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RESUMO
Maia PV, Araujo GZ, Faria MD - Tromboelastégrafo em Cirurgia
Cardiaca: Estado Atual

JUSTIFICATIVA E OBJETIVOS: O manuseio da hemostasia
do paciente submetido a circulacdo extracorpérea (CEC)
permanece como um grande desafio. Novos métodos de
monitorizagdo, novas drogas hemostaticas e inibidores da
fungdo plaquetaria vém sendo incorporados no pré, intra e
pos-operatério. A natureza multifatorial dos disturbios da
hemostasia causados pela circulagdo extracorpdrea exige
conhecimento da fisiopatologia desses processos e avaliagdo
acurada da hemostasia para anticoagulagao eficaz durante a
CEC e manutengédo de hemostasia adequada apoés a cirurgia.
Tempo de coagulagédo ativado (TCA) e coagulograma n&o
bastam para esse manuseio. E necessaria avaliagdo mais
ampla através de monitores capazes de medir a fungéo
plaquetaria e a dindmica do processo hemostatico como um
todo.

CONTEUDO: A hemostasia é resultado do equilibrio entre os
componentes dos sistemas de coagulagdo, anticoagulagéo e
fibrindlise. Esse equilibrio sofre ruptura durante a CEC,
tornando o paciente susceptivel a sangramento microvascular.
A CEC induz alteragao no crescimento da forga plaquetaria e
nas propriedades elasticas do coagulo, de etiologia
multifatorial. O uso de hemoderivados é constante e surge a
necessidade de protocolos para orientar decisGes para terapia
transfusional. E importante determinar a fungdo plaquetaria,
através de monitores que medem as propriedades
visco-elasticas do coagulo, como tromboelastografo (TEG) e
Sonoclot.

CONCLUSOES: O tromboelastégrafo é um importante monitor
da hemostasia na abordagem dos pacientes submetidos a
CEC. Tem sido incorporado com bons resultados nos
protocolos de avaliagdo dos disturbios hemostaticos e de
terapéutica transfusional.
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SUMMARY
Maia PV, Araujo GZ, Faria MD - Thromboelastographin Cardiac
Surgery. State of the Art

BACKGROUND AND OBJECTIVES: Management of
hemostasis of cardiopulmonary bypass (CPB) patients is still a
major challenge. New monitoring methods, new hemostatic
drugs and new platelet function inhibitors are being added to
the pre, intra and postoperative periods. The multifactorial na-
ture of CBP-induced hemostasis disorders requires the under-
standing of their pathophysiology and the accurate hemostasis
evaluation for effective coagulation during CPB, in addition to
the maintenance of adequate postoperative hemostasis. Acti-
vated clotting time (ACT) and coagulogram are not enough for
this management. A broader evaluation is needed with moni-
tors able to measure platelet function and hemostatic process
dynamics as a whole.

CONTENTS: Hemostasis is the result of the balance of coagu-
lation, anticoagulation and fibrinolysis systems components.
This balance is disrupted during CPB making patients suscepti-
ble to microvascular bleeding. CPB induces multifactorial
changes in platelet force growth and clot elastic properties.
Blood products are often used and there is the need for proto-
cols to guide transfusion decisions. It is important to determine
platelet function with monitors measuring clot visco-elastic
properties, such as thromboleastograph (TEG) and Sonoclot.

CONCLUSIONS: Thromboelastograph is an important
hemostasis monitor for patients submitted to CPB. It has been
incorporated to hemostatic disorders evaluation protocols and
transfusion therapy, with good results.

Key Words: MONITORING: thromboelastograph; SURGERY,
Cardiac: cardiopulmonary bypass

INTRODUCAO

Osangramento peri-operatorio € uma das principais cau-
sas de morbidade em cirurgia cardiaca, especialmente
nas cirurgias complexas com periodos prolongados de cir-
culagéo extracorpérea (CEC) '. A CEC altera o complexo
hemostatico, com indu¢do de coagulagcédo, formacao de
trombina, subsequente fibrindlise, ativagao e disfuncao pla-
quetarias. Esses desarranjos, associados a heparinizagéo
e reversao de seu efeito com protamina, em um paciente
que, muitas vezes ja apresenta disfungéo basal em seu sis-
tema hemostatico 2, contribuem para maior perda sangui-
nea que por sua vez, leva ao aumento do uso de
hemoderivados e de re-exploragao cirurgica, com elevagao
dos custos hospitalares e da morbidade - reagdes transfusi-
onais, alteragcbées pulmonares, transmissédo de infecgdes.
Torna-se importante, na cirurgia cardiaca, uma forma rapi-
da e eficiente de monitorizag&o do processo de coagulagéo
e fibrindlise, com o objetivo de identificar precocemente as
anormalidades da hemostasia e, quando houver sangra-
mento aumentado, guiar de forma adequada a terapéutica
transfusional ou indicar exploragéo cirurgica.
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TROMBOELASTOGRAFO EM CIRURGIA CARDIACA: ESTADO ATUAL

O tromboelastégrafo (TEG), descrito por Hartert em 1948, é
um monitor das propriedades visco-elasticas do coagulo
sangliineo, que dependem da concentracéo e da atividade
dos elementos que compdem o sistema hemostatico 3 Ele
vem sendo utilizado no diagndstico de coagulopatias relacio-
nadas a cirurgia cardiaca e na composicao de algoritmos
para terapia transfusional.

