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RESUMO
Malbouisson LMS, Santos LM, Auler Jr JOC, Carmona MJC -
Protegédo Miocardica em Cirurgia Cardiaca

JUSTIFICATIVA E OBJETIVOS: A protegao miocardica define
o conjunto de estratégias que objetivam atenuar a intensidade
dalesdo de isquemia-reperfusdo miocardica durante a cirurgia
cardiaca e suas conseqliéncias sobre a fungdo miocardica. Um
melhor entendimento dos fenémenos fisiopatologicos
relacionados a isquemia-reperfusdo miocardica e da
cardioprotegdo promovida por determinados farmacos e
técnicas anestésicas tem dado ao anestesiologista papel
importante na protecdo miocardica durante o procedimento
cirurgico. O objetivo desta reviséo foi abordar os mecanismos
de lesdo miocardica e as modalidades de protegao miocardica
com enfoque para a técnica anestésica.

CONTEUDO: S&o abordados os mecanismos de lesdo
miocardica durante os eventos de isquemia-reperfuséo e suas
consequéncias clinicas assim como as técnicas de protegédo
realizadas durante a cirurgia cardiaca. Enfase especial é dada
aos farmacos e técnicas anestésicas, como anestésicos
halogenados, opidides e farmacos adjuvantes, pois estes tém
mostrado efeitos cardioprotetores em cirurgia cardiaca.

CONCLUSOES: A associagdo de técnica anestésica
adequada com agentes anestésicos cardioprotetores as
técnicas habituais de protecdo miocardica realizadas pelo
cirurgido pode contribuir para preveng¢do de disfungédo
miocardica e promover melhor recuperagdo no periodo
pos-operatorio.
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Unitermos: ANALGESICOS, Opiéide;~ANESTESICOS,
Volatil; CIRURGIA, Cardiaca; COMPLICACOES, Cardiovascu-
lar: isquemia-reperfusao

SUMMARY
Malbouisson LMS, Santos LM, Auler Jr JOC, Carmona MJC -
Myocardial Protection in Cardiac Surgery

BACKGROUND AND OBJECTIVES: Myocardial protection
defines the set of strategies aiming at attenuating the intensity
of myocardial ischemia-reperfusion injury during heart surgery
and its harmful consequences on myocardial function. A better
understanding of pathophysiological phenomena related to
ischemia-reperfusion events and of the anesthetic-induced
heart protection has given to the anesthesiologist a major role
in intraoperative myocardial protection. The objective of this
update was to review the mechanisms of
ischemia-reperfusion-induced myocardial injury and myocar-
dial protection modalities focusing on anesthetic techniques.

CONTENTS: Ischemia-reperfusion-induced myocardial injury
mechanisms and their clinical consequences on heart as well
as myocardial protection techniques used during heart surgery
are addressed in this review. Special emphasis is given to the
role of anesthetic drugs and techniques such as inhaled
halogenate anesthetics, opioids and adjuvant anesthetic
drugs, since they have been shown to have heart protecting ef-
fects during cardiac surgery.

CONCLUSIONS: The association of adequate anesthetic tech-
nique using heart protecting agents to usual myocardial protec-
tion modalities performed by the surgeon may contribute to the
prevention of cardiac surgery-induced myocardial dysfunction
and improve postoperative outcome.

Key Words: ANALGESICS, Opioid; ANESTHETICS, Volatile;

COMPLICATIONS, Cardiovascular: ischemia-reperfusion;
SURGERY, Cardiac

INTRODUGAO

Protegéo miocardica durante cirurgia cardiaca infere o
conjunto de estratégias com o objetivo de diminuir o
consumo miocardico de oxigénio adequando-o a oferta teci-
dual momentanea; e/ou tornar as células cardiacas mais re-
sistentes a episddios isquémicos. Isto visa atenuar a
magnitude da les&o induzida por episddios de isque-
mia-reperfusdo e suas consequéncias deletérias imedia-
tas e tardias, como infarto agudo do miocardio (IAM), disrit-
mias cardiaca, disfunc¢ao ventricular, choque cardiogénico
e aumento da mortalidade peri-operatoria.

Aimportancia de limitar a lesdo de isquemia-reperfuséo tem
sido apreciada pormaisdetrésdécadas. Em 1971, Maroko e
col. propuseram que a extenséo e a gravidade da leséao teci-
dual apés oclusao coronariana nao eram determinadas no
momento doinicio daisquemia, mas poderiam ser modifica-
das por manipulagdes terapéuticas aplicadas durante a is-
quemia '. Desde entdo, grande nimero de estudos experi-
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mentais tem investigado mecanismos de isquemia e modali-
dades de protegdo miocardica. Contudo, poucas
intervengbes terapéuticas mostraram-se efetivas
clinicamente.

Apesar do avango no entendimento dos determinantes do
fluxo sanguineo coronariano, das relagées entre consumo e
oferta de oxigénio e dos mecanismos celulares desencadea-
dos pelaisquemia, aincidéncia de IAM peri-operatério ainda
éelevada, sendo variavel entre os estudos, descrevendo-se
sua ocorréncia entre 3% e 30% dos casos 2.

Dentre as modalidades de protegdo miocardica utilizadas
durante a cirurgia cardiaca, a utilizagéo de farmacos e técni-
cas anestésicas que aumentem a tolerancia a episodios is-
guémicos e contribuam para preservar a fungdo miocardica,
vem ganhando importancia na pratica clinica e podem
influenciar a melhor evolugéo pds-operatéria.

O objetivodestarevisédo foiabordar os mecanismos de lesédo
easmodalidadesde protegcdomiocardicacom especial enfo-
que para as técnicas anestésicas utilizadas em cirurgia car-
diaca capazes de promover cardioprotegéo.

LESAO DE ISQUEMIA E REPERFUSAO

A isquemia miocardica desencadeia uma série de eventos
celulares que se iniciam de maneira discreta e tornam-se
progressivamente deletérios com o aumento dotempo deis-
guemia. Apesar de a reperfusdo representar o final do pro-
cessoisquémico e ser essencial para arestauragao das fun-
¢des normais dasobrevivéncia celular, esta pode paradoxal-
mente amplificar alesdo secundaria ao processoisquémico.
Clinicamente, ndo é possivel distinguirum processo dooutro
e sendo a isquemia freqlientemente acompanhada de
reperfusdo, as lesdes celulares sdao chamadas
indistintamente de lesdes de isquemia-reperfuséo.

Em situagdo de isquemia, a oferta de oxigénio regional esta
aquém das necessidades metabdlicas, o que resulta na de-
plecdodasreservas celulares de adenosinatrifosfato (ATP).
Nesta situagao, ocorre reducao da eficiéncia das bombas de
sodio (Na*) e potassio (K*)dependentes de ATP,comaumen-
to dos niveis de sodio intracelular. Hidrogénio iénico (H") in-
tracelular acumula-se como resultado da diminui¢ao na eli-
minacgao de residuos metabdlicos, da inibicdo da oxidacéo
mitocondrial de NADH, e da quebrado ATP. O acimulode H*
intracelular ir4 promover aumento na troca de H" por Na*
como tentativa de manter o pH celular, elevando os niveisin-
tracelulares de Na*, causando aumento nos niveis intracelu-
lares de calcio (Ca?*)devido atrocade Na*porcalcio >*. Utili-
zando técnicas de medida de calcio intracelular, Marban e
col. encontraram concentragdes intracelulares de calcio au-
mentadas durante episddios de isquemia e nos momentos
iniciais da reperfusao °. Niveis elevados de Ca®" intracelular
promovem ativagao das cinases protéicas, com degradagéao
de proteinas e fosfolipides > e diminuicdo da forca maxima
dos miofilamentos calcio-dependentes . Aproducéo de radi-
cais livres derivados dos neutrofilos e mitocondrias ira tam-
bém contribuir para a degradacao de proteinas e fosfolipi-
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des ®, que sao os principais constituintes da estrutura das
células e enzimas, apods o inicio do processo isquémico.
Alesaoinstaladaapdsoinicio daisquemia parece serampli-
ficada quando os vasos coronarianos estédo danificados. As
células endoteliais edemaciadas diminuem a eficacia das
trocas gasosas. As células da musculatura vascularlisae as
endoteliais com fungéo alterada perdem a capacidade de
promover vasodilatagédo e adequar o fluxo sanglineo regio-
nal as necessidades momentaneas. Os neutréfilos desem-
penham papel central na propagagéo dalesao celular. Estas
células sdo atraidas pelas células endoteliais disfuncionais
e migram para o espacgo extravascular liberando radicais li-
vres, citocinas e substancias pro-inflamatoérias, com piorada
lesdo endotelial, damusculaturalisae dos midcitos ®. Ocorre
também a agregacéo de neutrofilos e plaquetas com obstru-
¢ao microvascular, contribuindo para o desacoplamento da
relacdo demanda/oferta ®. Uma das vias de ativagao e se-
questro de neutrdfilos é a sua interagdo com moléculas de
adesaoICAM-1, L-selectinae CD11b/CD18, cujaexpressao
é induzida pela lesdo de isquemia-reperfusédo 8,

Na reperfuséo, o H" é rapidamente reduzido alcangando ni-
veis normais e o Na*intracelular é trocado pelo Ca’"extrace-
lular para equilibrar os potenciais eletroquimicos transmem-
brana, acentuando a sobrecarga intracelular de calcio **.
Evidéncias recentes sugerem que a sobrecarga intracelular
de calcio pode ativar enzimas proteoliticas seletivas, as cal-
pains, resultando em protedlise seletiva das miofibrilas e o
temponecessarioparasintese das proteinas danificadas ex-
plicariaotemponecessario pararecuperagaodafungdomio-
cardicaapos o episddio deisquemiaereperfusdo®'®. Emas-
sociagao com niveis elevados de calcio intracelular, ocorre
aumento importante na producao de radicais livres de oxigé-
nio devido a reperfusdo com sangue oxigenado. Radicais li-
vres como superoxido (Oy”), hidroxila (OH") e perdxido de hi-
drogénio (H,0;) sdo extremamente reativos e vao lesar to-
dososcomponentes celulares de maneiraindistinta, aumen-
tando as lesbes celulares induzidas pela isquemia. As con-
sequéncias clinicas podem ir desde disfungao miocardica
reversivel que persiste apds a reperfusdo, conhecida como
myocardial stunning, até infarto do miocardio *'""'?.

