumento da p6s-carga, acompanhado muitas ve-
zes por diminuigdo do indice cardiaco *”®. Na presente pes-
quisa, o indice deresisténcia vascular sistémica néo se alte-
rou significantemente em nenhum dos grupos estudados du-
rante o pingamento aértico, enquanto o indice de resisténcia
vascular pulmonar diminuiu significantemente nos dois
grupos.

Além do nivel do pingamento adrtico, fator mais importante
para que ocorram as alteragdes hemodinamicas 7 modifica-
¢des no volume sanguineo ou do tdnus vascular esplancni-
co, determinadas pelahidratacao, peloestadoanestésicoou
por agdes de farmacos vasoativos, podem alterar tanto are-
distribuicdo do volume sangtineo, como o retorno venoso.
Por outro lado, a doenga cardiaca pode alterar a resposta
adaptativanormal do coragédo a oclusdo adrtica, ou seja, adi-
latacdo compensatoria do ventriculo esquerdo, o aumento
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da contratilidade miocardica por meio do mecanismo de
Frank Starling e o aumento compensatério do fluxo sangui-
neo coronariano. Se o paciente apresentardoenga coronaria-
na associada a limitada complacéncia ventricular esquerda,
poderao ocorreraumento exagerado da pressao arterial, au-
mento dos volumes diastoélico e sistoélico finais do ventriculo,
diminuigdo da fragdo de ejegao e aumento das pressdes da
artéria pulmonar, mesmo durante um pingamento mais dis-
tal, como o infra-renal da aorta 3

As acbes da clonidina sobre o aparelho cardiovascular pare-
cem ter sido decisivas para que as alteragdes hemodinami-
cas durante o pingamento adrtico fossem atenuadas.
Aclonidina, um agonista a,-adrenérgico, ao ativar os a,-re-
ceptores poés-sinapticos do nucleo do trato solitario e do /o-
cus coeruleus do tronco encefalico, diminui o efluxo simpati-
co e as catecolaminas circulantes ''*%, com potencializacéo
da atividade nervosa parassimpatica, induzindo, dessa for-
ma, reducgao da freqliéncia cardiaca e da pressao arterial .
Nas terminacdes nervosas periféricas, a clonidina inibe a
exocitose da noradrenalina, determinando vasodilatagéo e
reducao do cronotropismo cardiaco. Essas agdes explicam,
parcialmente, o efeito hipotensor e bradicardizante dos ago-
nistas desses receptores. Existem também evidéncias de
que os efeitos hipotensivos dos a,-agonistas sdo aumenta-
dos pela inibigao periférica da transmissao ganglionar que
esse farmacos determinam 8.

Apesar de o conjunto de evidéncias, que relacionam a ativa-
¢ao dos receptores a,-adrenérgicos com o efeito hipotensor
edebradicardiados agonistas dessesreceptores, ndo se ex-
clui a participagéo dos receptores imidazolinicos |4 situados
no nucleo reticular, cuja ativagédo provocada pela clonidina,
umderivadoimidazolinico, pode determinarbradicardia e hi-
potensao arterial '°.

Assim, os efeitos da hipotenséo arterial e da bradicardia de-
terminados pela clonidina foram importantes para que ocor-
ressediminuicdo (10% a20%)da presséo arterialmédiae de
60% dafreqliiéncia cardiaca durante o periodo de pingamen-
to adrtico. Essas agbes impediram que o indice cardiaco au-
mentasse durante o pingamento aértico, pois houve aumen-
to significante do indice sistolico. O aumento das pressdes
de enchimentodurante o pingamento parece tersido atenua-
do também pela clonidina, pois ndo houve aumento signifi-
cante da pressao da artéria pulmonar e do indice de trabalho
sistélico do ventriculo direito, embora ocorresse aumento
daspressbesdoatriodireitoedaartériapulmonarocluida.

O aumento das catecolaminas explica, em parte, o aumento
da resisténcia vascular sistémica e da pressao arterial que
podem ocorrer apos o pingamento da aorta 20 Noentanto, as
causas de descarga simpatica durante o pingcamento e tam-
bém nodespingamento adrtico sdo complexas e multifatoriais
e geralmente ocorrem por mecanismos reflexos seguintes a
hipertensao arterial e distensdo adrticaou a hipotenséo arte-
rial 3.