FISIOPATOLOGIA DO SANGRAMENTO APOS A CEC

A hemostasia € o resultado do equilibrio dinamico entre os
componentes que constituem os sistemas de coagulagéo,
anticoagulacao e fibrindlise: vasos sangiineos, plaquetas,
proteinas da coagulagao, anticoagulantes naturais, protei-
nas da via fibrinolitica e seus inibidores *. A CEC causa um
desequilibrionesses sistemas e predispde os pacientes sub-
metidos a cirurgia cardiaca a risco aumentado de sangra-
mento microvascular °. Apesar de protocolos e recomenda-
¢des, a natureza multifatorial do sangramento apés a CEC
geragrande variabilidade no uso de hemoderivados em dife-
rentes instituicdes. Autilizagdo médiade concentrado de he-
macias chega a 50% das cirurgias, a de plaquetas em torno
de9%eadeplasmafrescoentre 0% e 36%,commédiade 6%
6 Essa variagao nao foi explicada pelas diferengas nas ca-
racteristicas pré-operatérias do paciente, pela duragao da
CEC oupelaperdasangiiineaestimadaduranteacirurgia®.
Esses dados demonstram a necessidade daimplantagao de
protocolos para nortear a utilizagédo de hemoderivados nos
pacientes submetidos a cirurgia cardiaca.

Entre os fatores que desarranjam a hemostasia na cirurgia
cardiacaincluem-se: hipotermiainduzida, hemodiluigao, ati-
vagao da coagulagédo, lesdao endotelial, ativagéo e disfungao
plaquetarias e ativagao do sistema fibrinolitico °. Os pacien-
tes coronariopatas ainda apresentam maior tendéncia a ati-
vagao do mecanismo de coagulagéo, associada afibrindlise
deficiente *.

Em estudo que envolveu 411 pacientes submetidos a cirur-
giacardiaca, dos quais 85% sob CEC, os fatores associados
a maior volume de sangramento nas primeiras 24 horas de
pos-operatorio foram: operagao de emergéncia, uso de anti-
coagulantes orais, plaquetopenia pré-operatoria, uso e tem-
po prolongado de CEC, maior dose de heparina, intensidade
dahipotermia, cirurgia de aorta e presenga de acidose meta-
bdlica no pés-operatério !,

Durante a CEC, ocorre ativagado da hemostasia, que resulta
na produgédo do fator Il ativado (trombina). A heparina age li-
gando-se a antitrombina |l e aumenta em cerca de 1000 ve-
zes sua habilidade de inativar alguns fatores da coagulagao,
incluindo a trombina e os fatores IX, X, Xl e Xl ativados, po-
rém sua acgao nao é suficiente para impedir a geracdo da
trombina, antes, duranteeapésa CEC 7. Atrombina é um po-
deroso ativador plaquetario; sua presenga durante a CEC
causa ativacao e disfungéo plaquetarias e sua baixa ativida-
deapésaCEC, secundariaaacéaoresidual daheparina, con-
tribui para diminuigao da fungéo plaquetaria .
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O ssistemafibrinolitico pode serativado através de varios me-
canismos, incluindo hipéxia, fator Xl ativado, trombina, libe-
racao do fator ativador de plasminogénio (t-PA) pelo endoté-
lio vascular >°. Durante a CEC, a concentragéo do ativador
de plasminogénio aumenta rapidamente, com pico no perio-
do pds-operatorio. Ele é responsavel pela converséo de
plasminogénio em plasmina, que age quebrando ofibrinogé-
nio e a fibrina em seus produtos de degradagao. Durante a
CEC, a formacéao e quebra da fibrina geralmente € um pro-
cesso de moderada magnitude e autolimitado. Ocasional-
mente, porém, fibrindlise excessiva pode contribuir para
sangramento aumentado ®

Adisfungdo plaquetaria é a principal causa de sangramento
apos a CEC """ e em pacientes pediatricos a contagem de
plaquetas parece ser, isoladamente, um fator importante "2
A CEC induz, de forma significativa, redugéo quantitativa no
crescimento da forga plaquetaria e nas propriedades elasti-
cas do coagulo; arecuperacgao dafungéo plaquetaria foi cor-
relacionada inversamente com sangramento nao cirdrgico
apos a cirurgia .

Aetiologia dessadisfungdo é de natureza multipla e inclui al-
teragdes nos receptores plaquetarios (Gplb e GPllb-llla),
trombocitopenia, hipotermia, fibrindlise, uso de drogas
anti-plaquetarias no pré-operatério %', excesso ou rebote
doefeitodaheparinanopoés-operatério "eexcessode prota-
mina ao reverter a anticoagulagcao apés a CEC 3. Aadesivi-
dade plaquetaria € mediada pelo receptor de membrana gli-
coproteina Ib (Gplb), que é destruido durante a CEC pela
plasmina, gerada pela ativagdo do sistema fibrinolitico, e
pelo desgaste causado pelo contato do sangue com as mem-
branas do circuito ™. A ativagao plaquetaria durante a CEC
resultaemdiminuicdo dos estoques de granulos plaqueta-
rios, comprejuizoparaaagregacaoplaquetaria(Figura1).
As plaguetas exercem dois papéis no desenvolvimento do
coagulo, o aumento da for¢a de tensao e a promogao de re-
tracdodocoagulo. Aforcadetensaoexercidapelaplaquetaé
dependente da concentracdo e da fungéo plaquetaria e esta
prejudicada nos estados em que ocorre plaquetopenia ou

Ativacao e
@ @év ®_> > degranulagdo
@% ‘ Deplegao dos

plaquetaria
da CEC ‘ @9
granulos
Disfungao

- & (x >—>v \Z
plaquetarios
plaquetaria

Quebra do receptor Defeito na adeséo
GPIb plaquetario |~ | - plaquotaria | 2

Figura 1 - Mecanismo da Disfungéo Plaquetaria
CAPM: cininogénio de alto peso molecular; PK: pré-calicreina;
GPIb: glicoproteina Ib
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disfungdo plaquetaria; a retragédo, ou propriedade elastica
depende da fungéo plaquetaria, da concentragao de fibrino-
génio, da estrutura do coagulo e do hematécrito 8 O cresci-
mento da forga plaquetaria ndo se correlaciona de forma sig-
nificativa com o TCA ou com o TTPa . Determinar a funcéo
plaquetaria torna-se, entédo, importante passo na caracteri-
zagao do disturbio de coagulagéo, porventura apresentado
pelo paciente, e é essencial na composigao de algoritmos
paraguiaraterapiatransfusional comoobjetivode diminuiro
sangramento e o volume de hemoderivados transfundidos
'S Podem ser utilizados varios métodos para determinar a
fungdo plaquetaria, e o tromboelastégrafo (Haemoscope;
Roteg), quando utilizado em algoritmos transfusionais no
peri-operatério, mostrou-se eficaz para diminuir a necessi-
dade de hemoderivados e a drenagem toracica no pds-ope-
ratério. Outros métodos utilizados paraverificarafungaopla-
quetaria apds a CEC sdo: Sonoclot, Hemostatus (Medtronic
Inc), Platelet Works (Helena), Ultegra (Accumetrics), Tempo
de Coagulagao com Ativador de Plaquetas (Medtronic Inc),
Analisador de Fungao Plaquetaria PFA-100 (Dade Behring)
e agregometria.

