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Anesthesia and Neuroendocrine and Humoral Responses to

Surgical Stress
Renato Mestriner Stocche, TSA ", Luiz Vicente Garcia, TSA 2, Jyrson Guilherme Klamt, TSA 2

RESUMO

Stocche RM, Garcia LV, Klamt JG - Anestesia e Resposta Neu-
roendocrina e Humoral ao Estresse Cirargico

Justificativa e Objetivos - A resposta neuroendodcrina e
metabdlica ao estresse é um mecanismo de defesa do
organismo agredido por trauma psicologico, fisico ou cirtirgico
e tem sido objeto de varios trabalhos cientificos. O objetivo
deste trabalho é enfocar os aspectos relativos a resposta
neuroenddcrina-metabdlica e imunoldgica ao trauma cirdrgico,
procurando proporcionar conhecimentos para possibilitar a
modulagdo desta resposta através da anestesia.

Conteudo - Sdo apresentados os mecanismos e a
fisiopatologia da ativagdo da resposta neuroendoécrina e
metabdlica, assim como as fases da resposta ao estresse
cirirgico. S&o abordadas as varias técnicas de anestesia e
adjuvantes empregados na modulagdo da resposta
neuroenddcrina a cirurgia, desde a consulta pré-anestésica.
Conclusées - Devido a alta complexidade dos mecanismos
envolvidos e a inexisténcia de técnicas anestésicas isoladas
que sejam capazes de bloquear a resposta neuroenddécrina e
metabdlica a tendéncia atual é de se utilizar associagbes de
técnicas para se obter melhores resultados.

UNITERMOS - METABOLISMO: estresse cirurgico

SUMMARY
Stocche RM, Garcia LV, Klamt JG - Anesthesia and Neuroendo-
crine and Humoral Responses to Surgical Stress

Background and Objectives - Neuroendocrine and metabolic
response to stress is a defense mechanism of the body injured
by psychological, physical or surgical trauma, and has been the
subject of several scientific reports. This study aimed at ad-
dressing neuroendocrine-metabolic and immune responses to
surgical trauma to provide knowledge which would allow such
response modulation through anesthesia.

Content - Mechanisms and pathophysiology of neuroendo-
crine and metabolic response activation, as well as surgical
stress response stages are presented. Several anesthetic
techniques and adjuvants used to modulate neuroendocrine re-
sponses are discussed, starting in the preanesthetic evalua-
tion.

Conclusions - Due to the extreme complexity of mechanisms
involved and the lack of isolated anesthetic techniques able to
block neuroendocrine and metabolic responses, the current
trend is to associate techniques to obtain better results.

KEY WORDS - METABOLISM: surgical stress

INTRODUCAO

Aresposta neuroendodcrina e metabdlica ao estresse é
um mecanismo de defesa de um organismo agredido
por trauma psicoldégico, fisico ou cirdrgico. Qualquer destas
agressbes desencadeia uma complexa resposta que en-
volve aferéncias sensitivas, o eixo hipotalamo-hipofisario
(sistema neuroenddcrino) e o sistema imunolégico. Essa
resposta & caracterizada pelo aumento da concentragédo
plasmatica dos hormdnios ACTH, cortisol e glucagon, das
catecolaminas, das interleucinas (IL1 e IL6) e do fator de
necrose tumoral '. A vasopressina e a ocitocina também
sao liberadas durante o estresse. A vasopressina possui
potente acdo vasoconstrictora, atua na homeostase hidroe-
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letrolitica e estimula a liberagdo do horménio liberador da
corticotrofina 3. Ja o papel da ocitocina na resposta ao es-
tresse esta pouco definido #, mas sabe-se que ¢ liberada pe-
los dentritos dos neurdnios magnocelulares do hipotalamo,
é absorvida pelo sistema porta hipofisario e atua inibindo a
liberagédo de horménios pela adenohipéfise .

O objetivo desta revisdo é enfocar os aspectos relativos a
resposta neuroenddcrina-metabdélica e imunolégica ao trau-
ma cirurgico, procurando proporcionar conhecimentos de
como a anestesia pode modular esta resposta.

MECANISMOS DE ATIVAGAO DAS RESPOSTAS
NEUROENDOCRINAS E METABOLICAS

O entendimento dafisiopatologia da resposta neuroendécri-
na e metabdlica ao estresse é de grande importancia para
varias areas do conhecimento humano. No entanto, a maio-
ria dos estudos foram realizados em pessoas submetidas a
cirurgia, onde o estresse e suas consequéncias sdo bem co-
nhecidos. Embora sejam conhecidas as mudangas fisiol6gi-
cas e hormonais que ocorrem no periodo per-operatério, os
mecanismos envolvidos na estimulagéo e regulagéo do eixo
hipotalamo-hipofisario foram, até o momento, s6 parcial-
mente elucidados.

Arespostaneuroenddcrina e metabolica ao estresse cirurgi-
co seiniciano pré-operatério, quando a ansiedade e o medo
em relacdo a anestesia e a cirurgia provocam aumento das
concentragdes plasmaticas das catecolaminas "%. A indu-
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¢aoanestésicaseguidadeintubacgaotraquealinduzalibera-
¢ao de grandes quantidades de catecolaminas na corrente
sangliinea®'°. Estudos mostram que, em cirurgias toracicas
e do andar superior do abdome, estimulos neurais ativam o
eixo hipotalamo-hipofisario mesmo na presencga de aneste-
siaperiduralextensa'""'*. Admitia-se que aaferéncianeural,
via nervo vago, seria responsavel pela menor eficiéncia do
bloqueio peridural no bloqueio da resposta ao estresse nes-
tes casos '*. No entanto, a associagao do bloqueio bilateral
do nervo vago e do bloqueio peridural extenso néo foi capaz
de inibir a resposta ao estresse em cirurgias abdominais do
andar superior '°. A resposta imunolégica (aumento da con-
centragdo plasmatica de mediadores inflamatorios) pode
serresponsavel pelaestimulagao do eixo hipotalamo-hipofi-
sario nestas situacdes '®'". A observagao de que cirurgias
emmembros desnervadostambéminduzemrespostaao es-
tresse demonstra a presenca de estimulagao do eixo hipota-
lamo-hipofisario por outras vias que néo a neural.

