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RESUMO
Lelis RGB, Auler Jr JOC - Lesao Neurologica em Cirurgia Car-
diaca: Aspectos Fisiopatolégicos

JUSTIFICATIVA E OBJETIVOS: Em virtude de as lesbes
neurolégicas ocuparem um papel importante no contexto das
complicagbes pos-operatorias, quando comparadas as
demais, o presente estudo procurou discutir os principais
fatores envolvidos na lesdo neurolégica peri-operatéria em
cirurgia cardiaca, as intervengbées que buscam diminuir a
incidéncia de les6es neurolégicas, enfocando de maneira
simples, e a provavel génese genética em tais lesées
encefalicas.

CONTEUDO: Este trabalho contém a revisdo de artigos que
enfocam a fisiopatologia das lesées neuroldgicas relacionadas
a procedimentos cardiacos, sua possivel origem genética, bem
como uma proposta para sua prevengéo.

CONCLUSOES: Muito tem se falado das disfungées cognitivas
de pacientes apos cirurgia cardiaca, como a revascularizagéo
do miocardio que é motivo do aumento da morbimortalidade
observada atualmente e fator de maior tempo de
hospitalizagdo. E fato que ja houve grandes avangos nessa
area a fim de diminuir esses indices, prevendo-se ainda outros
que visam a profilaxia de les6es neurolégicas.

Unitermos: CIRURGIA, Cardiaca: revascularizagdo do
miocardio; COMPLICACOES, Neuroldgica: lesdo

SUMMARY
Lelis RGB, Auler Jr JOC - Pathophysiology of Neurological Inju-
ries during Heart Surgery

BACKGROUND AND OBJECTIVES: Since neurological inju-
ries are very concerning and important postoperative complica-
tions following cardiac surgeries, the purpose of this study was
to discuss the pathophysiology of these injuries, what mea-
sures can be taken to decrease their incidence and the possible
genetic origin of such brain injuries.

CONTENTS: This study is a review of papers which address the
pathophysiology of heart surgery-related neurological injuries
and their possible genetic origin, as well as some proposals for
their prevention.

CONCLUSIONS: A ot has been said about cognitive function
disorders after heart surgeries, such as myocardial
revascularization, which are present causes of increased mor-
bidity and mortality, in addition to longer hospital stay. Major ad-
vances to decrease such rates have been observed in this field,
and others are still expected aiming at neurological injuries pre-
vention.

Key Words: COMPLICATIONS, Neurologic: injuries; SUR-
GERY, Cardiac: myocardial revascularization

INTRODUCAO

avanco tecnolégico das ultimas décadas tem levado a

diminuicdo da morbimortalidade em cirurgias cardia-
cas. Porém, as complica¢gdes neuroldgicas ainda represen-
tam importante causa de morbidade no periodo
pos-operatorio, respondendo por grande parcela de 6bitos.
Ha cinco décadas, a circulagao extracorpérea (CEC) foi in-
troduzidanascirurgias edesde entdo, comecaramosrelatos
que certos pacientes desenvolviam algum tipo de sequela
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neuroldgica. A partir dai, as sequelas neurolégicas e a proé-
pria CEC tém sido alvo de intensas pesquisas. Acredita-se
que aincidéncia dessas complicagdes, de diferentes graus,
alcance até 75% dos pacientes " complicagbes essas que
podem variar desde alteragbes psicoldgicas transitorias,
como deficits de atengdo e memdria, até eventos mais gra-
ves, como acidente vascular encefalico (AVE) extensos.
Atualmente, sabe-se que essas complicagdes, apdsacirur-
giacardiaca, podem englobar diversas areas do encéfaloe
manifestar-se de diferentes formas clinicas.

Inumeros fatores agem de forma diferente nagénese dale-
sao neuroldgica peri-operatéria em cirurgia cardiaca. Den-
treeles,podemsercitadosaidadeavancada, apresencade
doenca encefalica-vascular prévia e de doencga ateromato-
sa, o diabete melito, os procedimentos intracardiacos, a al-
teracdo na temperatura corporal durante a CEC, e talvez
uma predisposigdo genética entre outros.

O objetivodestarevisao é discutiros principais fatores envol-
vidos na leséo neuroldgica peri-operatéria em cirurgia car-
diaca e asintervengdes que buscam diminuir suaincidéncia
enfocando, de maneira simples, a provavel génese genética
em tais lesGes encefalicas.
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INCIDENCIA E ASPECTOS FISIOPATOLOGICOS

Pode-se observar que a incidéncia de complicagdes neuro-
l6gicas no pés-operatdriode cirurgia cardiacavaria bastante
na literatura especializada. A discrepancia dos resultados é
atribuida ao desenho do estudo, se prospectivo ou retros-
pectivo, as operagdes cardiacas com a cavidade aberta ou
fechada, a presenga de comorbidades e o método utilizado
para avaliar o tipo e grau das disfun¢des neuroldgicas. As
pesquisas relacionadas a incidéncia e disfungéo neurolégi-
cano pos-operatorio estdo principalmente direcionadas a ci-
rurgiaderevascularizacdo domiocardio. Isto se deve ao fato
derepresentar o maior contingente dentre as operagdes car-
diacas, explicando o porqué de a maioria dos estudos refe-
rir-se a este tipo de operagdo. Embora haja divergéncia
quanto ao método, a incidéncia de complicagdes neurologi-
cas varia entre 0,4% e 5,4% ' nos diferentes centros.

Mesmo reconhecendo-se ser a circulagéo extracorpoérea o
principal fator determinante das complicagdes neuroldgicas
em cirurgia cardiaca, sempre houve alguma duvida quanto
aopotencial efeitonocivo sobre o sistemanervoso centraldo
ato anestésico-cirurgico. Para verificar este fato, estudo eu-
ropeu 2 avaliou a fungcao encefalica de 1.218 pacientes ido-
sos submetidos a cirurgias ndo-cardiacas. Exames neuro-
cognitivos compostos por questionarios simples, com per-
guntas diretas sobre nome, data do nascimento, data atual,
profissdo, enderego, dados sobre os familiares, foram apli-
cadosemtrés periodos, antesdacirurgia, naaltahospitalare
apos trés meses. Observou-se que havia umaincidéncia re-
lativamente elevada de disfungéo cognitiva pés-operatéria
(26%), traduzida por confusdes com datas e fatos, bem como
lapsos de meméria que persistiram por até trés meses em
10% dos pacientes estudados 2. O estudo procurou imputar
ao ato anestésico-cirurgico aresponsabilidade por esta per-
da de fungdes cognitivas, na auséncia de circulagao extra-
corporea. Shaw e col. *, nesta mesma linha de investigacao,
também utilizando testes neurocognitivos pautados em
questionarios de perguntas e respostas simples, compara-
ram dois grupos de pacientes: um submetido a cirurgiade re-
vascularizagao do miocardiocomauxiliode circulagéo extra-
corpoérea e outro, a cirurgia vascular periférica. Os resulta-
dos encontram-se na tabela |, denotando-se maior incidén-
cia de disfungdo cognitiva no primeiro grupo. O que pode se
depreender destas e de outras investigagdes é que, certa-
mente, a circulagao extracorpdérea constitui um fator predis-
ponente para disfungdes cognitivas, mas que estas também
estdopresentesemcirurgias ndo-cardiacas, principalmente
empacientescomantecedentesde doengavasculararterial.
Oimpactodasalteragdes cognitivas sobre amorbimortalida-
dedospacientes submetidos acirurgiacardiacacomcircula-
¢ao extracorpoérea, ndo € muito intenso. O mesmo nao se
pode dizer de intercorréncias mais sérias, uma vez que le-
sdes definidas genericamente como acidentes vasculares
encefalicos (AVE) podem conduzir a estado de coma, a 6bito
ouasequlelas permanentes. Sempre houve umacerta confu-
sdo na literatura no que tange a denominagao, classificagao
e fisiopatologia destes eventos neuroldgicos mais graves.
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Tabela | - Complicagdes Neurolégicas na Cirurgia Cardia-
ca Comparada a Cirurgia Vascular Periférica °

