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RESUMO
Albergaria VF, Lorentz MN, Lima FAS — Tremores Intra e P6s-Ope-
ratorio: Prevencédo e Tratamento Farmacolégico.

JUSTIFICATIVA E OBJETIVOS: Os tremores podem ocorrer como
um efeito adverso da intervengdo cirdrgica e anestesia. A inci-
déncia de tremores pds-operatorios varia entre 6,3% e 66%. Paci-
entes jovens, sexo masculino, uso de agentes anestésicos
halogenados e tempo prolongado de anestesia ou procedimento
cirargico estao relacionados com tremores. Os tremores sdo
involuntarios e apresentam-se como atividade muscular oscilatéria
com finalidade de aumentar a produgéo de calor. Tremor pés-ope-
ratdrio é uma desagradavel complicagdo que esta relacionada com
o0 aumento de morbidade. O tremor aumenta o metabolismo, resul-
tando em um acréscimo de 200% a 500% no consumo de oxigénio.

CONTEUDO: Discute as causas, a prevengéo e o tratamento dos
tremores intra- e pés-operatorio em pacientes adultos e pediatri-
cos submetidos a intervengdo cirdrgica sob anestesia geral ou do
neuroeixo.

CONCLUSOES: Os tremores séo, juntamente com néuseas e vo-
mitos, causas de intenso desconforto na sala de recuperacdo pos-
anestésica, além de potencialmente prejudiciais por gerarem
aumento da demanda metabdlica. Embora a presenca de tremores
néo tenha sido diretamente relacionada com a morbidade cardia-
ca, a prevengédo tem se tornado tema de debate e de varios arti-
gos cientificos. A prevengéo e o tratamento de tremores devem ser
implementados. Pacientes com reserva cardiopulmorar limitada
podem sofrer com acidose lactica, dessaturacdo venosa mista e
hipoxemia.

Unitermos: ANESTESIA: Geral, Locorregional; COMPLICACOES: hi-
potermia, tremor; TREMOR: prevenc&o, tratamento.
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SUMMARY
Albergaria VF, Lorentz MN, Lima FAS — Intra- and Postoperative
Tremors: Prevention and Pharmacological Treatment.

BACKGROUND AND OBJECTIVES: Tremors can be an adverse
effect of the surgical intervention and anesthesia. The incidence of
postoperative tremors varies from 6.3% to 66%. Young age, male
gender, the use of halogenated anesthetics, and prolonged anes-
thesia or surgical procedure are related with tremors. Tremors are
involuntary and present as oscillating muscular activity aiming at
increasing heat production. Postoperative tremors are a disa-
greeable complication related with increased morbidity. Tremors
increase the metabolism, resulting in a 200% to 500% increase in
oxygen consumption.

CONTENTS: The objective of this paper was to discuss the cau-
ses, prevention, and treatment of intra- and postoperative tremors
in adults and children undergoing general anesthesia or neuroaxis
anesthesia for surgical interventions.

CONCLUSIONS: Tremors, along with nausea and vomiting, cause
severe discomfort in the recovery room, besides being highly pre-
Judicial because they generate an increase in the metabolism.
Although the presence of tremors has not been directly related with
cardiac morbidity, its prevention has become the subject of dis-
cussion and several scientific reports. Prevention and treatment of
tremors should be implemented. Patients with limited cardiovascular
reserve could develop lactic acidosis, mixed venous desaturation,
and hypoxemia.

Key Words: ANESTHESIA: General, regional; COMPLICATIONS:
hypothermia, tremor; TREMOR: prevention, treatment.

INTRODUCAO

Em espécies homeotérmicas, o sistema de regulacdo tér-
mica coordena defesas contra o frio e o calor e mantém a
temperatura corporal interna dentro de uma estreita variagao
ideal para as fungdes fisiolégicas e metabdlicas. Entretanto,
a combinacéo de anestesia e exposicao ao frio pode cau-
sar hipotermia e tremores nos pacientes cirlrgicos 2. Os
tremores quase sempre sao autolimitados, ndo se tornam
cronicos e, em geral, ndo geram conseqiiéncias mais séri-
as, por isso na maioria das vezes sao subestimados.

E comum o tremor pés-operatorio estar associado & perda
de calor corporal, embora a hipotermia por si s6 ndo expli-
que completamente a sua ocorréncia. Entretanto, ele afeta
o conforto dos pacientes e, algumas vezes, pode levar a
complicagdes 3.
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Junto com nausea e vOmito, o tremor € um dos problemas
mais freqiientes na fase de recuperacao inicial ap6s anes-
tesia geral *5. O tremor é muito incomodo e psicologica-
mente estressante. Pode também gerar complicagdes,
sobretudo em pacientes com doenga coronariana devido ao
aumento do consumo de oxigénio (O,), de 100% a 600%,;
produgdo de gas carbonico (CO,), resultando em maior ven-
tilagdo por minuto e aumento no débito cardiaco ¢; circulagdo
de catecolaminas (aumento da freqiiéncia cardiaca); além
de diminuir a saturagcéo de O,no sangue venoso misto 7.
E possivel, também, haver aumento da presséo intracra-
niana e intra-ocular, interferéncia com ECG, aferi¢cdo da
oximetria de pulso %°, pressédo arterial, aumento do metabo-
lismo e acidose lactica ™.

O tremor pés-operatério pode ser de dois tipos. O primeiro
corresponde ao tremor relativo & regulacéo térmica que esta
associada a vasoconstricdo, sendo uma resposta fisiologi-
ca a hipotermia central ou periférica '2 desenvolvida no
periodo intra-operatério. O segundo corresponde ao tremor
associado a vasodilatagdo ou tremor ndo relacionado com
a regulacdo térmica **. Observou-se que tremores ndo ocor-
rem apenas em pacientes hipotérmicos 45, eles podem
também acometer pacientes normotérmicos 21417 e, em
contraposicao, muitos pacientes com hipotermia impor-
tante ndo apresentam tremores. Sessler e col. concluiram
que o tremor pbés-operatorio tem origem na regulagdo térmi-
ca 2, é provocado por hipotermia e pode também ocorrer em
individuos normotérmicos que estdo desenvolvendo febre °.
Porém, alguns tremores durante o parto ® e ap6s anestesia
geral *°* ndo sao relacionados com a regulacéo térmica e séo
agravados pela dor mal controlada &2°.

Ha mais de dez anos, Crossley 2! determinou algumas
variaveis que influenciam o desenvolvimento de tremores:
intervengdes cirdrgicas mais longas, sexo masculino, anti-
colinérgicos (atropina), ventilagdo espontanea, estado fisico
alterado (ASA elevado), procedimento cirlrgico geral compa-
rado com o ortopédico e a administracao de sangue. Ele
também relatou que a idade avangada e a administragcao de
propofol, alfentanil ou morfina foram os fatores protetores
mais importantes contra tremores.

FISIOPATOLOGIA

Muitos estudos sugerem que os fatores relacionados com
a intervencdo cirlrgica, como dor e estresse, contribuem
para a génese do tremor 2. Sd0 exemplos 0s mecanismos
envolvidos no aparecimento de tremores e, presumivel-
mente, sdo resultado de adaptacdo evolutiva. Nao existe via
Unica responsavel por tremores; ao contrario, varios sao os
mecanismos capazes de modular as respostas de regula-
¢ao térmica >

A hipotermia intra-operatoria, além de causar graves com-
plicagBes, pode prolongar o tempo de internagédo 2 e estar
também associada a diminuicdo do metabolismo de far-
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macos, atraso no despertar anestésico, balango nitrogena-
do negativo e tremores 2.

O uso de hipotermia como estratégia terapéutica para neu-
roprotecdo permanece controvertido 2. A hipotermia reduz a
pressao intracraniana, aumenta a pressédo de perfuséo
encefélica e diminui o seu metabolismo. Entretanto, mesmo
a hipotermia moderada apresenta efeitos colaterais indese-
javeis, como tremores e vasoconstri¢cdo periférica, resultan-
do em instabilidade hemodinamica, aumento do consumo
de oxigénio e isquemia encefalica e miocardica.

Em seres humanos, a hipotermia moderada resulta em me-
Ihor recuperacé@o neuroldgica em pacientes sobreviventes a
parada cardiorrespiratoria ?>2¢. O International Liaison Com-
mittee on Resuscitation (ILCOR) recomenda seu uso nes-
ses casos 7.