O sistema renina-angiotensina apresenta aumento de ativi-
dade durante o pingamento adrtico, fato observado em caes '
e no homem ?2. O aumento da atividade da renina durante o
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pingamento supra-renal ocorre em decorréncia da diminui-
¢ao da presséao de perfusdo nas arteriolas eferentes renais.
No entanto, a causa do aumento de renina durante o pinga-
mento infra-renal ndo esta perfeitamente determinada.
Intervengdes farmacoldgicas para controle do aumento da
pressao arterial sdo usualmente indicadas durante cirurgia
daaorta. Comoas causasdoaumentodapresséoarterial du-
rante o pingamento adrtico sdo multifatoriais, varios farma-
cos vasoativos, representativos de principios farmacologi-
cos diferenciados, tém sido utilizados para atenuacao das
respostas hemodinédmicas. Assim, tém sido empregados va-
sodilatadores, comoonitroprussiatode sodio?®, inibidoresda
fosfodiesterase 118, bloqueadores do canal de calcio %2, inibi-
dores daenzimade conversao da angiotensina e 3-bloquea-
dores, como o esmolol *°.

Aclonidina, mesmo quando utilizada porvia oral, como medi-
cagao pré-anestésica, parece atenuaraliberagédo de cateco-
laminas, renina e vasopressina, assim como o aumento da
pressao arterial e da freqiéncia cardiaca, durante o pinga-
mento aértico infra-renal '""'2.

Assim, a clonidina e a;-agonistas mais especificos, como a
dexmedetomidina, tém sido estudados em cirurgias que pro-
vocam grande liberac&o de catecolaminas, como as cirurgi-
ascardiacaseadrticas,ouempacientes que apresentaman-
tecedentes de isquemia miocardica '??*2°. Os autores tém
sido unédnimes em relatar diminuicdo e mesmo supressao
dos niveis de catecolaminas ap6s o emprego desses farma-
cos durante a cirurgia e no periodo pos-operatério imediato,
com reducao das intervengdes farmacoldgicas, menor inci-
déncia de taquicardia, hipertensao arterial e de tremores,
embora possaocorrer maior necessidade de expansao volé-
mica. Haque sedestacarainda que, nacirculagdo coronaria-
na, a estimulagao dos a,-receptores determina vasodilata-
¢ao produzida, provavelmente, pelaliberagéo de 6xido nitri-
conoendotélio das artérias coronarianas oude adenosina®.
Emresumo, no modelo experimental utilizado, o pingamen-
to infra-renal da aorta, no grupo controle, caracterizou-se
pelo aumento das pressdes de enchimento, ou seja, da
pré-carga, provavelmente por determinar redistribuigéo do
volume sangiineo, que contribuiu para o aumento da pres-
sdo arterial e dos indices cardiaco e sistdlico. Por outro
lado, o indice de resisténcia vascular sistémica ndo se alte-
rou significantemente, enquanto o indice de resisténcia
vascular pulmonar diminuiu significantemente. Assim, o
comportamento hemodinamico foi diferente de outros mo-
delos experimentais, nos quais o aumento da pressao arte-
rial, durante o pingamento aortico, deve-se fundamental-
mente ao aumento da resisténcia vascular sistémica, ou
seja, da pos-carga. No modelo empregado, as agbes cardi-
ovasculares de clonidinaimpediram que houvesse aumen-
to da pressao arterial e da freqliéncia cardiaca, mas pouco
interferiu com o aumento do retorno venoso. Entretanto,
nao se conseguiu avaliarasuaacao sobreoindice deresis-
ténciavascularsistémica, poisele ndo se alterounomodelo
proposto. Ofatode afreqliénciacardiacaterdiminuidocom
a clonidina pode ter importancia em paciente com doenga
coronariana.
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No despingamento adrtico, as principais alteragdes hemodi-
namicas que ocorrem séo a hipotensao arterial e a diminui-
¢ao da resisténcia vascular sistémica, determinadas tanto
mecanicamente, pela retirada do pingamento aértico, como
por atividade de mediadores, em sua maioria vasodilatado-
res,comoradicaislivres de oxigénio, prostaglandinas, endo-
toxinas, citocinas e fator depressor do miocardio, entre ou-
tros, que sdo produzidos durante o pingamento aortico e libe-
rados para a circulagao apos o estabelecimento da reperfu-
sdodistal, além daocorréncia de hipéxia e mesmo anéxiano
territorio isquémico, que podem provocar relaxamento da
musculatura lisa vascular °.

Portanto, um mecanismo de retengéo volémica nos vasos
distais ao pingamento adrtico, associado ao aumento de flu-
X0 sanguineo para estaregiao, sdo as causas da diminuigéo
doretorno venoso, débito cardiaco e presséao arterial apds a
liberagdo daoclusaoadrtica. Porisso, hanecessidade dere-
posigcao volémica adequada para prevenir essas alteracoes.
Na presente pesquisa, na qual se realizou grande expanséo
volémica dos caes, certamente as pequenas alteragdes he-
modinamicas que ocorreram apoés o despingamento adrtico
devem ser creditadas a esse fator.

