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RESUMO

Amorim RB, Braz JRC, Castiglia YMM, Vianna PTG, Médolo
NSP - Efeitos da Efedrina sobre as Fungdes Cardiovascular e
Renal de Caes sob Anestesia com Pentobarbital Sédico

Justificativa e Objetivos - Com a perspectiva criada por
algumas pesquisas de agbes diferenciadas da efedrina sobre a
fungdo renal, dependendo da dose utilizada, e
considerando-se as controvérsias ainda existentes a respeito
dos seus efeitos sobre a fungao renal, esta pesquisa experi-
mental tem como objetivo verificar se doses diferentes de
efedrina determinam efeitos hemodindmicos e renais
diferenciados.

Método - Em 32 cédes anestesiados com pentobarbital sédico
(PS), submetidos a preparacdo cirurgica, cateterismo,
monitorizagdo, expansdo do volume do fluido extracelular e
respiragdo controlada, foi estudada a hemodinamica cardio-
vascular e renal e a fungéo renal. Os cdes foram distribuidos
aleatoriamente em quatro grupos: G controle (n = 8), com os
cdes permanecendo apenas sob o efeito do PS, G ef. 2 ug (n =
8), Gef. 10 ug (n =8) e G ef. 100 ug (n = 8), com os caes
recebendo efedrina nas doses respectivas de 2, 10 e 100
ug.kg'.min”". Os atributos cardiovasculares e renais foram
estudados em 5 momentos: controle (M1 e M2), durante a
infusdo de efedrina (M3 e M4) e apds a suspenséo da infuséo
de efedrina (M5).

Resultados - Nao houve diferenga significante entre os grupos
em relagdo aos atributos estudados. Em G ef. 2 ug houve
aumento significante de freqliéncia cardiaca, fluxo sangtiineo
aortico, débito urinario e excregao fracionaria de sédio. Em G
ef. 10 ug houve aumento apenas da freqliéncia cardiaca e
fragdo de filtragao, enquanto em G ef. 100 ug ocorreu aumento
de freqliéncia cardiaca, pressdo arterial média, pressdo
venosa central, fluxo sanglineo aortico e hematocrito; por
outro lado, ocorreu diminuigdo dos fluxos plasmatico e
sangliineo renais e aumento da resisténcia vascular renal.
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Conclusées - A efedrina, dependendo da dose utilizada,
apresenta agbes hemodindmicas e renais diferenciadas.

UNITERMOS - ANIMAL: cdo; DROGAS: efedrina; HIPNOTICOS:
pentobarbital; RIM: fungéo

SUMMARY

Amorim RB, Braz JRC, Castiglia YMM, Vianna PTG, Modolo
NSP - Effects of Ephedrine on Cardiovascular and Renal Func-
tion of Dogs Anesthetized with Sodium Pentobarbital

Background and Objectives - Some studies have shown dif-
ferentiated dose-dependent effects of ephedrine on cardiovas-
cular and renal functions. This study aimed at verifying whether
different ephedrine doses determine differentiated
hemodynamic and renal effects.

Methods - Cardiovascular and renal hemodynamics and renal
function were evaluated in 32 dogs anesthetized with sodium
pentobarbital (SP) for surgical preparation, catheterization,
extracellular fluid volume expansion and mechanical ventila-
tion. Dogs were randomly distributed in four groups: G control
(n = 8), in which dogs remained only under the effect of SP;, G
ephedrine 2 ug (n = 8); G ephedrine 10 ug (n = 8); and G ephed-
rine 100 ug (n = 8), in which dogs received 2, 10, and 100
ug.kg”'.min”" ephedrine, respectively. Cardiovascular and re-
nal parameters were studied at control (M1 and M2), during
ephedrine infusion (M3 and M4) and after ephedrine infusion
withdrawal (M5).

Results - There were no significant differences among groups.
There has been a significant increase in heart rate, aortic blood
flow, urinary output and fractional sodium excretion in G ephed-
rine 2 ug. There has been a significant increase in heart rate
and filtration fraction in G ephedrine 10 ug while in G ephedrine
100 ug there has been a significantincrease in heart rate, mean
blood pressure, aortic blood flow, central venous pressure, re-
nal vascular resistance and hematocrit, and a significant de-
crease in renal plasma and blood flow.

Conclusions - Our study has shown that ephedrine has differ-
entiated dose-dependent hemodynamic and renal effects.
KEY WORDS - ANIMAL: dog; DRUGS: ephedrine; HYPNOTICS:
pentobarbital; KIDNEY: function

INTRODUGAO

efedrina € uma amina simpaticomimética nao catecola-

minérgica. Sua utilizagdo mais freqiiente, em Anestesio-
logia, tem sido no tratamento da hipotenséo arterial e da
bradicardia apds anestesia geral "% e bloqueio peridural ou
subaracnoideo, principalmente em Obstetricia 3, embora ul-
timamente tenham sido descritos efeitos deletérios da efe-
drina sobre o recém-nascido *.
A efedrina apresenta agdes agonistas direta e indireta sobre
osreceptores a e §, com predominio da agdoindireta, que de-
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termina aliberagédo de noradrenalina pré-sinaptica das termi-
nagbes nervosas periféricas para o liquido extracelular °.
Os efeitos hemodinamicos da efedrina sdo resultantes da
ativacado dos receptores adrenérgicos a1, 31 € 2, aumentan-
doodébitocardiaco e apressaoarterial, mas com efeitos va-
ridveis sobre a resisténcia vascular sistémica .

Em relagéo aos efeitos da efedrina sobre a fungéo renal, os
trabalhos de pesquisa tém sido em pequeno numero e
muitas vezes com resultados contraditorios. Varios autores
ndo observaram alteracdes da funcdo renal ®°, outros
observaram importante diminuicdo da fungdo renal 10
enquanto outros autores observaram melhora da funcao
renal apos o emprego de efedrina "2,

Ao se administrar a efedrina no pés-operatério imediato a
pacientes submetidos a cirurgia eletiva de aneurisma
aortico, em doses suficientes para manter a pressao arterial
20%acimadosvaloresbasais,ouseja,de2a6pg.kg‘1.min‘1,
apos a injecdo inicial de 5 mg por via venosa, os autores '?
observaram aumento significante da presséao arterial, da
freqliéncia cardiaca e do débito cardiaco, que se
acompanhou de aumento do fluxo plasmatico renal, do
débito urinario e da excregéo fracionaria de sédio. Quando
os autores aumentaram a dose de efedrina para 4 a 12
ug.kg'.min"', observaram as mesmas alteragdes
cardiovasculares anteriores, mas menores alteracdes
renais, com pequeno, mas significante, aumento do fluxo
plasmaticorenale daexcregaofracionariade sédio, semque
ocorresse alteragao do débito urinario. Segundo os autores,
os resultados obtidos em relagéo a fungao renal devem-se,
parcialmente, ao aumento da pressao de perfusdo, mas sem
que sejadescartadaapossibilidade de efeito adicional direto
vasodilatador renal de efedrina, semelhante ao da
dopamina.

Comaperspectivacriadapela pesquisaanterior12,deagc")es
diferenciadas da efedrina sobre afungaorenal, dependendo
dadose utilizada, e considerando-se as controvérsias ainda
existentes arespeito dos efeitos dessa droga sobre afungéo
renal, parece-nos oportuno o estudo dos efeitos de
administragao continua de efedrina em diferentes doses,
sobre a hemodinamica cardiovascular e a fungéo renal de
caes, utilizando-se como anestésicoo pentobarbital sédico.

