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RESUMO

Cruz PM, Bello CN, Marcial MLB, Auler Jr JOC - Aspectos da
Funcao Tiredidea em Lactentes Submetidos a Cirurgia Cardia-
ca com Circulagao Extracorpdrea

JUSTIFICATIVA E OBJETIVOS: A cirurgia cardiaca com
circulagdo extracorpoérea (CEC) relaciona-se a doencga
eutiredidea ou a depressdo do eixo hipotalamo-hipofisario-
tiredideo. O estado hemodinamico incomum imposto pela CEC
é responsavel por diversas alteragbes enddcrino-metabdlicas,
acarretando complexa resposta inflamatéria sistémica. Esta
investigacdo teve como objetivo analisar o comportamento da
triiodotironina (T3), tetraiodotironina (T4) e tireotrofina (TSH)
em lactentes submetidos a cirurgia cardiaca com CEC.
METODO: Foram estudados 15 lactentes. As amostras de
sangue para pesquisa de Ts;, T, e TSH foram obtidas em 4
momentos designados: M, - apos a indugéo da anestesia; M, -
apos o final da cirurgia; M3- 6 horas apds o final da cirurgia e My
- 24 horas ap6s o My. Para complementar esta investigagéo,
foram estudadas as variagbes dos seguintes pardmetros:
presséo arterial média (PAM), temperatura sangiiinea central
(°C), atributos da oxigenacgdo tecidual e do equilibrio
acido-base (M, CEC, M,, M3 e M,).

RESULTADOS: As médias de idade, peso, altura e superficie
corpérea dos pacientes foram 3,9 meses; 4,708 kg; 0,65 m e
0,3 m?, respectivamente. As concentragées plasmaticas de T
(p < 0,0001), T4 (p < 0,0001) e TSH (p = 0,0021) variaram
significativamente durante o periodo estudado, sendo que as
de T3 declinaram progressivamente. As menores taxas de Tz e
T4 coincidiram com as maiores de Ht e Hb, descartando os
efeitos da hemodiluigdo. As maiores concentragées séricas de
TSH demonstraram a provavel reagdo do eixo
hipotalamo-hipofisario-tire6ideo aos efeitos da hipotermia e da
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absorgdo maciga pelo iodo (uso topico de solugbes
anti-sépticas). Foram identificados aspectos da “Sindrome do
T3 baixo” em todos os momentos estudados.
CONCLUSOES: Foram observadas alteragbes nas
concentragbes séricas de T3, T, e TSH em lactentes
submetidos a cirurgia cardiaca com circulagdo extracorpérea.

Uniterrpos: ANESTESIA, Pediatrica; CIRURGIA, Cardiaca;
HORMONIOS: tiredideos

SUMMARY

Cruz PM, Bello CN, Marcial MLB, Auler Jr JOC - Thyroid Functi-
on Profile in Infants Submitted to Cardiac Surgery with Cardio-
pulmonary Bypass

BACKGROUND AND OBJECTIVES: Cardiac surgery with
cardiopulmonary bypass (CPB) is related to euthyroid disease
or hypothalamic-pituitary-thyroid system depression. Abnor-
mal hemodynamic status induced by CPB is responsible for
several endocrine-metabolic changes, triggering complex sys-
temic inflammatory response. This study aimed at evaluating
triiodothyronine (T3), tetraiodothyronine (T,4) and thyrotrophin
(TSH) behavior in infants submitted to cardiac surgery with
CPB.

METHODS: Participated in this study 15 infants. Blood samples
for Ts, T4, and TSH evaluation were collected in four moments:
M; - after anesthetic induction; M, - at surgery completion; Mj -
six hours after surgery completion; My - 24 hours after M4. To
complete this study the following parameters were evaluated:
mean blood pressure (MBP), central blood temperature (°C),
tissue oxygenation and acid-base attributes (M;, CPB, M,, M3
and M,).

RESULTS: The patients' means aged, weigh, height and body
surface were 3.9 months; 4.708 kg; 0.65 m and 0.3 m’
respectivety. Plasma Ts (p < 0.0001), T4 (p <0.0001) and TSH
(p = 0.0021) concentrations have significantly varied through-
out the study with T; concentrations progressively decreasing.
Lowest T; and T4 values were coincident with highest Ht and Hb
values, discarding hemodilution effects. Highest serum TSH
concentrations have shown a possible hypothalamic-pitu-
itary-thyroid system reaction to hypothermia and of massive io-
dine absorption (topic use of antiseptic solutions). “Low T;
Syndrome” aspects were identified in all studied moments.
CONCLUSIONS: There have been changes in serum Ts, T4
and TSH concentrations in infants submitted to cardiac surgery
with cardiopulmonary bypass.

Key Words: ANESTHESIA, Pediatric; HORMONES: thyroid;
SURGERY, Cardiac

INTRODUGAO

Acirurgia cardiaca com circulagéo extracorporea (CEC)
relaciona-se a doenga eutiredidea ou a depressao do
eixo hipotalamo-hipofisario-tiredideo. O estado hemodina-
mico incomum imposto pela CEC é responsavel por diver-
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sas alteragbes enddcrino-metabdlicas, acarretando
complexa resposta inflamatoria sistémica '. A doenca euti-
redidea, evidenciada pelo desequilibrio transitério do meta-
bolismo periférico dos horménios tiredideos, € interpretada
como um mecanismo de defesa organico com o intuito de
reduzir o metabolismo basal, mas podera significar, even-
tualmente, mau prognostico evolutivo 2*. Manifesta-se la-
boratorialmente de duas formas °:

1) “Sindrome do T3 baixo”: presencga de concentragdes sé-
ricas reduzidas de T3 e elevadas de T3 reverso (Tsr) na
presenca de T, e TSH normais. Este fendmeno origi-
na-se da menor atividade da desiodase tipo 1- 5, enzi-
ma normalmente responsavel pela geracdo do Tz a partir
do T4 e pela produgédo de diiodotironinas a partir do Tsr
(metabdlito inativo). Como resultado, o T3 ndo é satisfa-
toriamente produzido, enquanto as taxas de Tsr sérico
aumentam. O disturbio agrava-se ainda pela maior atua-
¢ao da via metabdlica alternativa através da desiodase
tipo 1- 5, que gera Tsr (e ndo o T3) diretamente a partir do
T,4. As taxas séricas de Tsrelevam-se, portanto, pela ma-
ior produgéo e depuragao inadequada.

2) “Sindrome do T3 e T4 baixos”, mais grave, originaria do
estimulo deficiente do TSH e acompanhada pela redu-
¢ao ou ineficacia das proteinas carreadoras dos hormé-
nios tiredideos. Neste caso, as concentragdes séricas
de Tsr praticamente néo se alteram, porque a desiodase
tipo 1- 5 (via alternativa) ndo encontra substrato disponi-
vel suficiente, que é o T,.