A natureza dos mediadores imunolégicos envolvidos nas
respostas neuroenddcrina e metabdlica ndo esta totalmente
esclarecida. A liberagdo de imunomediadores asseme-
Iha-se ao que acontece na cascatadacoagulacdo, ouseja, a
partir de um estimulo inicial, s&o liberados mediadores que
amplificam a resposta, provocando a liberagdo de mediado-
res subseqiientes 8.

Os mediadores mais estudados sdo asinterleucinas 1 (IL 1),
interleucina 6 (IL 6) e o Fator de Necrose Tumoral. A concen-
tracéo das interleucinas aumenta, significativamente, apos
oiniciodacirurgia'?, ocorrendo amplificagdo da respostain-
flamatoria e ativagido do eixo hipotalamo-hipofisario, com
consequente ampliagao da resposta hormonal ao estresse
cirargico 2%,

A relacdo entre o sistema imunolégico e o eixo hipotala-
mo-hipofisario é bidirecional, pois a liberagdo de ACTH-cor-
tisolinibe a liberagéo periféricade IL-1, IL-6 e do fator de ne-
crose tumoral, que ativam aresposta neuroenddécrina. Asin-
terleucinas sao liberadas em grande quantidade em cirurgi-
as toracicas e de abddémen superior, o que pode justificar a
maior dificuldade em se bloquear as respostas neuroendé-
crina e metabélica nestas cirurgias '°?*?*. Portanto, no pe-
riodo per-operatorio, varias sdo as vias e os estimulos que
culminam na ativagao do eixo hipotalamo-hipofisario e con-
seqlente na liberagdo dos mediadores caracteristicos da
resposta ao estresse cirurgico.
Amagnitudedarespostaneuroenddcrinadepende donume-
ro e daintensidade dos estimulos conduzidos por via neural
ousistémica(Figura1). Conseqlientemente, cirurgias de pe-
queno porte induzem respostas menores que as de médio e
de grande porte %.

As aferéncias sensitivas associada as IL-1, IL-6 e TNF atin-
gemaregiaodo hipotdlamo estimulando a produgao de fato-
resliberadores do hipotalamo, ADH e ocitocina. Os fatores i-
beradores hipotalamicos, via sistema porta hipofisario, esti-
mulam asecregédo daadenohipdfise, que liberaumasérie de
horménios, dentre eleso ACTH. O ACTH promove liberagao
de cortisol no cértex da supra-renal. Os centros superiores
dosistema nervoso simpaticorecebemaferénciamedulare,
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Figura 1 - Resposta Neuroenddcrina ao Estresse Cirurgico

reflexivamente, aumentam o ténus simpatico, liberando no-
radrenalina nos terminais nervosos, e estimulando a medula
da supra-renal a liberar adrenalina (Figura 1) .

FASES DAS RESPOSTAS NEUROENDOCRINAS E
METABOLICAS AO ESTRESSE CIRURGICO

Arespostaneuroendocrina e metabdlica ao estresse cirurgi-
co pode serdidaticamente separada em duas fases. A primei-
ra é afase agudaoude choque, que se iniciaimediatamente
ao estimulo e dura 24 a 48 horas ?°. Nesta fase, grandes
quantidades de catecolaminas s&o rapidamente liberadas
na corrente sangiiinea 2"?® e mais lentamente ocorre au-
mentodo ACTH %, cortisol *>*', glucagon *2, ADH , ocitocina,
horménios de crescimento *', interleucinas '®** e -endorfi-
nas.Nestamesmafaseocorreinibigdodasecregaodeinsuli-
na, que provoca aumento darelagéo glucagon/insulinacom
conseqliente hiperglicemia **. Na segunda fase, as concen-
tracdesdas catecolaminas permanecemaltas, porémmeno-
res que as observadas na fase inicial. A concentragao plas-
matica de ACTH diminui no periodo pds-operatoério enquan-
to que ade cortisol atinge seu pico nas primeiras 24 horas, o
que indica maior sensibilidade do cértex adrenal ao ACTH
plasmatico *°. A concentragéo do cortisol permanece alta,
porém diminui progressivamente, durante todo o periodo de
convalescéncia. Nasegundafase, a concentragao de insuli-
navoltaaonormal, entretanto suaagaohipoglicemiante esta
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prejudicada, pois ocorre aumento da resisténcia a sua agao

periférica .

FISIOPATOLOGIA DAS RESPOSTAS
NEUROENDOCRINAS E METABOLICAS

O aumento da concentragéo plasmatica do cortisol, do glu-
cagon edas catecolaminas (indutores do catabolismo)induz
agliconeogénese. Agliconeogénese e aresisténcia periféri-
caaumentadaaacaodainsulinafacilitamoaparecimentoda
hiperglicemia e do balanco nitrogenado negativo *”. Os hor-
monios catabolizantes também promovem hipermetabolis-
mo, aumento do consumo corporal de oxigénio 38 retencéo
de agua e sodio, hipercoagulabilidade 3, aumento do tonus
simpatico, além de atuarem na modulagao darespostainfla-
matoria *°.