LESAO DE ISQUEMIA-REPERFUSAO E COMPLICACOES
MIOCARDICAS PERI-OPERATORIAS

Desdeadécadade 60, o0desenvolvimentode micro-infartos
peri-operatorios relacionados a cirurgia cardiaca é reco-
nhecido como um problema que pode levar a sindrome de
baixodébitocardiacoeaoc')bito13.Alguns dosfatoresderis-
co identificados em pacientes submetidos a cirurgia de re-
vascularizagdo miocardica (RM) como a extensédo dadoen-
g¢acoronariana, apresengade circulagao colateral, RM pré-
via, IAM recente, cirurgia de emergéncia, tempo de pinga-
mento adrticosuperiora 100 minutos einadequagao da pro-
tecdo miocardica foram diretamente relacionados ao IAM
peri-operatério 2.

O IAM peri-operatério pode ocorrer devido ao aumento do
consumo de oxigénio a indugao anestésica ou durante o pe-
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riodo de recuperagao pos-operatéria '°. Porém, o periodo
mais vulneravel a ocorréncia de isquemia miocardica é du-
rante o procedimento cirurgico propriamente dito. Aleséois-
quémica durante a CEC né&o esta unicamente relacionada a
gravidade da insuficiéncia coronariana, mas também ao tipo
de protegdo miocardica, ao intervalo de infusdo de solugao
cardioplégica e apresengade hipertrofiamiocardica. Em pa-
cientes submetidos a cirurgias valvares e sem evidéncia de
insuficiéncia coronariana, pode ocorrer elevagéao significati-
vade CK-MB em até 40% dos casos sem que haja manipula-
¢éo significativa da musculatura miocardica 18, Apesar das
técnicas atuais de protegdo miocardica utilizadas durante o
procedimento cirurgico, liberagdo enzimatica parece ocorrer
em até 50% dos pacientes submetidos a RM 7 sendo que a
mortalidade serelaciona aintensidade daliberagéo enzima-
tica '®. Como tentativa de evitar os efeitos indesejaveis da
CEC, RM sem CEC tem sido utilizada como estratégia alter-
nativa viavel a cirurgia tradicional. Durante a realizacao da
RMsem CEC, devido aoclusao temporaria do fluxo coronari-
anodurante arealizagdo das anastomoses, o pré-condiocio-
namento isquémico é a técnica de protegdo miocardica utili-
zada. Contudo, mesmo que a cirurgia seja realizada com o
coracgao batendo, IAM peri-operatério pode ocorrer no terri-
torio revascularizado devido a ma tolerancia miocardica ao
evento isquémico ou em regides nao revascularizadas.
Embora pacientes idosos submetidos a cirurgia de
revascularizacdo miocardica, especialmente em
re-operagdes, e com ma fungéo ventricular, sejam sérios
candidatos a ocorréncia de isquemia miocardica
peri-operatoria, ela pode ser verificada em todas as faixas
etarias e nos diferentes tipos de cirurgia cardiaca.

TECNICAS DE PROTECAO MIOCARDICA
Cardioplegia

Atécnicade protecdo miocardica mais utilizada durante a ci-
rurgia de revascularizagdo do miocardio é ainfusao de solu-
¢ao cardioplégica hipotérmica, sangliinea ou cristaldide,
sendo empregada em 84,3% das cirurgias com CEC, segun-
doKarthik e col. '°. Relatos iniciais do uso de cardioplegia da-
tam da década de 50, descrevendo parada cardiaca eletro-
quimica em diastole induzida por solugdes de citrato de po-
tassio?’, permitindoarealizagdode cirurgiacardiacasobreo
coragao parado e flacido. Contudo, esta solugdo estava as-
sociada a alta incidéncia de necrose miocardica '. As solu-
¢des cardioplégicas ricas em potassio foram abandonadas
emmeadosdosanos 70, quandofoidetectadoqueanecrose
miocardica estava relacionada a sua alta concentracéo e hi-
pertonicidade ?2. Até adécadade 80, autilizagdode solucdes
cardioplégicas cristaléides hipotérmicas foi a principal técni-
ca de protecao miocardica em cirurgia cardiaca. A partir da
décadade 80, estudos demonstraram que solugdes de cardi-
oplegia sangliineas com potassio promoviam prote¢cao mio-
cardica mais eficiente que as solugdes cristaldides, fato ob-
servado porredugaonaliberagdo de CK-MB e redugdodain-
cidéncia de infarto peri-operatoério 2 Desde ent3o, a cardio-

560

plegia sanguinea tem sido a pedra angular da protegdo mio-
cardica e tem papel definido na cardioprotecgao
intra-operatoria 2.

Atécnicade administragao de cardioplegia mais utilizadaéa
infusdo anterégrada intermitente na aorta, proximalmente
ao coragéao, apos o pingamento aoértico ou diretamente nos
Ostios das artérias coronarias, especialmente quando existe
valvopatia aortica associada. Recentemente, tem-se pro-
posto a infusédo de cardioplegia de maneira retrégrada pelo
ostiodo seio coronariano. Estatécnicatem como pressupos-
tos a possibilidade de manutengéo da infusdo sem interrup-
¢oes e a distribuicdo de cardioplegia para regibes irrigadas
porvasos coronarianos estenéticos, melhorando a protegao
das regides subendocardicas % 0 estudo multicéntrico
CABG Patch Trial mostrou que a combinagéo dos métodos
deadministragdode cardioplegia anterégradaintermitente e
retrograda continua reduzia as complicacbes cardiacas
pos-operatorias em relagdo a ambos os métodos utilizados
isoladamente em pacientes coronariopatas de alto risco ci-
rargico 2.

Atemperaturaideal da solugéo cardioplégica ainda é sujeito
de controvérsia. Solugdes com temperaturas inferiores a
15 °C parecem ser mais efetivas naredugdo do consumo mi-
ocardico de oxigénio, produgédo de lactato e indicadores de
hipoxia celularque solugdes emtemperaturaambiente. Con-
tudo, solugbes com temperatura emtorno de 27 °C parecem
estarrelacionadas amelhorrecuperagéaodafungéo ventricu-
laresquerda no pés-operatorioimediato 27 além de menorin-
cidéncia de disritmias, necessidade de desfibrilacdo e me-
norvolume de sangramento ?2. Outro ponto de controvérsia é
ointervalo entre as infuses de cardioplegia, sendo 20 a 25
minutos o intervalo médio utilizado pelos cirurgides. Tam-
bém ndo existe consenso sobre a dose ideal de cardioplegia
assim como a adigao de substratos comoIl-arginina, anti-dis-
ritmicos ou antagonistas beta-adrenérgicos 2°°°.

Hipotermia

Ahipotermiaterapéutica tem sido outra estratégia para dimi-
nuiralesdo miocardica secundaria aisquemia durante cirur-
gia cardiaca com circulagédo extracorpérea. O mecanismo
pelo qual a hipotermia exerce seu papel protetor no miocar-
dio ndo esta completamente esclarecido. A explicagao clas-
sica é areducao do consumo de oxigénio induzido pela dimi-
nuigao da atividade metabdlica celular e pelas reagdes enzi-
maticas, o que poderia limitar as zonas de isquemia nas re-
gides de miocardio sob risco. Em humanos resfriados a 32
°C, o consumo de oxigénio corporal total diminuiem 45%, e
nao esta relacionado a alteragdes na saturagao arterial de
oxigénio *'. O aumento da afinidade do oxigénio & hemoglo-
bina é compensado pelo aumento da sua solubilidade no
sangue, mantendoacopladaaofertadeoxigénioademanda.
A medida que a temperatura diminui, o consumo miocardico
de oxigénio diminui, estando abaixo de 1% a 12 °C *2. Este
efeito cardioprotetor éindependente dabradicardiainduzida
pela hipotermia, pois persiste apdés normalizagao da fre-
qliéncia cardiaca com o uso de marca-passo >,
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Adiminuicao da atividade metabdlica, contudo, ndo parece
ser o Unico mecanismo relacionado a cardioprotegao indu-
zida pela hipotermia. Redug¢éo da peroxidacéao lipidica e da
producéo de radicais livres foram descritas em modelo de
hipotermia. Globus e col. mostraram que a hipotermia
pos-isquémica e pos-traumatica reduz os niveis extracelu-
lares de acido 2,3-dihidrobenzdico, umindicador da produ-
¢ao de radicais livres % Em modelo de les&o isquémica
apo6s neurotrauma, hipotermia moderada induziu elevagao
da proteina anti-apopitética Bsl 2, o que pode atenuar oini-
ciodoprocessode apoptose celular®”. Emmodelos animais
e em coracgdes isolados, foi demonstrado que a hipotermia
preserva as reservas celulares de ATP durante episodios
deisquemia. Foitambémevidenciado,em modelos animais
deinfartoagudo do miocardio, que os efeitos cardioproteto-
res da hipotermia incluiam diminuigdo do tamanho do infar-
to, preservagao do fluxo microvascular e manutengao do
débito cardiaco %%,

Aintensidade e a duragao da hipotermia sdo determinadas
deacordocomoprocedimentocirurgicoaserrealizado. Ape-
sar dos efeitos benéficos da hipotermia sobre a protegéo or-
génica, o aumento do tempo de durac&o da hipotermia pare-
ce exercer efeitos paradoxais, piorando a lesdo miocardica
induzida pelaisquemia-reperfusao. Hipotermia profundapor
periodos muito prolongados pode exacerbar a sobrecarga
de calciointracelular e induzir aformagéo de peréxidos e es-
pécies reativas de oxigénio ***'. Outros efeitos colaterais in-
desejaveis da hipotermia em pacientes submetidos a cirur-
gia cardiaca séo os disturbios eletroliticos, aumento da re-
sisténcia vascular sistémica, taquicardia, diminuicao do me-
tabolismo e dadepuragaodedrogas, coagulopatiaeimunos-
supressao .

