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RESUMO

Abréo MA, Ferreira RG, Germano Filho PA, Lerner LC - Rabdo-
midlise em Paciente Obeso Mérbido Submetido a Gastroplastia
Redutora e durante Revascularizagdo do Membro Superior em
Paciente Pediatrico. Relato de Casos

JUSTIFICATIVA E OBJETIVOS: A rabdomidlise ¢ uma
sindrome que decorre da lesdo ao musculo esquelético. Sua
etiologia € ampla, trazendo um interesse particular, quando se
manifesta como complicagdo intra ou pds-anestésica. O
objetivo desse relato foi mostrar dois casos de rabdomidlise
ocorridos no poés-operatério de intervengdes cirdrgicas de
longa duragao, em pacientes com obesidade moérbida e lesdo
traumatica, enfatizando a sua relagédo com a anestesia.

RELATO DOS CASOS: O primeiro caso € de um paciente com
39 anos, obeso marbido, IMC 62, submetido a gastroplastia
redutora por laparotomia, sob anestesia geral. Apresentou, no
pos-operatério, fraqueza muscular nos membros superiores e
inferiores e alteragdes da sensibilidade. Evoluiu com dor mus-
cular e urina avermelhada. O aumento dos niveis plasmaticos
da enzima creatinocinase (CK) confirmou o diagnéstico de
rabdomiélise. Tratado com hidratagao forgada e diurético, ndo
evoluiu com insuficiéncia renal, porém teve alta com seqiela
muscular e neurolégica. O segundo caso apresenta uma
crianga de sete anos, vitima de acidente com porta de vidro,
operada de urgéncia para revascularizagao do membro supe-
rioresquerdo. Apresentou mudanga da coloragao da urina, que
se tornou avermelhada, durante a anestesia. Foram
administrados bicarbonato de sédio e manitol por via venosa,
com os objetivos de alcalinizar a urina e aumentar o débito
urinario. Enviado ao CTI, onde foi confirmada a hipotese de
rabdomiodlise, pelo aumento da enzima CK e pela
mioglobinuria. Obteve alta no 10° dia de internagédo, sem
sequelas.
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CONCLUSOES: Os casos apresentados mostraram os fatores
de risco da rabdomidlise e sua relagdo com a anestesia e a
cirurgia. O diagndstico precoce € importante, no sentido de um
tratamento rapido e agressivo, a fim de se evitarem
complicagdes mais graves.

Unitermos: ANESTESIA, Pediatrica CIRURGIA, Abdominal:
gastroplastia; COMPLICACOES: rabdomidlise; DOENCAS,
Obesidade moérbida

SUMMARY

Abrao MA, Ferreira RG, Germano Filho PA, Lerner LC - Rhab-
domyolysis in Morbidly Obese Patient Submitted to Gastric
Bypass and During Upper Limb Revascularization of Pediatric
Patient. Case Reports

BACKGROUND AND OBJECTIVES: Rhabdomyolysis is a
syndrome caused by skeletal muscle injury. Its etiology is broad
with special interest when itis manifested as intra or post-anes-
thetic complication. This report aimed at describing two cases
of rhabdomyolysis in the postoperative period of long proce-
dures in morbidly obese and trauma injury patients, emphasiz-
ing its correlation with anesthesia.

CASE REPORTS: The first case is a 39-year old, morbidly obese
patient, BMI 62, submitted to laparoscopic gastric bypass under
general anesthesia. In the postoperative period patient presented
upper and lower limbs muscle weakness and changes in sensitiv-
ity evolving with muscle pain and reddish urine. Increased
creatinokinase (CK) plasma levels confirmed the diagnosis of
rhabdomyolysis. Patient was treated with forced and diuretic
hydration, has not evolved with renal failure, but was discharged
with muscular and neurological sequelae. The second case is a
7-year old child victim of accident with a glass door, who was sub-
mitted to emergency procedure for left upper limb
revascularization. During anesthesia urine color has changed be-
coming reddish. Intravenous sodium bicarbonate and mannitol
were administered to alkalinize the urine and increase urinary out-
put. Patient was referred to the ICU where rhabdomyolysis was
confirmed by increased CK enzyme and myoglobinuria. Patient
was discharged 10 days later without sequelae.
CONCLUSIONS: Cases have shown risk factors for
rhabdomyolysis and their relationship with anesthesia and sur-
gery. Early diagnosis is critical for a fast and aggressive treat-
ment to prevent more severe complications.

Key Words: ANESTHESIA, Pediatric; COMPLICATIONS:
rhabdomyolysis; DISEASES, Morbid obesity; SURGERY, Ab-
dominal: gastric bypass

INTRODUGAO

Arabdomiélise € uma sindrome clinica e laboratorial de-
corrente da lesdo ao musculo esquelético, com a libera-
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¢ao de substancias intracelulares potencialmente toxicas
na circulagao .

Suaetiologia é ampla, incluindotrauma, drogas, musculopa-
tias, defeitos enzimaticos hereditarios, hipertermia maligna,
infeccbes e exercicio fisico excessivo 2. A manifestagao cli-
nica da sindrome pode variar desde a elevagéo plasmatica
de enzimas musculares sem sintomatologia, até casos mais
graves, com associacgao de disturbios hidroeletroliticos, sin-
drome compartimental e insuficiéncia renal aguda °.

Ela pode ocorrer com maior freqiiéncia do que se imagina *,
pois aanestesiapropiciaalgumas condicées deriscocomoa
imobilizagédo prolongada, alonga duragao de certos procedi-
mentos cirdrgicos e posi¢gdes cirdrgicas anatomicamente
forcadas >°'°. Além disso, a obesidade tem sido apontada
como fator de risco >'"'2.

Hapoucareferénciaaesse tipo de complicagédo, emrevis-
tas de anestesia °, tornando rara a discuss&o sobre 0 as-
sunto. Empacientes pediatricos,arabdomidliseintra-ope-
ratéria é ainda mais escassamente relatada, sendo consi-
derada umadoencga rara nessa faixa etaria, com umainci-
déncia de 0,26% "°.