Todas estas alteragbes permitem adaptagao ao trauma fisi-
cooupsiquico, proporcionando maior capacidade dereagéo
e manutencdo da homeostase, protegendo o individuo. To-
davia, a resposta neuroenddécrina e metabolica exacerbada
no periodo pés-operatério pode aumentar a morbi-mortali-
dade *', especialmente em individuos em estado critico ou
com comprometimento sistémico *?°.

A resposta neuroenddcrina e metabdlica também pode ser
responsavel por eventos adversos no pds-operatoério de
grandes cirurgias 60 aumento da contratilidade e da fre-
guéncia cardiacano periodo pos-operatorio deve-se, princi-
palmente, ao aumento da concentragéo plasmatica das ca-
tecolaminas, acarretando maior consumo de oxigénio pelo
miocardio. O maior consumo corporal de oxigénio somado a
tendéncia de disfungdo ou depressao respiratéria e maior
consumo de oxigénio pelo miocardio aumentam a probabili-
dade de complicagdes cardiacas e renais *"*®. A hiperglice-
mia resultante do catabolismo pode intensificar uma lesdo
cerebralisquémica, caso elaocorrano periodo per-operato-
rio***°. Ador, porsiso, produz um estado de sofrimento e tra-
uma psicoldgico, além de aumentar a incidéncia de compli-
cagdes respiratérias 5,

O aumento do cortisol leva a imunodepressdo e muda o
substrato energético (metabolismo lipidico e catabolismo
protéico), proporcionando cicatrizagdo mais lenta °2. Jao es-
tado de hipercoagulabilidade aumentaorisco de fendmenos
tromboembolicos e de infarto agudo do miocardio **°°. No
entanto,emestudoemque seinfundiu parte dos mediadores
do estresse nao se obteve hipercoagulabilidade, provavel-
mente pela impossibilidade de se reproduzir a complexa
resposta fisioldgica ao estresse encontrada no per-opera-
torio *°.

Aincidénciadedisturbios psiquicos no periodo pds-operato-
rio também esta relacionada ao nivel de cortisol e catecola-
minas no per-operatorio %,

Certamente, nos pacientes com alto risco de eventos adver-
s0s no per-operatorio, a atenuagao daresposta neuroendo-
crina e metabdlica ao trauma cirurgico pode ser benéfica. Ja
nos pacientes de baixo risco anestésico-cirurgico néo exis-
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temevidéncias suficientes de que o bloqueio darespostane-
uroendocrinae metabdlicapromovamenormorbi-mortalida-
de, talvez pela baixa incidéncia de complicagdes.
Portanto, considerando os recursos e o conhecimento médi-
co-cientifico atuais, o bloqueio ou a atenuacgdo da resposta
neuroenddcrino-metabdlica deve ser meta de todos os pro-
fissionais envolvidos no atendimento do paciente critico
submetido a estresse traumatico ou cirurgico 2.

ANESTESIA E RESPOSTA NEUROENDOCRINA
AO TRAUMA

A modulagéo da resposta neuroendécrina ao estresse cirar-
gico, por meio de técnicas anestésicas, tem sido objeto de
varios trabalhos cientificos. Contudo, nenhuma técnica
anestésica se apresenta totalmente eficaz na tarefa de blo-
queararespostaneuroenddcrinae metabolica. Devidoaalta
complexidade dos mecanismos envolvidos € a inexisténcia
de técnicas isoladas que sejam capazes de bloquear a res-
posta neuroenddcrina e metabdlica, a tendéncia atual é de
se realizar associagdes de técnicas para se obter melhores
resultados ***’.

A consulta pré-anestésica com esclarecimentos sobre o ato
anestésico, bem como o emprego de medicacdes pré-anes-
tésicas como os benzodiazepinicos, sédo eficazes em dimi-
nuir o estresse pré-operatorio e conseqiientemente a con-
centragdo plasmatica de catecolaminas %7,
Oempregodeantinflamatériondo esteroidal, comoo ibupro-
feno, antes do inicio da cirurgia, pode diminuir a liberagao
das interleucinas no per-operatdério, com consequiente ate-
nuagao da resposta neuroenddcrina °°. Apés infusao de en-
dotoxina, o ibuprofeno atenua ataquicardia, afebre, o hiper-
metabolismo e a liberagdo de hormdnios do estresse sem
promover mudanca do substrato energético °°. A indometa-
cina apresenta eficacia semelhante, podendo até diminuir a
incidénciadefebre e excregédode nitrogénio no pés-operaté-
rio, sem alterar a leucocitose caracteristica °"*2. Embora
possa modular parte da resposta ao trauma, a utilizagéo de
indometacina associada a anestesia peridural com bupiva-
cainanéo é capaz de bloquear aresposta ao estresse em ci-
rurgias de abdémen superior63. O papel dos AINE no contro-
le da resposta neuroendécrina e metabdlica ao estresse ci-
rargico ainda nao esta muito bem definido.

No inicio da cirurgia, a repetida liberacdo de glutamato e
substancia P leva a alteragdes plasticas da medula espinal,
que facilita e amplifica os impulsos sensitivos que normal-
mente nao levariam a sensagdes dolorosas. Portanto, esti-
mulos n&o algicos passam a se comportar como estimulos
de dor, fendmeno conhecido como hiperalgesia secundaria
6465 Apés ter ocorrido sensibilizagdo medular, as doses de
analgésicos ou anestésicos necessarias para bloquear a
sensacao dolorosa sdo comparativamente maiores que as
necessarias semasensibilizagao prévia 8 O mecanismode
sensibilizagdo medular pode proporcionar maior aferéncia
sensitiva ao hipotalamo, justificando a dificuldade em se ini-
birarespostaneuroendocrina e metabdlicaapés seudesen-
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cadeamento. Desta forma, a técnica de analgesia preempti-
va pode influencia-la.

