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RESUMO
Lorentz MN, Gontijo Filho B — Anestesia para Corre¢do de Tetralogia
de Fallot em Paciente Adulto. Relato de Caso.

JUSTIFICATIVA E OBJETIVOS: A cardiopatia congénita € um dos
problemas mais comuns ao nascimento acometendo 1 a 1,56 em
cada 10.000 nascidos vivos. Atualmente mais de 85% das crian-
cas com cardiopatias congénitas chegam a idade adulta em parte
devido aos novos tratamentos, mas sobrefudo em virtude da ten-
déncia de se realizarem corregbes cirdrgicas mais precoces. Por
outro lado, é raro encontrar um adulto com tetralogia de Fallot
(T4F) ndo-corrigida. O objetivo do presente relato foi descrever um
caso de T4F submetido a corregao cirdrgica na idade adulta.

RELATO DO CASO: Paciente de 45 anos, sexo feminino, porta-
dora de T4F internada para realizacdo de correcéo cirdrgica. Ao
exame fisico apresentava-se ciandtica nas extremidades e com
saturagéo de oxigénio (SpO,) de 73%. Foi realizada anestesia ge-
ral balanceada com etomidato, fentanil, pancurdnio e sevoflurano.
A correcdo cirdrgica realizada foi o fechamento da comunicacdo
ventricular e interposi¢cdo de conduto valvado pulmonar n° 24, pos-
teriormente foi fenestrado o septo ventricular. A saida de circulacdo
extracorpdrea (CEC) foram administradas milrinona e dopamina.
A 5p0, ao fim da operagédo era 97%. Apos o procedimento cirdrgi-
co a paciente foi encaminhada ao CTI, onde permaneceu por 72
horas e teve alta hospitalar no oitavo dia pds-operatdrio em boas
condigbes.

CONCLUSOES: O caso ilustrou sucesso de intervengéo cirtirgi-
ca em paciente de alto risco com grande interagdo entre cirurgiéo,
anestesista e terapia intensiva.

Unitermos: ANESTESIA, Cardiaca; DOENCAS, Cardiaca: congéni-
ta, tetralogia de Fallot.
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SUMMARY
Lorentz MN, Gontijo Filho B — Anesthesia for Repair of Tetralogy of
Fallot in an Adult Patient. Case Report.

BACKGROUND AND OBJECTIVES: Congenital cardiopathy is one
of the most common problems at birth, with an incidence of 1 to 1.5
in 10,000 live births. Currently, more than 85% of children with
congenital cardiopathy survive to adulthood, partly due to the de-
velopment of new therapies, but especially because of the tendency
for earlier surgical corrections. On the other hand, adult patients
with non-corrected tetralogy of Fallot (TOF) are hard to find. The
objective of the present report was to describe a case of repair of
TOF in an adult patient.

CASE REPORT: A female patient, 45 years old, with TOF, was
admitted for surgical repair of her condition. Physical exam revealed
extremities with cyanosis and oxygen saturation (SpO,) of 73%.
General balanced anesthesia consisted of ethomidate, fentanyl,
pancuronium and sevoflurane. During the surgery, the ventricular
communication was closed, placement of a 24 French prosthetic
conduit with valve and, posteriorly, the ventricular septum was
fenestrated. Milrinone and dopamine were administrated when
extracorporeal circulation (ECC) was removed. At the end of the
surgery SpO, was 97%. After the procedure the patient was admitted
to the ICU where she remained for 72 hours, being discharged from
the hospital on the eighth postoperative day in good condition.

CONCLUSIONS: This case illustrated the successful surgical
repair in a high-risk patient, with a very good interaction among the
surgeon, anesthetist, and intensive care.

Key Words: ANESTHESIA, Cardiac; DISEASES, Cardiac: congenital,
tetralogy of Fallot.

INTRODUCAO

O numero de adultos com cardiopatias congénitas tem cres-
cido muito nos ultimos anos devido a melhora da técnica ci-
rdrgica e cuidados intensivos e a tendéncia de se realizar
procedimentos corretivos mais precoces. Espera-se que
em pouco tempo haja mais adultos que criangas com car-
diopatias congénitas ', porém é dificil estimar a prevaléncia
da cardiopatia congénita no adulto. O aumento do numero
de mulheres portadoras de cardiopatia congénita, corrigida
ou ndo, em fase reprodutiva e que decidem correr o risco da
gestacao também tem aumentado; algumas cardiopatias
sdo bem toleradas durante a gravidez enquanto outras tém
descompensacéo desastrosa, e a presenga de cianose esta
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associada a deterioragcdo hemodindmica em mais da me-
tade das gestantes ao passo que apenas 15% das nao-
cianéticas apresentam piora importante do quadro. Por isso,
torna-se muito importante o conhecimento da fisiopatologia
de adultos que cresceram com cardiopatias congénitas, pois
ha implicagbes anestésicas especificas. Ha trés grupos de
pacientes adultos portadores de cardiopatias congénitas,
aqueles que foram submetidos a interveng¢des cirurgicas
corretivas, os que foram submetidos a procedimentos pali-
ativos e os que nao foram operados 2. Existem varias ra-
zdes para o paciente chegar a idade adulta sem ter sido
submetido a corregao cirurgica da cardiopatia congénita:
diagndstico tardio; pacientes com balango entre a circulagdo
pulmonar e a sistémica, como é comum acontecer nas
cardiopatias complexas que permanecem por longos pra-
zos assintomaticos até que ocorra desequilibrio entre a cir-
culacdo pulmonar e a sistémica; alguns pacientes sao
considerados inoperaveis e outros provém de regides onde
a intervencao cirdrgica é inviavel '. O grupo de pacientes
com cardiopatia ndo-corrigida é singular, pois nestes, a
convivéncia de longo prazo com os efeitos da hipdxia e a
excessiva redugéo de fluxo sangiineo pulmonar resultam
em consideravel modificagdo de sua fisiologia. Os fatores
de risco associados a ocorréncia de complicagdes intra-
operatorias incluem a presencga de cianose, tratamento de
insuficiéncia cardiaca congestiva, estado geral precario e
paciente jovem 8.