O tremor pds-operatério ocorre em 5% a 65% dos pacientes
em recuperacdo de anestesia geral ” e em 30% dos sub-
metidos a anestesia peridural 2. Podem ser tremores rela-
cionados com a regulacao térmica ou com a liberacédo de
citocinas pelo procedimento cirdrgico. Em geral, a tempera-
tura central diminui de 0,5° a 1,5°C na primeira hora apés
a inducdo anestésica. A hipotermia que se desenvolve na
primeira hora apos a indugéo da anestesia geral #* ou neu-
roaxial * resulta primariamente de redistribuigcdo do calor do
centro para a periferia. Todos os anestésicos, opibdides e
sedativos diminuem a vasoconstricdo e o controle autond-
mico de regulacao térmica (limiar de tremor) facilitando a
hipotermia.

Em um estudo com 2.595 pacientes adultos, Crossley 2! de-
tectou tremores em 164 (6,5%), e identificou como fatores
de risco 0 sexo masculino e a medicagdo pré-anestésica rea-
lizada com anticolinérgicos. O tipo de indugdo anestésica
néo foi considerado fator de risco nesse estudo. Outro es-
tudo, realizado por Eberhart e col. %, avaliou 1.340 pacien-
tes consecutivos submetidos a intervencao cirlrgica sob
anestesia geral e observou tremores em 11,9%. Os fatores
de risco relacionados com tremores pds-operatérios foram
hipotermia, idade, procedimentos cirlrgicos ortopédicos e
intervencdes cirlrgicas prolongadas; e a idade pareceu ser
o fator mais importante. Teve como objetivo desenvolver al-
goritmo para prever tremores, foram estudados pacientes
submetidos a intervencgéo cirargica, excluindo os que apre-
sentavam hipertermia pré-operatéria ou 0s que usavam me-
dicacdes que pudessem influenciar a regulacdo térmica
(clonidina, meperidina, fenotiazina). A incidéncia de tremor
moderado ou intenso (graus 3 e 4) foi de 11,6%. A incidén-
cia total de qualquer tremor (incluindo grau 2) foi de 14,4%.
Atividade de regulacéo térmica (incluindo vasoconstrigédo e
piloerecéo) foi observada em 17,6%. Entre esses pacientes
apenas 33% reclamaram de frio. O trabalho apresentado
utilizou analise multivariavel e encontrou trés preditores in-
dependentes de risco: juventude, procedimento cirargico
com endoprétese e temperatura corporal central baixa. A
idade foi, de longe, o fator de risco mais importante para o
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tremor, sendo responsavel por mais de 70% do poder pre-
ditivo de todo o modelo. Isso nao foi surpresa porque a res-
posta de regulagdo térmica € diminuida em idosos .

E dificil determinar fatores de risco independentes para tre-
mores antes da intervencédo cirlrgica, jA que numerosas va-
riaveis influenciam a regulagéo térmica no pos-operatorio
resultante dos anestésicos volateis *2 ou venosos e dos
sedativos 2. Além disso, quase todos os farmacos usados
regularmente pelos pacientes (anti-hipertensivos e antidia-
béticos, derivados cumarinicos) parecem oferecer protegédo
significativa para tremores. De fato ha uma incidéncia bem
menor de tremor em pacientes em uso de propranolol 3.
Tremor e vasoconstricdo sdo controlados em 30% pela
temperatura central e em 20% pela temperatura média da
pele %, E, portanto, razoavel presumir que a hipotermia
contribui para tremor e que a normotermia é protetora, na
auséncia de intervengéo cirargica *2. O estudo demonstrou
gue a temperatura central teve apenas uma leve influéncia
no desenvolvimento de tremores comparada com a idade
(fator mais determinante) e foi compativel com resultados
de outros estudos que mostraram que a temperatura tem
um fraco poder preditivo para tremor *¢3’. De acordo com a
analise de regressao logistica multifatorial a temperatura
central ndo foi diretamente relacionada com tremores pos-
operatdrios em criancas, enquanto a mudancga relativa de
temperatura perioperatéria foi um dos trés preditores inde-
pendentes . Porém, pacientes com temperaturas corporais
menores que 36° C sofreram tremores por mais tempo do
que aqueles que foram aquecidos *°.

O trabalho confirmou o resultado anterior 2* de que o proce-
dimento cirargico ortopédico (particularmente endoproétese)
usando cimento ésseo foi um fator de risco independente
para tremor. Uma explicacdo possivel para isso seria a li-
beragdo de citocinas (como fator de necrose tissular-alfa e
interleucina-6) estimulada pelo cimento 6sseo polimetil-
metacrilato “.

A intervencao cirdrgica de longa duracgédo foi associada a
maior freqiiéncia de tremor. Uma explicacdo possivel é que
esses procedimentos sdo mais complexos e invasivos. O
tecido lesado pode liberar substancias pirogénicas que mo-
dificam o ponto de gatilho do sistema de regulagdo térmica
no pés-operatorio, induzindo os tremores 4.

O aquecimento ativo no intra-operatdrio para manter nor-
motermia é importante para a prevencgdo de tremores 424,
O centro de regulacéo térmica esté localizado no hipotalamo
posterior e sua atividade é modulada pelos receptores de
temperatura na pele, nas visceras e em varios niveis do neu-
roeixo #>%4. Todos 0s anestésicos volateis mostraram pro-
duzir tremor pela alterag&o do limiar de tremor 4546,

Durante a anestesia o paciente ndo apresenta respostas de
regulacdo térmica porque o reflexo esta inibido. Durante a
recuperacao da anestesia a inibicdo desaparece e os tre-
mores se iniciam quando a temperatura esta abaixo do li-
miar de regulagéo térmica *'.
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TREMORES E ANESTESIA

Como a hipotermia é fator preditivo de tremores, constituin-
do um fator independente de risco de eventos morbidos
cardiacos “, ela deve ser evitada, reconhecida e tratada. Em-
bora no intra-operatério ela possa ser benéfica, pois diminui
0 metabolismo e protege 6rgaos vitais de isquemia, quando
0 paciente emerge da anestesia as respostas adrenérgicas
e metabdlicas de regulagdo térmica sédo ativadas causando
desconforto pés-operatério, tremores, aumento de sangra-
mento, aumento da incidéncia de infec¢éo e efeitos cardio-
vasculares “°. No periodo intra-operatério as incidéncias de
isquemia do miocardio e taquicardia ventricular sdo simila-
res nos pacientes hipotérmicos e nos normotérmicos; ja no
pos-operatério a incidéncia de taquicardia ventricular e de
alteracBes eletrocardiogréaficas € maior nos pacientes hipo-
térmicos “8. A disparidade entre o periodo intra- e 0 pos-ope-
ratorio sugere que a anestesia pode ter efeito protetor nas
respostas adversas ao estresse causado pelo frio. Existem
dois mecanismos de respostas de regulag¢éo térmica a hi-
potermia corporal que podem ser deletérios para o sistema
cardiovascular: resposta adrenérgica com vasoconstrigdo
acompanhada de elevagdo da presséo arterial e aumento da
demanda metabdlica relacionada com tremores % As res-
postas hemodinamicas a vasoconstricdo decorrente da re-
gulacéo térmica parecem ser similares sem anestesia e com
diferentes concentrag@es de desflurano e isoflurano 5%

GRADUACAO DOS TREMORES

O grau dos tremores foi avaliado e classificado de acordo
com uma escala qualitativa no artigo de Crossley e Maha-
jan %: 0 = sem tremor; 1 = sem atividade muscular visivel,
mas com piloeregdo, vasoconstricdo periférica ou ambos;
2 = atividade muscular em apenas um grupo muscular; 3 =
atividade muscular moderada em mais de um grupo mus-
cular mas sem tremor generalizado; e 4 = atividade muscu-
lar violenta envolvendo todo o corpo.

PREVENCAO FARMACOLOGICA DE TREMORES

O aquecimento adequado do corpo nem sempre é possivel.
Deve-se, portanto, em pacientes selecionados, prevenir 0s
tremores utilizando técnicas farmacoldgicas.