)

METODO

Foram utilizados 32 caes adultos, machos, sem racga
definida, com peso entre 10 e 15 kg. Foram criados quatro
grupos de estudo, com duas fases experimentais. Na
primeira, foi feita indugdo anestésica com pentobarbital
sodico, instalagdo de ventilagdo mecanica, monitorizagao
da ventilagédo, oxigenagdo, hemodinamica e fungéo renal,
seguida de toracotomia esquerda para instalagéo de sonda
fluxométrica na aorta ascendente para medida do fluxo
sanguineo aortico. Na segunda fase, os animais foram
distribuidos aleatoriamente em quatro grupos
experimentais, de acordo com o emprego ou ndo de efedrina
em diferentes doses, como segue:

Revista Brasileira de Anestesiologia
Vol. 52, N° 4, Julho - Agosto, 2002

G controle (n=8): sem efedrina;

G ef 2 ug (n=8): efedrina na dose de 2 ug.kg™'.min™";

G ef 10 ug (n=8): efedrina na dose de 10 pg.kg™".min™";
G ef 100 pg (n=8):efedrina na dose de 100 pg.kg™".min™.

Sequéncia Experimental

Apés jejum alimentar de 14 horas, mas com livre acesso a
agua, os animais, ap6s indugdo anestésica com
pentobarbital sodico (30 mg.kg™), foram colocados em
goteira de Claude Bernard, realizando-se a seguir:

1. Intubacéo orotraqueal e instalagédo de ventilagéo
controlada a volume, empregando-se circuito sem
reinalagao, através do respirador mod. 674 do Apa-
relho de Anestesia K. Takaoka mod. 2.600 Nikkei
(Brasil). O volume corrente, através de fluxo de ga-
ses frescos com 3 L.min"" de are 2 L.min"" de O,, foi
padronizado em 20 ml.kg™ e a freqliéncia respirato-
riaem 10 a 12 mov.min™' para manter a press&o expi-
ratoria final de CO, (PerCO5) entre 30 a 35 mmHg;

2. Manutencao de temperatura ambiente entre 22 e 24
°C com auxilio de condicionamento de ar quente/frio;

3. Instalagao do biomotor AS3 da Datex-Ohmeda (Fin-
landia) para leitura e registro dos parametros ventila-
térios, hemodindmicos, de oxigenagédo e de
temperatura;

4. Instalacdo do eletrocardiégrafo de 3 canais (deriva-
¢ao D)), do captador da amostra de gases inspirados
e expirados junto a valvulaem Y do circuito respirato-
rio para analise da PerCO,, do sensor do oximetro de
pulso (SpO,) colocado na lingua do animal e do sen-
sor de temperatura colocado no esé6fago inferior;

5. Dissecgéao e cateterismo da veia femoral esquerda
para infusdo continua de solugdo de Ringer (18
ml.kg™".h™") durante 30 minutos e administragdo da
dose inicial do bloqueador neuromuscular cloreto de
alcurénio (0,2 mg.kg™"). Apés 30 minutos foi feito o
“prime” de solugéo de creatinina (3%) e para-amino-
hipurato de soédio (PAH) (0,4%), sendo utilizado 1
ml.kg'1 da solugédo. A seguir, colocou-se solugéo de
Ringer com PAH (0,08 g%) e creatinina (0,2 g%), ad-
ministrando-se por minuto, até o final do experimen-
to, 0,6 mg.kg™' de creatinina e 0,24 mg.kg™' de PAH,
através de bomba de infusao de dois canais;

6. Disseccao e cateterismo da artéria femoral direita
para medida da pressao arterial média;

7. Dissecgao e cateterismo da veia jugular externa es-
querda para medida da pressao venosa central, cole-
ta de sangue e reinjec¢des de pentobarbital sédico (10
mg.kg™') e alcurénio (0,06 mg.kg™') a cada 45 minutos;

8. Disseccgao e cateterismo da veia radial esquerda
para administracao continua de solugéo de glicose a
5% (0,1 ml.kg™.min™"), a qual continha ou n&o efedri-
na, de acordo com o grupo estudado, com controle
através do 2° canal da bomba de infuséo;
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9. Cateterismo vesical para coleta de urina e medida do
débito urinario;

10. Colocagédo do animal em decubito lateral direito.
Toracotomia no 4° espaco intercostal esquerdo e ins-
talacao de sonda fluxométrica na aorta ascendente
para medida do fluxo sanglineo aortico, através de
aparelho de fluxometria sangtinea;

11. Medida da distancia entre a extremidade do focinho
e o anus, pela superficie ventral, para determinagao
do comprimento do animal;

12. Periodo de estabilizagdo de 15 minutos;

13. Medida dos atributos e coleta de sangue e urinaem
dois momentos seguidos (M1 e M2);

14. Inicio da infusao de efedrina na solugao de glicose
nos grupos G2, G3 e G4;

15. Apds 15 minutos da infusdo de efedrina, medida
dos atributos e coleta de sangue e urina em dois mo-
mentos seguidos (M3 e M4);

16. Suspensao da infusdo de efedrina;

17. Ap6s 15 minutos da suspenséo da efedrina, medi-
da dos atributos e coleta de sangue e urina (M5);
18. Eutanasia do animal com injecdo venosa de forma-

lina a 40% (20 ml).

Atributos Estudados

Para atender as finalidades do experimento, os atributos
foram classificados em dois grupos.

1. Para controle da homogeneidade do experimento:
peso do animal (kg), superficie corporal (SC - m?),
volume corrente (ml.kg™), SpO; (%), PerCO, (MmHg)
e temperatura ambiente e retal (°C).

2. Para atender as finalidade de pesquisa - hemodi-
namicos: frequiéncia cardiaca (FC), pressao arterial
média (mmHg), indice cardiaco (IC), presséao ve-
nosa central (PVC), indice de resisténcia vascular
sistémica IRVS =PAM-PVC de fungéo renal: fluxo

IC

plasmatico renal (FPR) medido pela depuragédo de
PAH (Dpan), ritmo de filtracdo glomerular (RFG) me-
dido pela depuragéo de creatinina (Dg,), fluxo san-
gliineo renal (FSR = FPR / 1 - Ht), débito urinario
(DU), resisténcia vascular renal (RVR = PAM x 80 /
FSR.107%); excregao urinaria de sodio (EUna = DU x
Una), depuracéo de Na (Dna), excrecgéo fracionéaria de
sodio (EFna = Dna / DCr x 100), depuragcéo osmolar
(Dosm) € depuragédo de agua livre (Dy20 = DU - Dosm);
sanglineos: hematdcrito (Ht), sodio plasmatico
(Pna); osmolaridade plasmatica (Posm)-

Osdadosrelativos aos atributos foram obtidos nos seguintes
momentos: M1 e M2 - controles obtidos, respectivamente,
apoés 15 e 30 minutos do periodo de estabilizagdo hemodina-
mica e renal, M3 e M4 - obtidos, respectivamente, apés 15e
30minutosdoiniciodainfusdode efedrinae M5-obtido apos
15 minutos da suspenséo de infusdo de efedrina.

436

Analise Estatistica

Os dados obtidos foram submetidos a Analise de Perfil *°.
Para o peso e superficie corporal, utilizou-se ANOVA. As es-
tatisticas foram considerados significantes quando p <0,05,
onde p € o nivel de significAncia associado a estatistica cal-
culada.

RESULTADOS

Os grupos mostraram-se homogéneos em relacao aos atri-
butos de controle do experimento (p > 0,05).

Os resultados obtidos da hemodinamica e da fungao renal
sao vistos nas tabelas | e |l e figuras de 1 a 4.