RELATO DO CASO

Paciente do sexo feminino, 45 anos, 49 kg, portadora de
tetralogia de Fallot ndo-corrigida. O diagndstico da cardio-
patia congénita foi dado pelo pediatra no primeiro ano de
vida, mas a méae da paciente recusou a correc¢ao cirurgica.
Posteriormente, quando a paciente atingiu a idade adulta,
ela continuou recusando o procedimento cirurgico. Ha 16
anos, a paciente foi submetida a cesariana sob anestesia
geral, durante o procedimento teve uma parada cardiaca e
permaneceu dois meses em coma induzido no centro de
terapia intensiva. Ha 12 anos, foi submetida a excluséo de
colaterais e iniciou uso de propranolol, mas por motivos pes-
soais nao manteve acompanhamento cardiolégico. Ultima-
mente vinha apresentado piora do quadro clinico, com
dispnéia progressiva, ortopnéia e dispnéia paroxistica notur-
na. Quatro dias antes da internacao apresentou ascite e
edema de membros inferiores, sendo internada no hospi-
tal em quadro de insuficiéncia cardiaca descompensada e
fibrilacéo atrial (FA) com resposta ventricular alta. Foi trata-
da para melhorar a condig¢éo clinica e encaminhada para a
corregao cirurgica. O ecocardiograma mostrava comunica-
¢éo interventricular (CIV) de mal alinhamento, hipertrofia
moderada dos atrios, hipertrofia importante do ventriculo di-
reito (VD) com fungéo contrétil preservada; insuficiéncias
aortica, mitral e tricuspide leves; dilatacdo moderada da aorta
e derrame pericardio discreto; funcao sistdlica do ventriculo
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esquerdo (VE) preservada e gradiente VD/TP de 90 mmHg.
No pré-operatério imediato a paciente estava em uso de
furosemida, captopril e propranolol. Ao exame fisico apre-
sentava sopro sistolico em foco mitral grau Il de Levine com
irradiacdo para axila e foco tricuspide. A frequéncia cardia-
ca (FC) era de 78 bpm em ritmo de FA; a presséo arterial (PA)
era 140 x 80 mmHg. A ausculta respiratdria apresentava
crepitacdes finas basais bilaterais.

A gasometria prévia evidenciava pH = 7,48, pCO, = 25,3, pO,
=47, HCO, = 18,6 e BE = -1,1. A SpO, era de 78%; o he-
matdcrito (HTc), 52%, e a hemoglobina, 17,8 g.dL". As es-
cérias renais mostraram uréia de 42 e creatinina de 0,6 e o
coagulograma estava normal.

A monitoracéo utilizada foi eletrocardiégrafo, oximetro de
pulso, capnégrafo, presséo intra-arterial em artéria radial es-
querda com cateter 20G, cateter venoso central 16G em veia
subclavia direita, veia periférica com cateter 16G. Foi intro-
duzido cateter em artéria pulmonar (16G) sob visdo direta
pelo cirurgido durante a intervencgéo cirurgica. Foram reali-
zados tempo de coagulagéo ativada (TCA), ionograma, he-
mograma, glicemia e gasometrias arteriais seriadas.

A inducao anestésica foi feita com 0,3 mg.kg™' de etomidato,
10 pg.kg' de fentanil e 0,08 mg.kg™' de pancurdnio; a manu-
tencéo foi realizada com sevoflurano a 1% e doses adicio-
nais de fentanil perfazendo um total de 40 pg.kg”'. Em torno
de 10 minutos antes da CEC foram administrados 735 mg
de metilprednisolona (15 mg.kg™"). Durante a CEC foram
administrados 10 mg de midazolam e 4 mg de pancurdnio.
Apods administragdo de dose teste, foi feito uso da aprotinina
1.000.000 UIK divididos em trés doses, antes da indugéo da
anestesia, durante e apdés a CEC (total de 3.000.000 UIK).
A correcgéo cirdrgica realizada foi fechamento de CIV com
patch e conduto valvado pulmonar nimero 24, além de fe-
nestracdo do septo ventricular com o intuito de descomprimir
o VD. O tempo de CEC foi de 110 minutos e o de pinga-
mento da aorta de 75 minutos.

Durante a fase de aquecimento e apods liberagdo do pinga-
mento da aorta foram iniciados milrinona (0,5 pg.kg™.min)
sem dose de ataque e dopamina (7 pg.kg'.min").