Nos dois grupos estudados, o comportamento hemodinami-
co foi semelhante ap6s o despingamento infra-renal da aor-
ta, embora com algumas diferengas significantes entre os
grupos. Assim, a frequéncia cardiaca foi sempre menor no
grupodaclonidina, enquantoas presséesdoatriodireitoeda
artéria pulmonar ocluida foram significantemente mais ele-
vadas, indicando que as pressdes de enchimento foram
mantidas nesse grupo. Certamente este fator foi muito im-
portante para manutencéo da presséo arterial média no gru-
po daclonidina, durante o despingamento adrtico, apesarda
reconhecida agao hipotensora desse farmaco.

Em conclusao, no céo e nas condigdes experimentais em-
pregadas, a administragcado venosa continua de clonidina al-
cangouoobjetivode atenuaras alteragdes cardiovasculares
decorrentes do pingamento adrtico infra-renal.

Effects of Clonidine on Cardiovascular
Responses to Infrarenal Aortic Cross-
Clamping. Experimental Study in Dogs

Renato Viccario Ach6a, M.D.; Luiz Antonio Vane, TSA,M.D ;
José Reinaldo Cerqueira Braz, TSA, M.D.

INTRODUCTION

Abdominal aortic aneurysms represent 65% of diagnosed
cases, with a wide predominance of the infrarenal aortic por-
tion '. It is estimated that 21:100,000 people/year present
with abdominal aorta aneurysm 2 and this incidence shall in-
crease with population aging.
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Mortality rate is high (20% to 50%) in cases of aneurysm rup-
ture and represents 1% to 6% of cases of elective abdominal
aneurysm surgery 34, Surgical repair may be conventional,
with aneurysm resection via laparotomy, with trans or
extraperitoneal access and biological or artificial prosthesis
implants, or endovascular by transfemoral approach 5 Dur-
ing conventional surgery and as part of the surgical tech-
nique, abdominal aorta is cross-clamped and unclamped,
promoting major intra and postoperative hemodynamic
changes °. In addition, surgery is performed in elderly pa-
tients with limited function and reserve of organs such as
heart, lungs and kidneys, and the procedure inflicts major
physiologicaland dynamicaggressions, with majorhydration
changes, bleeding and possible renal involvement.
Hemodynamic changes during aortic surgeries are associated
to preoperative coronary circulation, myocardial function
and intravascular volume conditions, to the anesthetic
technique and anesthetic agents, to the type of aortic dis-
ease (aneurysm or occlusive disease) and to aortic cross-
clamping level &7,

These changes may be prevented or minimized with
vasodilating drugs such as sodium nitropruside & and nitro-
glycerin ° during aortic cross-clamping.

Alphas-agonists '°, such as clonidine and more recently
dexmedetomidine, have bradycardia and hypotension arte-
rial actions on the cardiovascular system and might be major
alternatives for hemodynamic control of patients submitted
to aortic surgeries.

There are few studies in the literature on the use of clonidine
in aortic surgeries, with most of them using it orally. So,
Quintinetal.,in 1990 " and 1996 '?, have studied patients re-
ceiving oral clonidine as preanesthetic medication in the
doses of 4.7 + 1.2 ug.kg™" and 6 pg.kg™, respectively, who
were submitted to abdominal aortic surgeries. In both stud-
ies, authors have observed thatduring aortic cross-clamping
and unclamping, the levels of catecholamines (epinephrine
and norepinephrine), renin activity and plasma vasopressin
were lower as compared to the control group, not receiving
clonidine. These changes were followed by lower blood pres-
sureand heartrate. Accordingtothe authors, better clonidine
hemodynamic stability was a consequence of lower sympa-
thetic discharge during surgery.

Similarly, Quintinetal.,in 1991 '3, afteradministering intrave-
nous clonidine (7 pg.kg'1) during 120 minutes in the immedi-
ate postoperative period of patients submitted to abdominal
aortic surgeries, have observed that patients have also pre-
sented lower catecholamine, vasopressin and renin release
ascomparedtothe controlgroup. There has beenless hyper-
tension and tachycardia, less interventions with vasoactive
drugs, such as niphepidine and propranolol, and less shiver-
ing in the clonidine group, although with the need for higher
volume expansion.