Gravidade do Deficit

Revascularizagdo do  Controle

Miocardio (n=48)
(n =298)
Leve (deficit em 1 ou 2 testes) 164 (55%) 15 (31%)
Moderado (deficit em 3 ou 4 testes) 57 (19%) 0
Grave (deficit em > 5 testes) 14 (4,7%) 0

Coube a um grupo de pesquisadores, tendo Roach e col. *a
frente, investigando ampla série de pacientes, apresentar
uma proposta de classificagdo. A par da extensa casuistica
revisada, Roach e col. propuseram uma classificagao, deli-
neada no quadro |. Utilizando a classificagdo proposta por
estes pesquisadores *, Wolman e col. ° avaliaram um grupo
de pacientes submetidos a revascularizagéo do miocardio,
classificandoasintercorréncias neuroldgicas em: tipo|, defi-
nidas comolesdofocal, com presengade estuporoucoma; e
tipo Il com deterioragdo da fungao intelectual, deficit de me-
moria ou convulsdes °.

Quadro | - F;roposta de Classificagao de Eventos Neurologi-
cos

Morte encefdlica, acidente vascular encefalico nao-fatais e
Tipo| ataques isquémicos transitérios (fatores predisponentes:
aterosclerose adrtica, doenca neuroldgica prévia, idade)

Diminuigdo da capacidade intelectual, (fatores predisponentes:
Tipo Il idade, hipertensdo, arterial, doenca pulmonar e consumo
excessivo de alcool)

O resultado deste estudo demonstrou que 6,1% dos pacien-
tes apresentaram alguma complicagao neuroldgica, sendo
que 3,1% deles acusaramalteragdes dotipole 3% dotipo I °.
Nesta mesma investigagao relacionada a cirurgia cardiaca,
Wolman e col. > mostraram que, paralelamente a técnica ci-
rargica, a idade também seria um fator de risco para compli-
cagOes neurolégicas. Pacientes com idade igual ou maior
que 70anosapresentaram,emmeédia, 4% a9%deincidéncia
de AVE ou coma ap6s a operagéo, diferentemente dos paci-
entes com idade abaixo dos 70 anos, que apresentaram
incidéncia de 1%.

Outros mecanismos que possam explicar essas complica-
¢oestambém tém sido exaustivamente estudados. Apropria
CEC tem sido considerada como a causa principal das dis-
funcdes cognitivas mais sérias no pos-operatério. No entan-
to, estudo realizado por Taggarte col. 6, afimdedeterminaro
real impacto da CEC nas complicagdes neurolégicas, de-
monstrou que pacientes submetidos a cirurgia cardiaca com
ou sem o auxilio da CEC, tiveram resultados semelhantes
nos testes neuropsicolégicos. Estes pacientes, avaliados
previamente a cirurgia, foram submetidos a testes de per-
guntas e respostas simplificadas evocando a memoaria em
doismomentos-naalta hospitalare trés meses depois-reve-
lando que a CEC néo foi a maior causa das disfungdes neu-
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ropsicoldgicas. Outraespeculagédo € ade que esses disturbi-
0s neuropsicoldgicos estejam associados, em parte, a alte-
ragdes transitérias da auto-regulacéo encefalica que acon-
tecem por acéo da ventilagao artificial, anestésicos e varia-
¢oes da presséao arterial e

Hoje sabe-se que as alteracbes cognitivas observadas no
pos-operatorio possuem causas multifatoriais. Aidade avan-
¢ada, apresengade doencgavasculardifusa, aocorrénciade
embolizagao nointra-operatério, de hipoperfusao e de infla-
macgdo consequente, a lesdao por reperfusdo, inerentes a
estetipo de procedimento cirurgico podem, em conjunto, de-
terminar maior ou menor grau destes deficits cognitivos.
Aformacao de émbolos, que tem como génese ateromas da
parede daaorta, agregados plaquetarios, bolhas de aroriun-
dasdooxigenadoredascémaras cardiacas, podemsera cau-
saprimariadelesaoencefalicaoudoagravamentode lesbes
preexistentes. A microembolia gasosa é de dificil diagnosti-
conointra-operatério e destaca-se como a principal gerado-
ra dos disturbios cognitivos. Existem trés causas principais
para a origem das micro-bolhas. A primeira é a partir do pré-
prio oxigenador; por ruptura do material da membrana, devi-
doapressadotransmembrana elevada porfluxo excessivode
gases, comisto, pequenas quantidades de arpodem ganhar
diretamente o sangue. Asegunda causa é o processo de es-
friamento e reaquecimento do sangue, que modifica as pro-
priedades fisicas dos gases (oxigénio, nitrogénio e gas car-
bbénico), alterando-lhes a solubilidade e predispondo a for-
macéaode microbolhas nacorrente sanglinea. Aterceiraeul-
tima é que a abertura das camaras cardiacas leva a entrada
de ar para o interior dos vasos pulmonares e das cavidades
cardiacas. Este ar, em pequenas quantidades, pode ganhar
acirculacao arteriale dai, diretamente, a circulagéo encefali-
ca. Varias medidas tém sido propostas para contornar estes
problemas. Aprincipal esta centrada no cirurgiéo, e consiste
naretirada cuidadosado ardas cavidades cardiacas e vasos
pulmonares antes do despingamento da aorta. Evitar os bati-
mentos espontaneos do coragdao com a aorta aberta, antes
de assegurar-se que todo o ar tenha sido removido, configu-
ra-se comooutraimportante conduta. Da parte do anestesio-
logista, a hiperventilacdo pulmonar, no momento da retirada
do ar pelo cirurgiao, pode determinar diminuigdo do fluxo
sangliineo encefalico. A diminuigdo do calibre dos vasos
pela vasoconstricdo pode tornar mais dificil a impactacéao
dos microémbolos, conforme mostram os trabalhos publica-
dos por Linder e col. ”.