Adoencga eutiredidea ja foidocumentada em adultos subme-
tidos acirurgia cardiaca com CEC; entretanto, pacientes pe-
diatricos apresentam comportamento incerto devido a sua
imaturidade .

Esta investigacao teve como objetivo avaliar os comporta-
mentos do T3, T4 e TSH em lactentes submetidos a cirurgia
cardiaca com CEC.

METODO

Apos aprovacdo da Comissdo de Etica, foram estudados,
prospectivamente, 15 lactentes, estado fisico ASAIlIl, VeV,
submetidos a cirurgia cardiaca com CEC para tratamentode
doengas ciandticas e ndo cianodticas. Foram excluidas crian-
¢as com disturbios congénitos do metabolismo tiredideo, do
eixo hipotalamo-hipofisario-tiredideo, que tivessem recebi-

do contraste iodado (cateterismo cardiaco) ou com pais por-
tadores de disfungéao tiredidea. As amostras para pesquisa
de T3, T4 e TSH foram obtidas em 4 momentos distintos: M1 -
antesdainducaodaanestesia; M, -aofinal dacirurgia; M3 -6
horasapdsofinaldacirurgiae M4-24horasapésoM;. Foram
avaliados também, nos momentos M4, CEC (grau de hipoter-
mia maxima determinado pela equipe cirurgica), My, Mz e My
e os comportamentos das seguintes variaveis: pressao arte-
rial média (PAM), temperatura sanguinea central (terméme-
troesofagico, °C), hemataocrito (Ht), hemoglobina (Hb), pres-
séo parcial arterial de oxigénio (Pa0O), saturagéo arterial de
oxigénio (Sp0,), pH sangtineo (pH), excesso de bases (BE)
e ion bicarbonato (HCOj3").

A anestesia geral foi realizada pela administracao de clori-
drato de fentanil, midazolam e brometo de pancurénio ’. A
técnica anti-séptica consistiu da aplicagao topicaextensade
solucdo degermante (1% de iodo ativo.100 ml), seguida de
alcool etilico refinado e tintura Povidine® (10% de iodo ativo).
As criangas foram submetidas a perfusao utilizando-se oxi-
genadorde membrana modeloinfantil, sob hipotermia assis-
tida (28 a20°C) e com fluxo n&o pulsatil gerado pelo sistema
deroletes dabombade CEC (1,51.min™"). O perfusato (600 a
700 ml) visou a manutencao de hematdcrito superior a 30%
através da administragéo de hemoderivados ®. O T; e T, fo-
ram dosados pelo método de radioimunoensaioe o TSH pelo
imunoradiométrico.

Valores normais: Ts- 0,8 a2 ng.ml™"; T,- 4,52 12,5 pg.dl™;
TSH-0,3a4,5muUl.ml".

Aavaliagdo das médias ao longo do tempo foi realizada pela
analise de perfil e as variaveis quantitativas, pelo teste de
Dunnett e Bonferroni. Foram considerados significantes os
valores com probabilidade inferior a 0,05.

RESULTADOS

Asconcentragdesde T3, T4e TSHvariaramssignificativamen-
teaolongotempo(p<0,05). Asmaiores médiasde T3 (embo-
ra ligeiramente abaixo dos valores de referéncia normais) e
do T4 foram obtidas no M. As menores médias de Tz e T, fo-
ram constatadas no M. As maiores concentragdées do TSH
foram obtidas no M;, e as menores no M;. Arepresentagéo
numérica dos resultados pode ser observada natabelal, en-
quanto as concentragdes dos hormdnios ao longo do tempo,
nas figuras 1, 2 e 3.

Tabela | - Representacdo Numérica das Concentracdes de Ts, T, € TSH nos Momentos Estudados (Média + DP)

M, M, Ms My
T3 (ng.ml™) 0,7867 + 0,33 0,6267 + 0,28 0,6067 + 0,24 0,480 + 0,21
Ta (ug.di™) 7,12 £2,46 5,320 + 1,31 5,393+ 1,31 5,187 + 1,48
TSH 3,43 +2,38 4,11+ 2,40 1,03 £ 0,69 1,26 + 1,37
(mUl.ml™)
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Figura 1 - Comportamento do T3 ao Longo do Tempo
p < 0,001
Comparagéo entre os valores iniciais e os obtidos nos M, * (p <
0,05), M3** e My** (p < 0,01)
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Figura 2 - Comportamento do T4 ao Longo do Tempo

p < 0,001
Comparagéao entre os valores iniciais e os obtidos nos momen-
tos My*, M3* e Ms* (p < 0,01)

Todos os outros parédmetros estudados também variaram
significativamente em relagao ao tempo (p < 0,05), exceto o
Ht e a Hb (Tabela Il). No momento da CEC foram obtidas as
menores médias da PAM, temperatura sangliinea central,
Ht,Hb, pH,BEe HCOj3;". Asmaiores concentragdesde Hte Hb
ocorreram no My.

Tabela Il - Comportamentos dos Pardmetros Estudados

Figura 3 - Comportamento do TSH ao Longo do Tempo
p =0,0021
Comparagéao entre os valores iniciais e os obtidos nos momen-
tos M;* e My* (p < 0,01)

DISCUSSAO

De acordocomas médias hormonais obtidas, pode-se consi-
derarquelogonoinicio (M,) ja se configuravam laboratorial-
mente os aspectos da “Sindrome do T3 baixo”, e varios moti-
vos podem ter contribuido para esta situagao:

a) Desnutrigdo - as doengas congénitas do coragéo cursam
geralmente com importante privagéo caldrica originaria
de dietainadequada, ma-absorgao de nutrientes ou ele-
vado consumo metabdlico °. O estado hipercatabdlico,
quando existente, é resultado do excesso de producao
de catecolaminas e ndo da hiperatividade dos hormoni-
os tiredideos. A desnutricao atinge diretamente a con-
versdao do T4, em T3, sendo que na presenga de
insuficiéncia hepatica ocorrem alteragdes do transporte
do T3 e Ty, devido a caréncia de proteinas carreadoras
do plasma TBG (Thyroid-Binding Globulin) e TBPA
(Thyroid-Binding-Pre-Albumine) '®''". E comum haver
também depressao da atividade hormonal da tiredide 12;

b) Jejum pré-operatério - o periodo exagerado do jejum de
lactentes ou pior, em lactentes com reserva nutricional
reduzida, promove liberagdo de acidos-graxos circulan-
tes que interferem no transporte dos hormonios tireoi-

Parametros M, CEC M3 M4

PAM (mmHg) 53,93 + 8,19 36,73+ 8,77* 48,87 + 9,56 57,47 + 7,68 61,80 + 5,50* p =0,016 p* < 0,01
Temperatura (°C) 34,87 £0,99 24,60 £4,43* 36,27 £ 0,96 36,36 + 0,35) 36,51 £ 0,60 p =0,0815 p* < 0,01
Ht (ml.100 ml) 36,13+ 6,85 32,73 +5,63 35,67 £ 5,09 34,93 + 3,97) 36,40 + 3,97 p =0,9338