Considering noxious hemodynamic consequences which
may occur during abdominal aortic surgery and the actions of
clonidine on the cardiocirculatory system, this experimental
study aimed at evaluating the possible “protective” effect of
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clonidine on hemodynamic changes caused by infrarenal
aorta cross-clamping and unclamping.

METHODS

After the local Animal Research Ethics Committee approval,
16 adult dogs, of both genders and undefined breed, weigh-
ing 18to 25 kg were used. Animals were randomly distributed
in two groups of eight dogs, according to the use or not of
clonidine:

Control group - no clonidine

Clon group - initial clonidine dose of 5 ug.kg™' immediately
before aortic cross-clamping, followed by 2 ug.min™'.m?
ntil study completion.

Groups went through two experimental stages. The first con-
sisted of anesthetic induction, tracheal intubation, artificial
ventilation, monitoring of ventilation, oxygenation,
hemodynamic and cardiovascular parameters and tempera-
ture, followed by medial laparotomy for infrarenal aortic
cross-clamping. The second stage consisted of infrarenal
aortic cross-clamping during 45 minutes, followed by aortic
unclamping.

Experimental Sequence

After 12 hours fast but with free access to water, anesthesia
was induced with intravenous sodium pentobarbital (30
mg.kg'1), animals were placed on a Claude Bernard trough
and the following procedures were performed:

1. Tracheal intubation and volume controlled ventilation
installation using the Ohmeda ventilator (USA) coupled
to the anesthesia machine Excel 210 SE (Ohmeda,
USA) and a semi-closed system with CO, absorber using
oxygen (1 L.min™") and compressed air (1 L.min™"). Tidal
volume was standardized in 15 mI.kg'1 and respiratory
rate in 15-20 mov/min to maintain CO;, end expiratory
pressure between 35 and 42 mmHg;

2. Installation of Datex Ohmeda AS3 biomonitor (Finland)
for reading and recording ventilatory, oxygenation, he-
modynamic and temperature parameters. For invasive
pressure measurement, the equipment was gagged at
dogs’ medial axillary level;

3. Installation of three-channel electrocardiographer (D
lead), of thermometer sensor in the lower esophageal
third, of the expired and inspired gases sampler analyzer
close to the “Y” valve of the ventilatory circuit for ventilati-
on and inspired and expired gases analysis, and of the
hemoglobin peripheral saturation (SpO,) sensor placed
on dogs’ tongue;

4. Tricotomy of right cervical, left axillary, anterior abdomi-
nal and left inguinal regions;

5. Dissection and catheterization of left femoral vein with
PE180 polyethylene catheter for lactated Ringer’s conti-
nuous infusion (20 ml.kg™".h™") through infusion pump
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and for intermittent administration of alcuronium, initially
in the dose of 0.2 mg.kg™" and then at 0.06 mg.kg™;

6. Dissection and catheterization of the right jugular vein
with 8.5F introducer and insertion of 7F Swan-Ganz cat-
heter in the pulmonary artery to measure cardiac output
by thermodilution, and pressures;

7. Dissection and catheterization of the left femoral artery
with PE240 polyethylene catheter to measure aortic
pressure and control aortic cross-clamping and unclam-
ping;

8. Dissection and catheterization of the left axillary artery
with PE180 polyethylene catheter to measure mean
blood pressure;

9. Vesical catheterization and emptying;

10. Median laparotomy and infrarenal aorta dissection. Pla-
cement of cardiac tape around the aorta immediately af-
ter renal arteries emergence for further aortic cross-
clamping. Cardiac tape was inserted in a small 15 cm
plastic tube. Surgical incision was then closed around
the plastic tube;

11. Measurement of the distance from the muzzle edge to
the anus through the ventral surface of the dog, to deter-
mine animal length and calculate body surface;

12. Covering of the animals with a special blanket for hea-
ted airinflation at a temperature of 42°-46 °C, using Mal-
linckrodt Warm Touch equipment (USA) to maintain
central temperature around 37.5° - 38 °C;

13. Hemodynamic stabilization for 15 minutes;

14. Measurement of attributes (control moment);

15. Intravenous injection of the first additional sodium pen-
tobarbital (10 mg.kg™") and alcuronium (0.06 mg.kg™)
dose, 15 minutes after control moment;

16. Intravenous clonidine followed by its continuous infusi-
on in the Clon group;

17. Intravenous 70 UI.kg'1 heparin and, after 3 minutes, in-
frarenal aortic cross-clamping advancing the plastic
tube along the cardiac tape until there was no longer blo-
od pressure recorded in the femoral artery;

18. Attributes measurement 10 (Ao10) and 25 (Ao25) minu-
tes after aortic cross-clamping;

19. Intravenous injection of the second additional sodium
pentobarbital (10 mg.kg™') and alcuronium (0.06
mg.kg'1) dose, 40 minutes after aortic cross-clamping;