Apéds a saida de CEC a contratilidade estava adequada (a
pressdo pulmonar estava baixa) e a SpO, estava em 97%.
O hematécrito final foi de 36%, a pressao arterial média
(PAM) era 70 mmHg, a pressao de artéria pulmonar (PAP)
20 mmHg e a frequéncia cardiaca era de 88 bpm em ritmo
de FA, sendo a paciente encaminhada ao CTl hemodina-
micamente estavel.

A paciente teve alta do CTI no terceiro dia de pds-operatério
e alta hospitalar no oitavo, em boas condi¢bes clinicas.

DISCUSSAO

A tetralogia de Fallot é a mais comum das cardiopatias con-
génitas ciandticas, sendo responsavel por 10% de todas as
cardiopatias congénitas. Dentre os pacientes que crescem
com cardiopatia congénita ndo-corrigida ela responde por
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14% dos casos ficando atras apenas de defeitos do septo
atrial e do ventricular. Embora sejam tradicionalmente des-
critos quatro defeitos nessa cardiopatia: CIV amplo nao-
restritivo, obstrugdo a via de saida do VD, hipertrofia do VD
e cavalgamento da aorta; a Tetralogia de Fallot abrange na
verdade um amplo espectro de doencas que vao desde pa-
cientes com CIV e discreta estenose pulmonar, até atresia
pulmonar. Se ndo corrigida, 70% das criangas com tetralo-
gia de Fallot falecem antes dos 10 anos de vida, mas a so-
brevivéncia até a idade adulta é possivel 4, embora apdés os
40 anos a sobrevida esteja em torno de 3%. Makaryus apre-
sentou um trabalho em que o paciente de 52 anos sobreviveu
até a idade adulta sem intervencdo cirurgica ®. Em geral, a
obstrugdo a via de saida do VD é infundibular, embora possa
ser também valvar ou supravalvar. Em criangas, a obstrugao
infundibular € muito labil, gerando as caracteristicas crises
de hipdxia (Tet spells) da Tetralogia de Fallot, mas nos adul-
tos ndo-corrigidos essas crises ndo costumam ocorrer. E
comum a cianose ser consequiente ao fluxo sanguineo pul-
monar inadequado, em geral com presenca de shunt da di-
reita para a esquerda, associado a hematdcrito elevado. Em
pacientes com perfusdo pulmonar limitada; deve-se evitar
desidratacdo, manter a resisténcia vascular periférica (RVS),
controlar a resisténcia vascular pulmonar € minimizar o
consumo de oxigénio. A hipoxemia resulta em alteragdes
hematoldgicas, como a policitemia, que é uma resposta
compensatdria com o intuito de aumentar o transporte de
oxigénio. Ha aumento da viscosidade sanguinea, o que
ocasiona um maior risco de trombose. Apesar do risco de
trombose, a contagem de plaquetas esta freqlientemente
diminuida e mesmo quando esta normal sua fungéo costu-
ma ser reduzida, levando a um risco maior de sangramento
intra-operatorio nesses pacientes. A hipoxemia cronica leva
a disfungcdo miocardica, que se manifesta como redugéo na
complacéncia diastdlica e na reserva cardiaca. A limitagao
do débito cardiaco pode ndo ser evidente em repouso; porém,
é caracteristica na baixa tolerancia ao exercicio. A hipoxemia
cronica renal gera anormalidades glomerulares © que estéao
associadas a reducao na taxa de filtracdo glomerular e au-
mento dos niveis de creatinina e uréia, alteragcdo que nao
ocorreu nessa paciente. Extremo cuidado deve ser tomado
na otimizacédo do sistema cardiovascular com grandes vo-
lumes liquidos, pois essa medida pode ser catastrofica em
pacientes com grave disfungéo ventricular; além disso, os
ventriculos acostumados a trabalhar com sobrecarga de
presséo toleram mal a sobrecarga de volume. Por outro
lado, o paciente com tetralogia de Fallot ndo deve ter restri-
¢éo liquida exagerada para nao predispor a hipovolemia e
desidratacdo com diminuicdo da pds-carga, o que gera au-
mento do shunt da direita para a esquerda. O quadro pode
ser agravado por fenébmenos tromboembdlicos em presen-
¢a de hematdcrito elevado.

A abordagem cirurgica tradicional desses pacientes era a
realizagdo de anastomose sistémico-pulmonar nos primei-
ros meses de vida e corregao definitiva entre dois e cinco
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anos. Contudo, mais recentemente, a tendéncia tem sido
corre¢ao cirurgica definitiva mais precoce para evitar proble-
mas relacionados com hipoxemia crénica, disfun¢cdo do VD
ou mesmo com os problemas relativos ao shunt arterial. A
completa correcédo pode ser realizada durante a infancia 7,
com baixa mortalidade e associada a bom resultado de lon-
go prazo. Entretanto, alguns pacientes com cardiopatia con-
génita serdo submetidos a correcéo cirurgica tardiamente.
A maioria dos pacientes adultos que foram submetidos a
correcao de tetralogia de Fallot era assintomatica. Dentre os
pacientes submetidos a correg¢éo cirurgica, 85% sobrevivem
até 36 anos apods a corregao cirurgica & a funcao do VE per-
manece normal 24 anos apos a intervengdo cirurgica °. A
maioria dos problemas encontrada no seguimento tardio da
correcdo cirurgica estd associada a disritmia ventricular, in-
toleréncia ao exercicio e morte subita secundaria a regur-
gitagdo pulmonar crénica.