A clonidina é um a, agonista de agao central que diminui o
tébnus do sistema nervoso simpatico, promovendo seda-
¢ao, diminuigdo da produgéo de saliva e da presséo in-
tra-ocular ®’. Tem sido utilizada com freqiiéncia durante
procedimentos anestésicos, com o objetivo de atenuar a
resposta simpatica ao estresse decorrente da intubagéo
traqueal e da cirurgia 5.

A clonidina pode bloquear a liberagao de outros hormdnios
doestresse, mas este ainda é umassunto controverso. Apos
cirurgia pélvica sob anestesia geral, a clonidina ndo bloque-
ou a liberagéo de cortisol 0 Contudo, estudo realizado em
pacientes neurocirurgicos demonstrou que ela diminui os ni-
veis de cortisol plasmatico durante todo o procedimento”".
Atécnicadeanestesiageralcomanestésicosinalatériosnéo
bloqueia a resposta neuroendocrina e metabolica '#247%272,
nemmesmo quando se utilizamaltas concentragdes de halo-
genado BA atenuacao das respostas somente sdo equipa-
raveis as anestesias condutivas quando altas doses de
opidides sdo empregados em anestesia geral **’*’®.No en-
tanto, esta técnicatem a desvantagem de levar a depresséao
respiratéria, prolongando o tempo de apoio ventilatorio.

O remifentanil apresenta meia vida curta, sendo possivel a
utilizacdo de grandes quantidades no per-operatério sem
prolongamento do tempo de despertar. Todavia, os efeitos
destadroganaresposta neuroenddécrina e metabdlica ainda
nao foram testados.

O provavellocal de agdo dos opidides nainibigcdo darespos-
ta neuroenddécrina e metabdlica parece ser o hipotalamo,
visto que a infusdo de ACTH promove aumento do cortisol
plasmatico em pacientes submetidos aanestesiascomdose
elevadade opidides A presencade grande quantidade de
receptores p e k na regido do hipotalamo e hipdfise reforca
essahipotese 8. O proprio ACTH é derivado da proopiomi-
elocortina que possui como metabdlito a B-endorfina, com-
provando a ligacao entre os opidides enddgenos € o eixo hi-
potalamo-hipofisario 7.

A anestesia venosa total com propofol parece nao diferir da
anestesia com halogenados, apresentando-se ineficaz na
inibicdo daresposta neuroenddcrina e metabdlica®®'. Nem
acetamina e seus isémeros sdo capazes de bloquea-la 828,
oque seria esperado, pois a cetamina dissocia o hipotalamo
dos centros superiores e aresposta do organismo envolve o
hipotalamo e a hipdfise.

Sabe-se que o bloqueio das aferéncias sensitivas do campo
cirurgico promove atenuagao da resposta neuroenddcrinae
metabdlica, poisndo permite que ocorraapropagacaodees-
timulos para regido hipotalamica 2. Em geral os bloqueios
peridurais e subaracnéideos com anestésicolocal, em cirur-
gias de membros inferiores ou abdominais abaixo da cicatriz
umbilical, sdo capazes de atenuar aresposta neuroendocri-
naemetabolica 247528586 Entretanto, nas cirurgias toraci-
cas e abdominais superiores a anestesia peridural bloqueia
somente de forma parcial o estresse cirtrgico 8%, A les&o
tecidual em cirurgias oculares € minima e o aumento da con-
centragdo de interleucina é pequeno. Desta forma, os blo-
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queios anestésicos em oftalmologia atenuam aresposta ne-
uroendécrina e metabdlica, provavelmente por bloquearem
a aferéncia ®*%°.

Os opidides por via peridural bloqueiam de forma parcial a
respostaneuroenddécrinae metabodlicae sdo menos eficazes
que a peridural com anestésicos locais 247527290 yjisto
que a manutengao de analgesia pds-operatéria com morfi-
na, através de cateter, € menos eficazembloqueararespos-
ta que a analgesia eqlipotente com anestésicos locais °'.
Isto provavelmente se deve ao fato dos opidides bloquea-
rem, seletivamente, asviasdador, aocontrariodos anestési-
cos locais que bloqueiam todos os tipos de aferéncias. Po-
rém, neste estudo, a analgesia exclusivamente com a morfi-
na peridural foi iniciada depois de 30 minutos doinicio da ci-
rurgia, quando, certamente, a resposta neuroenddcrina e
metabdlica ja tinha sido ativada. Sabidamente, apds desen-
cadeada, a resposta tende a se amplificar, dificultando a
acdo moduladora das técnicas anestésicas %2.

A analgesia com morfina por via subaracnoéidea é mais efeti-
vanobloqueiodarespostaqueaanalgesiaporviasistémica,
quando doses eqlipotentes s&o utilizadas **%. O fentanil
por via subarandidea, utilizado em analgesia de parto, dimi-
nuios niveis de catecolaminas conseqliente ao estresse, su-
gerindo forte influéncia da aferéncia de dor naresposta neu-
roendécrina e metabolica *°.