Hb (g.100 ml) 12,01 £2,29 10,91 +1,85 11,95 + 1,54 11,57 + 1,53) 12,09 + 1,38 p =0,9637
Pa0, (mmHg) 163,5+103,8 174,2 +£ 62,95 119,4 + 99,69 106,3 + 45,22) 108,8 + 53,76 p=0,0184
SatOy(%) 95,563 + 5,44 97,95 + 2,52 92,40 + 9,67 93,57 + 6,76) 94,59 + 5,08 p =0,0195

pH 7,36 + 0,097 7,35+ 0,096 7,38+0,13 7,37 £ 0,078) 7,37 £ 0,042 p =0,0376

BE (mEgq.I") -3,4+295 -5,59 + 4,22 -0,95 + 4,24 -0,85 + 4,63) -1,22 £3,35 p < 0,0001
HCO3 (mEq.I") 22,53 + 5,38 22,38 + 7,06 27,2 +9,33 23,05 +2,91) 23,85 + 3,27 p =0,0158

Valores de p < 0,05 em relagédo ao tempo, e valores de p* < 0,05 em relagdo aos valores iniciais
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deos pelas proteinas. Adultos submetidos a 24 horas de
supressao alimentar desenvolveram a “Sindrome Euti-
redidea” caracterizada pela menor conversao tecidual
do T, com geragéao progressiva de Tr. A administragao
de glicose, por via oral normaliza o T3 sérico 13;

¢) Administracéo pré-operatéria de medicamentos - alguns
farmacos, como a furosemida, causam alteragdes dire-
tas naligagédo bioquimicado T; e T,a TBG, TBPAe a al-
bumina pelo mecanismo de competigao .

As maiores concentragdes de TSH sérico (ainda que dentro
da normalidade) foram obtidas no M, sugerindo que apds o
final da cirurgia cardiaca houve maior estimulo hipofisario.
Entretanto, ainda permanecem laboratorialmente os aspec-
tos da “Sindrome do T3 baixo”.

A aplicagéao topica de compostos iodados (degermantes e
tinturasiodadas)em criangas resultanaabsorgdo macicade
iodo pela pele, sem que haja necessariamente comprometi-
mento prévio daintegridade. Acontaminagéo é comprovada
pelo aumento das concentragdes séricas e urinarias deste
Iron 15-17.

O metabolismo ¢é afetado de dois modos:

a) Menor sintese de hormbénios pela tiredide (efeito
Wolff-Chaikoff) devido a inibi¢cao da tiredide-peroxidase
e consequente bloqueio da organificacao (ou iodetagao)
da tireoglobulina (substéncia mée geradora dos hormo-
nios tireoideanos existente no parénquima glandular);

b) Menor conversao periférica do T, em T3 (doenca euti-
redidea) - como a excregao de iodo é realizada, exclusi-
vamente, por depuragéao renal, deduz-se que este tipo
de intoxicagao, além de comprometer a fungéo renal de
recém-nascidos e lactentes (cuja taxa de filtragdo glo-
merular ja é fisiologicamente reduzida), podera acarre-
tar prolongado estado hipofuncionante da tiredide 2.
Configura-se o hipotireoidismo transitério primario, ca-
racterizado pela elevagdo expressiva do TSH plasmati-
co com redugdo concomitante do Tj, T4 e suas fragdes
livres "2,

Outro aspecto a ser considerado € a interferéncia do uso de
farmacos.

Os corticosterdides empregados para atenuar arespostain-
flamatodria produzida pela CEC, atingem diretamente trés lo-
cais do metabolismo: ligacédo bioquimica dos horménios as
proteinas carreadoras (maior quantidade de horménios na
formalivre), conversaotecidualde T, eredugédo dasecregéo
do TSHpelahipofise, neste casondoacompanhadapelaele-
vacdo de Ty e T4, mas o inverso "2

A dopamina deprime a atividade hipofisaria, acarretando
menor produgdo de TSH mesmo apdés estimulo com TRH
exogeno (fator liberador da tireotrofina), instalando-se labo-
ratorialmente o hipotireoidismo secundario ou hipofisario
transitorio 2.

A heparina provoca liberagéo de lipases e conseqiente hi-
drolise dos triglicerideos em acidos-graxos livres nao esteri-
ficados, dificultando a ligagdo dos hormonios as proteinas
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plasmaticas '®. Aheparinaimpede tambémaligacdo dos hor-
monios aos locais protéicos especificos. O aumento de aci-
dos-graxos no sangue em decorréncia de seu uso entretan-
to, parece ser pouco relevante em cirurgias cardiacas de re-
cém-nascidos e lactentes 2°.

Aelevagdodaquantidade de hormdnioslivres (TsLe T4L)du-
rante a CEC ?' foi atribuida & administracéo de bicarbonato
de sodio que, igualmente a heparina, altera a afinidade bio-
quimicados horménios as proteinas circulantes. Os estados
eventuais de acidose metabdlica prolongada podem tam-
bém repercutir na conversao intracelular de T, em T; 2

A reacgdo inflamatodria sistémica, decorréncia indesejavel
inerente a instalagdo da CEC, interfere na secregéo de hor-
monios tiredideos através da liberagao de mediadores qui-
micos oriundos do sistema imunoldgico. A presenca de cito-
cinas em cirurgias pediatricas foi revista por Saatvedt e col.
2 observando persistente correlagdoinversaentre taxas de
IL-6 e IL-3 séricas. AIL-6 e o fator necrético tumoral, libera-
dos durante estados de hipoperfusdo em CEC devido a pos-
sivel translocagéo bacteriana intestinal, causam menor ge-
racdodo Tsapartirdo T4 e reduzem o TSH sérico **2° (efeitos
depressores na hipofise).

Ofluxoarterial ndo pulsatil, responsavel diretamente pela hi-
pofungéao secretdria transitoria da hipofise anterior, repercu-
te também no eixo hipotalamo-hipofisario-adrenal, reduzin-
doaquantidade de cortisol sérico. Aadministracéo exdgena
de TRHnao produzelevagdodo TSHdurantea CEC, estabe-
lecendo-se assim mais um fator contribuinte para manifesta-
¢do do hipotireoidismo transitério secundario 24?7,

O coeficiente Ts/Ht possibilitou averiguar a interferéncia da
hemodiluicdo, mas as menores concentragdes de Tz ocorre-
ram paradoxalmente apds a CEC %. Aventou-se a provavel
influéncia da administragédo inadvertida de horménios tireoi-
deos no perfusato através datransfusao de sangue, o que foi
considerado pouco relevante devido @ hemodiluigéo 2% (as
meias-vidasdo T3, T,e TSHpresentesnumaunidade de con-
centrado de hemaceas séao respectivamente: 1 a 2 dias; 8
dias e 54 minutos). O sequestro de proteinas observado em
cirurgias de adultos (com utilizagado do Cell Saver), foi subs-
tancial e parece explicar também o aumento do T4L apds a
CEC em cirurgias pediatricas *'.

