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RESUMO

Mathias LAST, Piccinini Filho L, Rittes JC, Souza FS, Pedro
JRP, Cirillo W, Vieira JE - Isoflurano em Emulsao Lipidica por
Via Venosa Promove Estabilidade Cardiovascular Respiratoria
em Modelo Experimental

JUSTIFICATIVA E OBJETIVOS: A administracdo venosa de
anestésico inalatério pode causar lesdo pulmonar. Halotano
em solugéo lipidica por via venosa promove anestesia com
estabilidade hemodinamica e respiratéria. Esta pesquisa
procurou estabelecer a dose de indugdo para emulsao lipidica
de isoflurano a 10% e observar as condig¢bes cardiovasculares
e respiratorias, em anestesia experimental.

METODO: Sete porcos machos foram selecionados. Os
animais receberam infusédo de propofol para as preparagées
cirargicas invasivas: dissecg¢do de artéria femoral e veia jugu-
lar, sensor de ecodopplercardiografia no esbéfago. Foram
registrados freqliéncia cardiaca (FC), eletrocardiograma
(ECG), presséao arterial sistdlica (PAS), diastolica (PAD), média
(PAM), venosa central (PVC), indice cardiaco (IC), débito
cardiaco (DC) e indice bispectral (BIS). As fragbes inspirada e
expirada dos gases respiratorios foram analisadas
continuamente. Iniciada infusdo da emulsédo lipidica de
isoflurano até o indice bispectral atingir valor de 40 + 5 (BIS40).
Os animais foram mantidos anestesiados e submetidos a
laparotomia exploradora para sutura gastrica.
RESULTADOS: O volume total infundido para atingir BIS40 foi
25,6 + 11,2 ml (2,56 ml de isoflurano). O tempo médio para
atingir BIS40 foi 15,6 = 6,9 minutos. Maior velocidade de
infusdo reduziu o tempo para os animais atingirem BIS40.
Condigbes cardiovasculares e respiratérias mostraram-se
estaveis durante a experimentagdo. A freqliéncia cardiaca
aumentou com a elevagéo da fragdo expirada do isoflurano.
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CONCLUSOES: A infusdo venosa do isoflurano em solucéo
emulsificada promoveu diminuicdo do indice bispectral,
estabilidades hemodindmica e respiratoria e correlagao direta
com sua fragdo expirada. O uso do isoflurano em emulséo
lipidica pode se constituir em modalidade segura de aplicagao
deste anestésico.

Unitermos: ANESTESIA, Geral, venosa; ANESTESICOS,
Volatil: isoflurano; ANIMAL: porco; FARMACOTECNICA:
emulséo lipidica

SUMMARY

Mathias LAST, Piccinini Filho L, Rittes JC, Souza FS, Pedro
JRP, Cirillo W, Vieira JE - Intravenous Isoflurane in Lipid Emul-
sion Promotes Cardiovascular and Respiratory Stability. Expe-
rimental Model

BACKGROUND AND OBJECTIVES: Intravenous infusion of
inhalation anesthetics may promote lung injury. Intravenous
halothane in lipid emulsion induces anesthesia with
hemodynamic and respiratory stability. This investigation
aimed at establishing the induction dose of isoflurane in 10%
lipid emulsion and at observing cardiovascular and respiratory
effects in experimental anesthesia.

METHODS: This study involved 7 male piglets. Animals re-
ceived intravenous propofol for invasive surgical preparations:
femoral artery and jugular vein dissection and esophageal
ecodopplercardiographic sensor. Heart rate (HR), electrocardi-
ography (ECG), systolic (SBP), diastolic (DBP), mean (MBP)
blood pressure and central venous pressure (CVP), cardiac in-
dex (Cl) and bispectral index (BIS) were recorded. Inspired and
expired gases fractions were continuously evaluated.
Isoflurane lipid emulsion was injected until bispectral index had
decreased to 40 + 5 (BIS40). Animals were kept anesthetized
and submitted to laparotomy for gastric suture.

RESULTS: Total volume to reach BIS40 was 25.6 + 11.2 mL
(2.56 mL isoflurane). Mean time to reach BIS40 was 15.6 + 6.9
minutes. The higher the infusion rate the shorter the time to
reach BIS40. Cardiovascular and respiratory conditions were
stable throughout the experiment. Heart rate has increased
with increased end tidal isoflurane.

CONCLUSIONS: Intravenous isoflurane in lipid emulsion has
promoted bispectral index decrease, hemodynamic and respi-
ratory stability and direct correlation with its expired fraction. In-
travenous isoflurane in lipid emulsion may be a safe modality
for this anesthetic delivery.

Key Words: ANESTHESIA, General: intravenous; ANES-

THETICS, Volatile: isoflurane; ANIMAL: piglet; PHARMACO-
TECHNIQUE: lipid emulsion

INTRODUGAO

entre as complicagdes inerentes ao uso de agentes ha-
logenados, a administragdo venosa inadvertida do
anestésico inalatorio liquido pode causar lesdo pulmonar
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direta, com quadro de insuficiéncia respiratéria aguda, des-
compensacao cardiovascular e morte 4 Experimentos em
animais com administragao venosa de halotano induziram
edema pulmonar difuso e hemorragia pulmonar multipla de-
corrente de lesao pulmonar vascular direta 56,

Apesar do quadro gravissimo, apés administracdo venosa
de agentes inalatérios, a hipétese do seu uso adicionado a
emulsdes lipidicas foi testada em modelo experimental e
mesmo em voluntarios humanos’. No entanto, a praticades-
sainfusdo ocasionavaflebite e, aexemplo de outros agentes
anestésicos venosos, como o diazepam, propofol ou etomi-
dato, a emulsao lipidica poderia reduzir tal evento adverso
sem repercussées farmacocinéticas ®°.

Posteriormente, Johannesson e col. investigaram, experi-
mentalmente, ouso do halotano dissolvido em solugao lipidi-
ca, porviavenosaeem infusdo continua, obtendo anestesia
com estabilidade hemodinamica e respiratoria e rapida re-
gressdo da anestesia, verificando, no entanto, alguns 6bitos
com injecdo em bolus .

Novos estudos experimentais com isoflurano e halotano
ememulséolipidicaporviavenosasugeriamapossibilida-
de de ser estatécnica uma alternativa a utilizagao inalaté-
ria. A estabilidade cardiovascular e as caracteristicas far-
macocinéticas indicavam perfil semelhante paraomesmo
agente utilizado porviavenosaouinalatdria. No entanto, o
uso da via venosa como alternativa para anestesia com
agentes inalatorios ndo encontrou, aparentemente, con-
senso na literatura '%7'°,

Assim, adespeito de aliteratura demonstrarresultados inte-
ressantes, o uso de solugdes emulsificadas de agentes
anestésicos inalatérios para infusdo venosa ainda permite
investigar aspectos com formulacao de solugbes lipidicas,
velocidade de infusdo e efeitos decorrentes da exposigao a
longo prazo. O desenvolvimento de solugbes emulsificadas
com tecnologia nacional pode permitir novas abordagens na
investigacdo em anestesia venosa.