O diagndstico precoce é importante para oinicio de um trata-
mento obrigatoriamente rapido e agressivo, na tentativa de
evitarem-se complicagbes mais graves, como ainsuficiéncia
renal aguda e até mesmo o 6bito ®'°.

Dois casos de rabdomidlise de etiologias diferentes relacio-
nados ao periodo anestésico sao apresentados neste traba-
Iho.

RELATO DOS CASOS

Caso 1

Paciente do sexo masculino, negro, 39 anos, comdiagndstico
de obesidade morbida, programado para gastroplastia verti-
cal a Capella-Fobi, por laparotomia. Com inicio do quadro da
obesidade ha12anos, comum pesomaximode 202 kg ha dois
anos. No momento da cirurgia, apds emagrecimento de 42 kg
através de dietas e medicacdes, encontrava-se com 160 kg,
altura de 1,74 m e indice de massa corporal (IMC) de 62.

A histéria patologica pregressa era de hipertensao arterial
sistémica e diabete melitotipoIl, fazendo usoregularde ena-
lapril, metformim e glibenclamida. Os exames pré-operatorios,
hemograma, coagulograma e eletrdlitos, apresentavam-se
normais eaprovadefungaorespiratoriaevidencioudisturbio
restritivo leve. Nao foi prescrita medicacao pré-anestésica
seguindo as normas de anestesia para cirurgia bariatrica do
hospital. Recebeu heparina de baixo peso molecular, 12 ho-
ras antes da anestesia.

Amonitorizagao consistiu em cardioscépio, presséo arterial
nao-invasiva, oximetro de pulso e capnografo. Apds venocli-
se com cateter 18G, foiiniciadainfusdo de Ringer com Lacta-
to. Os parametros basais eram presséo arterial 140 x 90
mmHg, freqiéncia cardiaca de 86 bpm, saturacédo de
oxigénio de 97% e ritmo cardiaco sinusal.

Comopaciente sentado, realizou-se a pungédo do espacgo pe-
ridural em T4o-T14 € passagem de cateter peridural cefalico
apo6s a segunda tentativa. Foram administrados 3 mg de sul-
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fato de morfina por via peridural. O paciente recebeu oxigé-
nioa 100%, sob mascara facial durante 5 minutos e, a seguir,
indugcado em sequénciarapida com tiopental, fentanil e succi-
nilcolina, seguida de intubagao orotraqueal sem dificuldade.
A manutencgio da anestesia constou de infusdo intermitente
de bupivacaina a 0,5 com excesso enantiomérico de 50%
(S75-R25) pelo cateter peridural, associada a anestesia ina-
latéria com O, e N,O e enflurano e bloqueio neuromuscular
com brometo de pancurénio. Ao término do procedimento ci-
rargico, foi feita a reverséo do bloqueio neuromuscular com
neostigmina e atropina porviavenosa, sem sucesso. Adura-
¢do do ato anestésico foi de 8h30 minutos, sem
intercorréncias.

No primeiro dia de pés-operatério no CTl, foi extubado, per-
manecendo com o cateter peridural. O paciente queixava-se
de fraqueza nos membros superiores, evoluindo, nos dias
subsequentes, para os membros inferiores, com dificuldade
de mobilizag&o no leito. O exame neuroldgico evidenciava
paresianos membros superiores, principalmente proximal, e
de membros inferiores, mais acentuada nos pés. As sensibi-
lidades tatil, térmica e dolorosa encontravam-se alteradas
no antebraco e brago assim como nos pés. Aregiao toracica
ndo apresentava alteragdes. Os pulsos arteriais dos
membros superiores e inferiores eram normais.

No 5° dia de CTI passou a referir dor de forte intensidade na
regido glutea e nos membros inferiores, além das queixas
neuroldgicas preexistentes. Neste momento a urina tor-
nou-se escura, de coloragao avermelhada.

Foi feita a hipotese de rabdomidlise, confirmada pela dosa-
gem plasmatica da enzima creatinocinase (CK) com niveis
de 32.256 U/L. Outras alteragdes ocorreram no potassio:
(6,2 mEq/L), ao 7° dia pés-operatoério; TGO (529 U/L) e TGP
(359 U/L), no 4° dia e creatinina (1,8), no 1° dia. O exame de
urina para elementos anormais e sedimentos (EAS) mostra-
va hematuria e hemoglobinuria, porém nao foi dosada a
mioglobina.

O tratamento consistiu em hidratagao vigorosa e diuréticode
alga (furosemida), ndo tendo sido necessarias outras medi-
das terapéuticas, devido a obtengao de resposta favoravel,
comboadiureseesemsinaisdeinsuficiénciarenalaguda.
No 12° dia de pos-operatorio, o paciente recebeu alta hospi-
talar apresentando melhora do quadro algico e das altera-
¢oes laboratoriais, persistindo com sintomas neurolégicos
de paresiaflacidanos membros superiores e inferiores, além
de parestesias, principalmente nas maos e pés. Aeletroneu-
romiografia, realizada sete meses apos a cirurgia, mostrou
polineuropatia de predominio sensitivo nos quatro
membros, emfase maisavangadanos membrosinferiores.