Varias medicagOes ja foram estudadas como profilaxia e tra-
tamento incluindo clonidina, meperidina, cetanserina (far-
maco anti-hipertensivo, antagonista com alta afinidade para
receptores 5-HT e receptores adrenérgicos o,); doxapram
(estimulante respiratério); tramadol e outros opidides *>%. O
sistema colinérgico provavelmente esta entre os mediadores
do tremor. Fisostigmina, um anticolinesterasico que cruza a
barreira hematoencefélica, € amplamente utilizada para tra-
tar a sindrome anticolinérgica central 5. Estudos sugerem
gue a fisostigmina aumenta a neurotransmissao colinér-
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gica, via estimulo do eixo hipotalamo-hipéfise-supra-renal e
medula adrenal, levando a inibicdo da regulagéo térmica
generalizada.

A hipotermia moderada pode apresentar efeitos indesejaveis
como tremores e vasoconstricdo e medidas para preveni-
los no pds-operatério podem ser necessarias. Existem re-
latos que a clonidina reduz a incidéncia de tremores no
pos-operatério, porém o mecanismo de acdo ndo esta cla-
ro **. Agonistas o, agem em receptores adrenérgicos o, e
imidazélicos. Os primeiros estdo localizados no encéfalo,
namedula espinhal e na periferia. No encéfalo eles relacio-
nam-se com efeito sedativo; na medula espinhal, com anal-
gesia. A acéo da clonidina nos receptores o, pos-sinapticos
no sistema nervoso central reduz o tbnus simpatico que leva
a vasodilatagdo periférica e hipotensao arterial 2. Os efeitos
da meperidina na regulacédo térmica parecem envolver re-
ceptores adrenérgicos o, “.

Varios farmacos (meperidina, cetanserina, sufentanil, alfen-
tanil, tramadol, fisostigmina, urapidil, nefopam, doxapram e
nalbufina) ja foram testados para prevenir ou tratar tremo-
res 7928555 A meperidina mostrou ser um dos mais efeti-
vos %% agindo provavelmente no centro de regulacédo
térmica % ou via receptores opidides . E provavel que o
receptor NMDA também module a regulagdo térmica em
varios niveis °. A cetamina, um antagonista NMDA, mostrou
ser capaz de inibir tremores .

Os tratamentos estabelecidos para prevenir tremores, inclu-
em varios farmacos como nefopam, uma benzoxazocina
gue inibe a recaptac@o de noradrenalina, dopamina e sero-
tonina. Esses farmacos ndo sdo especificos contra tremo-
res e exercem seus efeitos por meio de mecanismos
diferentes como diminuicdo da ativagdo do sistema nervoso
simpatico 9%3%° supressédo adrenal 3%, estimulag¢do de re-
ceptores opidides ou influenciando no sistema serotoni-
nérgico 591560,

O sistema colinérgico € uma via importante que potencial-
mente influencia no tremor. O hipotadlamo e o corpo estriado
sao as regibes encefalicas nas quais a fisostigmina tem
maior atividade 5162, A fisostigmina € um inibidor da colines-
terase de acéo central e interage com receptores encefalicos
colinérgicos muscarinicos, serotoninérgicos, endorfinérgicos,
assim como interagfes com agonistas opidides-u e o,-ago-
nistas . Portanto, seus mecanismos sd0 mais por aumen-
to da neurotransmissao central. Ela parece ser segura e
altamente efetiva com minimos efeitos colaterais que inclu-
em alteragdes hemodinamicas; porém eles ndo foram ob-
servados no estudo, provavelmente pela administracdo lenta
(15 minutos) 523,

Além disso, a fisostigmina produziu analgesia pela liberagao
de B-endorfinas ; e dor pds-operatdria pode levar a presen-
¢a de tremores . Em geral, a dose usada de fisostigmina
é de 2 mg %28, A fisostigmina reduziu significativamente a
incidéncia e a gravidade dos tremores tanto quando o ne-
fopam. As vias colinérgicas parecem estar envolvidas na
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regulacado térmica, levando a diminui¢cdo do tremor sem al-
terar o despertar da anestesia, a vigilia e a recuperacdo no
pés-operatorio.

Em outro estudo, dividido em duas partes, Stapelfeldt e
col. #investigaram o uso da clonidina em 48 pacientes sub-
metidos a neurocirurgia eletiva. Primeiro determinaram, em
14 pacientes, a dose de clonidina necessaria para prevenir
tremores no pos-operatorio apos inducéo de hipotermia mo-
derada (35°C). Essa dose foi de 3 pg.kg™* A outra parte do
estudo pesquisou se a clonidina retardaria o despertar da
anestesia em neurocirurgia, em vista de seu efeito sedativo,
atrasando a avaliacdo neuroldgica. Trinta e quatro pacien-
tes submetidos a procedimento neurolégico foram distribu-
idos em dois grupos de forma aleatéria para receberem
clonidina (3 pg.kg?) ou solucéo fisioldgica a 0,9% assim que
se iniciasse o fechamento da dura-méter. Os anestésicos
inalatérios e a infusdo de opidides eram interrompidos nes-
se momento e, em todos 0s pacientes, iniciava-se infuséo
de propofol. A recuperacdo do paciente era avaliada duas
horas apds o término da anestesia nos seguintes momen-
tos: ao abrir os olhos, na extubacao, quanto a obediéncia ao
comando e orientacdo em relacdo ao tempo e espaco. Nao
houve diferenca significativa entre os dois grupos ao consi-
derar o tempo de recuperacdo pos-anestésica. Porém, a
pressao arterial sistélica foi menor no grupo que recebeu
clonidina quando comparado com o grupo-controle. Esses
valores apresentaram diferenca estatistica significativa, po-
rém, sem importancia clinica evidente 4. A dose ideal de
clonidina ainda ndo esta bem definida, mas pequenas do-
ses podem ser suficientes para prevenir o tremor apés hi-
potermia moderada.

Piper e col. °® compararam a clonidina com o nefopam para
prevencdo de tremores e encontraram eficacia semelhante,
porém houve maior sedagdo com clonidina além de prolon-
gamento no despertar, sugerindo que o nefopam é o melhor
farmaco profilatico.

Em outra revisdo sistematizada, Kranke e col. % descreveram
a eficiéncia e os riscos da prevencgdo de tremores utilizan-
do farmacos. Foram analisados 27 artigos (1.348 adultos
receberam medicacdo e 931 eram controles). A incidéncia
de tremores nos controles foi extremamente freqiente (52%).
Clonidina 65 a 300 pg (1.078 pacientes), meperidina 12,5 a
35 mg (250 pacientes), tramadol 35 a 220 mg (250 pacien-
tes) e nefopam 6,5 a 11 mg (204 pacientes) foram testados
em pelo menos trés estudos cada. Todos foram mais efeti-
vos comparados com os controles. Os artigos sugerem que
menos de quatro pacientes tém de receber clonidina profi-
latica para que um né&o tenha tremores apos o procedimento
cirdrgico. Para meperidina, nefopam e tramadol a eficiéncia
pareceu ser ainda mais convincente. A alta prevaléncia de
tremores nos pacientes ndo-tratados sugere que as popu-
lacdes dos estudos tém um risco muito alto, o que pode néo
representar a populagdo geral, além de que a alta prevalén-
cia nessas populacdes tende a superestimar a utilidade das
intervencdes terapéuticas. A clonidina foi testada em mais
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estudos que os outros farmacos, 0 que permitiu avaliar o
efeito de sua dose e o tempo de administracdo. Para maior
eficiéncia ela deve ser administrada na inducéo (e ndo an-
tes) em doses superiores a 140 g .