A hipotermia ativa o eixo hipotalamo-hipofisario-tiredideo
provocando hiperreatividade do sistema nervoso simpatico,
comliberacédo de catecolaminas no plasma *2. Estudos expe-
rimentais em ratos demonstraram aumento do TSH plasma-
tico apos 30 minutos de exposi¢éo ao frio, devido ao intenso
estimulo hipotalamico com maior producéo de TRH **. Ase-
crecao de TRH nestas condi¢cbées independentemente da
quantidade de TRH ja presente no hipotalamo em regime de
normotermia **3°. As modificacées fundamentais do meta-
bolismo tiredideo em recém-nascidos estdo embasadas na
exposicao abrupta do feto ao meio extra-uterino, comrepen-
tina elevagédo do TSH circulante 3 horas ap6s o nascimento.
Aexposigdo cronica ao frio relaciona-se a elevagao também
doTzedo T, *",

Estudo comparativo realizado em criangas (1,5 a 13 meses)
submetidasa CEC sobnormo e hipotermia (+ 18°C)demons-

Revista Brasileira de Anestesiologia
Vol. 54, N° 3, Maio - Junho, 2004



THYROID FUNCTION PROFILE IN INFANTS SUBMITTED TO CARDIAC
SURGERY WITH CARDIOPULMONARY BYPASS

trouelevagdoimportantedo TSHno segundo grupo, sugerin-
doqueestefendmenonao érestritoapenasaonascimentoe,
sim, decorrente do resfriamento da area pré-optica do hipo-
talamo anterior *.

Ainterpretacao dos resultados obtidos no M, assinala meno-
res taxas de T3 e T4 concomitantes a elevagédo do TSH, res-
saltando que os efeitos da contaminagéo aguda poriodo eda
hipotermia foram possivelmente preponderantes. Desta for-
ma, no presente estudo, vé-se que o neuro-eixo naofoidepri-
mido, sugerindo que tenha respondido ativamente a esses
fatores.

Adiminuigao progressiva de T3 e T4 ndo estaria relacionada
aos efeitos dahemodiluicao, umavez que no M4 foram cons-
tatadas as maiores médias de Ht e Hb. Adiminuigao do TSH
plasmatico observada no M3 parece relacionar-se a exposi-
¢ao a agentes depressores da secregdo hormonal, como a
dopamina e/ouliberagéo de substancias proprias darespos-
tainflamatéria (citocinas). Entretanto, também nessas duas
ocasides manifestaram-se laboratorialmente os aspectos
da “Sindrome do T3 baixo”.

No presente estudo, a cirurgia cardiaca com CEC para trata-
mento de doengas congénitas do coragado em lactentes, pro-
moveu alteracdes significativas dos comportamentos do T3,
T4 e TSH durante o periodo estudado. Desta forma, varias
sao as etiologias que promovem alteragao do metabolismo
tiredideo durante a cirurgia cardiacaem criancas. Aprincipal
causade hipotireoidismo primariointra-operatério, proporci-
onada certamente pela absor¢do aguda e maciga de iodo
pela pele em decorréncia do uso de anti-sépticos 18,37 pode-
ria ser totalmente abolida, uma vez que existem outros com-
postos ndo iodados também eficazes. Os casos de reopera-
¢do em curtos intervalos de tempo podem significar nova
contaminagdo ainda mais grave. O excesso de iodo no orga-
nismo podera acarretar um estado hipofuncionante prolon-
gado da tiredide denominado de efeito Wolff-Chaikoff '*'*
(ou bloqueio da tiredide peroxidase), descrito ha muito tem-
po em adultos. Isto significa que durante este periodo, oiodo
excedente ndo é incorporado a molécula de tireoglobulina
presente na substancia coloidal do parénquima glandular.
Este fendmeno orgéanico evita a produgédo desproporcional
T3 e T4 circulantes e consequente desequilibrio metabdlico
(hipertireoidismo) sistémico. As repercussdes deste desa-
juste ainda ndo sao conhecidas em lactentes, mas sabe-se
que persistem enquanto todo o iodo captado e retido na ti-
redide nao for eliminado. O resultado é inicialmente a redu-
¢ao da producédo glandular de T3 e T, com elevacéo sérica
concomitante do TSH 7.

Alguns estudos ja demonstraram que a instalac&o da hipo-
termia & um fatorindependente que provoca per si expressi-
varesposta hipofisaria com aumento do TSH circulante %23,
Nesse caso, trata-se de um efeito adicional semelhante ao
da contaminacgéo pelo iodo.

Entretanto, observa-se que durante a cirurgia cardiaca com
CECemcriangas, outros agentes podem causar simultanea-
mente o hipotireoidismo secundario transitério (ou seja, de-
pressao da resposta hipofisaria) '"?%3°. Entre eles, poucos
podem serabolidos ou pelo menos atenuados ja que sadoine-
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rentes a técnica intra-operatéria e anestésica, como, por
exemplo, ousode medicamentos como corticosteroides, do-
pamina, heparina, furosemida, bicarbonato de sodio, fluxo
arterial ndo pulsatil e hemodiluigao '8 121419222427 13 qe se
ponderar contudo que, em condigdes fisiolégicas normais, a
hipofise responde a absorgédo macica de iodo (com maior
producdode TSH), desde queinexistaqualquersituagaoque
amantenha hipofuncionante, como as que intervém durante
o periodo peri-operatorio.

Conclui-se entdo que, durante a cirurgia cardiaca em lacten-
tes, afungaotiredidea é asomatéria ou aresultante de todos
os efeitos que atuam, ora na producéo direta dos hormdnios
pelaglandulaeelevamo TSHcirculante (hipotireoidismo pri-
mario), ora no eixo hipotalamico-tireoideo, reduzindo o TSH
(hipotireoidismo secundario)*°, ora no metabolismo periféri-
codos horménios tireoideanos. Estas manifestagoes, desde
que transitorias, determinam a presenga da doenca eutiredi-
dea "**' caracterizada por disturbios reversiveis, mas, as
vezes, prolongados da fungéao tiredidea, cuja repercussao
no periodo pds-operatério € extremamente relevante 5,
N&o foi possivel verificar nesta investigacéo a real magnitu-
de da resposta hipofisaria a contaminagido pelo iodo
exdgeno, embora a elevagdo do TSH sérico tenha
prevalecido.

Thyroid Function Profile in Infants
Submitted to Cardiac Surgery with
Cardiopulmonary Bypass

Paula Maria da Cruz, M.D.; Carmem Narvaes Bello, TSA,
M.D.; Miguel Lorenzo Barbero Marcial, M.D.; José Otavio
Costa Auler Junior, TSA, M.D.