O objetivo desta pesquisa foi estabelecer a dose de indugéo
paraemulsao lipidica de isofluranoa 10% e observar as con-
digbes cardiovasculares e respiratorias durante manuten-
¢ao da anestesia experimental.

METODO

Ap6s aprovacdo da Comisséo de Etica para experimentos
em animais da Faculdade de Ciéncias Médicas da Santa
Casa de Misericordia de Sao Paulo, 7 porcos machos, com
peso estimado em 20 kg, foram selecionados para o estudo
no laboratério da Unidade de Técnica Cirurgica do Departa-
mento de Cirurgia. Os animais foram mantidos em jejum de
12horas ereceberam midazolamnadosede 15mg, 30 minu-
tos antes do experimento, por viamuscular como medicagao
pré-anestésica.

Os animais foram posicionados em decubito dorsal horizon-
tal. Emseguida, foicateterizada veiana orelhacomdispositi-
vode polietilenode calibre n® 20 (Angiocath, Becton e Dickin-
son, Juizde Fora) e instalada monitorizagéo de eletrocardio-
grafia em duas derivagdes. Logo apds a monitorizagao, se-
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guiu-se adesnitrogenizagdo comoxigénioa 100% e indugao
anestésicarealizada com propofolemdosede5a6 mg.kg'1.
Aintubacéao orotraqueal foirealizada por meio de laringosco-
piadiretacomlaminaretaparavisualizagdode pregasvocais
e colocagao de sonda traqueal. Os animais foram mantidos
em respiragcdo por ventilagdo mecanica com aparelho de
anestesiaem sistemacircularfechado, combaixo fluxo, sen-
doventilados emnormocapniacom misturasinspiratériasde
oxigénio e 6xido nitroso a 50%. A seguir procedeu-se a colo-
cacgao do eletrodo de oximetria de pulso periférico na orelha,
doeletrododoindice bispectral (BIS)nafronte edosensorde
captacao da fragao expirada de gas carbénico (PerCO;) na
canula traqueal.

Os animais receberam infusdo continua de propofol nadose
de 100a 130 pg.kg'.min"" para as preparacées cirtrgicas in-
vasivas. Foramrealizadas adissecgao de artériafemoral, de
veia jugular e a colocagao de sensor de ecodopplercardio-
grafianoesbfago. Aartériafemoral foi cateterizada com son-
dadeLevinin®10 e aveiajugular cateterizada com dispositi-
vo de duplo limen pela técnica de Seldinger. Aseguir, os ca-
teteres e o sensor de ecodoppler foram acoplados aos res-
pectivos transdutores, sendo determinados continuamente,
registros de frequiéncia cardiaca (FC), eletrocardiograma
(ECG), pressao arterial sistolica (PAS), diastdlica (PAD),
média (PAM), venosa central (PVC), indice cardiaco (IC) e
débito cardiaco (DC). As fracbes inspirada e expirada dos
gases respiratorios foram analisadas continuamente por
analisador de gases respiratérios. Foi administrada solucao
de Ringer com lactato porinfusao continuaemvolumede4 a
5 ml.kg™".h™" durante o experimento.

Os atributos estudados foram avaliados antes doiniciodain-
fusdodeisoflurano e, depois dela, a cada 5 minutos, durante
60 minutos. Apdsfinaldainstalagdo dos monitores, interrom-
peu-se a administragédo de propofol até os animais atingirem
indice bispectral maior que 85. Apartirdeste momento foi ini-
ciadaainfusaodaemulséaolipidicadeisoflurano (solugéoin-
tralipide a 10% vol/vol, Cristalia, Sdo Paulo). Avelocidade de
administragéo obedeceu ao padréo bispectral.
Foiconsideradadosedeindugao, aquantidade deisoflurano
necessaria paraque o BIS atingisse valorde 40 +5. Apds es-
tabelecimento desta dose, os animais foram mantidos anes-
tesiados com velocidade modificada, se necessaria, para
manter BIS com valor entre 30 e 40 e registro das variaveis
estudadas. A manutencgéo da estabilidade das variaveis he-
modinamicas e do BIS por 15 minutos foi consideradaindica-
tiva de anestesia adequada, procedendo-se, entéo, a colo-
cagao de pinga no ligamento coronario por 30 s. Esse proce-
dimento foi considerado indicativo de anestesia se acompa-
nhado de auséncia de alteragao de FC e/ou PA e da
movimentagao do animal.

Estabelecidoum parametro considerado adequadode anes-
tesia, osanimais foram submetidos alaparotomiaexplorado-
ra por incisdo mediana para sutura gastrica com intuito de
avaliar a analgesia cirurgica. Apds o término do experimen-
to, foram feitas suturas de todas as incisdes e os animais
foram sacrificados com injecdo venosa de cloreto de
potassio.
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Analise Estatistica

Todos os dados sao apresentados como média + desvio-pa-
drao. As comparagdes entre os momentos investigados fo-
ram realizadas, utilizando-se ANOVA para medidas repeti-
das, combinadas comteste de Dunnet paracomparagao das
amostras cujo teste ANOVAesteve abaixo do nivel de signifi-
cancia. Oteste considerou como controle omomentoemque
oBISatingiuvalor<40(BI1S40). Afracdo expiradadeisoflura-
no e as variaveis hemodinamicas foram correlacionadas
pelo produto de Pearson. Os valores foram considerados
diferentes quando p < 0,05, apds corregao para
comparagdes multiplas.

RESULTADOS

Foram utilizados 7 porcos machos que constituiram o grupo
final. O peso médio situou-seem 25,1 + 3,7 kg, o volume total
infundido para atingir BIS40 foi de 25,6 + 11,2 ml, resultando
no volume de 2,56 ml de isoflurano. O tempo médio para os
animais atingirem BIS igual ou menor a 40 foi de 15,6 £ 6,9
minutos (Tabela I).

Tabela | - Peso dos Animais, Dose e Tempo para Atingir

BIS < 40

Peso (kg) Dose (ml) Tempo (min)
24,6 27,2 15
20,0 25,0 19
24,0 171 14
24,0 441 28
24,0 8,3 5
27,0 31,7 15
32,0 25,8 13
251+3,7* 256+112* 156 +6,9*
* Média + DP

@ 6,0

E 40 S —

2 *
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:§ 2,0

£

0,0 T T T T T .
0 5 10 15 20 25 30
R*=0,8706 Tempo (min)

Figura 1 - Relagéo da Infusdo e Peso para BIS40
A velocidade de infusdo relacionada ao peso mostra relagao
inversa para o tempo que o animal atinge BIS <40. Maior velo-
cidade de infusdo resulta em menor tempo para BIS40. Curva
construida com dados de 6 animais

652

Arelagédoentre volumeinfundido porhora(velocidadedein-
fusdo) e pesocorpoéreodos animais mostraumarelagaode-
crescente (Figura 1), confirmando o modelo adotado, onde
a maior velocidade de infus&o reduziu o tempo para os ani-
mais atingirem BIS < 40, independente do peso do animal
(Figura 2).