Pré-Condiciocamento Isquémico

O pré-condicionamento isquémico € uma resposta adaptati-
va e protetora endégena contra a isquemia miocardica pro-
longada. Este conceito foi proposto a partir das observagdes
iniciais de Murry e col., que observaram redugao de até 75%
na areade infarto apos oclusao por 40 minutos da artéria cir-
cunflexa esquerda em modelo animal, quando eram realiza-
das pequenas oclusdes prévias de cinco minutos desta mes-
ma artéria *>*®. Este fenémeno foi também observado em
umasériede modelos, desde cardiomidécitos isolados até co-
ragdes in situ, em varias espécies animais *"*°. Apesar de
ser utilizado inicialmente com o intuito de diminuir aincidén-
cia e extensao de infarto, observou-se que esta modalidade
de protegao miocardica também poderia diminuir a incidén-
cia de disfungao miocardica reversivel pés-isquémica*® e a
disfungao da circulacéo coronariana *’. Diversos receptores
de membrana parecem estar envolvidos no fenbmeno do
pré-condicionamento isquémico incluindo os receptores
a-1, os receptores B, receptores opioides, e de adenosina
%1-% Os mecanismos pelos quais o pré-condicionamento is-
guémicodesencadeiaasequénciade eventosintracelulares
que ira promover protegdo miocardica apdés eventos
isquémicos repetidos ainda sado assunto de intensa
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investigacado e sdodiscutidos nasegao “pré-condicionamen-
to induzido por anestésicos inalatdérios halogenados”.

A aplicagao do pré-condicionamento isquémico prevé uma
paradatemporaria do fluxo sanglineo, podendo ser protetor
na vigéncia de varios insultos isquémicos e ter um papel be-
néficonacirurgia cardiaca. Ghosh e Galinanes investigaram
os efeitos do pré-condicionamento isquémico durante pro-
cedimentos com ou sem utilizagdo de CEC. O pré-condicio-
namento isquémico foi realizado por meio de pingamento
adrtico por cinco minutos seguido de cinco minutos de reper-
fusdo antes daintervencgdo. Em pacientes submetidos a RM
sem CEC, o pré-condicionamento isquémico promoveu me-
nor liberagéo de troponina apds a cirurgia %5 Estatécnicade
cardioprotecao pode ser utilizadaem RMsem CECeem RM
com CEC "°.

Pré-Condicionamento Induzido por Anestésicos Inalatérios
Halogenados

Nos anos 70, estudos mostraram fortes evidéncias de que os
anestésicos inalatérios volateis protegem o miocardio de
lesbesisquémicasreversiveis eirreversiveis. Bland e col.
demonstraram que o halotano reduzia a elevagao do seg-
mento STemmodelocaninode oclusdode curtaduragdodas
artérias coronarias °®. Esse mesmo grupotambém observou
redugéo do tamanho do infarto em caes quando o halotano
eraadministrado antes da oclusdo coronariana °’. Warltier e
col. observaram caes, que eram previamente tratados com
halotano ouisoflurano a 2%, recuperavam completamente a
fungdo contratil do miocardio entre 3 e 5 horas apds aisque-
miamiocardica, enquanto que haviarecuperagaode apenas
50% da contratilidade apos 5 horas no grupo controle . Os
mesmos resultados foramobservados emdiversas espécies
animais %>, Cardioprotecao foi também observada em con-
dicbes deparadacardiacainduzida porcardioplegiaeduran-
te areperfusdo em modelos animais em uso de anestésicos
inalatorios 6'%2. Os mecanismos pelos quais estes farmacos
promovem cardioprote¢cdo ndo saointeiramente conhecidos
esdoassuntoatualdeintensainvestigagao, porém parecem
mimetizar a cardioprotegéo por pré-condicionamento isqué-
mico, sendo definida como pré-condicionamento induzido
por anestésicos.

Os anestésicos halogenados reduzem a presséo arterial,
causam depressao na contratilidade miocardica, produzem
vasodilatagao coronariana, retardam a condugao do estimu-
loelétricoe atenuam a atividade do sistema nervoso simpati-
co, o que contribui para diminuicdo do consumo miocardico
de oxigénio. Contudo, outros mecanismos além da adequa-
¢dodaofertaedoconsumodeoxigénio parecemestarrelacio-
nados a cardioprotegao conferida pelos anestésicos haloge-
nados. Apreservacgao dos fosfatos de alta energia € umadas
hipéteses sugeridas. Freedman e col. observaram maiores
concentragdes de creatina-fosfatoe ATPemmodelode cora-
¢ao isolado tratado com enflurano antes de episddio de is-
quemia-reperfusdo, quando comparado aos do grupo con-
trole ®°. Resultados similares foram observados com halota-
no e outros anestésicos halogenados 64 Outro mecanismo
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sugerido para explicar a cardioprotegéo induzida pelos halo-
genados é a modulagao do influxo celular de calcio. Alguns
pesquisadores demonstraram experimentalmente que o ha-
lotano, oisoflurano e o enflurano diminuiam ofluxo celular to-
tal de calcio em ratos ®°, porcos da Guiné ®%”e midcitos ven-
triculares caninos . Eskinder e col. observaram que os
anestésicos inalatérios produzem redugédo nos potenciais
elétricos de pico induzidos pelo influxo de calcio através dos
canaisdecalciodotipoLe Tnasfibrasde Purkinjeemmodelo
com células caninas isoladas ®°. Os mesmos autores suge-
remque esses canaisde calciolocalizados noreticulo sarco-
plasmatico sédo o principal local de acdo destes anestésicos
na modulacgéo do influxo de calcio. Outros mecanismos pro-
postos paraadiminuicdodoinfluxo celularde calcioinduzido
pelos anestésicos inalatorios sdo a inibigdo da bomba de s6-
dio-calcio "° e do aumento da expressao de canais de calcio
na membrana induzidos pela isquemia-reperfuséo &1,
Aaberturade canaisde potassio ATP-dependentes, reduzin-
do a duracgao do potencial de agéo e atenuando a despolari-
zagao damembrana, poderia resultar em menores niveis de
calcio intracelular durante o pré-condicionamento isquémi-
co e infarto agudo do miocardio 71, parece estar envolvido
com a cardioprotecéoinduzida pelos anestésicos halogena-
dos. A inibigdo dos canais de potassio ATP-dependentes
pela glibenclamida, bloqueador especifico desses canais,
foi capaz de eliminar a conservacédo de ATP induzida poriso-
flurano em cées ">. Foi também observado que a manuten-
¢ao da fungao contratil do miocardio apds isquemia em caes
queinalavamisoflurano erainibida parcialmente pelagliben-
clamida "3

Nao existem definicdes sobre qual anestésico halogenado
ou concentracdo inalada deve ser utilizada para promogéao
deprotegdomiocardicaemcirurgiacardiaca. Alguns autores
tém sugerido que concentracdes proximas a 1 CAM dos di-
versos anestésicos halogenados produzem efeitos seme-
Ihantes quanto a intensidade da protegéo miocardica produ-
zida™*. Contudo, alguns estudostémrelatado diferengas sig-
nificativas na intensidade de protegdo miocardica e meca-
nismos de agdo dos diversos halogenados "°>78. Até o mo-
mento, os anestésicos halogenados tém mostrado efeitos
consistentes na protegdo miocardica em modelos animais
de lesdo de isquemia-reperfusdo, porém ndo existe
consenso sobre que anestésico e que dose devem ser
utilizados em cirurgia cardiaca.