Houve fatores limitantes. Primeiro, nenhum dos farmacos
analisados tem seu mecanismo de acado, contra tremores,
totalmente elucidado. Alguns podem alterar o limiar de tre-
mor. Isso foi demonstrado para meperidina ® e clonidina .
Segundo, nao foi possivel estabelecer fatores preditivos
para tremores pds-operatdrios. Terceiro, como num estudo
similar prévio %, foi preciso utilizar comparagdes indiretas
para estimar a eficiéncia relativa das intervencdes antitre-
mores ja que ndo ha uma intervengcao padrdo-ouro que
possa ser usada como comparagdo. Quarto, a maioria dos
trabalhos tem tamanho de amostra pequeno, apenas cinco
estudos tinham 50 pacientes ou mais %™, e estudos com
amostras pequenas tenderam a superestimar a eficacia dos
tratamentos. Quinto, a qualidade do método da maioria dos
estudos foi insatisfatoria. E sexto, houve um relato pobre de
efeitos adversos, o que néo significa que eles ndo ocorre-
ram. Dal e col. 2 compararam baixas doses de cetamina,
meperidina e placebo para prevenir tremores. Foram estu-
dados 90 pacientes com idade entre 18 e 65 anos, estado
fisico ASA | ou Il, submetidos a anestesia geral por 60 a 180
minutos, divididos em trés grupos de 30. O Grupo S rece-
beu solucéo fisioldgica a 0,9%, o Grupo K recebeu cetamina
(0,5 mg.kg™') e o Grupo P recebeu meperidina (20 mg) 20
minutos antes da intervencgdo cirdrgica. A temperatura tim-
panica de todos manteve-se superior a 36°C e, portanto, ndo
exigiram aquecimento. Os grupos K e P tiveram ndmero sig-
nificativamente menor de tremor do que o grupo S e nédo
houve diferenca entre os grupos K e P. O tempo para solici-
tacdo de analgésicos no grupo S foi bem menor (12 min)
que nos grupos K (25 min) e P (32 min). Duas horas apds
o término do procedimento cirdrgico todos os pacientes
necessitaram de analgésicos. Nao houve diferenca nos es-
cores de dor entre os grupos utilizando a Escala Visual
Anéloga (VAS) 30 min ap6s o término da operacao. Dois
pacientes do Grupo K tiveram tremores grau 2 e foram tra-
tados com meperidina que foi efetiva, provavelmente porque
ela tem mecanismo de ac¢éo diferente ou porque a dose de
0,5 mg.kg* de cetamina néo foi suficiente. Nenhum pacien-
te apresentou efeitos adversos atribuiveis a cetamina. A
cetamina pode ser uma alternativa para profilaxia de tremo-
res pés-operatérios em pacientes que ndo podem receber
meperidina. Estudos futuros devem mostrar a dose ideal de
cetamina para esse fim. N&o houve diferenga entre os gru-
pos K e P na prevencédo de tremores. Nao houve relagéo
entre a temperatura axilar e o tremor .

A cetamina é um antagonista NMDA que deve agir contra
tremores via termogénese sem tremores, a¢do no hipota-
lamo ou efeito B-adrenérgico, além de ter algum efeito no
receptor k. Um estudo sugere que a meperidina deve agir
contra tremor via receptores x, pois altas doses de naloxona
inibem sua acéo (inibem receptores mu e kapa) enquanto
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pequenas doses de naloxona ndo o fazem (inibem apenas
receptores mu) 6. A desvantagem da meperidina € o risco
de depressao respiratoria, ndusea e vémito.

Rohm e col. ® pesquisaram os efeitos da fisostigmina na
prevencgdo de tremores pds-operatérios, comparando-a com
o nefopam, um agente sabidamente efetivo 5. Foram estu-
dados 89 pacientes submetidos a procedimento cirrgico
abdominal ou urolégico. Os pacientes receberam fisostig-
mina 2 mg (n = 31), nefopam 10 mg (n = 30) ou solucéo fi-
sioldgica a 0,9% (n = 28). Os parametros hemodinamicos
e a temperatura foram medidos na indugéo e 5, 15, 30 e 60
minutos apo6s chegada na sala de recuperagdo pos-anes-
tésica. Houve muito menos tremor ap6s a administracdo de
fisostigmina e nefopam (9,7% e 3,3%) em comparacao
com o placebo (53,6%). Tempo de extubagéo, parametros
hemodinamicos e temperatura timpanica foram bem simi-
lares em todos os grupos. Apenas o nefopam reduziu de
forma significativa as naduseas e os voémitos pos-operato-
rios. A fisostigmina reduziu com sucesso e seguranca a in-
cidéncia e a gravidade dos tremores. Esse sucesso foi
similar ao do nefopam e néo prolongou o tempo de recupe-
racdo do paciente.

Qutro estudo realizado por Hong e Lee " em pacientes sub-
metidas a cesariana com raquianestesia que foi realizada
com 8 a 10 mg de bupivacaina hiperbarica a 0,5%, associa-
da a morfina (0,1 mg ou 0,2 mg), a meperidina (10 mg) ou
apenas ao anestésico local (AL). As pacientes que recebe-
ram apenas AL apresentaram maior incidéncia de tremores
(23,3%). Ja as que receberam meperidina apresentaram,
além de menor incidéncia (3,3%), menor intensidade de tre-
mores, mesmo quando comparadas com as que receberam
morfina (0,1 mg — 17%; 0,2 mg — 13,3%). A administracéo
de opidide, por via peridural, também pode apresentar a
propriedade de abolir os tremores, embora 0os mecanismos
de acdo desses opidides, influenciando no limiar do tremor,
ainda ndo estejam bem estabelecidos . Abreu e col. ™ re-
alizaram um estudo com o objetivo de comparar o bloqueio
peridural com e sem fentanil, quanto a incidéncia de tremo-
res no intra e pds-operatdrio. Concluiu-se que a adigcdo de
100 pg de fentanil ao AL, por via peridural, ndo tem a pro-
priedade de abolir o tremor, mas de reduzir a sua incidén-
cia e a intensidade, sem aumentar a incidéncia de nauseas
e vOmitos.

PREVENCAO NAO-FARMACOLOGICA DE TREMORES

O tremor pode ser tratado com aquecimento, aplicacdo de
calor radiante ou farmacos %°. Dentre as medidas utilizadas
para manutencdo da temperatura corporal o uso do cobertor
com ar aquecido parece ser eficiente e de custo adequado “.
Simplesmente cobrir o paciente com um cobertor foi indi-
cado como redutor de tremor sem alterar a temperatura
central 3. A temperatura da pele ndo é um fator preditivo de
tremor. Porém, é inquestionavel que o aumento suficiente da
temperatura da pele pode, sozinho, interromper o tremor.
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TRATAMENTO DOS TREMORES POS-OPERATORIOS

O tremor é uma complicagéo freqliente na sala de recupe-
racdo pos-anestésica (SRPA) e existem varios medica-
mentos utilizados para o seu tratamento, embora seus
mecanismos de acdo ndo estejam totalmente esclareci-
dos “; em metandlise realizada por Kranke e col. a meperi-
dina aparece como o farmaco mais efetivo para o tratamento
de tremores e na dose de 25 mg reduziu a recorréncia de
tremores nove vezes mais que o placebo, mantendo um efei-
to antitremor por pelo menos 45 minutos. A meperidina foi
associada a pequeno aumento de efeitos colaterais como
nauseas, vomitos e diminuicdo da frequéncia respiratoria.
Nas situagfes em que a meperidina ndo pode ser usada 0s
autores sugerem o uso de clonidina (150 ug), cetanserina
(10 mg), alfentanil (0,25 mg) ou doxapram (100 mg). Deve
ser lembrado que a manutencdo da temperatura corporal
intra-operatéria e o uso de cobertores com ar aquecido no
intra- e pos-operatério diminuem a necessidade de medi-
camentos para tratamento de tremores "°.

Em estudo realizado em 220 pacientes com o objetivo de
identificar a dose eficaz de meperidina para o tratamento
de tremores, Crossley 7 concluiu que 0,35 mg.kg™* é a me-
nor quantidade necessaria para tratar tremor pds-operato-
rio de forma satisfatoria.

O uso do tramadol para tratamento de tremores tem sido
feito nos uUltimos anos, e a sua eficacia € semelhante a da
meperidina segundo alguns estudos ™.

O nefopam é uma benzoxacina analgésica de agéo central
gue reduz os tremores sem comprometer a ventilagdo, com
minimos efeitos sedativos e com eficiéncia comprovada.
Ao contrario dos outros farmacos, ndo atua como vasocons-
tritor, apenas na via do tremor .