W G controle
OGef 2ug
O Gef. 10 ug
@ G ef. 100 ug

FC (bat.min™)

M1 M2 M3 M4 M5
Momentos

Figura 1 - Freqiéncia Cardiaca (Média + DP)
* p < 0,05 em relagéo aos valores de controle (M1 e M2) no
mesmo grupo

-
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o
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N

o
L

B G controle
O Gef.2ug
O Gef 10 ug
@ Gef 100 pg

PAM (mmHg)
N
o

100 A

M1 M2 M3 M4 M5
Momentos

Figura 2 - Pressé&o Arterial Média (Média = DP)
* p < 0,05 em relagdo aos valores de controle (M2 e M1) no
mesmo grupo
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Tabela | - Valores do indice Cardiaco (IC), indice de Resisténcia Vascular Sistémica (IRVS), Pressdo Venosa Central (PVC)
e Hematocrito (Ht) nos Momentos dos Grupos Estudados (Média + DP)

Atributos Grupos Momentos Comentario
M1 M2 M3 M4 M5
Controle 22£1,2 23£1,2 2,2+1,1 21+1,1 2,1+1,1 NS
IC Ef. 2 ug 2,2£1,0 2,31,0 2,6+1,1 2,7 +1,1 24+10  (M1=M2=M5)<(M3=M4)
(L.min™.m?) Ef. 10 ug 1,9£0,9 19£0,9 21%08 2,209 22+0,9 NS
Ef. 100 pg 1,8+0,4 1,9+0,5 2,4+0,5 24+05 21406  (M1=M2)<M5<(M3=M4)
Controle 5200 2602 4762 + 2268 4310+ 2128 4361+ 2153 4554 + 2327 NS
IRVS Ef. 2 ug 4076 + 2051 4046 + 2226 3575 + 1592 3467 + 1517 3626 + 1448 NS
(dina.s.cm®m?) Ef. 10 ug 6070 + 4728 5416 + 2967 4522 + 2329 4512 £2344 4770 +2735 NS
Ef. 100 ug 4839 + 1510 4417 + 1364 4245 + 766 4178 + 953 5059 + 2758 NS
Controle 49+16 50+1,5 49+14 49+1,3 51+12 NS
PVC Ef. 2 ug 48+1,9 47+1,6 52+16 52+16 52+12 NS
(mmHg) Ef. 10 g 4,0+2,1 43+22 46+24 46+25 48+28 NS
Ef. 100 ug 5,220 5,6 +2,2 6,222 6,4+22 6,3+23  (M1=M2)<(M3=M4=M5)
Controle 3127 329 316 3216 306 NS
Ht Ef. 2 ug 27+6 265 265 26+5 26+8 NS
(%) Ef. 10 pg 33+6 33+7 34+9 34+8 337 NS
Ef. 100 ug 31+2 31+2 37+3 38+3 38+4 (M1=M2)<(M3=M4=M5)

Nao houve diferenga significante entre os grupos (p > 0,05)

Tabela Il - Valores do Fluxo Sangiiineo Renal (FSR), Ritmo de Filtragdo Glomerular (RFG), Frag&o de Filtragéo (FF), Débito
Urinario (DU), Depuragédo Osmolar (Dosm), Depuragéo de Agua Livre (Duzo) € Excregéo Fracionaria de Sodio (EFya)
nos Momentos dos Grupos Estudados (Média + DP)

Atributos Grupos Momentos Comentario
M1 M2 M3 M4 M5
Controle 18 £ 10 22+ 14 23 + 21 18 £ 10 18 + 11 NS
FSR Ef. 2 ug 14 + 11 1+6 1246 18 £ 10 16 + 10 NS
(ml.min"kg™")  Ef. 10 g 24120 2215 1549 1810 14 + 11 NS
Ef. 100 pg 24 + 21 25+ 22 18 + 11 15 + 10 1M1+7 (M1=M2)>M3>M4>M5
Controle 512 5+3 514 311 3+1 NS
RFG Ef. 2 ug 342 31 341 342 342 NS
(mi.min"kg")  Ef. 10 g 4+3 412 5:3 412 5+3 NS
Ef. 100 pg 4+2 341 4+2 4+2 4+2 NS
Controle 0,5+0,3 0,4+0,2 0,4+0,3 0,3+0,2 0,3+0,2 NS
Ef. 2 ug 0,4+0,3 0,607 04+04 04+04 0,4 +0,5 NS
FF Ef. 10 ug 0,4+0,3 0,403 0,7£1,0 04+0,3 0,907 (M1=M2=M4)<M3<M5
Ef. 100 ug 0,4 +0,3 0,5+0,7 04+0,3 0,6+0,7 0,8 +0,9 NS
Controle 0,09 + 0,04 0,12 + 0,06 0,15+ 0,10 0,12 £0,07 0,11+ 0,08 NS
DU Ef. 2 ug 0,05 0,03 0,08 + 0,04 0,14 + 0,17 0,14 + 0,11 0,160,145  (M1=M2)<(M3=M4=M5)
(ml.min" kg™) Ef. 10 ug 0,14 0,15 0,18 £ 0,14 0,17 £0,15 0,22+0,18 0,20+0,18 NS
Ef. 100 pg 0,08 + 0,04 0,11 + 0,05 0,18 + 0,13 0,14 +0,12 0,13 + 0,09 NS
Controle 29+1,6 31+1,9 43+35 2,8+20 19412 NS
Dosm Ef. 2 ug 2,0£2.2 20£22 28+1,9 3215 29+18 NS
(ml.min™) Ef. 10 ug 22422 21+1,6 2,3+2,1 3,532 46+7.2 NS
Ef. 100 g 2,1+0,8 2,3+0,6 2,5+0,9 1,8+1,2 1,4+0,6 NS
Controle 1,711 1715 26+26 1,3+12 -0,6+0,4 M3<(M1=M2)<M4<M5
Do Ef. 2 ug 1,419 1,4+20 -1,3+0,7 1,6+12 1,1+16 NS
(ml.min™) Ef. 10 ug 0,606 -0,01£0,8 04+14 -1,1£23 -2,3+6,1 NS
Ef. 100 ug -1,1£0,5 -1,1£0,5 -0,5+0,9 -0,2+1,0 0,03+0,5 NS
Controle 1,9+£1,6 29+1,3 33£26 30£2,0 25+22 NS
EFn. Ef. 2 ug 1,8+1,6 23£22 7,5+£10,0 78+83 9,6 +14,3 (M1=M2)<(M3=M4=M5)
(%) Ef. 10 ug 24+13 3328 2716 33%25 26+22 NS
Ef. 100 pg 3,427 46+27 44+30 27+13 1,9+11 NS

Nao houve diferenga significante entre os grupos (p > 0,05)
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35 1

§ 30 4
e 251 B G controle
E 20 O Gef 2 g
E’ 15 * 0O Gef. 10 ug
< 10 * N @ Gef. 100 ug

54

0

M1 M2 M3 M4 M5
Momentos

Figura 3 - Depuracéo de Para-Aminohipurato de Sédio (Média + DP)
* p < 0,05 em relagédo aos valores de controle (M1 e M2) no
mesmo grupo

7
6
£ 5
% m G controle
o 4 o Gef. 2 ug
E 3 O Gef. 10 ug
E 2 m G ef. 100 pg
x
7 1

0

M1 M2 M3 M4 M5
Momentos

Figura 4 - Resisténcia Vascular Renal (Média + DP)
*p < 0,05: M1<M3<(M2=M4)<M5

Com a maior dose de efedrina (100 ug.kg™".min™") houve au-
mento dos valores da freqiiéncia cardiaca (Figura 1), pres-
sao arterial média (Figura 2), pressao venosa central, do in-
dice cardiaco e hematdcrito, sem que ocorresse alteragao
significante do indice de resisténcia vascular sistémica (Ta-
bela I). Com a dose intermediaria (10 pug.kg™.min™"), houve
aumento significante apenas dafrequéncia cardiaca, o mes-
mo ocorrendo com a menor dose da droga (2 ug.kg™.min™"),
que determinou também aumento significante do indice car-
diaco (Tabelal). Emrelacéo ao aparelho renal, a maior dose
daefedrinaaumentouaresisténciavascularrenal (Figura4),
com diminuig&o dos fluxos plasmaticos (Figura 3) e sangi-
neo renais (Tabela Il). Com a dose intermediaria da droga,
houve apenas alteragao significante da fragao de filtragao,
com aumento de seus valores, enquanto com a menor dose
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de efedrina, houve aumento significante do débito urinario e
da excrecgao fracionaria de sodio (Tabela Il).