No paciente adulto ndo-submetido & correcéo cirurgica deve-
se esperar resposta anormal ao exercicio fisico '°, hipertrofia
celular endocardica progressiva em 29,3% dos pacientes
cianoticos com tetralogia de Fallot entre 4 e 15 anos e em
81,8% dos pacientes acima de 15 anos apresentando
disfuncéo diastdlica do VD e baixo débito cardiaco . As al-
teragbes sdo mais pronunciadas nos pacientes mais velhos,
devido & longa convivéncia com cianose e sobrecarga de
pressdo, o que aumenta a probabilidade de disfungcao
miocardica e disritmias. O numero de pacientes adultos que
sobrevivem com cardiopatia congénita tem aumentado nos
ultimos anos; no centro de cardiopatia congénita de Toron-
to, 528 pacientes foram submetidos a intervengao cirurgica
cardiaca entre 1992 e 2001 2. As principais alteracgdes fisi-
oldgicas a serem consideradas nesses pacientes sao:
disritmias, hipoxemia, policitemia, hiperviscosidade, endo-
cardite e anormalidades da coagulagéo. E importante a ade-
quada abordagem da sindrome de hiperviscosidade para
qgue nao se deteriore ainda mais a situagdo do paciente, ja
que sdo muito frequentes internagdes repetidas para reali-
zacgao de sangria no paciente adulto portador de cardiopatia
congénita cianética '*. Trabalhos recentes de correcdo de
cardiopatias congénitas em adultos tém sido publicados.
Erdoan e col. demonstraram que a mortalidade apds corre-
cao de tetralogia de Fallot em adolescentes e adultos é de
3,1% e que a correcgao cirurgica pode ser realizada com su-
cesso nesses pacientes '“. Lu e col. também apresentaram
resultados satisfatérios apds correcéo cirurgica definitiva de
tetralogia de Fallot em adultos '* com mortalidade hospita-
lar de 7% e mortalidade tardia de 5,7% demonstrando que
o grande beneficio da correcdo na idade adulta é a melho-
ra funcional.

Em alguns pacientes que apresentaram bom seguimento
apods corregao cirurgica cardiaca paliativa e nos que néao fo-
ram operados e ndo apresentam deterioracdo tardia, o ma-
nuseio anestésico convencional foi apropriado. A técnica
anestésica em pacientes com deterioragdo cardiaca e limi-
tacao funcional deve ser avaliada com cautela. O aspecto
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mais importante em relagdo aos cuidados pré-operatdrios
diz respeito ao entendimento detalhado da fisiopatologia da
doenca, do estado funcional e das alteragbes que a cardio-
patia congénita ndo-corrigida gerou no paciente no longo
prazo. Toda a equipe deve estar envolvida e o anestesio-
logista deve se antecipar aos problemas que podem ocor-
rer no intra-operatorio.

A medicacéo pré-anestésica com o intuito de reduzir o con-
sumo de oxigénio deve ser cautelosa devido ao risco de de-
pressao respiratdria nos pacientes com cardiopatia ciandtica
e, como no caso descrito havia associada descompensagao
cardiovascular, a medicacao pré-anestésica foi omitida. To-
dos os agentes anestésicos venosos podem ser utilizados
na indugdo com seguranga, a propor¢do e a dose sao mais
importantes do que o tipo de farmaco escolhido. A indugéo
anestésica varia de acordo com a experiéncia do aneste-
siologista, grau de colaboracéo do paciente e estado hemo-
dindmico. A indugéo inalatéria com sevoflurano é em geral
bem tolerada em criancas e também pode ser empregada
cetamina por via intramuscular nesses pacientes. Nos pa-
cientes adultos, a indug&o costuma ser por via venosa, lem-
brando que todos farmacos indutores, com excecao da
cetamina, estdo associados a reducao da resisténcia
vascular sistémica (RVS) em algum grau. A indugédo com os
agentes venosos deve ser lenta e cautelosa, pois os efei-
tos circulatérios ocorrem com rapidez. A indugéo inalatéria
costuma ser mais prolongada, mas isso raramente é pro-
blematico . Em pacientes com lesédo cardiaca simples,
halotano, isoflurano ou sevoflurano néo alteram o grau do
shunt E — D em pacientes ventilados com oxigénio a
100% '7. Entretanto, isso ndo pode ser extrapolado para
pacientes com cardiopatia congénita complexa, ou para
aqueles com shunt D — E. A necessidade de monitoracao
invasiva depende tanto do tipo de correcéo cirdrgica quanto
da leséo cardiaca. Deve ser lembrado que na presenca de
shunt D — E as medidas do débito cardiaco por termodi-
luicdo no lado direito da circulagdo podem fornecer resulta-
dos erréneos. A capnografia subestima muito o PaCO, e o
grau de discrepancia se correlaciona com a extenséo do shunt
D — E. O ecocardiograma transesofagico permite avaliar,
durante o procedimento cirurgico, a fungéo ventricular, pré-
carga e shunt intracardiaco, bem como a funcgéo valvar. O
oximetro de pulso também perde a acuracia nos pacientes
com hipoxemia extrema. Extremo cuidado deve ser tomado
com presenca de ar nas linhas venosas, pois ele pode atin-
gir diretamente o sistema nervoso central pelo shunt D — E.
O uso de metilprednisolona antes da CEC foi feito com o in-
tuito de diminuir a resposta inflamatéria sistémica '8; além
disso, em trabalho realizado por Prasongsukarn e col. foi
demonstrado que a administragdo de esterdides antes da
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CEC diminui a frequéncia de FA no pds-operatério °. A apro-
tinina tem sido amplamente utilizada em intervengdes cirur-
gicas cardiacas, ja que promove redugdo do sangramento
e da necessidade de hemotransfusdes 2. A aprotinina di-
minui de modo significativo a fibrindlise e melhora a hemos-
tasia em procedimentos cirurgicos, além de interferir em
outros fatores da coagulacdo, gerando balango hemostatico.
Outros beneficios da aprotinina seriam as propriedades an-
tiinflamatdrias que poderiam ajudar a diminuir a resposta
inflamatdria sistémica secundaria aos efeitos deletérios da
CEC e a resposta inflamatdria microvascular secundaria a
intervencgéo cirdrgica cardiaca com ou sem CEC. Atualmen-
te sabe-se que a terapéutica para prevenir a resposta infla-
matdria sistémica deve ser multimodal 2'.