TREMORES EM PACIENTES PEDIATRICOS

A maior parte dos estudos envolvendo tremor pds-operat6-
rio é realizada em adultos e, quando em criangas, inclui um
namero pequeno de pacientes . Em um classico artigo,
Akin e col. * realizaram um estudo envolvendo 1.507 crian-
¢as com idade entre 0 e 16 anos submetidas a anestesia
geral com o objetivo de determinar a prevaléncia de tremo-
res assim como as causas desencadeantes e as implica-
¢Oes clinicas. Apos o procedimento cirdrgico a crianga era
admitida na sala de recuperagédo pos-anestésica e recebia
oxigénio por mascara facial. Mediu-se a temperatura tim-
panica e registraram-se o tipo e a duracdo da intervencéo
cirrgica, o método de inducdo anestésica (inalatério atra-
vés de sevoflurano ou venosa com tiopental), a idade e a
associagdo a peridural caudal. A temperatura da sala cirar-
gica e da SRPA foi mantida entre 22°C e 23°C. Dessas
1.507 criangas, apenas 53 (3,5%) apresentaram tremores.
Criangcas com e sem tremores diferiram significativamente
guanto ao tempo cirdrgico, temperatura corporal e idade. O
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tipo de operacdo e o sexo ndo apresentaram relagdo com
a prevaléncia de tremores. O risco de tremores aumentou
com a idade acima de 6 anos, uso de agentes venosos na
inducdo e tempo cirdrgico superior a 40 minutos. Trinta e
sete de 53 pacientes apresentaram melhora dos tremores
apenas com 0 aquecimento; 16 criangas necessitaram de
meperidina (0,35 mg.kg?') por via venosa. Nesse estudo, a
prevaléncia de tremor nas criangas que receberam tiopental
na inducéo foi comparativamente maior. Entretanto, a idade
mais avancada dessas criangas pode ter sido um fator de
risco contribuinte. A freqiiéncia de tremores foi, sob o aspec-
to estatistico, mais baixa em criancas que receberam pe-
ridural caudal.

PREVENGCAO E TRATAMENTO EM CRIANGAS

Kranke e col. ® propuseram um algoritmo para prevencao
farmacoldgica e tratamento de tremores em criangas com
base em estudos em adultos e recomendaram evitar hipo-
termia. Quando ocorreu tremor, trataram com aquecimento
e em casos refratarios, sugeriram a administragdo de cloni-
dina (1,5 pg.kgt) ou meperidina (0,35 ug.kg?), ou seja, como
o tratamento dos tremores é simples, eficaz e de baixo
custo, e como a profilaxia € recomendada apenas em paci-
entes de alto risco, esta nao deve ser feita rotineiramente
em criangas. Em seu estudo, Akin e col. ' consideraram
desnecessaria a profilaxia de tremor em criangas, haja vista
sua baixa incidéncia (3,5%); devendo ser tratado apenas
quando ocorrer.

CONCLUSAO

A profilaxia de tremores pos-operatérios € simples e efetiva,
a questao é avaliar quando devem ser prevenidos e quan-
do devem ser tratados. O tratamento dos tremores também
é efetivo, porém muitos pacientes apresentaram recorréncia
do problema. O fato de que manter a temperatura corporal
normal tem um grande efeito nos tremores pds-operatérios
pde em questdo o uso profilatico de farmacos. Parece que o
seu uso preventivo deve ser feito apenas em casos espe-
ciais, como nos pacientes em gque a maior demanda de con-
sumo de oxigénio os coloque em risco de complicagfes .
Em estudo comparando varios farmacos isolados para a
prevencdo de tremores, a clonidina, a meperidina, o trama-
dol e o nefopam foram mais efetivos que o placebo e, em-
bora a clonidina pudesse apresentar maior incidéncia de
bradicardia, hipotenséo arterial e sedacao, esses efeitos
ndo foram observados nas doses empregadas.

A incidéncia de tremores pode ser prevista com poder mo-
derado de discriminacéo utilizando quatro fatores de risco
derivados de uma andlise de regresséo logistica: idade (a
variavel com maior poder preditivo), temperatura central na
admisséo na sala de recuperagdo pds-anestésica, interven-
¢do cirdrgica prolongada e procedimento ortopédico.
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INTRA- AND POSTOPERATIVE TREMORS: PREVENTION AND PHARMACOLOGICAL TREATMENT

A profilaxia farmacoldgica de tremores pds-operatorios é
possivel e s6 sera efetiva quando o risco for muito alto. Isso
leva a questao se o tremor deve ser prevenido ou tratado. O
tratamento com meperidina ou clonidina é muito eficaz. A
opcéo por profilaxia administraria farmacos sem necessida-
de a muitos pacientes, expondo-os aos efeitos adversos. O
fato do aquecimento corporal intra-operatério e da manuten-
¢ao da temperatura central ter grande efeito na incidéncia de
tremores pos-operatérios ° coloca em questédo a utilidade
da profilaxia farmacoldgica. Casos especiais sdo os paci-
entes com suprimento cardiaco de oxigénio comprometido;
neles pode ser preferivel a profilaxia farmacoldgica e a
clonidina deveria ser a escolha racional, pois, além de seu
efeito antitremor, ha um efeito favoravel sobre o coracéo ™.

Intra- and Postoperative Tremors: Pre-
vention and Pharmacological Treatment

Viviane Ferreira Albergaria, TSA, M.D.; Michelle Nacur Lorentz,
TSA, M.D.; Frederico Augusto Soares de Lima, M.D.

INTRODUCTION

In homeothermic species, the thermal regulation system
coordinates the defenses against cold and heat, while main-
taining internal body temperature within a narrow range, ide-
al for physiological and metabolic functions. However, the
combination of anesthesia and exposure to the cold, can
lead to hypothermia and tremors in surgical patients 2.
Since those tremors are usually self-limiting, do not become
chronic, and normally do not have more serious consequen-
ces, they are often underestimated.

Postoperative tremors are frequently associated with loss of
body heat, although hypothermia by itself does not fully ex-
plain them. However, they cause discomfort for the patients
and sometimes can lead to complications 2.

Along with nausea and vomiting, tremors are one of the most
frequent problems during the initial recovery after general
anesthesia 45. Tremors are very uncomfortable and psycho-
logically stressing. They can also lead to complications,
especially in patients with coronary artery disease, due to
an increase in oxygen consumption (O,) by 100% to 6009%,
increase production of carbon dioxide (CO,), resulting in
reduced minute ventilation, increased cardiac output ¢,
increase in circulating catecholamines (increased heart
rate), besides decreasing O, saturation in mixed venous
blood ®°. There can also be an increase in intracranial and
intraocular pressures, interference with the ECG, pulse
oximetry 1, blood pressure, increase in metabolism, and
cause lactic acidosis "°.

Postoperative tremors can be of two types: the first corres-
ponds to the tremor associated with thermal regulation that
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is associated with vasoconstriction, being a physiological res-
ponse to central or peripheral hypothermia 12 that develops
in the intraoperative period; the second corresponds to the
tremor associated with vasodilation or tremor not associated
with thermal regulation 3. It has been observed that tremors
do not affect only hypothermic patients 45 and they can also
be present in patients whose temperature is normal 21417
and, on the other hand, many hypothermic patients do not
develop tremors. Sessler et al. concluded that postoperative
tremors are secondary to thermal regulation 2, are caused
by hypothermia, and can also affect normothermic patients
who are developing fever *°. However, some tremors during
labor *® and general anesthesia *° are not related with ther-
mal regulation, and worsen due to undertreated pain 8%,
More than ten years ago, Crossley ?* enumerated some va-
riables that influence the development of tremors: prolonged
surgical procedures, male gender, anticholinergic agents
(atropine), spontaneous ventilation, altered physical state
(high ASA), more frequent in general surgical procedure than
orthopedics, and blood transfusion. He also mentioned that
advanced age, and the administration of propofol, alfentanil,
or morphine were the most important variables in the pro-
tection against tremors.

PHYSIOPATHOLOGY

Several studies suggest that surgery-related factors, as pain
and stress, contribute to the genesis of tremors *2. The
mechanisms involved with the development of tremors are
complex and presumably result from adaptive evolution.
There is not one pathway responsible for them; on the con-
trary, several mechanisms are capable to modulate thermal
regulation responses .

Intraoperative hypothermia, besides causing severe com-
plications, may prolong hospitalization 2, and can also be
associated with a reduction in drug metabolism, delayed
awakening from anesthesia, negative nitrogen balance, and
tremors =.