Caso 2

Paciente do sexo masculino, branco, 7 anos, 29 kg, estado fi-
sico ASAIE, vitima de acidente corto-contuso. Apresentava
lesbes cortantes multiplas no antebrago esquerdo com is-
quemiados dedos damao, turgordiminuido, ausénciadefle-
xao dos dedos e do punho e anestesia nas areas autbnomas
domediano e ulnar nos dedos. Diagndéstico de desvasculari-
zagao no nivel do antebrago esquerdo, lesdes de nervo me-
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dianoeulnarelesées musculo-tendinosas flexoras. O tempo
decorrido do acidente era de 12 horas, com primeiro atendi-
mento cirurgico em outro hospital, onde foram transfundidos
300 mLde concentradode hemaceas. Recebidono centro ci-
rargico, lucido, orientado e com hematocrito de 34,8%. Na
avaliagao pré-anestésica, nada havia de relevancia clinica,
exceto uma historia de alergia a dipirona. Foi monitorizado,
com pressao arterial ndo-invasiva, oximetro de pulso e cap-
nografo. Induzida a anestesia geral, com 125 mgde tiopental
por via venosa, seguida de bloqueio neuromuscular com
atracurio (15 mg) e intubagéao orotraqueal. Manutengao da
anestesia com O,/N,O/sevoflurano associados a anestesia
do plexo braquial por via axilar, com 37,5 mg de bupivacaina
a0,25%, adrenalina 1:200.000 e 30 ug de clonidina. Na séti-
mahoradaanestesia,aurinatornou-se avermelhada. Os pa-
rametros hemodinamicos e respiratérios mantiveram-se es-
taveis durante todo o procedimento com pressao arterial de
100 x 60 mmHg, freqiiéncia cardiaca entre 90 e 100 bpm,
PerCO, de 28 a 32 mmHg e SpO;, 100%. Houve suspeita de
rabdomiolise, devido ao trauma, e iniciada a administracéo
de manitol e bicarbonato de sodio a 8,4%, nas doses de 0,5
g.kg'1 e 100 mEg/m?em 24 horas, respectivamente, alémda
hidratagdo com Ringer com Lactato. Adiurese total, durante
o procedimento, foi de 1320 mL. Foram solicitados as dosa-
gens de CK, CK-MB, eletrolitos, uréia e creatinina, que nédo
evidenciaram alteragdes, naquele momento (CK=153U/Le
CK-MB=33U/L). Aduragéo total da anestesia foi de nove ho-
ras, constando a cirurgia de desbridamento amplo, miorrafia
etenorrafiaflexora, enxertianervosade medianoeulnarcom
nervo sural e revascularizagao de artérias ulnar e radial com
enxerto de veia safena. Apds o término da intervencgao cirur-
gica, foi realizado bloqueio continuo do plexo braquial, pela
via perivascular subclavia, com bupivacaina a 0,125%, em
bomba de infusdo, com o objetivo de vasodilatagdo do mem-
bro revascularizado e de analgesia. Extubado e enviado ao
CTl pediatrico, onde foi mantido o esquema de hiperhidrata-
¢do 3000 mL/m? com cristaldides e bicarbonato de sédio a
8,4% 4 mEq/kg/dia, manteve uma diurese em torno de 200
mL/hora. Houve aumento dos niveis da CK no 1° dia do
pos-operatorio (357 U/L-N < 170 U/L), atingindo pico maxi-
mo, no 2°dia (828 U/L). Amioglobinatambém acompanhoua
curvada CK, atingindo valores de 421 ng/mL (valor normal =
19-92 ng/mL), também no 2° dia. Nao houve alteracéo na
CK-MB assim como na TGO, TGP, uréia e creatinina. Nos
eletrolitos havia apenas uma hipopotassemia (K = 2,4) ten-
dosidofeitaareposi¢ao. Aurina continuava escurano 1°dia
de pods-operatério, evidenciando ao exame de urina
hemoglobina +++ehemaceasincontaveis. Adiurese horaria
foi mantida em torno de 5 a 6 mlL/kg/hora. Evoluiu
satisfatoriamente, comnormalizagdoda CKe damioglobina,
naéo desenvolvendo outras complicagdes. Recebeu alta
hospitalar no 10° dia de pds-operatorio, sem seqlelas.

DISCUSSAO

Dentre as diversas complicagdes da cirurgia bariatrica, a
rabdomiélise foi, até recentemente, pouco enfatizada pelos
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cirurgides e anestesiologistas, talvez pela falta de reconhe-
cimento, considerando-se principalmente os casos com
apresentacao subclinica, nos quais somente alteragdes da
CK, mioglobina e disturbios eletroliticos leves sinalizam a
doenga, porisso, necessario um alto indice de suspeigao 3.9
para o correto diagnéstico, passando, entdo, muitas vezes
despercebida. Khurana e col., numa analise retrospectiva,
em 353 pacientes obesos moérbidos submetidos a gastro-
plastia redutora por via laparoscopica, encontraram uma in-
cidéncia de rabdomidlise no pés-operatorio de 1,4%. Todos
oscinco pacientesacometidos eramdo sexomasculino,com
IMC médio de 56, apresentaram, no pos-operatorio imediato,
mialgia em regides dependentes e aumento dos niveis plas-
maticos da enzima creatinocinase (CK), valor médio de
19.680 U/L>. Esse autor enfatiza que poderia ter encontrado
uma incidéncia maior, se adosagem da CK tivesse sido feita
de rotina, nesses pacientes. Bostanjian e col. " relataram
seis casos de rabdomiodlise, em 650 obesos morbidos sub-
metidos a gastroplastia redutora por laparotomia, com uma
incidénciade 0,9%. Todos os seis casos iniciaram a sintoma-
tologia da doenga com ulceras de decubito naregiao glutea,
atingindo niveis médios de CK de 26.000 U/L. Trés casos
(50%) evoluiram para insuficiéncia renal aguda, com neces-
sidade de dialise, e, posteriormente, para o6bito.

Alesao do midcito, que constituiofendmeno inicial darabdo-
midlise, pode ser causada pelo aporte insuficiente de oxigé-
nio ao musculo ou pelo aumento do seu consumo. Situagdes
clinicas capazes de produzirisquemia, hipotenséo ou vaso-
espasmo facilitariam o desencadeamento da sindrome®. Na
hipertermiamaligna (HM), o excessode consumo energético
iniciariaadisfungao celular. Outrofatoretiolégicoimportante
é areperfusdo, em que o aumento de radicais livres na circu-
lagcdo, provenientes de tecidos temporariamente isquémi-
cos, lesaria a microcirculagao 5,

Durante a anestesia de pacientes obesos, a presséao conti-
nua e prolongada, exercida pelo peso corporal contra a su-
perficierigidadamesacirdrgica, seriacapazde causarleséo
na musculatura esquelética >’ A pressao prolongada em
areas dependentes, como as regides glutea, lombar e om-
bros, causa diminuigdo do tamanho do compartimento fas-
cio-muscular,aumentando a pressdo compartimental e com-
prometendo a irrigagdo sangiiinea °.