O ateroembolismo adrtico também representa risco para os
pacientes que se submetem a cirurgias cardiacas. Sabe-se
que adoencgaateromatosaadrticaagrava-se conforme aida-
de, sendo detectada em quase 80% dos pacientes a partirda
oitava década. Individuos com doenga vascular encefalica
prévia ou acidente isquémico transitorio, portadores de do-
enca ateromatosa comprovada nas artérias encefalicas ex-
tracranianas, possuem maior probabilidade de desenvolve-
rem AVE nointra-operatério. Damesma forma que aidade, o
diabete melito e a hipertensao arterial sdo fatores indepen-
dentes que podem influenciar nas complicagdes neurologi-
cas.Assim, portadores destas afecgdes terdorisco adicional
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durante a cirurgia cardiaca com CEC. Microembolizacao e
alteragdes da perfusao encefalica devido a hipotensao arte-
rial, frequente neste tipo de operagao, constituem outro
agravante passivel de provocar lesbes neurolégicas.
Deve-se,também, considerar que adoencga vascular ateros-
clerodtica difusa, ao promover estreitamento do calibre dos
vasos encefalicos, afeta sua auto-regulagao que, frente as
variagdes da pressao arterial e possivel embolizacéo, torna
certas regides mais susceptiveis a isquemia 8
Arespostainflamatoria, conforme apontadonafigura 1, pode
contribuir com a lesdo encefalica, principalmente nas re-
gides que sofreram algum grau de hipoperfuséo, fenbmeno
conhecidocomolesdopoés-reperfusao. Durantea CEC, aex-
posicdodosangue asuperficiendoendotelial ativaa cascata
da coagulagao, o sistema fibrinolitico e o complemento, bem
como favorecem a desgranulagao leucocitaria e a liberagao
deradicais livres. As regides encefalicas, que eventualmen-
te sofreram algum grau de hipoperfuséo ou isquemia por mi-
croembolizagao, teriam maior probabilidade de agravamen-
to das lesdes pela agdo da cascata da inflamacgéo, que pode
caus?g pequenas lesbes com importante conseqiiéncia cli-
nica =~.

Ativacao dos

leucdcitos Lesé&o Arterial

- '

Deformidade | | Aderéncia e Numero de | |1 Presséo de
+ agregagao leucdcitos perfuséo

leucocitaria "
\ leucocitaria ¢ /

Transito lento dos leucdcitos pelos capilares
Aumento de émbolos leucocitarios nos capilares

»
»
>

Isquemia tecidual

Oxidantes derivados —» Necrose tecidual
dos leucécitos

Figura 18- Amplificagédo da Isquemia durante a Ativagao Leucocita-
ria

Conforme visto, a propria cirurgia em si, somada a idade
avangada dos pacientes submetidos a cirurgia cardiaca e
aos outros fatores discutidos, ja aumenta o risco de eles de-
senvolverem algum tipo de seqiiela neurolégica. E fato, tam-
bém, que a maioria da populagdo que se submete aesse tipo
de procedimento cirdrgico, ja apresenta uma série de com-
ponentes que podemaumentarosriscos dedisturbios neuro-
l6gicos. Em vista disso, métodos tém sido propostos para
que possam diminuir essas seqlielas e até amorbidade des-
tes pacientes.

Dessa forma, Arrowsmith e col. ° classificaram as interven-
¢des protetoras durante a cirurgia cardiaca em dois tipos: fi-
sicas efarmacoldgicas. Asintervengdes protetoras dotipofi-
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sicas geralmente sao empregadas no intra-operatorio e in-
cluem cirurgia rapida e eficaz, temperatura e PAM adequa-
das, controle da glicemiae CO,. Atemperaturatem sido des-
taque dentre as intervengdes fisicas, sendo a hipotermia
considerada por alguns uma ferramenta para a protegéo en-
cefalica. Dois estudos 10’”, resumidos natabelall,investiga-
ram o efeito da temperatura durante a CEC. Em estudo feito
por Martin e col. '°, os pacientes submetidos a CEC foram di-
vididos em dois grupos: no primeiro grupo a temperatura foi
mantida a 35 °C ou mais e no segundo grupo a temperatura
foi mantida a 28 °C ou menos. Os resultados obtidos indica-
ram que no grupo hipotérmico a incidéncia de complicagbes
neurocognitivas foi trés vezes menor do que no grupo aque-
cido '°. Outro estudo com método semelhante conduzido por
outro grupo de investigadores " ndo conseguiu demonstrar
resultados semelhantes ao anterior.

Tabela Il - Consequéncias Neuroldgicas da Circulagéo
Extracorporea '*’

Hipotermia  Normotermia
(%) (%)

Martin TD, Craver JM  Acidente vascular 12 4.1
encefalico

Gott JP e col. Encefalopatia 0,2 0,4

(n=1.001) Total 1.4 4,5

Warm Heart Acidente vascular 1,6 1,5

Investigators encefalico

(n=1.732)

O valor da pressao arterial média (PAM), durante a cirurgia
também tem sido motivo de especulagdes cientificas. Confor-
me sumarizado na tabela Il, estudo feito por Gold e col. " de-
monstraram que a presséo arterial (PA), mantida em valores
superiores a 80 mmHg, esta relacionada a menor incidéncia
de lesdes neuroldgicas. Estes autores compararam dois gru-
pos, um, mantidoem CEC com PAM entre 50 e 60 mmHg e ou-
tro, com PAMigual ou maior que 80 mmHg. Os testes neurol4-
gicos a que estes pacientes foram submetidos no pds-opera-
torio apontaram para um indice mais baixo de complicagbes
neuroldgicas no grupo com PAM maior que 80 mmHg.

Tabela lll - Efeito da PAM em Lesdes Neurolégicas, apos Ci-
rurgia Cardiaca, em Pacientes Separados por Baixa
ou Alta Press3o durante a CEC '?

PAM 50a60 PAM 80 a 100 p?
mmHg (%) mmHg (%)
n=124 n=124

Acidente vascular encefalico 7,2 24 0,076
Neurodeficiéncias menores 3,2 0,8 -
Complicagbes cardiacas 4.8 2,4 0,03
Deficiéncia cognitiva apds 12 11 -
6° més
Complicagao cardiaca maior e 12,9 4,8 0,026
disfuncdes neuroldgicas
Mortes 4 1,6 0,25
610

Embora oresultado deste estudo ndo deixe qualquer duvida
sobre o valor mais elevado da PAM durante a cirurgia cardia-
ca, namenorincidéncia de complicacées neuroldgicas, este
fato deve ser reforgado principalmente em pacientes mais
idosos, ouaqueles portadores de lesbes obstrutivas da caro-
tida e/ou histéria de hipertenséo arterial grave. Deve serres-
saltado, também, o papel do gas carbénico (PaCO,) e da gli-
cemia. O primeiro, conforme ja descrito, em niveis mais bai-
xos teria algum papel na profilaxia da microembolizagdo no
momento de reiniciarem-se os batimentos cardiacos ®. Quan-
to ao segundo, a hiperglicemia (valores acima de 120 mg%)
parece potencializar as lesbes isquémicas, envolvendo o
metabolismo do calcio pelas células durante o desenvolvi-
mento da lesdo de reperfusado. E consenso hoje a recomen-
dacaodorigido controle da glicemia pelos anestesiologistas
durante a fase operatéria ®°.