DISCUSSAO

As menores doses de efedrina (2 e 10 ug.kg™”.min™") na pes-
quisaforamdeterminadasaposaleiturade dados daliteratu-
ra '2, em que foram utilizadas doses de 2 a 6 e de 4 a 12
pg.kg'1, para o estudo de fungdo hemodinamica e renal no
pos-operatorio de pacientes submetidos a cirurgia vascular
de grande porte. Adose de efedrina de 100 pg.kg'1.min’1 foi
escolhida por se aproximar das doses empregadas na prati-
caclinica, quando se utiliza bolusde 10 a20 mg porviaveno-
sa.

Sempre que serealiza estudo com aadministragdo continua
de efedrina, existe a possibilidade de ocorréncia da taquifila-
Xia, pois o seu mecanismo de agao indireto esta relacionado
aliberacaode noradrenalina nas terminagées nervosas, po-
dendo ocasionar deplegédo da mesma. No entanto, o tempo
de observacgdo com o uso da efedrina, no presente experi-
mento, foi pequeno (45 minutos), insuficiente para que ocor-
resse taquifilaxia. Também, durante o estudo, néo se perce-
beram, nos grupos estudados, evidéncias de ocorréncia da
mesma, como por exemplo, diminuigéo das alteragdes he-
modinamicas.

Os efeitos cardiovasculares da efedrina, resultantes da ati-
vacao dos receptores adrenérgicos 1, 2 € a1, ja sdo bem
conhecidos, tanto em animais de experimentagéo, como a
ovelhaeocio ', comonohomem '>'. Com a efedrina, em
pequenas doses, ou seja 2 e 10 ug.kg™.min™", houve acdo
pBi-adrenérgica importante, com predominio do efeito cro-
notropico sobre oinotrépico. Este, apesar de menosimpor-
tante,tambémdeveterocorrido, poisnaoseobservou, nes-
ses grupos, diminuicdo da pressao arterial média, como
ocorreu no grupo controle que recebeu apenas pentobarbi-
tal sédico. Provavelmente, aagaoinotropica da efedrinase
opOsaagaodepressorado miocardio que é tipica do pento-
barbital sédico '*"°.

Emrelagao ao pentobarbital sddico, seus efeitos hemodina-
micos cardiovasculares, caracterizados pelo aumento da
frequéncia cardiaca e diminuicdo da presséo arterial média,
como observamos na pesquisa, sédo considerados como de-
vidosaacaodepressoradoanestésicosobre o miocardiose-
guido de efeito reflexo taquicardizante pela ativagéo dos ba-
rorreceptores arteriais '°.

Com a maior dose de efedrina (100 pg.kg™"'.min™"), além do
efeitocronotrépico, houve importante efeitoinotrépico sobre
o miocardio, com aumento significante da presséo arterial
meédiaedoindice cardiaco. Poroutrolado, o aumento signifi-
cativo dos valores da pressao venosa central pode ser con-
sequenteaoaumentodonumerode célulasvermelhascircu-
lantes. Também, n&o se pode descartar que tenha ocorrido
importante acao alfa constritora do sistema de capacitancia,
que parece predominar sobre o sistemade resisténcia quan-
doseutilizaaefedrina'®'". Confirmando essapossibilidade,
nao houve alteragao do indice de resisténcia vascular sisté-
mica nos grupos em que se utilizou a efedrina. Provavelmen-
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te, a agdo a-adrenérgica de efedrina tenha levado a constri-
¢do do bago, com consequiente liberagéo de células verme-
Ihas para a corrente sanguinea, determinando aumento do
hematécrito 8.

O pentobarbital sédico apresenta pequenos efeitos, geral-
mente transitérios, sobre afungaorenal 19.Apenas setomou
ocuidadode ndoserealizaro estudodafuncaorenal nos pri-
meiros quinze minutos sequentes a administragdo dadroga,
pois nesse periodo podem ocorrer alteragdes importantes
da fungéo renal.

As primeiras pesquisas que estudaramaacgaodaefedrinana
funcéo renal do homem encontraram algumas alteragées.
Assim, observou-se,nohomem, que aefedrina,emdosesde
50a 75 mg por viamuscular, diminui o fluxo plasmatico renal
e nao altera o ritmo de filtragéo glomerular '°. Ja em pesqui-
sas seguintes, nao foram observadas alteragdes renais im-
portantes com o uso da efedrina, na dose de 35 a 75 mg por
viamuscularou35mg porviavenosa®, ouaindaemadminis-
tracdovenosacontinuade 2mg.min™' durante 30 minutos°.
Pesquisas posteriores observaram que a efedrina, ao con-
trario, pode melhorar a fungéo renal. Assim, verificou-se no
pos-operatoriode pacientes submetidos a cirurgias vascula-
res de grande porte, que a efedrina, na dose de 2 a 6
ug.kg™.min™', apos bolus inicial de 5 mg venoso, suficiente
para manter a presséo 20% acima dos valores basais, au-
mentaodébitocardiacoeelevaofluxoplasmaticorenal, orit-
mo de filtracdo glomerular e o débito urinario. Quando se au-
mentou a dose de efedrina para4 a 12 pg.kg'1.min'1, foi ob-
servado, apesardo aumento ainda maior da pressao arterial
edodébito cardiaco, que ocorreu pequeno aumento do fluxo
plasmatico renal, sem alteragdes do débito urinario e do rit-
mo de filtragdo glomerular. Ndo se observou alteragéo signi-
ficativa nas catecolaminas plasmaticas, mas houve diminui-
¢éo significativa da atividade da renina plasmatica, princi-
palmente com a menor dose de efedrina. Segundo os auto-
res, o aumento da fungao renal deveu-se ao aumento da
pressao de perfusdo, mas nao descartaram a possibilidade
deterocorrido efeito vasodilatador direto adicional da efedri-
na nas arteriolas aferentes e eferentes, semelhante ao da
dopamina '2.

Em cées anestesiados com pentobarbital sédico e sob blo-
queio peridural (T4 alLs), os autores verificaram que a efedri-
na, em infusdo continua de 2,5 pg.kg'1.min’1, normalizou a
pressao arterial e asresisténcias vascular sistémica erenal,
diminuidas apos a instalagao do bloqueio peridural; obser-
vou-setambém que o débito cardiaco e ofluxo sanglineore-
nal, medido por fluxometria eletromagnética, néo se altera-
ram apds o bloqueio e a administragado de efedrina. A fre-
guéncia cardiaca, que havia diminuido apds o bloqueio, au-
mentou com a efedrina, mas sem atingir os niveis iniciais do
controle. Ja o volume sistdlico, que aumentou em 50% apds
o bloqueio, normalizou-se apos a efedrina "'.