A pressédo compartimental de repouso varia entre 9 e 15
mmHg °. Alguns autores consideram que a presséo arterial
media, namicrocirculagao, aproxima-se da pressao diastoli-
cae que redugdes de 10 a 30 mmHg seriam suficientes para
causar isquemia '*. Segundo alguns experimentos com is-
quemia total, as lesdes neuroldgicas ocorreriam com 30 mi-
nutos deisquemia, as musculares, comduas horas; e altera-
¢des do endotélio capilar e mioglobinuria, com quatro horas
5 Porém, em humanos, a maioria das situagdes clinicas de
isquemia mantém uma perfusao parcial, o que poderia au-
mentar o tempo para o inicio da leséo do tecido, tornando-o
imprevisivel °.

Owen e col., emum estudo com voluntarios sadios, mediram
as pressdes intracompartimentais, através de cateteres in-
seridos no antebrago e na perna, simulando algumas posi-
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¢des corporais com compressdo muscular '°. Quando o mus-
culo era submetido a compressao externa, havia alteragao
da pressdo compartimental normal de repouso, chegando a
atingir 200 a 225 mmHg, nas posi¢cdes onde o antebrago era
comprimido pelo tronco ou nas posi¢des genopeitorais for-
c¢adas. Aprotecdo com coxins de 2,5 cm foi capaz de atenuar
esseaumentode pressaoapenasem 16 e23%, noantebrago
e perna, respectivamente. O pulso arterial distal, a compres-
sdo, permanecia palpavel, exceto em alguns casos de posi-
¢ao genopeitoral e nas compressdes do antebrago pelo tron-
co. Apesar disso, havia comprometimento do fluxo sangli-
neo capilar com pressées acima de 30 mmHg, causando is-
quemia muscular e evoluindo para necrose, se mantida por
periodos longos de 4 a 8 horas. O aumento da presséo hi-
drostatica, em um compartimento fechado, como no conjun-
to fascia-musculo, é capaz de diminuir a perfusdo capilar do
tecido, causando isquemia, necrose e lesdo da membrana
celular e liberando substancias intracelulares na circulagao
. Ha um aumento da permeabilidade capilar, que leva a um
acumulodeliquidos nostecidos e hipovolemia e que provoca
um ciclo vicioso, em que o aumento da pressdo comparti-
mental e aisquemia do tecido muscular se alternam. Assim
sendo, a sindrome compartimental, definida como o aumen-
to da pressao hidrostatica no musculo, pode acompanhar a
rabdomidlise e vice-versa °. Alguns autores sugerem que a
sindrome compartimental, a rabdomidlise e a sindrome do
esmagamento seriamvariagées de umamesmadoenca'®.
A imobilidade do paciente e, eventualmente, longos perio-
doscirurgicos, situagéesinerentes daanestesia, constituem
fatores de risco importantes para alesdo muscular e que de-
vem serlevados em consideragao. Existemrelatos, nalitera-
tura, de sindrome compartimental e rabdomiolise, causadas
por posi¢gdes anatémicas forgadas durante intervengdes ci-
rurgicas, como em pacientes submetidos a posicao de litoto-
mia, principalmente em cirurgias uroldgicas e proctologicas,
alguns deles acompanhados de insuficiéncia renal aguda
com necessidade de dialise ®'%'®"" A duragao prolongada
da cirurgia foi comum a todos os casos *>7*'% e a obesidade
estava eventualmente presente. Na posigao de litotomia for-
¢ada, dois fatores podem provocar isquemia, a flexdo acen-
tuadadojoelhoequadrilangulandovasoseapressdode per-
fus&o diminuida na extremidade elevada °. Outras posigdes
que se associam a lesdo muscularsdo a prona®'®'° o decu-
bito lateral "'**° e a supina?'. Alonga duragao das interven-
¢des cirurgicas também representa um importante fator de
risco 81014161821 'Ohserva-se que a maioria dos casos de
rabdomidlise relacionados acirurgia esta associadaaproce-
dimentos que variaramde 4 a 11 horas de duragao, emborao
tempocriticoacimadoqualaslesbées se estabelecemsejain-
determinado '°.

As queixasiniciais variam desde mialgiasintensas, fraqueza
muscular, parestesias e alteracéo da sensibilidade ou ape-
nas sinais derubor, equimose, ulceragdo napele eedemade
membros. O disturbio eletrolitico mais encontrado e também
0 mais grave € a hiperpotassemia, capaz de desencadear
disritmias cardiacas 2?3, Outras alteragées que compdem
o quadro clinico sao a hiperfosfatemia, hipocalcemia, pela
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deposigcdode calcionostecidos necréticos, acidose metabo-
lica, hipovolemia e oliguria 2 A deposicédo da mioglobina,
nos tubulos renais, forma cilindros intraluminais, levando a
insuficiénciarenalaguda (IRA)%?3. Os casos mais graves po-
dem ser acompanhados de coagulagdo intravascular disse-
minada, disfuncdo pulmonar e hepatica '. Nos pacientes
conscientes, os sintomas estdo ausentes, em 50% dos ca-
sos, mesmo com elevagéo expressiva da CK. Amudancada
coloracao da urina, fator indicativo de mioglobinuria, deve
serpesquisada ', constituindo, no paciente anestesiado, um
importante alerta. No paciente pediatrico do relato,
constituiu o primeiro sintoma, observado ainda no
intra-operatorio, permitindo um tratamento precoce.

O diagnéstico classico da rabdomidlise depende do reco-
nhecimento dos fatores de risco, como a presenca de dor
muscular, de urina avermelhada ou marrom e, principalmen-
te, pela presencga dos indicadores de lesao muscular, CK e
mioglobina "?*. O diagnédstico definitivo é laboratorial, po-
dendo ser indicada a tomografia computadorizada ou a res-
sonancia magnética, para localizar os musculos acometi-
dos, quando houverindicacdo de desbridamento cirtirgico 2
ou apenas para avaliar a extenséo da lesao.