O sufentanil porviasubarandidea, em analgesia de parto, di-
minui a concentragéo do cortisol de maneira semelhante a
analgesia peridural%, levandoasuspeitadequeseulocalde
acdo na analgesia de parto ndo se limite a regido espinal *'.
Nestes estudos nao foi possivel demonstrar qual o mecanis-
mo envolvido da modulagao da resposta neuroenddcrina e
metabdlica, podendo ser o controle da dor, bem como agao
direta no eixo hipotalamo-hipofisario %.

Durante cirurgia cardiaca com circulagdo extracorpoérea
(CEC), a resposta neuroendocrina e metabdlica é intensa.
As técnicas com altas doses de opidides ou associagao de
anestesia peridural com anestesia geral bloqueiam a res-
postasomente até oinicioda CEC, conseqiiénciadaintensa
ativacdo do sistema imunoldgico desencadeado %% A ati-
vacdodarespostaimune promove ativagdo darespostaneu-
roenddécrina e metabdlica e aumenta a possibilidade de le-
s&o tecidual, sendo mais comum a lesdo pulmonar '°%1°",

Até o presente momento, nenhuma técnica anestésica foi
eficaz para bloquear a ativagao do sistema imunolégico em
cirurgias com CEC. A eficacia dos corticosteréides em ate-
nuar a resposta imune & CEC permanece controversa '%2,

CONCLUSOES

A resposta neuroenddécrina e metabdlica ao trauma cirurgi-
co, quando exacerbada, pode levaraconseqiiéncias deleté-
rias para o organismo que ja foi agredido por uma cirurgia,
exigindo grande reserva funcional dos principais sistemas
organicos. Os pacientes comlimitagdes funcionais ou os pa-
cientes criticos apresentam maior tendéncia em desenvol-
ver complicagdes se a resposta neuroendécrina e metabali-

Revista Brasileira de Anestesiologia
Vol. 51, N° 1, Janeiro - Fevereiro, 2001



ANESTHESIA AND NEUROENDOCRINE AND HUMORAL RESPONSES TO SURGICAL STRESS

canaoforatenuada. Janos pacientes semlimitagdes fisiolo-
gicas importantes, os beneficios de seu bloqueio ainda nédo
foram comprovados.

Aintensidade daresposta neuroenddcrina e metabdlicatem
correlagao direta com a extenséo e com o local da cirurgia.
Em cirurgias infra-umbilicais e de membros inferiores pode
seratenuadaouaté mesmobloqueadacomtécnicas anesté-
sicas espinais. Devido aos complexos mecanismos ativado-
res e moduladores da resposta neuroenddécrina e metabali-
ca, nenhuma técnica anestésica é totalmente eficaz em blo-
quea-la em cirurgias acima da cicatriz umbilical, provavel-
mente, devido a grande lesdo tecidual, com aumento das in-
terleucinas.

Nas cirurgias de grande porte e supra-umbilicais, a estraté-
gia de atenuagao daresposta neuroenddcrina e metabdlica
deve sermultimodal, através daassociagaodebloqueios es-
pinais com anestesia geral ou anestesia geral com altas do-
ses de opidides.

A utilizacdo de clonidina e benzodiazepinicos como coadju-
vantes pode ser benéfica. O emprego de antinflamatérios
nao esteroides também pode auxiliar no controle da respos-
ta, bloqueando aliberagéo dasinterleucinas. O uso de opidi-
des lipossoluveis por via subaracnoéidea € uma técnica pro-
missora para cirurgias abdominais e toracicas, mas por en-
quanto so6 existemrelatos de seu emprego com estafinalida-
de em analgesia de trabalho de parto.

Anesthesia and Neuroendocrine and
Humoral Responses to Surgical Stress

Renato Mestriner Stocche, M.D., Luiz Vicente Garcia, M.D.,
Jyrson Guilherme Klamt, M.D.

INTRODUCTION

Endocrine and metabolicresponsetostressis adefense me-
chanism of an organism injured by a psychological, physical
orsurgicaltrauma. All ofthese aggressions triggera complex
response involving sensory afferences, the hypothala-
mic-pituitary axis (neuroendocrine system) and the immune
system. Such response is characterized by an increase in
ACTH, cortisoland glucagon plasma concentrations, in cate-
cholamines, interleukins (IL1 and IL6) and tumor necrosis
factor '. Vasopressin and oxytocin are also released during
stress. Vasopressin has apotentvasoconstrictoraction, acts
onthehydroelectrolytichomeostasis and stimulates the rele-
ase of corticotrophin release hormone 3. The role of oxyto-
cin in response to stress is not well defined *, but it is known
thatitis released by the dendrites of the hypothalamic mag-
nocellular neurons, is absorved by the portal hypophysial
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systemand acts by inhibitingadenohypophysialhormonere-
lease *°.

This review focus on aspects related to neuroendocrine-me-
tabolic and immune responses to surgical trauma, trying to
bring some light on how anesthesia may modulate such res-
ponse.

ACTIVATION MECHANISMS OF THE
NEUROENDOCRINE AND METABOLIC RESPONSES

Theunderstanding ofthe pathophysiology of the neuroendo-
crine and metabolic response to stress is very important for
several areas of human knowledge. However, most studies
were performed in people submitted to surgeries where the
stress and its consequences are well known. Physiological
and hormonal changes during the perioperative period are
known, but mechanisms involved in stimulating and regula-
ting the hipothalamo-pituitary axis are only partially explai-
ned.