Com relacdo aos farmacos inotrépicos utilizados, deve-se
ter em mente que em face do quadro de hipertrofia ventri-
cular por causa da sobrecarga de pressao de longo prazo
e da descompensacao cardiaca que a paciente apresentava,
ja se inferia a possibilidade de piora da fungdo miocardica
apos a corregcao anatémica, sendo entao iniciados os far-
macos inotrépicos antes da saida de CEC. A dopamina nas
doses de 3 a 10 pg.kg'.min"' exibe efeitos inotrépicos e é
adequada para pacientes com tetralogia de Fallot. Em do-
ses maiores que 15 pg.kg'.min”, deve ser evitada pois ha
grande aumento das propriedades vasoconstritoras e
cronotropicas; em doses menores, ja se sabe que é inefi-
caz com relagéo a protecdo renal, ndo devendo, portanto,
ser usada 222, A probabilidade da dopamina ter precipitado
a FA foi descartada em virtude da baixa dose utilizada e do
fato de a paciente ja ter se internado no hospital com a
disritmia. Houve adicdo da milrinona porque na cardiopatia
congénita do adulto deve-se ter maior preocupagcédo com
taquicardia, aumento da pressao diastdlica final, pés-carga
e aumento do consumo de O,, pois estes sdo menos tole-
rados no adulto do que na crianca. No presente caso exis-
tia a preocupacéo adicional de evitar disritmias. A milrinona
€ um farmaco n&o-glicosideo, nao-catecolamina, com pro-
priedades vasodilatadoras, inotrdpicas e lusitropicas e tem
sido extensamente usada em adultos com insuficiéncia car-
diaca congestiva mostrando resultados favoraveis 2. Pode-
se questionar no presente caso se a melhor escolha ndo
teria sido associacao de epinefrina com milrinona, pois elas
apresentam sinergismo, tendo sido uma boa escolha tan-
to em adultos como em crian¢as apds o procedimento ci-
rdrgico.

Concluindo, é de vital importancia rigorosa compreenséo da
fisiopatologia do paciente adulto com cardiopatia congénita,
sendo que as decisbes compartilhadas por uma equipe
multidisciplinar e a abordagem do paciente individualizada
contribuem para o sucesso do tratamento cirdrgico.
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Anesthesia for Repair of Tetralogy of
Fallot in an Adult Patient. Case Report

Michelle Nacur Lorentz, TSA, M.D.; Bayard Gontijo Filho, M.D.

INTRODUCTION

The number of adults with congenital cardiopathies has
increased considerably over the years, mainly due to impro-
vements in surgical techniques and intensive care and the
tendency for the early repair of said conditions. It is hoped
that the day will come when the number of adults with
congenital cardiopathies will be greater that that of children ';
however, it is difficult to estimate the prevalence of congenital
cardiopathies in adults. The increase in the number of
women in childbearing age with congenital cardiopathies,
repaired or not, who decided to take the risk of a pregnancy
has also increased. Some cardiopathies do well during the
pregnancy, while others develop dangerous complications;
the presence of cyanosis is associated with hemodynamic
deterioration in more than half of pregnant women and,
among non-cyanotic patients, only 15% present deterioration
of their clinical condition. Therefore, the knowledge of the
pathophysiology of congenital cardiopathies in adults is very
important, since there are specific anesthetic implications.
There are three groups of adult patients with congenital
cardiopathies: those who underwent corrective surgeries,
patients who had palliative procedures, and the ones that
were not operated 2. There are several reasons why a patient
reaches adulthood without having surgical repair of his/her
disease: late diagnosis; patients with an equilibrium bet-
ween pulmonary and systemic circulations, which is very
common in complex cardiopathies that remain asympto-
matic for a long time before developing an imbalance
between the pulmonary and systemic circulation; some pa-
tients are deemed inoperable; and others are from areas in
which the surgical intervention is not viable '. The group of
patients whose cardiopathies were not repaired is singular
because of the long-term effects of hypoxia and excessive
reduction in pulmonary blood flow on their physiology. Risk
factors associated with intraoperative complications include
the presence of cyanosis, treatment of congestive heart
failure, deterioration in physical condition, and young 3.