Quanto asintervengbes farmacolégicas, estas se propdema
modular a atividade neuronal por meio de substancias com
comprovada agao, como inibidores da via de isquemia e/ou
supressores metabdlicos °. Entre estas substancias tem-se
dado atengdo ao propofol, por seu efeito na supressao das
espiculas no eletroencefalograma (EEG). Levantou-se a
provavel questao se esse efeito poderiater papel naredugao
do metabolismo encefélico durante a CEC agindo, portanto,
como protetor neuronal. De acordo com Souter e col. B o
propofol, quando administrado nas doses que suprimem as
ondasdo EEGdurantea CEC, ndoreduziudurante oreaque-
cimento a saturagéo venosa de oxigénio encefalico, abaixo
de 50%, medida no bulbo da veia jugular interna. Os inibido-
res da via de isquemia celular, como antagonistas de calcio,
estao sendo avaliados como possiveis protetores. Agentes
antidepressivos poderiam estar contribuindo com uma nova
estratégia dirigida para a inibi¢cao leucocitaria, protegéo en-
dotelial,inibicdodereceptores aminoacidos excitatorios, en-
tre outros, promovendo algum grau de protegéo organica du-
rante a CEC °. Entretanto, a comprovacdo clinica destes
resultados aindanecessitade maiortempodeobservacgéo.
Mesmo utilizando métodos que possam surtir efeito protetor
e com todos os cuidados tomados no pré, intra e pés-opera-
torio, existem ainda pacientes que, submetidos a riscos se-
melhantes desenvolvem situagdes clinicas diferentes, le-
vando a crer que hainfluéncia genéticaem cada caso. Atual-
mente, comodesenvolvimento dos laboratérios de pesquisa
genética, esta sendo possivelidentificar substancias marca-
doras da fungao neuronal. Estas substancias estariam en-
volvidas com a protegao encefalica ou a maior tendéncia de
lesao celular frente a uma agresséo ou, até mesmo, ajudan-
do para um rastreamento quanto a um diagndstico ou prog-
nostico mais preciso. Em uma das diversas investigagdes
realizadas nesse campo, voltou-se para a proteina S100.
Essa proteina pode serum marcador promissor dalesao neu-
ronal. Normalmente, a proteina S100 ndofaz parte das subs-
tancias presentes no plasma sanguineo, porém seu surgi-
mento no liquido plasmatico acontece apds um AVE, na he-
morragia subaracnoidea, no trauma craniano e apés a CEC
' Paratentar compreender a forma de liberagao dessa pro-
teinaapos a CEC, Johnson e col. S observaram 515 pacien-
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tes submetidos a cirurgia de RM e mediram a concentragéo
de S100 ao final da CEC, apos 5, 15 e 48 horas, ao mesmo
tempo em que realizavam acompanhamento clinico-neuro-
I6gico. Osresultados obtidos mostraram que aliberagao pre-
coce de S100 estava relacionada com aidade e o maior tem-
pode CEC, ndo havendo correlagdo com o exame neuroldgi-
co. Porém, a liberagéo tardia de S100 apresentou associa-
¢do com o exame neurolégico positivo eaincidénciade com-
plicagbes encefalicas. Apesar de a proteina S100 ser um
possivelindicador da gravidade da lesédo encefdlica, elanéo
écapazdeinformaraextensdoanatdmicanemaconsequén-
cia clinica dela. Enquanto as investigacbes aumentam a fim
de encontrar substancias capazes de auxiliar em um prog-
nostico melhor, surgem especulagdes sobre outras ja bem
conhecidas. Umadessas substancias é o glutamato, que po-
deria serum possivel marcador da lesédo encefalica. Porém,
Reynolds e col. ' com o intuito de saber se 0 glutamato se
correlacionaria com a les@o neuronal, desenvolveram um
método simples e confiavel de quantificar sua concentragao
no plasma durante as cirurgias de RM com CEC. Avariagéo
daconcentracdo de glutamato foi obtida durante aoperagéo.
Testes neurocognitivos foram aplicados nos pacientes que
participavam da pesquisa, antes e apés acirurgia. Durante a
cirurgia, observou-se que a concentragao de glutamato vari-
avade acordo com o tempo e conforme cada paciente. Apar-
tirdas dosagensséricasde glutamato, durante acirurgiae os
testes neuroldgicos, Reynolds e col. concluiram que as varia-
¢Bes daconcentracadode glutamato noplasmanao eram pre-
ditivas para caracterizar os disturbios neurolégicos verifica-
dos apds a cirurgia de RM '°.

Nessa busca de possiveis substancias preditivas da leséo
encefalica, surgem outras que poderiam influenciar o prog-
nosticode cadapaciente. E, nesse caso, asatengdes tém-se
voltado para a Apolipoproteina E (ApoE). Alguns estudos ja
indicam que ela pode estar envolvida no declinio cognitivo
apodsacirurgiacardiaca. Tem-se porcertoque apresengade
um dos alelos da ApoE é um importante fator de risco para a
formadeinicio mais tardia do Mal de Alzheimer, além da pro-
vavel associagdo no aumento de risco de aterosclerose. A
ApoE é codificada geneticamente em seres humanos sob
trésisoformas designadas: ApoE 2, ApoE e3e ApoE g4 7.
Em estudo realizado '® em varias populagdes mostrou-se
gueavariagaoalélicadaApoE ¢4 confereumaumentoderis-
co para Mal de Alzheimer, enquanto o alelo €2 confere um
efeitoprotetor. Ahipotese levantadafoique oalelo ¢4 poderia
estar envolvido na auto-regulacao do fluxo sanguineo ence-
falico. Em estudo realizado por Tie col. ', compararam-se a
auto-regulacgao do fluxo encefalico, a taxa de metabolismo
encefalico de O, e a diferenca de concentragdes de O, no
sangue arterial e venoso de pacientes comousemoalelo 4.
Foram selecionados 154 pacientes que se submeteriam a ci-
rurgiade RM. Durante a cirurgia, mediu-se o fluxo sanglineo
encefalico usando Xe'®, e calculou-se a taxa de metabolis-
mo encefalico pela diferenga de concentragédo de O, no san-
gue arterial e sangue venoso misto, obtidonobulbojugular. A
conclusdoaqueogrupode Tiecol.chegoufoiadequeoalelo
¢4 naotem efeito global sobre o fluxo, aofertae aextragdode
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Figura 2 - Fluxograma de Genétipo '’