The neuroendocrine and metabolic response to surgical
stress startsinthe preoperative period when anxiety andfear
ofanesthesia and surgery cause anincrease in catecholami-
ne plasma concentrations "%. Anesthetic induction followed
by trachealintubation causestotherelease oflarge amounts
of catecholamines in the blood flow *'°. Studies have shown
that, in thoracic and upper abdominal surgeries, neural sti-
muli activate the hypothalamo-pituitary axis even in the pre-
sence of extensive epidural anesthesia '""'®. It was thought
that the neural afference, via vagus nerve, would be respon-
sible forthe lower efficiency of epiduralin blocking responses
tostressinthose cases . However, the association of bilate-
ral vagus nerve block with extensive epidural block was una-
ble to inhibitresponses to stress in upperabdominal surgeri-
es . Immuneresponse (increase ininflammatory mediators
plasma concentration) may be responsible for stimulating
hypothalamo-pituitary axis in such situations '®'’. The ob-
servation that surgeriesin denervated limbs also induce res-
ponses to stress shows the presence of hypothalamo-pitui-
tary axis stimulation by other routes.

The nature ofimmune mediators involved in neuroendocrine
and metabolicresponseis nottotally clear. Therelease ofim-
munomediators is similar to in the coagulation cascade, that
is, starts with aninitial stimulus, response amplifying media-
tors are released promoting the release of subsequent medi-
ators '@

The bestknown mediators are interleukin 1 (IL 1), interleukin
6 (IL 6) and Tumor Necrosis Factor. Interleukin concentrati-
ons increase significantly after the beginning of surgery '
with the amplification of the inflammatory response and
hypothalamic-pituitary axis activation, with the consequent
enhancementofhormonal response tosurgical stress 222,
There is a bi-directional relationship between the immune
system and the hipothalamohypophysial axis because
ACTH-cortisol release inhibits peripheral release of IL-1,
IL-6 and tumor necrosis factor, which activate neuroendocri-
neresponse. Interleukins arereleasedinlarge quantities du-
ring thoracic or upper abdominal surgeries, what may justify

63



STOCCHE, GARCIA AND KLAMT

‘ Surgical Lesion ‘

¥ N

Sensory Afference IL1,1L6 and TNF release

| !

Spinal pathway Blood route

Hypothalamus
Pituitary Portal l Posterior
system Pituitary

Descending \
Sympathetic ways

Anterior
Pituitary ADH
¢ \ Oxytocin
LH l i&_r SH N h
GH orepinephrine
ACTH pinep

—» Epinephrine

Adrenal Medulla Cortisol

Figure 1 - Neuroendocrine Response to Surgical Stress

agreaterdifficulty in blocking neuroendocrine and metabolic
responses in those surgeries '®?*?*_So, in the perioperative
period, severalaretheroutesandthe stimuliwhichendupac-
tivating the hypothalamic-pituitary axis and consequently re-
leasing typical surgical stress response mediators.

The magnitude of the neurological response depends on the
number and intensity of neural or systemic stimuli (Figure 1).
As a consequence, minor surgeries induce minor responses
as compared to medium and major surgeries 2°.

Sensory afferences associatetolL-1,IL-6 and TNF reach the
hypothalamus region stimulating hypothalamus, ADH and
oxytocin releasing factors production. Hypothalamus relea-
singfactors, via pituitary portal system, stimulate the secreti-
on of adenohypophysis, which releases several hormones,
amongthem ACTH. ACHT promotestherelease of cortisolin
the adrenal cortex. Sympathetic nervous system centers re-
ceive medullary afference and response with increase
sympathetictonereleasing norepinephrinein nervous termi-
nals and stimulating adrenal medulla to release epinephrine
(Figure 1).

PHASES OF NEUROENDOCRINE AND
METABOLIC RESPONSES TO SURGICAL STRESS

Neuroendocrine and metabolic response to surgical stress
may be didacticallydividedintwo phases: thefirstisthe acute
phase or shock, starting immediately after the stimulus and
lasting 24 to 48 hours *°. In this phase, large amounts of cate-
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cholamines are rapidly released in blood flow 2?8, and there

is a slower increase in ACTH %, cortisol *>*', glucagon %,
ADH, oxytocin, growth hormone *', interleukins '**® and
B-endorphins. During this same phase, there is the inhibition
of insulin secretion, causing an increase in glucagon/insulin
ratioand, as a consequence, hyperglycemia**. Inthe second
phase, catecholamine concentrations remain high, however
lower than those of the initial phase. ACTH plasma concen-
tration decreases in the postoperative period while cortisol
reaches its peak during the first 24 hours, indicating more
sensitivity of the adrenal cortex to plasma ACTH % Cortisol
concentration remains high, but progressively decreases
along the recovery period.

In the second phase, insulin concentration returns to normal
levels but its hypoglycemic action is impaired because there
is an increase in resistance to its peripheral action %,

PATHOPHYSIOLOGY OF NEUROENDOCRINE AND
METABOLIC RESPONSES

The increase in cortisol, glucagon and catecholamine (cata-
bolisminducers)plasma concentrationsinduce glyconeoge-
nesis. Increased glyconeogenesis and peripheralresistance
toinsulin facilitate the appearance of hyperglycemia and ne-
gative nitrogen balance 57, Catabolysing hormones also pro-
mote hypermetabolism, increase in body oxygen consumpti-
on>® waterand sodiumretention, hypercoagulation>?, incre-
ased sympathetic tone, in addition to acting in inflammatory
response modulation “°.