Um aumento plasmaticoda CKde 5 vezes o seu valor normal
(45-260 UI/L) é considerado suficiente para o diagnostico
6.10.13 56 alesdo evoluifavoravelmente, espera-se um decli-
nio plasmatico de aproximadamente 39% ao dia ‘o objetivo
principal do tratamento da rabdomidlise consiste em evitar
complicagdes como a IRA e controlar os disturbios eletroliti-
cos?. AIRA, em pacientes com rabdomidlise, tem uma inci-
dénciade 20% a50% °erepresentaamaior causade morte ®
relacionada a doenca. Ahipovolemia relativa, a vasoconstri-
g¢ao renal e amiglobinuria sdo os trés fatores causais da IRA
narabdomidlise ®. Amioglobinatorna-se nefrotoxicanaurina
acida (pH < 5,6), quando ela se dissocia em ferrohematina e
globina '®. Aferrohematinatem um efeito téxico direto no epi-
téliotubularrenal ®'. Ainfusao de liquidos cristaldides é titu-
lada, visando a uma diurese horaria de 100 a 500 mL.h7".
A alcalinizacao da urina é feita com o bicarbonato de sodio
8,4%, devendo manter o pH acima de 6,5 8 E importante o
controle laboratorial freqliente do pH plasmatico e urinario
porque pode nado haver correlacio entre eles >>. Caso ocorra
alcalose metabdlica (pH > 7,5) com pH da urina < 6, a aceta-
zolamida, um diurético inibidor da anidrase carbdnica, pode
seradicionada afimde aumentaraeliminagédo de bicarbona-
to 82%. Aalcalinizagdo da urina torna a mioglobina mais solu-
vel, facilitando asuaeliminagdo. Suasolubilidade normal, de
2% em pH acido de 5, aumenta para 80%, em pH 8. Atentati-
vaderemocéo da mioglobina, através da plasmaférese, ndo
foi efetiva para otratamento, apesardadiminuicdo do seuni-
vel plasmatico 2°.

Os diuréticos mais utilizados sdo o manitol e afurosemida. O
manitol oferece algumas vantagens em relagéo aos diuréti-
cos de alga nado acidificando a urina, sendo um expansor
plasmatico, produzindo vasodilatagao renal, aumentando o
ritmo de filtragdo glomerular e sendo efetivo como carreador
de radicais livres 2°. A fasciotomia pode estar indicada, de-
pendendo da pressao intra-compartimental e do comprome-
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timento dacirculagao periférica, porém elaaumenta o indice
deinfecgdoeapermanéncia hospitalare, devendo, portanto,
ser bem avaliada a sua indicagao.

O musculo esquelético apresenta uma notavel capacidade
de recuperagédo, nao deixando sequelas na maioria dos ca-
sos %°. Algumas vezes, porém, queixas de mialgia, fraqueza
muscular e parestesia persistem por longo tempo %10:14.16-18,
Nesses casos, a eletroneuromiografia esta indicada para o
diagnostico de lesdo muscular ou neurolégica #.
Arabdomidlise emcriangas pode estarassociadaamusculo-
patias hereditarias, hipertermia maligna e a sindrome da in-
fuséo continuade propofol, sendo comum a parada cardiaca
por hiperpotassemia *?°?%_ 0 caso paciente pediatrico rela-
tado néo apresentou sinais de hipermetabolismo durante a
anestesia, tinha histéria negativa para musculopatias e nao
recebeu propofol. Portanto, as evidéncias apontamo trauma
direto ao musculo como causa da mioglobinuria e da rabdo-
midlise, embora existam casos de HM que ocorreram sem
um episddio agudo classico no intra-operatério 2°, manifes-
tando-se apenas através de mioglobinuria, aumentoda CKe
IRA no pés-operatorio 33",

Medidas preventivas, para se evitar ou atenuar alesdo mus-
cular, podem estar diretamente relacionadas a condutas no
intra-operatério, sendo de responsabilidade do anestesiolo-
gista que deve avaliar o risco-beneficio de posi¢des cirurgi-
casforgadas, principalmente, quando associadasacirurgias
de longa duragéao, e proteger areas expostas a pressao.

Rhabdomyolysis in Morbidly Obese
Patient Submitted to Gastric Bypass and
During Upper Limb Revascularization of
Pediatric Patient. Case Reports

Maria Angélica Abrédo, TSA, M.D.; Renata Gomes Ferreira,
M.D.; Paulo Alipio Germano Filho, TSA, M.D.; Luiz Claudio
Lerner, TSA, M.D.

INTRODUCTION

Rhabdomyolysis is a clinical and laboratorial syndrome cau-
sed by skeletal muscle injury, with the release in circulation of
potentially toxic intracellular substances '

Ithas a broad etiology, including trauma, drugs, muscle dise-
ases, inherited enzymatic defects, malignant hyperthermia,
infections and excessive physical exercise 2_Clinical mani-
festation of the syndrome may vary from asymptomatic plas-
ma increase of muscle enzymes to more severe cases asso-
ciated to hydroelectrolytic disorders, compartmental syndro-
me and acute renal failure >

Itis more common than one canimagine *because anesthe-
siapromotes somerisk situations such as prolonged immobi-
lization, long surgical procedures and anatomically forced
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surgical positions *°'°. In addition, obesity has been consi-
dered a risk factor "2,

Journals of anesthesia have few references to this type of
complication® and discussions on the subject are scarce. In
pediatric patients, intraoperative rhabdomyolysisis stillmore
seldom reported, being considered an uncommon disease
for this age, with an incidence of 0.26% '*.

Early diagnosis is critical for the early beginning of a compul-
sorily fast and aggressive treatment in an attempt to prevent
more severe complications, such as acute renal failure and
even death 81°.

This study describes two cases of rhabdomyolysis of diffe-
rent etiologies associated to the anesthetic period.

CASE REPORTS

Case 1

Male, African-Brazilian, morbidly obese patient, 39 yearsold,
submitted to vertical laparoscopic Capella-Fobi gastric
bypass. Obesity started 12 years ago reaching a maximum
weight of 202 kg two years ago. At surgery, having lost 42 kg
with diet and drugs, patient weighed 160 kg, was 1.74 m high
with body mass index (BMI) of 62.