TROMBOELASTOGRAFO (TEG)

O TEG é capaz de medir in vitro a fungdo hemostatica global
de uma amostra de sangue, documentando a interagao das
plaquetas com proteinas da cascata de coagulacéo, desde o
inicio da interacéo plaqueta-fibrina, da agregacao plaqueta-
ria e do desenvolvimento do coagulo, até sua eventual lise.
Através do TEG pode-se ter uma avaliagao inicial da hemos-
tasia em vinte a trinta minutos, na propria sala de cirurgia.
O monitorconsistede duas partes mecanicas, uma cubeta ci-
lindrica onde s&o adicionados 0,36 mL de sangue e um pino
suspenso porum cabo de tor¢do conectado a um transdutor.
Acubeta oscilaem torno de um eixo com angulode 4 graus e
45 minutos em periodos de 10 segundos e criaumtorque que
étransmitido paraosangue. Como processode coagulagao,
0 sangue transmite o torque para o pino, que comega a 0sci-
lar, assim como o fio. Quanto maior a viscosidade do coagu-
lo, mais a oscilagéo do pino se aproxima daquela da cubeta.

Quadro | - Parametros do TEG ™

Pelo transdutor, as mudangas na oscilagdo geram um sinal
elétrico que é amplificado e enviado a um computador. E ge-
rado entdo o perfil e sdo calculados os pardmetros do TEG 16
(Figura 2).

Assim, o desenvolvimento do coagulo é graficamente repre-
sentado porumafigura, chamadatromboelastograma, e séo
obtidos cinco parametros que foram arbitrariamente identifi-
cados por Hartert e por outros autores 16.17 (Quadros | ell, Fi-
gura 3).

Transdutor — | N
Pino
Cubeta —

Figura 2 - Componentes do Tromboelastografo

Parametro Simbolo Valor Normal O que Significa

Tempo de reagéo R 19a28 mm Periodo desde o inicio do tragado até ele atingir
uma amplitude de 2 mm.
Reflete a formagao inicial de fibrina.

Tempo de coagulagéo K 8a13 mm Intervalo entre as amplitudes de 2 mm e 20 mm.
Representa a cinética de formagéo do coagulo.

Velocidade de formagéo do coagulo Angulo alfa 29 a 43° Angulo obtido pela tangente a curva a partir do R.
Reflete a velocidade de formacéo do coagulo.

Amplitude maxima AM 27 a49 mm Amplitude no ponto mais largo do tragado.
Reflete a forga do coagulo, que é dependente do
numero e fungdo plaquetarias e suas interagdes
com a fibrina.

indice de lise Ly30 <5% Representa a estabilidade do coagulo.
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Quadro Il - Parametros do TEG na Hipocoagulabilidade '

Parametros Situacdes em que esta alterado

R Deficiéncia de fatores de coagulagado, presencga de
heparina.

A Trombocitopenia, disfungdo plaquetaria,

K, Angulo o hipofibrinogenemia.
Anormalidades na concentracdo de fibrinogénio,

AM contagem de plaquetas, fungao plaquetaria, fatores
VIl e XIlI.

Ly30 Fibrindlise excessiva

AM
Escal R (mm) K (mm) AM (mm) Ang (graus)
Escala aPt 23,0 55 62,0 56,5
10m bPt: 21,5 25,5 28,0 20,0

FN 19-28 8-13 48-60 29-43

Figura 3 - Dois Tromboelastogramas Combinados
Os valores dos respectivos parametros sdo mostrados abaixo.
O tragado a contém as marcas dos parametros e apresenta li-
geiro estado de hipercoagulabilidade; O tragado b demonstra
fibrindlise grave.
AM:amplitude maxima; Pt: paciente; FN: faixa normal

Enquanto os testes convencionais de coagulagido séo, em
sua maioria, realizados a partir de fragdes do plasma e exa-
minam apenas partes isoladas da cascata de coagulagéao, o
TEG possibilita a avaliagao deste processo com sangue to-
tal, e a coleta de seus parametros comecga exatamente onde
os testes convencionais terminam: na formagéo da primeira
rede de fibrina.

Cadatromboelastdgrafotem dois canais, isto €, dois conjun-
tos cubeta-pino-transdutor. Até oito canais podem ser co-
nectados ao computador. Assim, cada exame pode ser feito
simultaneamente em varios canais, adicionando-se ativado-
res, plasma, concentrado de plaquetas, heparinase, antifi-
brinolitico, protaminatitulada, com o objetivo ndo s6 de fazer
o diagndstico da coagulopatia mas de ja in vitro testar o
tratamento.

TROMBOELASTOGRAFO E CIRURGIA CARDIACA

Harelatos de uso do tromboelastégrafo em cirurgias cardia-
casdesde 1987. Nos ultimos anos ele vem ganhando espaco
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como método de analise dos disturbios de coagulagao que
ocorremdurante e apés a circulacdo extracorpérea. E relata-
do também como monitor da coagulagdo em transplante he-
patico, obstetricia, urologia e neonatologia ', entre outras
especialidades.