Certamente a pesquisa de Westman e col. (1988) ' foi a pri-
meira arelacionaros efeitos da efedrinanafungaorenalcom
a dose da droga e a primeira a admitir a possibilidade de a
mesma apresentar efeito vasodilatador renal direto, seme-
Ihante ao induzido pela dopamina, com aumento de fluxo
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sanguineorenal, débito cardiaco, débito urinario e excregéo
urinaria de so6dio, com diminuigdo daresisténcia vascularre-
nal . Ha que se considerar ainda que a efedrina apresenta
acdes dopaminérgicas centrais em animais de experimenta-
¢do 2", mas acéo dopaminérgica periférica da droga ainda
nao foi demonstrada.

Entretanto, osresultadosencontradosemnossaexperimen-
tacdonaoestdaodeacordocomumapossivelagaodotipodo-
paminérgico da efedrina nos rins. Assim, no grupo que rece-
beu a menor dose de efedrina, (2 pg.kg™.min™"), ndo houve
alteracao importante na hemodinamica renal, apesar de ter
ocorrido alteragao da fungao renal, com aumento do débito
urinario e daexcregaofracionariode sédio, comadepuragao
de sodio suplantando oritmo de filtragdo glomerular e provo-
candomaioreliminagdode sodio. Jacomdose intermediaria
deefedrina (10 ug.kg™'.min™"), houve apenas aumentodafra-
¢ao de filtragdo. Assim parece ter ocorrido efeito maior da
efedrina sobre a resisténcia das arteriolas eferentes, au-
mentando o tdnus das mesmas, pois o fluxo plasmatico re-
nal, medido peladepuracaode PAH, apresentoutendénciaa
diminuicao e oritmo de filtragdo glomerular, medido pela de-
puracéao de creatinina, nao se alterou. No entanto, no grupo
tratado com a maior dose de efedrina (100 pg.kg'1.min'1),
houve aumento da resisténcia vascular renal, com diminui-
caosignificante dosfluxos plasmaticoe sangiineorenais.
Assim, a efedrina, namenor dose, nao apresentou efeito va-
sodilatador renal, o mesmo acontecendo quando foi utiliza-
daem dose intermediaria, com a qual, pelo contrario, houve
evidéncias de efeito vasoconstritor renal, com aumento de
fracao de filtragdo. Ja na maior dose, a efedrina, apesar de
aumentar o indice cardiaco e a presséao arterial, apresentou
acdes na hemodinadmica renal semelhantes as relatadas
para as aminas com atividade a-constritora importante.
Apossibilidade de liberagdo de horménios vasoconstritores
renais, como a renina, com as maiores doses de efedrina,
deve sermenos considerada, pois o maior estimulo paraque
isto aconteca é a diminuicdo da pressao arterial, o que é jus-
tamente o oposto do que ocorreu. Também, ha que se consi-
derar que os autores obtiveram, apds a infusao de efedrina,
diminuicdo da atividade da renina plasmatica '%.

Nao pode ser descartada a possibilidade de que as altera-
¢des renais observadas com as menores doses de efedrina
tenham decorrido do aumento de pressdo de perfusdo, em
razdo do aumento do indice cardiaco e, portanto, do débito
cardiaco, com inibigdo conseqiiente do eixo hipotalamo-hi-
pofise-rins, ou da expanséo do volume extracelular.

Um efeito direto da efedrina na reabsorgédo de sédio néo
pode serexcluido 2.0 possivellocal de agao para adiminui-
¢ao da reabsorgao de sdédio ainda é controverso, mesmo
para drogas como a dopamina, que parece apresentar efei-
tos renais tubulares diretos, com diminui¢ao da reabsorgao
de sédio pelos tubulos renais proximais %°.

Acreditamos serem necessarias maiores investigagdes
para esclarecer eventual efeito dopaminérgico da efedrina,
assim como seu possivel local de agéo.

Em conclusao, a efedrina, dependendo da dose utilizada,
apresenta agdes hemodinamicas e renais diferenciadas.
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EFFECTS OF EPHEDRINE ON CARDIOVASCULAR AND RENAL FUNCTION OF
DOGS ANESTHETIZED WITH SODIUM PENTOBARBITAL

Effects of Ephedrine on Cardiovascular
and Renal Function of Dogs Anesthetized
with Sodium Pentobarbital

Rosa Beatriz Amorim, M.D., José Reinaldo Cerqueira Braz,
TSA, M.D., Yara Marcondes Machado Castiglia, TSA, M.D.,
Pedro Thadeu Galvao Vianna, TSA, M.D.; Norma Sueli Pi-
nheiro Moédolo, TSA, M.D.

INTRODUCTION

Ephedrine is a non catecholaminergic sympathicomimetic
amine. It has been widely used in anesthesiology to treat
hypotension and bradycardia after general anesthesia 12
andforepidural or spinal blockade, especially in obstetrics 3,
although there are recent reports on noxious ephedrine ef-
fects on neonates *.

Ephedrine acts directly and indirectly on « and 8 receptors,
with predominance of the indirect action, which determines
pre-synaptic norepinephrine release from peripheral ner-
vous stimulations to the extracellular fluid °. Ephedrine he-
modynamic effects are the result of a4, 81 and 3, adrenergic
receptorsactivation, whichincreases cardiacoutputandblo-
odpressure and has variable effects on systemicvascular re-
sistance ®”.

There are few and often contradictory studies on ephedrine ef-
fects onrenalfunction. Several authors have not observed re-
nal function changes 89 others have reported major renal
function decrease 10, while other authors have observed renal
function improvement after ephedrine administration ™12,
When administering ephedrine in the immediate postoperati-
ve period of elective aortic aneurysm surgery patients, in do-
ses enough to maintain blood pressure above 20% of baseli-
ne, thatis, 2to6 pg.kg’1.min’1, afteraninitial 5mgintravenous
injection, authors 2have observeda significantblood pressu-
re, heartrate and cardiac outputincrease, which was followed
by renal plasma flow, urinary output and sodium fractional ex-
cretion increase. When the authors increased the dose to 4 to
12 ug.kg™”.min™, there were the same cardiovascular chan-
ges, butlessrenal changes with minor, however significant, in-
crease in renal plasma flow and sodium fractional excretion,
without urinary output changes. According to the authors, re-
nal function results were partially due to perfusion pressurein-
crease, but without discarding an additional direct renal vaso-
dilating ephedrine effect, similar to dopamine.

Withthe perspective opened by the above mentioned study12
of differentiated dose-dependent ephedrine effects on renal
function, and considering the remaining controversies about
its effects on renal function, time had come to study the ef-
fects of ephedrine continuous infusion in different doses on
cardiovascular hemodynamics and renal function of dogs
anesthetized with sodium pentobarbital.

METHODS

Thirty-two adult, mixed-breed dogs, weighing 10 to 15 kg
were distributed in four study groups with two experimental
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phases. Inthefirst phase, anesthesiawasinduced with sodi-
um pentobarbital, mechanical ventilation was installed and
ventilation, oxygenation, hemodynamics and renal function
were monitored, followed by left thoracotomy for flowmetric
probe installation in the ascending aorta to measure aortic
blood flow. In the second phase, animals were randomly dis-
tributed in four experimental groups, according to the use or
not of ephedrine in different doses, as follows:

G control (n = 8): without ephedrine;

G eph 2 ug (n = 8): 2 ug.kg™.min"" ephedrine;

G eph 10 pg (n = 8): 10 ug.kg'.min"" ephedrine;

G eph 100 pg (n = 8): 100 pg.kg™".min"" ephedrine.