0O,, 0 que sugere que os efeitos do alelo ¢4 naleséo encefali-
ca sejam devidos a outros mecanismos. Um dos mecanis-
mos, aoqualoalelo ¢4 possaestarenvolvido, € oaumentode
substancias que atuam na ativagdo daresposta inflamatoéria
como Interleucina 8 (IL-8) e Fator de Necrose Tumoral Alfa
(TNF-a). A partir dessa informagao, Drabe e col. % objetiva-
ramcomprovararelagaoentre ascitocinase oalelo 4, depois
de cirurgias de RM com CEC. O grupo de Drabe estudou 22
pacientesmedindoaconcentragdodelL-8e TNF-a, pelomé-
todo deradioimunoensaio, emintervalos regulares de 48 ho-
ras apos a cirurgia, ao mesmo tempo que determinavam o
alelo da ApoE nos pacientes. Nos resultados obtidos, seis
pacientes (27%)apresentavamo alelo para 4. Comparando
otempode CEC, otempode pingamentodaaortaeaconcen-
tracaodecitocinas (IL-8 e TNF-a), determinou-se que houve
diferenca significativa para os 27% dos pacientes estuda-
dos, pois estes tiveram aumento nos parédmetros citados,
concluindo que a presenga do alelo ¢4 pode estar associada
ao aumento de IL-8 e TNF-a na CEC.

CONCLUSAO

Acirurgiacardiacatemusufruido de muitos avancos tecnolo-
gicos nasultimas décadas, ndoapenas comoadventode no-
vas técnicas anestésico-cirurgicas, mas também com o de-
senvolvimento de diversos farmacos que, comprovadamen-
te, reduzem a incidéncia de complicagdes cardiovasculares
acurtoelongoprazo. Adespeitodisso, observa-se que, apa-
rentemente, mesmo diante de bons resultados nos segui-
mentos em longo prazo, algumas complicagdes emergem,
semque seconsigaestabelecer,comrazoavel graude certe-
za,qualevento predisponente ocasionouamorbidade. Adis-
funcdo neuroldgica pds-operatéria € importante causa de
problemas nesse periodo, podendo variar desde desconfor-
tos transitorios, como desorientacao, deficit de atengao, até
a danos irreversiveis do sistema nervoso central, como
hemorragia e isquemia encefalica.

Sabe-se que existem alguns fatores de risco para o apareci-
mento de problemas relativos ao sistema nervoso central no
pos-operatorio de cirurgia cardiaca, como utilizagado de
CEC, presenga de doenga ateromatosa grave na aorta as-
cendente e carétidas, anticoagulacao inadequada durante a
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cirurgiacom CEC,idade avangada, indugcaodealteragéesna
temperatura corporal intra-operatéria, hiperglicemia, méto-
dos de corregao acido-base nointra-operatorio, micro e ma-
croembolizagdo em CEC, procedimentos intracardiacos,
doencga vascular encefdlica avangada e doenga cardiaca
prévia ao procedimento. Ainda assim, esses fatores derisco
continuam sob investigacao para avaliar qual é o seu real
impacto sobre o progndstico neurolégico pds-operatério.
Apredisposicdogenéticaadiversasdoencastemsidoexten-
samente estudada ultimamente. Um exemplo é o estudo que
esta sendo desenvolvido pelos autores em conjunto com o
Laboratério de Genética do Instituto do Coragao do Hospital
das Clinicas, acompanhando pacientes que estédo sujeitos a
cirurgia eletiva de RM. Por meio de um exame neuroldgico
simples, conhecido como mini-mental comparam-se os re-
sultados deste a fenotipagem da ApoE, afim de detectar se
os pacientes que possuem o fenétipo para ApoE ¢4 demons-
tram maior predisposicao a complicagdes neuroldgicas
pos-cirurgicas. O teste de amostragem sugere um nimero
expressivo de pacientes para que se possa chegar a algum
resultado, ainda em fase inicial. Este exame mini-mental é
compostode questionariocom perguntas simples, procuran-
dotestara memoariarecente e tardia dos pacientes antes, 48
horas e no momento da alta hospitalar. Havendo complica-
¢des mais sérias ou alteracao do mini-mental, o neurologista
é acionado para os exames especializados. Arevelagao de
que alguns individuos possuem tendéncia hereditaria para
desenvolver certos estados morbidos, permitira que novas
terapias, conforme delineados na figura 2, sejam instituidas
emfases bem mais precoces antecipando-se ao fator agres-
sor, o que poderia proporcionar um significativo impacto so-
bre a qualidade de vida e sobre a morbimortalidade. Assim,
faz-se necessario estabelecer, da forma mais correta
possivel, quais sdo os fatores predisponentes ao processo
patogénico e os seus efeitos.

Portanto, o risco significativo de efeitos neuroldgicos adver-
sos, durante a cirurgia cardiaca, explica o interesse renova-
do nas estratégias de protegéo, na fisiopatologia das lesées
e, atualmente, naprovavel genética envolvida nas principais
injarias do sistema nervoso central 2'.

Pathophysiology of Neurological Injuries
during Heart Surgery

Rolison Gustavo Bravo Lelis, M.D.; José Otavio Costa Auler
Junior, TSA, M.D.

INTRODUCTION

Recent technological advances have led to decreased mor-
bidityand mortalityduring heartsurgeries. Neurological com-
plications, however, are still important causes of postopera-
tive morbidity and respond for great part of postoperative
deaths.
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Cardiopulmonary bypass (CPB) was introduced 50 years
ago, and since then, reports have been published about pa-
tients developing some type of neurological sequela, fos-
tering extensiveresearchesonthese sequelaand CPBiitself.
Itisbelieved thatthe overallincidence of such complicationis
up to 75% ', and may vary from transient psychological
changes, such as attention and memory deficits, to more se-
vere events, such as extensive stroke. It is currently known
that such complications after heart surgery may involve dif-
ferent brain areas and present a variety of clinical manifesta-
tions.

Many factors play differentroles on perioperative neurological
injury origin during heart surgeries, like older age, previous
brain oratheromatous disease, diabetes mellitus, intracardiac
procedures, changes in body temperature during CPB and
maybe a genetic predisposition, among others.

This review aimed at discussing major factors involved in
heartsurgery-related neurological injuries and their possible
genetic origin, as well as proposing some measures for their
prevention.

INCIDENCE AND PATHOPHYSIOLOGY

The literature shows a wide variation in the incidence of neu-
rological complications after heart surgeries. Discrepancy
of results is attributed to different study designs (whether
prospective orretrospective, forexample), the nature of the
surgery (open or closed heart surgeries), the presence of
co-morbidity and the method used to evaluate type and de-
gree of neurological dysfunctions. Studies on postoperative
neurological dysfunctions are primarily related to myocardial
revascularization because itrepresents most heart surgeries.
Althoughthere are discrepanciesregarding the methods, the
incidence of neurological complications varies from 0.4% to
5.4% .