Foram demonstradas diferencas significativas nos indices
do TEG entre os pacientes que apresentaram uma evolugao
normal e os que apresentaram sangramento aumentado no
intra-operatério de cirurgia cardiaca '>"'%??; também
mostrou beneficio com uso do TEG na orientagéo da terapia
transfusional desses pacientes 2.

Varios autores analisaram o TEG para estudar os fatores
preditivos de sangramento pos-operatério apésa CEC e o
compararam com o coagulograma. Um estudo envolvendo
36 pacientes submetidos a cirurgia cardiaca com uso de
CEC comparouo TEG comestudos de fungao plaquetariae
coagulograma. O teste com melhor valor preditivo positivo
(VPP) para sangramento aumentado no pés-operatério foi
o TEG,com VPP de62,5%. O valorpreditivo negativo (VPN)
para sangramento aumentado no pés-operatério ficou as-
sim distribuido: contagem de plaquetas menor que 130 x
10°/L (100%); TEG (92,3%); tempo de sangramento maior
que nove minutos (91,7%); fibrinogénio menor que 175
mg/dL (90%); TTPa (85,7%); AP (75%). As variaveis do
TEG com diferenga significativa entre os pacientes que
apresentaram sangramento normal e 0os que apresentaram
sangramentoaumentadono pds-operatérioforam: K, angu-
lo alfae AM .

Cammere e col. estudaram 255 pacientes submetidos a ci-
rurgia cardiaca através do TEG e da analise de fungao pla-
quetaria com o objetivo de identificar os melhores preditores
de sangramento aumentado no pés-operatério. As amostras
de sangue para analise foram colhidas no cateter arterial em
trés momentos; apds aindugao daanestesia, apdésoreaque-
cimento do paciente ainda durante a CEC e 15 minutos apds
areversao daanticoagulagdo com protamina. O TEG foirea-
lizado com diferentes ativadores da coagulagdo na amostra
sangliinea para obtencao de resultados com maior rapidez.
As amostras colhidas durante a CEC foram tratadas com he-
parinase paraeliminarainfluénciadaanticoagulacdo. Aana-
lisedefuncédoplaquetariafoirealizadacomoPFA-100 (Dade
Behring, Schwalbach, Alemanha). Também foram realiza-
dos os testes rotineiros de coagulacéo, incluindo dosagem
defibrinogénio. Osresultados encontrados nos testescomo
PFA-100 e os parametros angulo alfae AM no TEG modifica-
do mostraram diferencas significativas entre os pacientes
com evolugdo normal e 0os que apresentaram sangramento
aumentado no pds-operatério. O melhor preditor para san-
gramento aumentado no pos-operatorio foi o &ngulo alfa do
TEG, nas amostras colhidas apés a CEC, com um VPP de
41%. Concordando comoutros estudos, as variaveisdo TEG
apresentaram valores altos parao VPN, 85% e 84% para an-
gulo alfa e AM, respectivamente %.

Dois estudos avaliaram a correlagdo do TEG e dos testes de
coagulagdo com a perda sangulinea em pacientes pediatri-
cos submetidos a cirurgia cardiaca com CEC. O primeiro 2,
prospectivo, envolvendo 75 pacientes, mostrou superiorida-
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dedo angulo alfae da AM na correlagdo com débito dodreno
toracico no pds-operatorio nos pacientes com mais de 8 kg;
para as criangas menores, os melhores preditores foram a
contagem de plaquetas e o nivel de fibrinogénio. Umresulta-
do interessante foi a piora do débito do dreno de térax e das
provasdecoagulagdoeoaumentodousodehemoderivados
apos transfusao de plasma fresco congelado no pés-opera-
tério, quando ja tinham sido infundidos fibrinogénio e con-
centrado de plaquetas. O segundo estudo '?, prospectivo,
envolvendo 494 pacientes pediatricos comparou o débito do
dreno toracico, a necessidade de hemoderivados e as
provas decoagulacdo.Nesse estudoaAMdo TEGfoiounico
teste laboratorial que apresentou associagao significativa
com o total de componentes transfundidos.

Nuttall e col. compararam o TEG, o Sonoclot e os exames la-
boratoriais de rotina como preditores de sangramento micro-
vascularapo6s CEC. Os testes laboratoriais, ao contrario dos
outros estudos, apresentaram os melhores VPP e VPN.
Entretanto, as variaveisdo TEG e do Sonoclotquerefletema
fungdo plaquetaria também mostraram diferenca significati-
vaentre os grupos com sangramentonormal e aumentadono
pos-operatério 22.

Shore-Lesserson comparou dois protocolos para orienta-
caodousodoshemoderivadosempacientes submetidos a
cirurgia cardiaca complexa, um baseado no TEG (Quadro
I1l) e outro baseado emtestes laboratoriais de rotina (Qua-
dro V).

Quadro Il - Sangramento Microvascular: Protocolo TEG

1. Dose suplementar de protamina se o TEG R na amostra com heparinase
for menor que a metade do R na amostra sem heparinase.

2. Persistindo o sangramento, transfundir 6U de plaquetas se a contagem
de plaquetas for < 100.000/L e TEG AM < 45 mm.

3. Persistindo o sangramento, transfundir 2U de plasma fresco congelado
se TEG R>20 mm.

4. Persistindo o sangramento, transfundir 10U de crioprecipitado se
dosagem de fibrinogénio menor que 100 mg/dL.

5. Persistindo o sangramento com evidéncia de fibrindlise no TEG (Ly30 >
7,5%), oferecer terapia antifibrinolitica suplementar, a critério da equipe
médica do paciente.