20. Aortic unclamping and attributes measurement 10
(DA010) and 25 (DA025) minutes after aortic unclam-
ping;

21. End of experiment and animals sacrifice with excess
anesthesia (sodium pentobarbital).

Studied Attributes

Studied attributes were: anthropometric - body surface;
hemodynamic - heart rate (HR - beat/min), mean blood pres-
sure (MBP - mmHg), mean right atrium pressure (DBP -
mmHg), mean pulmonary artery pressure (PAP-mmHg), pul-
monary wedge pressure (PWP - mmHg), cardiac index (Cl -
L/min/m?), systolicindex (SI- ml/beat/m?), systemic vascular
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resistance (SVR-dyne.s/cm®.m?), pulmonary vascularresis-
tance (PVR - dyne.s/cm®.m?), left ventricle systolic work
(LVSW - g/min/m?) and right ventricle systolic work (RVSW -
g/min/m?).

Attributes not directly obtained were obtained by the AS3
biomonitor.

Attributes were submitted to Profile Analysis '*. ANOVA was
used foranthropometric data. Statistics were considered sig-
nificantwhen p <0.05. Results are presented in mean + stan-
dard deviation.

RESULTS

Groups were homogeneous in body surface (Control G: 0.74
1+ 0.06 and Clon G: 0.72 + 0.07; p > 0.05).

Heart rate was always significantly lower in the clonidine
group as compared to the control group during and after aor-
tic cross-clamping. There has been a significant decrease in
control group values only after aortic unclamping, while in the
clonidine group there has been significant decrease after
aortic cross-clamping and unclamping (Figure 1). Mean
blood pressure was significantly lower in the control group
during aortic cross-clamping as compared to the clonidine
group. Control group values have significantly increased at
aortic cross-clamping completion, but were significantly de-
creased after aortic unclamping. Values have significantly
decreased in the clonidine group during and after aortic
cross-clamping (Figure 2). Cardiacindex values were signifi-
cantly higher in the control group as compared to the
clonidine group (Figure 3).
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Figure 1 - Heart Rate (HR). Mean and Standard Deviation of Values
Observed in Groups and Moments
#p <0.05:
G Control > G Clon in Ao10, Ao25, DAo10 and DA025
*p <0.05:
G Control: (C = Ao10 = Ao25) > DA0o10 > DA025
G Clon: C > (Ao10 = Ao25) > DA010 > DA025
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Mean blood pressure increase in the control group during
aortic cross-clamping was followed by a significantincrease
inright atrium, pulmonary artery and pulmonary wedge pres-
sures, cardiac, systolic and left and right ventricles systolic
work indices. In the clonidine group, right atrium and pulmo-
nary wedge pressure, systolic and left ventricle systolic work

150 1 *
S 120 -
§ * *
o
%% 90 A
o E # # *
S g *
m~— 60 1 *
C
3
> 30 A
0 T T T T 1
Control Ao10 Ao25 DAo010 DAo025
1 ] 1 ]
! Cross-clamping ! Unclamping
Moments
=—4&— Control G =~ cClonG

Figure 2 - Mean Blood Pressure (MBP). Mean and Standard Devia-
tion of Values Observed in Groups and Moments
#p <0.05:
In Ao10 and Ao25: G Control > G Clon
*p <0.05:
G Control: Ao25 > (C = Ao10) > (DA010 = DA025)
G Clon: (C = Ao25) > (Ao10 = DA010 = DA025)
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Figure 3 - Cardiac Index (Cl). Mean and Standard Deviation of Va-
lues Observed in Groups and Moments
#p <0.05:
G Control> G Clon in Ao25
*p <0.05:
G Control: (C = DA010 = DA025) < Ao10 < Ao25
G Clon: (C = Ao10 = Ao25) > (DA0o10 = DA025)
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indices were significantly increased during aortic
cross-clamping, while pulmonary artery pressure and car-
diac index were not significantly changed (Table I).