Evenadmitting that cardiopulmonary bypass is the majorfac-
tor involved in neurological complications during heart sur-
geries, there have always been some questions aboutthe po-
tential noxious effect of the anesthetic-surgical procedure on
the central nervous system. To verify this possibility, an Euro-
pean study ? has evaluated brain function of 1218 elderly pa-
tients submitted to non-cardiac surgeries. Neuro-cognitive
tests through simple questionnaires with direct questions
about name, birth date, current date, job, address, data on
relatives, were applied in three periods: before surgery, at
hospital discharge and three months later. There has been a
relatively high incidence of postoperative cognitive dysfunc-
tion (26%), made evident by confusion of dates and facts, as
well as by memory lapses persisting for up to three monthsin
10% of studied patients 2. The study tried to attribute this cog-
nitive dysfunctiontothe anesthetic-surgical procedure, inthe
absence of cardiopulmonary bypass. Shaw et al. 3, following
the same line of investigation and also employing neuro-cog-
nitive tests based on simple questionnaires, have compared
two groups of patients: one submitted to myocardial
revascularization with cardiopulmonary bypass, and the
other submitted to peripheral vascular surgery. Results are
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shownintable | and reveal higherincidence of cognitive dys-
function in the first group. What can be drawn from this and
otherinvestigationsisthat, forsure, cardiopulmonarybypass
is a predisposing factor for cognitive dysfunctions, but that
they are also present in non-cardiac surgeries, especially in
patients with history of arterial vascular disease.

Table I - Neurological Complications during Heart Surgeries
as Compared to Peripheral Vascular Surgeries ®

Deficit Severity Myocardial Control
Revascularization (n=48)
(n =298)
Mild (deficit in 1 or 2 tests) 164 (55%) 15 (31%)
Moderate (deficit in 3 or 4 tests) 57 (19%) 0
Severe (deficit in > 5 tests) 14 (4.7%) 0

The impact of cognitive changes on morbidity and mortality
of patients submitted to heart surgery with cardiopulmonary
bypass is not severe. The same is not true for more severe
events, since injuries generically defined as strokes may
lead to comma, permanent sequela or death. There has al-
ways been some confusion in the literature regarding
names, classification and pathophysiology of more severe
neurological events. Itwas up toa group of investigators led
by Roach et al. ¥, studying a large series of patients, to pro-
pose a classification shown in chart |. Using the classifica-
tion proposed by these investigators ¢, Wolman et al. > have
evaluated a group of patients submitted to myocardial
revascularization and have classified neurological events
in: type |, defined as focal injuries with stupor orcomma; and
type Il, with intellectual function deterioration, memory defi-
cits or seizures °.

Chart | - Proposal for Neurological Events Classification 5

Brain death, non-fatal strokes and transient ischemic attacks
Type | (predisposing factors: aortic atherosclerosis, previous neuro-
logical disease, age)

Decreased intellectual capacity (predisposing factors: age, ar-
Type ll terial hypertension, lung disease and excessive alcohol con-
sumption)

This study has shown that 6.1% of patients had some neuro-
logical complication, being 3.1% type |, and 3% type Il °,
Stillinthis investigation, Wolman etal.®have shownthat, par-
allel to the surgical technique, age would also be a risk factor
for neurological complications. Patients aged 70 years or
above had a mean incidence of 4% to 9% postoperative
stroke or comma, differently from patients below 70 years of
age, who had an incidence of 1%.

Other mechanisms to explain these complications have also
been exhaustively studied. CPB itself has been considered
the major cause for more severe postoperative cognitive
changes. However, a study by Taggart et al. ® to establish the
real impact of CPB on neurological complications has shown
that patients submitted to heart surgeries with or without CPB
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had similar neuro-psychological test results. These patients,
who had been evaluated before surgery, were submitted to
simple questions and answers tests evoking memory in two
moments: hospital discharge and three months later. Results
have shown that CPB was not the major cause of neuro-psy-
chological dysfunctions. Another speculation would be that
such neuro-psychological disorders are partially associated
to transient changes in brain auto-regulation as a conse-
quence of artificial ventilation, anesthetic drugs and blood
pressure changes °.

Today it is known that postoperative cognitive changes are
multifactorial. Older age, diffuse vascular disease,
intraoperative embolization, hypoperfusion and consequent
inflammation, as well as reperfusion injury inherent to this
type of procedure may, together, determine more or less cog-
nitive deficits.

Embolus formation, caused by aortic wall atheromas, plate-
letsaggregationand airbubbles fromthe oxygenatorand car-
diac chambers, may be the primary cause of brain injury or
worsening of preexisting injuries. Intraoperative gas
microembolismis difficultto detectandis considered the ma-
jorcause for cognitive disorders. There are three main mech-
anismsformicro-bubblesformation. Thefirstoneisrelated to
the oxygenator itself, when membrane material may rupture
duetoincreased transmembrane pressure by excessive gas
flow. This way, small amounts of air may directly reach the
blood stream. The second cause is blood cooling and heat-
ing, which can modify gases’ physical properties (oxygen, ni-
trogen and carbon dioxide). Solubility changes may predis-
pose to micro-bubbles formation. Finally, cardiac chambers
opening leads to air entrance into them and pulmonary ves-
sels as well. This air, in small amounts, may get to arterial cir-
culation and reach brain circulation next. Several measures
have been proposed to overcome this problem. The mostim-
portantis focused on the surgeon, and consists of careful air
removal from cardiac cavities and pulmonary vessels before
aortic unclamping. Preventing spontaneous heartbeats with
open aorta before being sure that all air has beenremoved is
alsoanimportantapproach. Forthe anesthesiologist, pulmo-
nary hyperventilation when air is being removed by the sur-
geonmaydetermine decreased brainblood flow. Vessels cal-
iber decreasing by vasoconstriction may reduce mi-
cro-emboli impactation, as shown by Linder et al. 7,

Aortic atheroembolismis also arisk for patients submitted to
heart surgeries. It is known that severe aortic atheromatous
disease is worsened with age, being detected up to 80% of
patients aged 80 years orabove. Patients with previous cere-
bral vascular disease or transient ischemic attack, with
proven atheromatous disease in extracranial brain arteries,
have a higher chance of developing intraoperative stroke.
Similar to age, diabetes mellitus and hypertension are inde-
pendent factors which may affect neurological complica-
tions. So, patients with these diseases are at additional risk
during heart surgery with CPB. Microembolization and brain
perfusion changes due to arterial hypotension, which is fre-
quent in this type of surgery, are other aggravating factors
able to cause neurological injuries. It should also be consid-

613



LELIS AND AULER JR

ered that diffuse atherosclerotic disease, promoting brain
vessels narrowing, affects its auto-regulation which, in face
of blood pressure changes and possible embolization,
makes some brain areas more susceptible to ischemia ®.