CASE REPORT

A female patient, 45 years old, weighing 49 kg, presented
with non-corrected tetralogy of Fallot. The congenital car-
diopathy was diagnosed by her pediatrician in the first year
of life, but her mother refused to have it repaired. When the
patient reached adulthood, she also refused surgical repair.
Sixteen years before admission, the patient underwent a
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cesarean section under general anesthesia; during the pro-
cedure she developed cardiac arrest, and remained in indu-
ced coma for two months in the intensive care unit. Twelve
years before admission, she underwent exclusion of colla-
terals and was started on propranolol but, for personal
reasons, did not continue the cardiological follow-up. Lately,
her condition had been worsening, with progressive dysp-
nea, orthopnea, and paroxysmal nocturnal dyspnea. Four
days before admission, the patient developed ascites and
edema of the lower limbs, being admitted to the hospital with
decompensated heart failure and atrial fibrillation (AF) with
high ventricular rate. She was treated to improve her clinical
condition and was referred for surgical repair. Echocar-
diogram showed malaligned interventricular communi-
cation (IVC), moderate atrial hypertrophy, important right
ventricular hypertrophy (RV) with preserved contractile
function; mild aortic, mitral, and tricuspid insufficiency; mo-
derate aortic dilation and small pericardial effusion; pre-
served left ventricular (LV) systolic function and RV/PT
gradient of 90 mmHg.

Preoperatively, the patient was taking furosemide, captopril,
and propranolol. Physical exam revealed a Levine grade Il
mitral systolic murmur radiating to the axilla and tricuspid
focus; heart rate (HR) = 78 bpm, with AF; blood pressure (BP)
140x80 mmHg. Pulmonary auscultation revealed fine bilate-
ral basal crepitation.

Arterial blood gases revealed pH = 7.48, pCO, = 25.3, pO, =
47, HCO, = 18.6, BE = 1.1. Oxygen saturation 78%, hemato-
crit (HT) = 52%, and hemoglobin = 17.8 g.dL'; BUN = 42;
creatinine = 0.6, and normal blood clotting parameters.
Monitoring included electrocardiogram, pulse oximetry, cap-
nograph, intra-arterial blood pressure in the left radial artery
with a 20G catheter, a 16G central venous catheter in the
right subclavian vein, and a 16G peripheral vein catheter. A
pulmonary artery catheter (16G) was introduced with direct
supervision of the surgeon during the surgical procedure.
Serial activated clotting time (ACT), ionogram, complete
blood count, glucose level, and arterial blood gases were
done.

Anesthetic induction was done with 0.3 mg.kg" of ethomi-
date, 10 pg.kg™" of fentanyl, and 0.08 mg.kg™ of pancuronium;
1% sevoflurane and additional doses of fentanyl, for a total
of 40 pg.kg", were used for maintenance. Approximately
10 minutes before ECC, 735 mg of methylprednisoline
(15 mg.kg"') was administered. During ECC, 10 mg of mi-
dazolam and 4 g of pancuronium were administered. After
administration of the test doses, three doses of aprotinin,
1,000,000 KIU, were administered before inducing anes-
thesia, and during and after ECC (3,000,000 KIU).

Surgical procedure consisted of closure of the IVC with a
patch and placement of a 24 French prosthetic conduit with
valve, besides fenestration of the ventricular septum to de-
compress the RV. Extracorporeal circulation lasted 110 mi-
nute, and the aorta was clampped for 75 minutes.
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During warming up of the patient and after opening of the
aorta, milrinone (0.5 pg.kg™'.min"), without a loading dose,
and dopamine (7 pg.kg'.min") were instituted.

After removing the patient from ECC, the contractility of the
heart was adequate (low pulmonary pressure) and SpO,
was 97%. The final hematocrit was 36%, mean arterial
pressure (MAP) 70 mmHg, pulmonary artery pressure (PAP)
20 mmHg, and heart rate 88 with AF. Patient was hemody-
namically stable when she was transferred to the ICU.

The patient was discharged from the ICU on the third post-
operative day and from the hospital on the eighth postope-
rative day in good clinical condition.