6. Apds cada transfusao, os testes devem ser repetidos e o paciente deve
ser abordado conforme o algoritmo.

O uso de hemoderivados foi menor no grupo TEG, com dife-
rencga estatistica significativa (p < 0,05) para uso de concen-
trado de plaquetas e plasma fresco congelado 23 Esses da-
dos sao consistentes com um estudo piloto, envolvendo 60
pacientes submetidos acirurgia cardiaca complexa que tam-
bém demonstrou umaredug¢éo no uso de hemoderivados no
grupo cuja terapia transfusional foi guiada pelo TEG 2*. Outro
estudo prospectivo demonstrou redugéo no uso de hemode-
rivados e da drenagem mediastinal apés a CEC com a im-
plantacdo de um algoritmo para orientagéo da terapia trans-
fusional 2°.
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Quadro IV - Sangramento Microvascular: Protocolo Labora-
torial

1. Suplemento da dose de protamina se TCA for maior que 15% do TCA
basal.

2. Persistindo o sangramento, transfundir 6U de plaquetas se a contagem
de plaquetas for < 100.000/L.

3. Persistindo o sangramento, transfundir 2U de plasma fresco congelado
se TP > 150% do controle.

4. Persistindo o sangramento, transfundir 10U de crioprecipitado se
dosagem de fibrinogénio menor que 100 mg/dL.

5. Persistindo o sangramento, oferecer terapia antifibrinolitica
suplementar, a critério da equipe médica do paciente.

6. Apds cada transfusao, os testes devem ser repetidos e o paciente deve
ser abordado conforme o algoritmo.

Spiess e col. analisaram os dados referentes a terapia trans-
fusional antes e depois de o TEG serincluido comorotinana
cirurgia cardiaca em sua instituicdo. Um total de 1.079 paci-
entes foi estudado, 591 apds a inclusdo do TEG. Nenhum
protocolo para hemotransfuséo havia sido proposto e as de-
cisdes sobre transfusdes ficavam a cargo da equipe anesté-
sica e cirurgica, nobloco cirurgico, e a cargo da equipe de te-
rapia intensiva no pés-operatério. Houve diminuigéo signifi-
cativa na utilizagdo de concentrado de hemacias, plaquetas
e plasma fresco congelado apés inicio douso do TEG. O uso
de crioprecipitado foi reduzido, mas com um p = 0,091 (n&o
significativo) entre os grupos. Os pesquisadores relataram
que o resultado mais impressionante foi a diminuigdo da
re-exploragdo cirurgica por sangramento aumentado, possi-
velmente atribuido ao alto valor preditivo e negativo dos indi-
ces do TEG. O estudo analisou, ainda, os custos relaciona-
dos ao TEG: um monitor relativamente barato, que faz uma
analise da coagulagcédo com custos 50% menores que os de
uma anélise laboratorial da coagulagao, além de gerar dimi-
nuigao nos custos com hemoderivados e re-exploragéo ci-
rargica .

Os dados da literatura ainda nao sao consistentes quanto a
melhorformade predizerquais pacientes submetidosacirur-
giacardiacairaoapresentarsangramento microvascularau-
mentado no pdés-operatério; entretanto, o TEG permanece
como importante monitor da hemostasia no manuseio
desses pacientes.

Os indices de o TEG apresentar baixos VPP s&o plausiveis,
jaque nem todo o distirbio na hemostasia obrigatoriamente
causara sangramento aumentado; entretanto, na presenca
do sangramento, os valores alterados no TEG fortalecem a
hipétese de sangramento por coagulopatia e fornecem um
indicativo de qual componente da coagulagao deve ser corri-
gido. O altovalor preditivo e negativo encontrado nos indices
do TEG, por sua vez, identifica os pacientes que provavel-
mente nao terdo sangramento aumentado por disturbio da
hemostasia; na vigéncia de sangramento, esses pacientes
provavelmente submeter-se-iam a abordagem cirurgica. A
utilizagdo do TEG mostrou-se eficaz, através de protocolos
de uso de hemoderivados, para reduzir o consumo de agen-
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tes hemostaticos durante e apds a cirurgia cardiaca com
CEC. Essas vantagens, associadas a oportunidade Unicade
avaliarahemostasiadurantea CEC, através do usodahepa-
rinase, ao relativo baixo custo, a diminuigdo nos custos com
hemotransfusdes e re-exploragéo cirdrgica que podem advir
dousodo TEG, afacilidade e rapidezcom que ele é executa-
do, torna-o aliado importante da equipe envolvida na condu-
¢ao de um paciente a ser submetido a cirurgia cardiaca com
circulagao extracorpérea.

Thromboelastograph in Cardiac Surgery.
State of the Art

Plinio Vasconcelos Maia, M.D.; Graciana Zerbini de Araujo,
M.D.; Marcos Daniel de Faria, TSA, M.D.

INTRODUCTION

Perioperative bleeding is a major cause of cardiac surgery
morbidity, especially in complex cardiac surgeries with pro-
longed cardiopulmonary bypass periods '. CPB changes the
hemostatic complex inducing coagulation, thrombin forma-
tion, subsequentfibrinolysis, platelet activation and dysfunc-
tion. Thesedisorders, associated to heparinizationanditsre-
versal with protamine, in a patient often presenting with base-
line hemostatic system dysfunction 2 contribute to further
bloodloss. This, inturn, leadstoincreased use of blood prod-
ucts and surgical re-exploration, with increased hospital
costs and morbidity, such as transfusion reactions, pulmo-
nary changes and transmission of infections.

Cardiac surgery requires a fast and efficient way to monitor
coagulation and fibrinolysis processes, aiming at early de-
tecting hemostatic abnormalities and, in the presence of in-
creased bleeding, at adequately guiding transfusion therapy
or indicating surgical exploration.

The thromboelastograph (TEG) described by Hartert in
1948, isamonitorof blood clot visco-elastic properties, which
depend on concentration and activity of the elements making
up the hemostatic system>. Ithas been used to diagnose car-
diac surgery-related coagulopaties and to develop algo-
rithms for transfusion therapy.