The use of hypothermia as a therapeutic strategy for neu-
roprotection is still controversial ?*. Hypothermia reduces
intracranial pressure, increases cerebral perfusion pressure
and decreases its metabolism. However, even moderate
hypothermia has undesirable side effects, such as tremors
and peripheral vasoconstriction, resulting in hemodynamic
instability, increase in oxygen consumption, and cerebral and
myocardial ischemia.

In humans, moderate hypothermia results in better neurolo-
gical recovery in patients who survive cardiorespiratory ar-
rest 22, The International Liaison Committee on Resuscitation
(ILCOR) recommends its use in those cases #.
Postoperative tremors affect 5% to 65% of patients recove-
ring from general anesthesia 7, and 30% of those undergoing
epidural anesthesia 2. They can be tremors associated with
thermal regulation or due to the release of cytokines caused
by the surgical procedure. Core temperature usually falls
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from 0.5°C to 1.5°C in the first hour after anesthetic induction.
The hypothermia that develops in the first hour after
induction of general 2 or neuroaxial %° anesthesia results
primarily from the redistribution of heat from the center to
the periphery. Every anesthetic, opioid, and sedative, reduces
vasoconstriction and the autonomic control of thermal
regulation (tremor threshold), facilitating the development of
hypothermia.

In a study of 2,595 adult patients, Crossley 2! detected tre-
mors in 164 (6.5%) and identified male gender and pre-
anesthetic medication with anticholinergics as risk factors.
The type of anesthetic induction was not considered a risk
factor in this study. Another study by Eberhat et al. 5 eva-
luated 1,340 consecutive patients who underwent surgery
under general anesthesia, and observed tremors in 11.9%
of them. Risk factors related with postoperative tremors were
hypothermia, age, orthopedic surgeries, and prolonged
surgical procedures; but age seemed the most important
factor. The objective of that study was to develop an algo-
rithm to anticipate tremors; patients undergoing surgical
procedures were evaluated, excluding those who presented
preoperative hypothermia or those who used drugs that could
interfere with thermal regulation (clonidine, meperidine,
phenothiazine). The incidence of moderate or severe tremor
(grades 3 and 4) was 11.6%. The total incidence of any tre-
mor (including grade 2) was 14.4%. Thermal regulation
activity (including vasoconstriction and piloerection) was ob-
served in 17.6%. Among these patients, only 33% com-
plained of being cold. The work used multivariable analysis
and found three independent factors that predict the develop-
ment of tremors: youth, surgeries with endoprosthesis, and
low core body temperature. Age was by far the most important
risk factor, being responsible for more than 70% of the pre-
dictive power of the model. This was not surprising, because
thermal regulation response is decreased in the elderly .
It is difficult to determine independent risk factors for tremors
before surgery, since several variables influence postope-
rative thermal regulation in the case of volatile  or intrave-
nous anesthetics, and sedatives . Besides, almost every
drug used regularly by patients (antihypertensives, those
used in the treatment of diabetes, and coumarin derivatives)
seems to offer significant protection against tremors. In
fact, the incidence of tremors is decreased in patients taking
propranolol 34

Core temperature contributes 30% to the control of tremors
and vasoconstriction, while mean skin temperature contri-
butes 20% %*. Therefore, it is reasonable to assume that, in
the absence of a surgical procedure, hypothermia contri-
butes for the development of tremors and that normothermia
protects against it 2. The study demonstrated that core
temperature had only a slight influence on the development
of tremors when compared with age (most important factor),
and was compatible with the results of other studies that
demonstrated that temperature has a weak predictive power
for the development of tremors %%, According to the analysis
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of multifactorial logistic regression, core temperature was not
directly related with postoperative tremors in children, while
the relative change of perioperative temperature was one of
three independent predictors . However, tremors in patients
whose body temperature is lower than 36°C lasted longer
than in those who were warmed up *.

The study confirmed a previous work 2! that showed that
orthopedic surgeries (especially endoprosthesis) using bone
cement was an independent risk factor for the development
of tremors. A possible explanation would be the release of
cytokines (tumor necrosis factor-alpha and interleukin-6)
stimulated by the bone cement polymethylmethacrylate “°.
Prolonged surgeries were associated with a higher inciden-
ce of tremors. A possible explanation is that these proce-
dures are more complex and invasive. Damaged tissue
might release pyrogenic substances that change the trigger
point of the thermal regulation system in the postoperative
period, leading to the development of tremors .

Active intraoperative warming to maintain normothermia is
important in the prevention of tremors 4243, The center of
thermal regulation is in the posterior hypothalamus, and its
activity is modulated by temperature receptors in the skin,
visceras, and in several levels of the neuroaxis 4>#4. Every
volatile anesthetic produces tremors by changing the tremor
threshold 4546,

During anesthesia, the patient has no thermal regulation
responses, because the reflex is inhibited. During recovery,
the inhibition disappears and tremors appear when the
temperature is below the thermal regulation threshold “7.

TREMORS AND ANESTHESIA

Since hypothermia is one of the predictive factors for the de-
velopment of tremors, and being an independent risk factor
for cardiac morbidity “, it should be avoided, recognized, and
treated. Although it might be beneficial during the intraope-
rative period, by decreasing metabolism and protecting vital
organs from ischemia, when the patient awakes from
anesthesia, adrenergic and metabolic responses of thermal
regulation are activated, causing postoperative discomfort,
tremors, increased bleeding, and increased incidence of in-
fection and cardiovascular effects “°. During the intraoperative
period, the incidence of myocardial ischemia and ventricular
tachycardia are similar in hypothermic and normothermic
patients. On the other hand, during the postoperative period,
the incidence of ventricular tachycardia and electrocardio-
graphic changes is greater in hypothermic patients “¢. The
disparity between the intra- and postoperative periods sug-
gests that anesthesia might have a protective effect against
the adverse responses to the stress caused by the cold.
There are two response mechanisms of thermal regulation
to hypothermia that might be harmful to the cardiovascular
system: the adrenergic response with vasoconstriction as-
sociated with elevation in blood pressure, and increased
metabolic demand related to tremors %951, Hemodynamic
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responses to the vasoconstriction secondary to thermal re-
gulation seem to be similar without anesthesia and with
different concentrations of desflurane and isoflurane 2.

CLASSIFICATTION OF TREMORS

The degree of tremors was evaluated and classified accor-
ding to a qualitative scale in the work of Crossley and Ma-
hajan %: 0 = without tremor; 1 = without visible muscular
activity but with piloerection, peripheral vasoconstriction, or
both; 2 = muscular activity affecting only one muscle group;
3 = moderate muscular activity involving more than one
muscle group, but without generalized tremors; and 4 =
severe muscular activity involving the entire body.

PHARMACOLOGICAL PREVENTION OF TREMORS

Proper warming of the body is not always feasible. Therefore,
tremors should be prevented pharmacologically in selected
patients.

Several drugs have been studied for the prophylaxis and
treatment of tremors, including clonidine, meperidine, ke-
tanserin (an anti-hypertensive drug, and antagonist with high
affinity for 5-HT and o,-adrenergic receptors); doxapram
(respiratory stimulant); and tramadol and other opioids 553,
The cholinergic system is probably among the mediators of
tremors. Physostigmine, an anticholinesterase drug that
crosses the blood-brain barrier, is widely used to treat the
central cholinergic syndrome %4. Studies suggest that phy-
sostigmine increases the cholinergic neurotransmission by
stimulating the hypothalamus-hypophysis-adrenal axis and
the medulla of the adrenal gland, inhibiting generalized
thermal regulation.

Moderate hypothermia may have undesirable effects, such
as tremors and vasoconstriction, and measures to prevent
them in the postoperative period might be necessary. There
are reports demonstrating that clonidine reduces the
incidence of postoperative tremors, but the mechanism of
action has not been elucidated >. The o,-agonists exert their
action on o,- adrenergic and imidazolic receptors. The first
ones can be found in the brain, spinal cord, and the peri-
phery. In the brain, they are related with sedation; in the
spinal cord, with analgesia. The effects of clonidine on post-
synaptic a.-receptors in the central nervous system reduces
the sympathetic tonus that leads to peripheral vasodilation
and hypotension 24, The effects of meperidine on thermal
regulation seem to involve o,-adrenergic receptors .
Several drugs (meperidine, ketanserin, sufentanil, alfentanil,
tramadol, physostigmine, urapidil, nefopam, doxapram, and
nalbuphine) have already been tested to prevent or treat tre-
mors 728555 Meperidine proved to be one of the most ef-
fective %657, probably by acting on the thermal regulation
center %5 or through opioid receptors 5. It is possible that
NMDA receptors also modulate thermal regulation in several
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levels 5. Ketamine, a NMDA antagonist, showed to be capa-
ble to inhibit tremors %.