Analgésicos Opidides

Protecaocontralesdodeisquemia-reperfuséo poragonistas
de receptores opidides tem sido demonstrada experimental-
mente em diversos modelos animais. A contribuicdo dos
opidides enddégenos para adaptacgao organica a hipodxia foi
inicialmente relatada por Mayfield e col. que observaram que
D-Pen2-D-Pen5-Encefalina, um agonista dos receptores
sigma, aumentava a toleréncia e otempo de vida em camun-
dongos submetidos a hipdxia grave "*®°. Foi também obser-
vado que o agonista dos receptores sigma
D-Ala2-D-Leu5-Encefalina, o gatilho para hibernagdo em

562

animais de grande porte, induzia efeitos protetores em multi-
plas preparacdes de 6rgéos, inclusive em coracgdes prepara-
dos para transplante 8 Em 1996, Schultz e col. demonstra-
ram que morfina administrada na dose de 300 pg.kg™', 30 mi-
nutos antes da oclusao da artéria interventricular anterior,
causava diminuicao da zona de infarto de 54% para 12% da
areasob risco emratos ®2. Estareducéo da areadeinfartoin-
duzida pela morfina foi também observada em modelos de
coraco isolado, coracéo in situ e cardiomidcitos 8%, Foi
também observada melhora da contratilidade ventricular
apoés episddios de isquemia com morfina e fentanil 8,

O envolvimento dos receptores opidides no pré-condiciona-
mento isquémico, principalmente os receptores sigma, fo-
ram demonstrados em varias espécies animais e em seres
humanos °"7*88%87 Em 1995, Schultz e col. demonstraram
que a naloxona bloqueava os efeitos cardioprotetores dos
opidides em ratos submetidos ao pré-condicionamento is-
quémico, contudo sem efeito em animais ndo submetidos ao
pré-condicionamento 8 Além de participarem no desenca-
deamentodacascatade eventosdo pré-condicionamentois-
quémico, os opidides parecem também mediar a suafase de
memoria em algumas espécies animais 8 Acardioprotegao
induzida pelos opidides parece ser modulada pela ativagao
de receptores cardiacos, independente da agao destes far-
macos no sistema nervoso central. Chien e col. observaram
que um antagonista de receptor opidide quaternario deriva-
do danaloxona, que ndo cruza a barreira hematoencefalica,
foi capaz de bloquear completamente os efeitos protetores
do pré-condicionamento isquémico em coragédo isolado de
coelho °°. O mecanismo pelo qual os opidides conferem pro-
tecdo miocardica é assunto de investigacao. Tem sido pro-
posto que a cardioprotecéo induzida por opidides proces-
sa-se pela ativagédo dos canais de potassio dependentes de
ATP, possivelmente na membrana mitocondrial 847", Con-
tudo, as vias intracelulares que fazem a transducéao dos efei-
tos da estimulagao de receptores sigma até o efetores finais
responsaveis pela protegcdo miocardica ndo é clara. Outras
viasintracelulares de cardioprotegcéo induzida pelos analgé-
sicosopidides parecemestarrelacionadas aativagaode pro-
teina G inibitdria °2 e proteinocinase C1 849193,

Outros Agentes Anestésicos

Alguns estudos sugerem que o propofol pode atenuar a dis-
fungdo miocardica mecanica pds-isquémica, o tamanho do
infarto e as alteracées histologicas **°’. Devido a sua estru-
turaquimicasimilaraos derivados fenélicos quelantes de ra-
dicais livre, como vitamina E, o propofol diminui a concentra-
cao de radicais livres e seus efeitos deletérios . Outros au-
tores descreveram que o propofol reduz o influxo celular de
calcioidnico e atenua a atividade neutrofilica, intervindo du-
rante fases criticas da reperfusdo miocardica **'%°. Algum
grau de protegdo miocardica parece ser conferido pelo pro-
pofol quando este é administrado durante a fase de reperfu-
sao em modelos experimentais de coragao isolado de rato
191 Contudo, o efeito protetor do propofol parece sermomen-
taneo, ndosendo consideradoumagenteindutorde pré-con-
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dicionamento ou protegdo miocardica. A administragédo de
bloqueadores das vias de transdugao intracelular relaciona-
dasaopré-condicionamentoisquémico,comoaglibenclami-
da, ndoinibe os efeitos protetores momentaneos do propofol
91 De Hert e col. compararam a fungdo miocardica contratil
eosindicadores de lesdao miocardica em pacientes submeti-
dos a revascularizagdo do miocardio com CEC, anestesia-
dos com propofol ou sevoflurano. Estes autores observaram
que o sevoflurano, mas n&o o propofol, foi capaz de preser-
var a fungdo miocardica pds-operatdria com evidéncias de
reducdo de lesdo celular miocardica apds a cirurgia de
revascularizagéo '°2.

O gas xendnio, um farmaco anestésico inalatério, utilizado
em caraterexperimental, tem sidoimplicado narecuperagéao
da disfungdo miocardica reversivel em modelo animal de le-
sdodeisquemiaereperfusdo. Animais tratados com xendénio
evoluiram comrecuperacido completanafragdo de espessa-
mentodaparede ventricular,umindice de contratilidade mio-
cardica,ematé 12 horas apds aintervengao cirdrgica, sendo
que no grupo controle afracdo de espessamento sé retornou
aos valores pré-isquémicos apos 48 horas. Ainda no grupo
tratado com xendnio, foitambém observada atenuagao dali-
beragao de catecolaminas apds a isquemia quando compa-
rada ao grupo controle, o que poderia contribuir para a redu-
¢a0 do consumo de oxigénio pos-isquemia '°*. Contudo, ndo
existem evidéncias de utilizagéo clinica de xenbnio para
protegdo miocardica em seres humanos.

Apesardo papel bem estabelecido dacetaminacomoagente
anestésico em cirurgia cardiaca congénita e em pacientes
evoluindo com choque circulatério, este farmaco parece blo-
quear o pré-condicionamento isquémico '°*'% e intensificar
alesdomiocardica. Acetaminareduzaprodugdode 1,4, 5tri-
fosfato inositol ' e inibe os canais de potassio ATP depen-
dentes na membrana sarcoplasmatica 97 Os barbitaricos
também tém sido classificados como medicagdes que po-
dem inibira prote¢ao miocardica induzida pelo pré-condicio-
namento isquémico.

Farmacos Adjuvantes

Diversas medicagdes tém sido investigadas para adminis-
tragdo direta na solugéo cardioplégica ou para administra-
¢ao sistémica antes do inicio da CEC. Dentre os farmacos
que sabidamente atenuam o tamanho da lesdo miocardica
no IAM estdo os antagonistas beta-adrenérgicos, através de
reducédo do consumo miocardico de oxigénio, redugéo do t6-
nus simpatico e estabilizacdo de membranas celulares '°°. A
administracdo de antagonistas beta-adrenérgicos nas pri-
meiras horas apds o infarto mostrou-se claramente benéfica
na diminuicao da mortalidade e de complicagbes relaciona-
dasaolAM. As horas que antecedemacirurgia, o ato anesté-
sico-cirurgico em si e a CEC desencadeiam intensa estimu-
lagao adrenérgica ''°. Uma vez que a ocorréncia de infarto
miocardico em cirurgia cardiaca pode estar relacionada aos
episodios de taquicardia e isquemia peri-operatoria, o em-
prego dos antagonistas beta-adrenérgicos é particularmen-
teinteressante """, podendo ser utilizados de maneira profila-
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ticaantesdaintervencdooude maneiracurativaduranteaci-
rurgia "',

A manutencao de antagonistas beta-adrenérgicos até o dia
da cirurgia de revascularizagao miocardica era controverso
113.114 & a pesquisa clinica trouxe argumentos favoraveis a
estapraticaapartirde 1979, assim como em cirurgiando car-
diaca, a terapia com antagonistas beta-adrenérgicos deve
ser mantida no pré-operatério até o dia da cirurgia "5 Noes-
tudo aleatério de Ponten e col. ''°, ainterrupgao do metopro-
lol 60 horas antes da intervengéo foi acompanhada de IAM
pré-operatérios e de episddios de taquicardia e de isquemia
peri-operatoéria. Resultados semelhantes foram observados
por Chung e col. """, Os estudos de du Cailare col. "® e Rao e
col. ""® mostraram que a utilizagao pré-operatéria do propra-
nolol reduziu significativamente a elevagéo da fragcdo MB da
creatinofosfocinase. Aadministragdode 80 mg de sotalol por
viaoralacada12horas, iniciadaduas horas antesdacirurgia
permitiu reducéo de 43% na incidéncia de disritmias supra-
ventriculares pds-operatorias '?°. No estudo de Podesser e
col., a infusdo continua de nifedipina durante o periodo in-
tra-operatorio, associada a 12 pg.kg™'.h”" de metoprolol,
apoésoiniciodaCEC edurante 24 horas, reduziuaincidéncia
de episadios isquémicos e de taquicardias supraventricula-
res 2!,

Slogoff e col. '?? compararam, num estudo prospectivo nao
aleatorio, a incidéncia de episédios isquémicos em pacien-
tes submetidos a revascularizagéo miocardica. Individuos,
cujo tratamento até o momento da intervencéo incluia anta-
gonistas beta-adrenérgicos, apresentaram menos episodios
de taquicardia ou isquemia miocardica que aqueles que re-
ceberamdiltiazem ou nifedipina. Nestes, o nUmero de episo6-
dios isquémicos foi semelhante ao de pacientes que nao re-
ceberam nem antagonistas beta-adrenérgicos nem bloquea-
dor de canal de célcio. Arazao da diferenca da eficacia entre
antagonistas beta-adrenérgicos e bloqueadores de canal de
calcio é desconhecida. Entretanto, Kyosola e col. '** descre-
veram uma rede de catecolaminas intra-axonais no atrio di-
reito em 16 dentre 65 pacientes durante cirurgia cardiaca e
mostraram que sua presencga esta relacionada a ocorréncia
de complicagdes graves como disritmias de duracéo de até
duas semanas apo6s a cirurgia, infarto do miocardio e morte.
Segundo Piriou e col., estas complicagdes poderiam ter sido
prevenidas pela continuidade do tratamento com antagonis-
ta beta-adrenérgico "'2.