O tempo de experimento ndo excedeu a 60 minutos, con-
tando-se como inicio a administragéo venosa da mistura
intralipide de isoflurano. Os momentos de inicio do proce-
dimento cirurgico variaram entre os animais, dependendo
dotempoparaatingirBIS40.Osvaloresdascondi¢gdescar-
diovasculares mostraram-se estaveis durante os 60 minu-
tos de experimentacgéo, incluindo a intervengao cirurgica
(Tabela II).

Tabela |l - Valores para Frequéncia Cardiaca, Presséo Arte-
rial Média, Pressao Venosa Central e indice Cardia-
co nos Momentos Pré-Infusdo de lIsoflurano
Emulsificado e Minutos Seguintes

Medidas  FC (bpm)  PAM (mmHg) PVC (mmHg) IC (I.min"".m?)
Pré 91,7+16,7 107,6+16,0 1285, 27406
5 936+259 991+255  132+4,1 28404
10 93,9+16,6 1020+£291 13,8%3,9 2608
15 97,7+£10,5 1072%251 150+4,8 29+1,1
20 1051 +19,3 101,7+122 13,4+49 31£1,0
25 101,4+19,1 104,0+164  13,6+4,6 31£1,0
30 103,7+28,3 102,0+13,3 134+49 3,1+1,1
35 101,1+27,1 1057+11,0 13,0+58 3,009
40 108,2+31,2 109,0+20,7 13,8+54 27+1,1
45 94,0£20,0 1098+11,8 14,4+53 2,409
50 96,1+281 891%27,9 148%65 25+1,0
55 90,1+£32,7 923£282  144%7,0 25+1,0
60 92,3+31,3 1036+257 142+6,6 24+09
p 0,971 0,839 1,000 0,040

Valores expressos em Média + DP

150,0
_; \
= *
£ 100,0 M
o
‘D *
2 50,0
£

0,0
0 5 10 15 20 25 30
R’=0,7755 Tempo (min)

Figura 2 - Velocidade da Infusdo para BIS40
A velocidade de infusdo mostra relagao inversa para o tempo
que o animal atinge BIS < 40. Maior velocidade de infusao re-
sulta em menor tempo para BIS40. Notar semelhanga com a fi-
gura 1 (R*=0,8706) sugerindo que ha independéncia do peso
do animal. Curva construida com dados de 6 animais
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As variacdes na frequéncia cardiaca néo atingiram signifi-
cancia estatistica (p = 0,971) (Figura 3). A presséo arterial
meédia aolongo do experimento ndo sofreu modificagdes sig-
nificantes (p =0,839) (Figura4). Apressdo venosanéao se al-
terou nos momentos medidos (p = 1,000) (Figura 5). O indice
cardiaco apresentou variabilidade entre os momentos com
diferenca significante (p = 0,040), no entanto, as diferengas
entre as médias comparadas com o momento inicial (pré)
nao se mostraram suficientemente grandes pararesultarem
diferenca significante no teste de Dunnet (Figura 6).

160
<
§120 T T T T r - T
S 1
a M
i}
c 80
(]
£
3 40
O
I
0 T T T T T T T T T T T 1
Pré 5 10 15 20 25 30 35 40 45 50 55 60
Tempo (min)

Figura 3 - Freqiéncia Cardiaca
Valores para freqliéncia cardiaca durante 60 minutos de expe-
rimentagdo. Os periodos entre 20 e 50 minutos foram utiliza-
dos para o procedimento cirdrgico, sem alteragao significante
da estabilidade para frequéncia cardiaca. Curva construida
comdados de 7 animais. Valor de ANOVA para medidas repeti-
das entre os momentos p = 0,971
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Figura 4 - Pressao Arterial Média
Valores para presséao arterial média durante 60 minutos de ex-
perimentagéo. Os periodos entre 20 minutos e 50 minutos fo-
ram utilizados para o procedimento cirurgico, sem alteragéo
significante da estabilidade para pressao arterial. Curva cons-
truida com dados de 7 animais. Valor de ANOVA para medidas
repetidas entre os momentos p = 0,839

Revista Brasileira de Anestesiologia
Vol. 54, N° 5, Setembro - Outubro, 2004

25

20

ST

T1 1]

10

Pressao (mmHg)

5

0 ; ; ; ; ; T T T T : : !
Pre 5 10 15 20 25 30 35 40 45 50 55 60

Tempo (min)

Figura 5 - Presséo Venosa Central
Valores para pressdo venosa central média durante 60 minu-
tos de experimentagdo. Os periodos entre 20 e 50 minutos fo-
ram utilizados para o procedimento cirdrgico, sem alteragéao
significante da estabilidade para pressao venosa central. Cur-
va construida com dados de 7 animais. Valor de ANOVA para
medidas repetidas entre os momentos p = 1,000
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Figura 6 - Indice Cardiaco
Valores para indice cardiaco durante 60 minutos de experi-
mentacdo. Os periodos entre 20 e 50 minutos foram utilizados
para o procedimento cirdrgico, sem alteragéo significante da
estabilidade para indice cardiaco. Curva construida com da-
dos de 7 animais. Valor de ANOVA para medidas repetidas en-
tre os momentos p = 0,040

As condicbes respiratérias mantiveram-se inalteradas no
modelo experimental desenvolvido (Tabela lll). A saturagéo
de oxigénio (Sp0O,) e a fragédo expiradade CO, (PerCO;) ndo
sofreram alteragdes consideraveis pela média dos valores.
Somente um animal atingiu SpO; de 87% no 35° minuto de
experimentacgédo (Figura 7). Acomparagao entre os momen-
tos estudados nao revelou diferengas significantes (p =
0,604). Amaior PerCO;registrada foide 42 mmHg, enquanto
amenorfoide 14 mmHg, porém esta ultima pode ter se origi-
nado de erro de mensuracgao (Figura 8). Da mesma forma, a
comparagao entre os momentos estudados néo revelou
diferengas significantes (p = 0,992).
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Tabela lll - Valores para Saturagéo de Oxigénio (SpO3), Fra-
¢éo Expirada de Gas Carboénico (PgrCO,) e Fragéo
Expirada de Isoflurano nos Momentos Pré-Infusdo
de Isoflurano Emulsificado e Minutos Seguintes