After aortic unclamping, most hemodynamic attributes
which had increased during aortic cross-clamping were
significantly decreased. So, in the control group, pulmo-
nary artery and pulmonary wedge pressure values, as well
as cardiac and left ventricle systolic work indices, have re-
turned to close to baseline values. Other attributes in this
group have remained significantly high, such as right
atrium pressure and systolic index. There have been no
significant changes in systemic vascular resistance, simi-
lar to what had happened during aortic cross-clamping.
Pulmonary vascular resistance, which had decreased
during aortic cross-clamping, has returned to close to
baseline values. There has been a significant decrease in
cardiac index and left ventricle systolic work in the
clonidine group. On the other hand, some attributes have
remained significantly high, such as right atrium and pul-
monary wedge pressures, and systolic index, while pulmo-
naryvascularresistance, whichhad decreased during aor-
tic cross-clamping, hasincreasedtolevels similarto base-
line. Remaining attributes in this group were not signifi-
cantly changed as compared to baseline values. Right
atrium and pulmonary wedge pressures were significantly
lower in the control group as compared to the clonidine
group (Table | and Figure 3).

DISCUSSION

Arterial hypertension is always the most common response
during aortic cross-clamping and is followed by filling pres-
sure increase >”'%. In our study, blood pressure increase in
the control group was mild (20%), butin expectedlevels when
aortic cross-clamping is performed *7'°, followed by in-
crease in right atrium, pulmonary artery and pulmonary
wedge pressures, cardiac and systolicindices, and rightand
left ventricle systolic work.

Several authors have observed filling pressure increase
during aortic cross-clamping "'*'® while others have not ob-
served such changes 8,

In our study, hemodynamic response during aortic
cross-clamping may be explained by blood volume redistri-
bution. So, the authors " have observed that there is a pas-
sive venous retreat distal to the cross-clamping andincrease
in catecholamine release, such as epinephrine and
norepinephrine, in addition to angiotensin, which determine
vasoconstriction both proximal and distal to the cross-
clamping, decreasing the capacitance system. As a conse-
quence, there is blood volume displacement proximal to the
cross-clamping, significantly impairing venous return de-
pending on the cross-clamping being supra orinfra-celiac. In
the supra-celiac cross-clamping, there is always venous re-
turnincrease because blood volume displacement is toward
muscles proximal to the cross-clamping, to lungs and brain.
In the infra-celiac cross-clamping there is blood volume dis-
placementtoward splancnic organs or othertissues proximal
to the cross-clamping. If venous tone is decreased, there is
decreasedvenousreturn, butifitisincreased, there willbein-

Table | - Mean Right Atrium Pressure (DBP), Mean Pulmonary Artery Pressure (PAP), Pulmonary Wedge Pressure (PWP),
Systolic Index (Sl), Systemic Vascular Resistance Index (SVRI), Pulmonary Vascular Resistance Index (PVRI), Right
Ventricle Systolic Work Index (RVSWI) and Left Ventricle Systolic Work Index (LVSWI) Obtained in Studied Groups

and Moments (Mean £ SD)

Moments
Attributes Groups Control Ao10 Ao25 DAo10 DA025
DBP (mmHg) & Gom® 07112 Torit 10110 205 128 10110
PAP (mmHg) § Gontrol XYeY PPy aisz 121526 128528
PWP (mmHg) g ol 20517 Seiie 381% 35 1t S4iie
sewert QTN BRE BIBT O GIEF BNEE BN
SR@mesntt QST IMEITS  ERIET EIR MR R
rRepesenty QST IEI® gm0
wewmemeny QST AR BT B W e
wememam) GG WS BUMY WSS @0 ga

# significant difference among moments within groups (p < 0.05)

* significant as compared to control moment of the same group (p < 0.05)
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creasedvenousreturn. Asaconsequence, blood distribution
between splancnic and non-splancnic vessels will determine
preload changes.

On the other hand, several authors attribute as major cause
for mean blood pressure increase during aortic cross-
clamping the sudden increase in aortic flow impedance with
afterload increase, very often followed by cardiac index de-
crease *”®_ In our study, systemic vascular resistance was
not significantly changed in both groups during aortic
cross-clamping, while pulmonary vascular resistance was
significantly decreased in both groups.

In addition to aortic cross-clamping level, which is the most
important factor for hemodynamic changes 7, blood volume
orsplancnicvasculartone changes determined by hydration,
anesthetic status or by vasoactive drugs may change both
blood volume redistribution and venous return. On the other
hand, cardiac diseases may change normal adaptative re-
sponse of the heart to aortic occlusion, that is, left ventricle
compensatory dilation, increased myocardial contractility by
Franck Starting mechanism and compensatory coronary
blood flowincrease. Ifthe patienthas coronary disease asso-
ciated to limited left ventricular compliance, there might be
exaggerated blood pressure increase, increase in ventricu-
lar systolic and diastolic end volumes, ejection fraction de-
crease and pulmonary artery pressure increase even during
more distal cross-clamping, such as infrarenal aortic
cross-clamping °.

Clonidine actionsonthe cardiovascularsystemseemtohave
been decisive to attenuate hemodynamic changes during
aortic cross-clamping.