Embora a terapia com antagonistas beta-adrenérgicos
tenha se mostrado eficaz na redugcédo de eventos
peri-operatoérios entre pacientes de altoriscosubmetidos
acirurgianado-cardiaca e a cirurgia vascular, nenhum es-
tudo aleatorio avaliou, ainda, se esta terapia € benéfica
quando utilizada no pré-operatorio de cirurgia de revas-
cularizacdo miocardica '?*. Um ensaio terapéutico envol-
vendo 60 pacientes submetidos a RM com CEC mostrou
que o esmolol, um antagonista beta-adrenérgico de agéao
ultracurta, utilizado para reduzir a contratilidade miocar-
dica durante perfusdo coronaria continua normotérmica,
produz protegdo miocardica de maneira comparavel a
cardioplegia sangiiinea ou cristaloide '?°.
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Emrelagdoaosagonistasdereceptores a,, 0usoperi-opera-
toério de clonidina mostrou-se eficaz em diminuira morbimor-
talidade em pacientes submetidos a cirurgia ndo cardiaca
26 Nao existem evidéncias sobre acao cardioprotetora dos
agonistas a,-adrenérgicos, havendo necessidade de estu-
dos para definicdo daindicagéo precisa destes farmacos em
pacientes submetidos a cirurgia cardiaca. Loick e col. obser-
varam que a clonidina foimenos efetiva que a anestesia peri-
dural torécica alta em reduzir o estresse peri-operatorio via
simpatodlise ealiberagdodetroponinaempacientes submeti-
dos a revascularizagéo miocardica '?’.

Estudos experimentais e pequenos estudos clinicos mostra-
ram resultados encorajadores de melhora do desempenho
miocardico em pacientes submetidos a cirurgia cardiaca
com a infusdo de solugéo glicose-insulina-potassio (GIK)
128-130 O mecanismo pelo qual a solugao GIK promove cardi-
oprotecaoparece estarrelacionado arestauragaodaativida-
de dos canais de potassio ATP dependentes pela insulina,
uma vez que a glicose diminui a atividade deste canal '?°.
Zhang e col. observaram que a infusdo de insulina diminui a
apoptoseinduzida porepisédio deisquemiaereperfuséo .
Contudo, apesar dos efeitos benéficos observados experi-
mentalmente e em pequenas séries, um estudo nao conse-
guiu demonstrar beneficio da GIK em pacientes de altorisco
submetidos a revascularizacdo do miocardio com CEC '*2. 0
mesmo resultado foi observado em pacientes submetidos a
RM sem CEC "°. Por outro lado, o controle rigoroso da glice-
mia peri-operatéria, tanto em diabéticos quanto em nao dia-
béticos, pode ter papel fundamental na diminui¢do da morbi-
mortalidade nesse periodo "*°.

Alguns autores mostraram em modelos experimentais que a
adenosina ativa a via metabdlica da proteinocinase C, uma
das vias supostamente envolvidas na protegdo miocardica
induzida pelo pré-condicionamento isquémico. Contudo, os
estudos clinicos com adenosina ndo evidenciaram benefici-
os esperados, quando comparados aos resultados obtidos
em estudos experimentais %134,

Anestesia Peridural Toracica

A anestesia peridural toracica com anestésicos locais tem
sido utilizada como técnica capaz de promover analgesia
peri-operatoéria e redugédo do consumo miocardico de oxigé-
nio pelo bloqueio das raizes das fibras simpaticas toracicas
de T1a Ts, que provéem inervagao simpatica ao coragao. A
cardioprotegéo conferida pela anestesia peridural toracica
estarelacionadaamelhorado balanco de oxigénio miocardi-
co induzida pelo bloqueio simpatico, que causa reducéo do
consumo de oxigénio pelo miocardio secundario a bradicar-
dia, redugao do débito cardiaco, redugéo daresisténcia vas-
cular sistémica e melhora da perfusao regional com dilata-
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¢ao dos segmentos pds-estenodticos das artérias parcial-
mente obstruidas. Alguns estudos demonstraram que a
anestesia peridural toracica pode atenuar a resposta endé-
crino-metabdlica secundaria acirurgia, comredugaodalibe-
racao e dos niveis séricos de catecolaminas, o que contribui
para aredugao do consumo de oxigénio '*°. Esta melhora no
balangomiocardicode oxigénio é demonstrada clinicamente
por melhora da angina em pacientes coronariopatas '*°. De-
vido a eficiéncia da analgesia peridural toracica, & possivel
utilizardoses menores de opidides sistémicos reduzindo, as-
sim, o tempo de intubagéao traqueal e as morbidades pulmo-
nares no pos-operatério de cirurgia cardiaca *"""*°. Contu-
do, apesardos efeitos benéficos da anestesia peridural tora-
cica sobre o balango miocardico de oxigénio, nenhum meca-
nismo miocardico direto de aumento da tolerancia a episodi-
os de isquemia e reperfusao foi descrito. Numa metanalise
recente com 15 estudos e 1178 pacientes, a utilizagdo de
anestesiaperiduraltoracicaemrevascularizagdodomiocar-
dio, ndo se mostrou efetiva naredugéo damortalidade (0,7%
versus 0,3% anestesia geral) ou a incidéncia de infarto do
miocardio (2,3% versus 3,4% anestesia geral). Por outro
lado, houve diminuicao significativa da incidéncia de disrit-
mias (OR 0,52), complicagcbées pulmonares (OR 0,41) e do
tempo de intubagéo traqueal em 4,5 horas. Analgesia com
opidides por via subaracnéidea ndo mostrou nenhum efeito
sobre a mortalidade, incidéncia de infarto, disritmias, morta-
lidade e tempo de intubagao traqueal, quando comparado
com anestesia geral "°.

CONCLUSOES

Até omomento, as modalidades de cardioprotecdo mais utili-
zadas em cirurgia cardiaca com CEC s&o a infusdo de solu-
¢oes de cardioplegia nas suas diversas modalidades e hipo-
termia regional e sistémica, que conseguem efetivamente
reduzir o consumo de oxigénio miocardico e preservar a fun-
¢ao contratil. Nos pacientes submetidos a RM sem CEC, o
pré-condicionamentoisquémico tem papel estabelecido, po-
dendo aindaser utilizado em pacientes submetidos a cirurgi-
as cardiacas com CEC. Algumas substancias como antago-
nistas beta-adrenérgicos, administrados sistémica ou regio-
nalmente tém demonstrado capacidade de protegéo miocar-
dica as vezes comparavel a protegao conferida pelas solu-
¢descardioplégicas. Astécnicasde anestesiaregional, tidas
como protetoras, ndo tém papel confirmado na cardioprote-
¢ao. Por outro lado os anestésicos inalatérios e opidides
mostraram importante papel na cardioprotegéo. A associa-
¢ao das técnicas de protegado miocardica implementadas
pela equipe de cirurgia e anestesia podem ter efeitos
sinérgicos contribuindo para melhor preservagéo da fungao
miocardica e melhor evolugéo pds-operatdria em cirurgia
cardiaca.
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Myocardial Protection in Cardiac Surgery

Luiz Marcelo Sa Malbouisson, TSA, M.D.; Luciana Moraes
dos Santos, M.D.; José Otavio Costa Auler Jr, TSA, M.D;
Maria José Carvalho Carmona, TSA, M.D.

INTRODUCTION

Myocardial protection during cardiac surgery is defined as
the set of strategies aiming at decreasing myocardial oxygen
consumption adapting it to the momentary tissue supply
and/oratmaking cardiac cells more resistanttoischemic epi-
sodes. The goal is to attenuate the magnitude of
ischemia-reperfusion-induced injuries and their noxious
early and late consequences, such as acute myocardial in-
farction (AMI), arrhythmias, ventricular dysfunction, cardio-
genic shock and increased perioperative mortality.

The importance of limiting ischemia-reperfusion injuries has
beendiscussedformorethanthree decades. Marokoetal.,in
1971, have proposedthatthe extension and severity of tissue
injury alter coronary occlusion were not determined at
ischemia onset, but rather they could be changed by thera-
peutic manipulations during ischemia ". Since then, a large
number of experimental studies have investigated ischemic
mechanisms and myocardial protection modalities. How-
ever, few therapeutic interventions have shown to be clini-
cally effective.

Notwithstanding progresses in understanding what deter-
mines coronary blood flow, of the relationships between oxy-
gen supply and demand and of cell mechanisms triggered by
ischemia, there is still a high incidence of perioperative AMI,
which varies from 3% to 30%, depending on the study 2.
Among myocardial protection modalities used during cardiac
surgeries, drugs and anesthetic techniques improving toler-
ancetoischemiaand contributing to protect myocardial func-
tion are becomingincreasingly important for the clinical prac-
tice and may influence better postoperative outcomes.
The objective of this review was to address injury mecha-
nisms and myocardial protection modalities with special em-
phasistoanesthetictechniquesabletopromote heartprotec-
tion.

ISCHEMIA AND REPERFUSION INJURY

Myocardial ischemia triggers a series of cell events which
start mildly and become progressive noxious with time. Al-
though reperfusion is the final stage of the ischemic process
and is essential to restore normal functions and cell survival,
this may paradoxically amplify the damage secondary to
ischemia. Clinically, itis impossible to separate one process
from the other and since ischemia is often followed by
reperfusion, cell injuries are indistinctly called
ischemia-reperfusion injuries.

During ischemia, regional oxygen supply is beneath meta-
bolic needs, resulting in depletion of adenosine triphosphate
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(ATP)cellreserves. Thereis decreased efficiency of ATP-de-
pendent sodium (Na*) and potassium (K*) pumps with in-
creased levels of intracellular sodium. Intracellular ionic hy-
drogen (H")is builtup asresultofdecreased excretion of met-
abolic residues, NADH, mitochondrial oxidation inhibition
and ATP break down. Intracellular H" build up promotes in-
creased H' for Na* exchange in an attempt to maintain cell
pH, increasing intracellular Na* levels and promoting in-
creased intracellular calcium (Ca®) levels due to the ex-
change of Na* for calcium **.