Inflammatory response, as shown in figure 1, may contribute
to brain injury, especially in brain areas with bad perfusion, a
mechanism known as post-reperfusion injury. During CPB,
blood exposure to non-endothelial surfaces activates the co-
agulation cascade, the fibrinolyticand complement systems,
being able to induce leukocytes degranulation and free radi-
calsrelease as well. Brain regions which might have suffered
some degree of microembolization-induced hypoperfusion
orischemia would have a higher chance of worsening the in-
juries due to overimposed inflammatory events, with signifi-

cant clinical consequences ®°.

Leucocytes . .
Activation Arterial Injury
o |
Leucocytes Leucocytes Number of Perfusion
+ deformity | |adhesion and 4 leucocytes pressure
aggregation

N

Slow leucocytes traffic through capillaries.
Increased leucocytes clots in capillaries

\ 4
I Tissue ischemia I

.

Leucocytes-derived — Necrosis tecidual
Oxidants

Figure 1 - Ischemia Amplification after Leukocytes Activation ®

As seen, the surgery itself, in addition to older age of patients
submitted to heart surgeries and other factors above dis-
cussed, increases the risk for some type of neurological
sequela. Itis also a fact that most candidates to this type of
surgical procedure already present with several conditions
which may increase the risks for neurological disorders.
Therefore, many methods have been proposed to reduce
such sequela and patients’ morbidity.

Thisway, Arrowsmisth etal. ®have classified protective mea-
sures during heart surgeries in two types: physical and phar-
macological. Physical protective measures are mainly re-
lated to the intraoperative period, and include fast and effec-
tive surgery, adequate temperature and MBP, as well as
glycemia and CO; control. Temperature management has
been highlighted among physical measures, being hypother-
miaconsidered by some authors a useful toolforbrain protec-
tion. Two studies """, summarized in Table II, have investi-
gated the effect of temperature during CPB. Inastudy of Mar-
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tin et al. '°, patients submitted to CPB were divided in two

groups: in the first group, temperature was maintained at 35
°C orabove, and in the second, temperature was maintained
at 28 °C or below. Results have indicated that, in the
hypothermal group, the incidence of neuro-cognitive compli-
cations was three times lower as compared to the warmer
group '°. Another similar study of a different group of investi-
gators "' was unable to show similar results.

Table Il - Neurological Consequences of Cardiopulmonary

Bypass %’
Hypothermia Normothermia

(%) (%)
Martin TD, Craver JM  Stroke 12 4.1
Gott JP et al. Encephalopathy 0.2 0.4
(n=1.001) Total 1.4 4.5
Warm Heart Stroke 1.6 1.5
Investigators
(n=1.732)

Mean blood pressure (MBP) during surgery has alsobeenan
issue for scientific speculations. As summarizedintablelll, a
study of Gold et al. '? has shown that mean blood pressure
maintained above 80 mmHg is related to alowerincidence of
neurological injuries. The authors have compared two
groups of patients: one of them with MBP kept between 50
and 60 mmHg during CPB, and the other with MBP equal to or
above 80 mmHg. Postoperative neurological tests have
shown alowerrate of neurological complications in the group
with MBP above 80 mmHg.

Table Il - Effects of MBP on Post Heart Surgery Neurologi-
cal Injuries in Patients Divided in Low or High Blood
Pressure during CPB '2

MBP 50 to 60 MBP 80 to 100 p?

mmHg (%) mmHg (%)
n=124 n=124

Stroke 7.2 24 0.076
Minor neurodeficiencies 3.2 0.8 -
Heart complications 4.8 24 0.03
Cognitive deficiency after 12 " -
6" months
Major heart complication and 12.9 4.8 0.026
neurological dysfunctions
Deaths 4 1.6 0.25

Although this study’s results leave no doubt about the value of
higher MBP during heart surgery to decrease neurological
complications, one should keep in mind that this is particularly
true for older patients or those with carotid obstructive injuries
and/or history of severe hypertension. It should also be high-
lighted the role of carbon dioxide (PaCO;) and glycemia. As
mentioned above, lower PaCO, levels would play somerolein
microembolization prevention when heartbeats are restarted
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8. Also, glycemia levels above 120 mg% seem to potentiate
ischemic injuries, a mechanism which involves cell calcium
metabolism during reperfusion injury development. Hence,
the strict control of glycemia by anesthesiologists in the
intraoperative period is a basic recommendation today 8.9,
Pharmacological measures aim at modulating neuronal ac-
tivity by means of substances of proven action, such as
ischemic pathway inhibitors and/or metabolic suppressors °.
Among these substances, special attention has been given
to propofol for its effect on EEG spikes suppression. Aques-
tion has been raised whether such effect could play a role in
decreasing brain metabolism during CPB, thus acting as
neuronal protector. According to Souter et al. '*, propofol in
doses suppressing EEG waves during CPB has not de-
creased brain venous oxygen saturation below 50% during
reheating, measured in internal jugular vein bulb.

Cell ischemia pathway inhibitors, such as calcium antago-
nists are being evaluated as potential protectors. Antide-
pressantagents couldaidforanewstrategy aimingatleuko-
cytes inhibition, endothelial protection and excitatory
aminoacid receptors inhibition, among others, promoting
some degree of organic protection during CPB ° However,
clinical confirmation of such results still requires further in-
vestigations.

Even with protective methods and the proper care during pre,
intra and postoperative periods, there are still patients who,
submitted to similar risks, present different clinical evolu-
tions, making us believe in a case-by-case geneticinfluence.
Currently, with the development of geneticresearch labs, itis
possible to identify neuronal function markers. These mark-
ers would be involved in brain protection or a higher trend for
cell injury after an aggression, or would even help patient’s
screening for more accurate prognosis or diagnosis. One of
the severalinvestigationsin this area has targeted S100 pro-
tein, which may be a promising neuronal injury marker. S100
proteinis notan usual partof blood plasma substances, but it
is presentin plasma after stroke, subarachnoid hemorrhage,
brain trauma and CPB "*. Trying to understand how this pro-
tein is released after CPB, Johnson et al. '° have observed
515 patients submitted to MR and have monitored S100 con-
centration at CPB completion, after 5, 15 and 48 hours, to-
gether with clinical-neurological follow-up. Data have shown
that early S100 release was related to age and longer CPB
time, withno correlationwith neurologicaltests. Late S100re-
lease, however, was associated to positive neurological tests
andtheincidence of braininjuries. Although being a possible
indicator of brain injury severity, S100 protein is unable to in-
form its anatomic extension or clinical consequences. While
investigations progress toward finding effective substances
to improve diagnosis, there are speculations about other al-
ready well-known substances, amongthemglutamate, which
could be a brain injury marker. Reynolds et al. '® however, in
an attempt to know whether glutamate would correlate to
neuronal injuries, have developed a simple and reliable
method to quantify its plasma concentration during MR with
CPB. Glutamate concentration changes were obtained dur-
ing surgery. Neuro-cognitive tests were applied before and
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aftersurgery. Ithas beenobserved thatglutamate concentra-
tion during surgery would vary according to each patient and
with time. Based on intraoperative serum glutamate concen-
trations and neurological tests, Reynolds et al. have con-
cluded that plasma glutamate changes were not predictive of
neurological disorders observed after MR e,