POST-CPB BLEEDING PATHOPHYSIOLOGY

Hemostasis is the result of the dynamic balance of coagula-
tion, anticoagulation and fibrinolysis systems components:
blood vessels, platelets, coagulation proteins, natural anti-
coagulants, fibrinolytic pathway proteins and their inhibitors
. CPB unbalances those systems and predisposes cardiac
surgery patients to increased risk of microvascular bleeding
° In spite of protocols and recommendations, the
multifactorial nature of post-CPB bleeding generates vari-
ability in the use of blood products in different institutions.
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Mean packed red-cells utilization reaches 50% of surgeries,
platelets around 9% and fresh plasma between 0% and 36%,
with mean of 6% °. This variation was not explained by differ-
ences in patients’ preoperative profiles, by CPB duration or
by estimated perioperative blood loss €,

These data show the need for protocols to guide the use of
blood products during cardiac procedures.

Among factors disturbing hemostasis during cardiac surgery
there are: induced hypothermia, hemodilution, coagulation
activation, endothelialinjury, platelet activation and dysfunc-
tion and fibrinolytic system activation °. Cardiac patients also
present a higher trend to coagulation mechanism activation,
associated to deficient fibrinolysis *.

In a study involving 411 cardiac surgery patients, of whom
85% under CPB, factors associated to higher bleeding in the
first 24 postoperative hours were: emergency surgery, oral
anticoagulants, preoperative low platelet count, prolonged
CPB, higher heparin dose, hypothermia intensity, aorta sur-
gery and postoperative metabolic acidosis '

Hemostasis is activated during CPB resulting in activated
factor Il production (thrombin). Heparin acts by binding to
antithrombin |l and increases approximately 1000 times its
ability to inactivate some coagulation factors, including
thrombinandactivated factors 1X, X, Xland XIl, howeverits
action is not enough to prevent thrombin generation be-
fore,duringand after CPB " Thrombinisapowerful platelet
activator; its presence during CPB causes platelet activa-
tion and dysfunction andits low post-CPB activity, second-
ary to residual heparin action, contributes to decrease
platelet function .

The fibrinolytic system may be activated by several mecha-
nisms, including hypoxia, activated factor XII, thrombin, and
plasminogen activating factor release (t-PA) by the vascular
endothelium *°. During CPB, plasminogen activating factor
concentrationis rapidly increased, peakingin the postopera-
tive period. It is responsible for converting plasminogen into
plasmin, which acts breaking down fibrinogen and fibrin in
their degradation products. During CPB, fibrin formation and
breakdownisin generalamoderate and self-limited process.
Occasionally, however, excessivefibrinolysis may contribute
to increased bleeding °.

Platelet dysfunction is the major post-CPB bleeding cause
%" andin pediatric patients, platelet countalone seemsto be
a major factor 2. CPB significantly induces quantitative de-
creaseinplateletforce growth and clotelastic properties, and
platelet function recovery has been inversely correlated to
postoperative non-surgical bleeding 8,

This dysfunction is multifactorial including changes in
plateletreceptors (Gplb e GPIIb-llla), thrombocytopenia, hy-
pothermia, fibrinolysis, preoperative anti-plateletdrugs %",
postoperative heparin excess orrebound effect "andexcess
protamine when anticoagulation is reverted after CPB '°.
Platelet adhesion is mediated by Ib glycoprotein membrane
receptor (Gplb), which is destroyed during CPB by plasmin,
generated by fibrinolytic system activation and by the wear-
ing caused by blood contact with circuit membranes .
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Figure 1 - Platelet Dysfunction Mechanism
HMWK: high molecular weight kininogen; PK: pre-Kallikrein;
GPIb: glycoprotein Ib

Platelet activation during CPB decreases platelet granules
reserves, impairing platelet aggregation (Figure 1).
Platelets play two roles in clot development: tension strength
increase and clot retraction. Tension strength depends on
platelet concentration and function and is impaired when
there is decreased platelet count or platelet dysfunction; re-
traction, or elastic property, depends on platelet function,
fibrinogen concentration, clot structure and hematocryte ®.
Platelet force growth is not significantly correlated to ACT or
APTTS Itis important, then, to determine platelet function to
characterize coagulation disorders and to develop algo-
rithms to determine transfusion therapy, aiming at decreas-
ing bleeding and transfused blood products volume 1’
Different methods may be used to determine platelet func-
tion, and thromboelastrograph (Haemoscope; Roteg), when
perioperatively used in transfusion algorithms, has shown to
be effective in decreasing the need for blood products and
postoperative chest drainage. Other methods to determine
post-CPB platelet function are: Sonoclot, Hemostatus

Chart | - TEG Parameters "

(Medtronic Inc), Platelet Works (Helena), Ultegra
(Accumetrics), Clotting Time with Platelet Activator
(Medtronic Inc), Platelet Function Analyzer PFA-100 (Dade
Behring) and aggregometry.

THROMBOELASTOGRAPH (TEG)

TEGisabletomeasureinvitroglobal hemostaticfunctionofa
blood sample, documenting platelets interaction with coagu-
lation cascade proteins since the beginning of platelet-fibrin
interaction, platelet aggregation and clot development until
its eventual lysis. TEG provides an initial evaluation of
hemostasis within 20 to 30 minutes, in the OR itself.
Monitor consists of two mechanical parts, a cylindrical
cuvette where 0.36 mL of blood are added and a pin sus-
pended by a torsion cable connected to a transducer. The
cuvette swings around an axis with angle of 4 degrees and 45
minutes in 10-minute periods and creates a torque, which is
transmitted to the blood. With the coagulation process, blood
transmits the torque to the pin, which starts to swing together
with the cable. The higher the clot viscosity, more the pin os-
cillation gets closer to cuvette oscillation. Oscillation
changes generate an electric signal through the transducer,
whichis amplified and sentto a computerwhich, inturn, gener-
atesthe profile and calculates TEG parameters ' (Figure 2).
So, clot development is graphically represented by a figure
called thromboelastogram, and five parameters arbitrarily
identified by Hartert and other authors are obtained '®"’
(Charts | and Il, Figure 3).