Using intracellular calcium measurement techniques,
Marban etal. have foundincreased intracellular calcium con-
centrations during ischemia and early reperfusion °. High
intracellular Ca?* levels activate protein kinases with degra-
dation of proteins and phospholipids *° and decreased maxi-
mum calcium-dependent microfilament strength " The pro-
duction of neutrophils and mitochondria-derived free radi-
cals also contributes for proteins and phospholipids degra-
dation ®, which are major constituents of cells and enzymes
structure after ischemia is installed.

The post-ischemia injury seems to be amplified when coro-
nary vessels are damaged. Edematous endothelial cells de-
crease gas exchange efficacy. Vascular smooth and endo-
thelialmuscles cellswithabnormalfunction are unable to pro-
mote vasodilation and to match regional blood flow to mo-
mentary needs. Neutrophils play a central role in spreading
cell injury. These cells are attracted by dysfunctional endo-
thelial cells and migrate to the extravascular space releasing
free radicals, cytokines and pro-inflammatory substances,
with worsening of the endothelial, smooth muscles and
myocytes injury 8 There s also neutrophils and platelets ag-
gregation with microvascular obstruction, contributing to
supply/demand relationship mismatching ¢ One way to acti-
vate and scavenger neutrophils is their interaction with
ICAM-1, L-selectine and CD11b/CD18 adhesion molecules,
the expression of which is induced by ischemia-reperfusion
injury &.

During reperfusion, H" is rapidly decreased reaching normal
levels, and intracellular Na* is exchanged for extracellular
Ca?* to balance transmembrane electrochemical potentials,
increasing intracellular calcium overload **. Recent evi-
dences suggest that intracellular calcium overload may acti-
vate selective proteolytic enzymes, the calpains, resulting in
selective myofibrils proteolysis, and thetime needed fordam-
aged proteins synthesis would explain the time needed for
myocardial functionrecovery afterischemia-reperfusion .10,
In association with high intracellular calcium levels, there is
majorincreaseinoxygen freeradicals due toreperfusion with
oxygenated blood. Free radicals such as superoxide (O3),
hydroxyl (OH") and hydrogen peroxide (H,O,) are extremely
reactive and indistinctly damage all cell components, in-
creasing ischemia-induced cell injuries. Clinical conse-
quences may go from reversible myocardial dysfunction per-
sisting after reperfusion and known as myocardial stunning,
to myocardial infarction >'"'2,
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ISCHEMIA-REPERFUSION INJURY AND
PERIOPERATIVE MYOCARDIAL COMPLICATIONS

Since the 1960s, the development of perioperative mi-
cro-infarctions related to cardiac surgery is admitted as a
problem,whichmayleadtolowcardiac, outputsyndromeand
death . Some risk factors identified in patients submitted to
coronary artery bypass (CAB) procedures, such as coronary
disease severity, presence of collateral circulation, previous
CAB, recent AMI, emergency procedure, aortic clamping be-
yond 100 minutes and inadequate myocardial protection,
were directly related to perioperative AMI 2™,
Perioperative AMI may be due to increased oxygen con-
sumption at anesthetic induction or during postoperative re-
covery 5 However, myocardial ischemiais more likely to de-
velop during the surgical procedure itself. Ischemia during
CPBis not solely related to coronary failure severity, but also
tothe type of myocardial protection, the cardioplegic solution
infusionintervalandthe presence of myocardial hypertrophy.
In patients submitted to valve procedures with no evidences
of coronary failure, there may be significant CKMB increase
inup to40% of cases without significantmanipulation of myo-
cardial muscles '°.

In spite of current perioperative myocardial protection tech-
niques, up to 50% of patients submitted to CAB may release
enzymes'’, and mortality is related to the intensity of enzyme
release '®. Attempting to prevent undesirable CPB effects,
CAB without CPB has been adopted as a feasible alternative
totraditional surgery. During CAB without CPB, duetotempo-
rary coronary flow occlusion during anastomosis, ischemic
preconditioning is the myocardial protection technique of
choice.

However, even if the surgery is performed with a beating
heart, perioperative AMI may develop in the grafted territory
due to poor myocardial tolerance to ischemia, or in
non-grafted regions. Although elderly patients submitted to
coronary artery bypass, especially in re-operations, and with
poor ventricular function, are major candidates to
perioperative myocardial ischemia, this may be observed in
allage brackets and differenttypes of cardiac procedures.

MYOCARDIAL PROTECTION TECHNIQUES
Cardioplegia

Most widely used myocardial protection technique during
coronary artery bypass is the infusion of hypothermic
cardioplegic blood or crystalloid solution, being used in
84.3% of procedures with CPB, according to Karthik etal. '°.
Earlyreports on cardioplegia date from the 1950s, describing
electrochemical cardiac arrest in diastole induced by potas-
sium citrate solutions °, allowing cardiac surgery on stand-
still and flaccid heart.

However, this solution was associated to high incidence of
myocardial necrosis 2 Cardioplegic solutions rich in potas-
sium were abandoned in the mid 1970s, when it has been de-
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tected that myocardial necrosis was related to its high con-
centration and hypertonicity 22 Untilthe 1980s, hypothermal
cardioplegic crystalloid solutions were the major myocardial
protection technique during cardiac surgeries. As from the
1980s, studies have shown that cardioplegic blood solutions
with potassium would promote more effective myocardial
protection as compared to crystalloid solutions, fact ob-
served by decrease in CK-MB release and in the incidence of
perioperative infarction ?*. Since then, blood cardioplegia
has been the milestone of myocardial protection with defined
role in intraoperative heart protection 2*.

Most widely used cardioplegia administration technique is
the intermittent anterograde infusion in the aorta, proximally
to the heart, after aortic clamping, or direct infusion in coro-
nary arteries sinus, especially in the presence of associated
aortic valve disease. It has been recently proposed the infu-
sion of retrograde cardioplegia in the coronary sinus ostium.
This technique assumes the possibility of maintaining unin-
terrupted infusion and the distribution of cardioplegia to re-
gions irrigated by stenotic coronary vessels, improving
sub-endocardial protection ?*. The CABG Patch Trial
multicentric study has shown thatthe combination of intermit-
tent anterograde and continuous retrograde cardioplegia
would decrease the rate of postoperative cardiac complica-
tions as compared to both methods used alone in coronary
patients with high surgical risk .

The optimal cardioplegic solution temperature is still contro-
versial. Solutions below 15 °C seem to be more effective in
decreasing myocardial oxygen consumption, production of
lactates and cell hypoxia markers, as compared to solutions
atroomtemperature. However, solutions around 27 °C seem
to be related to better left ventricular function recovery in the
immediate postoperative period %7, in addition to lower inci-
dence of arrhythmias, lower need for defibrillation and less
bleeding 2 Another controversial issue is the time interval
between cardioplegic infusions, being 20 to 25 minutes the
mean period adopted by surgeons. There is also no consen-
sus on the optimal cardioplegic dose, as well as on the addi-
tion of substrates, such as I-arginine, anti-arrhythmics or
beta-adrenergic antagonists 2°*.

Hypothermia

Therapeutic hypothermia is a different strategy to decrease
myocardial injury secondary to ischemia during cardiac sur-
gery with cardiopulmonary bypass. The mechanism of this
myocardial protection s still not totally explained. Classic ex-
planation is decreased oxygen consumption induced by de-
creased metabolic cell activity and enzyme reactions, which
could limitischemic zones in risky myocardial regions. In hu-
mans cooledto 32°C, total oxygen consumptionis decreased
in45% andis unrelated to changes in arterial oxygen satura-
tion *'. The increased affinity of oxygen by hemoglobin is
compensated by increased blood solubility, maintaining cou-
pledoxygensupply and demand. As temperature decreases,
myocardial oxygen consumption also decreases, being be-
low 1% at 12°C 32, This heart protective effectis independent
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ofhypothermia-induced bradycardiabecauseitpersists after
heart rate normalization with a pacemaker -3,

Decreased metabolic activity, however, does not seem to be
the sole mechanism related to hypothermia-induced heart
protection. Decreased lipidic peroxidase and free radicals
production were described in a hypothermia model. Globus
et al. have shown that post-ischemic and post-traumatic hy-
pothermia decreases extracellular levels of
2,3-dihydrobenzoicacid, whichisanindicator of free radicals
production *. In ischemia models after neuro-trauma, mild
hypothermia has induced major increase in anti-apoptotic
Bsl 2 protein, which may attenuate the onset of cell apoptosis
* In animal models and in isolated hearts it has been shown
that hypothermia preserves cell ATP reserves during
ischemia. It has also been shown in acute myocardial infarc-
tion animal models that heart protective effects of hypother-
mia included decrease in infarction size, preservation of
microvascularflowand maintenance of cardiac output *%3°.
Hypothermia intensity and duration are determined accord-
ing to the surgical procedure. Notwithstanding beneficial hy-
pothermia effects on organs protection, increased hypother-
mia time seems to have paradoxical effects, worsening myo-
cardial injury induced by ischemia-reperfusion. Deep hypo-
thermia for very long periods may exacerbate intracellular
calcium overload and induce the formation of peroxides and
oxygen reactive species “**'. Other undesirable hypother-
mia side effects in patients submitted to heart surgery are
electrolytic disorders, increased systemic vascular resis-
tance, tachycardia, decreased metabolism and drugs clear-
ance, coagulationdisorders andimmune suppression *?**.

Ischemic Preconditioning

Ischemic preconditioning is an endogenous adaptative and
protectiveresponse against prolonged myocardialischemia.
This concept was proposed as from early observations by
Murry etal., who have observed up to 75% decreaseininfarc-
tionsize after40-minute occlusion of the left circumflex artery
inanimal model, when previous minor 5-minute occlusions of
this same artery were performed *>*¢. This fact was also ob-
served in a series of models, going from isolated
cardiomyocytes to in situ hearts, in different animal species
4749 Although being initially used to decrease infarction inci-
dence and size, it has been observed that this myocardial
protection modality could also decrease the incidence of
post-ischemic reversible myocardial dysfunction * and coro-
nary circulation dysfunction *’.