In the search for brain injury predictors, others substances
were identified which could influence prognosis. Toward this
goal, attentions were turned to apoliprotein E (ApoE). Some
studies already indicate that it could be involved with cogni-
tive decrease after heart surgery. It is certain that the pres-
ence of one ofthe ApoE‘s allelesis animportantrisk factor for
late onset Alzheimer’s disease, in addition to its potential as-
sociation with increased risk for atherosclerosis. ApoE is ge-
netically coded in men under three isoforms: ApoEe2, ApoE
e3and ApoE ¢4 7. Amulti populational study'® has shown that
ApoE ¢4 allelic variation increases the risk for Alzheimer’s
disease, while €2 allele has a protective effect. It has been
postulated that allele €4 could be involved in brain blood flow
auto-regulation. A study by Ti et al. ' has compared brain
blood flow auto-regulation, brain O, metabolic rate and arte-
rial/venous difference in blood O, concentrations in 154 pa-
tients with or without allele ¢4 submitted to MR. Brain blood
flow was measured during surgery using Xe'*® and brain
metabolic rate was calculated by the difference between O,
concentrations in arterial and mixed venous blood obtained
in the jugular bulb. The conclusion was that allele ¢4 had no
global effect on brain blood flow, O, supply and extraction,
suggesting that allele ¢4 effects on brain injuries are due to
different mechanisms. One of them could be increasing sub-
stances which actoninflammatory response activation, such
as Interleukin 8 (IL-8) and Tumor Necrosis Factor Alpha
(TNF-a). With that in mind, Drabe et al. ?° have decided to
verify the possible relationship between cytokines and the al-
lele €4 after MR with CPB. Drabe’s group has studied 22 pa-
tients by monitoring IL-8 and TNF-a concentrations thru
radioimmunoassay in 48-hour intervals after surgery, at the
same time that they determined the presence of ApoE ¢4 al-
lele. Their results have shown 6 patients (27%) with this al-
lele. When comparing CPB time, aortic clamping time and
cytokines concentration (IL=8 and TNF-a), there has been
significant difference for these 27% of patients as they had
those parameters increased. The conclusion was that the
presence of allele ¢4 could be associated to increased IL-8
and TNF-a during CPB.

CONCLUSION

Heart surgery has experienced major technological ad-
vances inrecent years, not only with the advent of new anes-
thetic-surgical techniques, but also with the development of
different drugs, which knowingly decrease the incidence of
short and long-term cardiovascular complications. Never-
theless, it has been observed that, even with good results in
long-term follow-ups, there are still some complications for
whichitisnotpossibletodetermine, withareasonablelevel of
certainty, the predisposing event leading to morbidity. Post-
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operative neurological dysfunction is an important source of
problems, whichmayvaryfromtransientdistress such asdis-
orientation or attention deficits, to irreversible central ner-
vous system injuries, such as brain hemorrhage and
ischemia.

Itisknownthatthere are somerisk factors for central nervous
system related problems in the postoperative period of heart
surgeries, such as CPB, severe ascending aorta and carotid
atheromatous disease, inadequate anticoagulation during
surgery with CPB, older age, induction of intraoperative body
temperature changes, hyperglycemia, intraoperative
acid-base correction methods, micro and
macroembolization in CPB, intracardiac procedures, ad-
vanced cerebrovascular disease and previous cardiac dis-
ease. Even so, these risk factors are still under investigation
to determine their actual impact on postoperative neurologi-
cal prognosis. Genetic predisposition to many diseases has
been extensively studied. As an example, we have been de-
veloping a study together with the Genetic Laboratory of the
Heart Institute, Hospital das Clinicas, where patients under-
going MR are being followed-up. Results of a simple neuro-
logical evaluation, known as mini-mental, are compared to
ApoE phenotyping to detect whether patients with phenotype
for ApoE €4 are prone to postoperative neurological compli-
cations. Sampling test suggests that an expressive number
of patients is needed to achieve any result, still in the early
stage of the study. This mini-mental evaluation is composed
of a questionnaire with simple questions to test recent and
late memory, before, at48 hours and at hospital discharge. If
more severe complications or mini-mental changes are de-
tected, the neurologist is called for specialized tests. The
confirmation that some individuals present hereditary trends
to develop some morbid states will allow new therapies to be
earlierinstituted, as shown in figure 2, before the aggressing
factor, what could have a significantimpact on life quality and
morbidity/mortality. Therefore, itis necessaryto establish, as
accurately as possible, which are the factors predisposing to
pathogenic processes and their effects.

The significant risk of adverse neurological events during
heart surgery explains the renewed interest on protective
strategies, injuries pathophysiology and, more recently, on

Pre-treatment with steroids

ApoE ¢4

Investigation +Allele Heparin-bound circuits

Surgery without CPB

Conventional CPB

-Allele

Figure 2 - Genotype Flowchart
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the genetics likely to be involved in main central nervous sys-
tem injuries 2".
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RESUMEN
Lelis RGB, Auler Jr JOC - Lesion Neurologica en Cirugia Car-
diaca: Aspectos Fisiopatolégicos

JUSTIFICATIVA Y OBJETIVOS: En virtud de las lesiones
neuroldgicas que ocupan un papel importante en el contexto de
las complicaciones pos-operatorias, cuando comparadas a las
demas, el presente estudio tenté discutir los principales
factores envueltos en la lesién neurolégica peri-operatoria en
cirugia cardiaca, las intervenciones que buscan disminuir la
incidencia de lesiones neurolégicas, enfocando de manera
simple, y la probable génesis genética en tales lesiones
cerebrales.

CONTENIDO: Este trabajo contiene la revision de articulos
que enfocan la fisiopatologia de las lesiones neurolégicas
relacionadas a procedimientos cardiacos, su posible origen
genético, bien como una propuesta para su prevencion.

CONCLUSIONES: Mucho se hablé de las disfunciones
cognitivas de pacientes después de cirugia cardiaca, como la
revascularizacion del miocardio que es motivo del aumento de
la morbimortalidad observada actualmente y factor de mayor
tiempo de hospitalizaciéon. Es un hecho que ya hubo grandes
avanzos en esa area con la finalidad de disminuir eses indices,
previniendo aun otros que visan la profilaxis de lesiones
neuroldgicas.
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