DISCUSSION

Tetralogy of Fallot is the most common cyanotic congenital
cardiopathy, being responsible for 10% of all congenital
cardiopathies. It has an incidence of 14% among patients
who grew-up with non-corrected congenital cardiopathies,
being surpassed only by atrial and ventricular septal defects.
Although, traditionally, four defects are describe as part of this
cardiopathy: non-restrictive interventricular septal defect,
obstruction of the outflow tract of the RV, right ventricular
hypertrophy, and biventricular origin of the aortic valve, in
reality tetralogy of Fallot encompasses a wide spectrum of
disorders, from patients with interventricular septal defect and
discrete pulmonary stenosis to pulmonary atresia. If it is not
repaired, 70% of the children with this disorder die before
the age of 10, but survival to adulthood is possible 4, although
after the age of 40, the rate of survival is about 3%. Makaryus
reported the case of a 52-year old patient who survived
without repair ®. Obstruction of the outflow tract of the RV
usually is infundibular, although it may also be valvar or
supravalvar. In children, the infundibular obstruction is labile,
leading to the characteristic crisis of hypoxemia (Tet spells),
but adults whose TOF was not repaired usually do not expe-
rience those episodes. Cyanosis usually is secondary to
inadequate pulmonary blood flow, often associated with a
right to left shunt, and elevated hematocrit. In patients with
limited pulmonary perfusion, one should avoid dehydration,
maintain adequate systemic vascular resistance (SVR),
control pulmonary vascular resistance, and minimize oxygen
consumption. Hypoxemia causes hematologic changes,
such as polycythemia, which is a compensatory response to
increase oxygen transportation. Blood viscosity is increased,
elevating the risk of thrombosis. Despite the risk of throm-
bosis, platelet count is usually decreased and, even when it
is normal, its function is reduced, causing an increased risk
of intraoperative bleeding. Chronic hypoxemia causes myo-
cardial dysfunction, with reduced diastolic complacency and
cardiac reserve. The limitation in cardiac output might not be
evident at rest; however, affected patients characteristi-
cally have a low exercise tolerance. Chronic renal hypoxemia
usually causes changes in the glomeruli®, associated with
a reduction in glomerular filtration rate and increased levels
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of BUN and creatinine, which were not present in the patient
presented here. Optimization of the cardiovascular system,
with large volumes of fluids, should be done very carefully
because it can be disastrous in patients with severe ventri-
cular dysfunction; besides, ventricles used to work with pres-
sure overload do not tolerate well an increase in volume; on
the other hand, liquid restriction should not be exaggerated
in patients with tetralogy of Fallot, which might lead to
hypovolemia, dehydration with reduction in post-load, which
causes an increase in the right to left shunt. The condition
of the patient can be aggravated by thromboembolic
phenomena in the presence of elevated hematocrit.
Traditionally, the surgical approach to these patients inclu-
ded a systemic-pulmonary anastomosis in the first months
of life, and definitive repair between the ages of 2 and 5;
however, the current tendency is to perform the definitive
surgical repair earlier, to avoid problems caused by chronic
hypoxemia, RV dysfunction, or even problems regarding the
arterial shunt. Complete repair can be done in the infancy 7,
with low mortality and associated with good long-term
prognosis. However, some patients with congenital cardio-
pathy will undergo surgical repair at a later time. Most adult
patients who underwent repair of tetralogy of Fallot were
asymptomatic. Among patients undergoing surgical repair,
85% survive up to 36 years after repair 8; left ventricular
function is normal 24 hours after the repair °. Most problems
associated with late surgical repair are associated with ven-
tricular arrhythmias, exercise intolerance and sudden death
secondary to chronic pulmonary regurgitation.

In the adult patient without surgical repair, one should expect
an abnormal response to physical exercise °, progressive
hypertrophy of myocardial cells in 29.3% of cyanotic patients
with tetralogy Fallot between the ages of 4 and 15 years, and
in 81.1% of patients above 15 years with right ventricular
systolic dysfunction and low cardiac output "'. Changes are
more pronounced in older patients due to long-term cyanosis
and pressure overload, increasing the probability of myo-
cardial dysfunction and arrhythmias. The number of adult
patients who survive with congenital cardiopathies has
increased over the years. In the center of congenital cardio-
pathy in Toronto, 528 patients underwent cardiac surgery
between 1992 and 2001 ™. The main physiological changes
to be considered in those patients are arrhythmias, hypo-
xemia, hyperviscosity, endocarditis, and coagulation abnor-
malities. The proper approach to the hyperviscosity syndrome
includes avoidance of further deterioration in the condition
of the patient, since repeated admissions to the hospital
to bleed adult patients with congenital cardiopathy are
frequent. Recent studies on the repair of congenital cardio-
pathies in adults have been published. Erdoan et al. de-
monstrated a mortality rate of 3.1% after correction of tetralogy
of Falllot in teenagers and adults, and that surgical repair can
be successfully done in those patients . Lu et al. also had
satisfactory results after definitive surgical repair of tetralogy
of Fallot in adults 5, with an in-hospital mortality rate of 7%
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and a 5.7% late mortality rate, demonstrating that the greater
benefit of surgical repair in adults is functional improvement.
In some patients with a good response to palliative surgery
and those who had no surgery and did not develop late de-
terioration, conventional anesthetic management was
successful. The anesthetic technique in patients with cardiac
deterioration and functional limitations should be evaluated
carefully. The most important aspects regarding preoperative
care is the detailed knowledge of the pathophysiology of the
disease, functional state, and long-term changes that the
uncorrected congenital cardiopathy caused in the patient. The
entire team should be involved and the anesthesiologist should
anticipate the intraoperative problems that might ensue.
Administration of pre-anesthetic medication to reduce oxygen
consumption should be done carefully, due to the risk of
respiratory depression in patients with cyanotic cardiopathy
and, since the patient described here had cardiovascular
decompensation, pre-anesthetic medication was not admi-
nistered. All intravenous anesthetics can be safely used for
induction, because proportion and dose are more important
than the type of drug chosen. Anesthetic induction varies
according to the experience of the anesthesiologist, degree
of patient cooperation, and hemodynamic parameters.
Inhalational induction with sevoflurane is usually well-to-
lerated in children; intramuscular ketamine can also be used
in these patients. In adults, induction is usually done with
intravenous drugs, and one should not forget that all drugs
used for induction, except for ketamine, are associated with
reduction in systemic vascular resistance. Induction with
intravenous drugs should be done slow and carefully, be-
cause circulatory effects occur rapidly. Inhalational induction
is usually more prolonged, but it is rarely a problem 6. In ca-
ses with simple cardiac lesions, halothane, isoflurane, or
sevoflurane do not change the degree of left-to-right shunt in
patients ventilated with 100% oxygen 7. However, this cannot
be extrapolated to patients with complex congenital cardio-
pathy or for those with right-to-left shunt. The need of invasive
monitoring depends both on the type of surgical repair and
cardiac lesion. One should remember that in the presence
of a right-to-left shunt, measurement of cardiac output by
thermodilution on the right side of the circulation might not
be accurate. Capnography greatly underestimates PaCO,
and the degree of discrepancy is correlated with the degree
of right-to-left shunt. Transesophageal echocardiogram
allows the evaluation, during surgery, of ventricular function,
preload, and intracardiac shunt, as well as valvar function.
Pulse oximetry also loses its accuracy in patients with severe
hypoxemia. Extreme care should be taken with the presence
of air in intravenous lines, because it can reach the central
nervous system directly through the right-to-left shunt.
Methylprednisolone was administered before ECC to de-
crease systemic inflammatory response '¥; besides, a study
by Prasongsukarn et al. demonstrated that the adminis-
tration of corticosteroids before ECC decreases the frequency
of postoperative AF '°. Aprotinin has been widely used in
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cardiac surgeries because it decreases bleeding and the
need for blood transfusions 2°. Aprotinin reduces fibrinolysis
significantly and improves hemostasis in cardiac surgeries,
and it also interferes with other clotting factors, generating a
hemostatic balance. Other benefits of this drug include its
anti-inflammatory properties that could help reduce systemic
inflammatory response secondary to the noxious effects of
ECC and the microvascular inflammatory response secon-
dary to cardiac surgery with or without ECC. It is known that
a multimodal treatment should be used to prevent the
systemic inflammatory response 2'.