Different membrane receptors seem to be involved in the
ischemic preconditioning phenomenon, including  recep-
tors, opioid and adenosine receptors °'"**. The mechanisms
by which ischemic preconditioning triggers the sequence of
intracellular events which promotes myocardial protection
againstrepeatedischemicinjuries are still subjecttomassive
investigation and are discussed under the section “precondi-
tioning induced by halogenate inhalational anesthetics”.
Ischemic preconditioning assumes temporary blood flow ar-
rest, maybe protectiveinthe presence of severalischemicin-
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juries and play a beneficial role during cardiac procedures.
Ghosh and Galinanes have investigated the effects of
ischemic preconditioning during procedures with and without
CPB. Ischemic preconditioning was achieved by aortic
clamping for five minutes followed by 5 minutes reperfusion
before the procedure. In patients submitted to CAB without
CPB, ischemic preconditioning has promoted less postoper-
ative troponinrelease °°. This heart protective technique may
be used in CAB without CPB and in CAB with CPB "°.

Preconditioning Induced by Halogenate Inhalational Anest-
hetics

Studies during the 1970s have shown strong evidences that
volatile inhalational anesthetics protect myocardium against
reversible and irreversible ischemic injuries. Bland et al.
have shown that halothane decreased ST segmentelevation
in a canine model of short-duration occlusion of coronary ar-
teries °®. This same group has also observed decreased in-
farction size in dogs when halothane was administered be-
fore coronary occlusion *’.

Warltier et al. have observed that dogs previously treated
with 2% halothane or isoflurane would totally recover myo-
cardial contractile function within 3 to 5 hours after myocar-
dialischemia, while there was only 50% contractility recovery
5hours laterinthe controlgroup °®. The same results were ob-
served in different animal species °*°°. Heart protection has
also been observed during cardioplegia-induced cardiac ar-
rest and reperfusion in animal models under inhalational an-
esthetics ®"®2. Mechanisms by which these drugs promote
heart protection are not totally known and are issues under
massive investigation, however they seem to mimic heart
protection by ischemic preconditioning, being defined as an-
esthetic-induced preconditioning.

Halogenate agents decrease blood pressure, depress myo-
cardial contractility, produce coronary vasodilation, delay
electric stimulation conduction and attenuate sympathetic
nervous system activity, which contributes to decreased
myocardial oxygen consumption. However, other mecha-
nisms different from matching oxygen supply and demand
seem to be related to heart protection promoted by
halogenate agents. Preservation of high-energy phosphates
is one suggested hypothesis.

Freedman etal. have observed higher creatinine-phosphate
and ATP concentrations in isolated heart model treated with
enflurane before ischemia-reperfusion, as compared to con-
trol group 3. Similar results were observed with halothane
and other halogenates agents & Adifferentmechanism sug-
gested to explain heart protection induced by halogenate
agents is the modulation of cell calcium inflow. Some investi-
gators have experimentally shown that halothane, isoflurane
and enflurane decreased total cell calcium flow in rats ®° and
Guinea pigs °®%’, and canine ventricular myocytes 2.
Eskinder et al. has observed that inhalational anesthetics
promote decrease in peak electric potentials induced by cal-
ciuminflow through calcium channels type Land Tin Purkinje
fibers inisolated canine cells ®°. The same authors have sug-
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gested that these calcium channels located in the
sarcoplasmic reticulum, are the major action sites for these
anesthetics to modulate calcium inflow. Other proposed
mechanisms to decrease cell calcium inflow induced by
inhalational anesthetics are the inhibition of sodium-calcium
pump “° and increase in calcium channels expression in the
membrane induced by ischemia-reperfusion °'.

The opening of ATP-dependent potassium channels, de-
creasing action potential duration and attenuating mem-
brane depolarization, could result in lower intracellular cal-
cium levels during ischemic preconditioning and acute myo-
cardial infarction " and seems to be involved in heart protec-
tion induced by halogenate agents. ATP-dependent potas-
siumchannelsinhibition by glibenclamide, specific blocker of
these channels, was able to eliminate ATP conservation in-
duced by isofluranein dogs "2 |thas also been observed that
the maintenance of myocardial contractility afterischemiain
dogs inhaling isoflurane was partially inhibited by
glibenclamide 2.

Thereis no consensus on which halogenate agentorinhaled
concentration should be used to promote heart protection
during cardiac procedures. Some authors have suggested
that concentrations close to 1 MAC of different halogenate
agents produce similar effects in terms of magnitude of myo-
cardial protection ™ However, some studies have reported
significant differences in myocardial protection intensity and
inthe action mechanisms ofdifferenthalogenate agents "*"%.
To date, halogenate agents have shown consistent myocar-
dial protection effects in animal models of
ischemia-reperfusion, however there is no consensus on the
agent and dose to be used during cardiac procedures.

Opioids Analgesics

Experimental animal studies have shown protection against
ischemia-reperfusion by opioid receptors. The contribution
of endogenous opioids to body adaptation to hypoxia was
firstly reported by Mayfield et al., who have observed that
D-Pen2-D-Pen5-Encephaline, sigma receptors agonist,
would increase tolerance and survival in mice submitted to
severe hypoxia "?®°. It has also been observed that sigma re-
ceptor agonist D-Ala2-D-Leu5-Encephaline, trigger for the
hibernation of large animals, would induce protective effects
in multiple preparations of organs, including isolated hearts
for transplant 8.

Schultz et al., in 1996, have show that 300 pg.kg'1 morphine
30 minutes before anterior interventricular artery occlusion
would decrease infarction zone from 54% to 12% in rats 2.
This morphine-induced decrease was also observed in iso-
lated heart models, in situ hearts and cardiomyocytes 8%
Improved ventricular contractility after ischemia has also
been observed with morphine and fentany! .

The involvement of opioid receptors in ischemic precondi-
tioning, especially sigma receptors, has been observed in
several animal species and in humans *'74848%87 gchyltz et
al., in 1995, have shown that naloxone would block opioid
heart protective effects in rats submitted to ischemic precon-
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ditioning, however with no effect in animals not submitted to
preconditioning 8 Inadditionto participatinginthetriggering
ofthe cascade ofischemicevents, opioids seem also to medi-
ate its memory phase in some animal species °.

Heart protection induced by opioids seems to be modulated
by the activation of cardiac receptors, regardless of the ac-
tion of these drugs on central nervous system. Chien et al.
have observed that a naloxone-derived quaternary opioid re-
ceptor antagonist, which does not cross blood-brain barrier,
was able to totally block protective effects of ischemic pre-
conditioninginisolated heart of rabbits % The mechanism by
which opioids promote myocardial protection is still underin-
vestigation. It has been proposed that opioid-induced heart
protectionwould beresult ofthe activation of ATP-dependent
potassium channels, possibly in the mitochondrial mem-
brane 87! However, intracellular pathways which trans-
duce sigmareceptors stimulation effects to final effectors re-
sponsible for myocardial protection are not clear. Other
opioid-induced intracellular heart protection pathways seem
to be related to the activation of inhibitory G 2 proteinand C1
proteinokinase 9193,

Other Anesthetic Agents

Some studies have suggested that propofol might attenuate
mechanical myocardial dysfunction after ischemia, infarc-
tion size and histological changes *°". Due to its chemical
structure similar to free radical kelating phenolic derived,
such as vitamin E, propofol decreases free radicals concen-
tration and their noxious effects . Other authors have de-
scribed that propofol decreases cell ionic calcium inflow and
attenuate neutrophils activity, intervening during critical
phases of myocardial reperfusion %%

It seems that propofol provides some level of myocardial pro-
tection when given during reperfusion in experimental mod-
els of isolated heart of rats '°'. However, propofol protective
effect seems to be momentary, not being considered precon-
ditioning or myocardial protection induced. The administra-
tion of blockers of intracellular transduction pathway related
toischemic preconditioning, such as glibenclamide, does not
inhibit momentary propofol protective effects '°'. De Hert et
al. have compared contractile myocardial function and myo-
cardialinjury markersin patients submitted tocoronary artery
bypass with CPB and anesthetized with propofol or
sevoflurane and have observed that sevoflurane, but not
propofol, was able to preserve postoperative myocardial
function, with evidences of decreased myocardial injury after
coronary artery bypass surgery '°2.

Xenon, an inhalational anesthetic drug experimentally used,
hasbeenimpliedinreversible myocardial dysfunction recov-
ery in ischemia-reperfusion animal model. Animals treated
with xenon have evolved with totalrecovery of ventricular wall
thickening fraction, which is a myocardial contractility index,
in up to 12 hours after surgery, as compared to the control
group where thickening fraction was only back to
pre-ischemic levels 48 hours after. Still in the group treated
with xenon, there has been attenuation of post-ischemic
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catecholamine release as compared to control group, which
could have contributed to decrease post-ischemia oxygen
consumption 108, However, there are no evidences of the clin-
ical use of xenon for myocardial protection in humans.
Notwithstanding the well established role of ketamine as an-
esthetic agent for congenital heart surgery in patients evolv-
ing with circulatory shock, this drug seems to block ischemic
preconditioning '**'°® and to intensify myocardial injury.
Ketamine decreases 1, 4, 5 triphosphate inositol production
% and inhibits ATP-dependent potassium channels in the
sarcoplasmic membrane 197 Barbiturates have also been
classified as possible inhibitors of myocardial protection in-
duced by ischemic preconditioning "%.