Medidas SpO;, (%) PerCO, (mmHg) Pemiso (%)
Pré 96,021 29,9+6,3 0,1+0,1

5 97,4+13 33,7+53 0,3+0,2
10 97,7+8 33,0+6,2 0,4+0,2
15 97,0+ 3,5 322+7,8 0,5+0,2
20 97,7+1,7 32,3+55 0,6+0,2
25 97,7+1,8 30,6 +5,5 0,6+0,2
30 97,6+5 31,1+6,6 0,6+0,2
35 96,57 31,773 0,6+0,3
40 96,9+ 1 32,171 0,7+0,2
45 96,5+2,8 31,0+6,6 0,7+0,2
50 958+3 28,6 £9,4 0,7+0,1
55 96,7+ 9 30.3+6.0 06+0.2
60 97.0+3 30,3+6,2 0,5+0,2
p 0,604 0,992 < 0,001

Valores expressos em Média + DP

100
98
96
94 1+
92 A1
90 A
88 T T T T T T T T T T T 1

Prée 5 10 15 20 25 30 35 40 45 50 55 60

indice percentual

Tempo (min)

Figura 7 - Saturagao de Oxigénio
Valores para saturacao de oxigénio durante 60 minutos de ex-
perimentagéo. Os periodos entre 20 e 50 minutos foram utili-
zados para o procedimento cirdrgico, sem alteragéo
significante da estabilidade para saturacao de oxigénio. Curva
construida com dados de 7 animais. Valor de ANOVA para me-
didas repetidas entre os momentos p = 0,604

Afragéo expiradade isoflurano elevou-se de forma significa-
tiva até o 15° minuto, apresentando flutuagées durante o pe-
riodo experimental (Figura 9). Essa variagdo mostrou-se es-
tatisticamente significante entre os momentos (p < 0,001),
notadamente considerando a medidado 15° minuto. Foicon-
siderado o 15° minuto para comparagéao por ser o tempo mé-
dioem que os animais atingiram BIS40. Avelocidade de infu-
sao mostrou variagdes até esse momento, mantendo-se es-
tavel na continuidade do procedimento. Porém, consideran-
doomomento pré-infusdocomvelocidade zeroe os 15°e 50°
minutos, a variagdo mostrou-se estatisticamente significan-
te (p < 0,001) (Figura 10). As variagbes mais acentuadas
foram registradas entre o 15° minuto comparado com a
pré-infuséo (p < 0,05) e com o 50° minuto (p < 0,05).
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Figura 8 - Fragédo Expirada de CO,
Valores para fragéo expirada de CO, durante 60 minutos de
experimentacdo. Os periodos entre 20 e 50 minutos foram uti-
lizados para o procedimento cirlrgico, sem alteracéao signifi-
cante da estabilidade para fracédo expirada do gas carbdnico.
Curva construida com os dados de 7 animais. Valor de ANOVA
para medidas repetidas entre os momentos p = 0,992
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Figura 9 - Fragdo Expirada de Isoflurano

Valores para fragdo expirada de isoflurano durante 60 minutos
de experimentacédo. Afracdo expirada de isoflurano elevou-se
até o 15° minuto, mantendo-se estavel na continuidade do ex-
perimento. Os periodos entre 20 e 50 minutos foram utilizados
para o procedimento cirdrgico, sem alteracao significante da
estabilidade para fragdo expirada do isoflurano. Curva cons-
truida com os dados de 7 animais. Valor de ANOVA para medi-
das repetidas entre os momentos p < 0,001
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Figura 10 - Velocidade de Infusao

Valores para velocidade de infuséo durante 60 minutos de experi-
mentagao. A velocidade de infusdo elevou-se de forma variavel
até o 15° minuto, mantendo-se estavel na continuidade do experi-
mento. Os periodos entre 20 e 50 minutos foram utilizados para o
procedimento cirdrgico, sem alteragéo significante da velocidade
estabelecida. Curva construida com os dados de 7 animais. Valor
de ANOVA para medidas repetidas entre os momentos p < 0,001
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ISOFLURANO EM EMULSAO LIPIDICA POR VIA VENOSA PROMOVE ESTABILIDADE
CARDIOVASCULAR RESPIRATORIA EM MODELO EXPERIMENTAL

Arelagéo entre a velocidade de infusédo da solugdo emulsifi-
cadadeisoflurano e suafragao expiradamostrou-se estavel,
como esperado paraum agente cujamaiorfracdo de elimina-
¢do ocorre pelo sistema respiratério, de forma inalterada
(Figura 11).
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Figura 11 - Velocidade de Infusdo versus Pgr Isoflurano (Petiso)
Relacao entre velocidade de infuséo da solugao emulsificada
de isoflurano e sua fragcéo expirada. Arelagdo mostra-se esta-
vel com aparente tendéncia para ajustar-se em platd, onde a
infusdo invariavel estabiliza a fragdo expirada. Curva construi-
da com dados obtidos em 13 momentos distintos (pré-infusdo
até 60° minuto) com intervalos de 5 minutos

A provavel saturacgéo sistémica do agente anestésico, no
periodo experimental de 60 minutos, consideradaatravésde
fragdo expirada do agente emulsificado, ndo promoveu alte-
ragdes na pressao arterial média (Figura 12) e indice cardia-
co (Figura 13). No entanto, a frequéncia cardiaca aumentou
comaelevacadodafracdoexpiradadoisoflurano (Figura 14).
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Figura 12 - Presséo Arterial Média versus Pgr Isoflurano (Petiso)
Relagéo entre presséao arterial média (PAM) e fragéo expirada
de isoflurano, que esta diretamente relacionada a velocidade
de infusdo da solugédo emulsificada. A PAM mostra-se estavel
e independente da fragcao expirada. Curva construida com da-
dos obtidos em 13 momentos distintos (pré-infusédo até 60° mi-
nuto) com intervalos de 5 minutos
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Figura 13 - Indice Cardiaco versus Pgr Isoflurano (Petiso)
Relagao entre indice cardiaco (IC) e fragcao expirada de isoflu-
rano, que esta diretamente relacionada a velocidade de infu-
sdo da solugcdo emulsificada. O IC mostra-se estavel e
independente da fragdo expirada. Curva construida com da-
dos obtidos em 13 momentos distintos (pré-infuséo até 60° mi-
nuto) com intervalos de 5 minutos
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Figura 14 - Frequéncia Cardiaca versus Pgr Isoflurano (Periso)
Relagao entre freqiiéncia cardiaca (FC) e fragcao expirada de
isoflurano (Perlsoflurano). A FC mostra-se diretamente relaci-
onada a maior fragao expirada de isoflurano. Curva construida
com dados obtidos em 13 momentos distintos (pré-infuséo até
60° minuto) com intervalos de 5 minutos

Apartirdo 30° minuto, os animais foram submetidos aincisédo
abdominal para laparotomia. Ndo ocorreram variagdées nos
parametros avaliados e ja descritos durante a realizagdo
deste procedimento.

DISCUSSAO

Osresultados encontrados sugerem que o uso do isoflurano
em emulsao lipidica para infusdo venosa pode se constituir
em modalidade segura de aplicagdo deste anestésico.