Treatments established to prevent tremors include several
drugs, such as nefopam, a benzoxazocin, that inhibits the
reuptake of noradrenaline, dopamine, and serotonin. The-
se drugs are not specific for tremors and exert their action
through different mechanisms, such as decreasing the acti-
vation of the sympathetic nervous system %5359 adrenal
suppression 3, stimulation of opioid receptors, or influencing
the serotoninergic system 591560,

The cholinergic system is an important pathway that can
potentially influence tremors. The hypothalamus and the
striated body are the regions in the brain in which physos-
tigmine is more active 512, Physostigmine is a central acting
cholinesterase inhibitor that interacts with cholinergic mus-
carinic, serotoninergic, and endorphinergic brain receptors,
as well as with p-opioid agonists and o,-agonists **. There-
fore, it seems to work by increasing central neurotransmis-
sion. It seems to be safe and highly effective, with very little
side effects that include hemodynamic changes; however,
they were not observed in the study, probably due to the slow
administration (15 minutes) 6263,

Besides, physostigmine produced analgesia by releasing
B-endorphins ®; and postoperative pain can lead to tremors 2.
The dose of physostigmine is usually 2 mg 2%, Physostig-
mine reduced significantly the incidence and severity of tre-
mors, as much as nefopam. Cholinergic pathways seem to
be involved in the thermal regulation, decreasing tremors
without influencing awakening from anesthesia, alertness,
and postoperative recovery.

In another study, divided in two stages, Stapelfeldt et al. 2
investigated the use of clonidine in 48 patients undergoing
elective neurosurgery. First, they determined, in 14 patients,
the dose of clonidine necessary to prevent postoperative
tremors after inducing moderate hypothermia (35°C). This
dose was 3 pg.kg?. In the second stage, they investigated
whether clonidine, due to its sedative action, would delay awa-
kening from anesthesia in neurosurgeries and, therefore,
delay the neurological evaluation. Thirty-four patients who
underwent neurological surgeries were randomly distributed
in two groups to receive clonidine (3 pg.kg?t) or normal saline
when the dura mater began to be sutured. Inhalational
anesthetics and the infusion of opioids were discontinued at
that moment and propofol was administered to every patient.
Recovery of patients was evaluated two hours after the end
of anesthesia at the following moments: upon opening his/
her eyes, when extubated, regarding obeying commands
and orientation in time and space. There were no significant
differences between both groups in the duration of post-
anesthetic recovery. Systolic blood pressure was lower in the
clonidine group, which was statistically significant; however,
it was not clinically significant 2. The ideal dose of clonidine
has not been determined yet, but small doses may be
enough to prevent tremors after moderate hypothermia.
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Piper et al. ® compared clonidine and nefopam in the pre-
vention of tremors and found out that they are equally effec-
tive. However, clonidine caused more sedation and delayed
awakening, suggesting that nefopam is a better prophylac-
tic drug.

In another systematic revision, Kranke et al. % described the
efficacy and risks of using drugs to prevent the development
of tremors. They analyzed 27 articles (1,348 adults received
medication and 931 were controls). The incidence of tremors
in the control group was extremely frequent (52%). Clonidine,
65 to 300 pg (1,078 patients), 12.5 to 35 mg of meperidine
(250 patients), 35 to 220 mg of tramadol (250 patients), and
6.5 to 11 mg of nefopam (204 patients) were tested in at
least three studies each. All of them were more effective
when compared with the controls. The studies suggest that
less than four patients have to receive prophylactic clonidine
in order that one patient does not present tremors after the
surgery. For meperidine, nefopam, and tramadol, the efficacy
seemed even more convincing. The high prevalence of
tremors in patients who were not treated suggests that study
populations have a high risk, and might not be represen-
tative of the general population. Besides, the high prevalence
in this population tends to overestimate the usefulness of
therapeutic interventions. Clonidine was tested in more stu-
dies than the other drugs, which allowed the evaluation of its
dose and the time of administration. To be more effective, it
should be administered during induction (and not before) in
doses greater than 140 ug .

There were limiting factors. First, the mechanism of action
against tremors of the drugs analyzed is not completely cha-
racterized. Some of them might change the tremor threshold.
This has been demonstrated for meperidine % and clonidine ©.
Second, it was not possible to establish predictive factors for
postoperative tremors. Third, like a similar previous study “,
it was necessary to use indirect comparisons to estimate
the relative efficacy of the anti-tremor interventions, since
there is no gold standard that can be used as a comparison.
Fourth, most of the studies had a small cohort, and only 5 of
them had 50 patient or more %71, and studies with small
samples tend to overestimate the efficacy of the treatment.
Fifth, the quality of the method used in most of the studies
was not satisfactory. And sixth, the report on side effects
was poor, but it does not necessarily mean that they were not
present. Dal et al. > compared low doses of ketamine, me-
peridine, and placebo in the prophylaxis of tremors. Ninety
patients, ages 18 to 65 years, physical status ASA | or Il, who
underwent general anesthesia for 60 to 180 minutes, were
divided in 3 groups of 30 each. Group S received normal sa-
line; Group K received ketamine (0.5 mg.kg?); and Group P
received meperidine (20 mg) 20 minutes before surgery. The
tympanic temperature of every patient was greater than 36°C
and, therefore, did not require warming. The incidence of
tremors was significantly lower in Groups K and P than in
Group S, and there were no differences between Groups K
and P. The length of time until the first request of analgesics
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in Group S was much smaller (12 min) than in Groups K (25
min) and P (32 min). Two hours after the end of the proce-
dure, every patient needed analgesics. There were no diffe-
rences in pain scores among the groups, using the Visual
Analogic Scale (VAS), 30 minutes after the end of the surgery.
Two patients in Group K had grade 2 tremors and were trea-
ted with meperidine, which was effective, probably because
its mechanism of action is different, or because the dose of
0.5 mg.kg? of ketamine was not enough. Patients did not
present adverse effects related to ketamine. This drug might
be an alternative for the prophylaxis of postoperative tre-
mors in patients who cannot receive meperidine. Future
studies might demonstrate the ideal dose of ketamine for
the prophylaxis of postoperative tremors. There were no
differences between Groups K and P regarding the preven-
tion of tremors. There was no relationship between axillary
temperature and the development of tremors 8.

Ketamin is a NMDA antagonist that is effective in the pre-
vention of tremors, probably through the thermogenesis with-
out tremors pathway, by acting on the hypothalamus, or by a
B-adrenergic effect, besides having some effect on the « re-
ceptor. A study suggested that the action of meperidine against
tremors might be through x receptors, because high doses
of naloxone inhibits its action (high doses inhibit mu and
kappa receptors), while small doses of naloxone do not (inhi-
bit only mu receptors) %. The disadvantage of meperidine is
the risk of respiratory depression, nausea, and vomiting.
Rohm et al. ™ investigated the effects of physostigmine in the
prophylaxis of postoperative tremors, and compared it with
nefopam, a drug known to be effective °. Eighty-nine patients
undergoing abdominal or urological surgeries were evalua-
ted. Patients received 2 mg of physostigmine (n = 31), 10 mg
of nefopam (n = 30), or normal saline (n = 28). Hemodynamic
parameters and temperature were measured at induction
and 5, 15, 30, and 60 minutes after arrival in the recovery
room. The incidence of tremors was significantly lower after
the administration of physostigmine and nefopam (9.7% and
3.3%) than with placebo (53.6%). Time of extubation, he-
modynamic parameters, and tympanic temperature were si-
milar in all groups. Only nefopam reduced significantly the
incidence of postoperative nausea and vomiting. Physos-
tigmine reduced successfully and safely the incidence and
severity of tremors. This success was similar to that of
nefopam and it did not delay the recovery of patients.
Another study was undertaken by Hong and Lee " with pa-
tients undergoing cesarean sections with epidural anes-
thesia with 8 mg to 10 mg of 0.5% hyperbaric bupivacaine
associated with morphine (0.1 mg or 0.2 mg), meperidine
(10 mg), or just local anesthetic (LA). The incidence of tremors
was greater in patients who received just LA (23.3.%). Those
who received meperidine had not only the lowest incidence
(3.3%), but tremors were also less severe when compared
with those who received morphine (0.1 mg — 17%; 0.2 mg —
13.3%). The epidural administration of opioids can also be
capable of abolishing tremors, although their mechanism of
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action, influencing tremor threshold, has not been establi-
shed ™. A study by Abreu et al. ® compared the incidence of
intra- and postoperative tremors in epidural blocks with and
without fentanyl. They concluded that adding 100 ug of fen-
tanyl to the LA for the epidural block does not abolish the tre-
mor, but reduces the incidence and severity, without
increasing the incidence of nausea and vomiting.