Experimental Sequence

Aftera 14-hourfasting, butwith free access to water, animals
were anesthetized with sodium pentobarbital (30 mg.kg™)
and placed in a Claude Bernard device. The following steps
were then performed:

1. Tracheal intubation and volume controlled ventilati-
on with a rebreathing system through a ventilator
mod. 674 of the K. Takaoka Anesthesia Machine
mod. 2600 Nikkey (Brazil). Tidal volume, through 3
L.min™" of air and 2 L.min™" O, fresh gases flow was
standardized in 20 ml.kg™' and respiratory rate in 10
to 12 mov.min™" to maintain CO, end expiratory pres-
sure (PerCO;) between 30 and 35 mmHg;

2. Room temperature was maintained between 22° and
24° C with a warm/cold air conditioning;

3. Installation of Datex-Ohmeda’s AS3 biomotor (Fin-
land) to read and record ventilatory, hemodynamic,
oxygenation and temperature parameters;

4. Installation of 3-channel ECG (D)), inspired and ex-
pired gases sample collector close to the Y valve of
the respiratory circuit for PerCO; analysis, pulse oxi-
metry (SpO;) in animals’ tongue and temperature
sensor in the lower esophagus;

5. Dissection and catheterization of left femoral vein for
lactated Ringer’s continuous infusion (18 ml.kg™"."")
for 30 minutes, and initial neuromuscular blocker (0.2
mg.kg™ alcuronium). After 30 minutes, creatinine
(83%) and sodium para-aminophurate (PAH) (0.4%)
priming dose was administered with 1 ml.kg™" of the
solution. Following, lactated Ringer’s solution with
PAH (0.08 g%) and creatinine (0.2%) was added, and
0.6 mg.kg™' creatinine and 0.24 mg.kg™" PAH through
2-channel infusion pump were administered per mi-
nute until experiment completion;

6. Dissection and catheterization of right femoral artery
for mean blood pressure readings;

7. Dissection and catheterization of left external jugular
vein for central venous pressure measurement, blo-
od collection and sodium pentobarbital (10 mg.kg™")
and alcuronium (0.06 mg.kg'1) reinjections at every
45 minutes;
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8. Dissection and catheterization of left radial vein for
continuous administration of 5% glucose (0.1
mI.kg'1.min'1), containing or not ephedrine, accor-
ding to the study group, and controlled by the second
infusion pump channel;

9. Vesical catheterization for urine collection and uri-
nary output measurement;

10. Animals’ placement in the right lateral position. Tho-
racotomy in the 4™ left intercostal space and installati-
on of a fluxometric probe in the ascending aorta to
measure aortic blood flow through blood fluxometry;

11. Measurement of the distance between the muzzle
and the anus, through the ventral surface, to determi-
ne animal’s length;

12. A 15-minute stabilization period;

13. Attributes measurement and blood and urine col-
lection in two consecutive moments (M1 and M2);
14. Beginning of ephedrine infusion in glucose solution

in G2, G3 and G4;

15. Attributes measurement and blood and urine col-
lection 15 minutes after ephedrine infusion in two
consecutive moments (M3 and M4);

16. Ephedrine withdrawal;

17. Attributes measurement and blood and urine col-
lection 15 minutes after ephedrine withdrawal (M5);

18. Animals’ euthanasia with intravenous 40% formalin
(20 ml).

Evaluated Attributes

To meet experimental goals, attributes were classified in two
groups.

1. To control experiment’s homogeneity: animals’ we-
ight (kg), body surface (BS - my;), tidal volume
(ml.kg™), SpO, (%), PerCO, (mmHg) and room and
rectal temperature (°C);

2. To meet experimental goals - hemodynamic: heart
rate (HR), mean blood pressure (MBP), cardiac in-
dex (Cl), central venous pressure (CVP), systemic
vascularresistance index (SVRI) SVRI=MBP - CVP

Cl
renal function: renal plasma flow (RPF) measured by
PAH clearance (Cpan), glomerular filtration rate
(GFR) measured by creatinine clearance (C,), renal
blood flow (RBF = RPF / 1 - Ht), urinary output (UO),
renal vascular resistance (RVR = MBP x 80 /
RBF.1 0'3), urine sodium excretion (UEn, = UO x Una),
Na clearance (Cya), sodium fractional excretion
(FENa = Dna / DCr x 100), osmolar clearance (Cosm)
and free water clearance (Cnz0 = UC - Coem); blood:
hematocrit (Ht), plasma sodium (Py.) and plasma os-
molarity (Posm)-

Data were obtained in the following moments: M1 and M2 -
controls, obtained 15and 30 minutes afterhemodynamicand
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renal stabilization, M3 and M4 - obtained 15 and 30 minutes
afterbeginning of ephedrine, respectively, and M5 - obtained
15 minutes after ephedrine withdrawal.

Statistical Analysis

Data were submitted to Profile Analysis '°. ANOVAwas used
for weight and body surface. Statistics were considered sig-
nificantwhen p <0.05, where pis the level of significance as-
sociated to calculated statistics.

RESULTS

Groups were homogeneous in experiment control attributes
(p > 0.05).

Hemodynamicandrenalfunctionresultsare shownintables|
and Il and figures 1 to 4.

W G control

O G eph. 2 ug
O G eph. 10 ug
@ G eph. 100 pg

HR (beat.min™)

M1 M2 M3 M4 M5
Moments

Figure 1 - Heart Rate (Mean + SD)
*p < 0.05 as compared to control values (M1 and M2) in the
same group

[=2]
o

N
o

B G control

O Geph.2ug

O Geph. 10 ug
B Geph. 100 ug

MBP (mmHg)
N
o

100 4

M1 M2 M3 M4 M5
Moments

Figure 2 - Mean Blood Pressure (Mean + SD)
*p < 0.05 as compared to control values (M2 and M1) in the
same group
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Table | - Cardiac Index (Cl), Systemic Vascular Resistance Index (SVRI), Central Venous Pressure (CVP) and Hematocrit

(Ht) in Studied Moments and Groups (Mean + SD)

Attributes Groups Moments Comments
M1 M2 M3 M4 M5
Control 22+12 23+1.2 22+1.1 2.1£1.1 21+1.1 NS
cl Eph. 2 ug 22+1.0 2.3%1.0 26+1.1 27+1.1 24+1.0  (M1=M2=M5)<(M3=M4)
(L.min™.m%) Eph. 10 ug 19209 19109 21+08 22+0.9 22+09 NS
Eph. 100 pg 1.8+04 1.9+0.5 24+05 24+05 21+0.6  (M1=M2)<M5<(M3=M4)
Control 5200 + 2602 4762 + 2268 4310 + 2128 4361+2153 4554 + 2327 NS
SVRI Eph. 2 pg 4076 £ 2051 4046 + 2226 3575 + 1592 3467 £ 1517 3626 + 1448 NS
(dina.s.cm”®.m?) Eph. 10 ug 6070 £4728 5416 + 2967 4522 + 2329 4512 +2344 4770 + 2735 NS
Eph. 100 ug 4839 + 1510 4417 + 1364 4245 + 766 4178 + 953 5059 + 2758 NS
Control 49+16 5015 49+1.4 49+13 51+1.2 NS
cVP Eph. 2 ug 48+1.9 47+1.6 52+1.6 52+16 52+12 NS
(mmHg) Eph. 10 ug 40+2.1 43422 46+24 46+25 48+28 NS
Eph. 100 ug 52+2.0 56+22 6.2+22 6.4+2.2 6.3+23  (M1=M2)<(M3=M4=M5)
Control 317 3249 3146 32+6 306 NS
Ht Eph. 2 ug 276 265 26+5 26+5 26+8 NS
(%) Eph. 10 ug 33:6 33x7 3419 34+8 337 NS
Eph. 100 pg 3122 3122 37+3 38+3 38 + 4 (M1=M2)<(M3=M4=M5)