Patient presented systemic hypertension and diabetes melli-
tus type Il, being under regular enalapril, metformin and gli-
benclamide. Preoperative blood count, coagulogram and
electrolytes were normal and respiratory function test revea-
led mild restrictive disorder. Patient was not premedicated
according to hospital’s anesthesia rules for bariatric surgery.
Patient received low molecular weight heparin 12 hours
before anesthesia.

Monitoring consisted of cardioscopy, noninvasive blood
pressure, pulse oximetry and capnography. Lactated Rin-
ger’s infusion was started after venous puncture with 18G
catheter. Baseline parameters were blood pressure 140 x 90
mmHg, heart rate 86 bpm, oxygen saturation 97% and
sinusoidal cardiac rhythm.

Puncture at T4o-T44 interspace was performed with patientin
the sitting position and was followed by cephalad epidural
catheterinsertion after the second attempt. Patient received
3 mg epidural morphine. Patient was placed in 100% oxygen
under mask for 5 minutes, followed by rapid sequence induc-
tion with thiopental, fentanyl and succinylcholine followed by
eventless tracheal intubation. Anesthesia was maintained
with 50% enantiomeric excess bupivacaine (S75-R25) in in-
termittent infusion by the epidural catheter, associated to
inhalational anesthesiawith O,, N,O and enflurane, and neu-
romuscular block with pancuronium. At the end of surgery,
neuromuscular block reversal was attempted with
intravenous neostigmine and atropine, but failed.
Anesthesia lasted 8h30 minutes without intercurrences.
Patient was extubated in the ICU in the first postoperative
day,remaining withthe epidural catheter. Patientcomplained
ofupperlimbsweakness’, whichhas evolvedtolowerlimbsin
subsequent days with difficulty to move in bed. Neurological
evaluation has revealed upper limbs paresia, especially pro-
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ximal, and lower limbs paresia, more severe on feet. Tactile,
thermal and painful sensitivities were changed in forearms,
arms and feet. Chest region was unchanged. Upper and
lower limbs arterial pulses were normal.

On the 5" ICU day, patient started referring severe gluteus
and lower limbs pain, in addition to preexisting neurological
complaints. Atthismoment, urine became darkandreddish.
Rhabdomyolysis was confirmed by plasma creatinophosp-
hokinase (CPK) enzyme dosage with levels of 32,1256 U/L.
Other changes were seen in potassium (6/2 ,Eq/L) in the 7"
postoperative day; TGO (529 U/L) and TGP (359 U/L) in the
4" day; and creatinine (1,8)in the 15'day. Urine test for abnor-
mal elements and sediments (AES) showed hematuria and
hemoglobinuria, however myoglobin was not dosed.
Patient was treated with vigorous hydration and loop diuretic
(furosemide), with no need for other therapeutic measures
due to favorable response with adequate diuresis and no
signs of acute renal failure.

Patientwas discharged 12 days later with improved pain and
lab test results, however still with neurological symptoms of
flaccid paresiaonupperandlowerlimbs, inaddition to parest-
hesias specially on hands and feet. Electroneuromyography
performed seven months later showed predominantly sen-
sory polineuropathy in all limbs, in more advanced phase in
lower limbs.

Case 2

Male, Caucasian patient, 7 years old, 29 kg, physical status
ASAIE, victim of accident with a glass door. Patient presen-
ted multiple cuts on left forearm with fingers ischemia, decre-
ased turgor, lack of fingers and fist flexion and anesthesia in
autonomous areas of median and ulnar nerves of fingers.
Diagnosiswasleftforearmdevascularization, medianand ul-
nar nerves injuries and flexor mucle-tendinous injuries. Acci-
denthad happened 12 hours ago, with firstaid atanotherhos-
pital where 300 mL of packed red cells were infused. Patient
arrived to the operating center lucid, oriented and with 34.8%
hematocrit. Except for allergy to dipirone, nothing of clinical
relevance was observed during preanesthetic evaluation.
Monitoring consisted of noninvasive blood pressure, pulse
oximetry and capnography. General anesthesiawasinduced
with 125 mg intravenous thiopental, followed by neuromus-
cular block with 15 mg atracurium and tracheal intubation.
Anesthesiawas maintained with O,/N,O/sevoflurane associ-
ated to axillary brachial plexus anesthesia with 37.5 mg of
0.25% bupivacaine, 1:200000 epinephrine and 30 g clonidi-
ne. At7 anesthetic hours, urine became reddish. Hemodyna-
mic and respiratory parameters were stable throughout the
procedure with blood pressure of 100 x 60 mmHg, heart rate
between90and 100 bpm, PerCO,0f28to 32mmHgand SpO,
100%.

Rhabdomyolysis was suspected due to trauma, and mannitol
and 8.4% sodiumbicarbonate were startedinthe doses of0.5
g.kg'1 and 100 mEg/m2in 24 hours, respectively, inadditionto
hydrationwith lactated Ringer’s. Total diuresis during the pro-
cedure was 1320 mL. Dosage of CPK, CK-MB, electrolytes,
urea and creatinine was requested but has shown no chan-
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ges at that moment (CPK = 153 U/L and CK-MB= 33U/L).
Anesthesialasted 9 hours and surgery consisted of broad dé-
bridement, flexor myorrhaphy and tenorrhaphy, median and
ulnar nerves graft with sural nerve and ulnar and radial arteri-
es revascularization with saphenous vein graft.

After the end of surgery, perivascular subclavian continuous
brachial plexus block was performed with 0.125% bupivacai-
ne in infusion pump for revascularized limb vasodilation and
analgesia. Patient was extubated and referred to the pedia-
tric ICU where over-hydration with 3000 mL/m? crystalloids
and 8.4% sodium bicarbonate was maintained with diuresis
at approximately 200 m L/hour. There has been CPK levels
increase in the 1% postoperative day (357 U/L- N < 170 U/L),
peakinginthe 2" day (828 U/L). Myoglobin has followed CPK
curvereaching421ng/mL(normalvalue=19-92ng/mL), also
in the 2" day.