Clonidine, an a,-adrenergic, in activating post-synaptic soli-
tary tract nucleus and brain stem locus coeruleus a,-recep-
tors, decreases sympathetic efflux and circulating catechol-
amines """'*  with nervous parasympathetic activity
potentiation, thus inducing heartrate and blood pressure de-
crease'”. In peripheral nervous terminations, clonidine inhibits
norepinephrine exocytosis, determining vasodilation and
cardiac chronotropism decrease. These actions partially ex-
plain hypotension and bradycardia induced by such recep-
tors. There are also evidences that hypotensive effects of
ap-agonists are increased by peripheral inhibition of ganglial
transmission determined by such drugs '®.

In spite of evidences relating a.,-adrenergic receptors activa-
tion to arterial hypotension and bradycardia caused by these
receptors’ agonists, one cannot exclude the participation of
imidazoline |, receptors located in the reticular nucleus
which, when activated by clonidine, which is an imidazoline
derivative, may determine bradycardia and arterial
hypotension '°.

So, clonidine-related arterial hypotension and bradycardia
were important in determining mean blood pressure de-
crease (10% to 20%) and heart rate decrease (60%) during
aortic cross-clamping. These actions prevented cardiac in-
dex to increase during aortic cross-clamping because there
has been significant systolicindexincrease. Filling pressure
increase during cross-clamping seems to have been also at-
tenuated by clonidine because there has been no significant
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increase in pulmonary artery pressure and in right ventricle
systolic work, although there has been an increase in right
atrium and pulmonary wedge pressures.

Increased catecholamines partially explain the increase in
systemic vascular resistance and blood pressure which may
occur after aortic cross-clamping 20, However, the reasons
for sympathetic discharge during cross-clamping and un-
clamping are complex and multifactorial and in general are
caused by reflex mechanisms following hypertension and
aortic distension or arterial hypotension >.
Renin-angiontensin system’s activity is increased during
aortic cross-clamping and this has been observed both in
dogs ' and men ?2. Renin activity increase during supra-re-
nal cross-clampingis aconsequence ofthe decreaseinrenal
efferent arterioles perfusion pressure. However, the reason
for increased renin during infra-renal cross-clamping is not
perfectly determined.

Pharmacological interventions to control blood pressure in-
crease are commonly indicated during aortic surgery. Since
the reasons for blood pressure increase during aortic
cross-clamping are multifactorial, several vasoactive drugs,
representative of differentiated pharmacological principles,
have been used to attenuate hemodynamic responses. So,
vasodilators, such as sodium nitropruside ®, phospho-
diesterase Ill inhibitors ®, calcium channel blockers ??, angio-
tensin converting enzyme inhibitors and -blockers, such as
esmolol », have been used.

Clonidine, even when orally administered as preanesthetic
medication, seems to attenuate catecholamine, renin and
vasopressinrelease, aswellasblood pressureand heartrate
increase during infra-renal aortic cross-clamping "2,

So, clonidine and more specific ay-agonists, such as
dexmedetomidine, have been studied in surgeries causing
major catecholaminerelease, such as cardiacand aortic sur-
geries, or in patients with history of myocardial ischemia
12,2425 - Authors have been unanimous in reporting
catecholamine levels decrease or even suppression with the
use of such drugs during surgery and in the immediate post-
operative period, with decreased pharmacological interven-
tions, lower incidence of tachycardia, arterial hypertension
and shivering, although there might be a higher need for
volume expansion. Ithastobe furtherhighlighted that, inthe
coronary circulation, ap-receptors stimulation determines
vasodilation, probably caused by nitricoxide oradenosine re-
lease in the endothelium of coronary arteries %,

In summary, in our experimental model, aortic infra-renal
cross-clamping in the control group was characterized by
filling pressureincrease, thatis, preload, probably for deter-
mining blood volume redistribution, which has contributed to
blood pressure and cardiac and systolic index increase. On
the other hand, systemic vascular resistance has not signifi-
cantly changed, while pulmonary vascular resistance has
significantly decreased. So, the hemodynamic behavior was
different from other experimental models where blood pres-
sureincrease during aortic cross-clamping was primarily due
tosystemicvascularresistanceincrease, thatis, afterload. In
our model, clonidine cardiovascular actions have prevented
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blood pressure and heart rate increase, but have almost not
interfered on systemic vascular resistance because it was
notchangedinourproposed model. Clonidine-induced heart
rate decrease may be important for coronary disease pa-
tients.