O uso de halogenados por via venosa poderia se constituir
em técnica vantajosa ao associar suas caracteristicas de
anestésico completo (analgesia, hipnose e relaxamento
muscular) a eliminagéo de circuitos ventilatorios especifi-
cos. Ainexisténcia do fator capacidade residual funcional no
processo de indugéo poderia ser vantagem adicional 3,
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INTRAVENOUS ISOFLURANE IN LIPID EMULSION PROMOTES CARDIOVASCULAR AND
RESPIRATORY STABILITY. EXPERIMENTAL MODEL

A possibilidade da adi¢cao de emulséo lipidica aos agentes
inalatérios para viabilizar sua administragdo venosa néo é
recente’. Aindaque os primeiros resultados ndotenhamsido
encorajadores '°, modelos experimentais em espécies como
cées, camundongos e suinos asseguraram estabilidade far-
macocinética e cardiovascular ao modo de infusdo "4,
Os resultados alcangados neste modelo de suinos reprodu-
zemaestabilidade sugerida porestudos anteriores. O mode-
lo experimental adotado com a utilizagédo de porcos encontra
similartanto para o estudo doisoflurano emulsificado quanto
paraoestudocomparativode solugdes lipidicas paraoagen-
te venoso propofol "°.

Asaturacao periféricade oxigénio e afragdo expirada de did-
xido de carbono mostraram valores dentro da normalidade
durante todo o tempo do experimento, sem alteragdes signi-
ficativas, o que sugere a manutengao das condigdes ventila-
térias e respiratérias. O modelo adotado de ventilagdo neste
experimento, utilizando fluxo inferior a 1 I.min (Linea A,
Intermed, Sdo Paulo, Brasil) pode representar economia,
notadamente paraousodeisoflurano que pode sofreraltera-
¢ao no consumo dependente do fluxo de gases frescos utili-
zado ",

Aanalise das variaveis hemodindmicas mostra que nao hou-
ve alteragdes significativas da presséo arterial sistélica, di-
astolica e média; da freqliéncia cardiaca e do indice cardia-
co, durante o periodo do experimento. Embora a literatura
evidencie que ousoinalatériodoisoflurano estejaassociado
a uma reducgao da pressao arterial, de forma dose-depen-
dente '®'°, este fato n&o foi observado com o uso venoso do
isoflurano dissolvido em emulséo lipidica. Os resultados
apresentados mostraram umarelagcédo PAM e Periso estavel.
Mesmo com a elevagédo progressiva da Periso, a PAM
permaneceu estavel.

Interessante notar que diferentes autores propdem estabili-
dade ou redugéao da fungcédo miocardica com o uso inalatério
doisoflurano, desflurano e sevoflurano '®2°?2. Em contraste,
os resultados desta investigagdo mostraram comportamen-
toinalteradodoindice cardiacoindependentedavariagdoda
Petiso. Experimento similar, em porcos, utilizando halotano
dissolvido em emulsao lipidica, demonstrou estabilidade do
indice cardiaco e redugao da pressao arterial média ', en-
quantoque em caes foiobservadadepressao dacontratilida-
demiocardicae dapressaoarterial média''. Oisofluranoina-
latério, aparentemente, tem limitada agéo depressora do
miocardio 2°.
Ousoinalatériodeisofluranotemsidorelacionadocomaele-
vagao da freqiiéncia cardiaca '®. No modelo experimental
aquidescritohouve correlagao entre aumento daPeriso € au-
mento dafrequénciacardiaca. O usoinalatério de isoflurano
promove aumento transitério significativo da freqiiéncia car-
diaca, dose-dependente, efeito também encontrado no mo-
delo de infusdo venosa adotado 4%,

Ainfusao do isoflurano venoso se correlacionou de maneira
estavel com sua fragdo expirada, Petiso, evidenciando a via
de eliminagdo pelo sistema respiratorio. A estabilidade he-
modindmica bem como a auséncia de interferéncia com os
parametros ventilatérios, durante ainfusdo venosadoisoflu-
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rano, sugerem a possibilidade da investigacao do espectro
de doses deindugédo, ou seja, o montante de isoflurano liqui-
do dissolvido na emulsao lipidica e a velocidade dessa infu-
saonecessarios paraatingirBIS40. Adiminuicdodos valores
doindice bispectral promovida porisofluranoinalado parece
nao se correlacionardiretamente com alteragées hemodina-
micas ' .

Os efeitos dadiluigdo doisoflurano em solugéolipidica sobre
sua propria solubilidade no sangue ainda ndo foram estuda-
dos, até onde se pode verificar. No entanto, emulsificantes a
base de perfluorcarbono, carreadores de oxigénio com efei-
tos parciais e transitorios, elevam a solubilidade de anestési-
cosinalatorios ?®. Faz-se necessarioinvestigar se efeitos se-
melhantes ocorrem com o uso de solugdes lipidicas como
carreadores de anestésicos inalatérios.

Em concluséo, a infusdo venosa do isoflurano em solugéo
emulsificada lipidica a 10% (vol/vol) promoveu diminuigdo
do indice bispectral com manutencao de presséo arterial e
indice cardiaco, maselevagaodafreqliiénciacardiacade for-
ma dose-dependente. A forma de infusdo experimentada
tem correlagao direta com sua fragdo expirada sem, no en-
tanto, interferir com valores da fungao respiratéria, quando
em ventilagdo mecanica. Estudos adicionais sao
necessarios para investigar doses de inducao e seguranca
da formulagao utilizada.

Intravenous Isoflurane in Lipid Emulsion
Promotes Cardiovascular and Respiratory
Stability. Experimental Model

Ligia Andrade da Silva Telles Mathias, TSA, M.D.; Luiz
Piccinini Filho, M.D.; José Carlos Rittes, TSA, M.D.; Flavia
Salles Souza, M.D.; José Ricardo Pinotti Pedro, TSA, M.D.;
Wagner Cirillo, M.D.; Joaquim Edson Vieira, TSA, M.D.

INTRODUCTION

Among inherent complications of halogenate agents, inad-
vertentintravenous injection of inhalational anesthetics may
promote direct lung injury with acute respiratory failure, car-
diovascularinstabilityand death '*. Animal experiments with
intravenous halothane have induced diffuse pulmonary
edema and multiple pulmonary hemorrhages as a conse-
quence of direct lung injury *°.

In spite of highly severe complications after intravenous ad-
ministration of inhalational anesthetics, the hypothesis of
theirusein lipid emulsions has been tested in animal models
and eveninhuman volunteers ’. However, this method would
imply phlebitis and, similarly to other intravenous anesthetic
agents, such as diazepam, propofol or etomidate, lipid emul-
sion could decrease the incidence of this adverse event with-
out pharmacokinetic repercussions ®'°.
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Johannessonetal. have experimentallyinvestigatedintrave-
nous halothane inlipid emulsion and continuous infusion and
have induced anesthesia with hemodynamic and respiratory
stability and rapid anesthetic recovery, however observing
some deaths with bolus injections .