There has been no change in CK-MB and in TGO, TGP, urea
and creatinine. Electrolytes showed low potassium levels (K*
= 2,4) which were replaced. Urine remained dark in the 1%
postoperative day, showing at urianalysis hemoglobin +++
and uncountable red cells. Hourly diuresis was maintained in
approximately 5 to 6 mL/kg/hour. Patient evolved satisfacto-
rily with CPK and myoglobin normalization and not develo-
ping other complications. Patientwas discharged 10 days la-
ter with no sequelae.

DISCUSSION

Among different bariatric surgery complications, rhabdom-
yolysis has until recently been not emphasized by surgeons
and anesthesiologists, may be due to lack of identification,
especially considering subclinical cases where only CK and
myoglobin changes and mild electrolytic changes pointto the
disease, being necessary a high suspicion index > for the
correct diagnosis which very often goes unnoticed. Khurana
etal., in aretrospective analysis of 353 morbidly obese pati-
ents submitted to laparoscopic gastric bypass, have found
1.4% postoperative rhabdomyolysis.

All five patients were male, with mean BMI of 56 and presen-
ted in the immediate postoperative period myalgia in depen-
dentregions andincreased plasma creatinokinase (CK) enz-
yme levels, mean value of 19.680 U/L3. The author emphasi-
zesthatahigherincidence could have been foundif CKdosa-
ge were a routine for these patients. Bostanjian et al. " have
reported six cases of rhabdomyolysis in 650 morbidly obese
patients submitted to laparoscopic gastric bypass (0.9% inci-
dence). All six cases started with gluteus bed wounds rea-
chingmean CKlevels of 26 000 U/L. Three cases (50%) evol-
ved to acute renal failure needing dialysis and progressed to
death.

Myocite injury, which is the early rhabdomyolysis phenome-
non, may be caused by insufficient oxygen supply to the mus-
cleorbyitsincreased consumption. Clinical situations able to
promote ischemia, hypotension or vasospasm would help
triggering the syndrome €. During malignant hyperthermia
(MH) excessive energetic consumption would start cell
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dysfunction. Another important etiologic factor is reperfusi-
on, where increased free radicals in the circulation coming
from temporarily ischemic tissues would injury microcircula-
tion °.

During obese patients anesthesia, continuous and prolon-
ged pressure of body weight against the hard operating table
could injury skeletal muscles. Prolonged dependent areas
pressure, such as gluteus, back and shoulders, decreases
fascio-muscularcompartmentsize, increasing compartmen-
tal pressure and impairing blood irrigation °.

Compartment pressure at rest varies from 9 to 15 mmHg 5,
Some authors considerthatmean blood pressurein microcir-
culationis close to diastolic pressure and that 10 to 30 mmHg
decrease would be enough to promote ischemia % Accor-
ding to some total ischemia experiments, neurological injuri-
es would be seen within 30 minutes of ischemia and muscle
injuries within 2 hours; capillary endothelial changes and
myoglobinuria within four hours °. However, in humans, most
clinical ischemias maintain partial perfusion, which could in-
creasethetimeforthe beginning oftissue injury, makingitun-
predictable °.

Owen et al., in a study with healthy volunteers, have measu-
red intracompartmental pressures through catheters inser-
ted in forearm and leg, simulating some body positions with
muscle compression ' When the muscle was submitted to
external compression, there were changes in normal com-
partmental pressure atrest, reaching200to 225 mmHgin po-
sitions where the forearm was compressed by the body, orin
forced genopectoral positions. Protection with 2.5 cm pads
attenuated this pressure increase in just 16% and 23% in fo-
rearm and leg, respectively. Distal arterial pulse at compres-
sion remained palpable, exceptin some cases of genopecto-
ral positionandwhenforearmwas compressed by the body.
In spite of that, there was blood flow impairment with pressu-
res above 30 mmHg, causing muscle ischemia and evolving
tonecrosisif maintained for4 to 8 hours. Increased hydrosta-
tic pressure in a closed compartment, such as the fas-
cia-muscle set, is able to decrease tissue capillary perfusion
causing ischemia, necrosis and cell membrane injury, lea-
ding to the building up of fluid in tissues and to hypovolemia,
triggering a vicious cycle where increased compartmental
pressure and muscle tissue ischemia alternate. So, the com-
partmental syndrome, defined asincreased hydrostatic pres-
sure in the muscle, may follow rhabdomyolysis and vice-ver-
sa ®. Some authors suggest that compartmental syndrome,
rhabdomyolysis and crush syndrome would be variations of
the same disease '°.

Patient’s immobility and possibly long surgeries and anest-
hesia-inherent situations are primary risk factors for muscle
injury and should be taken into consideration. There are lite-
rature reports on compartmental syndrome and rhabdom-
yolysis caused by forced anatomic positions during surgical
procedures, such as patients submitted to lithotomy, especi-
ally during urologic and proctologic procedures, some of
them followed by acute renal failure with the need for dialysis
58101617 Prolonged surgery was common to all cases >"%°
and obesity was present in some cases.
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Inforced lithotomy position, two factors may cause ischemia:
marked knee and hip flexion bending vessels and decreased
perfusion pressure at the raised extremity 5. Other positions
associated to muscle injury are prone *'®'° lateral "'*?° and
supine %', Long surgical procedures are also major risk fac-
tors 781014161821 Most surgery-related rhabdomyolysis are
associated to procedureslasting 4 to 11 hours, although criti-
cal time above which injuries are established is still to be de-
termined '°.

Early complaints vary from severe myalgias, muscle weak-
ness, paresthesias, changesin sensitivity, orjust signs of fla-
re, ecchymosis, skin ulcers or limb edema. The most com-
mon and also more severe electrolytic disorder is hyperpo-
tassemia, able to trigger arrhythmias "?%?*. Other changes
are hyperphosphatemia, hypovolemia and oliguria®>. Myo-
globin deposition in renal tubules forms intraluminal cylin-
ders leading to acute renal failure (ARF) 82%. More severe ca-
ses may be followed by disseminated intravascular coagula-
tion, and lung and liver dysfunction ' In conscious patients,
symptoms are absentin 50% of cases, even with expressive
CKincrease. Change in urine color indicating myoglobinuria
should be investigated ! being animportantalertin the anest-
hetized patient. In the pediatric patient of our report, this was
the first symptom observed still during surgery and allowing
for early treatment.