Chart Il - TEG Parameters during Hypocoagulability '

Parameters Situations in which they are changed

R Deficiency of coagulation factors, presence of
heparin
Thrombocytopenia, platelet dysfunction,

K, a angle hypofibrinogenemia

MA Abnormalities in fibrinogen concentration, platelet
count, platelet function, factors VIII and XIlII

Ly30 Excessive fibrinolysis

Parameter Symbol Normal Value Meaning

Reaction Time R 19 to 28 mm Period from plot beginning until reaching 2 mm amplitude.
Reflects initial fibrin formation.

Coagulation time K 8to 13 mm Interval between 2 mm and 20 mm amplitudes.
Represents clot formation kinetics.

Clot formation speed Alpha angle 29 to 43° Angle obtained by the tangent to the curve as from R.
Reflects clot formation speed.

Maximum amplitude MA 27 to 49 mm Amplitude at widest plot spot.
Reflects clot force, which is dependent on platelet number and
function and their interactions with fibrin.

Lysis index Ly30 <5% Represents clot stability.
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Transducer

— I

Cuvette —

Figure 2 - Thromboelastograph Components

R (mm) K (mm) MA (mm) Ang (deg)

Scale aPt 23,0 55 62,0 56,5
10m bPt 215 25,5 28,0 20,0

NR 19-28 8-13 48-60 29-43

Figure 3 - Two Combined Trhomboelastograms
Parameters values are shown below. Plot a: contains parame-
ter marks with mild hypercoagulation state; plotb: shows seve-
re fibrinolysis.
MA: maximum amplitude; Pt: patient; NR: normal range

While most conventional coagulation tests are performed as
from plasma fractions and examine only isolated parts of the
coagulation cascade, TEG provides evaluation with total
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blood, and its parameters start to be collected exactly where
conventional tests end: first fibrin network formation.
Eachthromboelastograph has two channels, thatis, two sets
of cuvette-pin-transducer. Up to eight channels may be con-
nected to the computer. So, each evaluation may be simulta-
neously performed in different channels, with the addition of
activators, plasma, platelet concentrate, heparinase,
antifibrinolytics, titrated protamine, aiming not only at
coagulopathydiagnosis butalso attesting the treatmentin vi-
tro.

THROMBOELASTOGRAPH AND CARDIAC SURGERY

Thromboelastograph during cardiac surgeries has been re-
ported since 1987. Recently it is increasing its concernment
as the method to analyze coagulation disorders during and
after cardiopulmonary bypass. It has been also reported as
coagulation monitor for liver transplantation, obstetrics, urol-
ogy and neonatology '®, among other specialties.
Significant TEG indices differences were shown in patients
with normal evolution as compared to those with increased
bleeding during cardiac surgeries '»'°?2. TEG was also ben-
eficialin guidingtransfusion therapy forthose patients 2>°.
Many authors have used TEG to evaluate postoperative pre-
dictive bleeding factors after CPB as compared to
coagulogram. Astudy involving 36 patients submitted to car-
diacsurgerywith CPB has compared TEG to plateletfunction
evaluations and to coagulogram. TEG had the best positive
predictive factor values (PPV) for increased postoperative
bleeding, with PPV of 62.5%. Negative predictive value
(NPV) for increased postoperative bleeding was distributed
as follows: platelet count below 130 x 10%L (100%); TEG
(92.3%); bleeding time above 9 minutes (91.7%); fibrinogen
below 175 mg/dL (90%); APTT (85.7%); PA(75%). TEG vari-
ables with significant differences between patients with nor-
mal and increased postoperative bleedingwere: K, alpha an-
gle and MA *°.

Cammere et al. have studied 255 patients submitted to car-
diac procedures using TEG and platelet function evaluation
to identify best predictors for increased postoperative bleed-
ing. Blood samples were collected from arterial catheter in
three moments: after anesthetic induction, after patient’s
rewarming still during CPB and 15 minutes after
anticoagulation reversal with protamine. TEG was per-
formed with different coagulation activators to obtain faster
results.

Samples collected during CPB were treated with heparinase
to eliminate the influence of anticoagulation. Platelet func-
tion evaluation was performed with PFA-100 (Dade, Behring,
Schwalbach, Germany). Routine coagulation tests were also
performed, including fibrinogen dosing. Results of PFA-100
tests and alpha angle and MA parameters during modified
TEG have shown significant differences between patients
with normal and increased postoperative bleeding. Best pre-
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dictor for increased postoperative bleeding was TEG alpha
angleinsamplescollected after CPB, with PPV 0f41%. Inline
with other studies, TEG variables presented high values for
PNV:85% and 84% foralphaangle and MA, respectively %°.
Two studies evaluated TEG and coagulation tests correlation
with blood loss in pediatric patients submitted to cardiac pro-
cedures with CPB. The first 2", prospective involving 75 pa-
tients, has shown alphaangle and MAsuperiority inthe corre-
lation of postoperative chest drainage output in patients
above 8 kg; for younger children, best predictors were
plateletcountandfibrinogenlevels. Aninterestingresultwas
the increasing of chest drainage output and of coagulation
tests, andincreased needforblood products after postopera-
tive fresh-frozen plasma transfusion, when fibrinogen and
platelet concentrates had already been infused. The second
study 12, prospective involving 494 pediatric patients, has
compared chest drainage output, need for blood products
and coagulation tests. In this study, TEG MAwas the only lab
test which significantly correlated to total transfused compo-
nents.

Nuttaletal. have compared TEG, Sonoclotandroutine lab
tests as post-CPB microvascular bleeding predictors.
Lab tests, as opposed to other studies, had the best PPV
and NPV. However, TEG and Sonoclot variables reflect-
ing platelet function were also significantly different be-
tween groups with normal and increased postoperative
bleeding 2.