All this changes allow for physical or psychic trauma adapta-
tion, providing abetterreaction and maintenance ofhomeos-
tasis, thus protecting the individual. However, exacerbated
neuroendocrine and metabolic response in the postoperati-
ve period may increase morbidity/mortality “, especially in
critical ill patients or with systemic involvement 2%,
Neuroendocrine and metabolic response may be also res-
ponsible for postoperative adverse eventsin major surgeries
6 Theincreasein heart contractility and rate in the postope-
rative period is mainly due to catecholamine plasma concen-
tration increase provoking a higher myocardial oxygen con-
sumption. The higherbody oxygenconsumptionaddedtothe
trend to respiratory dysfunction or depression and a higher
myocardial oxygen consumption increase the probability of
heart and renal complications *"*¢. Hyperglycemia resulting
from catabolism may intensify anischemicbraininjuryifitoc-
curs in the perioperative period ***°. Pain, by itself, causes
suffering and psychological trauma in addition to increasing
the incidence of respiratory complications 51,

The increase in cortisol causes immunodepression and
changes in the energetic substrate (lipid metabolism and
protein catabolism), resultingin a healing 52, Hypercoagu-
lationincreases the risk for thromboembolic episodes and
for myocardial infarction %**°. However, in a study where
part of stress mediators were infused, there has been no
hypercoagulation, probably for the impossibility of repro-
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ducing the complex physiological response to perioperati-
ve stress °°.

The mmdence of perioperative psychical episodesis alsore-
lated to the perioperative level of cortisol and catecholami-
nes

Certainly, in patients in poor risk for perioperative adverse
events, the attenuation of neuroendocrine and metabolic
response to surgical trauma may be beneficial. But for low
anesthetic-surgical risk patients, there are not enough evi-
dences that neuroendocrine and metabolic response block
promotes less morbidity/mortality, maybe forthe lowinciden-
ce of complications.

So, considering current medical-scientific tools and knowled-
ge, neuroendocrine-metabolic response block or attenuation
should be the goal of all professionals involved in the care of
critical ill patients submitted to surgical trauma stress 42

ANESTHESIA AND NEUROENDOCRINE
RESPONSE TO TRAUMA

Modulation of neuroendocrine response to surgical stress
using different anesthetic techniques has been object of se-
veral scientific trials. However, no anesthetictechniqueis to-
tally effective in blocking neuroendocrine and metabolic res-
ponse. Due to the high complexity of mechanisms involved
and to the lack of isolated techniques able to block neuroen-
docrineand metabolicresponse, currenttrendistoassociate
techniques to obtain better results *?*.

Preanesthetic evaluation with explanations about anesthe-
sia, as well as the use of preanesthetic medication such as
benzodiazepines, are effective in decreasing preoperative
stress and catecholamine plasma concentrations %78,
The use of non-steroid anti-inflammatory drugs (NSAID),
such as ibuprofen, before surgery, may decrease periopera-
tive interleukin release, thus attenuating neuroendocrine
response °°. After endotoxin infusion, ibuprofen attenuates
tachycardia, fever, hypermetabolism and stress hormone re-
lease without promoting changes in the energetic substrate
% Indomethacin has a similar effect and may even decrease
the incidence of postoperative fever and nitrogen excretion
without changing typical leucocytosis ®''%2. Although being
able to partially modulate the response to trauma, indomet-
hacin associated to epidural anesthesia with bupivacaine is
unable to block responses to stress in upper abdominal sur-
geries ®'. The role of NSAID in controlling neuroendocrine
and metabolicresponse to surgical stress is not yet well defi-
ned.

Inthe beginning of the surgery, the repeated release of gluta-
mate and P substance leads to plasma spinal cord changes,
facilitating and amplifying sensory impulses which normally
would not cause pain. So, non painful stimuli start to behave
as painful stimuli, phenomenon known as secondary hype-
ralgesia 6485 After central sensitization, analgesic or anest-
hetic doses needed to block pain sensation are comparati-
vely higher than those needed previously sensitization 66
Central sensitization mechanism may cause higher sensory
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afference to the hypothalamus, justifying the difficulty in inhi-
biting neuroendocrine and metabolic response after it has
beentriggered. So, preemptive analgesiamay influenceit.
Clonidine is a central action o, agonist which decreases
sympathetic nervous system tone promoting sedation, de-
creasing saliva production and intraocular pressure ®’. It has
beenfrequently usedin anesthesiato attenuate sympathetic
response to tracheal intubation and surgical stress %°.
Clonidine may block the release of other stress hormones,
butthis is still controversial. After pelvic surgery under gene-
ral anesthesia, clonidine has not blocked cortisol release 70
However, a study performed with neurosurgical patients has
revealed that it decreased plasma cortisol levels during the
whole procedure

General anesthesia with inhalational anesthetics does not
block neuroendocrine and metabolic response 42475272
not even when high halogenate concentrations are used73
Response attenuation is only comparable to regional anest-
hesiawhen high opioid doses are usedingeneral anesthesia
467475 However, this technique has the disadvantage of the
respiratory depression and prolonging ventilation support
time.

Remifentanil has a short half-life and can be used in high do-
ses in the perioperative period without prolonging emergen-
ce time. However, the effects of this drug on the neuroendo-
crine and metabolic response has not yet been tested.

It seems that the hypothalamus is the probable opioid action
site for inhibiting neuroendocrine and metabolic response,
since ACTH infusion promotes anincrease in plasmacortisol
in patients submitted to anesthesias with high opioid doses
8 The presence of high quantities of pand k receptorsin the
hypothalamus and pituitary reinforces such hypothesis /"2,
ACTHisderived from proopiomelanocortinwhich has a 3-en-
dorphin metabolite, proving the binding of endogenous opio-
ids to the hypothalamic-pituitary axis "

Total intravenous anesthesia with propofol does not seem to
differfrom anesthesiawith halogenates andis noteffectivein
inhibiting neuroendocrine and metabolic response®®'. Not
even ketamine and its isomers are able to block it #2%, what
was to be expected once ketamine dissociates hypothala-
mus from the upper centers and body response involves both
hypothalamus and pituitary.