Classicrhabdomyolysis diagnosis depends on the identifica-
tion of risk factors, on the presence of muscle pain, reddish or
brown urine, and especially on the presence of muscle injury,
CKandmyoglobinindicators "**. Final diagnosisis laborato-
rial and CT scan or MRI may be indicated to locate affected
muscles when there is indication for surgical debridement 2
or just to evaluate the severity of the injury.
CKplasmaincrease to 5 times its normal value (45-260 UI/L)
is enough for the diagnosis ®'%'3. If the injury has a positive
evolution, plasma decrease of approximately 39% a day is to
be expected1.The primaryobjective oftreatingrhabdomyoly-
sis is to prevent complications such as ARF and to control
electrolytic disorders ° ARFin rhabdomyolysis patients has
anincidence 0f 20% to 50%'° and is the major cause of disea-
se-related death °. Relative hypovolemia, renal vasocons-
trictionand myoglobinuria are the three causal factors of ARF
during rhabdomyolysis 8, Myoglobin becomes nephrotoxicin
the acid urine (pH < 5.6), when itis degraded in ferrohematin
and globin '®. Ferrohematin has a direct toxic effect on renal
tubular epithelium . Crystalloid infusion is titrated aiming
at hourly diuresis of 100 to 500 mL.h™".

Urine alkalinization is achieved with 8.4% sodium bicarbona-
teand pH should be maintained above 6.58. Frequentplasma
and urinary pH lab control isimportant because they may not
correlate . If there is metabolic alkalosis (pH > 7.5), with uri-
ne pH <6, acetalozamide, a carbonic anidrase inhibitor, may
be added to increase bicarbonate excretion 3. Urine alkali-
nization makes myoglobin more soluble, helping its excreti-
on. Itsnormal solubility of 2% in acid pHof 5, increases to 80%
with pH = 8 . The attempt to remove myoglobin by plasmap-
heresis was not effective for the treatment, in spite of its plas-
ma level decrease %°.
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Most popular diuretics are mannitol and furosemide. Manni-
tol has some advantages over loop diuretics not acidifying
urine, being a plasma expander producing renal vasodilati-
on,increasingglomerularfiltrationrate and being effective as
free radicals carrier . Fasciotomy may be indicated, depen-
ding on intra-compartmental pressure and on peripheral cir-
culationinvolvement, howeveritincreases infectionand hos-
pital stay indices ® and its indication should be carefully
evaluated.

Skeletal muscle has notorious recovery ability, leavingno se-
quelae in most cases 25 Sometimes, however, complaints of
myalgia, muscle weakness and paresthesia persistforalong
period % 10141818 |n those cases, electroneuromyography is
indicated to diagnose muscular or neurological injuries 2
Rhabdomyolysis in children may be associated to inherited
muscle diseases, malignant hyperthermia and propofol con-
tinuous infusion syndrome being common heart arrest by
hyperpotassemia “?*?%. Our pediatric patient had no signs of
hypermetabolism during anesthesia, had no history of mus-
clediseasesandhasnotreceived propofol So, evidences po-
inttodirectmuscle trauma as the cause of myoglobinuria and
rhabdomyolysis, although there are HM cases without a clas-
sic acute intraoperative episode ?°, manifested just by myo-
globinuria, increased CK and postoperative ARF 33",
Preventive measurestoavoid orattenuate muscleinjury may
be directly related to intraoperative approaches, being the
anesthesiologist’s responsibility to evaluate the risk-benefit
ratio of forced surgical positions, especially when associated
to long procedures, and to protect the areas exposed to
pressure.
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RESUMEN

Abrao MA, Ferreira RG, Germano Filho PA, Lerner LC - Rabdo-
midlisis en Paciente Obeso Moérbido Sometido a Gastroplastia
Reductora y Durante Revascularizacién del Miembro Superior
en Paciente Pediatrico. Relato de los Casos

JUSTIFICATIVA Y OBJETIVOS: La rabdomiédlisis es un
sindrome derivado de la lesiéon el musculo esquelético. Su
etiologia es variada, y tiene interés particular en nuestra
especialidad cuando se manifiesta como complicacién
perioperatoria. El objetivo de este relato es mostrar dos casos
de rabdomiélisis durante el post-operatorio de intervenciones
quirargicas prolongadas, en un paciente con obesidad morbida
y otro con lesién traumatica, enfatizando su relacién con la
anestesia.
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RELATO DE LOS CASOS: El primer caso es un paciente de 39
anos, obeso moérbido con IMC 62, programado para
gastroplastia reductora porlaparotomia con anestesia general.
En el post-operatorio presenté debilidad muscular en
miembros superiores e inferiores con alteraciéon de la
sensibilidad. En la evolucion hubo dolor musculary orina rojiza.
El diagnéstico de rabdomidlisis fue confirmado por el aumento
de la enzima creatin-quinasa (CK) en el plasma. Tratado con
hidratacion y diuréticos no desarrollé insuficiencia renal pero
tuvo alta con secuelas muscular y neurolégica. El segundo
caso es un nifio de 7 anos, victima de un accidente con puerta
de vidrio y fue operado de urgencia para revascularizar el
miembro superior izquierdo. Presentd alteracion del color de la
orina, que se torno rojiza durante la anestesia. Fue
administrado bicarbonato de sodio y manitol por via venosa,
con el objetivo de alcalinizar la orina y aumentar el gasto
urinario. Fue enviado al CTI donde se confirmé la hipétesis de
rabdomidlisis por aumento de la enzima CK y por la
mioglobinuria. Tuvo alta al 10°dia de internacion, sin secuelas.
CONCLUSIONES: Los casos presentados muestran algunos
factores de riesgo para rabdomidlisis durante anestesia y
cirugia. El diagnéstico precoz es importante y el tratamiento
debe ser rapido y agresivo para evitar complicaciones mas
graves.
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