There were no significant differences among groups (p > 0.05)

Table Il - Renal Blood Flow (RBF), Glomerular Filtration Rate (GFR), Filtration Fraction (FF), Urine Output (UO), Osmolar
Clearance (Cosm), Free Water Clearance (Cp20) and Sodium Fractional Excretion (FEy,) in Studied Moments and
Groups (Mean + SD)

Attributes Groups Moments Comments
M1 M2 M3 M4 M5

Control 18 £ 10 2214 23 21 18 £ 10 18 11 NS
RBF Eph. 2 ug 14 £ 11 1+6 126 18 £ 10 16 10 NS
(ml.min"kg")  Eph. 10 g 24 20 22+ 15 1549 18+ 10 14 £ 11 NS

Eph. 100 ug 24 + 21 25+ 22 18 + 11 15+ 10 1M1+7 (M1=M2)>M3>M4>M5

Control 5+2 5+3 5+4 31 3+1 NS
GFR Eph. 2 ug 32 31 31 32 342 NS
(ml.min"kg")  Eph. 10 ug 4+3 4+2 5%3 42 5+3 NS

Eph. 100 ug 42 31 4+2 4+2 42 NS

Control 05+0.3 0402 0403 0.3£02 0.3£0.2 NS

Eph. 2 ug 0403 06+07 04+04 04+04 04+05 NS
FF Eph. 10 ug 04+0.3 04+0.3 0.7+1.0 0.4+0.3 09+07 (M1=M2=M4)<M3<M5

Eph. 100 ug 0.4 +0.3 0.5+0.7 0.4+0.3 0.6+0.7 0.8+0.9 NS

Control 0.09 £ 0.04 0.12£0.06 0.15%0.10 0.12£0.07 0.11+0.08 NS
uo Eph. 2 ug 0.05 £ 0.03 0.08 £0.04 0.14£0.17 0.14£0.11 0.16+0.15  (M1=M2)<(M3=M4=M5)
(ml.min"kg")  Eph. 10 g 0.14 £0.15 0.18 £0.14 0.17 £0.15 0.22+0.18 0.20+0.18 NS

Eph. 100 ug _ 0.08 + 0.04 0.11 £ 0.05 0.18+0.13 0.14£0.12 0.13 + 0.09 NS

Control 29+16 3119 43+35 2820 19+£12 NS
Cosm Eph. 2 ug 20£22 2022 28+1.9 3215 29+1.8 NS
(ml.min™") Eph. 10 g 22+22 21+16 2.3+2.1 35+3.2 46+72 NS

Eph. 100 ug 21208 23+06 2.5+0.9 1.8+1.2 1.4+0.6 NS

Control 1.7 £1.1 1715 26+26 1312 0.6 0.4 M3<(M1=M2)<M4<M5
Chzo Eph. 2 ug 1.4+£19 -1.4+20 -1.3+07 1612 1.1+16 NS
(ml.min™") Eph. 10 ug -0.6+0.6 -0.010.8 04+14 1.1£23 2.3+6.1 NS

Eph.100pg  -1.1+05 -1.1£05 -0.5+0.9 0.2+1.0 0.03+0.5 NS

Control 19+1.6 29+13 3326 3020 25+22 NS
FEna Eph. 2 ug 18+1.6 2322 7.5+10.0 7.8+8.3 96+143  (M1=M2)<(M3=M4=M5)
(%) Eph. 10 ug 24+13 33+28 27+16 33%25 26%22 NS

Eph. 100 ug 3427 4627 4.4+3.0 27+1.3 1.9+ 1.1 NS

There were no significant differences among groups (p > 0.05)
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% 15 * O Geph. 10 ug
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E 10 . @ G eph. 100 pg
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M1 M2 M3 M4 M5

Moments

Figure 3 - Sodium Para-aminophurate Clearance (Mean + SD)
*p < 0.05 as compared to control values (M1 and M2) in the

same group
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Figure 4 - Renal Vascular Resistance (Mean * SD)
p < 0.05: M1<M3<(M2=M4)<M5

The highest ephedrine dose (100 pg.kg™".min™') has induced
increased heartrate (Figure 1), mean blood pressure (Figure
2), central venous pressure, cardiac index and hematocrit,
without significant changes in systemic vascular resistance
(Table 1). The intermediate dose (10 pg.kg™'.min™") has signi-
ficantly increased heartrate only, the same being true for the
lowest dose (2 ug.kg™.min™"), which has also determined a
significant cardiac index increase (Table I). The highest ep-
hedrine dose has increased renal vascular resistance (Figu-
re 4), with decreased renal plasma and blood flows (Figure 3
an Table Il). The intermediate dose has only significantly
changed filtration fraction by increasing its values, while the
lowest ephedrine dose has significantly increased urinary
output and sodium fractional excretion (Table II).

DISCUSSION

Lower ephedrine doses (2 and 10 pg.kg™".min™') were deter-
mined after reviewing the literature ?where2to6and4to 12
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ug.kg™" were used to study postoperative renal and hemody-
namic functionin patients submitted to major vascularproce-
dures. The highest dose of 100 ug.kg™'.min"" was chosen for
being closetothe dosesusedinpractice when10to 20 mgin-
travenous boluses are administered.

Whenever a study is performed with ephedrine continuous
infusion, there is the possibility of tachyphylaxis, because its
indirectaction mechanismis related to the release of norepi-
nephrine in nervous terminations which may deplete them.
However, the observation period with ephedrine in this study
was short (45 minutes) and not enough to produce
tachyphylaxis. Moreover, there were no evidences of
tachyphylaxis during our study, such as less hemodynamic
changes.

Ephedrine cardiovascular effects resulting from the activati-
on of B4, f2 and a1 adrenergic receptors are well known, both
in experimental animals, such as ewes and dogs 11, and in
man ' With low ephedrine doses, that is 2 and 10
pg.kg'1.min'1, there has been a major 4-adrenergic action,
with predominance of the chronotropic over the inotropic ef-
fect. Thelatter, although lessimportant, musthave also been
present, because no mean blood pressure decrease was
seen in these groups, as compared to control group, which
only received sodium pentobarbital. It is possible that ephe-
drine’s inotropic action opposed the myocardial depressing
action, typical of sodium pentobarbital 6.

Sodium pentobarbital’s hemodynamic cardiovascular ef-
fects, characterized by increased heart rate and decreased
mean blood pressure, as observed in our study, are conside-
red due to the anesthetic depressing action on the myocardi-
um, followed by a reflex tachycardic effect by arterial barore-
ceptors activation °.

With a higher ephedrine dose (100 pg.kg™'.min™"), there has
been a major myocardial inotropic effect with significant
mean blood pressure and cardiac indexincrease, in addition
to the chronotropic effect. Conversely, the significant central
venous pressure increase may be a consequence of the in-
creased number of circulating red blood cells. One cannot
discard an important alpha-constrictor action of the capaci-
tance system, which seems to predominate over the resis-
tance system when ephedrine is used """, Confirming this
possibility, there have been no changes in systemic vascular
resistance in the ephedrine groups. Ephedrine’s a-adrener-
gic action may have led to spleen constriction with a conse-
quentrelease of red blood cells to blood flow, determining an
increase in hematocrit '2.