INTRODUCTION

Cardiac surgery with cardiopulmonary bypass (CPB) is re-
lated to euthyroid disease or hypothalamic-pituitary-thyroid
system depression. Abnormal hemodynamic status induced
by CPB is responsible for several endocrine-metabolic
changes, triggering complex systemic inflammatory re-
sponse . Euthyroid disease, evidenced by transient
thyroidal hormones peripheral metabolism unbalance, is in-
terpreted as an organic defense mechanism aiming at de-
creasing baseline metabolism, but it may also mean poor
prognosis ™. In the lab it is manifested in two ways °:

1. “Low T3 Syndrome”: presence of decreased T3 serum
concentrations and high reverse T3 concentrations (Tsr)
in the presence of normal T, and TSH. This phenomenon
is caused by lower desiodinase type 1 - 5 activity, which
is the enzyme normally responsible for generating T3 as
from T4 and for the production of diiodothyronines as
from Tjr (inactive metabolite). As result, T3 is not satis-
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factorily produced while serum T3r rates are increased.
The situation is further worsened by further alternative
metabolic pathway action through desiodinase type 1 -5,
which generates Tar (but not T3) as from T4. Serum Tar
rates are then increased by higher production and inade-
quate clearance.

2.“Low Tz and T, Syndrome”: more severe, caused by defi-
cient TSH stimulation and followed by the decrease or
inefficacy of thyroid hormone carrying proteins. In this
case, serum T3r concentrations are virtually not changed
because type 1 - 5 desiodinase (alternative pathway)
does not find enough substrate, which is Ty.

Euthyroid disease has already been documented in adults
submitted to cardiac surgery with CPB; however pediatric pa-
tients have uncertain behavior due to immaturity °.

This study aimed at evaluating T3, T4and TSH behaviorinin-
fants submitted to cardiac surgery with CPB.

METHODS

Afterthe Ethics Committee approval, 15infants, physical sta-
tus ASAIIl, IV andV, submitted to cardiac surgery for cyanotic
and non-cyanotic disease correction were prospectively
evaluated. Exclusion criteria were children with congenital
thyroidal metabolism disorders, hypothalamic-pituitary-thy-
roid system disorders, having received iodine contrast (car-
diac catheterization) or with parents with thyroid dysfunction.
Blood samples for T3, T4 and TSH evaluation were collected
in four moments: M, - after anesthetic induction; M, - at sur-
gery completion; M3 - 6 hours after surgery completion; My -
24 hours after M4. The following parameters were also evalu-
ated: in moments M, CPB (maximum hypothermia deter-
mined by the surgical team), M2, M3 and My, the behavior of
the following variables: mean blood pressure (MBP), central
blood temperature (esophageal thermometer, °C),
hematocrit (Ht), hemoglobin (Hb), oxygen partial pressure
(Pa0,), oxygen arterial saturation (SpO,), blood pH (pH), ex-
cess bases (EB) and bicarbonate ion (HCOj3").

General anesthesia was induced with fentanyl, midazolam
and pancuronium T Antiseptic technique consisted of exten-
sive topic application of anti-germ solution (1% active iodine,
100 mL), followed by refined ethyl alcohol and Povidine®
(10% active iodine). Children were submitted to perfusion
with pediatric membrane oxygenator under assisted hypo-
thermia (28 to 20 °C) and non-pulsatile blood flow generated

by the CPB pump roller system (1.5 L.min™"). Perfusate (600
to 700 mL ) aimed at maintaining hematocrit above 30%
throughthe administration of blood productss.Tgand Tswere
dosedbytheradioimmunoassay methodand TSHwas dosed
by the immunoradiometric method.

Normal values: T5-0.8to2ng.mL™"; T4-4.5t0 12.5ug.dL™";
TSH-0.3t0 4.5 mUl.mL ™.

Means along time were evaluated by profile analysis and
quantitative variables by Dunnet and Bonferroni’s test, con-
sidering significant p < 0.05.

RESULTS

T3, T4 and TSH concentrations varied significantly along time
(p < 0.05). Highest T3 (although slightly below normal refer-
encevalues)and Tsmeanswere obtainedin M;.Lowest Tzand
T,means were found in M. Highest TSH concentrations were
obtained in M, and lowest TSH concentrations were obtained
in Ms;. Numeric results are shown in table |, while hormonal
concentrations along time are shown in figures 1, 2 and 3.
All other parameters have also varied significantly along time
(p <0.05), except for Ht and Hb (Table Il). Lowest MBP, cen-
tral blood temperature, Ht, Hb, pH, EB and HCO3; means
were obtained at CPB. Highest Ht and Hb concentrations
were found in My.

1.5
,:‘ —_—
E 1.0
g 1 T
|_«> 05 I — —
0
M,I MZ* M3** M4**
Moments

Figure 1 - T3 Behavior Along Time
p < 0.001
Comparison of baseline values to those obtained in My*
(p < 0.05), M3** and M;** (p < 0.01)

Table | - Numeric Representation of Concentrations of T3, T, and TSH in Studied Moments (Mean * SD)

My M, M; My
Ts(ng.mL ™) 0.7867 + 0.33 0.6267 +0.28 0.6067 +0.24 0.480 +0.21
Ts (ug.dL ™) 712 £2.46 5.320 £ 1.31 5.393 £ 1.31 5.187 +1.48
TSH (mUL.mL ™) 3.43+238 411240 1.03 + 0.69 1.26 +1.37
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Figure 2 - T, Behavior Along Time
p < 0.001
Comparison of baseline values to those obtained in My*, M3*
and Ms* (p <0.01)
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Figure 3 - TSH Behavior Along Time
p =0.0021
Comparison of baseline values to those obtained in M3* and
Ms* (p < 0.01)

DISCUSSION

According to hormonal means obtained, it is possible to con-
siderthatearlyon (M) there were alreadylab aspects of “Low
T3 Syndrome”, and several factors may have contributed for
such:

a) Malnutrition - congenital heart diseases in general cour-
se with significant caloric deprivation originated from
inadequate diet, nutrients malabsorption or high meta-
bolic consumption °. Hypercatabolic state, when pre-
sent, is the result of excessive catecholamines
production and not of thyroid hormones hyperactivity.
Malnutrition directly affects T4 conversion into T3 and, in
the presence of liver failure, there are changes in T3 and
T4 transport due to the lack of plasma carrying proteins
TBG (Thyroid-Binding Globulin) and TBPA (Thyroid-Bin-
ding Pre-Albumin) %", Thyroid hormonal activity de-
pression is also common '?;

b) Preoperative fasting - exaggerated infant fasting, or wor-
se, ininfants with decreased nutritional reserves, promo-
tes circulating fatty acids release which interferes with
thyroid hormones transportation by proteins. Adults sub-
mitted to 24-hour food suppression have developed
“Euthyroid Sick Syndrome”, characterized by lower tis-
sue T4 conversion with progressive generation of Tjr.
Oral glucose normalizes serum T3 '%;

c) Preoperative medication - some drugs, such as furosemi-
de, directly affect biochemical binding of T;and T, to TBG,
TBPA and albumin by the competition mechanism ™.