As for the inotropic agents used, in the presence of ven-
tricular hypertrophy secondary to long-term pressure over-
load and cardiac decompensation of this patient, worsening
of myocardial dysfunction after anatomical repair was a real
possibility and, therefore, the administration of inotropic
agents was iniated before taking the patient off ECC. Doses
of dopamine from 3 to 10 pg.kg'.min"' have inotropic action,
being adequate for patients with tetralogy of Fallot; one
should avoid doses higher than 15 pg.kg™'.min"', because of
the marked increase in vasoconstrictive and chronotropic
properties. It is known that smaller doses of dopamine do
not protect renal function and, therefore, they should not be
used 222, The probability that AF was caused by dopamine
was ruled out based on the low dose administered to the
patient and the fact that she already had this arrhythmia upon
admission to the hospital. Milrinone was added based on
the fact that, in congenital cardiopathy in adults, one should
worry about the development of tachycardia, increase in end-
diastolic pressure, post-load, and oxygen consumption,
since they are not tolerated in adults as well as in children.
In the case presented here, we were aware that the deve-
lopment of arrhythmias should be avoided. Milrinone is a
non-glycoside, non-catecholamine drug, with vasodilator,
inotropic, and lusitropic properties, and has been widely used
in adults with congestive heart disease with good results.
In the present case, one could question whether the asso-
ciation of epinephrine and milrinone would have been better,
since they have synergistic action, being a good treatment
option both in adults and children after surgery.

In conclusion, the knowledge of the pathophysiology of the
adult patient with congenital cardiopathy is vital, and the
decisions of a multidisciplinary team and individualized pa-
tient management contribute to the success of the surgery.
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RESUMEN
Lorentz MN, Gontijo Filho B — Anestesia para Correccién de Te-
tralogia de Fallot en Paciente Adulto. Relato de Caso.

JUSTIFICATIVA Y OBJETIVOS: La cardiopatia congénita es uno
de los problemas mds comunes en el nacimiento acometiendo de
1a 1,5 en cada 10.000 nacidos vivos. Actualmente mds del 85%
de los nifios con cardiopatias congénitas llegan a la fase adulta en
parte debido a los nuevos tratamientos, pero principalmente a la
tendencia de hacer correcciones quirdrgicas mas precoces. Por
otro lado es raro que se encuentre un adulto con Tetralogia de Fallot
no corregida. El objetivo del presente relato fue describir un caso
de T4F sometido a la correccion quirdrgica en la edad adulta.

RELATO DEL CASO: Paciente de 45 afios, sexo femenino, porta-
dora de T4F internada para realizacion de correccion quirdrgica.
Al momento del examen fisico se presentaba ciandtica en las ex-
tremidades y con saturacion de oxigeno (SpO,) de 73%. Fue rea-
lizada anestesia general balanceada con etomidato, fentanil,
pancuronio y sevoflurano. La correccion quirdrgica realizada fue el
cierre de la comunicacion ventricular e interposicion de conducto
con valvula pulmonar n° 24, posteriormente fue abierto el septo
ventricular. A la salida de circulacion extracorpdrea (CEC) se
administraron milrinona y dopamina. La SpO, al concluir la
operacion era del 97%. Después del procedimiento quirdrgico la
paciente fue llevada al CTI donde permanecio por 72 horas y tuvo
alta en el octavo dia postoperatorio en buenas condiciones.

CONCLUSIONES: El caso ilustré un éxito de la intervencion qui-
rdrgica en paciente de alto riesgo con gran interaccion entre
cirujano, anestesista y terapia intensiva.
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