Sodium pentobarbital has mild and in general transient ef-
fects on renal function . The only concern was not to study
renal function during the first 15 minutes after drug adminis-
trationbecause during this period there may be significantre-
nal function changes.

Thefirststudiesonephedrine actionoverhumanrenal functi-
on have found some changes. So, it has been seen in men
that 50 to 75 mg intramuscular ephedrine decreases renal
plasma flow and does not change glomerularfiltration rate °.
Otherstudies, however, have notobserved majorrenalchan-
ges with 35 to 75 mg intramuscular or 35 mg intravenous ep-
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hedrine , or even with continuous intravenous administrati-
on of 2 mg.min™" for 30 minutes °.

Subsequentstudies have found thatephedrine may evenim-
proverenalfunction. So, ithasbeenobservedinthe postope-
rative period of patients submitted to major vascular proce-
dures, that2to 6 ug.kg'1 .min"" ephedrine, afteraninitial 5 mg
intravenous bolus enough to maintain blood pressure 20%
above baseline, wouldincrease cardiac output, renal plasma
flow, glomerular filtration rate and urinary output. When the
dose was increased to 4 to 12 pg.kg™'.min™", in spite of an
even sharperincrease in blood pressure and cardiac output,
ithasbeenseenaminorincreaseinrenal plasmaflow without
urinary output and glomerular filtration rate changes. There
have been no significant plasma catecholamine changes,
but there has been a significant decrease in plasma rennin
activity, especially with the lowest ephedrine dose. Accor-
ding to the authors, the increase in renal function was due to
anincrease in perfusion pressure, but they have not discar-
ded the possibility of an additional direct vasodilating effect
of ephedrine on afferent and efferent arterioles, similar to
what has been observed with dopamine "2,

In dogs anesthetized with sodium pentobarbital and under
epidural block (T4 to Lj), authors have found that 2.5
ug.kg”.min"" ephedrine in continuous infusion has normali-
zed blood pressure and systemic and renal vascular resis-
tance, decreased after epidural block induction; it has also
beenobservedthatcardiacoutputandrenal blood flow, mea-
sured by electromagnetic fluxometry, were not changed after
blockade and ephedrine administration. Heart rate, decrea-
sed after the blockade, was increased with ephedrine, but
withoutreaching values above baseline. Systolic volume, in-
creased in 50% after blockade, was normalized after ephe-
drine M.

Westman etal. (1988) '?, were the first to relate ephedrine ef-
fectonrenalfunctiontoits dose, and thefirsttoadmitthe pos-
sibility of a direct renal effect of ephedrine, similar to that in-
duced by dopamine, with anincrease in renal blood flow, car-
diac output, urinary output and sodium urinary excretion and
a decrease in renal vascular resistance %°. It has also to be
considered thatephedrine has central dopaminergic actions
in experimental animals 2 butthe peripheral dopaminergic
action of the drug has not yet been shown.

Ourresults are not in agreement with a possible dopaminer-
gic action of ephedrine on the kidneys. So, the group recei-
ving the lowest ephedrine dose (2 pg.kg'1.min'1), has not
shown an important renal hemodynamic change, in spite of
renalfunction changes, withincreased urinary outputand so-
dium fractional excretion, and with sodium clearance overco-
ming glomerular filtration rate and causing more calcium ex-
cretion. With the intermediate ephedrine dose (10
pg.kg’1.min'1), there has been only an increase in filtration
fraction. It seems that there has been a higher ephedrine ef-
fect on efferent arterioles resistance, increasing their tone,
becauserenal plasma flow measured by PAH clearance, ten-
ded to decrease, and glomerular filtration rate, measured by
creatinine clearance, was not changed. However, in the
group treated with the highest ephedrine dose (100
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ug.kg'.min™"), there has been an increase in renal vascular
resistance, with a significantrenal plasma and blood flow de-
crease.

So, the lowest ephedrine dose has notinduced arenal vaso-
dilating effect, the same being true for the intermediate dose,
with which, onthe contrary, there were evidences ofrenal va-
soconstricting effects, with increased filtration fraction. With
the highest dose, ephedrine although increasing cardiac in-
dex and blood pressure, has acted on renal hemodynamics,
similarly to amines with important o constrictor activity.
The possibility of renal vasoconstrictor hormones release,
such as rennin, with higher ephedrine doses should be less
considered, because the major stimulation for such is blood
pressure decrease, which is exactly opposed to what has
happened. It is also to be considered that the authors have
observed plasmarennin activity decrease afterephedrine in-
fusion '2.

The possibility that renal changes with lower ephedrine do-
ses are aconsequence of perfusion pressureincrease dueto
heart index and cardiac output increase with a consequent
inhibition of the hypothalamus-hypophysis-kidney axis, or
extracellular volume expansion cannot be discarded.
Adirect ephedrine effect on sodium reabsorption should not
beruled out 2. The possible action site for decreased sodium
reabsorption is still controversial, even for drugs such as do-
pamine, which seem to have direct renal tubular effects with
decreased sodiumreabsorption by proximalrenaltubules .
We believe that further studies are necessary to explain pos-
sible ephedrine dopaminergic effects, as well as their possi-
ble action site.

In conclusion, depending on the dose, ephedrine has diffe-
rentiated renal hemodynamic effects.
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RESUMEN

Amorim RB, Braz JRC, Castiglia YMM, Vianna PTG, Médolo
NSP - Efectos de la Efedrina Sobre las Funciones Cardiovascu-
lary Renal de Perros bajo Anestesia con Pentobarbital Sédico

Justificativa y Objetivos - Con la perspectiva creada por
algunas pesquisas de acciones diferenciadas de la efedrina
sobre la funcién renal, dependiendo de la dosis utilizada, y
considerando las controversias aun existentes a respecto de
sus efectos sobre la funcioén renal, esta pesquisa experimental
tiene como objetivo verificar si dosis diferentes de efedrina
determinan efectos hemodinamicos y renales diferenciados.
Método - En 32 perros anestesiados con pentobarbital sédico
(PS), sometidos a preparacién quirurgica, cateterismo,
monitorizacién, expansién del volumen del fluido extracelular y
respiraciéon controlada, fue estudiada la hemodinamica cardio-
vascular y renal y la funcién renal. Los perros fueron
distribuidos aleatoriamente en cuatro grupos: G control (n=8),
conlos perros permaneciendo apenas sobre el efecto del PS, G
ef. 2 ug (n=8), G ef. 10 ug (n=8) y G ef. 100 ug (n=8), con los
perros recibiendo efedrina en las dosis respectivas de 2, 10 y
100 ug.kg'.min". Los atributos cardiovasculares y renales
fueron estudiados en 5 momentos: control (M1 y M2), durante
la infusion de efedrina (M3 y M4) y después la suspension de la
infusion de efedrina (M5).

Resultados - No hubo diferencia significante entre los grupos
en relacién a los atributos estudiados. En G ef. 2 ug hubo
aumento significante de frecuencia cardiaca, flujo sanguineo
aortico, débito urinario y excrecion fraccionaria de sodio. En G
ef. 10 ug hubo aumento apenas de la frecuencia cardiaca y
fraccion de filtracién, en cuanto en G ef. 100 ug ocurrio
aumento de frecuencia cardiaca, presion arterial media,
presion venosa central, flujo sanguineo adrtico y hematdécrito;
por otro lado, ocurrié diminucion de los flujos plasmatico y
sanguineo renales y aumento de la resistencia vascular renal.

Conclusiones - La efedrina, dependiendo de la dosis utilizada,
presenta acciones hemodinamicas y renales diferenciadas.
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