Highest serum TSH concentrations (although within normal
limits) were obtained in M,, suggesting that there has been
more pituitary stimulation at cardiac surgery completion.
However, labaspectsof“Low T; Syndrome” stillremained.

Topic application ofiodinated products (anti-germ andiodine
tincture) in children results in massive iodine absorption by
the skin not necessarily with previous integrity disruption.
Contamination is proven by increased serum and urinary

concentrations of this ion '*7.
Table |l - Behavior of Studied Parameters
Parameters M; CPB M, Ms My
MBP (mmHg) 53.93 +8.19 36.73+ 8.77* 48.87 +9.56 57.47 +7.68 61.80 + 5.50* p =0.016 p* < 0.01
Temperature (°C) 34.87 £0.99 2460+4.43* 36.27 + 0.96 36.36 + 0.35) 36.51 £ 0.60 p =0.0815 p* < 0.01
Ht (mL .100 mL) 36.13 £ 6.85 32.73 +5.63 35.67 +5.09 34.93 +3.97) 36.40 £ 3.97 p =0.9338
Hb (g.100 mL) 12.01£2.29 10.91 £1.85 11.95+ 1.54 11.57 £ 1.53) 12.09 +1.38 p =0.9637
Pa0, (mmHg) 163.5+ 103.8 174.2 £ 62.95 119.4 + 99.69 106.3 + 45.22) 108.8 + 53.76 p=0.0184
SatO,(%) 95.53 +5.44 97.95 + 2.52 92.40 +9.67 93.57 £ 6.76) 94.59 + 5.08 p =0.0195
pH 7.36 + 0.097 7.35 +0.096 7.38+0.13 7.37 £0.078) 7.37 £0.042 p =0.0376
EB (mEq.L'1) -3.4+£295 -5.59 +4.22 -0.95+4.24 -0.85 £ 4.63) -1.22+£3.35 p <0.0001
HCO; (mEq.L™") 2253 +5.38 22.38+7.06 27.2+9.33 23.05+2.91) 23.85 + 3.27 p=0.0158

Values of p < 0.05 with relation to time, and values of p* < 0.05 with relation to baseline values
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Metabolism is affected in two ways:

a) Lower hormone synthesis by the thyroid (Wolf-Chaikoff
effect) because of thyroid-peroxidase inhibition and con-
sequent blockade of organification (or iodination) of
thyroglobulin (substance generator of thyroid hormones
in glandular parenchyma);

b) Lower peripheral conversion of T, into T3 (euthyroid disea-
se) - since iodine excretion is exclusively achieved by re-
nal clearance, this type of intoxication, in addition to
impairing neonate and infant renal function (whose glo-
merular filtration rate is already physiologically decrea-
sed), may lead to prolonged thyroid hypofunction 8.
Primary transient hypothyroidism is configured and cha-
racterized by significant plasma TSH increase together
with decrease in T3, T4 and their free fractions '2.

Anotheraspecttobe consideredistheinterference ofdrugs.
Steroids, used to attenuate CPB-induced inflammatory re-
sponse, directly reach three metabolic sites: biochemical
binding of hormones to carrying proteins (increased free hor-
mones), tissue T4 conversion, and pituitary TSH secretion
decrease, inthiscasenotfollowed byincreased Tzand T4, but
by the opposite >3

Dopamine depresses pituitary activity leading to lower TSH
production even after stimulation with exogenous TRH
(thyrotrophin release factor), with lab installation of second-
ary or transient pituitary hypothyroidism '2.

Heparin releases lipases and, as a consequence, triglycerides
hydrolysis into non-esterified free fatty acids, impairing the
binding of hormones to plasma proteins 1, Heparin also pre-
vents the binding of hormones to specific protein sites. In-
creased blood fatty-acids due to its use, however, seems to be
of little relevance in neonate and infant cardiac surgeries 2
Increased free hormones (TsF and T,4F) during CPB ?' have
been attributed to the administration of sodium bicarbonate
which, like heparin, changes the biochemical affinity of hor-
mones to circulating proteins. Possible prolonged metabolic
acidosis may also affectintracellularconversion ofT4intoT322.
Systemic inflammatory response, undesirable event inher-
ent to CPB, interferes with thyroid hormones secretion
through the release of immune system chemical mediators.
The presence of cytokines during pediatric surgeries has
been reviewed by Saatvedt et al. > who have observed per-
sistent reverse correlation between serum IL-6 and IL-3
rates. IL-6 and tumor necrosis factor, released during
CPB-induced hypoperfusion, possibly due to intestinal bac-
terial translocation, decrease T3 generation as from T4 and
decrease serum TSH ?*2° (depressing effect on pituitary).
Non-pulsatile blood flow, directly responsible for transient
anterior pituitary secreting hypofunction, also affects the hy-
pothalamic-pituitary-thyroid system, decreasing the amount
of serum cortisol. Exogenous TSH administration does not
increase TSH during CPB, thus establishing one more factor
contributing for secondary transient hypothyroidism 2°27.
Ts/Ht ratio has allowed for the investigation of hemodilution
effects, but lowest T; concentrations were paradoxically
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found after CPB ?®. We have considered a possible influence
of inadvertent thyroid hormones administration in the
perfusate through blood transfusion, but this was considered
irrelevant due to hemodilution 2°*° (half-lives of T3, T4 and
TSH present in one red-cell concentrate unit are respec-
tively: 1to 2 days; 8 days and 54 minutes). Proteins scaveng-
ing observed in adult surgeries (with the use of Cell Saver),
however, has been substantial and also seems to explain the
increase in T4F after CPB in pediatric surgeries 81,
Hypothermia activates the hypothalamic-pituitary-thyroid
system promoting sympathetic nervous system hyper-reac-
tivity with the release of catecholamines in the plasma *2. Ex-
perimental studiesinrats have shownincreased plasma TSH
30 minutes after exposure to cold, due to intensive pituitary
stimulation with higher TRH production **. TRH secretion in
these conditions is independent of the amount of TRH previ-
ously presentinthe hypothalamus during normothermal situ-
ations **%°. Fundamental thyroid metabolic changes in neo-
nates are based on abrupt fetal exposure to the extra-uterine
environment, with sudden circulating TSH increase three
hours afterbirth. Chronicexposuretocoldisalsorelatedtoin-
creased T3 and T, 213,

Acomparative study with children (1.5 to 13 months) submit-
ted to CPB under normothermia or hypothermia (+18 °C) has
shown major TSH increase in the second group, suggesting
thatthis phenomenonis notrestricted to birth, butis a conse-
quence of anterior hypothalamus pre-optic area cooling %.
The interpretation of M, results shows lower T3 and T4 rates
together with increased TSH, and it should be highlighted
that the effects of acute contamination with iodine and of hy-
pothermia were possibly preponderant. This way, in this
study, itwas observed that neuraxis was notdepressed, sug-
gesting that it has actively responded to these factors.
Progressive T; and T, decrease would not be related to
hemodilution effects, since highest Ht and Hb means were
foundin M4. Plasma THS decrease in M3 seems to be related
to the exposure to hormonal secretion depressing agents,
such as dopamine, and/or the release of inflammatory response
substances (cytokines). However, even in these two situa-
tions, there were lab evidences of “Low T3 Syndrome”.