Shore-Lesserson has compared two protocols guiding the
use of blood products in patients submitted to complex car-
diac procedures: one TEG-based (Chart IIl) and the other
based on routine lab tests (Chart 1V). Less blood products
were used in the TEG group, with statistically significant
difference (p < 0.05) for platelets concentrate and
fresh-frozen plasma 2 Thesedataare consistentwitha pi-
lot study involving 60 patients submitted to complex car-
diacprocedures, whichhasalsoshowndecreasedneedfor
blood productsinthe group whose transfusiontherapywas
guided by TEG 24 Another prospective study has shown
decreased need for blood products and mediastinal drain-
age after CPB with the implementation of an algorithm to
guide transfusion therapy %

Chart Il - Microvascular Bleeding: TEG Protocol

1. Additional protamine dose if TEG R in the heparinase sample is below
half R of the heparinase-free sample

2. Persisting bleeding, transfuse 6U platelets if platelet count is < 100,000/
and TEG MA <45 mm

3. Persisting bleeding, transfuse 2U fresh-frozen plasma if TEG R >20 mm

4. Persisting bleeding, transfuse 10U cryoprecipitate if fibrinogen dosage is
below 100 mg/dL

5. Persisting bleeding with evidence of fibrinolysis at TEG (Ly30 > 7.5%), of-
fer additional antifibrinolytic therapy, at the discretion of the medical team

6. After each transfusion, tests should be repeated and patient managed
according to the algorithm
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Chart IV - Microvascular Bleeding: Lab Protocol
1. Additional protamine dose if TCA is 15% higher than baseline TCA

2. Persisting bleeding, transfuse 6U platelets if platelet countis <100 000/L

3. Persisting bleeding, transfuse 2U fresh-frozen plasma if TP > 150% of
control

4. Persisting bleeding, transfuse 10U cryoprecipitate if fibrinogen is below
100 mg/dL

5. Persisting bleeding, offer additional antifibrinolytic therapy at the discre-
tion of the medical team

6. After each transfusion, tests should be repeated and patient managed
according to the algorithm

Spiess et al. have analyzed transfusion therapy data before
and after TEG beingincluded as routine for cardiac surgeryin
their institution. A total of 1079 patients were studied, 591 of
whom after TEG implementation. Noblood transfusion proto-
col had been proposed and transfusion decisions depended
onthe anestheticand surgical teamsin the OR, and oninten-
sive care team in the postoperative period. There has been
significant decrease in the use of packed red cells, platelets
and fresh-frozen plasma after TEG implementation.
Cryoprecipitate use was decreased howeverwithp=0.091
(non significant) between groups. Investigators have re-
ported thatthe mostimpressive result was the decrease in
surgicalre-explorationduetoincreasedbleeding, possibly
attributed to high TEG negative predictive values. The
study has also evaluated TEG-related costs: a relatively
cheap monitor performing coagulation analysis 50%
cheaper as compared to coagulation lab tests, in addition
to generating costs savings with blood products and surgi-
cal re-exploration °.

Literature data are still inconsistent as to the best way to pre-
dictwhich patients submitted to cardiac procedures will pres-
ent increased postoperative microvascular bleeding; how-
ever, TEGremains asanimportanthemostasis monitorinthe
management of these patients.

Low PPV values of TEG are acceptable since not all
hemostasis disorders will necessarily increase bleeding;
however, in the presence of bleeding, changed TEG values
strengthen the hypothesis of bleeding by coagulopathy and
give anindication of which coagulation component should be
corrected. High negative predictive values of TEG, on the
other hand, identify patients with lower risk of increased
bleeding by hemostasis disorders; in the presence of bleed-
ing, these patients would probably be submitted to surgical
procedures.

TEG was effective, through blood products administration
protocols, todecrease the consumption ofhemostaticagents
during and after cardiac procedures with CPB. These advan-
tages, associated to the unique opportunity to evaluate
hemostasis during CPB with heparinase, to relatively low
cost, todecreased costs with blood transfusions and surgical
re-exploration, to the easiness and fastness with which TEG
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can be performed, make it an important tool for the team in-
volved in the management of patients to be submitted to car-
diac surgery with cardiopulmonary bypass.
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RESUMEN
Maia PV, Araujo GZ; Faria MD - Tromboelastografo en Cirugia
Cardiaca: Estado Actual

JUSTIFICATIVA Y OBJETIVOS: El manejo de la hemostasia
en el paciente durante circulaciéon extra-corporea (CEC)
permanece como un gran desafio. Nuevos métodos de
monitorizacién, nuevas drogas hemostaticas y nuevos
inhibidores de la funcion plaquetaria estan siendo
incorporados en la practica perioperatoria. La naturaleza
multi-factorial de los disturbios de la hemostasia causados por
la CEC exige conocimiento de la fisiopatologia causal y
correcta evaluaciéon de la hemostasia para obtener una
anti-coagulacion eficaz durante la CEC y una coagulacién nor-
mal con hemostasia adecuada luego de la cirugia. Tiempo de
coagulacion activado (TCA) y coagulograma no son suficientes
en este manejo. Es necesaria la evaluacion amplia, con
monitores capaces de medir la funcién de las plaquetas y la
dinamica del proceso hemostatico en su totalidad.

CONTENIDO: La hemostasia resulta del equilibrio entre los
sistemas de coagulacién, anti-coagulacién y fibrinélisis. Este
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equilibrio se rompe durante la CEC, tornando al paciente sus-
ceptible a sangrados microvasculares. La CEC por varios
caminos altera el crecimiento de la fuerza plaquetaria y de las
propiedades elasticas del coagulo. El uso e hemoderivados es
frecuente y por eso es necesario desarrollar protocolos para
orientar la terapia transfusional. Es importante monitorizar la
funcion de las plaquetas con monitores que evalten las
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propiedades del coagulo, como el tromboelastégrafo (TEG) y el
Sonoclot.

CONCLUSIONES: EI TEG es un monitor importante para
evaluar la hemostasia de pacientes en CEC. Ha sido
incorporado con buenos resultados para orientar la evaluacion
de disturbios de la hemostasis y de la terapia transfusional.
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