Major hemodynamic changes during aortic unclamping are
hypotension and systemic vascularresistance decrease, de-
termined both mechanically by aortic unclamping, and by
most vasodilating mediators activity, such as oxygen free
radicals, prostaglandins, endotoxins, cytokines and
myocardium depressing factor,amongothers, which are pro-
duced during aortic cross-clamping and released to circula-
tionafterdistal perfusionrecovery,inadditiontothe presence
of hypoxia oreven anoxiain the ischemic territory, which may
cause vascular smooth muscles relaxation °.

So, a volume retention mechanism in vessels distal to aortic
cross-clamping, associated to blood flow increase to this re-
gion, arereasons forvenous return, cardiac outputand blood
pressure decrease after aortic unclamping. Thatis why ade-
quate volume replacement is needed to prevent such
changes. In our study, where major volume expansion was
achieved in dogs, certainly minor hemodynamic changes
seenafteraorticunclamping should be credited to this factor.
Hemodynamic behavior was similar in both groups after aor-
ticinfra-renalunclamping, although with some significant dif-
ferences between groups. Heartrate was always lower in the
clonidine group, while right atrium and pulmonary wedge
pressures were significantly higher, indicating that filling
pressures were maintained in this group. Certainly thiswas a
very important factor to maintain mean blood pressure in the
clonidine group during aortic unclamping, in spite of the
known hypotensive action of such drug.

In conclusion, in dogs and in our experimental conditions,
continuous intravenous clonidine was able to attenuate car-
diovascular changes caused by infra-renal aortic cross-
clamping.
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RESUMEN

Achoba RV, Vane LA, Braz JRC - Efectos de la Clonidina en las
Respuestas Cardiovasculares al Pinzamiento Adrtico Infra-Re-
nal. Estudio Experimental en el Can

JUSTIFICATIVA Y OBJETIVOS: E| pinzamiento adrtico in-
fra-renal puede determinar alteraciones cardiovasculares. La
clonidina, un a.,-agonista, determina bradicardia y diminucién
de la presion arterial. El objetivo del estudio fue evaluar los
efectos de la clonidina sobre la funcién cardiovascular, en
canes sometidos a pinzamiento adrtico infra-renal.

METODO: El estudio aleatorio fue realizado en 16 canes,
distribuidos en dos grupos: G Control - sin la utilizacion de
clonidinay G Clon - clonidina, en la dosis inicial de 5 ug.kg™', por
via venosa, inmediatamente antes del pinzamiento aértico in-
fra-renal, sequido de 2 ug.min'.m? hasta el final del estudio. En
todos los animales fue realizada ligadura infra-renal de la aorta,
por 45 minutos. Los atributos hemodinamicos fueron
estudiados en los momentos C (control), después 10 (Ao10) y
25 (Ao25) minutos del pinzamiento aodrtico, y después 10
(DA0o10) y 25 (DA025) minutos del despinzamiento adrtico.
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RESULTADOS: Durante el pinzamiento adrtico, hubo
diferencia significante entre los grupos, en relacion a la
frecuencia cardiaca, presion arterial media e indice cardiaco
(G Control > G Clon). Después del despinzamiento adrtico
hubo diferencia significante entre los grupos, en relacién a la
frecuencia cardiaca (G Control > G Clon) y presiones del atrio
derecho y de la arteria pulmonar ocluida (G Clon > G Control).
Durante el pinzamiento aortico, hubo en los dos grupos,
aumento significante de las presiones del atrio derecho y
arteria pulmonar ocluida, de los indices sistdlico y del trabajo
sistolico del ventriculo izquierdo, y diminucién del indice de
resistencia vascular pulmonar. En el grupo control hubo
aumento significante de las presiones arterial media y de la
arteria pulmonar, y de los indices cardiaco y del trabajo
sistolico del ventriculo derecho. En el grupo clonidina, hubo
diminucién significante de la frecuencia cardiaca. Después del
despinzamiento aortico, hubo en los dos grupos: diminucion
significante de la frecuencia cardiaca y presion arterial media,
en cuanto los valores de las presiones del atrio derecho e
indice sistélico continuaron elevados. En el grupo control, los
valores del indice de trabajo sistélico del ventriculo derecho
continuaron elevados en cuanto los valores del indice cardiaco
retornaron a valores préoximos a los del control. En el grupo
clonidina, los valores de las presiones del atrio derecho y de la
arteria pulmonar ocluida, y el indice sistélico, continuaron
significantemente elevados.

CONCLUSIONES: En el can, en las condiciones
experimentales empleadas, la administracién venosa continua
de clonidina atentia las respuestas cardiovasculares
decorrentes del pinzamiento aértico infra-renal.
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