In our study, cardiac surgery with CPB for congenital heart
disease correction in infants has promoted significant
changes in T3, T4 and TSH behavior during the studied pe-
riod. This way, there are several etiologies promoting thyroid
metabolic changes during pediatric cardiac surgeries. The
major cause of intraoperative primary hypothyroidism, surely
promoted by acute and massive iodine absorption by the skin
as a consequence of the use of anti-septics '®*”, could have
been totally abolished since there are other non-iodinated
compounds that are also effective. Cases of reoperationina
short period of time may mean further and even more severe
contamination. Excess iodine in the body may lead to pro-
longed thyroid hypofunction state called Wolff-Chalkoff ef-
fect " (or thyroid peroxidase block), a long time described
inadults. Thismeansthatduring this period, excessiveiodine
is notincorporated to thyroglobulin molecule presentin glan-
dular parenchymal colloidal substance. This organic phe-
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nomenon prevents the disproportional production of circulat-
ing Tz and T4 and consequent systemic metabolic unbalance
(hyperthyroidism). Effects of this unbalance in infants are not
known, butitis known that it persists while all uptaken and re-
tained iodine in the thyroid is not excreted. Initial result is de-
creased glandular T3 and T4 production with simultaneous
serum TSH increase """,

Some studies have shown that hypothermia is an independ-
ent factor promoting, per se, expressive pituitary response
withincreased circulating TSH %2 In this case, thisis an ad-
ditional effect similar to iodine contamination.

There are however other agents during pediatric cardiac sur-
geries with CPB, which may simultaneously promote tran-
sient secondary hypothyroidism (that is, pituitary response
depression) '"?**°. Among them, few may be abolished or at
least attenuated, since they are inherent to intraoperative
and anesthetic techniques, such as the use of drugs as ste-
roids, dopamine, heparin, furosemide, sodium bicarbonate,
non-pulsatile blood flow and hemodilution "812/14.19.:22.24.27
One has to consider, however, that in normal physiological
conditions, pituitary responds to massive iodine absorption
(with increased TSH production), provided there is no situa-
tion maintaining it hypofunctioning, such as those interven-
ing during the perioperative period.

The conclusion, then, is that during infant cardiac surgery,
thyroid functionis theresultof all effects acting sometimes on
the direct production of hormones by the gland and increas-
ing circulating TSH (primary hypothyroidism), sometimes on
the hypothalamic-pituitary-thyroid axis decreasing TSH
(secondary hypothyroidism)?°, and sometimes on peripheral
thyroid hormones metabolism. These manifestations, if tran-
sient, determine the presence of euthyroid disease "',
characterized byreversible butsometimes prolonged thyroid
function disorders with extremely relevant postoperative ef-
fects . Inthis study it was not possible toinvestigate the real
magnitude of pituitary response to exogenous iodine con-
tamination, although increased serum TSH has prevailed.

REFERENCIAS - REFERENCES

01. Butler J, Rocker GM, Westaby S - Inflammatory response to
cardiopulmonary bypass. Ann Thorac Surg, 1993;55:552-559.

02. Richmand DA, Molitch ME, O’'Donnel TF - Altered thyroid hor-
mone levels in bacterial sepsis: role of nutritional adequacy. Me-
tabolism, 1980;29:936-942.

03. Kaptein EM, Weiner JM, Robinson WJ et al - Relationship of altered
thyroid hormone indices to survival in nonthyroidall illnesses. Clin
Endocrinol, 1982;16:565-574.

04. Hamilton MA, Stevenson LW, Luu M et al - Altered thyroid hor-
mone metabolism in advanced heart failure. J Am Coll Cardiol,
1990;16:91-95.

05. Chopra IJ, Hershman JM, Pardridge WM et al - Thyroid function
in nonthyroidall ilinesses. Ann Intern Med, 1983;98:946-957.

06. Mitchell IM, Pollock JC, Jamieson MP et al - The effects of
cardiopulmonary bypass on thyroid function in infants weighing
less than five kilograms. J Thorac Cardiovasc Surg, 1992;103:
800-805.

Revista Brasileira de Anestesiologia
Vol. 54, N° 3, Maio - Junho, 2004

07. Moore R - Preoperative Evaluation and Preparation of the Pedi-
atric Patient with Cardiac Disease, em: Lake CL - Pediatric Car-
diac Anesthesia. 3" Ed, Stamford, Appleton & Lange,
1998;95-122.

08. Kern FH, Schulman SR, Lawson DS et al - Extracorporeal Circu-
lation and Circulatory Assist Devices in the Pediatric Patient,
em: Lake CL - Pediatric Cardiac Anesthesia. 3" Ed, Stamford,
Appleton & Lange, 1998;219-957.

09. Zuckerberg AL, Deutschman CS, Caballero B - Nutricional and
Metabolism in the Critically ill Child with Heart Disease, em:
Nichols DG, Cameron DE, Greeley WJ et al - Critical Heart Dis-
ease in Infants and Children. St. Louis, Mosby, 1995;415-436.

10. Mitchell IM - Liver function after cardiopulmonary bypass in chil-
dren. J Thorac Cardiovasc Surg, 1995;110:284-286.

11. Bartalena L - Recent achievements in studies on thyroid hor-
mone-binding proteins. Endocr Rev, 1990;11:47-64.

12. Degroot LJ, Larsen PR. Hennemann G - Effects of Drugs, Dis-
ease, and other Agents on Thyroid Function; the Nonthyroidal
lliness Syndrome, em: Degroot LJ, Larsen PR, Hennemann G -
The Thyroid and its Diseases. 6" Ed, New York, Churchill Living-
stone, 1996;137-187.

13. Wartofsky L, Burman KD - Alterations in thyroid function in pa-
tients with systemic illness: the “euthyroid sick syndrome”.
Endocr Rev, 1982;3:164-217.

14. Newnham HH, Hamblin PS, Long F et al - Effect of oral
furosemide on diagnostic indices of thyroid function. Clin
Endocrinol, 1987;26:423-431.

15. Smerdely P, Lim A, Boyages SC et al - Topical iodine-containing
antiseptics and neonatal hypothyroidism in very-low-
birthweight infants. Lancet, 1989;2:661-664.

16. Brogan TV, Bratton SL, Lynn AM - Thyroid function in infants fol-
lowing cardiac surgery: comparative effects of iodinated and
noniodinated topical antiseptics. Crit Care Med, 1997;25:
1583-1587.