Itis known thatthe involvement of surgical field sensory affe-
rences attenuate neuroendocrine and metabolic response
by preventing the propagation of stimuli to the hypothalamus
# Ingeneral, epidural or spinal blocks with local anesthetics
are able to attenuate neuroendocrine and metabolic respon-
se in lower limb or lower abdominal surgeries.'#247:5285.86
However, in chest or upper abdomen surgeries epidural
anesthesia only partially blocks surgical stress 8%, Tissue
injury in eye surgeriesis minorand theincreaseininterleukin
concentration is low. This way, ophthalmic anesthetic blocks
attenuate neuroendocrine and metabolic response, pro-
bably by blocking afference #*5°.

Epidural opioids partially block neuroendocrine and metabo-
lic response and are less effective than epidural with local
anesthetics '*247:%2729 gince postoperative analgesia ma-
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intenance with morphine via catheteris less effective in bloc-
king response than equipotent analgesia with local anesthe-
tics®'. This is probably due to the fact that opioids selectively
block pain pathways, as opposed to local anesthetics which
block all types of afferences. However, in this study, analge-
sia with epidural morphine was only started 30 minutes after
beginning of surgery when, certainly, neuroendocrine and
metabolic response had been already activated. It is known
that, after being triggered, response tends to increase ma-
king difficult anesthetic techniques modulation *2.
Analgesia with intrathecal morphine is more effective in bloc-
king response than systemic analgesia when equipotent do-
ses are used **%*. Intrathecal fentanyl, used in labor analge-
sia, decreases stress-induced catecholamine levels, sug-
gesting a strong pain afference influence in neuroendocrine
and metabolic response %°.

Intrathecal sufentanil for labor analgesia decreases cortisol
concentrations similarto epidural analgesia ®, leading to the
suspicion thatits action site in labor analgesia is beyond the
spinal ¥, These studies could no show the mechanism invol-
ved in modulating neuroendocrine and metabolic response,
aswellasthedirectaction onthe hypothalamic-pituitary axis.
During heart surgery with cardiopulmonary bypass there is
anintense neuroendocrine and metabolic response. Techni-
ques with high opioid doses, or associating epidural with ge-
neral anesthesia, block the response only until the beginning
of cardiopulmonary bypass, as aconsequence of theintense
activation of triggered immune system **'°°_ Immune res-
ponse activation promotes neuroendocrine and metabolic
response activation and increases the odds for tissue injury,
more commonly pulmonary lesions "%,

Up to now, no anesthetic technique has been effective to
block immune system activation in surgeries with cardiopul-
monary bypass. Steroids efficacy in attenuatingimmune res-
ponse remains controversial '°%.

CONCLUSIONS

Neuroendocrine and metabolic response to surgical trauma,
when exacerbated, may cause noxious consequences for
the body already aggressed by a surgery and requiring major
functional reserves of the main organic systems. Patients
with functional limitations or critical ill patients have a higher
trend to develop complications if neuroendocrine and meta-
bolic response is not attenuated. In patients without major
physiological limitations, the benefits of this blockade are not
yet proven.

Neuroendocrine and metabolic response intensity is directly
correlated to surgery extension and site. In infra-umbilical
and lower limb surgeries it may be attenuated or even bloc-
ked by spinal anesthesia. Due to complex neuroendocrine
and metabolic response activating and modulating mecha-
nisms, no anesthetic technique is totally effective in blocking
itinsurgeries above the umbilical cicatrix, probably due tothe
large tissue lesion and the increase in interleukins.
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In major surgeries, the strategy for neuroendocrine and me-
tabolic response attenuation should be multimodal, through
the association of spinal blocks with general anesthesia or
general anesthesia with high opioid doses.
Coadjuvantclonidine and benzodiazepines may be benefici-
al. Theuse of NSAID may also helpin controllingresponse by
blockinginterleukins release. Intrathecal liposoluble opioids
are a promising technique forabdominal and thoracic surge-
ries but so far their use for this aim has only been reported for
labor analgesia.
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RESUMEN

Stocche RM, Garcia LV, Klamt JG - Anestesiay Respuesta Neu-
roenddcrina y Humoral al Estres Cirurgico

Justificativa y Objetivos - La respuesta neuroendoécrina y
metabdlica al estres es un mecanismo de defensa del
organismo agredido por trauma psicolégico, fisico o cirurgico y
ha sido objeto de varios trabajos cientificos. El objetivo de este
trabajo es enfocar los aspectos relativos a la respuesta
neuroenddécrina-metabdlica e inmunolégica al trauma
cirurgico, buscando proporcionar conocimientos para
posibilitar la modulacion de esta respuesta a través de la
anestesia.

Contenido - Son presentados los mecanismos y la
fisiopatologia de la activacion de la respuesta neuroendécrina
y metabdlica, asi como las fases de la respuesta al estres
cirirgico. Son abordadas las varias técnicas de anestesia y
coadyuvantes empleados en la modulacion de la respuesta
neuroenddcrina a la cirurgia, desde la consulta pré-anestésica.
Conclusiones - Debido a la alta complejidad de los
mecanismos envolvidos y a la inexistencia de técnicas
anestésicas aisladas que sean capaces de bloquear la
respuesta neuroenddcrina y metabdlica la tendencia actual es
la de utilizarse asociaciones de técnicas para obtener mejores
resultados.
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