New experimental models with intravenous isoflurane and
halothane in lipid emulsion have suggested the possibility of
this being an alternative to inhalational anesthesia. Cardio-
vascular stability and pharmacokinetic characteristics would
indicate a similar profile for the same agent used as intrave-
nousorinhalationalanesthetics. However, intravenousroute
as alternative to anesthesia with inhalational agents has not
found consensus in the literature '*'°.

So, in spite of interesting results shown by the literature, the
use of emulsified inhalational agents forintravenous infusion
still deserve the investigation of aspects such as lipid solu-
tions, infusion rate and long-term exposure effects. The de-
velopment of emulsified solutions with Brazilian technology
may bring new approaches forintravenous anesthesiainves-
tigation.

This study aimed at determining the induction dose for 10%
isoflurane lipid emulsion and at observing cardiovascular
andrespiratory conditions during experimental anesthesia.

METHODS

Aftertheanimal experiment Ethics Committee, Faculdade de
Ciéncias Médicas, Santa Casa de Misericordia, Sao Paulo
approval, 7 male piglets with estimated weight of 20 kg were
selected for the study in the laboratory of the Surgical Tech-
nique Unit, Surgery Department. After a 12-hour fast, ani-
mals were premedicated with 15 mg muscular midazolam 30
minutes before the experiment.

Animals were placed inthe supine position. Then, anearvein
was catheterized with 20G polyethylene device (Angiocath,
Becton & Dickinson, Juiz de Fora) and ECG was installed in
two leads. Soon after monitoring, denitrogenation was
achieved with 100% oxygen and anesthesia was induced
with 5 to 6 mg.kg™' propofol.

Tracheal intubation was achieved with straight blade direct
laryngoscopy for vocal folds visualization and tracheal tube
installation. Animals were maintained under mechanical ven-
tilation with circle system and low flow anesthesia machine,
being ventilated in normocapnia with inspiratory mixtures of
50% oxygen and nitrous oxide. Peripheral pulse oximetry
electrode was placed on the ear, bispectral index (BIS) elec-
trodewas placed onthe frontandendtidal CO; (PetCO2) sen-
sor was placed on the tracheal tube.

Animals received 100 to 130 pg.kg'1.min'1 propofol continu-
ous infusion for invasive surgical preparations: femoral ar-
tery and jugular vein dissection and esophageal
ecodopplercardiography sensor. Femoral artery was
catheterized with number 10 Levini’s probe and jugular vein
was catheterized with double lumen catheter by Seldinger’s
technique. Then, catheters and ecodoppler sensorwere cou-
pled to their transducers and heart rate (HR), ECG, systolic
(SBP), diastolic (DPB), mean (MBP) and central venous
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(CVP) pressure, cardiac index (Cl) and cardiac output (CO)
were continuously monitored. Respiratory gases inspired
and expired fractions were continuously analyzed by respira-
tory gases analyzer. Continuous infusion of 4 to 5mL.kg™".h™"
lactated Ringer’s solution was administered throughout the
experiment.

Studied attributes were evaluated before isoflurane continu-
ousinfusionandthen at5-minuteintervals for 60 minutes. Af-
ter monitors installation, propofol was withdrawn until ani-
mals reached bispectral index above 85, when isoflurane in
lipid emulsion was started (10% intralipid solution vol/vol,
Cristalia, Sado Paulo). Administration rate has followed
bispectral pattern.

Induction dose was defined as the amount of isoflurane
neededfor BIStoreach 40 + 5. After this, animals were main-
tained anesthetized with modified rate, if needed, to maintain
BIS between 30 and 40 and to record studied variables.
Hemodynamic stability and BIS maintenance for 15 minutes
were considered indications of adequate anesthesia and, at
this moment, coronary ligament was clamped for 30 s. This
procedure would indicate anesthesia if followed by no
change in HR and/or BP and no animal’s movement.

Statistical Analysis

Data are presentedin mean = standard deviation. ANOVAfor
repeated measures was used to compare among investi-
gated moments. Dunnet’s testwas used to compare samples
in which ANOVA was below the significance level.

Test considered as control the moment in which BIS has
reached <40 (BIS40). Endtidalisoflurane and hemodynamic
variables were correlated by Pearson’s product. Values were
considered different when p < 0.05 after correction for multi-
ple comparisons.

RESULTS

Final group was made up of 7 male piglets. Mean weight was
25.1 1+ 3.7 kg, total isoflurane volume infused to reach BIS40
was 25.6 £ 11.2 mL, resulting in a volume of 2.56 mL. Mean
time foranimals reaching BIS equal to orbelow40was 15.6 +
6.9 minutes (Table I).

Table | - Animals Weight, Dose and Time to Reach BIS <40

Weight (kg) Dose (mL) Time (min)
24.6 27.2 15
20.0 25.0 19
24.0 171 14
24.0 441 28
24.0 8.3 5
27.0 31.7 15
32.0 25.8 13
251+3.7* 256+11.2* 156+6.9*

* Values expressed in Mean = SD
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Ratio between volume infused per hour (infusion rate) and
body weight shows a decreasing pattern (Figure 1), confirm-
ing the adopted model where higher infusion rate has de-
creased the time foranimalsreaching BIS <40, regardless of
animal’s weight (Figure 2).
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Figure 1 - Infusion/Weight Ratio for BIS40
Infusion rate related to weight shows a reverse ratio for the
time to reach BIS < 40. Higher infusion rate results in shorter
time for BIS40. Curve built with data of 6 animals
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Figure 2 - Infusion rate for BIS40
Infusion rate shows areverse ratio for the time to reach BIS < 40.
Higher infusion rate results in shorter time for BIS40. Note simi-
larity with Figure 1 (R2 = 0.8706) suggesting that there is inde-
pendence of animal weight. Curve built with data of 6 animals

Experiment has not exceeded 60 minutes counted as from
beginning of intravenous administration of isoflurane in-
trepid mixture. Surgical procedure moment has varied
among animals depending on the time to reach BIS 40. Car-
diovascular conditions were stable throughout the 60 experi-
mental minutes, including surgical procedure (Table I1).
Heartrate changes were not statistically significant (p=0.971)
(Figure 3). Mean blood pressure throughout the experiment
has not significantly changed (p = 0.839) (Figure 4). Blood
pressure has not changed during evaluated moments (p =
1.000) (Figure 5). Cardiac index has significantly varied
among moments (p = 0.040), however differences among
means compared to initial values (pre) were not sufficiently
hightoresultin Dunnet’stestsignificantdifference (Figure 6).
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Table Il - Heart Rate, Mean Blood Pressure, Central Venous
Pressure and Cardiac Index in Moments Pre-Infusion
of Emulsified Isoflurane and Following Minutes

Measurements HR (bpm) MBP (mmHg) CVP (mmHg) CI (L.min"".m?