17. Bettendorf M, Schmidt KG, Tiefenbacher U et al - Transient sec-
ondary hypothyroidism in children after cardiac surgery. Pediatr
Res, 1997;41:375-379.

18. Mitchell IM, Pollock JC, Jamieson MP et al - Transcutaneous io-
dine absorption in infants undergoing cardiac operation. Ann
Thorac Surg, 1991;52:1138-1140.

19. Majerus PW, Broze Jr GJ, Mitetich JP et al - Drogas
Anticoagulantes, Tromboliticas e Anti-Plaquetarias, em:
Guilmam AG, Rall TW, Nies AS et al - As Bases Farmacologicas
da Terapéutica. 22 Ed, Rio de Janeiro, Guanabara Koogan,
1991,874-888.

20. Mitchell IM - Thyroid function after cardiopulmonary bypass in
neonates. Ann Thorac Surg, 1995;60:745-747.

21. Cooper DK, Novitzky D - Invited letter concerning: Changes in
plasma-free thyroid hormones during cardiopulmonary bypass.
J Thorac Cardiovasc Surg, 1992;104:526-527.

22. Tahirovic HF - Thyroid hormones changes in infants and children
with metabolic acidosis. J Endocrinol Invest, 1991;14:723-726.

23. Saatvedt K, Lindberg H - Depressed thyroid function following
paediatric cardiopulmonary bypass: association with
interleukin-6 release? Scand J Thorac Cardiovasc Surg,
1996;30:61-64.

24. Savaris N - Resposta imunoinflamatéria a circulagédo
extracorporea: estado atual. Rev Bras Anestesiol, 1998;48:
126-136.

25. van der Poll T, Romijn JA, Wiersinga WM et al - Tumor necrosis
factor: a putative mediator of the sick euthyroid syndrome in
man. J Clin Endocrinol Metab, 1990;71:1567-1572.

26. Taylor KM, Wright GS, Bremner WF et al - Anterior pituitary re-
sponse to thyrotrophin-releasing hormone during open-heart
surgery. Cardiovasc Res, 1978;12:114-119.

333



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

334

CRUZ, BELLO, MARCIAL ET AL

Taylor KM, Wright GS, Bain WH et al - Comparative studies of
pulsatile and nonpulsatile flow during cardiopulmonary bypass.
11l - Response of anterior pituitary gland to thyrotropin-releasing
hormone. J Thorac Cardiovasc Surg, 1978;75:579-584.
Reinhardt W, Mocker V, Jockenhovel F et al - Influence of coro-
nary artery bypass surgery on thyroid hormone parameters.
Horm Res, 1997;47:1-8.

Mainwaring RD, Lamberti JJ, Billman GF et al - Suppression of
the pituitary thyroid axis after cardiopulmonary bypass in the ne-
onate. Ann Thorac Surg, 1994;58:1078-1082.

Mainwaring RD, Lamberti JJ, Carter Jr TL et al - Reduction in
triiodothyronine levels following modified Fontan procedure. J
Card Surg, 1994;9:322-331.

Holland FW, Brown Jr PS, Weintraub BD et al - Cardiopulmonary
bypass and thyroid function: a “euthyroid sick syndrome”. Ann
Thorac Surg, 1991;52:46-50.

Hesslink Jr RL, D’Alesandro MM, Armstrong DW et al - Human
cold air habituation is independent of thyroxine and thyrotropin.
J Appl Physiol, 1992;72:2134-21309.

Hefco E, Krulich L, lliner P et al - Effect of acute exposure to cold
on the activity of the hypothalamic-pituitary-thyroid system. En-
docrinology, 1975;97:1185-1195.

Rondeel JM, de Greef WJ, Hop WC et al - Effect of cold exposure
on the hypothalamic release of thyrotropin-releasing hormone
and catecholamines. Neuroendocrinology, 1991;54:477-481.
Rondeel JM, Klootwijk W, Linkels E et al - Regulation of
thyrotropin-releasing hormone in the posterior pituitary.
Neuroendocrinology, 1995;61:421-429.

Wilber JF, Baum D - Elevation of plasma TSH during surgical hy-
pothermia. J Clin Endocrinol Metab, 1970;31:372-375.
Gordon CM, Rowitch DH, Mitchell ML et al - Topical iodine and
neonatal hypothyroidism. Arch Pediatr Adolesc Med,
1995;149:1336-1339.

RESUMEN

Cruz PM, Bello CN, Marcial MLB, Auler Jr JOC - Aspectos de la
Funcion Tiroidea en Lactantes Sometidos a Cirugia Cardiaca
con Circulacién Extracorpoérea

JUSTIFICATIVA Y OBJETIVOS: La cirugia cardiaca con
circulacion extracorpérea (CEC) relacionase a la enfermedad
eutiroidea o a la depresion del eje hipotalamo-hipofisario-
tiroideo. El estado hemodinamico incomun impuesto por la
CEC es responsable por diversas alteraciones
enddécrino-metabdlicas, acarreando compleja respuesta
inflamatoria sistémica. Esta investigacion tuvo como objetivo
analizar el comportamiento de la triiodotironina (Ts3),
tetraiodotironina (T4) y tireotrofina (TSH) en lactantes
sometidos a cirugia cardiaca con CEC.

METODO: Fueron estudiados 15 lactantes. Las muestras de
sangre para pesquisa de T3, T,y TSH fueron obtenidas en 4
momentos designados: M; - después de la induccion de la
anestesia; M, - después del final de la cirugia; Mz - 6 horas
después del final de la cirugia y M4 - 24 horas después del M.
Para complementar esta investigacion, fueron estudiadas las
variaciones de los siguientes parametros: presion arterial me-
dia (PAM), temperatura sanguinea central (°C), atributos de la
oxigenacion del tejido y del equilibrio acido-base (M4, CEC, M,
M3 y M4)

RESULTADOS: Las medias de edad, peso, altura y superficie
corpdrea de los pacientes fueron 3,9 meses; 4,708 kg, 0,65my
0,3 m’respectivamente. Las concentraciones plasmaticas de
T3 (p < 0,0001), T4 (p < 0,0001) y TSH (p = 0,0021) variaran
significativamente durante el periodo estudiado, siendo que
las de Tsdeclinaran progresivamente. Las menores tasasde T3
y T4 coincidieran con las mayores de Ht y Hb, descartando los
efectos de la hemodilucién. Las mayores concentraciones
séricas de TSH demostraran la probable reaccion del eje
hipotalamo-hipofisario-tiroideo a los efectos de la hipotermia y
de la absorcién maciza por el yodo (uso tépico de soluciones
anti-sépticas). Fueron identificados aspectos de la “Sindrome
del T3 bajo” en todos los momentos estudiados.
CONCLUSIONES: Fueron observadas alteraciones en las
concentraciones séricas de T3, T4 y TSH en lactantes
sometidos ala cirugia cardiaca con circulacion extracorpoérea.
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