NON-PHARMACOLOGICAL PREVENTION OF TREMORS

Tremors can be treated by warming up the patient, applying
radiant heat, or drugs .

Among the measures used in the maintenance of body
temperature, the warm air blanket can be beneficial and cost
effective .

Simply covering the patient with a blanket was indicated as
a tremor-reducing factor that did not change core tempera-
ture 4. Skin temperature is not a predictive factor for tremors.
However, it is unquestionable that increasing skin tempe-
rature enough can, alone, stop tremors.

TREATMENT OF POSTOPERATIVE TREMORS

The development of tremors is a frequent complication in
the recovery room, and several drugs are used to treat it,
although their mechanism of action have not been elucida-
ted #; in a meta-analysis by Kranke et al., meperidine was
deemed the most effective drug for the treatment of tremors,
and a dose of 25 mg reduced the recurrence of tremors nine
times as often as placebo, maintaining an anti-tremor effect
for at least 45 minutes. Meperidine was associated with a
small increase in side effects, such as nausea, vomiting, and
reduction in respiratory rate. In situations that meperidine
cannot be used, the authors suggest the use of clonidine
(150 pg), ketanserin (10 mg), alfentanil (0.25 mg), or doxa-
pram (100 mg). It should be mentioned that the intraopera-
tive maintenance of body temperature and the use of warm
air blankets decreased the need of drugs for the treatment
of tremors .

In a study with 220 patients aiming at identifying the effective
dose of meperidine for the treatment of tremors, Crossley
concluded that 0.35 mg.kg? is the smallest dose necessary
to treat adequately postoperative tremors.

Tramadol has also been used in the past few years to treat
tremors and, according to some studies, its efficacy is simi-
lar to that of meperidine 7.

Nefopam is a central-acting analgesic benzoxacin that re-
duces tremors without affecting ventilation, with minimal se-
dation, and proven efficacy. Contrary to other drugs, it does not
cause vasoconstriction, working only in the tremor pathway 7.

TREMORS IN PEDIATRIC PATIENTS

Most of the studies on postoperative tremors are done in
adults and, when they are done with children, they include a
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small number of patients °. A classical work by Akin et al. 6
with 1,507 children ages 0 to 16 years, undergoing general
anesthesia, was undertaken to determine the prevalence of
tremors, as well as the triggers and clinical implications.
After the surgery, the child was transferred to the recovery
room and received oxygen by face mask. The tympanic tem-
perature was measured, the type and duration of the sur-
gery were recorded, as well as the method of anesthetic
induction (inhalational, with sevoflurane, or intravenous, with
thiopental), age, and association with caudal epidural. The
temperature of the operating room and recovery room was
maintained between 22°C and 23°C. Of 1,507 children, only
53 (3.5%) developed tremors. There was a statistically sig-
nificant difference between children with and without tre-
mors regarding length of surgery, body temperature, and age.
The type of surgery and gender had no relationship with the
prevalence of tremors. The risk of tremors increased with
ages above 6 years, use of intravenous agents for induction,
and surgeries lasting more than 40 minutes. In 37 out of the
53 patients, tremors improved by rewarming alone; 16 of
them needed intravenous meperidine (0.35 mg.kg?). In this
study, the prevalence of tremors in children who received
thiopental for induction was significantly greater. However,
since these children were older, that could have been a con-
tributing factor. The incidence of tremors was statistically
lower in children who received caudal epidural anesthesia.

PREVENTION AND TREATMENT OF TREMORS IN
CHILDREN

Kranke et al. ® proposed an algorithm for the pharmacologi-
cal prevention and treatment of tremors in children based on
studies done in adults, and recommended that hypothermia
should be avoided. When a child developed tremor, he/she
was treated by rewarming and, if there was no response,
they suggested the administration of clonidine (1.5 pg.kg?)
or meperidine (0.35 pg.kg?) that is, since the treatment of
tremors is simple, effective, and low cost, and since pro-
phylaxis is recommended only in high risk patients, it should
not be routinely done in children. In their study, Akin et al. ¢
did not consider that prophylaxis of tremors in children was
necessary, due to the low incidence (3.5%), and it should be
treated when present.

CONCLUSION

Prophylaxis of postoperative tremors is simple and effective.
The problem is to evaluate when they should be prevented
or treated. Treatment of tremors is also effective; however,
many patients presented recurrence of the problem. Since
the maintenance of a normal body temperature influences
profoundly postoperative tremors, the use of prophylactic
drugs is questioned. It seems they should be done only in
special cases, such as patients in whom greater oxygen
consumption would increase the risk of complications ©.
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In a study comparing several drugs isolatedly to prevent
tremors, clonidine, meperidine, tramadol, and nefopam were
more effective than placebo and, although the incidence of
bradycardia, hypotension, and sedation are greater with
clonidine, these effects were not observed in the doses used
in this study.

The incidence of tremors can be predicted with moderate
discriminative power using four risk factors derived from a
logistic regression analysis: age (variable with the greatest
predictive power), core temperature upon admission to the
recovery room, prolonged surgical procedure, and orthopedic
procedures.

The pharmacological prophylaxis of postoperative tremors
is possible and will only be effective when the risk is too high.
This raises the question whether tremors should be pre-
vented or treated. Treatment with meperidine or clonidine is
very effective. The option for prophylaxis means the unne-
cessary administration of drugs to several patients, exposing
them to side effects. Since intraoperative body warming and
maintenance of core temperature greatly influence the inci-
dence of postoperative tremors 1°, the use of pharmacolo-
gical prophylaxis is questioned. Patients in whom the cardiac
supply of oxygen is compromised are a special case; in
these cases, pharmacological prophylaxis is preferable, and
clonidine should be the rational choice because, besides
the anti-tremor effect, it has a favorable effect on the heart ™.
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RESUMEN
Albergaria VF, Lorentz MN, Lima FAS — Temblores Intra y Post-
operatorio: Prevencién y Tratamiento Farmacolégico.

JUSTIFICATIVA Y OBJETIVOS: Los temblores pueden ocurrir

como un efecto adverso de la intervencioén quirdrgica y anestesia.
La incidencia de temblores postoperatorios varia entre 6,3% y 66%.

444

Pacientes jévenes, sexo masculino, uso de agentes anestésicos
halogenados y tiempo prolongado de anestesia o procedimiento
quirtrgico estan relacionados con temblores. Los temblores son
involuntarios y se presentan como actividad muscular oscilatoria
con finalidad de aumentar la produccion de calor. E temblor post-
operatorio es una desagradable complicacion que esta relaciona-
da con el aumento de la morbidez. El temblor aumenta el
metabolismo resultando en un aumento de 200% a 500% en el con-
sumo de oxigeno.

CONTENIDO: Discute las causas, prevencion y tratamiento de los
temblores intra y postoperatorio en pacientes adultos y pediatricos
sometidos a la intervencion quirtirgica bajo anestesia general o del
neuroegje.

CONCLUSIONES: Los temblores son, juntamente con nauseas y
vomitos, causas de intensa incomodidad en la sala de recuperacion
pos anestésica, ademas de potencialmente perjudiciales por
generar un aumento de la demanda metabdlica. Aunque la presen-
cia de temblores no haya sido directamente relacionada a la mor-
bidez cardiaca, la prevencion se ha hecho tema de debate y de
varios articulos cientificos. La prevencion y el tratamiento de tem-
blores deben ser implementados. Pacientes con reserva cardio
pulmorar limitada pueden sufrir con la acidosis lactica, falta de
saturacion venosa mixta e hipoxemia.
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