Pre 91.7+16.7 107.6+£16.0 12851 2.7+0.6
5 93.6+259 99.1+255 13.2+4.1 28+04
10 939+16.6 102.0+29.1 13.8+3.9 26+0.8
15 97.7+105 107.2+251 15.0+4.38 29+11
20 105.1£19.3 101.7+£122 134+49 3.1+£1.0
25 1014 +£19.1 104.0+16.4 13.6+4.6 3.1£1.0
30 103.7£28.3 102.0+13.3 134+49 3.1+£11
35 101.1+£271 1057+11.0 13.0+£538 3.0£09
40 108.2+31.2 109.0+20.7 13.8+54 2711
45 940+£200 109.8+11.8 144+53 24+09
50 96.1+28.1 89.1+27.9 148 +6.5 25+1.0
55 90.1+£32.7 923282 14.4+7.0 25+1.0
60 923+31.3 103.6+£257 142+6.6 24+09
p 0.971 0.839 1.000 0.040

Values expressed in Mean + SD
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Figure 3 - Heart Rate
Heart rate values during 60 experimental minutes. Periods bet-
ween 20 and 50 minutes were used for surgical procedure wit-
hout significant heart rate stability changes. Curve built with
data of 7 animals. Value of ANOVA for repeated measures
among moments p = 0.971
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Figure 4 - Mean Blood Pressure
Mean blood pressure values during 60 experimental minutes.
Periods between 20 and 50 minutes were used for surgical pro-
cedure without significant blood pressure stability changes.
Curve built with data of 7 animals. Value of ANOVAfor repeated
measures among moments p = 0.839
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Figure 5 - Central Venous Pressure
Central venous pressure values during 60 experimental minu-
tes. Periods between 20 and 50 minutes were used for surgical
procedure without significant central venous pressure stability
changes. Curve built with data of 7 animals. Value of ANOVA
for repeated measures among moments p = 1.000
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Figure 6 - Cardiac Index
Cardiac index values during 60 experimental minutes. Periods
between 20 and 50 minutes were used for surgical procedure
without significant cardiac index stability changes. Curve built
with data of 7 animals. Value of ANOVA for repeated measures
among moments p = 0.040
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Figure 7 - Oxygen Saturation
Oxygen saturation values during 60 experimental minutes. Pe-
riods between 20 and 50 minutes were used for surgical proce-
dure without significant oxygen saturation stability changes.
Curve built with data of 7 animals. Value of ANOVAfor repeated
measures among moments p = 0.604
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Respiratory conditions were notchangedin our experimental
model (Table IllI). Mean oxygen saturation (SpO,) and end
tidal CO, (PerCO;) were not significantly changed. Only one
animal has reached 87% SpO, at 35 minutes of experiment
(Figure 7). Comparison among studied moments has not
shown significant differences (p = 0.604). Highest PgrCO,
was 42 mmHg, while lowest was 14 mmHg; this latter how-
ever, may have been measurement error (Figure 8). Simi-
larly, comparison among studied moments has not shown
significant differences (p = 0.992).

Table Il - Oxygen Saturation (SpO;), End Tidal CO,
(PerCO;) and End Tidal Isoflurane in Moments
Pre-Infusion of Emulsified Isoflurane and Following

Minutes
Measurements SpO; (%) PerCO, (mmHg) Petiso (%)
Pre 96.0 +2.1 29.9+6.3 0.1+0.1
5 974 +13 33.7+5.3 0.3+0.2
10 97.7+8 33.0+6.2 04+0.2
15 97.0+3.5 322+7.8 0.5+0.2
20 97.7+1.7 32355 06+0.2
25 97.7+1.8 30.6+5.5 0.6+0.2
30 976+5 31.1+6.6 0.6+0.2
35 9657 31773 0.6+0.3
40 96.9+1 321741 0.7+0.2
45 96.5+2.8 31.0+6.6 0.7+0.2
50 958+3 28.6+9.4 0.7+0.1
55 96.7+9 30.3+6.0 0.6+0.2
60 97.0+3 30.3+6.2 0.5+0.2
p 0.604 0.992 < 0.001
Values in Mean + SD
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Figure 8 - End Tidal CO,
End tidal CO; values during 60 experimental minutes. Periods
between 20 and 50 minutes were used for surgical procedure
without significant end tidal CO, stability changes. Curve built
with data of 7 animals. Value of ANOVA for repeated measures
among moments p = 0.992

End tidal isoflurane has significantly increased up to 15 minutes,
with fluctuations during the experimental period (Figure 9). This
variation was statistically significant among moments (p <
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0.001), especially considering 15™ minute measurement.
Ifteenth minute was considered for comparison because this
has been the mean time for animals reaching BIS40. How-
ever, considering the pre-infusion momentwith zero rate and
15" and 50" minutes, variation has been statistically signifi-
cant (p <0.001) (Figure 10). Most significant variations were
recorded at 15 minutes as comparedtopre-infusion (p<0.05)
and to 50" minute (p < 0.05).
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Figure 9 - End Tidal Isoflurane
End tidal isoflurane values during 60 experimental minutes.
End tidalisoflurane has increased until the 15" minute and was
maintained stable throughout the experiment. Periods between
20 and 50 minutes were used for surgical procedure without
significant end tidal isoflurane stability changes. Curve built
with data of 7 animals. Value of ANOVA for repeated measures
among moments p < 0.001
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Figure 10 - Infusion Rate

Infusion rate values during 60 experimental minutes. Infusion
rate has variably increased until the 15" minute and was main-
tained stable throughout the experiment. Periods between 20
and 50 minutes were used for surgical procedure without signi-
ficantinfusion rate changes. Curve built with data of 7 animals.
Value of ANOVA for repeated measures among moments p <
0.001

Ratio between isoflurane emulsified solution infusion rate
andits expiredfractionwas stable, as expected froman agent
whose higherexcretionfractionis obtained by the respiratory
system without metabolization (Figure 11).
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Figure 11 - Infusion Rate versus Pt Isoflurane (Periso)
Ratio between isoflurane emulsified solution infusion rate and
its expired fraction. Ratio is stable with apparent trend to adjust
in plateau, where invariable infusion stabilizes expired fraction.
Curve built with data from 13 different moments (pre-infusion
until 60™ minute) at 5-minute intervals

The possible anesthetic agent systemic saturation in the
experimental period of 60 minutes, considering the agent
expired fraction, has not promoted mean blood pressure
(Figure 12)and cardiacindex (Figure 13) changes. However,
heartrate hasincreasedwithincreased endtidalisoflurane
(Figure 14).