Adjuvant Drugs

Different drugs have been investigated for direct administra-
tionincardioplegic solution or for systemicadministration be-
fore CPB. Beta-adrenergic antagonists are among drugs
knowingly decreasing AMI injury, by decreasing myocardial
oxygen consumption and sympathetic tone, and by stabiliz-
ing cell membranes '°°. Beta-adrenergic antagonists in the
early hours after AMI were clearly beneficial in decreasing
mortality and AMI-related complications. Hours preceding
surgery, the anesthetic-surgical procedure per se and CPB
trigger massive adrenergic stimulation "0 Since myocardial
infarction during cardiac surgery may be related to
perioperative tachycardiaandischemia, beta-adrenergican-
tagonists are particularlyinteresting """, and may be used pre-

ventively before intervention or therapeutically during sur-

gery 2.

The maintenance of beta-adrenergic antagonists until the
day of the coronary artery bypass surgery was controversial
13114 and clinical research has brought arguments favoring
this practice as of 1979. Similarly to non-cardiac surgeries,
beta-adrenergic antagonists should be maintained until the
day of the surgery '"°. Ponten et al. ''® have shown in a ran-
domized study that metroprolol withdrawal 60 hours before
surgery was followed by preoperative AMI and perioperative
tachycardia and ischemia. Similar results were observed by
Chungetal. . Studiesbydu Cailaretal. ""®and Raoetal.'"®
have shown that preoperative propranolol has significantly
lowered creatinophosphokinase MB fraction increase.

Oral 80 mg sotalol every 12 hours starting two hours before
surgery has promoted 43% decreaseintheincidence of post-
operative supraventricular arrhythmias 120 podesser et al.
have shown that continuous intraoperative nifedipine infu-
sionassociatedto 12 ug.kg™'.h™ metroprolol, after CPB for 24
hours, has decreased the incidence of ischemia and
supraventricular tachycardia '

Slogoff et al. '*? have compared, in a prospective non-ran-
domized study, the incidence of ischemia in patients submit-
ted to coronary artery bypass. Individuals treated with
beta-adrenergic antagonists until the intervention presented
less tachycardia or myocardial ischemia as compared to
those receiving diltiazem or nifedipine. For the latter, the
number of ischemic episodes was similar to patients not re-
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ceiving beta-adrenergic antagonists or calcium channel
blockers. The reason for the difference between
beta-adrenergicantagonistsand calciumchannelblockersis
still unknown "2,

However Kyosola et al. '?®* have described a network of
intra-axonal catecholamines in the right atrium of 16 out of 65
patients during cardiac surgery, and have shown thatits pres-
enceisrelated to severe complications, such as arrhythmias
lasting up to 2 weeks after surgery, myocardial infarction and
death. According to Piriou et al., continuing the treatment
with beta-adrenergic antagonists could have prevented
these complications "2,

Although beta-adrenergic antagonists were effective in de-
creasing perioperative eventsin high-risk patients submitted
to non cardiac surgery and to vascular surgery, no random-
ized study has yet evaluated whether this therapy is benefi-
cial when used in the preoperative period of coronary artery
bypass procedures '**. A therapeutic trial involving 60 pa-
tients submitted to CAB with CPB has shown that esmolol,
beta-adrenergic antagonist with ultra-short action, used to
decrease myocardial contractility during continuous
normothermal coronary perfusion promotes myocardial pro-
tection comparable to blood or crystalloid cardioplegia 125,

As to o, receptor agonists, perioperative clonidine is effec-
tivein decreasing morbidity/mortality in patients submitted to
non-cardiac surgeries '2°. There are no evidences of heart
protecting effects of a,-adrenergic agonists and further stud-
ies are needed to define the precise indication of such drugs
for patients submitted to cardiac surgery. Loick etal. have ob-
served that clonidine was less effective than high thoracic
epidural anesthesia in decreasing perioperative stress via
sympatholysis and troponin release in patients submitted to
coronary artery bypass '¥’.

Experimental studies and small clinical trials have shown en-
couraging results of myocardial performance improvement
in patients submitted to cardiac surgery with the infusion of
glucose-insulin-potassium (GIK) solution ?*'**. The mecha-
nism by which GIK solution promotes heart protection seems
to be related to ATP-dependent potassium channel activity
recovery since glucose decreases the activity of such chan-
nels '%.

Zhang et al. have observed that insulin infusion decreases
apoptosisinduced byischemiaandreperfusion 3" However,
notwithstanding the beneficial effect experimentally ob-
servedin small series, one study was unable to show the ben-
efits of GIK in high-risk patients submitted to coronary artery
bypass with CPB '*2. The same result was observed in pa-
tients submitted to CAB without CPB '*°. On the other hand,
strict control of perioperative glycemia both in diabetes and
non-diabetes patients, may play a critical role in decreasing
morbidity and mortality during this period '*°.

Some authors have shown in experimental models that
adenosine activates proteinokinase C metabolic pathway,
supposedly involved with myocardial protection induced by
ischemic preconditioning. However, clinical trials with
adenosine have not shown the expected benefits as com-
pared to results obtained by experimental studies 2%,
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Thoracic Epidural Anesthesia

Thoracicepiduralanesthesiawithlocalanestheticshasbeen
used to promote perioperative analgesia and decrease myo-
cardial oxygen consumption by blocking T4 to Ts thoracic
sympathetic fiber roots, which supply sympathetic
innervation to the heart. Heart protection provided by tho-
racic epidural anesthesia is related to improved myocardial
oxygen balance induced by sympathetic block, which de-
creases myocardial oxygen consumption secondary to
bradycardia, decreases cardiac output and systemic vascu-
lar resistance, and improves regional perfusion with dilata-
tionof poststenoticsegments of partially obstructed arteries.
Studies have shownthatthoracicepidural anesthesiamay at-
tenuate endocrine-metabolic response secondary to sur-
gery, with decrease in catecholamine release and serum lev-
els, which contributes to decrease oxygen consumption 135,
This improvement in myocardial oxygen balance is clinically
observed by improved angina in coronary artery disease pa-
tients '*°. Due tothe efficiency of thoracic epidural analgesia,
itis possible to decrease the doses of systemic opioids thus
decreasingtrachealintubationtime and pulmonary diseases
in the postoperative period of cardiac surgeries "*7-'%.

However, in spite of beneficial effects of thoracic epidural an-
esthesiaonmyocardial oxygenbalance, nodirect myocardial
mechanism to increase tolerance to ischemia and
reperfusion has been described. In a recent meta analysis
with 15 trials and 1178 patients, thoracic epidural anesthesia
for coronary artery bypass was not effective in decreasing
mortality (0.7% versus 0.3% general anesthesia) or the inci-
dence of myocardial infarction (2.3% versus 3.4% general
anesthesia). On the other hand, there has been significant
decrease in arrhythmias (OR 0.52), pulmonary complica-
tions (OR 0.41) and tracheal intubation time (4.5 hours). Spi-
nal analgesia with opioids has had no effects on mortality, in-
cidence of infarction, arrhythmias, mortality and tracheal
intubation time as compared to general anesthesia '*°.

CONCLUSIONS

To date, most widely used heart protection modalities during
cardiac surgery with CPB are cardioplegic solutions infusion
in their different modalities, and regional and systemic hypo-
thermia, which effectively decrease myocardial oxygen con-
sumption and preserve myocardial contractility. In patients
submitted to CAB without CPB, ischemic preconditioning has
a well-established role, being even used in patients submit-
ted to cardiac surgery with CPB. Some substances, such as
systemic or regional beta-adrenergic antagonists have
shown to protect myocardial function sometimes similarly to
the protection given by cardioplegic solutions. Regional an-
esthetic techniques, considered protective, play no con-
firmed role on heart protection. On the other hand,
inhalational anesthetics and opioids play important roles in
heart protection. The association of myocardial protection
techniques implemented by surgical and anesthetic teams
may have synergistic effects, contributing to better myocar-
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dialfunction preservation and postoperative evolutionin car-
diac surgery.
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RESUMEN
Malbouisson LMS, Santos LM, Auler Jr JOC, Carmona MJC -
Proteccion Miocardica en Cirugia Cardiaca

JUSTIFICATIVA Y OBJETIVOS: La proteccion miocardica de-
fine el conjunto de estrategias que tienen por objetivo atenuar
la intensidad de la lesién de isquemia-reperfusion miocardica
durante la cirugia cardiaca y sus consecuencias sobre la
funcién miocardica. Un mejor entendimiento de los fenémenos
fisiopatolégicos relacionados a la isquemia-reperfusion
miocardica y de la cardioproteccion promovida por
determinados farmacos y técnicas anestésicas ha dado al
anestesiologista papel importante en la proteccion miocardica
durante el procedimiento quirdrgico. El objetivo de esta
revision fue abordar los mecanismos de la lesion miocardica y
las modalidades de protecciéon miocardica con enfoque para la
técnica anestésica.

CONTENIDO: Son abordados los mecanismos de lesién
miocardica durante los eventos de isquemia-reperfusion y sus
consecuencias clinicas asi como las técnicas de proteccion
realizadas durante la cirugia cardiaca. Enfasis especial fue
dada a los farmacos y técnicas anestésicas, como anestésicos
halogenados, opioides y farmacos adyuvantes, pues éstos han
mostrado efectos cardioprotectores en cirugia cardiaca.

CONCLUSIONES: La asociacién de la técnica anestésica
adecuada con agentes anestésicos cardioprotectores a las
técnicas habituales de proteccion miocardica realizadas por el
cirujano puede aportar para la prevencion de disfuncién
miocardica y promover mejor recuperacion en el periodo
pos-operatorio.
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