As from 30 minutes, animals were submitted to abdominal in-
cision for laparotomy. There were no changes in evaluated
parameters during this procedure.
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Figure 12 - Mean Blood Pressure Versus Pgr Isoflurane (Petiso)
Ratio between mean blood pressure (MBP) and end tidal iso-
flurane, which is directly related to emulsified solution infusion
rate. MBP is stable regardless of expired fraction. Curve built
with data from 13 different moments (pre-infusion until 60th mi-
nute) at 5-minute intervals
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Figure 13 - Cardiac Index Versus Pgr Isoflurane (Petiso)
Ratio between cardiac index (Cl) and end tidal isoflurane, which
is directly related to emulsified solution infusion rate. Cl is stable
regardless of expired fraction. Curve built with data of 13 different
moments (pre-infusion until 60™ minute) at 5-minute intervals
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Figure 14 - Heart Rate Versus Pgr Isoflurane (Petiso)
Ratio between heartrate (HR) and end tidal isoflurane (Pgrlso-
flurano). HR is directly related to higher end tidal isoflurane.
Curve built with data of 13 different moments (pre-infusion until
60" minute) at 5-minute intervals

DISCUSSION

Ourresults suggest thatintravenous isoflurane in lipid emul-
sion may be a safe modality for the delivery of this drug.
Intravenous halogenates could be advantageous for asso-
ciating their characteristics of complete anesthetic agent
(analgesia, hypnosis and muscle relaxation) to elimination
of specific ventilatory circuits. The independence of func-
tional residual capacity during induction could be an addi-
tional benefit .

The possibility of adding lipid emulsion to inhalational anes-
thetics to allow their intravenous administration is not new ’.
Although preliminary results were notencouraging '°, experi-
mental modelsin species such as dogs, rats and swines have
assured pharmacokinetic and cardiovascular stability to this
infusion route """

Our results with this swine model have reproduced the stabil-
ity suggested by previous studies. The experimental model
adopted with piglets may be used both for emulsified
isoflurane and for a comparative study of lipid solutions for
propofol 416,
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Oxygen peripheral saturation and end tidal CO, were normal
throughout the experiment, without significant changes, what
suggests the maintenance of ventilatory and respiratory con-
ditions. The ventilation model adopted in this experiment us-
ing flow below 1 L.min"" (Linea A, Intermed, S&o Paulo, Brazil)
may represent savings, especially for isoflurane, whose con-
sumption may change according tofreshgasesflowused *’.
Hemodynamic variables analysis has shown no significant
changesinsystolic, diastolicand meanblood pressure, heart
rate and cardiac index, throughout the experiment. Although
there are reports in the literature showing that inhalational
isoflurane is associated to dose-dependent blood pressure
decrease "' this has not been confirmed by intravenous
isoflurane in lipid solution. Results have shown stable MBP /
Petiso ratio. Even with progressive Perisoincrease, MBP has
remained stable.

It is interesting to note that different authors have proposed
myocardial function stability or decrease with inhalational
isoflurane, desflurane and sevoflurane '®2°%2_ |n contrast,
our results have shown unchanged cardiac index behavior,
regardless of Periso variations. Asimilarexperimentin swine,
using halothane in lipid emulsion has shown cardiac index
stability and mean blood pressure decrease * while in dogs
there has been myocardial contractility and meanblood pres-
sure depression . So far, inhalational isoflurane has shown
to have limited myocardial depression effects 2°.
Inhalational isoflurane has been related to increased heart
rate '8. Our experimental model has shown correlation be-
tween increased Pgtiso and increased heart rate.
Inhalational isoflurane promotes significant transient and
dose-dependent heartrate increase, effect also found in the
adopted intravenous infusion model 2+2¢.

Intravenous isoflurane was stably correlated to its expired
fraction, Petiso, evidencing its elimination by the respiratory
system. Hemodynamic stability and the lack of interference
with ventilatory parameters duringintravenousisoflurane sug-
gest the possibility of investigating induction doses spectrum,
thatis, the amount of liquid isoflurane diluted in lipid emulsion
and the infusion rate needed to reach BIS40. Decreased
bispectral index promoted by inhaled isoflurane does not
seem to be directly correlated to hemodynamic changes ?’.
To our knowledge, the effects of isoflurane dilutionin lipid so-
lution on its own blood solubility have not yet been studied.
However, perfluorocarbon-based emulsifiers, oxygen carri-
ers with partial and transient effects, increase inhalational
anesthetics solubility B 1t s necessary to investigate
whether similar effects are present when lipid solutions are
used as inhalational anesthetic carriers.

In conclusion, intravenous isoflurane in 10% lipid solution
(vol/vol) has promoted bispectral index decrease with
maintenance of blood pressure and cardiac index, but with
dose-dependent increase in heart rate. This studied infu-
sion is directly correlated to its expired fraction, without
however interfering with respiratory function values when
under mechanical ventilation. Further studies are needed
to investigate induction doses and safety of the formula-
tion.
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INTRAVENOUS ISOFLURANE IN LIPID EMULSION PROMOTES CARDIOVASCULAR AND
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RESUMEN

Mathias LAST, Piccinini Filho L, Rittes JC, Souza FS, Pedro
JRP, Cirillo W, Vieira JE - Isoflurano en Emulsion Lipidica por
Via Venosa Promueve Estabilidad Cardiovascular Respiratoria
en Modelo Experimental

JUSTIFICATIVA Y OBJETIVOS: La administracién venosa de
anestésico inhalatorio pode causar lesion pulmonar. Halotano
en solucioén lipidica por via venosa promueve anestesia con
estabilidad hemodinamica y respiratoria. Esta pesquisa busco
establecer la dosis de inducciéon para emulsion lipidica de
isoflurano a 10% y observar las condiciones cardiovasculares y
respiratorias, en anestesia experimental.

METODO: Siete cerdos machos fueron seleccionados. Los
animales recibieron infusion de propofol para las
preparaciones quirdrgicas invasivas: diseccion de arteria fem-
oral y vena yugular, sensor de ecodopplercardiografia en el
esofago. Fueron registrados frecuencia cardiaca (FC),
eletrocardiograma (ECG), presiéon arterial sistélica (PAS),
diastélica (PAD), media (PAM), venosa central (PVC), indice
cardiaco (IC), débito cardiaco (DC) e indice bispectral (BIS).
Las fracciones inspirada e expirada de los gases respiratorios
fueron analizadas continuamente. Iniciada infusiéon de la
emulsién lipidica de isoflurano hasta el indice bispectral
obtener valor de 40 £+ 5 (BIS40). Los animales fueron
mantenidos anestesiados y sometidos a laparotomia
exploradora para sutura gastrica.

RESULTADOS: El volumen total infundido para obtener BIS40
fue 25,6 + 11,2 ml (2,56 ml de isoflurano). El tempo medio para
alcanzar BIS40 fue 15,6 + 6,9 minutos. Mayor velocidad de
infusion reducié el tiempo para los animales alcanzar BIS40.
Condiciones cardiovasculares e respiratorias se mostraron
estables durante la experimentacién. La frecuencia cardiaca
aumenté con la elevacién de la fraccion expirada del isoflurano.
CONCLUSIONES: La infusion venosa del isoflurano en
solucién emulsificada promovié disminucién del indice
bispectral, estabilidades hemodinamica y respiratoria y
correlacion directa con su fracciéon expirada. El uso del
isoflurano en emulsion lipidica se puede constituir en
modalidad segura de aplicacion de este anestésico.
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